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a.adquarten. t 
b.rei •• SKA :ER 

. POPE AIR FORCE BASE. FOR!' BaOG. lie 
13 &.!a reh 1950 . 

Operation Plan 
TUF tlo. 3-50 

Chart and t'ar &fe renees: 
See Arncx e. In~gcncc . 

Task Orr.ani~ation : 
Sce Arntlx A. Ta~k Or("niza ion and Co mand Rt:lationships . 

Task Force Air Force 
161~t Tae ieal ~corLaiss8Lce Sq 
Dt-ts 1850th MeS ~'obi 1.: Corr:'! 3q 
!)ets 2000th ~.'obi I e .'1eah r Jq 

Srig GEln j 'olfinbarg r 

Tae ical Air Fo r ee (Prov) Brig Cen 01finbarge r 
4th Fi(ht~r-Interceptor ',fg 
20th Firhte r-Bombc r I~g 
50~d Tac ical Contrc1 G~ 
934th Sir . 1 Batt~lion (S~p) TAC 
4th Liaison flight 

Troop Carri..;r Force 
3l4th Tr oop Carr i-:: r ,/g 
€'d Troop Carrit!r .if (1 3q) 
MAT'> Uni 

TO\t't; i c 1 &r.be r l-orce 
84th !Jomb 5(1 (L) Jet 
85 h Bomb Sq (L) Jet 

Col Prindlt> 

Col Chapman 

1. Ccr" rnl .~ i a icn : Ar.r.r.!j·;";SOR st:l1.1i:;h. d basICs in the CAl'18-
Bu'; in h ... fllll of 1946 a!'1] 5 ' nct:! thfl~ :. ' has launched 
s('vcral !1 t'J.cks Plt:ainst h" ':rr=:1 JTd.TE' with '.'l ryinl!; t.: r.;es 
0" sucC' ss . TI-,r t .. mpo of ;.~t;~;.;;' ,,~ air mis:;io,s O".ftlr tt.e 
FLORTTlA F"n'ns1l1 an he so .ht:a· en al"_a.' of th'" UI'iTt:D 
ST ,T:: haJ t 'n incr U.3' d . 0!1 1 h·bruary 19fiO. Af"r:Rf. j30R 
drcnred rom- rl'ul bo~". on JAC;"3'Y";ru,E snri NUNI. fell owing 
t~i:; . ]l;afl s ",,~re dro,ped on all princiflal ci itS of FL t.i<IDA 

arnouncinl' a rorthec~ng 'in':aaion ar.d thrt:e1ttJ in~ that 
any re.Jistance o r deC'olition of mili ary installatlOl'lS wOl.ld 
r 'sul in furth r retaliatory action . Berinnlnl': 2 Fubruary 
1950. AG 1U,.i.3 R 13t hi rbome Corps as.iaul cd cente ral F I OhlIlA .. 
:.ecurl d airfi, Ids . ard Mo\ed northwad to contact 'J !Tt.D 

Tr,Tf..3 ~o:"c 's . !kh/een 5 anJ 15 Februflry , /lGG r;S';uR landed 
0,0 rifl e corps (two r if! divisions ar.d one :..nk division) 
t.o rc liuve the 1st Ai r bome Cor;,s which WIl.J t.en a35 ·m:>]"d 
Ii princip9.1 airfit;ld5 ir. central II Hlun. . with th" Corps 
Uuadluart rs a.t ORL.,r::JO. B\ th" t:nd of Ft:bruary . AGGHJ:;J.;uR 
consolid'.l tJj h t:ool-al line JA fJ ::\ llL:. - U"LUHAJ 'u -
A ALACHrCvLiI. . On 10 :"a r ch 1950 . an AGG'(.,,';JL·n submf.l.ri:-e 
assault resulted'in he c:J.pture of ,',II P'GTO'; • • ;Uh1'· CAR­
OlllA . A the Sflme ti~ AGio ~~vH St:!iZl;d the fuR! BRAGG ­
CA ~ t~CKALL-rAYETTEVILLE area by air a3Sllult . and is now 
nlaTgine and expandinr his airhead. 

a . En my forces: (See Annex C. Inte111~ence) 

(1) AGGRE.:i30R 1st Airborne Corps occupies the dr' £Oad 
in the ~ ORT 3RAGG-CAl1F !,~CKALL-FAY t."TEVILLE area. This corps 
constitutes the 0 ly known AGG&ESJOR Airborne troops in the 
Theater. 

(2) ArGRE":SOR has surncient aircraft to BUptJort a corps 
airhead. 

RE3TRICTED 
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(3) AGGRESSOR Capabilitios, 

(a) Air transporting 21..504 troops with 
9qaipment, or5,040 tons of materiol, a combat r~dias 
of 850 nUl.4ticul miles from advanco bases in the 
ORL..NDO ana. 

(b) Condtcting daily photographic r econ­
naissanae a distance of 250 miles inl~d from the 
IfORTH CAR LI • coast . 

b. ~ly Forc~s: 

(1) The iouthet.st orn !beater (SET) . wLth Head ­
qaarttl rs in luLlJiU, GEORJI., is r~.ponsLble for the 
security of the soatheu'tbrn mlITED SrATg3 . Operat­
inb under SET, the third Army is char ged with 
securi ty of the ar'Ja: ?LOiUDA. GmRGIA. ALA~J.MA. 
:" I.,SISSIhI • .:;curn :,:"RCLltJ .. , !/ORTH CAROLINJo.. and 
T8:1 'ES ... EE. 

(2) The ~Ttd Army. co:nposed of the V. X, XI and 
XII Corps. ht.s tn t mission of dofundin th Gulf coast 
from t!)e CSiI5:1PPI-LCIIIn..Ji.\ DO.&rY. to ALIU9Ern 
CITY, ilOitfH 1~ n.rtOLIN';'. 

(3) V Corps is hur tid \':ith the de struction of 
AGGREJ.)OR units in :WRTH CA.~CLIHA. To c ompli sh thtl 
destr uction of th se •• GGibS";OR Units, an airbornd 
opuration ~ill be conductud in the FORr B~GG-FAYETrE­
VILLE-C":':i .:a.CKA:.L-POfE Jl.I ~ FORCE SE area. Due ta 
ext~nd~~ fronta as of thd .ITED ~TA ES Forcus 
containing A~J~ES_Oh in this urea . the fo r ctls under 
V Corps mt'st be r ..,inforc (l und supplil:d indefin&'tely 
by uir. ror this op~ration . V Corps ~ill b compo sud 
of thu 82d Airbornu Dt .i sion . th~ 11th Airborn\; Div­
ision. wnd hv 3d Infantry DivisDon. (CFX) . 

(4) C rolin ... Daso S<>ction provid ,·s administra tv\; 
and lOGistical s· t'ort for V Corps; oper !lt'~s th" r q_ 
uir6d a.;.ri 1 ports of I.!mb rlctltl.~n .d d ~bark&ti on :_!"'i~., 
during bui Id - up of th" airhud; cuI G fon "rd und 
transports troops and mutcrl ~l of TP~P and V Corps 
throu~h th~ departure !Uld airhuadt b15ses. 

c. ~SS\lII'.pt;ionsl Omit ed. 

2 . !.Ii ssion •• 

,. . Thi s force \';11 

(1) Conduct troop cbrrier, and o'.h.~ r comb",t 
air operations , c~nsistin~ of countclr- bir, inter­
diction, tactioal and photoGraphip ruconnuias!Ulce , 
close support, an~ air defense in order to : 

(a) Gain ~d Maint in air superior ity. 

(b) Interdlct ADGRESw0R movement in the ~ORr 
BRAGQ-Fit.YETTEVI LLE-C,.yp CKALL-.OPE AIR FORCE ASE 
aroa . 

RESrRICTED 
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(e) Furnish necessary airlift for s~ch parodrop, 
aerial resup,ly. bod air landint mis8ions required to est­
ablish and supply a corps -siae airhead. 

(d) Provide the tactical air support required for 
consolidu ion::. d exp .... nsion of the aimetad. 

3. T sks for ~ubordin te Units: 

~ . Troop Currie r ferce : A,'.Tv' .;'IRBA 'E • . ;C will pro\oi.de the 
ai rIll E r:eceJ:l rv to Hi tiute Ci corps-siae ai rrend on D-;)uy 
ar.d &cc c,pl i~h t~e subse ~uent a"rhedd build-up from D- Duy 
th r , u h DIIO. 

(1) .e 3l1th Troop C rner Un,,; will: 

(.~) ' "o ve to :iLXTO ilIRBA.5E . " lil"r1" C. R .... LI ··. , . with 
1 e 314 I-- tani ' e lht:h Tro Carritr G C\1 sand necess ry 

3U o r~i n'- elements OJ, tee .f; !':f' . 

(b) Set u i operate a base o,er'~' ions 0 fice 
:.t ~~'LX'Ct "F:>,\;E ir. ccoro nce wi:h AFR 20-17. 

(r) hi r1 i . ~ r s.;nne1 and e ui"Men al dire ':: e! 

(.) :;tare an airboM"le o,ers- ion on D- ).:.y frolll oesi,' ­
nate; b .... :;es; c.ir dr-o Cini Ull- l:.n~ re i~nu.l cO!!:O.lt ear..s 
ir. t he o~;ectiVf> .. re a:J ~irecte'l h" Ie dq:l:.lrters. Troop C ... r­
de r 1- 0 rep. 

(e ) t>ccor:- i~r. n" " r ply rrissions .... s dire~ted hy 
r e o dqu .... rters. ~ C .M"ier f orc€ ",f er est~hli~l.inr che a ir­
I e 'J . 

(f) j,ccC''m Huh t"dcu',Lor ni-sionJ J irec el by 
I' r.dq d rters, Trooo Cu:- ri e r IOIT'P . 

(2) The 62d Tro" Curri .. r . inr (1 Sluu:iron) will : 

(a) "O\'e (.ne (ll Troo. Car rier ";quu:l r on . wi:h '16CeS ­
Q'1.1") 1I·.lollol"tl l' els:.e-tll , to J"., J' Ill ; ;?CE !J ... .;,' • .:I .C. 

(b) "Irli!' r.er:;c reI ar.d e"uio~nt .s ·i rec ed oy 
Fe') :-te rs. Troo Carrle r ! 0 n'E'. 

(c-) !te r C!"'I Ii;; e\'acu'i ien :ris si ons a" di r ec e 1:-y 
e :lqu' rte rs . TrooE Cs.M"ier I- o r"e. 

(3) fM "ilita~ Ai J: It'-tt~ ~" ~r:~ ~~z:; ... tee Will : 

(a) F'urr.i.it- ore lind re (100) C -54 ai rc rsft , <l rri Vf' 

t CL1:r..,,,.:E .1' BA.:r . .; 1"I1! CAHuL l\ . ly 23 Ar ril 1 :.;:0 0 i r­
i:~ rer,c:lr>l .:;upplies. Ilnd equi;lT~~_n f,.S direc ed .y the 

Ccnr:a:-;di rOt icer. troop C rri!.:r F' r ce . 

b . Tr.e TIlc.leal r.:ber Force (2 Squ droDs :;-1£:'s) at l.A,.Guy 
.IR F fie r·i\"t. . \,l..~i1i exec te co'.rter-air and i' terdie .ion 

rlsslor.8 as directed bV Headquarters , jasl- I erne pi r ;'o~e . 

RESTRICTED 
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SB:RIT-SiA.m.:ER-sp'x:RET 

c . The Tactical 1r Force (Prov), CUTER CAMP AfACKALL, 
• C. , "'111 conduct comb~t air operations, consisting 

of eount· •• -alr, interdiotion. clo.e support, ai r defense, 
and support of troop cflrrier operations. 

(1) The 4tn Fig~ter-Iotcrcoptor "iog, LANGLEY iLIR 
FOnCE B";'SE, 'iA •• Y;il : 

(a) 'OVf3 the 4th Fi!!;h ,r Group (3 Squadrons 
F-86 dr r"t't) 9.i h min!.r..urn ossenti 1 6u'pporting cle­
m"!'lts, :'roo 1...:r ,LEY .. IR rORCl:; 3""SE. VA •• to :.:J..XTO!J 
",IREAS::, C. so loS to be opura ional at ~ro'l AIRBio.SE 
not It.. er than 15 April 1950. 

(b) Exucut~coun~~r-~ir. ~loso support and air 
d~fens .. rr.i:;s ons ",s dirn t·.:d by tkadquart', r s, Tactical 
Air Force: (Pro.). 

(2) !h,> 2G h L'ie;ht,-.r - 90mbcr ~ing (3 Squadrons F-S'; 
aircr'Art) at S~IR ~ • . tt?! %.SE. ';;0 rn CiLROLL ~ will: 

(u) !::x('cute count'Jr- ir. air d e f ense . int'J r­
diction, Wld clos·, s· lJo rt I!'.issio!'ls as directed by ~ ad ­
qu~rteT~. Tacti~al k~r'Fo~c (rrov) . 

(3) Tho 50?d Tacti ul Control Grou~ will I 

(u) frovid~ such a'rcraft control and warnin 
f·,cilitios as mny be ltequU:ed ut the Tactical Air Forc,) 
CP OU~E" ~':r :~CKiJ,L. ';O!iTH CJ>.RC'LI'lA, and in t e 
vicini ty of tn- ... !In·,'nur a-ea d ring the exe r cise as 
dirtlcttJd Y h'. C'l:'.!".~n-ll.ne; Gtm.~r ~l . fac iC:l.I Air Force 
i!rm;·). :,;. <J :.nn·,x F. Co=. ~.ic:>.tionsc') 

(0) rl"ovi1t;; n'.CbS$' ry its (TA P' s) t~ n~co:--
p~ny h. ~trborn~ for _ to hr c ~j J t'v ur~u . 

( .. ) ;rOI'd,· ,ct.( h t r :".·nal .ol:l.~.amic<lti'>ns f l~i _ 
itius I'or rle',d'l urt'rs, :F"r. , .. 7 ( r ov) an sup ortint: 
('l"mcmts, us may b·~ r,,·q, .. ir6J at tne"C1>-1n thtl OllIER A:~P 
1.:,.rKALL r ~u . 

(5)' 'Ill'_ 

en) ~!O\T'J to lIIIID'lIr"or Maos !l:l di r bC cd y the 
~anQuv",r ~omrr;~nd~r. 

(b) Pro\'idtJ n"cesso.ry Ilirc r '.ift for the !lccO!n­
P ishr;l-nt of adninistruti'l' flig;hts s directtcd by Had .. 
'Jar ';r8 , ~actic'll <toir r'or e (i'rO\T) . 

d. Tn 61st Tactic'iI H conn'd~s'lnc,! S'! adron ( 1 Squad -
r on tl.F-80-a1rcruft)~-s;i:'-:~C8 BASE. srU:H CA10LI iJI. 
.,.ill, 

(1) Execute r~connai.s!lnc e (visual ~~d photographic) 
missions as di r ected by H~adqunrters . Task Forc~ Air Force . 

e . pets •• lS50th Aer;s .cbil E' ~O"::!ll Sq, will furnish 
ta.·ef and oOIT'JllUnications service as di r ected by Boad­
quart .. r s . Task Force Air Force . 

REST aCTID 
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.. 
O~ratiOh Plan 
TF Ho. 3-56 

RESl"lICTlI) 

r . D&t:o; . • 2060th "obUe '1ieath"r ~: will furnish 
weati1ers;;,mCdilS(Il.TocT;OO Sy He quarters, Tule 
Fo~ce ~~r Foroe ----

x. (1) Co.'lIlWlding Officers of all maneuver air bas_s 
(excluding LA GLE:Y Ala FORCE ~A.SE. VA •• ) .,..ill pr'3pore 
base Dufe~se Plans and forward one (I) copy to Head-
q :.rten: .. Tasie Force i..ir Fcrce by 18 .. prll 1950. 

(2) All or.;anizt.tions ",il l conduct unit tr ining 
in properati n for participating in Ex~rcise S1~ER 
prior ~o d&parture fDDm home stations. Unit. operuting 
f~o~ ho~c ctutlons will co~plvto this training prior 
to 15 April 1950. 

(3) All ~ir Force Units wil r e turn to home sta ions 
so us to a~riv0 not later than 2~OO hours 14 way 1950 . 

( .. ) {his plan is l;ff"ctivo for planning upon r '..:c . i"t . 
!Uld for exec.... on 011 dirl;ction from U"adquurt urs , ~ 
Forc Li~ Force . 

4. Admini:; rutive 'lnd tor:istic':tl At&t ersz S,, ' Mnex I, 
Adl:11mt:;;;tiVoPlan. - - -

5. Ccm:::and find .)i,-nd :htt"rs.: 

&. ~o~ff'!lnd . See ~ex A. Tusk Or uniz tion and Co~nd 
Relatil'llships . 

b. ...ien 1 . S'H' iLnntiX F. Commanicr tions . 

4nnexes: 

/ , /' r- ./' _~~ /_ 
~""J~<,-
CHES7~~ ~ . SLJDER 
Color-ol SAP 

A - Tusk C' r,-Il.niz tien '~nd Commund R~l t.ion:;hips 

C - Intullig~ncc 

D - Air ~ployment rlun 

E - Troop Currier lu~ 

F - Comr.. r.icutiors lan 

G - ~ct'orologic~l rlun 

H - S"",e ial 7il'lupo s r::'.,~ r _ .!.. 

I - Ad .. ini::trr.tiv~ Plan 

J - Public Information (To be publlahed) 

K - Reports 

DISrRIBUTIl~ 1 See Distribution List. 

RE"T 'IC~ 
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~~ZF~i on Pln n 
.!o . 3-56 

eG, :':"';-S, Nldr_1I's 11./B, :.!d 
C~, -ith rtr-Intor::&jltor .g , nbloy;u B, • I.l 
t;G, octic',l Bor;ber F- rce 

(ce, 363d he . ico.l rt<;c nnt.is:;£.nc~ Gp) 
Lanl" <Jy ~";'B , V&. 

CG , 314tn Troop C rrier &, Sm;!rn ..F9 , 'i',nn 
CG , 2Jth r't r-Bo:"\bcr ,~ , Sh'l\. nF'3 , SC 
CG , 62d i'root' C'. r riu r &' cCh., r d JB, .a3h 
CO , 16ls t r ... c {cn Sq , ;)h'~\ .J'B , SC 
CO , 5 ·2d r'lctic .. l Control G , ropo J.,ii'll. , .IC 
CO , n·ah Sq~nr.l '1n (So,,) TAC , rot'o ","8 , r:c 
~(' , 4th Lil.is"n FIt , r'o!'c ",;.'~ , :'C 
.X , :060th ,~ooilo .(;-thE:r Sq, Tin lcer UB, Olcl a 
~C , lo50th Ju .. CS r.!obilo Ccm:n 3:}, Ti:lk'Jr ~iB , ('Id a 

Ch1.;f , .. ir 2~th~r 3':lr';ic'.l , •• ndr~ .. :; ":"8 , ;':d 

Info eys to : 

:G, ,~:.nCo:n S .. :{,':1, Fort l3 r :.r'~ . " .. -" .G , Conn.C , atchd r~ .. , ~:y 
CG , fJ.C , L!..:'l· ~I h..~"B , 
GG , 14th iv, Robins ",FB , G" ';G , -it ... ~ , H' i.ton ..FB , v·liC 
GG, 9th .... F , ~Lc!1 ,; 1 j' ,,-B, V" 
GG , 2d i.rmy; ~ ort ~',/ r6rJ C. '.:0 d'J, .. d . 
CG, 3:1 .t\.rl':'l .. " • For '~c~l1' __ rs("ln , GI,., 
CG, V Corps , Fort Brl~g, I'C 
~G, 82d Abn D'", For t Br·.g. , C 
CG , 11th ;"bn Div , C...mp G&.miib·.ll , .y 
CG , 3d nf Div, Fort Iknn in~ , G 

RESrRICTED 
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30 cys 
1. cys 

5 ys 

ZQ cys 
10 0Ys 
3 cys 
Z cys 
:3 ys 
3 cys 
2 cys 
1 :; 
1 Y 
2 cys 

5 eys 
5 cj's 

eys 
5 cys 
2 CY3 

2 cys 
:3 eys 
:3 oys 
2 ~ys 
3 cys 
3 cys 
1 cy 
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HEaD -lu~IUt,;lS 

USK FORCE AIR FORCE 

EXERCISE S".AA!!ER 

PE AI R lORes B.t.SE 

FORT BRAGG, NORm C':lOLIN.i. 

OPERATION i'LlN 
TFJ Ro. 3-60' 

,,-,LE OF CO.rd 'S 

SUBJECT PAGE 

T sic Org!lIlizution nnd COl"'Jr.!ll1d Ruht10nships 1 
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iU:8TRlCrBD Hoadquartars, Task Force Air Force 
borciso S .~.{ 

;j~RB'I'-s;u.plllll-"asr " POPE AIR !,'ORCE BASE, FORr BRaGG, .l.e;.. 
13 Uarch 1950 

ANNEX A. 

T}LSK OkGaNlZATIOlI AND CO:~.:t.ND IL"'LATIONDIPS 

Hq. Task Force ~ir Force 
161s~ T cticrl Rcn Sq 
A:./S ;)ctachmunts 
AAC3 Detr..~hr.: nts 

Rq . TaU' (?-;7) 
4";!\ Ftr· Irtpt -,g 
20th Ft:- ·Bmr ' .g 
4th Li.a!son FIt 
5O?d Ta Control Gp 
93·.th Slgnal Bn (Sop' T;,.C 

Troop Carrier Farce 
314th Tr Carr ·.g 
/.:ATB 
62d Tr Cur·.g ( ; Sq) 

Tactical Bom:)l'r Force 
85th Bmb Sq (L) Jot 
84~h Bcb Sq (L) Jot 

Bri!; Gen ~Iolfinbarbcr 
Lt Col JacKson 
Uajor Throckmorton 
Captain Parrish 
Brig Goo 7.o1rinb'lrger 
Colonel 8mi th 
Colonel Morrill 
Captain HicKs 
Lt Col Logan 
Lt Col ~ersch 
Colonol Prindle 
Colonel Prindlo 

Colonol 
Lt Col 
~':Iljor 

Chapman 
. i 11i s 
Thaba It 

CHESTER L. SLUDER 
Colonel USAF 

I - r'osiEnaticn of COr.l!ll!l:ld Posts and '>t~tions 
- Organi z:u ti"n of Tusl: Forco hlr FOII'c-

I' _ - Grb~~iz~tion of Sou~oast 'rn Th~al~r I ~pril 19 0 

A-I 

RES~lnCrED 
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RESi.'it CTW 
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0r,:ration Plan, 
T.J' No. ~::;;O 

UNIT 

l61st Tac Rcn . g 

Jt:}iS Detachments 

Sub-4>etsa 
..:A.'tTO.; AIRJ ASE 
Cm:GAP.EE "IRBASE 

AACS Detachmen s 

Sub-OetSA 
: :AXTON J\. I Rl ASE 
C('r.AR£E hlRBASE 

Hq. TAF .-rov) 

4th Ftr·ln.3pt 1 g 

4th Liaison Flt 

502d rac Gontrol Gp 

THIS PAGE IS UNCLASSIFIE 

~E!mIX I rr ,~11EX A 

O?:SIGt:.u,TI " . 

CO:-:.:;.!:D reST 

O{" Eit C":!i' I.!n.CKt.LL. I.C . 

SHA. . ArB, s. C. 

!lACKALL AIRBASE. I.C. 

ra.CI\ALL AIRBASE, l~.~. 

OUrER C;.;,t.f ,.:AC!UlLL, !~ . c . 

t.:A,X:;'OH AI REA SE, .. . 
SHJ\.': ~B. S,C Q 

OUTER CAlli' t.lACKALL. T .C. 

OUTER CALl ~~C1J.LL. N.C. 

COORD!:· .... T::;:; 

Lnt 34 0 59 f ll 
Long 790 34 r;j 
La 33° 58'!; 
Long 8C1 :) 28'W 
Lat 35° 02 '!l 
Long 79° 30 ' . 

Lut 35° C2 :N 
Long 790 30 '!T 

;'Lat 3-1° 59:U 
Lonb 79° 3 ... '-'1 
!..at 3 .. ° ';7 II 
Lonl:: 79° 23'';'; 
Lat 33° 58'N 
Long 80° 28 'To 
Lat 340 59'H 
L°nt 790 34 
Lat 340 59'H 
Lon& 790 34~j 

A-I-l 
RBSTllCTFl> 

SiArIC.IS 

OFEP.J..TIC.'n.L ~;wJI:!::SS 

0001 15 n.pril 1950 

000 1 15 April 19fO 

0001 15 April 1950 

ae~l 15 Apri l 1 50 

0001 5 April 1950 

001 15 April 1950 

0001 15 April 19 fO 

0001 15 April 135:> 

COOl 15 April 1950 

SECRST-!J' AP.:.::R-~RET 

,.T: 

~t.ajq, 9. r ·rs . T!lsic force; Air Forc) 
:;x r cl. s ... S jA2~ER 
f{)!-E AIR ;:-rE Q"SE, :'~!,G Q1. ... r;'} . I.C. 
13 ~nrch H~v 

HO.:E .>rIl.TIO:; 

S"rl}.; ' AF';l. S. :: • 

TI :IK£R AFB . OKLA. 

i'CtE 1.FP, 1'. C. 

LA!:GLEY M'B, VA • 

SRJ.'.'" AFB. S. C. 

rOr':: J..:' S. . c. 

PE AFB, • C. 
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Cper.iti on D~'!. 
TFAF 1'0< 3· 5::' 

m;1T 

34th .~s Un (8£f) T.C 

Troop Carrier ForcE 

314th fr Carr ' .. g 

62d Tr Carr -:.g (1 Sq) 

Tactical 3~ber FOlcs 

85th 8mb Sq (L) ~et 
84th B~o Sq (L) .et 

i..uthen t1cated~ 

/)/l((, C ~7. ;-
/ LAT 718 JI.. nl' IT!! JR. 

Kajor. US;'F 
jj.ctg Ueputy I'or P&:R 

THIS PAGE IS UNCLASSIFIE~ 

C01.::.!tJlD iOSi' 

OUTER C~P :.:J..:;KALL fl.C . 

:.wcTO~. "I RB",SE:, N. C. 

:.M:TON !.I RBAS ':: , N. . 
CC'Gi.REE jJRBit.SE, J.C. 

SEA:. AF!l, S. C. 

LiJ'GLEY ;'iB, VA. 

u..'GLEY Ao" B. V ... 
W. [:lL Y AFE, V" 

RE,n1CTED 

Lat 3~0 59"; 
Lon 7 0 3'; ,., 
Lilt 3.)0 ';7~ j 

Loo 7')0 23':, 
L t 3 0 47' j 

Long 790 23 ,"; 
Lllt 33° 56:11 
Long; 80" ~8 r:. 
:'!1t 33° 58tr: 
Long 80° 2S r -

Lat 370 05'N 
Long 76 0 21t-

A-I-2 

R:::Sl'RICTE!) 

SECREl'-5.,AH:'lER-SECRET 

0001 

00 1 

0001 

0001 

0001 

0001 

0001 
0001 

15 .. pril 950 

15 ~"pril 1 50 

15 April 1950 

U .\pri 1 1950 

15 pril 1 50 

15 '"jJl i1 19:;0 

15 ~"ril 1 50 
15 ';'F~:l 19fO 

cm: ~~1 t. SLijt~ 
Colono~, USAF 

p" rE l..F3, I:. C. 

s;."iRNA. AFB, E!: ' • 

UJ' ,LEY ;.,rq , V t . 
~.:Jj':"EY : . .... , ""\0 
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Pelf! .l!R FORCE a.:1 

FORT af",GG , rmRTR CJ.ROLI NA 

o ILTIC: ! Li.N 

n .r tlo . 3 - 50 

J ;ex B 

T,;oLt:. Or (; :.rE .. TS 

SUBJilX:T 
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i r: .. r.ips 
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Heudquart.OFS, TlIsk 'Porco All' Po~c. . 
EXt<rcise 5riARMER 
fOr~ AIR ~O~CE BASE. FOR! BRAGG. 1.C. 
13 March 1950 

G:::IEHAL cm; EFT AlID scw:; .. .'~ OF •. ~..; z. IER 

~ . The mission of rask Force Air lorce in Exercise 
S.';'~:ER is to r oconnoit"r .• netotralize and destroy enemy 
oir ~~d ground forces; and their installations, in 
support of the airborne assault and subsequer.t operations; 
transport tho airborne troops to the objoc~ive ar~a and 
provi e tactical air sup~ort throu;hout the mane v~r ; 

conduct continuous airlift of supplies and equipment to 
supyort the airhead, gain and muint~in tho r equi r ud 
dt<&roc of air superiority prior to and after the 
"st~blishm"nt of the corps airhe d; and be prepared to 
ccnduct s~ch otnbr operations as may be dlructed by the 
Comm:mder, T~sle Forcs S,,'AR!.::::R for vxpandini." the airhead. 

b. l.ir superior! ty .,.ill be mandatory on and subsoqu·mt 
to n-Oay to 'lrford Jnited ... tutes troops frtn.-dot:l of 
movem nt. Pronpt procussing of air requests by the 
Joint Operations Conter and efficier.t disputchin of 
aircruft by the Combat Operations Section are nuc ssary 
to ins~ru maximum support of ths round force troops. 

c. ~anbUVur uses ar spocifi~d in Ann x a. T sk 
Org6nlzution and eommand Rela ionships. 

(1) S~e ~nex • Inte li ence. 

b . Pruliminury (perations. 

(1) l"rior to 15 .. pril 1950 , Air r'orce units will 
rec ive suitable unit training to pr"parc them for 
tr. .. ir operations in Exercis ... S·;h..Cl:.:ER. Tht: pur.,nt Air 
?orct: wi 11 bo r ... s onziblo for the cond ct of thi s 
training. 

(2) ~,o'/\Jm n of units w111 be as specified in 
Annex I , il.dministr '.tivt) lun. 

(3) ~tbr Arrivul of he units ut Qssi _ned 
mant:uver bases, or uf er 15 ~~ril 1950 fo~ units 
op~r tin" from hom'" b S'JS . Co .. JlI:mding G-mtlrt< • Tasle 
Forc~ .ir Forc . will prescrib~ unit truining to~ 
conducted until 21 April 1950. (Su~ Annex O. Air 
Employment Plan.) 

RESIRIcrm 
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c. The •• s;oault. 

(1) Co~ncinf 15 hpr il 1950 , photo reconnaissance mi.­
sions of the objective area v.ill be ri n, ~d will continue 
thr \lI'hou~ tbe _:l'I""!lI;~r. 

(2) On 21 Jipril 1950, ,d r Force I.;ni s ""ill conduct: 

(~) Ir.i bl Co,nte r "i r O~e rations . 

rUlCO!. , vis ,1 and photo 

2 I-irrter - bo ... bcr oFe""tions :le i nst ererny 
i rfi e lds and ;:;'i rc r.:tft . 

3 Fir). t er sweeps 

4 T::.c ic 1 bom).,e r It,; .. cks on en •. 'my ).i rfi elds , 
co~trvl in5~:l.lT tiors , fue l SOl' Fe 1",mos , !!"~il·teral.ce shops , 
han '--~ rs, r.- c. 

(~) Ir.terji: ion . 

Recor , vi:;u'll !"ld ,hoto . 

Z •• ttacb U~:lJ:!:t l''ld lire; of corr.:nunic iO::1s , 
bridres , choke-r.J~lt;;, r'.il r. .. r "l Hinr ya r ds , '" c . 

htt .cks on troop 1T.0vern nt .. and co:-;ce: r tions . 

(c) ,ir Defer.se (Corcurrent 'I'ith '111 r.t: .. es of 
or-e r::.tior.s . ) 

Ccr. roliei i:-;tercept ~issions . 

'1 "i rIle rt 

b r r ot.on'l .1crt 

2 H.~' e Ji~cretion of tl e t.ool"rondin ·"neral , 
1'~'-: ,,'o r e n J.::r tor<' , '1 pred" er:nined o rtion 01 !lV'.lil ble 
f1 ;'r - r1i=C r.r v.i 11 b, llocn.ted for '~i r tid'ense tr, r ouc;hout 
t.e It~'neuver . i:.Xlct U :ocatior. \'dll t: enr! upon -:he t ... c ie).1 
si' u::. ion . 

3 The t,i r " r nft cor rol aT.d . _rni!" ' m. t Ni11 be 
estib i..lh..,J b"-th{' ;) 2d - ctic:.l l.-o:.t r o l "raJl-. nc 1 e r 
th'1n 1& a,ri I I~&O . b.sicall ' of st ... n"-
IBn! ,i r co' • ro l n! d · .... rr.in· 

(3) Corrt!nrin or, or '1bout 21 "pril 19"0, ,.\ contir.uous corps 
o.i r l;e d r::~nCl' Jer ::I[:o.ir.s + ,"GCR£330 ;·. v:i ll bt:[,i , i. -xhich tr.e 
T sk ~o. c Air Force will COl uct: 

3-2 
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(8) Counter :lir Ope rc.tions. 

5~~e us 2.e.(2) (a) above. 

2 Cr,n inuou.; Co:rbClt :dr Fatrol (C'iP) over 
olJjective u rea-on D- Day . 

3 I-bk-suppression r:lis;;ions .is required. 

(b) Interdiction. 

5arre s 2.c .( 2) (b) ubove . 

(c) Ground J Jpport . 

CO!1duct such close support llU':;S ions as lr:' y 
e directed. 

(d) , irtlorne Ope r ations. 

1 l.n D-Duy , the Troo Cu r , iE' r Fon:t: , escc r t.ed b'f 
T ... cti •. 1 air F;rce (~orl \"ill nir Ii ft {ru;:('4~ir.."!1 
ten:ns (He1' ) to be d r~rped in the 0 jective r fl , 'Uld ",ne ( 1) 
KGT to be ::.irlunded I,t . ;.C ... ..LL "L BnJE after i s cnpt, r e o 

2 Tr "op c, rri ~ r Force . !il l pr"vi. de cor: i nuow> 
o.irlift f or builJup 0 tre :..i rr,e'1d f ro- m D -D~ u. i1 til" end 
of the IICDc!uvt: r (irruLte r.n i!1ti.:!i:,i c period . ) 

3 . De elop~ent of 

'1 . Follo·,'.inl"' thp. ~i rbo me '33 u t of tre objective .1l'e'l, nd 
he c up un: of ""CK."LL :IRB;.JE , ':J.e r,ov rroer.t 0: To.~k forr.e 
,i r Fo r ce un i 3 iT 0 ~,c ... i rl:c:.d tr ro rh ;)flO \':i 1 be ,_s--
1'01T(j;:'s: 

t'q , T!l.s k i o r e t i r r 0 rce ("d\') (Simulu ted) 

ted) 

1£) s 

!:',,?:l Tuct ica 1 'J1.t 1"(.1 Gr oup De t c!:aenta 

t . Du.! 0 limit ... tiors of f:l.cilitie.:;, no "i r Force units ex­
ceF Tr.GP ' s an lesirn. ~e bl"l~nts of he 5J2d T c ict.l 
Con r 1 Group ,i ll '~ctu'...lly fO i"to the 'lirh .... d . uthe r 
;O;~~ be si~ul. (j . 

1 . Coordi~ation and tionsr.ip . 

( 1) Liolison Lflicc r::; to the o2d and 11th . ..i rllorne 
Divi3 ioDS Vlill be alP21ied by the Troop Carri e r Force to 
coordinate dct - ils for ai rlift of theSe-uni~ 

13-3 
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b. Command ReI~tion3hips . 

(1) dee ,..nnex " . Task Cr t;aniution (lnd Command lie l tion­
ships . 

c!rI..5TEH L. :Ll'lIt.R 
Colo!'lel U':;"F 

nEJTi\lCIr..D 
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R:smrCTm 
S ~hZl'-SYlJ.iW:R-SiX:JCr 

Hdadftuarters, title .i'~C8 . .uz FGrC. 
... c~ SWJJUim 

Operation Plan 
TF..F NC'. )-50 

)!oP! ...m I'CI1OE BASE, FORT IlRA~, N. C. 
13 larch 1950 

Pfl E' , TGpiCE 

lap Rc..f..renceS I 15 Arr:ry A.ret.s, AlS 8301, .scalo 111,0IJ0,cx>o 
665494 lJI ORLEAK$ ; 10 and 665495 SAVA;il:hJ-: IT 11. 

,arld Aeronautical Charts 357, .358, 359, 409 r,nd 
~. 

PaRT 1 - IITE.LJ.lG:::CE S'JUaRY 

1. Sutr.r.ary or :::nEq' 5i tuatiOIU 

a. R6ference 

(1) Depru'tlO:ents of the Air Fcrcu and io.rrq, "Directivo 
for Jc1nt { • .rr-.y-Air FeTc,,) a ercis l3 FY 1950", 10 
Decot:lbuT 194'1. 

(2) Gt:nGTlll .lan for Trdning Bxcrc1sc S\,..ru ER, Hq 
Laneuv"r Coor..:.ndeT EYvrcisb ~\,;JU.D\, dE-tad 17 Ft!b 
50. F1 ~ v 354. 

b. Guneral 

l l ) A s tate f ~(.clur~d war c) ists botwoun tho J~IT~ 
ST _'I~ and AGGilE5..cR. T~o!l.t. bi tion of t r.o ~m(Jl 
r~ticn is t o (.stublish itsulf as the mest powerful 
r~ti n en t:art~, and then by rr. l1tary means, t o ~in­
t £.in such positicn. Te Ij,cniev ... thesb objuctives, tI,e 
.. ~~ ,::;ufT t:ru Council aarly &Pfr<.:ciatl::d tho fact 
that tl.c UN! i:l) ;'T .. Tts ~.ust 00 defc!ltcd and forcoo to 
bcccct.; t.n ..GGJt~Ck slltcllit~. Then .1th this "!iT 
jX!t_ntllll und r osourc<.:s , ~;s,;.OR plc.ns t o subjugate 
tt.c r t.;s t of t he world. ~onsequ()ntly, ~~CA 
launched his first &ttack a /:!e.1nst U.s anD ~TAT~ in 
;ovt.::::b(;r 1946. S'lbs _c:uontly, ..GClR~ has launchJd 
soverr.l attacks e.?ainst the ·1:I.ED ~rAT~ with v~yin6 
! cc ..;ss. 

(2) In all of U:1l ca!.:paiens against the UliITEI> ~T •• T..s, 
~"':!1:i.-:io:a forc lls t-.ave preved to 00 Ioiorth,y lI'.1litary 
oppooents. Thuir l,.c.dcrzhip hal> bo. n ~uperier. Their 
crG-nizuti on , eC;uilEt.nt, and tactical dC/ctrine , 
tl.cugt. distinctly f orei[D, b(.ve boen excollent. The 
disciplintl t.nd r.oral .. of their troops have been r.1gh • 
...GGit~~ l-crc,-s r.l;VEi p'cvuci cal-6ble cf attacking , de-
1 t.nding , ~ithdr~.i € and fighting dolaying actions. In 
.lddi tion t l.6Y have preved t o be capabl guerilla fi h­
t..rs. 

D) The aOWk:atQi F .. urU: :.rCIY, hieb has occupied ~E­
S(fi C..J<lBi.:W l OOs <. s since the fall of 1946 and 
laUDChed swors1 attacks against tho SCUTH&iSTUdl 
, ITED ~T .. T!s, U.s been rEipaced by the ~~ 
Second ..n::j and ha~ r eceived training in fdr trans­
"ortability. Sulccted units l.ave r(.coived arphi­
bious trdning. 

C-1 
fiESTIJC.EI> . 
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Cwratioo Plan 
:AAF I/~ •• ~;"iO 1,.." 

(5) 

Earq in t.ho fall or 1949, "'~aESSall b~en concentra­
ting transport, cargo ships, 'tankers and auxiliary 
craft at the princiPlil island ports. IncrENls"d lIbv:ll 
craft and air forct; planes were reported in the CAR­
IBBEAN area. In January the terr.po of AGQItSSSOit air 
u-.issions over the FLORID.. P~!I;;~:rU and the 5OUTH­
EnS.W· ARE;..) OF THE U aTE!> ST ... TES were stcp1:)OCi up. 
On 1 Fetruary 195 AG.:.t}.SS0R siltu1taneously dropPf'd 
powerful bor:.bs on J .. CKSOOVIJ..l.E and MLJal. Follorlng 
the drop or the boobs AGGtlESSJR covered all tho .. rin­
cipal cities of FL~IDA ith leaflGts which notified 
the civilian and military pbrsonnc1 thnt he int"nd"d 
to occupy FLORID .. ..nd that any rosistance ctr demoli­
tion of dlitary installationa would rdsult in the 
dro;ping of more ~bs or other retaliatory action. 
Go 2 February 1950 a:}giESSvR drO, pt;d the Hrst Air­
borne Corps in CElJ'r"ru..L !o'LCRID.H., uickl,y secured the 
airfi"lds 6nQ then ccved rapidly to tho north t o 
cont&ct maTID ;;,T •• Ts:. F·orees. On 5 Fflbruary ... GJllES. · 
SOrt b~gan to land ~ Rifle Ccrps consisting of two 
Rifle Divisions end on", Tanlt Division minus. By 15 
Fubruary this corps rl.liuvfXi the Firstl,.1rborn!; 
C r,.s ?oUch aas thtln asst.Jllbl...d /It lJl'indpbl airfid1ds 
L C:!l; .fl.L 1- L:lUDJ. \;i th tha Corps Headcparters at 
cnWJDO . By tho cnd or F"bruary .i..G~ftiSS1)lt consoli­
dr.t"ii thu gunt:r al lir b J ... CKSC IVli.LZ - r..lJ.A.;""":>s:.E -
,J'i' .. L..ChICOLh. lntolligunce re~,orts indic!lted th!l t 
,,;\id.SS6R planned to attr.ck in :.Ul\T: v..ROilllJ. Tlith 
t'".~ prirlU'Y r.izsicn of seizing tt.o hI.:.!>Tot, - S~ 
izr.ustr11l1 ue&.. Ccnsoqu~ntly on 10 .Il!'ch 1950, 
... :;I!&ESS£1t sdzod '"IL •. H.GTot" t,. C. by &. subC'.E.rint:: 
as b.ult assi~tod by Fifth ColUlilTlists and clandbstin" 
Iltlonts, I.t tho:: SWo;t: tiI:.o "GtRESSvR stJized th" FCi T 
Ert..GG .• C,J..F . ':"CI'U-.LL - hll:."l'LVIu.E ari:!I b'J /lir as ­
sault. ,RE3SJrt is nc~ busily engu50d in buildiog 
u su li06 und ex~nding his airhccd. 

{toG:;.u::SS"R f;I"CS0 tly t.al.' the c6prlbllitics c.fa 

{ta) t.Lking &.rl nirbc.rL (lss",ult fll'lY ~.L8ce in ~ tr.l. -
iaSTE..Ji "1'1 ED STb.r~ wi tl. one airborne cc rlXl· 

(bJ .aking r.n arp:.i bicus ass&.ult .ith t~o division:: , 
6ny place on tt;" GJ ll" CO..s., cr on th .. i..'I J....NTIC 
~T (1S far r.ortl. as .. 'Ci\S(..NVIlJ..i::, FLChID .... 

~cJ laking an &.ssault &.g~inst tr.e SOUThE.t.S'i'w:,\ 
!I'l ED ... I.'i'EJ "ith any cocbi[l(",tion of cupa­

biliti<..s (5) ( .) wd (5) lb). 

(6) Int·llig",nctl r oports ttoat ~GGQ.SS - has 0 lititud 
stock (If po"*.;rf 1 burbs. It is considEred probable 
that tht:Jsc batbs .. ill 00 used without warning. 

(7) AGGa(i:SSV~ has &. large conc",ntr&tion of scall ccr­
!:"urcifal v"ssels. 1ol:.v&.l operations are liz:i ted to 
su~rin~ w&.rf&.r" and convoy protuction. 

G-2 
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(8) .AGGRESSOR has developed guided missile. aIXi rockets to 
a high dogree of efficiency. Any concontration of 
troops or supplies would b0 a r~unerative targvt. 

(9) 

(10) 

It can be azpected that .1~O!t will ~e full' use 
of .ell trained agunts and · s~pethizer. in operations. 

.~se8ft has sufficient aircraft to ostabl1ah and 
support a Corps &irhoad. 

c. Ground 

Seo paragraph 1 b &bcve . 

d. ~ 

(1) .• aaRESS6R has a large well ec.uilJpeci atr transport Can­
r.and USing cargo type aircraft sil!lilar to thOlle usoo 
by tho UN I TID STATE::. J.lR FORCE. 

(2) kGJtU:£5u.'t has a tactical air forca forzr.od along the 
~ncs of a rodern, officient air force. Tt.o organiza­
tion of the oMi)t'.E.SSJR air force is nct canpletel,y 
Cl.ear but it is known that his tactical air orgtllliaa­
tion g~norally consists ofa 

(0) Roconnaissanco Regizr.ent 

(b) Fighter Rot;iJrt:nt 

(c) Gro~ ~ttack kcgicont 

(J) In gen~ral,\o'; '.!\ES~ air fOI'l1&.tion and tactics conform 
wi th thosu of the tiNnED ST).!E... AIR lo'CRCE. Equipr.ent 
is beth of conventional aoo Jet type aircraft. Jc:t 
fighter-aircraft havo b~ •. m dev~loped to &. high degr~c . 

", e. Naval 

"G<.AiEssua naval oporations arc l1J;;ited to sublrlirinc reccn­
naissWlce, submarino "'arfae, and trunsl.ort of uphibious forc ;;s 
to operatic1l81 &rUB by s~all COlNll6J'cie.l vdss&ls. 

C-J 
Rg,TRICTID 

SliX:RET-S\ • ..RU:R-SE&k :r 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

TJ 

RESTRICTED 
s:: CriEr -S~'I\.fblER-~CRET 

OperatIon t>lan 
tHt 1CO. 3-50 

PART II - INTELLIGE1{CE t'I((}DUCrrON 

~r~gr~phs 2, 3, 4 and 5 d , uling with Essential Elements of Infor­
m:..tion, ReconnuiS81JJlc , Captured DocWIIf'nte 4nd Prisoners of .. ar 
~nd Ca~tur d ~toriel and Souvenirs, r~spectlvely, will De published 
I"ter. 

PART In I\UAILI"RY "CTIVITIE~ 

6. MaDs. Charte :.nd .)hotographs 

~S: The following m."'11 are being prepared by Nt,S .. nd 
.'1'111 b ... v!;<Uable for Exercise ~ ARI..ERI 

'"-'t' : US ~rmy ",re .. lI. 1\..:S 8301 , SOGle 1/1.UOO,OOOI 

665488 Ct· IC..GO ,,4 
6654&9 i'ITTSBU 1~G tl5 
665490 BOSTON J, 6 

6654~4 MI. J.<LEnNS ,,10 
665~95 S.nV •• Il. • ..H tTl! 

t~: TOilo. FliRT BItn.GG "l;D VICIrH Y uR rl C .RULlfu NoiS 
V842, Scull" 1/25.000: . 

600282 OVFRHILLS , 5154 II NE 
6tJ0283 CLIFDHLE, 5154 II SE 
6W284 • ICI.0LSO .. Ct'.EEY.. 5154 11 SI' 
6.J0285 LOBe LI", 515.. II :f 
6()028ti NI •• Gtilitl. 5154 III r. 
600287 Sn ",TuKIUJ. . • 5154 111 SE 
ouQ288 lI:lE 11 FF. 5154 I 1 S •• 
60 28!i SJU ,ERr dIlES, 515 .. III .1 

600290 SLOC(J • .E. 5254 III NE 
6002Jl V,,~,DFn. 5254 III ~ 
6002 2 F"FrTEVILLF, 5254 IllS" 
6002~3 "" CHESfER. 5254 1I I ., .. 

~ 1.,w1y ccrnpilcd 1 sheet!! b&clc"d up 'with l'hotomc.q , Seale 1/,5,1-'0 ) 

t'HOTCJ.: •. PS: C.J.'r' .'\CI'.,!.L. !~Jn.Ta C",R LI.!.\. Se ... l" 1/25,OlJO : 

116l.5~ S, ... FJ!ID 1119 
116055 S"' t.FJRD tf25 
116v56 S",:.FJRD ,26 
1160:'7 S" •• FviID ,,31 
1160:' s, ... 'F~rtD ,;32 
116U44 nOY .128 
11 045 Ti{0Y ,,2':J 

116046 THOY , 3v 
116051 T .WY .. 35 
116052 rROY /I 36 
116064 n.vCi-:ll,G!.J_ ,,6 
1160,S LnvhIIIJl,.<G ,. 1 
1160 7':J Ll~'rllt.BUk ~;;, 
116~44 Lrt kI lBuKG n3 

! .. "t' : 
1/50 . 00u Key 

To,)o. FORT OKt,GG ;, in VICI '1 Y. tlOHTh C.n {~vLINtt , Se ... 10.; 
umber 100295 

The following chart8 h~vo been requis1tionod for Exercise 
5 .. ,,. ER: 

Regionul Acron~utie 1 Ch~rtll. Se..le 1/1,000,000. Cod~ 

'~C 357 
,InC 358 
.. "C 35!.1 

l.nC 409 
.. ,,0 410 

C-4 
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Sectional neronautical Charts, Scale 1/500,000, Code APC 

~-8 &.V":.I .• H 
R-8 Cl-i. ... :w.1'l'TE 
RS- '7 !IOR.:'·~LK 

5-8 ':lIN:>'!":1 S..L;:!' 

b. Fhotogrlphs: 

S·· 7 N.\SHVILLE 
R-7 Cr",TT",:'l)c.. 
~-7 BIR!!I..GHUI 

PhotcGr'phic c~vera~e of the maneuver area, when received 
by this he'ld-lU3rters, will be distributed to air units where 
1pplic:ble. 

Re~uest for 'I~rial phov>r;r'Jphic covernge by '1ir units will 
conCo""!!: to the !=rovisions of .. pp ndix 3 to this annex, when 
published. 

c. :Jistribution: 

Distribution of r.1. s, charts and photogr'phs will be made 
to Air Force units b:.' the Director of Intelligence , Task For e Air 
Fo rce prior to lS .• pril 1950. .ny subsequent re.::l' ·~.ts for rr.1rS or 
rhoto,>r1Fhs will be pbce Hi hc Cirector 'Jf In '~lli cnce , Task 
Force 'ir Force. 

d. Ci~rosition: 

:1PS, ch1rtS, ~md hoV>~:lphs, ·.Yill be r pturned t o the 
Direct-:>r of Ir .... lligencc, T'u:ti~.u Air Th;:..;c : r rov;'P3P£·Al.R FORCE 
BASE, fI'1RT ~R.. }':I, ")RTE C .!t~upon ro r:P'fellon of this 
exercise. 

(To be published IJ~er) 

8. Si.!:C'iUTY: 

During prelimin1ry pbnnim~ st'lges this exercise will be 
cl1ssified 'IS R&ITR.:::CTE:D. .. s soon 'IS necessary /!lCiver.lE'nt 
instructio:.s r.:tve bpen issu~d to uni II, .:lnd on instruc ions of the 
""l1euver COI!i:ll.1nder, security classifica ion will be .lirr.in:lted. For 

hp pl'lY of ." Ex~rciseJ however, S'l,R' :".H cl·')ssific1tions 
consis ent Kith the protection r~quired of r el:Ited doculllE.nts wiU. 
be used. Thes~ sirnul"ted cInd fic"!tio:lS will tlppenr on 
oCl!lllen s in ad ii ion to the cl:l ssi fic ,tion specified above. 

{' £.vT.... ..,-1' ~4c,/' ___ 
W::STSR L . 5 W DER 

·'P. en·jices: Colonel, l S. .F 
I IntpIIigpnce Reports 
II Cli~'tic Study 
III Reccnnai~s3nce fIqn (To be published I1ter) 
IV Frelim"n3ry £stim3te of the ennmy situ~tion 

(To be published Ilter) 
V ~ap f "r~l of '~lneuver (To bp published later) 
VI Exe rc=-se iiis toric3I Rerorts (To be publist.ed I,ter) 
VII T1Ctic:Il Study of Terr,in 

C-5 
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:!e"d::lU1rters. 7aSk Foree .Air Force 
txcrc1 se S·,'i ... R ':::It 
FOPi AP'B, FJRT BRh.oG, l; .e. -, . 

Opnration Pl an 
TP'1'F No.- J-SO 

n ~arch 19S0 

AFFr.ilDII I TO'" .:.=:X C 

r:;T:!;LLIG.:...iCS R:":FORTS 

,ir F'Jrc t. IIi ~r.ce r e 'lr ts for O)(t r ei s· "S~,.aI'l!lt: r " .,': 11 
b, . r "'p1red :md !:'lbmi tEd as dir· cted in hi> fo llowin3 ::ub­
In· r lphs : 

1 . Sp t T~.'po r s ( S"" Tab "A") 

S 'J t r ~rort s ,';i ll be subtr..i t tcd dur ing t he maneuve r :1 t 
b(:: ns 'lnt of pho to r aphy, obs.-·rv" i':ln , r a t t':'ck . he llX)et 

.~xrE-di t im. s mea ns of co rnmunic J t ions av':il 1!Jlc , incl din.., v'Jicc 
r lay hra _.h T_~CC , Nill b<:! utili zcJ . 

(1 ) Spo t Report ni ll 
r _c'lnn"issan (> mission . 
b r ief n3 rra ive f 'JrtT: 1nd :vill 
inr: i nf r "tion-: 

( ,,) arne ''I f r epo r t ( Spa ) 

( .... ' J'l11 ·.·:ore of unit 

(c) ;ljher e --'ilhen-- .... t.<Jt- .iho 

(d' Hpading or i r · c ~on of rr.o-.r~m,"nt 

(2) A Spo Repo r t will bt.! submi t·d fo llo.vinp pho to ­
gr apt.y of an lssiim'-' t3r gct o r lt t h I1Dm?n.t h3t 
it is decid"d t . 'I t photo;r aphY ;mno t bp 1ccomp-. 
Ush· 1 . Th" r '''l-'ort :.ill b,_ 1n br ipf r,l rT1tiv1 fol"!!'. 
:Jr..:ill includ- n.> f"'ll'J\-:in~ infor o'l t it)n: 

( 'I ) ", l'[ of T !J-IO r t ('~Fot) 

(b) C111;:o r d ':)f anit 

(c) R~cult s o f rho 0 r 3 hy ( ~ucc srful or ~o ) 

( 'i ) If no t s ucc,ssf 1 , ::hy. 

( ~) 1bs r va ions 

( ) ,-< S?" R~i'O rt ·.till ~ ~ bm t",d follO'Nin~ .. ,ch 
:I'tack ar:d wi11,ino1u , ttl·~ f)}b-6ing infOI':ll'ltion : 

(::d 

( o) 

(c) 

( ) 

( ,,) 

(f) 

: '3rt-, of r" ~.o rt (~p 

Call '.nr 'Jf mat 

':''1 I' ·t id n i .! 

Tn' 'It ack 

.:.,5 irr.Jt.:d r , s lts 

0bs_I'V:1 o ne 

C-I-l 
nt.S ruCT:' 
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b . Inti'!lli e nce Flash Reports (Se", Tab 'B~' ) 

An Intelli_ cnce Flash Report ;/ill ~e submitted by 
unit int,> lligonc l? officer s on each mission durin th !.! m.:meuv·_r 

·:i hin ont> ho:lr afte r th '" comple tion of he mis :..ion . It .ill 
also b' submit ed on a~rted missions stating the r ·aso n for 
:l r tion. Tho lnte ligence Flllsh Report ,.;ill cont:lin tI e fo1-
-:'o;vim; . nf ,rmatio n: 

(1) Operations ordu numbe r 

(2 ) lis sion number an assignment 

() Da ,e 

(4) Unit designation 

(5) ~nsults of mis ~ ion ( Fercen ~g of success or 
f~ilur: wi h comment) 

(6) All obsp.rvations and activities , includin~ , 
fl'lk , "e athe r , and infor"l;ltion submi _ us 
spot r e por s . 

(7) Losses (Pe rsannpl and/or ~quipmen t), claims 
3:ld rposition ('nco t er· • 

c . lIi ::sion In _lli~pnc" Report: (: ..... 1<10 IIC'I) 

1. "ission In ·~lli ~nc ~ Report \·till ~e subCli t L-ci 
01] f;!ach mi os ion wi. in t.lo:;nty- fo r (24 ) h') rs 3ftcr CD r:rLtion 
of the mission and will incl d e th~ f oll o.lin;; inform ion : 

(1) Opera ions or " r n mbS:T 

(2) :atl' 

( J) . ni t designa tion 

( ) :lam~ and r'lnk ':If f lic:ht lc~d~r 

(5) 'umber md t;vpc of a i r craf t disp-' tc lled 

(6) "is5ion 'i~siF::n.'!If:nts 

• (7) Devia ion from a s signed r "'Jt p 

(I) li'!n.lin pI 3c,; , if ~ ,e r lin h rr,' b1f':: 

(9) Obs·'rv 3tions 

( ~) Troop movem'n s , conc ntrlt~ons 3r.d 

Ins 311 , ions 

(b ) drfi,..lds 

1 Location 

2 'lUJ:lbpr of "lir r 3f 

C- I-2 
!USTRIGT :ill 
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1 Type of aircraft 

4 'isc (uni t) 

(e) Tr3nspor ation 

(d) "isc~lbneous 

1 Loc;lhon 

2 He1ding or direction 

1 'lumber of vehic1_s 

L Typ,_ of v,.'hicl"s 

2. '.isc,~llan"o .... s obs rvations with idcntific3 tio:'1 
of units if l'ossibIc 

(10) Pt-.oto r[lphy 

('3) Loc1ticn 

(b) Al itude 

( c ) 1"0 cl1 L ng h 

( ) Tir.;" 

(,) 'Jrt~c,l or obI 'l~e 

(11) !hrn ive of aissinn (To incluje tcnnaces carrh:- ty 
TC aircraft) 

(12) ;,ClGRiSSCIi. 0rposi ion enc' r,t rut 

(3) hrcr ft 

1 Type of 3ircr'lf 

2 Loc1tior. 

1 !l cb r of 'lircr:Jft 

L Unit 

2. 3ctic!: r:lFloy'ci. 

(b) Fhk 

I ~ype 

2 Int, n"i ty 'md .:lCC MCY 

1 Loc' tion 

li :.ppl"'Oximate nUr.lb"r 

( ) 'Jthd 

C-I-J 
RES:'Ft lCTiID 
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TFi.F·1te. )-50 

(13) C13ims 

( a) Aircraft 

1 Typ· f 1ircr1ft 

2 1.oc, ion 

1 ::ur.:bcr of ~ircr:1ft 

h Unit 

2. Jestroy,_d or arr;lg"d 

(b) Tr3nspor ation 

2 ::urnbr;r 

1. ll":diroG or dir·ct·o 

h loc, lon 

2. ~stroYi.'d or d,1r:ni: .. d 

6 '~5c.:l1,1nt!ou~ 

(c) oth r 

(1) 1.os5'-"5 

( 'l) P' rsonnel 

1 ~H (,!is~i~ in action) 

2 KIA (Kill. d in 'lC ion) 

1 :;1,. ('ioundc i.. 1ction) 

(b) Al.rcnft 

1 )'·stroy'.-d 

2 J1m'~~ (Sx cnt) 

1. I,'':'ssing 

(15) n· r:nrks 

(16) Si"n3t r~ of Int, 'lh~ -nco Orri.;r·1Ii. h lr.:~ fl1 d . 

2. TR'J:S: IS~IO~; OF R FO!tTS: 

J . Spo Rpports 'Hi 11 !:>. tr'lnsm;. to till' T ,,(;C .... tl". - ;oos t 
xpc i tious colllllun.1.cations f'lcili ti~. 1V1tb 1·,. Th 7ACC ";ill 

lndic'lt", th -.. tim'> tht! r -.:port 'WIS J"t. c ,·iv\!r! :md deb. v~ r 0 th( 
:)10 in the JOG. 

C-I-
, iST' ICT::' 
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FL1~h Reperts will be t Tansmittf'd to the DIO in th · JJ": 
b:' th,· lIXlst exp"'di tieus celll1lllI1icatieflS f'lciliti"s aV3ih~1,' . 

c. l'i;sion ' Il'Itclli~"!nce "R"ports--wHl be tnnsmi tted to th 
.ilia. in. _t.tl"~. ~9~ by the IlX)st e lCpedi tious conur.unic'lti,">ns 'f:lcili tLs 
1V'!il<l !:Jl e . . 

d. Facilitie s fOT r eporting Furplses Jllr:lY be f o md in 
;";"p.mdices IV and VI to. A~'?:,: P, TF:oF ()p<\r:..tion 7bn 3-~. 

3. i'?};C ~DS : 

An I n • lli g_ nc.~ Journal 'lna ',;ork s e~ t will be l'I.unt3inL"<i 
by the du " In elligcnce Office r in he J Jint Opo>rations 
C.mt: r a nd will b l" r etained f e r prr r.i1n-n t record . See Tab II:)" . 

r,bs l 
T1 0 "A" 
T'lb-"3" 
T:lb "Cit 
Tab "D" 

Spot R.:!plr· 

Clt:..::;~ L .. SLUDili 
'01(,),,0:1, US"F 

lntpllig n<; c Flash R ... ;:ort 
ission Intellig c?nc" R.:port 

In t llignpce Jeum'll 

J...u hj?ntic::Jt ' d: 

;)(( ~ ~:~~AJ ~~~r 
' . E. OO .IARD J 
r.t. Col., 'JSAF 
D1r lutel 

C-l-S 
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T •• b n. n 

INTELLlGEJJCE SPOT REPORT 

n~LLIG:: ICE SPOT REFORT 

I 'TELLIGE!!C~ Sl'OT REPORT 

I!'T::;LLIG~· ·CE spar RETORT 

C- T- 6 
REST'tICTED 

S~CR-T-SJA-~SR-~CR~T 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

Opgration Plan 
TF"F 1:0 . 3-5U _ ..... _._-

----_._-

RES'r'IC'rn) 
SECRET -!IL\RHER-SECR...1:'1 

FUSP R!FORT ~,-

1. ('perations Order r'o., ________ _ 

2 . -lssion '0. and ~~5ignment.--___ ...;=::;;..,;..;... __ 

J. ~ate, ______ _ 

4. Unit Designation, _________________ _ 

5. RfJsults of I is3ion, _________________ _ 

6. All observations and activities. (Including inforontion 
submitted as spot reports) 0 ' 

7. Losses, claims end opposition encOuntered I 

Tab "B" 

Intelll~~ ce Officer 

C-l_7 
R.~ST'n enD 

SBCRET-S' '6.'( 3R.S=;C1.":T 
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Opg r Ll iC'n Pl::m 
tF~F No. 3-60 

RSS'RICTED 
!CCaET-5iMER-SEC~ST 

.'ISSI<lN IPrrEllIG _~ 'CE R!:FORT 

1 . Ooerati.oOG Crder. .nw:ber _______ 2. Date _____ _ 

J. Uni t. 4.e:siP.natloD, ___ ""-_______________ _ 

4. N-:.me and rank or flight le:lder __ ;.... __ ;.... ______ _ 

5... UCloor llr¥l tJrp.l. llir erat.t. dispo.tehed on "1ss1"n _____ _ 

6 , iS5ion assimunent, __________________ _ 

7 • . - Oevtaiion from ~~~i~ ~ute8,_·-___________ _ 

9. Observations . 

Il. _ lro.Qp .IDo'lel!lents .. . concentr ations , 1nsta 11.11 t!ons, ___ _ 

b. Airl i01d5, ________________________________ __ 

c . Transl'Ort.'ltion, __________________ _ 

d . "isce 10noI)1).5 __________________ _ 

1~ . Fh"to~uphy l 
Vort or 

a . Locat~on of Fhoto b . &1 c. Fit d . Tir.e c . Obliq c 

---------- --- --- --- ------------- --- --- --- -----
1 . " , r-rative of 1:'iS5i n, _________________ _ 

12. ~v~cssor opposition encounterr.d l 

~ b "C" 

iircr .:lf t, _______________________ _ 

- C- I - 8 
'CS7:ICT;::t 

SEC~3T-S':A..~ :::''l .. ~C-ST 
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Opera ion Plan 
TFJ..F No. 3-~O 

RESTRICTED 
SECRET-S9WU!ER-sECRET 

b. F1ak ______________________________________ __ 

c. other ____________________________________________________ _ 

13. Clams. 

a. Aircraft 

b. Transporta tioD 

c. Other 

14. Losses. 

11. Personnela 

(1) MU 

(2) KIA 

(3) WL.. 

b. Aircraft. , 

(1) Destroyed 

(2 ) Da!"D.~cd 

(3) Hissing 

15. RE··..\RKS 

Tab "C" 

Sll'T1a turc or Intoll~nco Of'ticc r 

C-I-9 
. P'::ST'tICTm 

SEC"TIT-Si..\R "E:t-SECl.T 
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Oncnt1on Plan 
TF.:;' No . )-50 

RESTRICTED 
S!CRtT.S!'i'W~-SECRE'l' 

_ . .lJRC',ANIU'l'I~· __________ _ 

FR~J ______________________ __ 

TO 
puc~~ _________ _ 

~T~1m=e:....._=_. _ SGJ'ia·1-· !J!ione· 
In Out 

essa~es , 

, 

... __ . \ ..... -.. II 
- - ~ ..... . . 

.. ! -

0 '· _ 0. °1 

I 
i 

---t __ 

Tab "0" 

·1 

.,. -

'C_I.10 
R::: S:RICTEJ 

s::C:L.1<"'f-~ .. Ur3R.SECRET 

Action Taken 
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HPSTRICIED 
SECRET-Z\...ru..m-S~ 

0Nration Plan 
TF",F ;~~ ~-50 

.- Headquaetore, t ... 1Ik Fore~ Air 'orco 
borcue S ..... il.l:R 
I'OP! AIi FOiCE I!ASi fila! ·BIt. GG .. ;.:: . 
13 ! t.rch 19 0 

M'PWDIX II 1'0 eN;El C 

CJlbiT!C~ 

CQlTmTS 

Lajor Cli~atic Consid~rations 

G",n ... ral i,eathor Inforuation - .~il 

Cloudlne.ss 

Precipitatiun 

- Visibi.litios 

SurfacG \.1nd 

un· 1::("1 •. c(ather Infortlatio -- io.ay 

C10udinsss 

Pr!.:cipitation 

Visibilities 

t>urfuce Ioind 

r our.d CpOrc.ti~8 

A~rial ~_rati ns 

NC'IEa This d cUI'"t..nt Is bL.sud on ~st r'lC rde. Tht:l Infor~.z:.ti n on' 

certain weather conditions to be cxp!.:ct~d is bus _d on th a~sur~-

tlon thnt cort. C'I' lOlls "v .. ra~e c0ndi tiona will occur. oiinc!.: extr~03 

",",uther cendi tiona occur only infrequ",nt~, th", 1nf nu.trcn prosor.-

ttXI her ... in is door;-od accurato fer planning pur~os(js. lor day-t 

day forccc..sts of the actuc.1 tir.;<.: of ccurr ... nce of tl.o l. conditi ns, , 
and, fo~ inforr.(ation concorning dUi-brtur s froc th .. ncrrral during 

actool operations, consult the n(JD.rcst i.ir '.u!lthor ~t:rvicu 'Instlil-

laticn. 

C-II-l 
IU)TkICT~ 

~ECRET-S~~-~itRET 
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RESTRICTED 
Si!X:R .;T..QW~:Elt-SECRE1' 

::.J.JOk CLIi'.eT1C CCl1SIDBltAT!c~ 

In gl:lnor~l. this aroo has 0. nnritime olirrate , dUl: to t he in-

fluenc", of the largo high-pressure area practically alwllYs located 

c var the dTLANTIC OC&.J • lIhlC;h ~s u:oist air (Ner this area fr er: 

hat r..oisturl: s oUl'cu ar.d alSo from'thu t. UU OF ' ~ICC. The a ir in 

t ho lo~ ",r l~vols is f~irly hucid, and ~oderClto to hi gh te~~r&tur ~s 

pr ",v: ll at tr.h tir.:.: at y~ (April, _6J. ard Juno). Occas i nally, 

c ontinental air will invad o..: this W"~a fror.: the 100st or north_est. 

causing sllghtJ.¥ Im-.,r tOlLporlltU!"u6 and hur..:1diti es. but. this typ.:. 

of air doe s not rCl""in for vllry l ODb periedE of tir.:e in thi~ S tll1-

s on . SOI:'O fairly ccId nights j;:UY ElJlist durir: the <lc.rly part of 

•• pril. and cccasicnail,y the teI:'pcr ntur& gets vGry t.igh in thl.. !un" 

afternoons . b t, in guncrCll. tho heather dous Dot cause physic~ 

discoc.fort. 

The .. Tr-r;TI· OC FJJi li e about c.6 011",s t o t : e ", ... st. From tr .... 

s h<'r a hcsbc.rd acr..: ss llCriTH CAlKLII ... , terr!2.in rises sl1rhtly over 

I:' cst rf the sta t ." tl cr. rath r abruptly in th ..1'fl.1;,.CHlA!J u.m:-

1.,1:;') " hiel .u .) in tr.oJ ...x r .~r·~ \> ",stern part cf t h(; stat. Th..: 

c ush.l pluin li us in t he cust ern porticn of thu s t r. t l.. r nd }, .. a r C<l 

around FOltT ilRt.GG is lCC<.tod on slie l.tly hi ghur greund t o thu . os t 

c OOLonlJ Nferrud t o uS the fI.::DI (NT rLt.J.Zt.~ . t..cc. anical lift cf 

&ir up a slope CLn c&use cxtunsivc clcudinc5s, but in thi~ parti-

culllr part of U-.e str.tt;) , t urruin riSl;S very slo olll1y and t op ·rupt.y 
: .f 

ha s llttlh ",fl .ct on "' (;(itt.o: r in t ho u uu. The hibht.r t errain t o 

the ... ost, th h. d ocs havo t hu off ... c of drJ'ing out £lir ~hich 

III V fJS in froc thll t diruction, r .... su1tint: iii 1(;53 h'od c nditi cnC' 

in th1~ oroa undl;r thos ~ condit i ns. To the SOUth" oJ5 and north-

ea:;t. the coastal plain is fairly flat and t ",rrain r.as ,racticCi lly 

no c"f· ct on th"? W(;<.t1 cr. The • .lu .. 'l lC CCiLN d Ods t.ave r. sll ht 

Cf l '.ct. \.ith nC!rti. oa5t, s t cr s utheest .... 1nds, t he .t .oi st r.uri-

tiLO air 0 vin[ diroctly tnu.nd froc tt.c c onn i C' "arrr.l.o.I fr oo; bele .. , 

a 1d forus r: 10v; 'cloud duc* .hich is ccc.si enally a cc or-reni ed by 

-~ ht rain or drizzl • 
C-II-2 

hlliThIGTED 
Sa:kEI'-~\ • ..atI. tJi-S CRE!' 
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Cpur:..ticn p~ 
tFAF b. 3 00M 

It is interesting to noto tho rapidity with whic!. cll..aI" con-

ditions decreas_ bl..t~een the hours of u5vu and 07UO LS!, and in-

cr !l!'(; bobr(.en t~.o hCurfl of 2Uoo and 2200 lST. Clear conditions 

occur l~ast frequently at 1700. Extrernbly low ceilings (bblo~ 50U 

fa t. t) occur vary infrequently. generally b.;t~.I..",n the hours of 0400 

ar.d lUUO IST. Thoso ceilings lift with da.ytiJ:'e heatiq; fror.. t .. ", 

sun, which partinlly accounts for the !rost frequent occurronce of 

coilings be-tWeen 500 and l,OOCJ feet betweon the hours of (/700 and 

lluO LST. Ji.s dnytime hooting incre!.Lsos, tt.esE. clouds lift to b,,-

t (;0.1 1,000 and 5,vOO fo t; but, in addition, on u.any days " ... "n 

though no .0WtIT clouds are prosent in the ec.rlj' 1T0rninr cloudi-

ness of the "puffy" type bo:;gins to appear about lwv IST !lnd tb:;s v 

t;/o fact ors cause tho lT1lZirur. attount of cloudiness at this level 

to occur bet1lot:n tr.e hours of 11 and 19 J LST, when tho sun sets~ 

and clouds begin to dissipate with nightire cooline. During the 

ear ly rrornlng, clouds at very low lev~ls ara flat, usually in 

18y(;' s but durln~ the afternoon, tr.ey are enerr.lly of the "~fy" 

tyrc , although lower, flat clouds ray form in precipitation area~. 

Lo~ clo dio()ss is rost often ov&rcast in tne arning hours. In 

the l ower ta t l o , II distinction is r.lld o bet'iO~en overcbst skies at 

any altitude, and overcast ski(.s u' low Iv,ODO fl..et because, over-

costs at very high altitudes ['bY bl.. vvry tl.in, ",hile t osc at. t '"' 

1m.er Ivv Is arc usually fdrly tI.ick ar.d cut off practically nIl 

blue sky . 

GEl~~ \ F...,: r~ INFChlw.TION, PRFX:IFI'i'hTI(}; 

~vcrllg precipitbt10n (inch~s) 

Laxic~ precipitatlor. (incheS) 

Unirw:: precip1tation lind.l-s) 

LL.Ximuc prec1p1 taU en 1n a 24-hour poried (inct,cs)* 

hverage nucbor cf days .ith prccipit!.Ltion .U1 
inch or greeter 

,.v(;rago nwr.bor of dnys with th nd rstcTllS 

<' b(.tw~n thP limite giv· n 

c-rr-4-
R~RICTED 

SECR£T-S'/o,.R C'.R-SECrl=:T 
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OIX.rat1on~ 
'aU No. ... 80 

' ~verage distribution of days .ith prccipitati~n~ 
. " 

t · 
~Gunt (inches) No~e Trace (.Ol)(.02-.05)(.06-.10)l.11-~25) . 

NUIr.ber of days 19 4 - 1 1 2 

hI:lount (inches) (.26-.50)(.5r-1.0)(1.o-~.5) 

\JIl,bur cd' da~ ; 1 1 1 

... Oe'curs less than 5 thes 1n 10 years 

Snow did not. occur in Apri~ during the. last ten year! . A troce 

of sn w (less than .01 in.) .. &a,reported in a previOWl year. At 

first glance temperatures in ~prl1 indic~te that occusional snow 

night occur; hewover, thea" be1ow-fret:aing tt;mper&t~os nOTlI'ally 

occur only with clEl6r &k1~s at this time of year. /.11 procipitaticn 

during this month is in form of rain or drizzle , 'and during the first 

part of the month, 'occurs as drizz.~o ~t: any Hoe of day~' but· in thu 

Uit'ter part: Of the r.:onth ~ prirr.ru;il;r. as showl;J's '1n th" after­

not n. Procipitation occlal's a little Iroro fr8<iuantl,y a~out 1700 l!)T 

and a little loss trl3qu.ently at n on than at. u.- 0"'.1' tim· '"f tI~~" "'..It 

the 0 J:lD.Xit"8 ancj dnir a of occurrc.nce are nly sligl.tly diffurtlnt 

frO!" the occurr(;nce r.t any ether tir .. s of day. In t"n YvIlrS, free-

zing rain ~a8 Tepcrt~~ once in ~pril. iail did not occur in t h" 

vicinity d FeRT 9R;.GC. in thos e tun yoo.rs. On tho' &vorago . a 

thwxierstorm will occur on one doy in I.pril, and will pr bably occur 

betlocen the hours of 1600 and 2000 1ST. Thtl ccurrtlnCtl of tht.. Iraxi-

I:'UIIl and u:inimUl!' flII'OWlts of Jrt;cipitation ie V!4'y unusual and proc1-

pitation for the rronth "ill usur.lly run b .. t ... "n :2 and 5 in. 

Gt:.'gW. ',ZeIl.m n.l'qg.,.Tlai, TrlfElthTU'rtE -- ~pril \ 

.. Vt;rabe telLpt;raturL of /i,lI.ti. 

Hi£t)t;st twropercture rt..cord (;.~ in last l u years 

u,wc t daily c:axu..\ILi tumpt..ratur ~ r l:. ccrdtJd in 
last 10 yoors • 

"vcrage daily r'axit:WL tEll!lpol'aturu 

C-II-' • 
RE5TkICTID 

S~REr-S~.&ER- XRZr 

r:. 

610 F • 

94 0 F. 
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Operation Plan 
1'F~F No. "~ 

Lowcst t&mpWsture recorded in last 10 years 240 F. 

Highest ddl,y ·~mum tezr.perature recorded in last 
10 years 66

0 
F. 

J verag~ 4a1l: minim\!Dl .. ~CiIII~a ture 48
0 

F • 

•• vercge nwrber of days fwith freecing te persture 2 

Ayarage nwrber d days with terrl-'crotur(.;s above 90 F. 1 

il. general surrJtfU7 of the doth for fofE'AlR FORCE ~E, FORT 

BR..G<i~ whiCh is ginn above, revea1a tho f'o1.1.owing inforuetion. 

Dci~ maiimum telllperaturea will probabl,y b .. ~tweim 94° F. and 44
0 

Fa the highest ahd lcIwest da1l¥ ~ilIIuIII temperatUl'es on record. 

The Ira ;ority t1 cazimuc tf;lllperaturea will foall below. 88 0 F. 

Daily r-J.n1rr.UIt t8lllperaturea will probably be bet~ceTl 240 F. " and 

660 F., the lO'liE!st and highe"st "(lally" minimUD temporaturos recorded. 

Dally minimum tEllllperstures belowl'reesing are quite rare. Since 

this r.enth is 1a the transition period from dntor to SWlltlor. 

tEllllpol"atures will ift general, beeOl:le IIIlch warmer during th~ month; 

but the variati6ft 'fran de:j to do.y may be quite large. This infor-

mation wUl be representative for tht: 8r0fl surrounding FCRT BRJ.GG; 

h0\0 "v&r , 'OinimUlll t~peratures in 10lI0 spots ClaY be a few degrees 

colder~ especlall¥ in the oorly part of the month. Temperature 

at the surface 18 ala'o dep()Dioot on such features oi the topo­

graphy as veg~tation, type -of" s 011, "c;", " but in general. in a 

zone or moderr.tc t~~ratures and fsirly flat terrain such os this, 

the tenp,eratures throughout an area arc fairly hotlogeneous. 

GW&J. i.J~"'+lim INfORhTIQ! VISlBILlTlFS -~ ,.pri! 

.. vQrage n\ICbcr of hours with visibiUt1es below cert&in lim1ts 

Litr,its 1/8 ci 1/4 .. 1 1/2 mi 3/4 mi 1 mi 2 1/4 mi 2 1/2 !d 6 1:'.1 

No. of ~s. ., 4 7 9 9 29 32 156 

•• veragu nUlilber or days en .hich vis1bill tidS oecar below 
ccr toin lim1 t s 

u.n:lts 1/8 mi 1/4 Jt1 1/2 m1 3/4 m1 1 11:1 2 1/4 m1 2 1/2 mi 6 mi 

No. of days 1 1 . 1 1 

C-ll--6 
Rl5TRlerm 

!)OE'l'-Sl J.&.PJi-SFJ:;RET 
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Q£:r1 ion F19n 
TF"F " 0. 3-50 

Visibilities in this area are genQrally good. Poorest visi-

bili ty occurs about 0700 IST, the tice of d'1Y used in computing 

hi> 3bov.~ table . Visibilitie s b"low 1 mile could be expected on 

1 d1Y in J~pril, and Jn3~' hst for about 9 hours . Visibi1iti,~s 

low 6 miles occur on . bout 13 d'1Ys 1I1 th~ month, and on or 

5 f th,se d~ys will Pe~ sist throu~hout the day. Vis~bilities 

1> 1 .f 21 miles 'orill last 1\11 d'lY on 3bout I d3y during the mnth. 

Thp chief c~use of lou vis~bilities in this area is fog, which 

norm, lly occurs shortly before, '1nd lasts un il. shortl, after, 

s nrise . Fog will occur in 1n intcns~ty that limits visibility 

o 1 mile on only I day in : pril. It will occur in lesser intensity 

~r~ fre upntly. Smoke and h1ze ar e occ1sional restrictions to 

visi ility in th p afternoon, :md pr,'cipi a ion my somc'Nh"lt r 'strict 

vis.L ility :It my i.Ine of d1Y. 

' ;:>T,: D1 te sod in thi s s dy 1fere for F E _.IR FORC3 l1..SE 

1t Fr 'R,:,GG . Fo is 1 very spec ' "-1 · ..... C1 ,her e l crr...nt in :my are1 

study , b.ca s~ its occurr· nc depends 1~r~c1y on the ch~r1cter 

of n· ;>rn i n i n 1 shon. It will form n0r,- fr ':}ucntly an 

mr" i n ~ ns· ly ~n looN a T tiS , v,lleys, 3n oVer rivers th-m on f1irly 

h"~. , 1.v~1 r un~ . Th~s ~ho Id be cons ·d.r ed when using the 

,bove d3 1; ho~~ver, the datA pre ~n d should provide 3 good 

. ,suring dpvice fOT fT . uency distribution in any case . 

S TRF.':'C. ,INDS - • PiUL 

D, 1 f or P"'P 4 ;J it F'1RCE a>SE oonstitut the> only wailabl .. 

d1t3 on surf-:lc·~ winds in this art> 30 The d:1ta will not be t00 

r o>p"-,sc nt,tive for tIl-} ~ ntirc '1r.?:'! as light surface winds 3r" g r ;· ... -

ly ; Iffp.c ,·d by loc , l terrl inj e Ven by such f e ,tuTE' S as hills , d 

T"winas. Surface mnds of highpr sPeed, howevrl', are more r epr c-

sent1tive f r the surrounding ~re~ , and thus some conclusions 

~ny oe dr,!"HTI "lS to surf"lc winds in the are1. 

Th .. pr0v-.iling surf"lce wind in ;Ipril is 5 uthwe sterly, 
C-II-7 

R.::.<iTiUCTED 
S:C lL"1' -5 •. ursR-S :!:CRr."'T 
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REST,UCTt:D 
S!:C:{-:'T "'S":ln:-:.:ER-SECRET 

1 thou~h fcutherly ... nd """st(l .. ly surf~ce .... iods ",re common. 

lIen- r u lly, C.lst rly o.:"} south.t:..Isterly .'tinds occur l e ss fr ~quently 

th n hes. from tr.e oth" r ·i!'~ctions . C;..lm conditions will occur 

~n rc s su rr ound' 'lb' ";' . .i., FO. CE Br.SE v,ith ~bout th~ same fro) -

q~ ney t~~t th . y 10 .It th~t point . Tn's r onge r 'Nind~ c~n be c xp~ct -

cd fr c," :.. ~ou h -~outh· .... estcrly di r ec tion. 

,c more com;>lete br"l-kd own on surf<lce winds tit r JPE "I n F Rcr; 

9,,5::, which is not pr"sentcd here , indie<-tcd th~t t he foll owing in-

f o r:: ... tiQn would .. lso oe r "? r cst; nt,,,tivc for the c. r el.. . .dod s p"eds 

of from ~o to 31 m. J . h. occur only infrequ~n ly, _nd ~rc usu~11y 

fNr.: • sou h o r s outh- w sterly d irt; c tion. .• "Hind speed of ove r 3;" 

:: .. p . h. occurred 0:11y once in Ii,) Yl..,-,r", "nd "*_6 from th lSouthw ' ~ 

.h" mos. Ir qUf.ntly oec rrin6Nind i s fNr.. the EO th'" st, with speed 

t. t ·./C r .. ;.lnd 12 ffi . ;> . h . V r y h.d • .." ut h'3 r, 'Ni h v_ry ION cloud 

b~s~s ~ r v Py IJw visibiliti s or both , occurs ~ost frequLDtly 

nd.-r c_lm c ditions, but "h-n wind is pres nt , t .... '~tn r o::curs 

;nJ~t f r equent y wi':h .\inis frcm th~ c st c r north list r. vin sp<;eds 

_:1 l' m.p . h . 

/F.RCF .• T, :;E f e ... :::.:;Y m C;U.~. i7 .. Ir;:) 5¥ 01. -::' C.101i 
. J." .... r 01r,;;o fl •. SE. 

6 

8 

.L (\lL 5 

, ·--- 5 

C-1I-8 
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Op"rution 1c.,n 
17,\F No. J-?O 

he l~rbest c~nge in clear conditions occurs with u d -

crr~se between the hours of 0400 nd 0600 LSf and with ~n incr ~se 

bO~Ne(n the hours of 2 00 ~nd 2200 LST. Cl e~r conditions occur 1"~5t 

frc~ cntly b tw~en th~ hours of 1400 ~nd 1700 LST. Extremely low 

e ilings (b<:low 500 feet) occur v ·ry infr"quently , geoc;rully b tm. 0 

the hours of 0,00 ~od 0700 LST. Th~sc ctilinbs lift with d~]ti~~ 

he~ting from the sun, which purti~lly ~ccounts for th most frc-

qu~nt occurrenCb of ceilings bLtwcen 5U ~nd 1,000 fe t between th~ 

hours of 0600 ... nd 1000 LSlo .. 1 daytime he_ting continuos, these 

clouds lift to b tween 1,000 und 5,000 fect, but, in ~ddition, 

on rn ny d~y8, even though no low r clouds _re pr~sent in th ~ ... rly 

mcrning, cloudiness of the "puffy" typ b gins to t'pc~r :.bout 

1000 LST, and the!~ two f~ctors Cuu! th~ gre _test frequency of 

ceilings be~.ccn 1,000 ~nd 5 , 0 0 feet to occur between the hours of 

100 ~nd 17uO LST, wn n coolin~ be~ins, _nd cloudE b cone ~or, 

r ok n. During thp v' ry L rly morning, xtr ~Lly low cl d~ ... TO fl_ 

su_lly in l ... y t;; rs, but shortly ... ftcr sunrise bccac.:: puffy, ,"nd mo:st 

cloudiness in the d-ytiln is of the "puffy" typ.. . In ... rews of 

pr~cl"i ... tion, ION r clouds ITI.JY b" f he fl t , l ... y. r typ'. Cloud-

iness bov 5 , 000 f."t is uo~~lly in l ... y~ rs, ~nd rn~y occur _t 

_ny tL'Il of d ... y. Tht' sky il: most oft r>u ov<. rct.st wi th low cl dines~ 

in the morning hours. In th<. low<.r t~bld, distiDction is m_dc 

Ct tween overc_st ski(.s ~t !l.O, ultltade • ..od ol'crcuet ski s bnlO'K 

10,000 fe"t bccJuse ovcrc_stl5 _t v ry hif,h .. ltitud •• e m~y b" v'Ty hin, 

Nhile thof'c _ t thf: lO'N"r lev" 115 r usu,~lly 1'_i rly thick .. nd c t 

off p rt.ctic~lly ~ll blu sky. 
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Precipitation Ch~rt for ~ay 
'j 

.. veruge precipi tuti on (inches) 

;.iuximum prcr-ipit tion (inchcs) 

~ inim~ ?roci~lt~tidn (inches) 

: ..... ximUlll preci,)it~tion in u 24-hour period ~iQches). 

~vcr~ge number of d~ys with precipit~tlon' .ul incn 
or greutcr 

. I\vcruge number of··duys with thundorFtOMnS 

• Bctwecn the luults gIven 

rtverag~ distribution of days with precipi~tion 

4 . 19 

8.06 

0.66 

1.0-2.5 

8 

. .mount (inches) HOlle Truce ( . 01)( . 02-.05j(.06-.10)( . ll- . 25) 

,'umber of duys 

rtlIlount (in~hos) 

Number of duys 

143 6 .. 2 2 

( . 26-.50)( . 51 -1.0){1 . 0-2.5) 

1 1 •• 

ra 

rll1 preci~it.tion in th~ month of M.J.Y 0 cure as r~ in or driz~le. 

,recipitation v;hich 'occurs in the et.rly morning hours is nor:n...lly 

light ~~in ar-d~tzzl c . but in the ~fbernoon it is u~u.J.l1y in the form 

of light ormodeTute show'ra. ~rccipit~tion occurs 1 _st trl ucntly 

t.bout noon und shortly utter midnicht. ~nd most frequently _bout 

0600 LSI "nd 1700LST but the~ is no outst .... nding difftrcnce in the 

frequency of occurrence t.t -oy time of dJY. Thund ~storw~ occur on 

n uve rage of 1 d~y in the month ~n4.will.probt.uly o~eu r b tween 

tho hours of 1600 !.ond 1900 1ST. The occurrence of · t~c ~ximum 

and minimum amounts of precipitt.tion is very ubu6UJl and od s t.re 

very much i. f~vor of precipitution in the ~ount~ of 3 to 0 

inch s 
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Qpergtion Plan 
mF·No;~SO 

G~iJW., r.&THUt INFClU.AnON - T&.P:&iTURE (LJoY) 

l'ea.perature Chart tor t..oy 

I.verage teL1perat\D'c or n,onth 600 F. 

Ughest temperature recordd 1n last ten years 990 F. 

Lo\;est dall,y trJlXimw:: tecperaturt! recorded in last ten years 520 F • 

•• v.erage dally lIlDJ[iwm tempora~ure 820 F. 

Lowest temperat\D'e rocord..d in last ten yOOl's JOo F. 

Highest daily minimum teltperaturl; recorded in last ten 7Jo F. 
years 

J.verag daily cin1muc: temperature ~o F. 

I.verege number of day! with fre"zing temperatures 0 

.. verate number . 'wI d4Ys .~th ttJL.pm:-at\D'"s above 9(.,0 F. 5 

I. general sUC'lIar)' or the data tor FCI'B AD ftlltCl B .. SE, FOOT 

SMGG, which is given above, rONoo!:' tho. tol~owing inforJr.ation. 

Daily I!lflXil!lUlr teraperat\D'es 11111 probably be bebeen 990 F. and 

520 F., which are, respectlvely, the highest cnd lowest mux1r.um 

dail,y ter.pcratures recorded. Tho Llajcrity or maximutl tempera· 

tures will fall blow 940 F. Deily u:i.niIT.Wt tOU:peTnturcs will 

pr bably be botweco J(JG F. acd.73 r. as tbe8!t are tot •• 

10iOeet and highest Minimum daily temperf:f.t\D'as r ecorded. Deily 

rninir:Wt tet'pereturl:ls beloti 42° F. ·are ruther infrequent. In gen-

ernl temperatures will be sCIlle.bat IlolJl!ler toward tho end of the 

month than they are at the beginning, but the effect will not be 

so noticeable as in l.prll. ibis intorlllBtion "'ill be representa-

tive for the area surrounding FlRT BR..GG; hm;Qvar, minirnum tam-

porntures in 10. spots nay occasionally be a rew degrees colder, 

especially on the Golder mornirlts. Temycrnturo at the s\D'faco 

is also de~ndent on such f(;f..tures or the' topographY as vegc-

tation, type or scil, etc., but, in genoral, in a zone of mod-

erate tet:lperatures and rairly flat terrain such as this, the 

te~peratur~s throughout an area are tairly homogeneous. 
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GO:OOL ';IE."lTIiEli nIFORl.~TION - VISIBILITlr.s (I:':"Y) 

Visibility Chart for l:ay 

ver~ge number of hours with visibilities below certain limits 

Limits 1/8 mi. 1/4 mi. 1/2 mi. )/4 mi. 1 mi. 

Numbe r of hours 1 3 6 7 7 

Limits 2-1/4 mi. 2-1/2 mi. 6 mi. 

lumber of hours 21 23 107 

i..v r"ge number of days on which visibilities occur below 
c oO r 3in lim ts 

Limits 1/8 mi . 1/4 mi . 1/2 mi. 3/4 mi. 1 mi. 

Number of days * 1 1 1 1 

Limits 2-1/4 mi . 2-1/2 mi. 6 m. 

!'lumber of days ) L 12 

-~ ')ccurs '.)n l es!! thm 5 d3ys in 10 yelrs. Six days to 15 d'lys 

in 10 years considpred avcr3ge 1 dlY 

Visibilities in this area are gencrllly good. Poorest viri-

bility occurs about 0600 LST, the time of day us d in computing 

the abovp table . Visibilities below 1 mile could be ~xpec cd 

on 1 d"ly 1n l'lIY and may l'lst for approximately 7 hours. Visibil­

ities below 2 1/2 miles can be expec ted on 4 days 1n 1.:ay and will 

occur betw cn tho hours of 0)00 and 1000 1ST. Visibilities below 

6 miles will occur on 12days, most frequently jdst before, and just 

after, sunrise, but will r errein throughout the day 3bout twice in 

the month . Fog is th.· chi f Cluse of low visibilities .in this 

"Ir 'a And occurs mas fr<! u.mtly 'lround sunrise. It will occur 

in .:m intensity that limits visibility to on e mile on only 1 day 

• 1.n I~ 'ly. SlOOk e and/or h'l zC is 3n occasional restriction to visib-

ility a round midd'lY, and precipitation will occasionally r~ strict 
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visibility, ~speel~lly when it oeeurs in the cfternoon in the torm 

iOTE: D:..u.- used in this atudy were for lOi'S "lit FORCJ;' B,.SE 

.. T FOnT BR .. G~. Fog ill " very ap'ciul wc~thcr element in any 

~r~ ... study. bceuuse its oeeurrenee depends l~rgely on the char~cter 

of tha terrain in question. It will form more frequently ~nd more 

intensely in low "rc~s, v~lleYB, ~nd over rivc r~ thun on fairly 

high. l eve l ground. Thi!! should be eonsid red when using the ~bnve 

d~t"'l however. the d~t~ presented should provide u good mc~suring 

device for fr~quency distribution in wny euse. 

Dd.~ for ,'0 E ,,1« FOaCE b,.SE eonstituttl the only :.v~il ... ble d~t;.. 

on surf .... ce winds in this :lre",. rh d_t", .rill not be too repr -

!wnt_tive for the entire ~rf.:'U u~ li(,ht surf:.cc ~vinds _rtl gf'I'l'-1tly 

affected by loc~l terr",~nl ~v~n oy such fe ... tur~s uS hills :.and ruv-

ines. Surf .. ee winds of hi _he r fpeeds. ho./ever, are more reprc:!!cnt -

_tiv~ for th~ surrounding ure , _nd thus some conclusions m~y 

nr~wn .... 5 to surf~ec winds in the rc_. 

Tho p rev:...il ing surfuce wind in J. uy h south .... es t rly. ul the-ugh 

south rly rinds .. re ... lmost LS eor.u:.on , und 'II sterly wind!' ul so 

occur frcqutlntly. Culm eonditions will oceur in ~rc~s Eurrounding 
. t· 

I'QPF. .. IR FQkCB 1l . .5E with about ~he s..me frequency tlwt they do .. t 

th ... t point. Strong()r .. furfuee winds oceur most frequ ntly from ;.. 

southwesterly. direction. 
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i /IOrl' complptc br"!akdown on surface \'/in s at POt::: .&lR 

t'mCE R'...SF. which is not presented here, indicates that the 

followin~ inforr~tion would also b~ represent~tive for tne ,r~~ . 

"iin 4 sp-'eds bp twE'en 25 and 31 lII.p. h. occur only rarely and 

'lr fr m a south or southwcst".!r1y dirt:ctian .itlt-n hey do occur. 

n, strong st wind r eported in May was bet'.men )2 and 46 m. p. n., 

,nd C'~e fror.! the north-west . The most fr r u~nt1y occurring .... i.nj 

is fron th~ S"l uth or south- '.ypst iii. h '\ ~pe·d b\.o tWI3'_n ilnJ 12 rn. iJ .l\. 

Vtr b1:J we:J t, er, 1'Ii. th V(1ry low clo d b.:ls(;s or vry low visi-

b~li i es or t~th, occurs /lOst fr~uently under calc c nditions, 

b> .vhcn wind is pro? sent bgd' wea the r occurs r..ost fro =lu\.. ntly wi. h 

Rinds from the south.'1cst with sp' cd b.~tw ?c n L 300 12 Ill. 9h. 

1nd wi. h winds from the n.,rthwst with sf: pds be twi')\.:n 1 'lnd 3 

m. p . h. 

FEPC':': T,\GE FRE .. U :CY nF ".I RFACE r:m -::o.y 'uI1..~'O.: 

~)fE A R FORCE rASE 

I'. Y 
5 

• FHwUH;n 
CAL: -~ I~\ ---)\ 

C··U-IS 
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Op~r1tion Plan 
TFt.'F 10. l-SO 

,R'1UiJ) OF::RATIJNS 

Chemical ~;arfare 

C;:ite.ria: Surface wind sp~ed 4-12 DIe p. h. with t emper.'ltures 

J20F. to 7rf'F. and no precipit-1 ion (~rcent of tioc). 

!.!3xilllllll 
~'e3n 
Ilinir.um 

L.6 
.44. 3 

25 . 0 

LJ.1 
3J . 7 
17.0 

JunP 
27.1 
17.8 
7.2 

Th, ' ,bov<, crite ri"l approxim3t~ those which w~re Sf' t up for 

\"e1tht>r r t.",uiremf'nts by th" SH.:::4F II flf! for ~Day in J1p,n. 

The perc~nta~ell iven repr's~nt th~ p'rcent1ge occurr~nc~ of 

hnse favor3b1 e conditions with surf1cc winds from 1~ dir~c-

ion. Thp l Qngth of time allott~d for the prQparation of this 

r eport prohi bit -:d , bre1kd':>wn into hI'" p<>rcentllge occurrence 

with surfac~ winds from various dir~ctions, which would pos-

r i ly hJ ve b~en more s3tisfactory. In generil , th" conditions 

s·~t f-,rth abo v flS f nvonblf' for ch ~ mic 'l l w:rf~re 0 ~r" io.s 

v:ry fMm , possible rr.1xiw..uD of 51.. 6 .... rc .. mt of he im in 

I',y to a possibl minimum of 7.2 pprcc.t of th i inJun 

'Jne conclusion which nny be dr'nm is h,t fwoMbl e condi tions f or 

h(>lTic11 w"rf1r d"crr"!l\se in frequ . nc] t.r()ur,h !lL J -month peri':> • 

A ir Gr ound Support 

visibilitips equ31 to or r ea t " r h1n J nil· s 9 <> rc,.. nt of im., • 

April June 
7L.L 92.7 9 .1 

Fwor 1bl e canditiol15 for ,ir-gro nd :31.irport exist thl.! gr' 'ltf'r 

p-irt of thp ime in C! ll thr C IlYln 5 , incre'1sing slightly in 

frequency of occurt' ~nce from th o .' inlling to the nd of th 

3-:r. nth period. In '111 hre month", th('sc condi tinns '!X:lst 

most freq uently in th" 1ft,'rnoon, when tho y occur on all but 

C-Il-16 
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iln .'w · r ~ .> 1 'tby pc~r month. Thpy "re lp3st fra:tuent in th".! hours 

betw. r·n 0600 ,nd ('900 1ST, when un!:>vC\rabie conditions exist on 

"n "v·'r'1," 1 or 5 cby s P I' month. 

~I '! h"r ?n this tlt1:;.'> of mil it, ry. oper1tions during Apn.l, l\.:ly 

~nd Jur.. 0 Sno\\" cover do·"s not .,,,ist in the FORT FlR;.Jo} 1rea 

d ring h, t pt:ri.od. '.hny of he trees in the 'lre1 are of the 

ev,·~r·~~n tYJ:e .. nd thosf' lo:hlCh ,rQ not begin W Ie"f ou ; if 

not befo!'>" the firet ('If April . :chortly there,fter. Occ'lsion111y, 

d'_riO£; "rril , r,in pr?hibi s pbnting of crops, so ttnt cul-

tiv-,t, d 'IT'''3S rr.1y b ~ wi mu f 11Jg~ until 13te in the mnth 

r . van into ~~. 

F~irly humid ,ir ·xi Ptl in this r .·gion in !OOst of ~pril, 

mv 5 j nto his r ion dl.ril".. h s thr··e [:1':>0 ths :",'5 from 

ff t,. h!r..:,.:rrc 'A;~?r th" GU!F . F l::UCO. bo h f which 

'Jr.' cxc. II ·n ~')ur P •. of roi~tur<J. cc"~ion~ ly in April 

'rr.. ·nt r , s durin.' U • .l.S rio-i . r , I!'l)j ·'ra • '. 

Cr 'teri,: Cont .. ct ,o'1d i ~ns , i •. , eilings 950 f. or 

u,I or I ns~ th~ n ;j~ c .• p.h . (prc, nt of· tim •. • ) 

~r !!~.Y.... Jun 
. ,\1( muJ ----v'-:-r-'~-zr~ 
"e"n 02 . 0 9<.1 91..0 
"inimUII d7.S 5.7 89.2. 
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'sing he 'lOov'=! cri eri'l to c~lcuIJt'? p .. rcantage fre~ 

q~nncy of ~v~il~~le w~3the r f0r p3r3tr op orer 3tion, we 

fi'1d t!", ~ t the :-.. XL':U!l courr, nc w., s 98. 8 pcrOen 'n June 

nd the mim= 5.7:- rcen in ' ~y. Th. :-: , 1n '1150 sr,ows , 

e he .. 

April .. Ii t _ 2.1 pt:rc·r. 1n~ 92 . ~ p··ro nt, r €' SFeotivcly. The 

F," rc· 'n ,,- diff,>r encc is sli ht, howcv <> r; h. re 15 only :l 

2.e r ~rc 'n sr:r-~'d, so in onc~sion "ny or 111 three montns 

s, oul ,rod ce n:n;;h s.,tisf'lctory w other for pl r Jtroo!", op t!r 3tiions . 

en '- r iEl : Cont .0 condi i :-.5 'Hi th wind speeds l 'Jss th~n 31 

1':" • h. ( ,' r<= n ')f t :u::·) 

___ ~r I ', 'V Jun 
' !}Ci .... lU.':: 6. 7 ;f ".1 92,b 

,. '1n 'i oj 92.2 9i6~O 
, ini::um 67 .S d . ,.. 8/,2 

u:, for !" "Iri inal wu'lUh. r r ,=!.aro;:n s Y h" 

f, r t!-, i s o ~· r 1 i ar.. r ' rc n - :; n ~ fno I mlX':'::u::: 

occ rr nc 

n r;t in ... ":! . 
':I f 0nl;; ,l.o 

r n~ f 5;; 

., "'-,,"-T. , 1 

r i r i 'l : 

Th- ~!,;r 

r ·' r:: nt r 

i s " 'tct ry 

Cb u r! c .." 

: ' _ n 
'~ini!:)l:': 

, d 1n I. , 

Vlr ,oJ-... :1: 

?~ r'l 10 n '1 

r ' '1· ,,1 

n 1 r.~ J l. w v ·""' r, rho'/\':; :I r'lng " 

'I"'"; ':) nti .s . ' 'N·ll W" • r.ir. t ho 

-.,- -.tt r. 

:> ~r 1 5.., =' 'In ;:- I nths with 

,r. t. rd.l · s (J ' rcn of 

J 'n 
33.5 

2 . 5 
?2. 
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This type of oper3tion dam~nds the best weather_po~sible. 

The requirements are so high th.:lt 3 mch smaller operation.:. 

'11 frequency r esults . As the table sho\~s, the percentages 

3re down in the 2~-lS perce nt rp:lg e with the maximum occur­

r i'nca b~ing LS.) Pt-:rcent in';pril?om the minimum 22.9 

pe rce nt in June. The mP'ln falls ~rI tro~ )6.~ RJrc~ot in 

April to )).7 Fer-cent in '1Y am to 28.8 perc,,: nt in ,June. 

This decre :l:;e in the llEan is due to the increased surf3.:e 

M?ting of the earth as the sun comes more directly ove r­

~"d. Tr~s leads t~ higher frequency of cloud cov~r over 

2-tanths due to gre3t~r convective activity. Thus the best 

IIDnth for photogr'phic operations is .'l.nril, 'md we:lther be-

come s progr essi.e ly worse through June . 

Crit-=ri"!: Ce ilings equ31 to or gr 3ter than L,S.oo ft. with 

visibilitie s .qu3l to or gr~atcr than) miles (percent of time). 

~ ...... ___ .... .\£r '13y Jun 
j .xilllUlT. B9729o::-b1r~ 
I e1 n 78.2 77.7 75.7 
r'in::.mum 6.0 n.S 66.0 

The s~ crit ~ ri3 were also uS8d to s e t up ~~ ~u!~emcnts for 

D-D'1Y in JAF ·,.' '1nd in lieu of i'll'\'{ oth~r were used to typify 

conditions for this r1rticu13r oper ,tion. The table shows 

'1 m'lXia:um occurr·~ nc c ,.,f 90.6 !F rc ... nt in June and, minia:um 

of L.o p rC't.;;)t en '''p~il. Tht' me~n, however, shows, slight 

d.}cr"3se from 78.2 p,-rccnt in .'pril to 7S.7 r:e rcent in June. 

Thus, 1Jl thr· e months 1r" 3!,proxim:Jtely within the same 

r '>nge of occurri~nc ~ . Thp incr ,se of the c eil:'ng requirpllI€nts 

L,500 f ,·,~ t cxp11ins why . oonditions 1re suit? I e for this 

type of op ntion only approrirr..:ltely three-fourths of the 

time. 

C-II-19 
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»erotion Pl"1n 
TF.\, Ho. 3- 50 

INvE:IDL~RY OO~ lG 

CriterilH Surface winds equ'll to or greater than 13 m. p.h. 

with no precipitation (percent of time) . 

As inccndi'lry bombing is not pinpoint bombing , but rather 

an ~rC3 bombing operati.on. the only criteria cCIlsidered vrere 

thp wind 1nd precipit3tion. The occurrence of the required 

condi tions r l::1ge s from It m:lJdmum of 16. ) perc '.:nt in April to 

'1 minimum of zoro (0.0 perc .~ nt) in ':ay '>nd June. The ma!ln 

shows April to b '2 the b.~ st lIi~nth for this operation with'! 

7.2 lA'rcent occur~nce, rJn ing dOWllW3rd through Ihy with 4. 0 

p.rc nt and ,Tune \uth 2. ) p rc ·n\ . 

FLYI:O "2rtTHSR 

Criteri3 : Contact - ce ilings equ~l to or erc'lter than 950 

f ect 'lnd visibiliti ~s ~ lu1l to or grCl t r th'ln J mil~ s. Instru-

!:l·.:nt - cdling 451 to 950 feet with visibiliti", s l! u31 to or 

gr~pt r t h1n 1 mile "Ind/or visibility greltLr th~ 1 mile but 

l<:ss th3n 3 roles with CE'iHng eq '''I I to or gr·,!qter th1n LSI 

~ t. C1os0d -- c~i_ing l~ss th1n 51 f Le t ,nd/or vis~bility 

I f ss th3n 1 mil e . 

T L following ~~p 1nd tJb1c show th~ freqUency of cont~ c , 

instT\ll&ent, ., rrl c lo:;ed flying wc.,th_r 1t v:lrious b:Jses Wl. hin 

r~Fr"s' nt-.tiv ' of tho r emining b. so's in th ir r~spectiv;.> 1r·~lS. 

Exc ept w th.~ northe1!:t 1r,,'l cont:lct flying we1 th r usu'llly 

occurs mre than 90 p rc _nt of th\,.. ti::k. ;\ grf:"l de'l l of low 

clo<Jdiness occurs w the northe1st during winte r . i.pril, 3y, 

"nd June 'r~ transition months b~tween winter and surnm~r fly-

:Lng periods . l~ S the flying 11' lither is comp3Mtively good 

C- II-20 
RZSTkI C'l'ED 
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Op<::ntbr. Phn 
1 F.'.r r.0 3-50 

RESTRI TED 
SecRET-S:I"R .ER-S~REr 

tt~o Gh~u the entire 3rea durLng this ~riodJ oorre1 1tions 

b~ t\"l-" n th" p" rc cnt of concurring cant3ct, instrument, :md 

c1os. V1e:J tr. ·~r 3t FORT eR.GG .:md the V:lriC'us .:lirfi.:lds wer e not 

t ho' t;r. n'_c r:n ry. HO\"l(;v r, it i s .:nti r nly within th_ cnp-

1bili tics of : his h.J"I UJrt 'rs t o Fr ovl.de this type of d1ta 

if so r~ql1ir.~. a th t hl. s ype of d:itJ it is Foss ibl<: to 

s .. t up th·? p~rc.:: n J~e fr t:qucncy of diff:: r ent types of mil-

it~ ry 0 ,· r~t:"o ns b ·tw·?(.'n ~ fri ' ndly fi eld of activity ~nd an 

c ~r.JY 1n~ or o th" r fri endly fi ::> 1 s of acti vi y. 

1 Tab 
I "rc",nt8~c } r "quency of 

Flyi q :: '" ,,8 r."r 

Ct.Ui1::R L. SlJI DER 
Col<.J1tl l, lE...F 

,. th «::nticatcd& 

' /.e /// 
....t.-

-~ \~ . l Ha;..r:n 
Lt Col, us..F 
Dir In e l 

, / ~/ 

J 

C-II-21 
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.,: ST.dCrED 
SPC C\F. - 5 •• hK:uER -SF:CnET 

hcadqUMrter.,T~ fbica Ai~ ~e, . 
~xercille S .. ,,!t!.:ER 

O,"'rutian da.n 
rF ... F o . :5-50 

Purr.: "I:t fuRd<: bJ' 5E, F JKI CJ{"v'S. • c . 
I::' .~arch Il1 ..,O 

IhCTICr.L 51 UDY JF 1ilS .E~MI I 

d. fh(' resfna.ti a n at TORT BRAGG il' generally 
~h!.o..} d wich th(' "'t= .ninted to tho;: "ust, .... nd i:;~ C'!1t P T rl 
u 7JolJ' 1" " .);;;)6'.:.1" r.. ~l.( C~St. -~C~1. I-.)(i:, is i.l •• lrjXlIl!",t. I' 
£, . .. r::il .. s . n ;"he nort.h- "o ct .... xi" is "",J r '.)xir::<.t 1y 11 . ;) r. .• '''''' 
~t t~c ~idest ~drt. 

(1) Oral. bt"C sv~ "... JA!!'!S CREEK n J:" i. 1.0 LITTLE 
RIVER .. nJ 1'ar.s the non:hern .")OU!lI~r:r 0: ":O! 

r"fen' .. tian . no rid bp. lin" r XI. n.", ClE'r ... lly 
tilrou t,r. t1 ... p.;~t -·:Jr st .1~is f ... n:.ini .·,U ~r ~-. " 
and ci.lueoine, ~trr .... ,,!:f; to 110'.'/ t.o t~.e n~rrl. ~r.. fO 11.1 . 

:;un~ rous 'Net WI.,j. r ~tre(..mS:..ln ~r:; 0;" 

d!l occ~sio., ... J l,.)r:·_ . u r e list.ril'.t;-.rl 
intervt:ls on t .. n')rLr. hr.1 ~cu r. 1 
s h€'d . 

(;:) The r e is b. ·~ ..... in rid b" I inc xtLnHn .,;.:' rl('r_lly 
_ throur;h tl.e ""'st - ·/ ~'.. J, ~i5 wil.h nu"er'l~ ) roi' c ­

tions to t._ nJrtn ... or! f'outh . 
promin nt rld _ in til' so 
r e s (.r 'Jd izn . Il:- l.irt.pst el. '~ inn ~s 

1~1 ~'LJO fu t, arId '.',~ 1::> ' .. l"t (0.(;0 

(3) Hi. liN:" \' 5 I1nd r o .. -1l" . d: r ne m..ti. r:iri clus ro,:s 
xt('nd f!"O!Tl FCRT BRAGG "'I't hroJ-I. th r ~' r .... ti 

lTANCHESTER ROAD alvnf trr -nrt'" r n oJ un' r"; LONG 
STRE!TROAD ,('n'"rallv ., ,·cu I. -}.'" C' tlr; ~:_ri .PUNl 
ROAD a l one th" S .... :-.1 "i-~ 

lomi"l li n r" t 'r r r:> f' . 

(4) lItn ru.1 rlLl";rc of tht ~ rr .... n: i~' t r-rt.in i~ 
o",r r~l l'{ rollint '1.1 ... .JJ .• -! :;il. . _!" 0 

t.r( L. L.lonc t ... ~tr ...:.1 •• !" . l!'" ~l •. ~ ~t 1 vu. 1 i r 

",1 nc t.h<. I'out.h:: !:t. ~ U'1 .. r '· , _n 1 'n~· r j U' 

~r... . rh .. 1_', st ,1 v_tLon r' _ POPE FIEUl 
~ 

b . (l) £",ouell of ",.lpr )~C ' nj 1 in- s of 
Tr'o )s ~un ~ lrl_C: FORT sa.GG fr rr. 
TL b· rt roul.: If _.J)r J... "rorr. 

.",} l It: tIle ,_~t. - ·c ~ r~d l.n' • 

(<.) ubstaclns: L~.er. ",rd no r •. o.ljvr bstJrl,s i! t.' 
lt r ",[, i~ j~1 I"'_tl.!" . .,11 :n.re_ .... ~ (XC LIT'!'LR 

n. 

RIVER ~ re for <Jul. . I' ~ I.:: .. ':_,,~ 
,; <.IJd tr \', r-int. 'f' 

.. rea dJP 1.0 

inf:S . 
r-tir I. crO~f -

(3) ConQ' _l:lH n ~n.i cov r: COVf r sc<;!ms a b. ('l r_ -
ly ~:ld ."'i.I.t. ", r _I' l..l)r.. 5 r ._ ... s .n-1 r. v!' p:- ··i. ­
ing tLr l'1J i!< t cuv' r . 

C-"l: -l 
~"S7 Cf-O 

"~('"rl' -5 ,,:{'F~-S~ -. ':-.-
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0t.Hr;.cion l~n 

'if..F' ,-<J . 3-60 

l\; s r. J Crr.: 
s C~T-S".,.,Hi, ER - 5-CHFT 

(4) lbs TV tion : Ground obf'c n~tion is good . 

(5, FiEld of fire : Gen~ rally ~60 d~gr~~s of firE 
cal st for ... 11 we pons; ide",l "rci llE.r y positions 
r~ somettmes difficult to find . 

c . Cr itic:..l terr ... 1n r,,;.t r'~: bE. hiLhLst t.l,v~ ion is 
lonb til LX rrm. lIouchwes t bound:..ry. ~I..LR<laD RIDGE. JOHNSON, 

BLUES, GADDYS, ....nd CCOLYCONCH MOUMTAIHS ure conl1i:i, nd cn 'c_l 
)ints in his ~rc ' . 

d. T~ctic I fff~ct of tcrr~in: ThL llrr:..in i~ chis ~r'~ 
is such _II co f ... cilit:.. e l'lilit~ry O?' r~tion:; . 

e . 1\n ov r1 y o f simul ... t fJd t (. rr_i n f ';' tures for pro 1 rr. 
;:)U r ,)oses will be issued l~ e re 

f. S Tt. n f o r .info nr.:..tion on ;.irfi' I ~t POPE ArB. 

CAMP ~~ is loc.t'Jd 7 rr.ll(.s ~o u.llr~t of FORT ~GG 
r , serv_tion ... nd is II' p_ r .. tf·d oy .... corr i 40r -'t'~. r o){ir:l;,·,-l • - mil. I' 

'Nid.. . rl;,_ c .... ':l!l st.lf h_s no ",scric _ole sh;'tJl . 

b . 

(1) ::>r in:'bc SyStl::\S: fhl .:. r ' .. is dr~in,-d oy tr.r, , 
:~:..in II r .- .. ollIS; DROlIfIfDfG CREEK. SWAN CREEl, ... ad 
ROCKY CREEl. liume r ou :: ~th r sr. .... ll cr rks ... ad 
"If. t 'N·.'_th r rtT . s ...l r e r!istri tcd hroubi,out 

he _ r Eo • 

In There (lre NO promin" t hills .... n en" ridi;" in 
the northNLst po r:tion of t.h. _r· .. :.iO '- sc II ': 
~ion f' ~bou 500 fcut; -4:11 t, 0.' s _bo t ;'5 

f""t . 

~,,) Hi(,hN:'YE ... nd r 'x .. d~, . 5 . HIGH'.7 .. Y 1 _n1 h' $L_ 
Bo.:.RD AIR LINE n..;'IL'll .. Y rur;~ throu 'h 1';- ,. n . r 
of he :..r.~ from nor I'; c ~j~ n . STATE HI~HlAt 
15 .. nd 001 \!xt. nd thr ut.:h tht. N' ~tLrll p)r i >:1 r 

ho; ~rl-' !'l ~ nort. - SU t", Ii'., . '1UJ:l' r~'l<' !irt 
ro "~s 0<'1 r ... 115 f :>r.m ",n 'xc ... l I:nt . (tvork uf d ry 
w _ ht r ro'is ovra r h· . ntir· _r,..4 . 

4) G :'It r _l nuturl of h rr ~ir;: 'I'n t rl" <i:l i~ 

1) 

ccrn r~lly r ~l linc ~nd ~ 0l~ . os· of h r'_ 
consilOt- c! of sm 11 l'~r;ns t>ricr co -:.r"J "i:.' •. 
Lt...C-t~1J ..4. rt..:.!' rv~ i n . 

. 'l·'nt.U!s of 'l) ru",c~.: Tr:>c r's 
~ny Jir rci:>n . n,. r IIi l 
to any troop mo,prn ... nts . 

C~:l ilt>r"""C!! :-rc:t. 
~rr_in :5 _!_J'~bl w 

(3) Conct;~llT"n _nd C)" r: C"vLr i~ 'n. r",! !y [0"" 

ConC€~ 1 m .... nt ill chin 'n1 !?OC y 1n ~Or.l· 1 flC" ions . 

C - VII - 2 
hSS r iU : I'EL 

SEeKET -S,j .. rl): ~ -s- Cn.'. 
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TloJ, No. j-56 ' 
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SF.CRET-S · hR..ER-SE';RET 

(4) ObaLrvution : Gr ound obscrv~tia. ia ' fair 

(5 ) Fie lds of fire: ~nc rul ly 36u d~gr~c s of fire 
exis.t fpr t.ll>t;e i>0ns. 

c . Criticul tern.in f ClOtures : The (' ritric~l t",rr' in fLl ... -
un~ .n the SAftDHIl.L! oUmA. "The r em:..inino tt-:rrt..in ir of such 

r. ur •• 5 to c_ s it to be nc-1tncr critical nor vit_l . 

T·.l.ctic ... l ... ffect f th' terr":in: .The t rrt.in in r,i~ 
r· _ i~ 5 ch _5 to f_cilito,t c milit .. ry o.Lratio!1!: . 

nO ov· rluy of simul_tcd tc rr ... in r'~tu~s for prool :r. 
Ar~,s S vil1 be issued I_ tt l' 

f. Scu r~b b for inform~ti ~n ~n ~i rfi Id .t ClIP ~CKaLL 

, . I 

2 T- bs 
.b 

L 
II " J. Di .. ; r_l:. - POPE •. FB 

DL~r .• - r"..CK.LL .. ~ tt~" 

,~ In1.iry.tye: 
,~~ -\ . hf_ ) , ( 7: I ) 

f t_ .:. .....JH ...... I.ttD 
L • C:.l " S"f 
,lr Inttl 

C-'J: 1-3 
I\"STld 1:;-:) 

!:EC~T-S.u ... ,-o lJ -S· '~'} i 

o ' • ~ po 1 
CI~';:.B L. SLlJD.l\ 
C<lloncl, USAF 
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p'~ nIR FORCE B .• SE 

Elev t'on - 2,0 F ~t ub~ sea level 
C~ll Letters - Fox T~r~ B~er 
Rur.'Nc • .;rs - onercte 
Lo~d Limit - 100,000 Ib~ per plan~ (Estimut. d) 
Loe tiun -- 1.2 mil~~ Korthwe~ of Fort Br gg 

u..rG· ~ t . : ... ncs known to huve l ... nded &: 
tu~en Dff from runwuys ~r~ C-S4 ~nd 
Constcll_t.i'm 

.,., . 

rub It " n 

18 

~t'" ..... 
n.::1 
C? 0-. 
::rc' 

:r 
• I 

..... (J> 
tn r 
00 

o ..., ..., 
c' 
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U;}i r~tion ,-Ian 

l'iitF No. -3-50 

Blt'vt..tion - 350 fect . 
rtunw' ys - Concreto 
LJc~tion - 28 . 5 mil~s 

, 

:1ES1"lCi i::D 
SECRET - S .M<l..EH- S!:.Cl..:.l' 

•• c st Southwcrt of <,o"e "FB 
P~ti ted loac lin.itt: 

54,uuu Ibs continuous 
Bv, vvO Ib~ oCC&8ion~1 

C -b ... l.~ 1 ~r!,,, st /c tr. .. 
(Liri "d toy nL h of 

b 't - " ... tl 

S{ 

USe 

h ... s ltu1dt. 
r UN vr:) . 

C-VI. - 5 
RESIde EG 

S"Crt: T- '" .. _~ t:l\ - SSC.tE,;'-
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~TRICTm 

S!l:RET-s\l~-SECRET 

HEAl);,. UARTBRS 
T.&SX l'1>RCB AIR FOReI 

usqCISE SlfARllER 
POPE AIR ,,"tJRCB SUE 

PORT BRAGG, NORTH CAROUN.l 

OPER.UI ,)N PUN 

UJ.F 3-60 

.lNNEXD 

AIR EUPLOnIENT 

T.lBLE OF CONTENTS 

PAJWIRAPH SUBJ!l:T PAaE 

1 General 1 

2 Control 1 

3 Operations 2 

Rl§TRICTBD 
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fJeration Plan 
'Ai' No. 3::50 

1" GeneraIt 

Headquarters, Tuk lItree oUr Fa- ce 
"reis.~ 
POPE AIR F02CB WE" P'JRT B:wiG" : .C. 
is Uaroh 1950 

a. Phases. .iiJ.r operations during S71~C~ are divided into ph~es 
as incH cated. 

(1) Phase 1 - lib'll8l!Bnt to maneuver area. 1 'Pril 50 to 
22 jpri1 50. 

(2 ) Phaae 2 - Training. 1 April 50 to 20 April 50. 

(3) Phase 3 - .u.r Reconnaisslllce, 15 April 50 to end at 
man euv e r • 

(4) Phase 4 - oUr operations against A«gressor, 21 April 50 
to end of r.umeuver. 

(5) Phase 5 - Redeploy:Jent, 8 ~ay 50 to 14 La.Y 50. 

2. Controll 

a. Phase I. Action to initiate moveoent of all units will be 
taken bY SW~ headquarters baaed upon schedules prepared by 
Task Force .lir Force. 

b. Phase 2, 

(1) Upon arrival of units in the maneuver areas. c ontr o 1 
will be assumed by the Com:nanding General , Taak Force J.ir Force. 
o TTE7 CA l' lMCKALL. Units remaining at melr home stations 
during the l:Id.neuver wi 11 come under the operational control 0 f 
Task F()~ce Air Fo rce on 15 April 1950. 

(2) Intensive unit training will be conducted upon arri val 
in the maneuve r area until 21 .6pril 1950 under the control at 
this headquarters. See 'Ppendix II, this Annex. 

c. Phase 3, .;.erial Reoonnaissance will be conducted against 
Aggressor from 15 april until the end of the maneuver. Recon­
naissance missions will be sa direoted by JOC. See lInnex D. 
Appendix I. 

d. Phase 4. Combat air operations will be conducted against 
Aggressor during the period 21 April to 8 ~ 1950 as directed 
by the Commanding General. Taak Foroe Air Fa' ce. 

e. Phase 5. 

(1) }lovement orders will include instructions for return 
to home stations. 

(2) Units will arrive at home stations not later than 
2400 hours 14 l!ay 1950. 

.RmTRICTED 

SF%: RE'l' ~ARlS R~iX:P.ET 
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RliSTRl CTm 

\lpe r 'ti:m Plan 
T?J 110 . 3 - 50 

3 . Operationa l 

a . ~erationa in the JUr.euver area wi 11 be 1n oonform nee with 
appendices attached to this annex. 

J.ppendices I 

I - air Ope r ations Schedule 
II :.. 'I'ni"ning 

III - ~r Defense 
17 - Emer gency Procedures 

V .. Safety and Contro 1 crocedures 

';( do.. '/ .::¥. / 
• <..e{ '""'-

CH~TER L. SLUDER 
Colonel , USAF 

VI - Objective #ea .;.pproll h Procedures 
VU - ;.:s.p o f the Objective Area . 

RESTRICTED 
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Operation PhD 
TFiJ No .3-50 

Headquarters, Task Fer oe .ir Force 
-.wes. ........ 
IOPI AIR FOP.CB WI, mRl' BR..GG , ' .C. 
13 MUch 1950 

DPBIlDU II TO .AJRX D 

TlUOIlIlIG 

1. General. In order that tactioal un1 tI participating in exeroi6e 
sWatR receive the mntm,. nrtUJ"ll for effort ezpended during the 
maneuver, it is enential that oertain prelimlno.ry training ob­
jectivel be attained prior to the actual ManellVer (...pproximately 
21 April 1950) . 

a. Ground Traininf1j ' 

(1) Sohedules of ground training to be accomplished w11l be 
prepared by the units for implementation throughout the manellVer 
period, including an inolement weather sohedule. 

(2) Training to_rd fulfilling requirementa preioribed by 
US;.F, Co!U.C , and numbered :.ir Force Training Directives will be 
accomplished while in the maneuver area and will be included in 
the IIchedulel of ground training. 

(3) Ground training will emphui&e the eqlloymel1t· of.tacti ... 
cal air power in joint operations. '" 3l~5 will be dsed as a 
guide . 

b. Individual FMSit TraininG. Units will conduct individual 
training in QCoo ce Yiith eld sting training directives of 
Coru.!: and parent Air Feroes. Bach unit will submit detailt,d 
training schecklle covering the period from date of £t.rrival in 
the field through 20 "Pril 1950. to reach thil heo.dquo.rterl not 
later than 1 april 1950. 

c. .... period of apprOximately six (6) d~1 between 15 and 20 
~ril 19S0, will ~e utilized in oonducting unit training as 
direoted by Houdquarters. Tuk Fer ce ~r Foroo , IlIId allowlUloe 
for this unit training program Ihould &; made in the training 
sobecklle. (Troop Carrier Foroe See -.nnex E). This training 
will includo It III1lo.ted counter-air, interdiotion, :;.nd clole 
support of troops. These missions will be controlled by the 
Joint Operations Center through the Tactical J..ir Control Center, 
IUld will involve ooordinated air effort by all participating 
units. During this period elllphD.8is will be plt.oed on the fol­
lOwing types of mission .. 

(1) Rapid tnke~rt and D.8sembly from dispersed positions. 

(2) Orfensive-defeosive formation tactics. 

(3) SilllUlated attacks gainst Aggressor air and ground 
targets .. 

(4) ACcurate navigation IUld tnrget Idontific tlon-

{S) i.ccurate interceptions. 
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(7) Rapid landUig of grOup 1'0rmation, empho.sidng correot 
.plICing. 

(8) Correct radio oontrol procedures and disaiplip~. _ 

( 9) .. bility to QCcomplish missions proscriood by, the JOC. 

2 , Reports. See i.nncx K. Reports . 

.outhentlc!1ted. 

i- /;Jf'/t. /. -I ~. 

71IW..JA F . ~ID1' 
Lt. Co 1 •• US;.F 
Dap . for Ops . 

'-

CHESTEI\ L. SLUDER 
Colon61, USJ 
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RB3TRICTPD 

?pent1 on Plan 
TF.:.F No. S"'60 

'~ : _!.f 

Headquarters. Task Force Air Force 
ixeroise S~R . , 
POPI J.IR FORCI B..s'i. ·iOR: · Blt.GG~ ,.c. 
IS We.roh 1950 

kPPBNDU· III TO ~ D 

. /alR DlFlMU 

1. ospons1Dilttyt "i.11" detense ot U.S ..... F. installations and.the 
lII.lDeuver arell will be the re'ponsi bili ty 0 f the COIIDanding Gonorlll.. 
TQSk Force ~l" Forc8. . 

a. J..trcratt. Sut1'icient III. rorlltt to adequlltely dofend arell will 
be aiiocatod by the COIIDandiDg GeDOral, Tast IQ-oe J.lr Foree • . 

b. J.nti-J.1rotatt .~il1e~. One gun battalion zd one' (1) auto­
matio weapons battalion, ::w., w11l be assi e1led to each air base for 
100al de tons e (SiJlUlated). 

2. !.reas To Be Defended' 

0.. IUC x.a.L kI R B..,I 

o. SlLi.W.-IR FORCE UB 

e. CONGARBB iJR BlaSI 

f • ..1.r Head 

g. Tranaport Resupply Corridors. 

3. Control Procedures, 

a.. .A1reratt and Anti-.airorart ..rtill(: ry will bo oontrollod by 
the Joint ~erations Center through the Tactical Mr Control Cunte r • . 

b. Un-til air superiority is gaine~ combat air pc.trols will be 
maintained as requir ed over SHJ.W, UGLBY, C~·J:.P J.t..CKi.u.. ~ON 
and CONGARBB ~R WES. When air BUperiOri ty is attained, I.iJ;. 
~ talco ovor the air def~e of the airdromes (SiJlUlatod); -

c. IIAlTON and LLlCKALL .u R BJoSIS will be proteoted from air 
attaok by a Gun Defended oIO.I"8a (G04) and an Inner J.rti lle ry ione 
(UI) in aonjunction with Combat air Patrcls (CAP) .. When oon-
trol of- the 0.1 r is established. the CliP will be discontinued IUld 
defense of theJ.tr Bue.. other thlm ground alert. will bo tho 
responsibility ot tho ~l-.jror&lt Artille ry (Simulated) • . The 
502nd Taotical Control GroT will furnish early warning r dar 
oover und Ground CODtrolle IDteroeptlon (Gel) hom 21 iapril 
until end of the 8_roise. : 

d. The 502nd Tactical Control GroUf .111 f\A"Dlsh the equip­
ment and faoilitiel outlinod in jppendix I to JaDex F. _ 

e. Flight leaders will report to the TI£C at 1U.CL.U. AIR Bi.U 
upon boooming airbome on an al·tirt madoDI. i&ll airoro.1't. 
while airbome, will remain in OODtaot with the T.cC at Ki.CKJ.LL 

D-llI-l 

RBSTRICTED 

SJIlRET ooS'IrJ.RYER-aE RB'l' 
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AIR Bi.S8 'for instructipns and veotors . iur detens; o.iro~ft wili 
mo.intaln contact with this T.£C unless oontrol is pUIII~d to 0. 

T,J)C or until lc.ndlng time. 10.11 tlights will cheok 'out' "1th 'the 
TuCC before dep~ting the areo.. / 

4. Reporting and Rel1(;ving ,I'roceduresl 

11. Rc..dio transmission \'JUI oonform to JitJlj;p 142A_ ~tobor 1949. 

b. .. complete list of c41lo signs. frequencies .. ' IUld &hannels is' 
eontnined in "'Ppendix II. ;'!UlIix F. 

o. On routine combat air po.trol missions over M;.p.w.L-II:.lTON :lren. 
the': fli~ts will orbit the o.irdrome outside of ttie·~ deT'onded 
!!:rilo.. . Dul'lng.the period whioh the objective o.rea is being defonde d 
by Combnt Air Po.tro Is. JOO wi 11 establish the rou~e to be flown for 
entranco to station. On 0.11 missiona.:the 'fl1ght'oOiariamer Wlll 
ostablish oOl!llll1llicatlons with the X.iCe /l8 soon .88 po!l81ble .d'ter 
talce 0 tt (See Appendix VII). Upon e:>mpletion' ,,of mlssion the f11 ght 
leader will contact tho TuCC and return W bo.se by presorlbEid ro~tes. 
:..t no time will aircraft leave the target' ef'&U unhltlt'Tole1detl by 
tho T~C. except in omergency. 

~ 

de Procedures presoribed for entry into an~ oxit from the objective 
area must be adhered to in 0 roer to insure proper identification • 

5. ~r RQid t'llming Conditionsl .. 
a . Responsibil1 ty for proscribing conditions of readinc'ss tests 
with the COllDl1<ll1ding General . Tactical Air Foroe (Prov). who will 
normally exercise control through the T~b;, , • 

b • ...ir rQid wo.rning c:>ndit1ons and Wlti-Qiroro1't control' oolerSi 

JW)IO 

'5. Rendlneas ConditionSi 

, .... 

MEANING 

Air o.ttack
1
lmlnent-onemy ell rcrat't 

in vioinity. 

Air attack probablo-unidentif1ed 
o.1reratt in vicinity. 

J.ll clcar-alrcra 1't identit1ed as 
friendly. 

All ~s l).old fire on o.ir ta:-gets 
·'UllJ.ess 6.~taoked, or positt voly 

' tdeD~\r~edr ~ ,~nomy.. . ..... i 

• :.J.1 ' guDS firo, on r,ny tllTget :not 
. ~_,:~!\t!::ely i4e!lt1~ed a.a 1'riC1'ldly. 

-_ .. . .. ----.. , , 

a . .arcraft assignod for tho purpos6 of-o.ir defense IlDd intei­
ception mH be on tI stnndby sta.tus in ,one ot the following s~tes 
of retldinessi __ ___ _ 

~Ul-2 

RESTRICTED 
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(1) Condition ODe. Flight personnel in possession of latest 
inform tion of thO tactioal si1uat!on. night gear on. sitting 
in aircrnrt with starting units plugged in. aDd prepared to bo 
airborne within rive (5) ndnutes atter soromble ordor is givon . 

(2) Condition Two. Personnel aDd equipllllnt in readiness to 
becolllO air&lrne oU-mteen (15) lllinutes noti ••• 

(3) Condition Three. Personnel and equipment in roadinoss 
to bcCOIllO airbOrne on thirtY' (30) minutes notice. 

,. ..nti-..ircra1't CoorcHnation. 

Q. The Joint Operations Centor will be reaponsiblo for JWJ. 
coordination in tho Wi.1TvN ond OUTER C~ IL.CICi.LL fll'Oa. The 
Ground Force CODlD'.ilIdor will be responsible for coordination 1n 
tho objeotive area until the !APe (Simulatod) 1s oporational. 

b. The CODlDanding Officer 0 f the 20th Fightor Wing will bo 
responsible for ooordinc.tiDn in the IH:i JB-CuNG.~ .uR B...sE 
area. 

2 Tabs . 
Tab • J.- - A.U. Control and 

Employmont (Simulat~d) 
Tab "b" - liight Fi?;htor Employment 

Plan (Simulatod) 

Authentioated. 

( • );./(~'-: fI L.? / k . ,.J C 
\VI LLI AId F . loWIDT 
Lt. Col •• USAF 
Dop. for Opns. 

RBSTRICTm 

CHESTER L. SLUDER 
Co lono 1. US» 
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?p"ration Plan 
TFAF No, 3-50 

Headquarters, Task Fer ce Air Foroe 
he rc iso S71..uu.mR 
POPE AIR fURCE BASE, ~~T, BRAGG, ,e, 
13 Karoh 1950 

APPilIDlX III 1"0 ..L'iNEI D 

AAA CONTROL JJm DlPLOYU.mT (SIMLlLli.TID) 

1. General I 

a. Deployment I 

(1) Anti-aircraft artillery of tho 202nd, 209th nnd 212th 
4.U. Gun Battlll10ns QIld tho 618t, 6Znd nnd 63rd Automc.tio Weapons 
BattQ].ions will be doployed so o.a to effect Illtlxilll.1Jll proteotion 
agc.inst hostilo air llotiv1ty at 1111 u.s ..a.r. lIIo.Deuver bases. 
Deployment of those v1O!lpons \7ill be IlS greed upon by the Com­
manding Officer, J....A Group Ilnd the CODmlllllding General, To.otioal 
Air Foroe (Frov). 

b. Controll 

(1) In accord::.nco ',;ith letter Headquarters , USAF, 18 August 
1947, Joint Agreement Hend~u rtors, USAF, and Headquartors, US 
~Y. tho Comm~ndin Genernl , Task Force Air ForoG, will assume 
oper tional control of b.AA units oOmmitted to this exor'Jise . 

2. Operations I 

• Gun Defended Area, Nl area , 8 ,000 Y.:ll'ds in rlldius, sur­
rounding MACKALL .4 Ju.xTu' • .IR ~ES will bo designated as a 
gun defended area ( DA). 

(1) ~1 aircraft entering and leann the GDA will bo 
positively identified. To 1'0.011ito,te recognition, all aircraft 
will enter and leave the GOA by 0. route and altitude deSignated 
by the J\£ . AircrClft not positively identified s frh.ndly will 
bo sUbjuct to ........ fire. 

b, Inner Artillery Zone, 

(1) Certain Ilreas within the GO;" may be desigl t d as inner 
rtillery IOnes (I4Z). 

(2) Flying over' IAZ's at Wly time and at QIly (..1tltude 
is expressly forbidden, .>ny ircrtU't flyin~ ov!;r Ill! IAZ 'rill be 
subject to ~ fire without noti e , 

3.. &uployt:lont Proeedurt,;sl 

(1) Contro 1 of ~ fire wi 11 be ffected by tho T.£C through 
the QCtiaircr 1't artill~ry Operations Doom (~OR). 

(2) The TaCC and t.J- inforcutien service (AiaoUS) will 
I!11tually exohange air rllid movement information. 

b. Control Coodi tions I COQ~rol coed! tions or i.AJ.. fire will 
be ooordInatod through the ......L Liaison Orn.cer. Contr&i' oondi­
tions will bo ordered as fo~laws. 

··D-III-l 

RESTRICTED 
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(1) Control Gro.vn:.._ . ....nt'i-:UJ'.~ft bo.t1;erios hold firo . 

(2) Cont~l...!ello'K. .ol)ti-A1.r.croJ't batterles releas e d for 
fire. 

(3) -::hen individu 1 onti-Ilircr:l.t't batteries nre in Contro l 
Green ond undor diruct cttaok appropri te defense me ~uros may be 
doptcd. 

I • 

" 

• 1 

D-III-2 

Rl'ZTRICT liD 
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nli3TRICTm 

~o.tion Plan 
TF • .F No.3-50 

Headquarters, Task Foroe J.ir Force 
Bxeroise tm.uamR 
toPE i.IR FORCE B...3E, F'JRT BR..GG, 
13 March 1950 

APPENDIX III TO 4imU D 

1. wission . The light Fighter Units participnting in IXoroise 
Stli.RMER Vii 11 tu.D1ah Qirborne survelllQDCe rmd defense a.t tho 
SHJJi, CJNGJ.REE, t.!..xTON and 1.:.:iCKJ..LL oUR BJ.SES during the periods 
of darkneSS from 21 April until 0,(10. The T.;;CC or T.iOO wi 11 
furnish target informntion to tho night fighter patrols while 
they are within range. 

2. Control Prooo~es. 

a. Operational oontrol of the night fighter units will be ex­
ercised through the TACe. ~rcr:U't undor tho control of tho TJ.CC 
or n T.J)C are re:tuired in nIl onses to follow instructions until 
relensed. 

b. l.irornft ole ring from stations beyond the range of T.£C 
or T.J)C will COIltaot one of those stations over the prodetermined 
call point. 

C. Ni ht N.~ters v:ill operate quadrant patrols in the general 
arua around ~ON and u.>CKJ..LL &St. from sunset to sunriso. 

d. NiPht 1'11"htor :...ircr urt will not ()n o r the Gun Defended Area 
which is bounded by '. circle. oight thousand (8,000) yards in 
radius around :.;..xrO: and J.l.:.CKJ..LL urea. 

o . Goneral surveillWlce missions. will be conducted between 
home b ses and the maneuve r ..... in order to harnss o.ny 
en my missions which might be en r oute to the defended ::.ren from 
outlyin enomy bo.sos. 

f. Tho ni[1lt fighter aircr ft will be under the control of the 
T",CC or T,J)C before ontorin~ tho area and for the duration of 
the mil: sion. 

• Euch rllplacoment a.iroro.~will arrivo in the patrol uron 
i70 (5) minuws prior to tho soheduled r e loase time of the 

fdrcrW't on p trol. No aircrnft on patrol duty will Men to 
bQSe prior to being releQsed by tho T..nc, except in eme r gency. 

D-III-l 

RlSTRICTiD 

.c. 
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'Ui:STPJCTED 
." g.adIl" ..... r.j Ta&lk Force air Foroe 

ixeroi Be ILRuIR 
POPE J.IR FORCB B.IISB, FORr BRJ.GG, N.C. 
13 Karoh 1950 

ppBNDU IV TO i.NliBl D 

'BIoIERGBtCY PROOD1RES 

1. Gale ral, Thi. plan pre.oribe. emergenoy prooedure. to insure 
eo oraine. ted action in event of emergencies. 

2. Control, 

a. Paragraph 9a, AFR 20-64 'provides that the ..rea Control 
Officer of Air Resoue 8e.rv1oe is re.ponsible tor .upervi sion 
:md oporo.tion of re.cue aoti vi ties '1I'i thin his o.rea. 

b. Base Commanders, 

(l) Commanding 01'f1oe'rs of afl basos who beoome oognizant 
of o.1roraft in distress will illlllodia.tely notify the nearest air 
",scue unit, passing on all intormat'1t>n QVr.ilable, · such QIS t 'ype 
ot: airoraft, point of depllrturo., desil!(lation, airspeed, course, 
a ltitUde and la.t known position. 

(2) ,Ul J..ir Force orgllnho.tions are responsible 1'or giving 
all assistance prllOtioo.blo to authori&ed agenoies conducting 
soarch and rescue Qctivi ties, when so requested. 

o. Coordinution to o.ssist both of the o.bove is essential from 
Taotical ~r Foroe through tho JOC and other faoill,tioa whioh 
will be available. 

d. RolOMe of Information to Non Papers. Roloase to news madia 
of infbrmtlon conceming ovordue and aihsing airoraft will 'be 
the responsibility of the coaaander of the bo.se of dopo.rture, or 
the attt.oe,. 1Ibo Q8SUJll(JS t.hat responSibility, except thllt once an 
aircraft'. hQ8 been declared m1.uing. the oommander of the .:.1r 
Resoue.. Servioe aoti vi ty In chc.rge ot the phYSioal searoh o.nd r tlsouo 
operations is pcnnittod to release information oonoerning the 
progress of search md resoue operations, In 411 eases the releas e 
of intonllation will be in o.ooordance with existing ~r Foroe 
policies. 

3. RX.rttt: Prooedures I Instructions contained herein supplement 
• . 60 • 

a. 4ction to be t¥en by pil~ts observing an aocident or a.iroro.ft 
1n distress will be as follows, 

- . (1) Keep airc'raft 1n sight. 

(2) Tum on autol!llltio identifio a ion equipment. if so 
equippo.d. 

(3) Roport.1 tuo..t1on through TQOtic~ Air Control ~ystem 
or to ony agency that may be contaoted. 

(4) Follow instructions of T..cc or T4.DC. 

(5) Tum off automatio Ident;lf1oation lIbEin leaving oreGe 
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b . :.etion taken by porsonnel on tho ground observinglln .acciden'\ 
or aircr~ft in distross, . . 

Report by phone to neurest b'lllo , milit::.ry inst llution 

DeScribe inoident . 

Give loo~t1on. 
I . 

(4) Give nwoo, rllllk C1nd .J'S}!. 

(5) Advis" of action being twwnt: 

(6) Timo of occurrence . 

(7) N~s of witnesses , if ony. 

o . Action Tulton by Unitsa 

(l) Compl y-wlth.3, CorutC , li?d numberedJ RoguruUons. 

(2) Notify the JOe . 

(3) Cbordinate searoh ctivi tios with the JOC if a searoh is 
required . ('Jhis wi 11 not bo caUse 'tbr del y if pro~t " ction is 
indicuted by the c1rcUlllito:ncos) . 

4 . Prooedurost Aircraft in distress to follo\~ one of the following 

procedures . 

n . k1rerl1rt So.tety Procedure l _ 

(1) •• hen the pilot of an u.ircraft is unc~rta.in of his position 
or is e Jq>6oting .. st~te of emergoncy, but wi th tfuf~.ald" · of surf;J.ce 
stL>tionll con prooeed on u course , or lc.nd I1t a suita'le l1ir fiold, 
he will 00.11 the surfr.ce st ticn using normal procetlUre. 

(2) If the -piloot of Wl a.iroro.1'tls !.mablo to oontoot surfa.ce 
st~t1ons ·er dees not lcnaw '.¥hat «ta.tion to c~l he will use the 
into m tion I so.fety Signal TTT on r adiotelegrnph (Cii) :..nd/o~ 
EMERGENCY fo r r udio telephone (Voioe) . 

: . 
(3 ) If the aircraft is unuble to con~ot" th& gro"Und station, 

the Inte rn tional Urgent Signals , on radiot&lograph (c-;;) , and/or 
PkN on ro.diotelophone (Voice) will be used. 

(4) .... rt" r c ontaot h s been established, tho pilot wi 11 
transmit his emorgonoy message which should contllin the fol­
lowing info rm<..tionl 

(a) Bost ostillllltod position and timo thoroot. 

(b) Courso , speed 'lfld "altitude . 

(c) ... vail."blo f,l.ight time romaining . 

(d) Intention 0 f airplane cOJJllUllldor 5 to ditching, 
~aillng out or erllSh landing. 

·o:..rr..2 
-aaTltICTm 

SERET-"'Am!f:~ 
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b. Airoraft Distress Procedure. 

(1) i,hon an nircrntt is threatonod by serious :u'ld i:nminent 
dangor and requiros illlllCdlate assistance, the pilot v:lll t r nsmi t 
sas on CVl and/or u.:.YDiJ on voioe, gi"1ing, if tilllO permits, tho 
in tb rm::. tion 0 ont o.inod in 4 ea. ab07o. 

5. .i.ireraft .aCoident Ropo rt1ng. 

0.. PreUminlll'Y aocident reports will be r endered in oooord .ce 
wi ttl part :5, seotion I, 0 f Air Foree I<egulution 62-14, d wd 
20 October 1944. 

b. Investi gating and nporting of ircratt _eeidonts will be 
::.s presoribod in ltF Regulation 62-14. 

(1) In event of an o.coident. tho COIllll;..,.nding Galero.l, Task 
Foroe Air Feroe will be n~ified il':r.ledi toly by 'r.""'-X. givini""UT1 
prolillilnary !nt'orlll:ltion. ... oomp lete infor!DUtion copy of eooh 
acoident report will bo forwarded to the COIllllUlding Goner::.l, 
Tootical J.ir Force (Prov). 

.uthcntio tod. 

-I '"1(/., "- 1:1: -f t 
-.7ILU,J.: F. LlJJ;DT 
Lt. Col., USAF 
Dep. for Opns. 

CHESTEP L. S WDm 
Colonel, USAF 

R&)TRICTED 

SiXmgr -Ir./.;.JWER-SS::RET 
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Oper ation Plan 
TlIt :;0) . 3- 50 

SeadquarteJ's , Tns~' Force Ai r Force 
Ex&ro~.e , .j,.D.1lEP. 

POPE •. ~ li'O~CE &.SE, FODT S!L:;-"; , :' . 
13 :~~h 1950 

AP?E!;DL V TO .• ::111« D 

SAFETY ~ID ~C:::: RCL PRO~EDURES 

1. Gen ral. In order to conduct operations S'.; .. r~~ with a ma.'Cir:Ulll 
of safe ~' , t.r ain ?ro cdurf..s for control a:1' safe y ar out ­
Hr.· d htrein. 

2. ResDonsibility . It will be th~ responsibility of the unit 
co~anders t o as ertain that all ~i lots in their oreani:a ions 
are thoroubhly fani linr ;,it!; safety precauti(ms and pre; cadur 5 

to be us ed din" • " is :r.aneuver. 

3 . "ontrol. 

a . B!l.se .0'1."lbndcrs ·till "on'Olv wi h current :Iir For .€ Rei!:u­
la iO~8 in cl ari. - a irc r aft a;d ~s ablishin; loca l flying 
!l1"CCS . 

o~trol will be su ·pU rci b: he 502nd 
~~~~~~~~~~,~r~o~u~p for he maneuver area . 

c . The mane vcr Cl r eE> hr.s b~en d(;signu od a f..:"1 orary ir sPlice 
r c s c r v_ ion anu will ce clos ed 0 al l tr;ffic ~ot p rti ipating 
in rhe exercise , except cornr. reial aircraft rlj~ng ~rourh the 
"r Ti.': ':L bl.lolV f1 'a t.ousand (5 , 000) fee t . ( Sec; jp cndix 
VII). 

d. ...11 b.i rcraft will fly throu!rh +:h c corr idor s extt;ndinr trOlD 
0p'r~t ng b~ses to ht; objt;ctive r aa . 

e . Radio r ange faci litias ' .. ill be utiliz,_d 1A a&rs1nal .. thar 
L or:!er "0 S ay '/it .. i!1 the l1i1" sPfi.Cl. r es rV". ion. 

Il . !:o_ir_raft lIi 1 (n< .. r t ns~!"u",:(.n \.(.11 h"r unll!~s prope rly 
~h!l1" L d . 

b . ::0 !:.i rcr!:.ft l;il l fly ut n u l .i ud£. lowcr +)-.n fi v(: hundr ed 
( 500) fE- c t , except wh,,!1 01". D. s ~ecifi l1 ::ri s s' on r o} 'i rinl!: a lo\';t:r 
:;. p" u.1e , c.nd in no c ' s c will an ircraf fly low<. !" '1:11n t·,;o 
hund r ed (2 C ) r~et . 

c . Ex opt when "lying: 'n "or !:'.u.tio!l Il!: aircr- rt ~':i 11 not 
?~1"o ~~h no he r los~r +hnn one hollS nd (l. OGO) feet . 

d. .,n · i1" tunn 1 , T OS 8 + >:,:: c.i r SP"Ct.: r bsorV"l ion h',s b • n 
f..s·ublishcd for c o:-t:'1C r~illl ni r raf~ . "0 r..ili fl r y a ircr:li't 
:-il l E. " C1'" he tu. ~Ll bc.low fivt; t'lousand (5 ,000) fee !ll'-l+ude . 

e . ..i 1" r .f fl:'ing in diff"r t:nt di rections, in ':;hc i1'" ::or idoTs. 
nil onfonn to .Lir Force Peg ln ion ( 16) in r efcnnc . to 
al itude s(. ?Ur ti on . 

C-rlLSTER L. SV'DER 
Auth n icnted I Colonal, US •• F 

R.:. TRI :'ED 

SECRET - s-::ARn:p - SECRLT 
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RESTRICTiID H.adquarterlJ Talk Faroe Air Force 
b.f'It!s1t S·fAR:~ 

~ POrE Am FORCE ~E, FORT BRAGG, 
13 :!arch 1950 

• J' 

0sation Plan 
TF !lO. 3:56 

.L'PENDIX VI TO AflBEI J) 

1 • . All ircrat't under t:,e ~ontrol of the COlllll&llding 3eneral, Task 
ForcE: Air Force will utilhe the approach lanel :; '1 0v.n on ~ 
Approach and Reference ~hart S'iA..tU:ER. 

2. All S;L~'ER friendl' aircraft appro!l.c'1ing the objective area 
on lane A or B will call thE' controllL:g Tactical :.ir Con·trol 
~E'n er '·'en over J.te desien&ted reference point. Lane bo, •• 'er­
ence Joint, R ~r, :.10(,"''1' , . ::. :., oorle name TA.IU:. Lane B, Refer­
ence Point, ~~TSVI I~, S. C., code name DOG. 

a. 'M\e follOwing intorM::tion w11l be r"_'ls-u tted to the T .• C~ 
b~' the Flight or Squariron lende r of the p~rticular aircraft in­
volved. 

(1) all sign of the Flirht or Squadron 

(2 ) ~ltitude of flight 

(3) :iumber and type of aircra.ft 

(4) Type of mssion 

(5) t:stimated ' ir.le n arbet area. 

Ca> Exa:r.plel "Hello , FRISCO this is STE;.;l:P. 'i h F 
EaGles. Angels 20, S~ep. 30 minutes". 

3. Su "ort aircraf lIill . upon co,letion of thei r mission anr -.ft r 
being released uy the ,:, .... CC. return to t heir base VIn. ap:>roach 
l nne . at the most economical altitude. 

-1 . "0 u ircraf~ will en er t :1e target area un il clear d by he , ... ,,­
or T.tWC. 

5. Air oord'nators, Cbservers and ai rcraft em,loved in soecial 
missions .till make the sal1\e re >ort as specified in Par 2. 

6. Approach Sectors, Reference and Orbit Points I 

a. Refer ence Point 1'.~E , CPO~'" : {)tf"T, '. C.), Lane A, is 
loc~ted at tat 350 .55' Long 770 _48'. 

b. Reference ~oint ~G, (~,nTSVI~, S. J.), Lane B, is 
10CJ ed a L~t 34°_29' Long 80°-4'. 

c. Refer ence ?oint FRI~C • is located at Lat 35°_3' Long 
79°_31'. T~DC 1s stationed at his ?oint. 

d. Reference "oint C:-! -RRY, (";"CK..LL AlP. BtJiE) is located r.t 
tat 300-24' Long 800-4'. 

e. Rater.noe ~;nt ~. (ROPE ... If F()!!::: a;~). is 10 atl>d 
at Lat 350 _7' Long 7~-1 • 

D-VI-a 

RESTRICTED 
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REST:1IvTED 

S:' ,?ET - S~. !.R - ;) 1'q&T 

Oper'lr:ion ?lan 
~'F:~F '''('I e 3- 50 

f . 
L 

R fen-n e Poi-rot .' :-:', Ct'-'X" .. 1 
350 _7' ong 790 - 22 • 

7 . The D.'),>roll h l_:.cs in±a::t.~ ~ti n. Ilrt)1l will be from fhoe 
(5) 0 scv n (7) miles ;/ide . Ilnd -Kill f!xtonr! hretl (2) nil s 
b' : .. ond h" de:; i gli ,ted S,~..Ea.llr 8&&&6 . (s c "P" ndix 'In ). 

a • .• ir Bils. S <.:st!lblisn d within h obj,-ctive r!l. :.ill be 
Cl si{;:1!1ted by the fol owing names I 

i-Oi'_ . • n FORCE S..5E 

hcr.tic_te.d l 

_ •• t- t- Ii VI,. It 
'.11' !.r:.lJ F. . _.1" )T 

L • Colon·l . ~~.~ 

Dept; .' O~'-rllt' ons 

sc. ->LET. 

D-\,! - 2 

::ES :-£.~ L. S L''J~R 

Colonel , <IS.iF 

SECRET - S!"RJ:E!l - S2 RET 
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RESTRlcrJ:J) 

SECRET-SWAm-\ER....SECRET 

~ration PlBn 
g No. 3-cr 

nHeadquartars, Task Force Air Fa ee" 
Exercise SW~ 
POPE AIR FORCE BASE, FORT BRAGG, N.C. 
13 March 1950 

ANNEX E 

TROOP CARRIER PLAN 

1. Task Ort;ani zation: All Troop Carrier and Transport aircraft 

Fartici~ating in exercise "SWARKER" vill be organized into a 

TrooE Carrier Force, • All aircraft referred to herein as Troop 

Carrier ,,'111 include, MATS aircraft. (See An.1eJt IIA", Task 

Organi zat ion) 

2. Mission: The Tro('J: Carrier Force vi~1 rrovide the airlift 

necessar,y to initiate a co~s-size airhead or. ~ and accom-

Flish the subsequent airhead b'lild-up frem D thru D + Ie by 

acc~~lishing the following tasks: 

a. Airlift fOU~ (4) RCT C'f the g2r.d nnd 11th Airborne L!visio~s 

frorr. IJ.AX'l'(l{ AIR B.-\SE, C.. SE';'W .:'IR FORCE Bf..SE, S. • and 

co~mAREE AIR BASE, S. C. to be a!r droJ1)cd into the assult area 

~n vicinity of FORT BR~, ~. C. (See Appendix I, Airborne Flan­

~ing ata) 

b . Air lif one (1) Rv"T of the 11th Ai.rborne ivisior. frOO! :::.;;,1' 

,~':PBEI.L , KY., for air lar.ding at .l.A..."K.,.;LL AIR a',SE, I. c. 

c. Air lift Division troOFs of g2nd and 11th Airborne Divisions 

to MACKALL AIR BASE, N. :. 

d . Air lift 3rd Infantry Division (cpx) to I~CKALL AIR ~ASE, X.C. 

e. Air lift su~orting el~ fits and service trooFs ' of V Cnrore to 

:J.ACKALL \IR BAS!; , '. C, 

f. Air lift '!'FAr elements tc ... :.C"tL\LL AIR 13 __ .SE • • l. v . as allows : 

(1) One (1) Fi~htcr ',iing (SirrulPted) 

(2) One (1) ~COrJ1. 5qundron (Simulated) 

(3) Control eIe~~nts 

() Service elpmtnts 
E-l 

RESTRICTED 
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• " :' 1; . 

~ration Pl.<m 
AF 'to. 3-50 

REST.R.I CTE!) 

g. Air lift other A~ elemrn ts as require by V Corps to 

Y.ACKALL AIR BASE, J. C. 

h . Air lift the replace:ncnt and reserve personnel' required 

by V Corps for expl'nsion of airhead tb MAC"lCALL .. aa 3i\SS, X. C. 
, I 

1. AIr lift to MACKALL .\IR BASE, N. C. the' equiprr.cnt and 

suppl1es necessery for TFAF , V Corps and Carollha. B'l.se Section 

to conduct operation ~ tee airhead fro::! D-dey thru iltlO . 

3. Tesi!s for subordinate Un1ts: 

a . The Troop C~rrier Force will: 

(1) :ontrol 1.l.Ild oPerate all troop carri.:r aircre.ft part-

1ci'Plting in the ::Jl'.!leuvcr, based on Illloc~tion8 c'ciltaincd ir. 

AppendiX II, Aircraft Allocation Sclk!dulc . 

(2 Provide L1dson Officers tG the S2r:' :811d 11th Airborr:e 

ivisio~~ to coordinate det~ilS of airlift of those units . 

(3) Provide necessary pcrso~~el to ~2n the rFAF ~oVc::JentB 

Section (See 'Apprndix II , Ar~~e% A) . This section will.be 

lo~pted '3.t Headquar €rS , TFAF and personnel will be in place by 

18 April 1950. 

(4) Prepare detailed schedule of :nissions for rcriod t ru 

Dtl~ for all ro~'carr1er aircrE'.ft, cont~jnil'lg id'o~tion out. 

Unei in ArtendiX III, Chronolbgic:~l Schedule ~f ":lssi?ns nart 

an~ subxit 1nfo~ntion o~ies to ~" TF;~ prior to 15 ~rl1 195J 

. (5') Prov1.ie 8.'1 Air Field Control Party ' to cooroipate 

l'ln ing, }:''ll"ldng 814 -off-loading of p~l aircraft in the air ea.i 

in confor:rnce with AJ:Fendb IV,. LAAding. T~ff and Par.a.r~ 

Patterns . 
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~rat1on Plan 
:<iF No. 34 

(6) Provide n11 participating troop carriEr units with 

detailed instructions regarding flying operations and ~­

craft M!'ldl1.ng in the air head. 

(7) Furnish Hq '!FAr by IB'"JO hours (EST) da!l,y. effective 

20 ~ril, with nu::JbE!" of Aircrpit by type available for the 

following dIly. 

(8) Furnish Hq 'IF.\F, prior to 1 April. with detailed 

schedule of traini!l€ fro::: .:!ate of arri viti in th~ mane1lVE!r area 

U·.rough 2) Apr!: fer ?l'!. p;u-t '"d::~t!!:€ froop carrier units. 

b . 

(1) Provide the co~~~~e~ for ~ ~ooF Carrier Force to .. 
be located at tJ.AXTC: ."1.!.:t 3. ... ~ 

(2) Provide personnel fo:- t;.e:: nta:"f of t.llCl Headquarters, 

Trog; Carrier Force as ..iircctE'd by tre Co=andir-6 General, 

'!'!:~C?F Carrie::.!ar ce . 

(3) Pro,,;,de six (6) Troop '"'errier Squadrons to airlift 

personnel~ sucpliE's p_'li equip:;lcnt for the initial airborne 

Elssaul an.i the ru rcead build-up. 

() Insure tnat necessary coor~ination between ~e fi~hter 

uni t "l1ld troop carrier uni ts has Qeen achieved on the use of 

.1AXnn: AIR ~ so that both units will be able to fulfill 

their ca=nlt~nts. 
, ,.. 

.. • \,I . 

c. The 62nd TrooF Carrier Wi!l€ will: 

( 1) Provide Perso:me1 fof the staff of tee Headquarter s, 

Troop Carrier Farce as directe~ by the Co:t:-..and.ing General, 

Troop Carna- Force. 

(2) Provide one (1) Troop Carrie.r Squadron to airlift 

personnel, suJ1)lies am equipment into the air he~ as directed 

by toe ColiI!l8r.lling GenEral, TroOF Carrier Force. Maneuver Base -

~ AIR BASE, S. C. 
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Operation Plan 
TFAF No. 3-50 

d. 'The Mil itary Air Transport Service will: 

( 1) Provide personnel for the staff of the Headquarters . 

Troop Carrier F Jrce as oiirccte ::1 the Co::;;;andin6 Generp.4. 

Tr oop Carrier z'orce. 

(2) Provide on~ hundred ( l~:') C-5 aircraft to airlift 

per8o~nel, ~lie8 .anoi equip=e. t into the air head as directed 

by the Co:c::anding Generru., Jrcop arrier Fo rce. fI.aneuver D2s&-

co:mA.RE:E AIR 3ASE, 5 • ~. 

(2 Provi.:.e t .. ir~j r,:.1 ~.:' ~ l.c :i.:c::-aft to eirlift 

pt..""Tsor.. el , supplies a"': e·r.:' :!:.(' .. ~ ·.r.~c tl:e air !:coo on 29-3::> 

err-fer Ferce . :I.ar.€ vcr xse - 5.:..;.Ji ;"""3, S. C. 

4. General Instr~ctions: 

a . All paradrop ar..i aerial r esun;ly -::i5sions will utilize C-82 

ar.d/or C-119 aircr~t. 

b . All troop carria- . op.-::rations will be carrim out in con­

formance wit troop c8rrier 5OfA. 

c . The allocation of airlIft y to~~aecs will be nadc by tne 

Ma."1euvE'I' Cor..ander and aircraft f or tM r:Jove::;ent of Fersonnel , 

~~~lles and eauipT.er.t.will be allocated by r4 . !FAF to t e : 

Troop "'arri.:r Force . (See Appen ix V, Flow :::hart of Logistical 

l'.ove::l('!1t Control) • 
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~!at1on Plan 
~ N°.3-50 

HESTRlCTED 

d. Loed1ng. lashill6. unlashing and unloading of all 8\IITl1ea 

and eouip!:le nt in E'nd froa troop carrier aircraft w ill be a 

function of the Port Co:npaniea assigned the Carolina Base Section: 

Oowever. in no menner does this relieve the pilot from the 

responsibility for final ~roval of the loading and lashing in 

his aircrPft. 

An:en ices: 
I - Airborne" lannlnh ~3,' . 

II - Aircraft Allocat1on 5,-~edule. 

c·/"·,J z( f J/:J~ 
CHEIl'ER L. 5llJDER 
Colonel, USAF 

III - Chronolog1c?~ Schedule of .assione Chart. 
IV - Landing. Take-off and Parking Patterns. 
V - Flow Chart of Loe;ist'.cal II.OVC!OOlt entre •• 
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C 10ne1, t;S-:.r 
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fJ-" 100. -
l. L. 3. 

D:.te . ..ireraft 
nllocot~a to Sorti",s 

- V Corps 

~5 C-1I9' s 3 
~Day J'" C-d£'s J 

74 C-54's 1 

",5 C-1I9's " , 
.D Ius 1 35 C-rl..:' s .<: 

74 C-)4's '" 
..:5 C-1l9's ~ 

D Plus .<: 35 C-d.c's '" 74 C-Sl.' s .<: 

~5 C-lI'1' s 
Plus J .>5 C-d", , S ~ 

74 ~-)4' s " " 
.<.5 C-lIC,'s I 

Ius 4 35 C-d .. ' s 1 
74 C-54's '" 
..:5 C-1I9' s 1 

i) flus 5 35 C-d ... ' s 1 
74 C-54'S I , 

THIS PAGE IS UNCLASSIFIEl 

• - ._- ..... -----
.... ",t~.., ..J 

Sl:.CRAT-S .• ~-S':'cRET 

,.pP;" .DE II TC n • .:.A, z:. 

4. 5. 6. 
I\UC raft "ire r ,.it 
..lIocated to 
c.c.rollna &/ Sorti"s .. lloca t"d to 

~c<!tU-!l ___ . _ 

",5 C-ll ' s 
35 C-d2's 
74 C-54 's 

£5 C-ll'j's 
35 C-d..' s 
74C-54's 

,5 C-1l9':; 
35 C-8..: ' s 
74 C-54's 

25 C-1l9's 
35 C-d~'s 
74 C-54' s 

25 C-1l9's 
35 C-dL '5 

74 C-54's 

1------

1 
1 
1 

... 
I 

.. 

. 
2 
.<: 
1 

2 
:l 
~ 

.. -11-1 
~TRIvT...o 

F"F 
1------

3 d2's 

SI:.C r' __ T-5. uJI.Eft-SS:;R~ T 

Headquarters, Taa;( lore" "il' Foree 
:::Xc rc i s~ ::. ,,-k...ert 

r FE .,ll FCfiCe B,.:S.:., F !U SRn{l;, "'''' 

.----
1· 8. 9. Ie. 

t:lging .. ircraft 
50rtit;s B ':;l.,;t, loads h.:n:.ark.:; 

t---. -
P"rsolUlcl .• ircraft u. OC/it 

J ·axu..n-Sh .. w S ;:plLs ar-: p,-rat_una 

g~~~~~h .. ll & Equip- • ircraft. 
m.;ni ---

laxun-StJ.:l\\ 
Cungar ... ~ " 

----
" " 

" " 

f--- - - -

" " 

It " , - -
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• 

Cpcr;:. til n i'la 
TF..f No . )-~ ----

l. <: . 
Jat<l .n:u-cr"lt 

a~loc<:.t~d 
to V Ccrps 

<.5 C-1l9' S 
Ius 6 1~ E-~<:'s -34's 

<:5 C-1l9 ' s 
D Plus 7 35 C-~ ' s 

7i, . c. , t;.!, ' " 

25 C-ll'i ' s 
D ~us B 35 C-8:.: ' s 

_74 C- 54' s 
5 l, -ll~ ' s 

Fls 'J 35 C-8,, ' s 
':&.iL-.5!J. 1 S 

;;:5 C- 1l9 ' s 
D il s I 35 C-8.£' S 

"lJ.c~-!jJ,.'-.:l 

! 
"trrh--ITIC .. T ~ : 

ZlJ.i'f(/ IL I: JI~",£L 
"IUL.:. F. ~.n;!JT 
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TV 

Hoo.dqunrters. To.ak Force i.!r Force 
Etcrcisc ~;~ 

S:;;CRi'.'T-S'''lllUD-SECRET POPE .m !'''JRCE BtlSE. - PUR! Bt:.GG. N.C. 
13 ~oh 1960 

Opcration Plan 
TFi.F No.3-50 

OOIJ'UlTlCl.TIO·S - ELS~OnCS 

1. Gi1IER.;.L I : S'l'RU CT lOPS • 

c . COr'lllunio~tions-Llectronics systCJllB and fc.clliti es to bo 
cs t - bli:l:1Cd in support of Tactical ,.ir oper a tions. for ",xer­
ciso S ':.Rl lER. wi1l conform genor c:.lly to t~ose s et fort:1 in F!J 
31-3S. 

b. Estc.blh:1JDOnt of -normal Co=d, j,dminhtrative, and Opera­
tionr.l nots, bot:- wire and r adio , rill be in confOnnrulce with 
st::'lldurd operating procedures of a Tacticnl ;.ir Foroe. 

c. All usnge of oommunication-eleotronic equipment will bu 
in necordD.noo 1rl.th procedures s et -fort:l in c~rcnt J . .l' .. f'1 s 
r..nd CCBP' s. 

d. Encr~'Ption of messc:.ges wi1l be i:1. .... ccordonce wit:l Traffic 
S<-curity Plan as ost::.blis:"1cd by Hec.dquarters Bxeroise S' -;.R!:ER 
::.nd issUQd as ppondix to t:l is annex. 

e . .UI p;:.rticipating communio tiona personnel will be t :lor­
ou-;:uy b:-iefud in all p:"UlS CS of t:1e ir operations nnd t:1e 
contrilruling cOI:llllunic::tions nct\'IOrks. 

f. ~o.dio-telep:lOne procedures will be in o.ccoJ"do.nce wit:; 
J;~'._P 125. Tulcgrap:l procodur3s will be as s et fort:1 in 
CC'lP'-l. 

Conditions r cl ::tivc to SUfety of lifc or aircrrft will 
o.uto=tic::l1~· terminn.te r .... lJtrictions imposed by maneuver r e u­
l o.tions as to r:.dio silence • • :11 e OJ:1r.lunica tion faciliti cs 
\7111 b ... placed ::.t t:1e dispos o.l of t:1C unit concerned to f a cil­
it· te r cscue oper tions. 

:"1. 1':li8 a nn _x, and appendices, is e ffecti vc uron r ,"ccipt for 
plc.nnlnr;. and c ft'cctlvc for opcr r .tio1"oS concurr ntlv rlt~l Air 
Operat10na Plan o. 3-50, !{cadqu'ln..ers, Task r oroe ;,ir Force . 

2. ~ 

0. . Tll8k Forc:) ,·,ir Force ro.dio nots. to 1>0 cstnblis~ d in aur­
port of •. ir Forc", operntions during '::xerciso S~'j,IU,ZR v:ill be 
in accordance wit:, Co=d, i.dministr ation and Opcra tion",l 
r uqulrcment8. T:wy will consist of. 

(1) Tacticul ;Lir COJ:lIl:Uld, Co=nd nett 

(a) Headquo.rtors, Tactical .~ir COll1OO.l1d . 

(b) Hcndqunrtcrs, Fourtl.ont~ .-.1r Force. 

( c) Hendqunrtcril, Tnctlcal Air Foroo (Provl Advnnce. 

(d) Head qunrters , Tactioal :.ir Forco ~Prov) Rcnr. 

R-:STR I CTED 

SECRET - S '-''IR ~ - SECRET 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

Oporntion Plo.n 
'F.OF rlo~ 

RESTRICT.'D 

SECR.:.T - S' ~·.RI:ill - s t;CR""T 

( 2) Tnsk Forco :.ir Foroo, Commnnd not. 

(0.) He dqUll1"t crs, Tactical :.ir Forco ~Provl 

(b) Headqunrtors, 20th Fi~htor 9ot!lber -'inE" 

( c) Hcndquo.rters, Tn~ticnl 9cmbcr Force. 

(d) HcadquQrt. rs. T~oo~ Cnrriur Force. 

( :5) Tact cal :.ir Foro,!;. L1o.ison (:.ir ,round) : 

(0.) Hondqunrters, acti cal ._ir Forco ~ Provl 

(b) Co:mrAndcr __ irborne TrClops (In Flight). 

(4) To.cticul •• ir Force HF RTTY Nett 

(0.) Ho:ldqu:>.rtcrs, Tactical .. ir Foroe ~ Provl 

( b) Hacdqunrters, Tnctic:'.l :.ir Cor.=d. 

( 5) T .. CC - To.cticnl Control nett 

( 0.) TACC. 

(b) T'-.DC's. 

( c) T. CF' s. 

( 6) T .. CC - Teller .let t 

( a ) TIIoCC. 

(b) T .. X' s. 

.\chnnco. 

Acvnnee . 

:.dvancc • 

(7) For detail ed outline ~d schemntic di(l~rcms of ~omp1ctc 
ir ground, point to roint net works, s<;c •• ppendix V, this :.nnex. 

b. Radio Frequency Plnn. 

(1) Sec ;.ppondix 11, t:us • .nncx. 

c. Radio Co.l1 Signs. 

(1) Ro.dio enll signs o.re conto.il)od in .,ppundi:.: III. this 
.. .nne-x. 

d. Redio Proc~dure nnd Diseiplinu . 

(1) Orgo.niz:ltion Co=ders · .. :ill exercise strict suporvi­
sion to insure t:lllt t:l0ir stations in t:l\ r .dio n ... ts o.r .... op r-

t v! in ccerda.nce with c... proved pr o cdur .s to th..i t.:nd t!1;,t 
traffio is cleo.r'd efficiently, o.ccurGtoly, :uld rapidly. Seri­
ous offenses against circuit discipline or r cpec..ted f nilur .... to 
conform to prescribed procedure . eit:,er C ' or 'Toico. will be 
noted by t~c Umpire 1'1:'0 will takol appro~'ri(ltc actlon in onc:, 
co.sc. 

F-2 
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(2) Joint.' and combinod R/T prooedure is set forth in J •• fl .. P 
125. 

:5. R. . ..D1.R. 

• Radru- fnciliti ..:s \· .. ill b..: sit"d and em loyod in oecerdo.ncc 
with '.pplic~bl J T"e:lIlicc.1 (Uld Fhld nmu:lls for ~ .. o:, t.T'· R~do.r, 
and in ccordanc ... '.'lit:, T~ctic::.l .ir For :.; Doctrir. .. s . 

4 . T CTIC . .L CO~;1.n'IC .. Tro :S . 

0. . Tc.cticnl oommunic::tions network of r c.dio , t c.l c..p:10n , and 
d.rc will bo ostnblis:,od a s r e:qui r "d to ro vido n c, cussc.r:y Intcr­
eo=:mi cc.tions linkinb T cpt s T •. OC's and T.C of t'le 502nd 
To.ctic 1 Control ~roup in a cor do.nc.; ,'Tit:, Sto.nd~ rd OpW:-~ng 
h:oc<;dures of t.lllt umt. 

b. .ar- ,round f ClCilitics of ~round control v1U be ns r c­
qui r nd to prov1do n c coss!U'y !'. ircrr,!'t control. 

... St~d r d "_,,S n '_'ri o.ticnal ... ids consisting of ; TO\'lo r Con­
t r ol Cornr.lIIr:icc.ti ns; Gr ound "'ont r ol .,ppro::.c:, Syst .:m; Hon~ng 
)3. 1.I"'ons ; Intcrp:,0n ... Cornr.nm.ico.tion Servi cc.s , (Uld .ircr[.ft Con­
tro o' r.mni t ion 'ctl'.'or ks , will be pr ovided ~ t , ~,nd bct",'.;cn 
e::. " .j r fusc occupied by Task Fore" •• ir !ore .;:: l'!1its . Respon­
sibility for installa.t ion, op r ation ~nd "lointc.n nco for t:,,,sc 
f .cili isis :, ld by Dc r.c:1.'Tl .nts of t:" l " 50t:, ,'obile Co=u­
nico.tjcns Squc,dron. ( .. ::S ). 

6. .1I~ P. .• I!) ':: "I:' I . 

n . ..11" ~o.ld a.rnin sr' r vicos for H ... r,d quc.rturs, Task' ~ree 
•• ir For '0 , '!00.dqunrt rs . lnitod St_tO:l Gr c'md Forc .... s , and 
0.11 suhordin .. t c units wi t:,in t:,<; T" sl-.: Forcl; ;,ir Forc .' Arce.· of 
r L:lponslbllity, nill blJ t.:. f' metion of t:,,: ,lOC o Opcr a.tiont.l 
e:l:a·r. I s "-ill b,. uti iz,.l b:' t:,. JOe for a il" w:lrn:r:. s 0.5 1"­
qui r ... i . 

7 . :LR . 

r. . 

n . cnt:ler service for RC'ld'lu' rt _r :l , Tc.sk Fo rc _ .. i r For ce . and 
11 subordin~tc units \'ril 1 00 t:,c r ~ s pons ibil ity of Dctae:ll!I"nts 

of t:,L. 2O€Oth .. ·'.~:K r Sou' dron in ecor d:mc ... v.-it;, St:md:l. r d :.Ir 
·ecth ... r Se rVice pr oeedur,·so.nd pr ::.eticus for ni r b:..se opor o. ions . 
on-unications fOT went:'r s·~rvic ... s · .. rill boo n fune ion of t:, ... 

; ... es omrunioti.tions fllcllitl,.s s prcvid..,d " c:, b·,s" . 

I I .:.rc:-: 00'1 m:IC.,TIOr:s . 

D.. Corr.rnunien ions roil ities for t:,o.! colI" tion nnd diss ... r:rl.­
nation of intulligne . d , to. will bc, provided t:1TOU :, norrr.ul 
0!lura.tior~l o:1C.nnels ':\s furnis!-\c1 to l~ ,TOe und ~ r provisions 
of t:,0 G"n" r o.l COl!'.!'lunioutions Pla.n . 

c. . Ra.dio voice to.ctic'l c lIs \'Till bo used to d"sisr;n to unit 

F-S 
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Iwitc:'\1ng centr0.11 . The 'fIOrds "Reo.r, 'a in , Advance , etc . " 111&7 
be added to designAte nppropriate ec~elons . 

b . Telet 'Pe- Rndio ce" tacticnl calls ~'ill be used to des i nate 
lU'lit :leadqUllrters . 

o. Res pons i bi! i ty-Sce Appendix I, t:lis AI nex. 

10. VISUAL COn1J.·ICA"IG~;S. 

c.. All flying personnel will be t:l0rouG:uy f=ili I' wit:, 
:.and and other fOrr:lB of vist1.:ll signn.line; and =ke =iJllum 
use of same to nllevi ~te overlo ~ino of nircruft tnctical 
circ uits . 

b . CCBP- f'I Vli11 be t:,c oode governing use of nir panels . 

11 . CO': ICi\TIOS rJ.n 1.:::. 

a . Failure in comr.mniclltl.cl'!s • .,,:let:ler equipnen or personnel , 
will be rerorted to t:lis cor.:rund in lI"itino; stating defioiency, 
ca'lse c..n:i corrective action insti ute<i . 

0.. Codes , Cip:lers , and rypto-Aids . 

(1) Cryptograp:,ic instru tions are contuined in Appendix 
1111, t'1is ilnnex. 

(2) C BF-" ',0;111 ,overn t:le use of Air I'ancl • 

(1) Au'v',enti ation systems re ontain d in Appcnd1>: 
VIII, t:lis Ar:.ncx. 

c. IFF Code Assi ~ents . 

(1) See Apoendix IX, t:lis Annex. 

13. maT R SPO:'SI '3n,ITlt.s . 

14. 

0. . See Appendix I , t :~ is Annox . 

n. Eleotronic countenne sures will be "ontrolled nt t:lfl 
tim ire level. 

b. All communicatl ns nn-t r Jo.r 0. tlvities s:lo uld be nlert 
to t~e postsi bll i tics of :.0 ene. y' s use of electronic COIIll­

termenaures . 

c . 31eotronio counterme_S l~es c..re not to be employed in a 
I!'.o.nner ":'io~ wi 1 Jeopardi7e t'le snfety of ny unit or o.ir­
craft by confuSing ita so.fe maneuver or deceivin~ it into a 
dan erO\lS situation. 

RESTRICTED 
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d. ::1 ectroni c cottntt':'T'!ea.sures c r e not t o be ~mpl():'ed to t:1e 
extent \":l'~re it will ser i0l1s1 , . onl ' s e o;>er ating forces 01' 
impede t:le main objective of join t t r. cticul and ope r utionnl 
t r ininl",_ T:le:' o.re to be utilizeo onl:' for s:lor t per iods 
no to exceed t"n (10) minutes nnd not r.o r e t:l:l.n onC-1 cnc:, 
: 0 Ir ?cr s, cific cir lIit . 

e . Active 0 'l'li 9.~i(\ns counter r:pcsur es ·.-:ill not b< employ .. 
cd . 

f. :cu r(..l ci r cl1its'suc!, o.s ·o.nellv~r or:;!!"J~ndcr. t.:mr'i r e , 
Press , Cinl i".n , eo.rc:, o.n! . escu~ , etc . 1'.111 not be sub­
j(' te to e l ectr o.,ic ount .. r.1C'lsurcs . 

;" hi1s to uir no.v'c~tion ~t'C:l us I nst r llr..en Lo.ndln;~ 3ystt'm 
( ITS). Gr ound ':ontr cl '\"I' r o c:, ( "'~.<.) , 9£'£1 ons . end t;l ide Path 
Fr equencies wil' ~ be subjected to eleotr njc count·· r_ 
ne sur s . 

15 . REffRErC P" 

u . F'; 31- .. s. 

h. T~ 1-5 . 

d . hf . u:;11:.1 1'" - 25 . 

... . ,;}'! - ;':'(Ir' 3' 1 . 5 !l.t.,~ 3 I" .... r 49 , ecurity of .. irOOrno 
°e onr.ni~s _"Le Ooer ul:i ns . 

f . AJoL- "t AC- .11 dated 10 r"eu 4~' . Joint lectroni Counter­
mt:r.sures Pel j ""' . 

16 . TT ---
n . Inst- r u"tions r,,·l (.ti·fO'~ to ':in· '. r e ("onto.in_o in JAl'." . 's 

21 n~ 144. 

b. /, d ~to ti::\e ,'r O'l1' or t imo f" r 011 "'Ii 11 b use i er: n1 mns ­
s .~,..s Co.d '\ 1 ::;i"'~r..l or voice r i'a t r ansl'"is::;ion ;o:'10n c. later 
r t;f<:r"r:ce uny bl! rt:T·i r·~j . 

r pfo:!r l'nc - will ~ rn de ":J lise of t:l" ori"'in.. or s 
itl€' ,Ius t:\O tid;e- 'ir-" <,:rc'l[ of t>n l"'~S5U 0; 

t ••• C'J~\F~ 1?13t2r . A .15 s+ i;'" ti ~l. ·lo·~s :.0 rcclu~r :,e 
d'itional us· of intern 1 !l'rial • ur'hr r z if onsid"'r"d es­
senti ,1 . 

d . ~41brJ. t;jr.'l<l -"i ",,> lS' i for ; Po; !j'4""'" J tf! t 'r"l(' "rOt'rs • 

c . l.occ.1 Zon~ ti ,111'" Zone dos i.~ ion ~ ... r lies for opor:t-
i('ns . 

='or.1 1n f:"1 p.~/en of an fie ''.:\1 e~~r'-r'nc:,' , t:v" Xl' r ise 
CC'l"'~",!1·j· r "" ::cnd t r.ll uni t9 ""x" r cisc Tenr.in.,ted". 

i'o r · c\;il'v of t:tis rr,cssu";6 , c C'1 ur.it 5.1:::.1 11 

S:':C!1 'r - SWA.'U' q - S ~~.~T 
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1. Terminate ~xercise conditions . 

2. flnco all co~ications in s nndby status, olear 
c: 'mncl~ of exerc ise traffic Ilnd a ~it instructions s to 
emor;--nc~' rcquiror."lents. 

ClLSTtJl. L. SLUDI:R 
Colonol, -'SM 

Appendices: 

I - l'nit t'os.onsibilitios 

JI - ":1'1ie Fr cque c:, Plnn 

III - ;a io Cal • i:ns 

I I - Tcc i,., 1 on rol Cor'"uniC:l.tlons J"steo 

'III Ol7.:f Ul-! ~fF nd Cir~ult Us p;o 

'lIJI - '"rypl; r:r' , :,1 -,n' . ut:h:ntic tion .Cystcrr-.!l 

r, - IFF Ooc:-tri. 0 

X T1J~e Si ;nc.l:; 

XI lime 20nns 

R.::sTIUCT:..D 

SU~.':.T - S' 'AR!.1:.:. - S~CRr.T 
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RESTRICTr. f Hendqunrters, Tnak~t~rce ~lr Foroe 

Exercise s··rA.ltI~ R 
SECR .T-S·ARl~-SBCRET roPE AIR JIORCE BASE, rof.T lP..AGl: , f'. C. 

13 furc:'l 1950 
Oport-tion Plnn 
'FIiF l~o:-3-"SrJ 

APP, NDlX I TO iJ: ,,:~ F 

Tn IT RES.m:SHILITI::.S 

1 . Specific u.'lit eot:mlul'1ieatioos res ronsibilitios for t:1C imple­
ment:...tion of t:1C operation plan are ns follows ~ 

c. . 502nd Tactical Control '1roupr 

aroa , 
(1) In t:le Hendquarters, Taeticc.l Air Force (Prov) Advance 

(a) Ios tnll , maintain and opcr·te one (1) TACC. 

(2) I n t:le l'AXTO!: AlRBi.sE area , 

(a) Ir~tnll, maintnin and Oper~te one (1) TADC- H. 

(3) In t:F :::JIl:roa aren r 

(n) In~tall, ~~intain nd ope r .te one (1) TA~-L~ 

(4) In t:,e 'J Corps Ilrea l:t.r.j(':JT. Ar.tFi'.S. 1 

(0.) Inst~ll , muintcin nnd opcr~te eix (6) T CP's . 

(~) In~tnll , Maintain a,d op rute one (1) GJI 
(G.ot:!'1d ~o:-:trol ::'r.tcrce~t St·ntl.or,) ~ 

(6) hovide personnel and equipment to estnbl is:, cor.anu­
niection n·'ts for grol'nd control of nircrllft and roint to 
roint inter. cOl"JTluricaticns syetolll8 bCtv'opn T"C: , Tt.n' ::nd 
Tl.C},:; . T:1<.se nets "lill be .. s r eql'i r ed to mplt;rent t:,e t c­
tical l'lis:;'on of t:lC ~)?:~ tic 1 Control ,rouE in rovidin 
eurly '_rnin;-. ircr ft control und fo.ci1~t(.te t ctic~l air 
operations in sup,ort of ~rol~d Forces. 

(7) Freouencies' nd un't call signs to 00 enrlo:ed by 
t:1C l'ask ~"orce " lr Force units will b" publis: .d by '1eadqUllr­
tors 'xl' reiso S ._ :.,R anel wi 11 be s indic'lt d in P.!1pendix 
II L III, t~is ~'ncx . 

b. T:,c- 93<:'+';:1 Si nlll 'b (Sop T~) : 

(1) Iost-!1 , op r.lto nd maint in t!le follo"in~ facili_ 
ties in t:1C CfL P ! A ;!L,' 1. ar.'", : 

(Il) On~ (1) 1.""0 I:an , ... 1 ·"b.j l' c.. p:l'me service c t 
Hcadq1l' rtors , !2::!.!~.r Fo:-c p (Prov) , Adv::l1lcc . 

(b) Torminals for fele -:1 e trun1- ", r"i ti 1 A" ( - • e from Tae-co. l r Force Prov) Adv::nce Swbd as fol 0",'5 : 

T:1ree (3) to IIJ'COl Swbd. 

Six (6) to V Corps Headquarter s Swbd . 

F- 'I-l 

RES'l'RICTLD 

S .CR;.T - SWAm-E? - s CM.'T 
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(e) ~orminrlls for Simple x TTY servioe from Hend­
quarters, T~otio~l Air Force (PrOT) AdTnnee to. 

LANGL'~Y /'om roRC~ I1'.S'" Opcr ilt':'ons. 

OOi~G.iRBl'. AIR" SE: Operni.1O'..l8 .. 

J:AY;TOI :.m'JASr; Operntions. 

(d) Tcrmin:lls fo r Simplex rTY trlmk serTice from 
.ieadquo.rters , Tactical H r Force (PrOT) Advnnce Swbd to n.NOO I 
Swbd. 

T\'IO (2) to V Cor ps HendqWlrters Swbd. 

( c) fc rrr.:na.l for Duplex TTY servioe (RTTY) from 
Hcadqurlrt ers I Tae ~ ic::.1 i.ir Force (Pro~ Advance. to RendoUlll"-
t ers, Ta.ctic .. l •. r CO:'"r.' • .:.nd , LANGL~ Y A ~ PoC:; ~,sl:; . 

(r) Terminals fer private Une Service (Tcl ep:,one) 
from JOC as follows . 

One (1) to L.J'GL .Y AIR FORe.:. ~b Opcr~t ions. 

On ... (1) to OOrGJ~ .... l:; i.IR 1hS., Op<, . ,t1tions. 

One (1) to S·i.\ ' AlP. FO"tC"; !l .", Oper tiona . 

One (1) to '....x1'O:· i.m Br.se. Opc.r':ltions . 

(,) Terminnls for HF,ntT net to include t:le follol'ling 
sta tions. 

LJ:'''IL .:y AIR FtlRCF 9AS.r. . 

SRA'" AIR FO';CE 'lASE. 

Hcadquc.r ters, Fourtcont:l .Ur For cp. . 

Eo dquo.r ters , Tactic.l Ai r Com."1Il.nd , LAI':!.. YAIR 

(;,) Provide C' net termin ... l IlCS at Hcndqunrters , 1'o.c­
tic .. l hir Force (Pro'1. Advance to include the folIo in!; st _-­
tions t 

OO!!,}A.'tEE Ar.l 'Y-.5E . 

S"lA "~IR mTlC"': II S3 

F-I-2 

RESTRJC':'i;D 

SECR.S! - S"L'tl' R - SCRi.:T 
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(1) Communicntions Center . to include. 

l:ess::.go Center. 

Crypto Center. 

Tr:lffio Center. 

(2) Commerci~l fceiliti~s required for above commitcenta 
,dll be ~rrnngcd for by t~is Headquarters. ~ll othe r equip­
c::nt -'ill tN fui-n1s~<.ld by t:,c 934th Signa l 'In (Sop Ta~i. 

(~) Fre quencie s for radio cirouits are contained in 
Appendix II . t:l1s Annex . 

(4) Crypto nod Aut~('ntication Systems to be used rill 
b~ found in Appendix VIII. t~1s Annex. 

(1) ;1-;'80 Co=.nders of Ll • .'GL;:Y. 'X'tl d'.RE.:. . Sf{;; r and ':'\''('l'()N 
!.IR FC~Cc 3/.:L, will be r ' sponsibl e for instc11 c, tion. operation 
~ d r~int'n::.n u of termin~l cO~tmir~ ions f a cilities for nIl 
Combat Forces. US:F (Fri(;n ly) whic~ (lr e assign· d or othcnrise 
ntt ch"d to t:, ir oc.s"s durin ,; -.xe rois e S'vAR ~t:R t~ incl udel 

(n) One (1) t crmin::.l for Tole :,one trunk s ervice to 
Taotic~l ,·.i r For,~" (?r"):2. "dv:lnco Swbd . 

(b) On" (1) tcrrdn:.l for S impl <.l X TTY servi :: from 
oc.S <l op(,r .. tions to Tucti ~·.l ;.ir For (ProvL J.dv-ncc Swbd. 

(c) On", (1) t,- rmi~l for Privnte Line scrvi e 
( Tcl ('p:,on(. ) to JOC. 

( d) 0n (1) t· nnln~l fo r HF/RT loop or trunk S<lTV­

..:.;:;::..:;.:.::::.;:I:-~22::~ ( r rov) .• dvunco Swbd. 

( c) Nut C" Station to Tactic:.l I.i r Force (Prov; 

(f) Co~unicntions enter to include : 

'e ssnIPc Cente r . 

Cryp 0 Conter . 

Tr:lffio center . 

(2) COMme rci::.l facilitias ro uir"d for abo, co~~it~ nts 
:ill b Ilrr' .-.:;(], fo r lc:.r t:1is He .. dcu::.rt rs. I,ll ot •• r equi p.. 
m~nt will hv furnis~o by t~c b~scs concarned. 

(3) Frequencies for r dio circuits will be listud in 
Appendix II. t is Annex . 

(4) Cf1~to and Aut~entieation Systems will be as indieated 
in Appendix VIII . t:'is l .... mex . 

RESTRI CTE!) 

SEC!L.T - S'7J.R n - SECRET 
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d~ TActioal Units will. 

(1) C~tAlli&e aircrnrt in ~ecord~noe ~th hppondix II, 
t:lis ADDex. 

(2) ~1ntQ1D nircr&tt radio equipment ns roquirod. 

I.utoontioa.ted. 

i . 
I J .. .')\ 

\ J . , v. J .1 .'. !j 
'.. , .' I I ~ 

wm. G. MlLLER 
Lt. Col., US:.F 
Dir COI!III 

CIIEST~ L. SLUDER 
Colonel . US/oF 

RESTRICTED 

SECRET - Slf.'IRI! ~ - IEtDT 
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HI' 

R :ST::ICT D • H;::ndn mrtL rs, To.sk Foree :.ir Force 
EXC1"C i_ c S -.::.. ~ 
roP~ •• IF' FO:'::: £0.5:", FORT fR'./}G , I; •• 
13 • 'arch 15:;0 

~ (0 
!.·.Cpg.·l· \ 

\ 

\ \ I 
~; \ \ I / 

( ,:~;. ,,) : .. m: \\ \ i / C • .!l 

"---/ I " \\1/ ' 
~ ' \\/' I 

. l'r-2 , I , ': . .DP ~ . \1/ /1 (:', 
"'--.... / " \ , ' /~' \ IDl.l!:R I 

'~..// 
L e nJ /- " c 

(
-; S<'~-~99 

CO:ltrol :c+.__ :JS 

•. ut!l"ntic~.tccr 

L~ r. '~c 
?m. J . ,1L~! J. I~ 
Lt~ Col. , 'S • ..F 
Dir OI!'Xl 

" :~.:::::'.LL 

CfCST""R L. S t rcR 
Co on~1 , U3 .• F 

F-lV-l 

R.;.;;STRIC1:D 
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• 
Headquarter s, T~et Force Air Forco 
Ex~rcls c sw.~~2R 
FOPE :.IR FOR.;E a.sE, FO:'T BD_".GG, N.C. 
13 ::nrc!l 1950 

APPr. 'DIY. V TO :~,}:EX F 

Ti.CTICJ\t :.IR COl •• lD 

CO~ "J~~m JJTD .. rn~ISTlbTIv:, lIE'! 

\ 

• Ronr I 
) 

. --.-/ 

RESTRICTED 

SECRET - S?l.\RI':::R - SEalE! 
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Ti.CTIC • .L • .IR FORCE 

co: ~ •. ::D • .1:D i.Dl. HI1Sl'R..TIVE HF NET 

'lE' 

- /\ fco;.g.~~c &anpcy l ;.irbc.sc AFB / 

, ' 
r:iS -, ,/ ' Hq Tae 

~ ."-~ , / ~I BoI'lb r Forec 
vn~ __ ~ ..:...C" 

(.TFtIr('/ 
\. ..... d~C) 

V ." ·CS ." ". 

oJ i/r--:~.' ~ • 
.i rr \ ' .----./ ' .......... p / ',../ '" 

( 

.Axton / , 

:::v .~ 
Hq TC Foreo 
:Iq 4t:l Ftr "r • 20th Ftr "'g 

62nd TC .'g 
1 61st T e ~en Sq 

C:ESTiR L. SLUDSR 
Colonel, US,.F 

F-V-2 

RESTRI CT!:D 
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-T' 

Rr:STRICT.,D Headquarters, Task Force ~1r Foree 
Exer is.:. S . .R;::::R 
1'0 , .. r~ FORCE &.8:::, FORT m.'.GG, r:.c. 
13 I"al"ch 1950 

2PoFati~ Ph!; 
_ F:. ::0. :r-:so 

i.PFEmrx VI TO ._1>:::X F 

T ~J,:-;PH(, , •• IT) TELI,TYP'" SVST ,-

4 • _ __ __ _ __ •• , 

.:==-~- -====1 I:;. !CO:-

II ~~. '--:-I~ 
'--f ,':::=:= 

'

Iii -I :!_IT 6V, 
I TLF I-=-==-I'-~-

I r . .F •• dV'..nce ~:-= :§ V Corps 

: r~1 
,-~--~~- -----------. 

F:: LI!'K 

a 

: I iii __ llt_ 
2-1 I ~ " I V Corps F r j 

I I' I · -
I

i F!! LI: 'K 9~4th 
I I X S"'bd 

I, 'Iii i i' ~_'::2_~' 
,. '1' I·-~-.- -I;il{:~ ') • ~~ I . s·.·· >d 

; .-~-~~~--- !llli '~/ 
i i..",:::J I S~. · I L:~IOL 7( I I{= J 
1---- I I 

Legend: 

b ::"J1CC" Frivnto Line (TI.-rt'inc.t c. s in Gp Opn' 15) 

r y 

:.ut:lcntic(,tud, 

1<.:l ~L~JjJlQ<>, 
Lt. Col., S. ,F 
Dir Cornrn 

rCST::' L. SL'11>::R 
Colon·)l, US.,F 

F-Vl-l 

R:l)TTII CTi:.D 

SJCRZT - S' ' • .R1 LR - S _CR:"T 
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,Qecrc.tion Plan 
TF;.F No.3-50 

• Headquarters. Tlisk Foroo ~lr Forco 
Exeroiso S'·· • .R':.TI 
ron .\IR FORCi.. S..sE, FORT IRJ.GG. N. C. 
13 J'arc:'l 1950 

;i.PPE 'DIX VII TO :.NNI:X F 

cO!:r ... :n HF :lm Fl' CIRCUIT US.~GS 

.. -----
/' 

i 

Hq TC Forco 
Hq 4t:, Ftr rr'g 

20th Ftr '''g 
62nd TC '''g 
l613t Tno, c Sq 

Trunk Line ______ _ 

HFR'diO_~ 

r:' Cirouit 

\ ,...---.. 
I T • .F 

I \ 

'U (c.;'\ 
\ • .F9 "---/ . 
Hq TI.C Bomber 

Force 

.. uthentioatedl 
CHESTER L. SLUDZR 
Colono1, US:.F 

I \ . - , .) 
j : ' I'" i \', 
t I. I', ., • I '\ 

Vtl. G. rIl L::.'R 
Lt. Col •• US,.F 
Dir Comm 

F-VII-1 

REsnrCTED 

SECR .T - S· ;~::::R - SECRET 
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RESTRICTED 

~r,tio~ .D!'..D 
TFiJ" r:o . 3- 50 

• • 
; e~d('u rter, T~ sk "or ce . .ir Force 
I.Ye:'cine S"':~T . I, 
f{lJE .hI:! Ff'\l.C~ ,'nSE, FO. T R.\GG , ~' . C . 

13 rr~h 1<;50 

!.f1 r"D::: X TC ,n."E' F 

TI E stG hI.5 

1 . S ~nd-'r~ r~'e" lenc,' t;r~,~"';ssioJls "re '''d~ c"n in'! U 1", d"" 
.,nd ni"'h ~s ~ pu\<,lic seY'\'i~e ry the.' ior.ll1 ure u of St"nd­
"rds over it's st- n - rd Freoue!1"Y st- tion, ~ , on the fol Y'"­

in~ fra unn~i 5 = 

2. 5 

5.0 

'0 .0 

15 . 0 

20 . 0 

0 . 7 

~ . O 

. (l 

.0 

, r. 
. J 

n . Jl. .('()"-s c"nd se -~j' te !'e~;d ~s 
seco!1d eyc r':. the 'i h sPc"'n ;" pS" -" "es 
"t":.' h., used "or ~ (,::'U-- .f· i ~e s ion- f'. ' ., fr p q'le rlc' as 
"re iter,..·. ~d '1+ r!"t"ci"'e'·" ~!;e -j"lut "'c!1 "'Ylr ~nr 

e'" '1 r've "1~ ~"J'3 b're ft. r (5 ~h '":':"1 €I ; I. -1. ,' tes p-st h'J'lr' 
'ni:-;'J+;cs r-st h"lr, te.) , t'es 'l"!~'i' ' If ct' "n 'nt~rv,1 "If ;::-e-

ci (;:., t)!1P .,':'tfJ.te .. Tr's 0:1 -n° e i.:"~trr'·:"'l i .... rr",·ric'c0 :") 
ive E-stf'rn .3 ~r.d· rc ':.i. t:: (:'0:", it) tf'l", r~ hi "nne nnd to 

-ff'lrd -n 'r: ('Y'V',l in t'1e c!,ed:in;- "If t'"idin frecu "lcy r.c~s­
ltrO"len 5 free fr')'": t!1fl . r '~';(:'.CC "If ., di.., freg'le ies . The 
-nno ce!;,p.'}.t:: "f he 5 ',i"ln5 sE:r"ices -nd c'll ~re i·;p.n ry 
"0ic r T. t:.~ I:our ., :1'1 h· If r.our . T e t If'1C i "ten'" I ... - rked ;; 

I.e ;'Ulse .. ,'~' :..e<.onr\ is "c'"ur"te 0 (l . """ se "I:1d, T!'e 
'"e :nnin of ~ , C ··>.:;-ine:.; "he. t. e "udio f,.. ,..uc cies ~re re-
s~.ed ' ,r" synehr o!li7Cd . i '1 'sic ti"'<; ::t'r\.iee 0f the 
u .S. :".v 1 oheerv-tor;l. 

2 . ':''1e T.I.CC .. ill !!V'int~in I!' .. ~stf·r i clock . FreC" ent i'1l 
c 4 ec>. ';:ill r;: m..,de ~ ir.sure t),," 'cc'lr-c',' "f • is cll)ck. 
TADe's ~,;d lJ/ sVt.:.o.s '.ill 'Jchin freQ'I~1l ti e ~~cks frol'l 
t.h r .... C" 10 ins rc - 1 iree h-c;'s provided ., 'rcr~f i:1 fl' r.t 
'Ire r rerl:' s:-ne'l!"1) i7ed rnd ~'"curr e . 

"u :: n ic~ cd; 

Ll \" (, .Il, 
r.I . G. ·1LU..":l 

Lt. C"l . , :~Ji!r' 
Dir C,)'l':'1 

; , 
U\. \ 

c t:,..s,:,..l{ 1. ~L :n.,;{ 
Gel :1<' , • S.l" 

F- I - l 
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.­
'T' 

... 
I 

:'e"dCJ rr erfl, T"sk Forc£' Air F-rce 
E·' rei!"'? 3' Nt. ZR 
101; .. "I~ :'01CE}j,S " FOaT :~fu.% , . C 
13 .rch 19'50 

AI!-::: r: I. 

71. E < • _.. 1 :: Cf) "'I' .FS l" T~: L:...5 

r-
~ IClIcri ) 
~.------------~ 

~ 7,:.. 

t; 37" .. 
tc St." 
to 7; l: 
t(' e: ... 

l~ II t.) 1:"7..:,. 
1 ~ 7" C l·.l~ ~t 

~~ l ' -• I 

:.~ In. 
~~ 10 

:: :.£ r ,;' it; IJ.: T •. B' E 

+1 

+ 3 
+ 4 
+ I> 

+ " 
+ 7 
... I 

• J 

+ 1: 
+ 1:' • 

" .1 

o 

u 

y 

--~ 
:------------- ----_. - -- ----- ---" -'-'-

!' (' 

17r)') 

12"') 
1 '1'" 

2-""'" 

"I. " 
5 " I'\~'\"" 

-'5 ~ 

"" '7 ~C"'r, .',- i''Ir l 
") r ') 

1" " 1 
~ 1"''1 12~f) 
, 2'Y , J" 
I"" , I.-[) 
14 '\ 1<; ') 

1 5'1'1 1fr." 

~2~f) 
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')001) 
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:"'1 

11-' 
15r
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1)(1'1 

ll."r 
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""""'() 
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1. Ge~;; r:..l : 

P.p.adq' - r crs , Task Force Air fc rce 
Exercise S~~:J,.RMER 
rop:.:; ;, II FL,~S:=; S;SE, FOrtT Bw\ I~ , ~: . c . 
13 " <irch 1~5 

a. A 1 mi !; I :lrt i i, tl. - in exer-:ise "S - /d::~'\" 0] r:..tini; 

:' r O::l t:,eir .o::Je na!'l vi jed ,-, :it'. r d:l a ~.: .d 

f -j i.lities L;, 10c:11 \If> !. f> r det.ac:.rlp.nt!' . 

v'~l prov' ie an, ~;,tprlc:n~ ·t ... l "; ath.r i tfo lT_a i n ne s:;ar" . 

po r . '1' "lr:r r.a:-.nr' • ..,',:; ',':e:.t r (',.c."!"It rr-d . F'rc-rer v ce r 'io 

rr~c," ,r" :r.r Ii. r "Ort \':'1. b' .S oltline .! i n h'J 0 ' - 15-1, 

'+:. -: ':,, 0 nt. . 

r' . Tn a !:1i vn t - .. ",t·, :~ -n,' curr- t ,';c- r,er ;n .. r:c , !;peci.:l1 

re(l' ire 1. 
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(\ ~r:l i('ln PIa 
7FrF Jo. 3-;0-

RESTR eE) 

• 

c . roPE ,,1" rnRCE SE VI ather detachment will provide gro und 

to ir \'ma her infom ion as r~q ired, either hr--'JCh the 

local A:.:S stat '0:1 n r roPE AU! i'T I:=' 9.\'>E tower . 

illSTRICTED 

C /..~ ~r , .r -IE..L "'--
Ci-'.E;:;7E: ( L . SLUDSR 
Colonel , USl.F 
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RESTRICTED 

S";CRt:T- Si'ihR':bh- SECkET 

HEAIn.UARTE HS 

TASK F RCE AIR FORCE 

::xl:; RC I S E .:,'IARIIE R 

POFE nIH rlkCe JASE 

FORT BF. GG, :lQFTH C"iI(LI.~A 

Cd T"Ill 

~' , --fiO 

,\ "u. p. 

.,1 r: d '" ::.,)E PL.r; 

(To h f '...:'i ~~.( 1 ,t lltl r d. ,,) 
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";ECF.7t .::aa ER S:CRE'I 

\.peratln. r 18n 

'JFl.F '0 . 3- 5(' 

Headquarter s . 'Task FOI ce Ai r Fe rce 
!xercise S\o.;.ru.~ 
FOE J.IR FeRCE B..~E . FtR'I' BRo.GG . r:. c. 
13 l.u rch 19.50 

a. 'Jhe CC:r. .. ~dl :g Ce:1e 81s of pul ent i.i r Forces bre rezponsi hle 
fer .. rcviding lcglsticu1 ~plort to tndr ..ni ts until such tim ts 
drri ve ut the I::<>ne~ver b;;sc. 

t . All uni t.; v.i 1 be inspect.ed by Stll ion Cour.anders at hrll'e 
s _ cn prior to depart'. re to i ilS re tha t un! ts depc.rt 'Iii th 
e .c11 pll.ent .. nd supplies re .uired for JI.8neu~r partlclp"tion ex­
ce ... t as noted in cint SUt'j:Crt .ngrear.ents sho'lil .• !; hp: (':1Oir.es 
to tti s J. nnEX. 

c. lro}:er y accc n ability u .• d responsibility fer sup .. ies and 
e " er!t "illce II".aJnta'ned tt.roufhCUt the field exercise in 
acccrdd .ce 'lith the J'!"ovisicns of I,Ft f7 - l . 

d . All re t; i"iticns submitted for eq:Ji,l:"ent cr suppl1es for the 
run,=uver will COi1t~in " stuterent tt..,t l1er5 are req:lired for 
""xelcise Si,;'il>Efl E.nd :::upply priority S - ? with Blue Streak c+ion 
is ..;t; hrrLcd e:r j.C,3:.C41 - 2- ~9J-F . 

e . ::upp1y eCOlOr. ... i 11 be enforc(;d b tall echelcns d n n~ the 
peried ef r.e I:"l::n(uvcr. 

i . Reper of ~rve:, for lost . drur,Lged or destroyed TC··E .re-
Ferty will be ,recEssed Ul-C:, rett:r:l ef t hE: nit to the her:e 
st<>Lon . 

g . Iqui~rent cn a lobO basis from the lt8.Il€a\Oer bases that rl.­

..,.,,1 re surv : .. etion . will t ~l .. ced en " re!-crt (f .; rv •. ;, .!'r­
iC'lr to C r rtLorc of t"e un; t frot r.c mme v(;r "red. Vni ts '11 
nct cleur the r l.eUver uleb ntil ull 0 tstundill€. bCeOl.lnts h!>ve 
Deen set l .:.d . 

2 . ~. 

o . In E .. I R FeItCE Bt.~E . 

(1) ::'u.,orts .. i:drnr. Ccntrcl Jni t bnO ad\unce det ~ hIr.ents 
c f -;1/ th 'heop C •• rri I"r ':. i nf und l b fit hter In terceptor "i ng 

: • .).TC; ,.IF! bt.;£ for Closs I bnd III frem l51.:flrch 1950 UD- . 

il r;eninR c f CarelL" Pa;;e Sect.ion, Cl'r1R CAU· } .... cr ... ll. 

l?~ r;cnti:1ues 0 :;uppor elclI.ents 01" TfhF as are assi~ned 
rr,r.r'Jver si tes wi tLin the PCl E "FB area. -\ 

t -:.. 

RSS7RIC'IED 
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SECRET -Si'TARMER-SEC RET 

(1) SU"loorts 20th Fi~~h r So:nber .. ing and U:: .• F en"'n ni s 
for 11 Cl_ss I, Ill, IV, .nd V SUD lies, .. nd all s"rviccs re­
uirud b ... :r nd org' Di~;l ionl.l ~t-i 1i tics. Reference "opendilC - .. ~ ) 
his .I\n x. 

c. I.\:'"l".:" i.IR 

(l) Cantin . :; s "or of ~ :..nd 85 h Penb Sgw>dron dur-
• F. n"uvor p riod • 

d . MI~~TO:I AI R BASE . 

(1 S~rv~8 s Dis ribu ion ~int for Classes I, III ~d 
IIt.\ 0 units b sed u ~TON <1.11 BASE from 1 April to and of 
m~n'uver puriod. 

(1) :;crv~s as Dis~ribu ion Poin for Classes I. III nd 
III" tn units b_st'd.l r:,)' "aBE hIR r-",SE . 

(1) Supnor~s lo~is Iv Hq ~ ~nd . 11 US"F unit~ b~s d 
in the nruvcr t.re • 

(2) l.urnishes tUb-n ion personnel for rops nFB, ::..: ~"! 
"I ~ P,~ t'~ and . ,:W, ~. , .,1 t F\r.~ ? 

iancnt to uni s b~s~d • 
• nd NPB _nd .,H. ,1'I .. D " CE 

.:l.vuil ble 
n n uvcr ooer-

3, lnd 

(4) r 'lrnish,'!' nt.Ct.flS ry fire and cr sh c'luin ont and oer­
sonnol r uired for air!tri'" oP<'rJt.ti :>n within th';! CiJlP MACI(.,\L! 
J\,;'E. • 

(5) ·ur~ish 5 ~cul!sary n.ir Com at hln"uv" r Funds required 
by 1'. iLt:' u'lits narticinsting in the Ex 'rciso , and for n cessary 
r airr. i li iv" n1 r 'habi li tat ion a IAXTO and OlG",ES "IR 
BAS:;;S. 

Army Installa ions . 

(1') Caro 1 re f co ion . 

(,,) S PFLY POI:' , ll'R '~.Ci\ .... f l, onen:; 20 l 'arch. 
s'rv" s all U"/I'" ur.i '" sed . 'Y.T~ ' JI! ·l I~'" with Class I 
lind 1 I. 

1-2 
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Qr!:: r '- tion Pbn 
TF"F flo. 3-50 

RESTIUCrw 

SECRET~.lt. '3~-SECRET 

(b) Sup ly Poin , FORT JAC'{SO.;, opens 20 LLrch 1950, 
servos all USJ.!" uni s t C') lGt.:-.EE ll.I3 B..Se: with Clasllos I lnd 
III . 

( ) Cross-servicing ree~ent affective for supoor of 
roPE "FB ~,d such minor units sat lli .. d ho'" <;on prior to 0 n-
ing of C rolin' se Soc tion Su.,ply Points. 

h. ione . 

(1) '.v I units D.1rticiD'lting s US"F forc' s wi 11 ooer:l.te 
from hO!'lt: s '. ions , wi h 10p'iS iC l l supoort through es ublished 
n .v_l channels . 

i. CI ,ss I . ---

( ) .~irdromc Control Unit will consolid to Nquir.' ­
"" n s of L'""F un! s ..:.nd forw rd to C=olin Buse rection . E1 S ­

tl~ted hre~ (3) d~ys in ~dv~cu. 

(b) Su"'plv Poin 
dro.il" Con r')l Unit fro'll r 
~..xl'(L' AIR BASE . 

dis ribut ion will be eff~etcd by Air­
ion brc~do~~ point as . blishe d ~t 

(c) Cons lid.ted r -lrigtr ... t"d f .c ilitius \"i11 tJ... ut­
ili z d .1 ~:AY..1'Oti ,,1~ &SE SUDDly ?oint , with distribution dir­

GC 0 or[.niz~tion41 rncS'~s . 

(d' "rom 15 'brch until ~"Em i ng of C, r()lin~ f\.s. 
~ c " iGn SU"D v Pain ~.J :P I'ACT •. ~ • tE .• , •• irdroMv Celn rol 
, ni t wi 11 subMl r"quisi tions to P1;?E "FB. 

;~~~~~~~~~~w~ will orovid Cl ss I r a -
s . 

(1) Ui::. F uni swIll r.qui 
C;. r :Jlin. .s" S ct:i.:m, - ~~ .T .• Cl·", I . 
i~n fror c~nsolid~ ~ r c ~uirumuftt , 
Co "rol " ni • 

(4 ) W:':j 'Y AI R ~'RP &~E. 

iOD10n Supoly Poin , 
3 Dnl~ P')in dis ri u -

G.Jt..:: r'lllnud y .i rdroN, 

(!) L.!r·::;v .. FB will on 1n ~ Cl.!ss 
r, nd e~·h Bcmb ~ I. •• d, cn~ . 

suooort f ~ 

1-3 

RESTRI~ TED 
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r ration Plun 
TFl\. ~:o . 3-50 

j . £!~. 

RESTl,ICTED 

SECr.E7 - Si/"Ril:::R-S!X: RET 

(1) ~~~ro~.~j~~~~ 

(8) en r maneUVer area wi h such in -
dividual and organiz ion1.1 e'1ui~r.n s required for he man -
~'ver period, eXAert a3 noted in Join s hgrec~n~ be ween 
41:!- t'j "'h o r ,'iin"'. 314 h :-oOP Carri" r l'Iing, and 14 h Air Force , 
~~':-o-~~ndTi""2,"l4 h A:'r ~o- 0 will furnish i .. rns in 
~xccss of I~E ~~d :/A -u-hOrfzatIOnS, nd itens spocifi d in 
ci~ j Join Usc ~,reerne nt , to avoid excess transpor ation co~~s . 

(b) Thirty ~y level will be takon to maneuvor area . 

(c ,,11 troop ca r rier (lfld transport tvne aircraf' will 
~rrivo muncu~r ba5_ wi hone parachu 0 for each P8ssen;er 
S''', , onc load ing r ->JlIp and one a ir cargo mooring kit ncr air ­
craf • • 

(2) 

(, rS"F T",nant Units ..... i11 bring to S!I:\.'1 Al.'t FO.:CZ BfiSE 
~ll ,/O&E ~~d :/A cgui~~t reqUired to ac ~oMP1i5h t~ir assiGne d 
l:!i~sion • 

(b) ",ddi ional r " quire~en s will btl furnisood by 
S'U" AIn "'O:.CE a;.SE nd .!:!:l- Air Forco. (ikfcronce ,poendix No . 3) . 

(c 'IT ~soor ai "cre.ft will arrive with one parchute fo!" 
_ ... '1 :-J.~!"· ... ::C ~ !.c .... t, cr. }J ding r .t, nd ::n.:. ~ir :3.~~'O r.l:~r~~g, 

kit f or aach airora t. 

( ) 
':' IA cq'li poo:cn 

iss10n. 

S,F units. i 1 arriV3 with necessary tE and 
nd sup Ijf~ r uircd 0 CCOM lish 5 i~ncd 

(b r\ 

",ir Force , (1."r 
itio '11 r aq'.li rel!1o:!n S will be :,rovidcd 

r () nc<) '" oendix ]"0 . 4 ) . 

(c Tran:;oort ai 'cr ft·".'i 11 arrive:: .'i h one parachute 
for ch. :lsrcnft!r s e at , on(: loading ra.~p :md on', air carr,o 
moorinG ki for each i r"craf . 

(4) L/C!r.l ':Y AI ~ FOl CE BASE . 

(-) ~ri 5 b'.!se d LA 'GLEY "F JiSE will furnish T;t>~E 
and Tin a'1u iF nt r ... quit t.o accomplish ~h 'i r ssigned nis:;ion . 

k . CI S~ 1:1 . -----

(a) "ird~:)~ Control Uni Kill s bmi consolida cd 
.,.. ·h'cl" :15 and oil r OlurE:r.·n s for b St! ni 5 to C:lrolin 
!lase S"ction , cs·iJT1'I eC: hroo (3) days in rdvancc . 

1 - 4 
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(rer., icn llon 
TFnF .:c . ;-5C 

( b) SUPfly poin t di st ri bu tion C'·'ITF. ell:r Y •. C7riU. L nd 
IN-:':C.; .. IR a.sE. 

(0) Re"uiren:;ents for base and tenant uni ts I.ill te 
t r c.Jred thrc ..loY! ncn!.O 1 ch"n nels. 

( j) ~C:;:; •. REE •• 1 R Bn.:E. 

(u) A.otor gt;S Clnd eil cCIl_clideted re', irerrents for 
se u. 5 wi 11 ce re"ui si tioned by .. i rdrcJ:.e Co n trc 1 t:n t froe:: 

SUH1y loin , Cbrclina !lfise Stctie!l. FCR'T J .. GJI'..3C! . 

( ) L.. •. :GL=:Y.J R R !tCE £.,.3E. 

(a) Fe"uircn;ents for nits based et L...:X;LEY .. FE.- will 
be processed thro..;eh nen::al chdllnels . 

1 . "loss IIIh. 

(1) Re,uirerents for &VfcaS and J1 - 1 fuel for all (;::i/.F 
nit ... 111 be deten:'i ned Ly r. lUll .. F uAd SL;;.c::itted to L 
~. 

(2) ;1 ConnC , wil effect necessary contr!.Jctuel .I"ro.n~e­
Ir.ents to rake avai able through locel cen rbctors the re .c.~r€,-
I':€n DC .:Jch r.;'r.e:.:ver t:.u:e. 

(3 3<J.:e ~uPJ:ly officer::; Vii cor. c:ct aj:.rro~ri,-,te lccal 
ccn rctcrs 'i'ld "rr, .. g lor schedul1r1C e f wr_,< c&rs and/or 
tr"cl:s to . FrTerri& e I:>;l:-.e ver bases. 

(I;) fere Cll'4j of~icers cf r,u:r,es 
a!ld loco 

(~~ Sinj 1" pre ceJ res Aill L effectec fer ;CrCCl.l'U en t cf 
n-;ccs.:ary bircr ft oils. 

11. . Cl,,~s II. 

(1) i:S..F niL; \\'111 t.i:e the tie d ... ltn neces_J r j ~.~ .,. 
1 V 5Up~ I es to 1 ne I_dE:: a tc::c 1 vc s .. i.lrcs to 5_ s tair. tJ.c. · ,Ior­
btlcn d~r l:g t e ,tine ver ~eriod. 

(2) -l'.p(:r.du~ e cfHee.'ru" ,:.'e3 , c eaoir'-e w&tE;ri~ 5, • • let 
f&;.er , etc , 'li l e 110Vlae ' fl.c:: _r'lt <> ccr.s d d tu..L:1 t ,,;. -

~ver · .. 1'e_ , e.:-.ce..,t IS .r.die_tt= in ,.jJjcc:ldleeS -:' , 3 <tilt. 4 

(1, .. 11 ;,ar um t s rrovi~& to l."nc.ver Dc.':",S •• i 1 
c"rry S'p;:, IPS .. 1;'i leo t to su J01't th€ir re .. irerents o_ril'e 

he Ir'dr:e ".:er feric( . ~uch 8 <Jl'plle to inc.ude 10 .• 'ines, oxy",en , 
::d DC real I:lt..i::ten;n:ce ~p:;res . 

1-5 
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5ECRET-SWARt~ER-SECRET 

o . Cl'~nd v" . 

(l) .lone required Q h r than fo r S~curi ty purilOsos: furn­
ished by units . 

(2) Jo live aml'lUniti)n will'be in the nossession of in ­
dividu Is or uni s in the field eTcersisc except hat s~ec'ficully 

u ~.orizcd 1:v he COr:l.'IIIUlding Gt::no r al, T slc Force Air Force . 1 pon 
!lr-iv 1 in t~e momeuv"r ar"s. , 'elch unit cOl!\llldnde r will certify 
in . ri ing 0 th· Co rondlng Gt;n· r 1 , T sk Force Ai r Forct) , tl' t 
no liv 1\rnlr.'1.it<on is on h.lnd or il1 th·' Dossession of individuals 
of his unit. 

p. Res~lr. 

(1) R"sunply 0 ('1:1s:;e & II and II... nd IV and IV" will 00 
limi t d 0 .·r.p.!"I':,=ncy nd" ")C P r L uirelllCnt& . 

(2) Uni ~l.' based ... .JJCT"\~ .'\1,1 Ri\S3 will a f ec r esuDo l y 
nd IlO.P oroC" '~urcs 'm-ou h h me st .. tions vi ussiv;ned aircraft. 

(3) 
.... ·n n 

Sl.t\ 0; 

fni s • 
",5:;: 5urlply ·.'Iill prnces !; ,\OC ? r cques s for lJS"F 

(~) US,.F ni. s s· d t CC ~G!.g::: AIR B.,51i 9::.11 pe-or.tJila 
r~euDDly .:md .• CP rcquir ::l,-ntr j l.rour, h ~J>T5 h.:lnn Is. 

(5) Uni s 
hro !:;h norma 1 

" :G -r.y "f ~.~!:E will effec t r"l\uoply 

q . S < Iv 17" . ----
(1) 5:l1v f'" r"n r r • _d t ,v.TO· ,\1 .• 5!: 'ri 11 bo urned 

into PE Itt. :1"15'": . 

(2) 5 Iv ... ge r .. n r. ('d at C lGld~i::E t\IR lln~<; will bJ urn ­
c d in 0 Sfia: II'" P..I"'E . 

(3) 5..l1v.gu r. nuru d by l"":;e ,lnd ",n:...o units u :'Hi.'~ nd 
<.. .. r:;p:-y ."F P •. S::: will be prOClCS-er by:;.1 in salv'!;" officer~ . 

~: .. ~ 

(l) lis r:ov: g "m ... nt!\lv"r l5 '-'s, s from horne :; . tions wi 11 
mov· in ... ('-orc.~c" wj~h ov· m, n ,,1 n shown in ""'P ndix I his 
l\on u •• 

(2) 'r n::oo~ ,"i>. ;l'Tic.r/' • h:>r.lO S ien:; of 'mi+s con -
ct.ro. v.ill e rw:: 0,":;i t1 .0 ' ~~ no"Jmo of v hioh:- , vi 
r .• i1 or conv:>y , • rO!!! ooin s 0: d"'rMr'ure '0 d(.f in' ion , to in­
cl'ld( C"m Ii 1n (' "'ith axis ine: s+; 1 ,~ 1 ws .md m11it r v re ulJ.t­
ions, ~nd coordin;;.'ion with C)l:lm...nding r . no r·,l ~f "PD~:>ori 
. rr.y :.IT" J. cone" rn c: d • 

rS:'PIC-.D 

S," RET -S, •. d.' ZR-SE~:-U;T 
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(3) (,rgdni za ional Clircrdft . i 11 be tili zed to the c:ux­
imU!l;. 

(4) ,,11 rr.over..ent .... i ll ~tili ile the /l;()st ecenolLic.J1 rode .of 
tr..ln;;!,ertd tien }>essi ole . 

t 
(j) Lo din~ un unloading o r t.lons cl!ilrcruft dunng tl'-' 

r lIE,..ver pened .0 include nece';$irj personnel wnd e ,Upr(! .• 
W1 ;,e 0 responsi bi i ty of 7th' .ecl 'n:: fort 01 ts !it J:w!.E..lVer 
be sese 

a. kedicu _ In st£.lla t irns. 

(Ii) nit- r.edicCil f-cilities ... ill be su; erented by 
ev...,c !ition te , Field 11O~ itol , V Ccr;s , l.:iJcr"C; . ,IR R.SE fer 
£lct &1 coJ.,.ltilties. 

(u) DniL radical foci' ties -..ill be sU,pc r ed bj 
:" - c • C' s, j td1 , Fe t{. J .. C<.3C. J , ;..( [,T.. C .. ;;.c L=' •• • 

(.,) Euse f_ci itiES will SUPr0l t <111 l"S.,F u.· t., 1>-_6 

o t Sf1..h nF l;. . 

(1.) .• c tual deaths incurred duri~ t.e Exe ci se .. il e ~\'­
V8Cl a ted in liCCCl ·!ir.ce ."itll .~nnex:: . tv ener& 111ln , · .::. .... R.ER·. 
d:..tt!d It :: bn.. .. ry l<;-':'C . 

(1) lrr.t.ni_ .. J\len ,'II be currEnt In !iCCCll.l£.OCt: ,jt', ~ .... l_t­
ing re_ul...,tions. 

C. :'.8 i nten1.lnc*". 

(2~ (.rl- !'l':c'lcn urd field l:"air.tenanCE .i ll b l'u' .. ~d 
by d1, units to I.e nd),jr Ii. ~>.tell ccn_i '''nt ~th V~ ', 
u li 1 ~1.y c 1 e .1 ~l..( 1: a::d skil of rerscr "10::1 . 

t J) ~.i rcrnft , v h. C les c:.d et .. CI e, ',x ent re ... r·. t.­

pd r be;,'cn tne c .. p)bilitie~ (f C"I ,r,i~tiens .ill tt: : .... _ !­
jte~. 

:l. <onstn..ctiC' .md Reouir. 

(1) i.nticilo t ed bnd rinji'wI: tli!-ilrur.ltts t n' rE.r~ir Cl''fl. ' 

'" Letien .nj rE:h"t,i i-.. otion cf j'aciL iEo> ... tl .-.A:C!; u •• d CC'­
.. ~E .,H, 3n..>::::S "111 be 1- erfc rn:ee oy .. i rdl-on:e C{ n tro1 l n ts 

cxee~t n.nc\"utier .of tu(.l !' cr <. S}:Jtur ·t; .. XiC: },IFi b.SE. 

1-', 
R~FI,;,!~ 
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CrcraU"n 118n 
TY • .F :Jo . J - jO 

SECFtE'I-Sit •• @ER-SECRFI' 

"hich wi 1 be perfomsd by U.e 14th .. Y. 

(1) t;5..F uni t l; ... ::;t>d at 1 •• X'ICN .. IR a.~~ and ICFE •• FB will 
utilize tie faci i i'-.s of the rest (J Laun':l.l·:r. FCP.'l' E.li-.GG , in 
l:1eColJtJnee ... ith ~ehedt: es 31'r8n ec by the .nirdrcm6 Control \2nlt 
~,j.'iC:l •. IIi 8..3':, und the Su j.!ly Cf':ice:- IClE !"FB, respectively. 

(2) t: IF unit:; b sed at C ~.11EE .. IR s. . .::: will lronde 
la°ll.dry ",e1 VJ.ce _by loe;~l contruct. 

(3) tiS-.F Uoi t~ bu "ed at ~li ...... ~m L.: -r:;L'-Y • l'-~ "ill uti he 
ex.stin~ b<...,e fuci · tles. 

f . F C's t Exch:.Jl1ge. 

(1) I. .. :·;7C ... IR Br.SE 'lfIE-_ -"ill be s(rviced b:,' bronch post 
exchange opel' ted by Fe m illi..GG . 

(2~ L'3d' n~ ts 1n CCm:,f1EE' .. II; ~.:>E \oill be s.'&l'viced by 
t.rl:lncn ext. .n 6S from Ftn'I ~ •• Cl':SC: , SC"'Ui C •• R:Ll; :.,. 

(3) l,;'; .. F:'- _ ts at HIE , L.'I~ • .EY nne SH;", ... FC;BnSl:S "ill 
utilize c Trer. f ... cili ies. 

(1) fe.uircr"o s for au cor..bat rr.arcuver f unds wi:U be cerr.­
puted by all U..:>o.F l"'1'tlci c.ting w.a t:; <ltd f.;rrJ. :;hed tc~:" , 14 th 
.cl. by 15:'., rch 1 'l"C • 

(<:, .Hlcc .. ticr. of f;nd r€' .• uirantoo ! 'A'il1 De tffectarl by HlH 

1.. th •. F fer eL(;odit r es dir.c l' re .. ,i r-Ed lor furtici,>'" , ;:i01 in 
-- xercise S"nn.~ER. 

5. 1 erson~el . 

& . +1'(,OD >..> tnopth eCtOl ts CI .d !lee, s. 

(1) S trt;n... th f UOl ts \,ill be CIS a~lthon 'Zed in 'i/Cr- E "1'­
plic"ble to lndivicLal unit. 

(2) .E!<pcrts. ,.11 ",ir :ol'c~ units 1100 rr.ove their ad.rr.1n­
ist1'utivc. ne_d4.c.rter~:tc Ol-erations un*, of Sot.oR;..ER -..ill 
pre},..Jre and for .. erd m:rnino reper ' s and ther rE.jt.:ired per­
:.;conel rejJCrts to the Cor.r...an<iiDt. Generul'. cf the res,>ecti ve 
nil' Force J.,-~d.\.<LlteLS to .hieb t&1e.> tin. &ssiJled , .,tte lltion: 
tirector of St",ti.3ticI:11 Servict:s. Ctt.~: UI\ ' ts of the .• ir 
Force ~ho :. ,e itr.Jonncl on duty ,.itb S'Jbject OJer,ticns .. ill 
r- k· u;~rOlri~te r~~rks duilJ in to. r~brks se~tion of treir 
[.orning rt>[Clt '1d i .• ie.t .e tctu1 nx.bc.r c1 offiCErS and 
uirn.eo >one ,reo on': Y · .. ith ;::xelcise SV •• ~];R. DetlJci::r:ents 
p a rtici tint" 1n s bject exe cis .. ill l\()t J'rep&re detacm.ent 
reports €xce~t :,s r.-:.y be rl:; ",ire\! by tb eir parEnt uni t . It 
ill be the responsibility of tilt parell.t .. ir Force units to 

for;;ard all instructions bnd di n ct1ge' to crg!mi ..H ions 
concerned fo r preparing personn€l repo,~s. 

1-8 
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C 'j!E.rOtion rlan 
'iI',-\i '0 . 3-5(' 

hES'IRI CUD 

(3) Re.coros. Essential recor ds bIld l.111i ed IJi'pE.rs .·11 "c­
corr:pany uni ts '.:hi16 in C&neuyer a r ea. 

b. R!'pltlcer.:ents. 

(1) CUIren policies \,il1 eovern. Acllua1 re~lQcelTocnts • .ill 
nrt j('in uni ts fter their depar ure frem heme st::.tion until 
the'r ret urn the reto . 

c . c.r::onne1 .. rccecul es. 

(1) Leuves and passes. f erscnne1 p;.;rticipating in the ex­
(rcise ~il1 not be ~rcntE.d leov6 , except for errer~ency rea sons. 
18 ses Il<JY te ;r:Jntcd ut the discretion c~ unit corrzu;'1ders if 
off d~ty tirr.e J: I1! its. :!:!ifcm .,hile cn p<'ss .. i ll be class . .. . 
Sumner. 

d. !..orale. 

( 1) 1-ay cf ,.i rn'i!l . . .11 uni ts crdered to Illbneu ver are ... Ioill 
C puid by the finunce offi -er r€g ~ larly ~aying the un't at bc.re 

S.tation. l"ni t Co-. .n<l:lders \'.ill oJ peint C aSS • ••• Fin~r,c e •. gE.nt 
.. he .. ill arl'dl1£c \.i th helLe stiJ ion finance officer to r:.aite l'''y­
u.ent cf aimen ~n efliccrs in the L.8neuver area I.1t thE. regul"r 
puy rel l date. 

(2) .t-:Yltent fer J"a ions i",s~ ed in kin . .. ll.,lrr..En a 't!.cr­
ized to r::;tlO:1 C' ep~r tel), \0'1.11 be rtl:,e vea fror suc. ::: ' tus u:. 
alJpropr' a e Ce= bnder prior to de' art' re frel': Ilene st- tien. 'i I. ­

E)' .. ill r,c u aln bt:: <-utheri .:..cd se.p rJtE rations I til tnE.,)i 1 E­

turn to hor.e st:tlon. Cflicers €:.ting bt troep nesses ~1l11 PlaY 
cash for all ru1;; tc the r:ess offic€r of t;le c:ess in .. n'c;h 
)Teals orE. 'lcn:; a F; j. 

(3) 1- •• r _(':131 ,., ffc irs. ::0 de;:,"nden s \.ill accc' a. f 'II ::>r,_Cl' S 

to IIbneuv~:--~l!r'!-xiers "ill j :lstruct offi CCl'_ ,-,:.d 
airn.en rior tc d'fClrturE. to ulrur:gfi tht.ir per30m.l ,,1". : .. to 
ins 1'£: thd :J nin i rrur.: cf hlSddshi, is c n .. sed dEpender:t c I' .. ~I t.. 
absence of b ds of families during thE; ITuneUVEr eri'j 

'(4) ~ci;l Ser ices. Evcr.'i effort ' .. Ill be !tudE. 1.: r~rnisn 
entlSr ainment 0 (JiIT'e n durin,. jjre- I.'nd post r,bnlu ve;,r ~r_ '$ by 
.. i r Fercl. 00:; 

(d) .. 1] u:!i ,; '.ill brin .... the mi-:uu..IT, CSSEr.t, . 
bthl<:.tic t,.~ip.,-: '. 1rcn: hcr.c s ti n 

( ) lost"l :5E;;' \iclS. "~il .. i 1 til. hun':l~ , 'n301 
prCJcticdclc , in ~ccorl.unc( 1 tl". I're ~L_d~ •• -> fo:- Q tt.t. .. 
operations, (Rcft nnce ChaptE.r .:,. , 'Il "-2<: . ) 

(a) . ,1] J:'1iil . efficiol nd .er_ nul , bddres c to 
orgaruzdtion or . ir Fcrce iEra.;.,nntl on tr.t: z::.an 'Vtrs, c_ 
cept as noted in ( b) lelo~. , .. ill be ~ddn,s.;ed \'i th n<>ll." . 
gr'-lde . ser1i:C€ !l~OEr, ourt: r of S,<u'jdrcn , Croup , .. ine. o r 
ne xt higler eler.ent to "'hicb the unit 1.:; aSSl gJlE.d r £lttLcht.d 
and bd dressed t r. t he /. 1JnelO ver :& SE to h.1i ch the uni t 15 or­
dered frorr. home station. 

1-9 
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CFer<l2pn FJ::.:l 
',FA: r'o. J-5C 

E:!u.~FU I 'I',·t Joh JODeS , 32 cce ceo 
60th TG Sq , 385 'fC .1 ing 
Shaw .. FB, S.C . 

(b) All Jr .... il &ddressed to o:'servers , '/;111 be rlainly 
rlrl-ed 'Cbsrrver" Iollo7-t.. d by 'Visitcr3 Burel1 ",'Exercise 

::xerc1&.: ~fJL,;·_er, Fort Brug~, 1. C. 

Ej~ .JU> Cat JoWl Srr.i th II: 'Z75 COO 
Ci CS .... rvE-l· - Vi stots Breau 
Exerci 3e SVtdn:.er 
fort Braeb. KeC. 

G. ..ill nct pbrtlcipiJte in this Exercise. 

(1) 'i'h e }- ro vc st .,- rshul, Ft F.'i BR..GG , ,; . C. 13 res,.cnsi ole 
for cool'dind~on ~.lth 10:;. Ls.",'~' hqs 'fF, fund North Carolina 
State lolice ,,3th 1 eferc..:lce to mill tury poli e functions and 
res"c nsi bili tles in he FCr!. bR..GG . C:J F ,,0;",11. - L.,nu:: 'ffi­
l- . ,Y.'ICi' .. FL.,. The l-rovcst L,L1rsl.' .. l, FeRI' J, .CY.SCrl. S. C. "ill 
effect sir::ilidr ccol'dinotion for South carolina. 

(2) The COIT'..Jndi. Generel , V,Cerps and CCrr.Ir,onder Carolina 
B ~E. Section, i~ r t;s.I'cnsi tlG for l~-.; Wld crder and traffic 
ccntonl in tt e sec t,. rs of he n;:.; EeU ver ureu :lder thei r control. 

(3) Con;.~ndlng GH. r I , 'Lfl,[' is rt. sronsible fer tr !"fic 
centrol &nd Il,aintcn!lr.ce of 1" : ~nc: C'rder in his sector of 

o er ·tio S. 

( ) 'IrooI.s .. il b" cont _inEd \.1 thin t 11':. sector of 0 erat­
ions. Col1rc'.ion !-vir. s \7ill bee oper~ted 0 ::.erV(; ~s control 
poi, z for 1-pr"hem;'on ef ubst.ntc63 una strue,;glc.rs . (Se~ ra, 

f . - btllo· .. ). 

(5) c., . .-:s i..'lrt':.l Juri- icUen. F.)r tne p rpc.se of the 
e"elcisc ,-l--p:;.3Cnnt.l us~ig!1(,.o to :.ir Jorce uni ;; \,ill ccce 
under thE; .... ctJr.:.:1ding Gene~l . 14th Ioir F rce for Gecerol Ccurt 
liE1rtial Juri:;di;:tion and ,.rticle ef .... r .0 jllrL jction .. hen 
brl-rapri~ 1:. tJchn£nt of l.ndividuals or unjis for bdJ;.inist-
ration includes att;,.ch!:;t.;nt for Courts.J.,urtial Jurisdictlon . 

(~) ~l irs. ':he rEs~c: siOllity fer design.,tion of cluir::s 
cIT'crrs to invtstiCetE: ..! ccid ... r.ts or ir:c:d n s .hieh r.ight 
result i:1 c:"ir:" b~ er .... "' n::;t the GO\E;r.mcnt rl."ts ' .. i h the: 
CeIT'u:;ui!'lf' Cf!'ic<.r cf ~rcups cr cc= .. r.s ~: C u,. ta. (Ref 

.. FR 11~ sri's . 

(1) Fucilitie:s needed for hbn ling .risoners of .dr is 
the resr-o nsi In.li ty cf th .. COlll'::lndlDg Cencr~l, 'Cf'r,J<'3 nd 

COI:T.;,in6ing Gtnt.rul. T":,f. 

I - Ie 
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C pt;r .. tieD PI EO 

TF •• F No. J-50 

(2) CClpturc.d personnel vdll not bt. held longer than 48 
hours fer intc.rrog<-tion. Chi ef UI!lpi~ is rt:sponsi b1e for 
daily exchange of .k-risoners of Us toDd .. gercsso r Forces. 

h . i seellancous .& ersonnel .octi vi ties. 

(1) 1 ublie InfClmation octlVi tit;;S •. ill be .. s preSCrl bed 
by tht. Collllltlnding Gc.ner~1 ~. 

(2) lct;ntifiet.tion tD~s ill be. .. orn b;i ... 11 ptrsonnE:.l. 
p<.rticiputing in the Exercise. 

6. },.j ocr) JepfDHS . 

a . Loc ,tion of t •. 

(l.) n". 14 th ~_ -' 1.' .: . Fi~ ml~.s •. IR FCi.CE B.SE. GIerc 

(5) Hq , 9tll .• i r Fer-ct., L.:;C:'::Y AlE FeHCE P • .!JE, VliGIl:I .. 

(6) Hq , C<.re i:1 ,-, .t. " 3·: ctio:. , ( ':sri ~,lJ A .• CL.U , : '. C. 

b. Sreci:; Beoor· !". 

(1) Uni t Cer- :-.i"-r:. .. ill subr.i t th I o. in ' r·fo .. 't ..; 

COllJ'laOdc.r of io_, ' l ...l tions tc .. ~cl d toO ".I .. .J3w_t- n ... 11 :, = 
t:...l[lCuvc.r p<..rtici ·~O:-:. ferty - eight ( .. E •• 0 " s ncr tc j -

p<>rture of l t.rson:-.cl frc:7. hoot.. st ... :io:1. F.:;peri. '"il ", 1 ~ 
to ul1 nrv _nt· sl.l .. n 1n "PfE.::dix 3 -r.d .ill ir.clde . 

(b) ETA . 

(c) ':'r:')C)p Strt:npth (rostl r of trc f s) . 

(1) UnLerl' f J r D"(.ncuvcr ... r- : ied ... ill be SUl:llh .. ~. 

Apj:cnd1Ct..S: 

I _ i..cvcr .... nt r 1,1<1. 

l ' /-:, J 1. 
c~':'"~ 1. 'sr: I;~R 
Color ... l, L"S .. F 

II _ SUPfcrt ALr:er.t.nt . L..'.'fC: .. IR !:l..SE , I: . C. 
III _ Support Acr:"c.Int.nt . SR.: .... IR F{'1;(,. B. . • E, S.C~ 
IV _ Support Agr.~ 6nt . CC:·G •• REE .. lB BioSK. S . ~ 

V _ Uni fom cnd EQui~mwt. 

1 - 11 
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!t· .. .J 1 ;,.L( 

Exercille f:,IAR''ER 

SEC<ET -S7f.\RHBR -SEC RET 
POPE ala ror.CE ~SB . 1""\9.T BR.-.(if' . ~' . r . 
13 '.ur ch 1950 

(1 pe..!...-.lE~!! 
TFAF No . 3-50 

1 . 

2 . 

3 . 

!!E:' :1)!X 1 T~ 1\!T1'E'J( 1 

!:_~r-r~ 

Force or ~nit~ ions will move from home st tionS 
r ~ro:.l -,S ;,rescriood 00 low. Rt'dtlployment from 

~rc~ 0 t.me st~tions will be jS orescriOed by the 
'::1'". F 11 ::lter (L e . !bneuver Eeise Co· :"I<onders wi!l h' notified 
"bY-1';9 Uni CO":".-..:ln1in; Officers seven (7) d;:.vs in ad'ranee of he 

rriv-,l of p"rso nul , ivin~ s rength of offie .. rs and airmen for 

r.eeess~ry 'rr-,ngc~nts for rllt"ons . 

314~h Troo~ C,rrier Win~ . 
----------- ! 

(l) Pr>rson"cl nd e'luiT.E'nt for the "irdron: Control l'ni t. 
v'ill ... rr:1! • ,,,,V 'T'O , t\IR PnS'.: in su~ricient tire I)~' ">"" r -
'i'n. l" 1<;'.r;::, H:--:v:' 

(2) -h~ :J.d'l ... nce rt" Hill rrive a ),LV:'/) 1 AIR eASE not 

h.~ r than 1 "erH 1950. 

(3) :'re 'bin Pody will .J.rriv~ a :t,;:T'ti aIR s..s-S not 1,)"';er 

t:- n 13 "rri 1950 'lnd ('ntire \lin it .. ~aXT·Y· "I~. B •• 0 Hill 

be in 0 or.';.'on_l road inc s s by 15 • nri 1 1930 . 

\',ith he ~" 0'1 i')n6(lt '.J ~hiopod by r H . 

(2) ~~,1 J\d\'an 0 P rty \"i11 mO"O by sSign,'d irer..t.ft :md 

I"/) or conl.'oy. 

(3) ':'h..l ... in ".Arty \'Ii11 '!lO°ta by sS~bnud !lirer rt u.nd 

r.otor con\'oy . 

Wing . 

(1) P~rson!'lel anc E'nuiome:n for hcl hirdro, , Control ni 
will rri",-, .t ,:'.1.::'011 i1.I:t a.SE in sufficicnt time to e 'per -

'" ion..11 hy 15 lLrch 1?50 . 

(2 The "d,"'IlCt; Pry '1:ill rri'N 
liter ,run 1 nprH 1950. 

(3 T!- luin Bod' will arrio'd 1 l!A,.Y-:") I ,.Ii~ &,~E to be 

o :".,),ti'n_1 by If .• ':'ril 1?50 . 

I - I -1 
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( ,ere 1e:1 ~ lan 
'::r.E 1;C . 3-~ 

c: • 

b. lype of i..oven:ent. 

(1) ... llerscn..el /:Ind e.:lipr:E.nt ... illlllOve by aircraft under 

the centrol cf the CO::lTa. ng General , S th ;'i r Force. 

S,uad.r!2E. 

8 . Schduli'£ . 

(1) ':"he .,d"l!:J.Ce Litli!:.on Iictl:lchI!:£nt .oill ... r i ve at the lLan­

~u"lCr ~'fe :lOt ::,cter th!;n 1 "pril 9.5C• 

( ) ':"he /:lin Bcd;,' "ill "rrl ve at tbe JlJ)neuver base not 
.ter than 1.5 April 1";i5 ~!1d the s uddrcn cfer ... tional _:r.l~ i.,J'Iri­

t;ro 

(1) .Hl person:wl und eq lpnent .ill lLove I;y Clssigm::d air. 

cr"f 

C: th and fI<:th Ek-rrb Sow·drons. 

<. . ill opcr_te fr('t:; t:('r:e stut cn , l,,;.:;t;LEY -"lB, ;.ith no move-

r en" ir1"''O 1 ved. 

,,111 q:er<.te fr 1:'. here _ cUen , SiiJ> .. . ,fB, ~Iith no 1tO"€:tcnt 

~nvC" ved . 

l'lst tac ic",l r."ce:.n~is5<l:J.Ce Sloutldr n. 

ill q:cr ... te fnlll he! e s ~ticll , .;;n.,,, .. i'B • • ith no lICven.ent 

1 !1'''Olvtd . 

a . I.ill ('PI:. te in the .une~ yer .. rH: bS directed Y IF .. f . .. :;­
slgned vehlc '25 .. il be used for dll Ifova:;t.nt. 

3/:!tt!l1ioll. 

c . . ill cpcrl.1te 
si m:c vehic_E..3 

in he l.eneuvcr .. rEa es directed toy 'fr"F. 
ill be used for lIll IIXlvt:.n.ent. 

10. 1st S:cr n B"ac('~ t'"ll • 

a. • ill "p'I" ':: 1n . c dr.~.JVI.r "rc;; wS d1rected by 'fFl,F . ;'s ­
SleIl e vehiclE.s. 11 be, u st;;d for 011 ItOvez:. nt . 
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O~erOl ti on Plan 
TFn.; 1:0. 3 - 50 

11 . ~ iso"1 F'1i~ • 

..1 • • ill cr>er.t;(: in th._ LI,ncuver .ore ... ~s direett:d by ':'Fn.F . 

( , ) i, 'I _n co 
:lrr i~' SH .. ~.'.' B n 

n en ix 3) will 

'4:1i .. s ~.~i" 1 .lrr i ve S~.~·i ATE no In .... ar ~n 

b' 29 ncril 1950 . 

() P 'rso ~ 1 nd ~-uior.;en wi 11 move vi . ssirnod .tircr f • 

13 . !.!A:S" 

(1) .111 ",rri'l' ,~C "';,,'(Z!: .~I H E,,: E i suffie 'c, 
- i:i ['.£r.~il)r. ... l rJ_oin.s:; 0'/ 15 A r"l 1~50 . 

Coloncol . ":..1. 

;J~ ~~ 
• ~, ,," J.ol IS 

C'llo .. 1 . .... .. ~r 
~ """:,.' l' ,r -.. t,-'ri 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

~ad~uarters . Task For ce hir For ce 
Blf ero lee S1fAJUIBR 
P1PE ~L 'O,!' ~ &SE. r.O-'T 9 ...... GG . ~: . C. 
13 ~TCh 1950 

A':'~-:;- :-- . .. !I -" A"!"·~ I 
-----=::;.;.. ~~--= 

es utual suop~r a r ed u~on ~y 
14 

in Exercise S -!",.!'ER . 

a . ~he CO""!!landing r.eneral . 3 4t Troop Carrie r Win ; will r:.lv e 
cellr.and responsibili ' of O':l'llon adnbist.rative an 10i;iS ic 
fune ions Jf he Ai r BaB8. 

(1) To nerf, r 'll ~s .. runc ions . ~!~e!"~ wi1: be e~"abli~hed 
an .~irdr~~ Con'"rol "ni 0 be manned and e ulP..,.,d ty (' _ "l3!'ldi!'ljl: 
'eneral , ~14 h T:-oop r~rrier ,;i!l~ aUC"'len ed l.' 're Go' !'1!lndin 

neral , 4:h h ,t.ter-Inteceotor ,ing '15 ~utually Gr"eo upon 
cetwee!'l h two co:-rnanders c:mcerned " 

2) "d'"linis Ta-ive and :'0 is lc re~oon,ibil:rics of th .. 
"irdr ""Ie Cen ro. '!li t 1'lill include he follo~:i!l:: : 

a) "d:~linistrative "oer :10 of b ~e :,~ ,d'u ~ter~ . 

(b)' Base :' oer at innr and fire and crush r c "cc in. 

() Rep irs and U'; i -ie~ nnc ti:m~ . 

(d) C1 s 
.f reauire~ .. n s and 

SU'l" Y poin" i::;~ri' i 0n . Consnlid 
u~~ission to Car~lina Base :ecli 

ion 

(e) .'lrs III nd III". oroc' re"pn , s .. r -e nJ irs'J 
C ordina ion wi·h ccnt r a c ~r ~C Carolina Base S C'l ~~ for d l ­
ivery of • u- l 0 "AY.': r .IR 'l..S:S . 

(f) In er a rpcur y . 

a . 7he Co-r:ancim' r: ner"l , '.' C ~ps wi:1 ar.ou re ~e f ';!1 .. 
" . . -" ,,11 " •• S:; and rer ain f9.ci1iit"& l':er~a f r '.:;,. of CS,' 
· n·t!' dJri.t:; t!-.e neri d 1 ,- :-ch LS0 to 1!i ' yIN)"'. 

~ e "ir!irol'l" 'on :- 01 "nit will nre"'are ... ir t-!cld f .. oe ­
aner'b !l.c · -:lli~l.lng the : 0 1 bwir.· v:-ior 1.0 1 ' .... r 1 1.' c. 

(:) ,,~o:nt re~"'or.siC'1e officer .... !-.o wi 1 er tli:;, all 

'/ .. :,ccoun \';i -h rop; .. 1' f r'd!":t"C ~" '"e .d -
' ar er:l , ~.~ir For:e 
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RBSTRICTED 

(2) Renovation of water and sewage sy~tems . 

C) Renovat'on of electrical system. 

(4) iU"ran;-inr with local Utilities r:omoanies for serv'ce 
durin, period of E%ercise. 

(5) ~rection of wa~hing. bathing and latrine facili~ies. 

(6) fleaairs to buildings , groU!'ds, roads, rurr ... ays and 
oarkin~ aorons as approved by He d~uart6rs, 14th Air Force. 

(7) Ins allatiop of field ligh ing system. 

(8) C1earine hivoua~ aredS . 

(9' Cuttinu gra~s on ~irdrome. 

(10) Rer~iring wind dire:tion indicator . 

c . The Comr.anding Gr~era1 , 14th Air force will support the 
Commanding General. 3l4th Troop Garrier ling , Commanding 
General, 4th Fir.hter Interceptor ~lnG , and Commanding Officer, 
Airdrome Control Unit, as followS: 

(1) Arran:>;e for renovation of fue 1 :; orag~ systell8 by 
Contract, Re~dy date - 1 ~pril 1~50. 

(2) Arrange wi h Carolina Ba.e ~ection , ?O •• ~' P'"':..~~. and 
POPS hFP for local supnor of USAF Units durin~ oeri~d of Ex­
erc i se . I oca 1 ::upnort wi] 1 cons is o!' the folio.,,' nb ' 

(a) Cla~s I suoplies . 

(b) Class 1:1 supplies. 

(c) xc han r;e, laurdry nd the ",e r sen·i~~~. 

(3) s brr~ C.ass.IIlrt reauiremen s 0 hichter held ­
qu~rter" and arratlE;C fur an:: 'car de 1 . very to ~IAX TO : .h.I.t fJ\3E 

as re qUi red . 

(4) Furnish 4th Fi,hter In ercentor Winh general ann 
sN'cial r"'.lrpose "6hicles re "uired 0 accomplish their as' ir,n d 
!'lission. This droES not include vehicle s, equio'-ent. bro rod 
handling equiP"l8n an' 001 5 oeculiar to assigned aircrnl' • 

(5) Furnish Co~~nding fficer. ~irdrome Control 'nit , 
~,~neral and s~('ei!l1 oQrp05P ve';i"les, e uhxnent,tools tind rf­
on' el b.-vond th& ra!:'<lbilitie of the Corn1'lllndinl; r.ener' I , ",4 ; 
Troop Carrier ~'~. ~nd Co~ ndinb r.enoral, 4+h Fi.· t· r I~~ 
contor Winp.;. 

REST'rll 7"'D 
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':'.~ '.::> . 3-50 

4 . Or>er ti ons • 

a . The 314 h Troop C.1rrier WinE . 4th Fighter Interrep r ./in~ 
and Airdrome C~ntrol Unit will be under )nerational Can rol o f 
~ -.• hila based at .lAX . : AI R ~S:; . 

Ittllt.iCat.eu: 

0) ..... ,1 td~ 
~BEta ~"o;{PIS 
Colonel , U~"r 
Dcpu y for ~la~eriel 

I -T1-3 

(,'r:'Srr.'R 1. S' IDE 
Colone I, U~AF 
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nE.3'TFI C'TrIl 

(reration r1an 
'Ii •. F No. 3-.so 

Headquarters, 'Taflk Force J.ir Force 
Exercise S· ... F..ER 
lCFE .. IR FChCE s..~E, FeR! SR.nG, :'. C. 
13 li.aICh 1950 

1. GENERAL. This apJ:en 'IX delinBdtes the support agreed upcn bi 
the CcnJr8nding Genero1, 14th Air !'orce and the Ccrrn.andlng Oe::.­
era1, 2Cth Fighter Eon.ber I.IAg, to be fuIUisbed U5.<F Tenant t:n' ts 
at SHAia .&~ during Exercise s,;.m'ER. 

2. "drrinintr6tive and LOBistica1 Support. 

a. F~ci 11 tie:!. 

(1) BilleH '.g snd I. eS3ing. 

(a) 2Cth Fighter Bomber •• iog "'il1 !UInish berrecks, cots, 
bedding, ki tchen and !tess equlpItent. etc •• for neu_lng and Ites­
sjng for 1CO officers &Dd 150 biren'of t !:le U5.<'" Tenant ·nits,. 

(l) Administrative and Cperation<>1 Cf11-ce 3Fbce. 

(a) :'Cth Fiehter 2cn:ber .. iog will fwnish re:.uired ad­
lLinistreti ve offlce sp&ce, operahon Lr:..efing rooms. etc., to l:SnF 
Teni..lnt Vr.i ts in loc&tionlJ n:utua11j i..l!:!,reed upon. 

(J) COl'lunicati 005. . 
(8) 2Cth Flghter Bon.ber "ing will provide neces:;,lJry t~1c-

phones, poi:lt to poi nt radio, cry tc ruphi c c" ipmell t r~ uired fer 
operating per~onne1 of the US.IF Tenant l'r:.its. 

(4) Refueling Bnd Crash Fire Re~!uireItents. 

(0) To 'be l'urnidled by 21th Fii"hter rol her I.in , witt. 
aug. ntdtion persen e1 frolt t:3,.F 'ILn..mt Uni ts if re<,uircd. 

(5) 1ainten<.lnce S1OpS. 'porking "nd FclrkinP .. reus . 

(a) 2C h F'ghter Ecn:ber '"inp' l<il1 fUI01sh parkin!o= 
space for a r.~xirrur. of thirty-si x c£:rgo type ... i rc:-aft, ;>r.d t he 
use of such eOI:1"on shc'p fbeili ties and e",<1i ent as !!BY be us­
ed by perscnr.e1 of '3: F 'I'en..;ot (ni t s for repei ref uni t air­
craft. ::0 covered !t3: tenaoce tlrea · .. i1 be uvsi1bb1e. 

b. ~. 

(1) 11. th .-1 r Fe r:e w111 provide 1.Ci. funds to 5 Vi •• FB lor 
re uir6!lents [ener"ted by Sr.F Tenunt l'nits o.rin tl.e LUnc(;VC-r 
r riod. 

(..,) Locel .. ro~u:er: tnt of . telLS i'tC 11 ~r to Excrci se .:; .. i'i­
. .ill ~;ill be cbarged to .• 0,. Funas. 

I-IIl-1 
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e . ~ .. 

RES'IliICTED 

(1) ~ - Furnished by 2Ctb Fighter Bomber ,jingo 

(2) Class II and lIA. 

(a) Us..F Tendnt Un! ts will bring to SHh .. hFB such iter.:.3 
of 'I/C&~, T/A and individua 1 e .. u1pment required for perfomanee 
ef their IIBneuver mssien . 

(b) 14tb I.ir Force will provide such ~ .. uiJltent . speeilil 
pUI'pC'se vehicIe~ and Lround handling equipn;ent req ired rut io­
practicable for air shipment frem boICe stoUon and net aveil­
able lrcn; Xth Fighter &mber i. in5~ 

(3) Class U land III .. . 

(a) bVg&S • .1P- l and aviation oils Hill be made llvail_ 
able at SIL:., •• FB for al l US .. F Units as prescribec in parabI"8ph 2 
.. nnex I . 

(b) Aotor vehicle g3soline and oils .... i11 be procured 
by 2Cth Fighter Bcn:ber 'liin€, iron: normsi sources for Us..1: Tenant 
u ni ts on & reilrrursea ble bdsi s from i.a.. 7unds. 

(1.) Cluss IV and - V .. . 

(a) VS..F Tendn t -n1 ts dll bring sUI. lies sufficient 
to sup • ..ort assigned aircraft during th~ I!li:on€uver period . 

(b) ElT.er.gcncy !'esu f' :i Gnd .• CeP i t6! s.~ill he cf­
fec ed by 2C't;, Fighter <lor ter '. i ng . 

d . 'Iransoort1Jtion 3nd fervic<..s . 

(1) Vehicle trDnsporLtion re." r ed by uS .. F '7en3nt Voi ts 
for tronspcrti ng person lci to :; .• d frcr. \;orkin/o- "n'J billetin. 
ale S'li11 be furnish"d bl Xth Fighter oC"rber f.. "'". 

(':2, !{oIT'b1 b..se !:Of:rvices , includi '1,' rredica':', Idundr)·. ;od 
eXChange . theGters . e·;u., will I..c f:..rnished c the 'S.,F ':en..Jrt 
Um ts by the 2Cth FiBj!·;eor Bcd;E:r ,i .£ . 

3. CpeI"l:lticns. 

a. CS..f 7e r on Units •. ill be .neer th~ cpErahonCil contrel of 
lroop Carrier Force "'~ile on te ..... :!t st~t .• s . 

1-III- 2 

I\rS'I FU CTED 

SECRET - 3'" •• h! ER- _ECfJ. '1 
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(ljer<l tion Flan 
':":-.. } No . 3-5C 

4. 1.i !leel aneous. 

a. us .• ; Tenunt Units ';,Hl provi. e a li-.ison s J;J:ly officer to 
nth Fighter Bc>n:b€r .:ioo by 15,.pril 19.5C . to act as resIXlns:; ble 
officer lor use of nO'l- expendabh E,,-.lipme.nt Clnd supplies fur-
ni lFd by ?Cth Fighter Bor::ber .ine . 

.. uth ntic!::tcc;: 

ColC!1€l . sur 
lie ~ ty for 1 11 tEll el 

I - IIl - 3 

P.E.:;.'I:1CTED 

CHT'S'r~R L . 5L ''DER 
Colo:Jel . L'S •. F 
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l{eadquarters, Tasl{ : orce Air "orce 
Exerc ise SJrtR'"ER 
POPE AIR ·OR' B BASE, F1RT ~r." N. C. 
13 !.larch 1950 

Oppr tion Plan 
TI .~F ~lo. 3-50 

~FPErDI~ I~ .~:JJHEE2. 

SUPPORT "GR~gAE1rT - C" IGJ\REE AIR B..SE 

1. GE'~RA. 7his a~pendix delineates the mutual suopor~ agreed upon 
ry he C~~ding Gpneral, t~~, Commandin~ General 62nd Troop 
C rrier ,'ii~ and he COtnmanding General, l.'l 11 Alr rorc" for he 

se of )r;G~ AIR P"SE during Exerc ite S.!J\RMER. 

2. AdrniDl_str tion. 
rn:"lt,eMen~wi 
of C f1GAREE AI~ 
in I"'<lrar;ral'h 3. 

T~e 14th Air Force will make he necessary 
h ACiutant General, fouth C rolin .. for thp use 
B .. SE nd certain facilities hereat as listed 

3. (lcilities. 

a. nilleting and messing. 

(1) !'""acl{s nd mess in:<tallations are aV!li lable for 
aD roxira :y 2000 men. 

(2) t;o be1dinr or rne!'S equinrmnt available. 

b. Adl'linistrative nd nerat.i:>nal Buildinr,s. 

(1) Suffician covered soace is av i1 ble for d~ini5tr~tive 
re1ui rp,,-en s, ar.d for se onera tions, brie finr. e c. 

(2) tlo h:inr, r s,ace is availabl f r Maintenance work. 

(3) Covered stor~ge is available f~r base suor1y BC -

itities. 

c . oTa~. 

(1) 210era ional 100,000 f' 1 avg:lS s or te is (,lV- iluble, 
less n )rm 1 op.-r.l i ::mal rtlq irel'l6nts of I\IFi. 

(~) 25,000 ~ 1 motor vehicle ~as storare is vaila Ie . 

d. C...,n(' r'l.1 md r.necial puroo!' v~hiclesl 

(1) Crash .lnd ~tructural Fire Fighting. 

(a) 1-125 - Cr.lsh Trucks. 

1-13. - Cr-,~h Tru~ks . 

1- Ambulance. 

(2) :.0 ref plinr. ·mits com [)" rnished t-y ,JIG. 

I-IV-l 

nEG '~RICTED 
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['en,tion Plan 
T' :.§ ;0. 3-50 

(3) No ~neral or st'ecial ~urPOce vehicles or ground harld-
1io(. e ui~m~nt of ny kind can be f~nished by the A.~G . 

(4) Building No . 72. roof nd concrete floor on~y, ~y be 
utilized for motor pool activities . 

e. U iIi ies. 

(1) ~Il er, sewage and el~ctrici v will be available. 

4. US F Units will be re600nsible for provision ofa 

u . hI1 \ircr~ft crews and ~uopor ing maintenance and suooly 
oor::<:n'iVl. • 

reqUired to supoor t~ C- 54 
ceriod to include . 

(1) 20 dly level :>f class I'A supoliel! necul1ar to C- 54 
ll.ircruf • 

(2) llecesf"Ciry udninis rJ. i111) ocrsonM"l for nerforl'1in(; the 
or r. ion~l mirsion. 

to in luno ness kits , clo hing, ~d 

I£.~.f;,~_~~~~ 14th "ir Fo"ce will es­
~bhsh un "i'crone Control' nit, ',.,hi-h w:ll be toS )nsible 

forI 

(1) Aj~inis r tivp ooer ~i ns of base heudlu~~ters. 

(2) (htlr.ltin~ :ter:;ing l~ciUti ~ for U<"AF Unit!) . 

(3) R:mov'-ltion, Hep"lir:; lInd U i li 1~s rune iOlls . 

l4) J~in Jlnln~ ~nd ooeratift~ ~~n~rul 'nd rnecial pur­
~:>so veh~elos requir~d . 

(5) ·'edic:..l , l...undry , Ilnd e lCC h. nge servie '"'s . 

(6) Inter!" 1 !:e'" ritv of Air &..se. 

(7) lI .... ecs~..:.ry t.r .nsient services . 

(8) Provi:;ior: of billc r~r 'J~.~: r rsc tOO 1 t ... include 
co s ,nf bl"'DKcts n~y. 

( ~) Cl's6 I. 

I-IV- 2 

i\E.T"IC 
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RES "'tltC':'SD 

SECRET-S'I'1,ill \ER-SE"RET 

(a) Effp ting necess' r y ~rr~ngeMCn 5 with SUP ly Poin t , 
C..lrolin B..se Sec~,i)n , m:-,T J,,::':~"t' . for daily requirements . 

(b) '''oor.1ti brian bre ".cdown pain at C:'l!':, BE AIR 

(to) Cl ss III . 

(\) "rr nbinG '.'lith 5unnly p::Jint CaroHn B se S cti.,n , 

FORT ACI'SO~J f or d,,1i ly r equireMents . 

(b. per ... ting stor.lge .md dir ribution point.l C"· 
G I.~ .nIH ~K.~~ . 

(ll) Cl.s5 IlIA . 

() ,.rr:m' in'" wi th dest'"ll ,':('d contr"tctor for delive r y 

of d ,ily :"'V,," ,s r· quirernen+ s . 

() O[>er .tint' ... vglls stor.le:e .lna issue pain . 

(e\ :,,,r in;; uircr',f' ref e"lr:g nits to orovide 
n-ce 5 sury 5 r vice to l~,,~ ~nits ~n tr.nsien .irer~f . 

(12) Orer~ ions of crush lnd fir~ e:ui ~cn • 

b • • a fun ort "j,e . i rdrone Con>:ro 1 II ' • the 14 <;h Air Foree 
will;"r \'i.1" ull n- "Sv ~~l . suonli,-:; . eauiC'"pnt , 'hicles, .nd 

fu<!l r" i'-vd . 

e . ~l (' _1_";;..' --'---'-"--_ 
l'w:in!": 

arrunr;e v:i h S!!A\i AFq for tho fol -

(1) Pur .sini! .nd Contr .ct.inr. Scrvic"~ rE'~uirca .1" r • 
Br .. S~ • 

(2) Pro ... 'riC'n:; fro." b:.Lsr f';OC'S or ry rC'1'o1iSi lon , 5u"",li! 5 

illd -~ui ~ dlS'rn ud bv 14th Air F rer for su"p'1rt of C ~ -
G .. N s.:; 1\1 P. • S.~ . 

n.uth" nticJ.t~d: 

Col'Jne • ,,:: .... ~ 
Dt; nu y for '''i 

RE~T~IC1ED 

C"~STER L. SL11D3? 
Col onf' l . U:.,,,F 

SECRET~ I'.'{':- (-SECRET 
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( pcr;:; ti on f Inn 
,::;..F ;0 . : -5C 

1 . 'The follev.ill£ ituts o f individual bod er,!;"bnizational clothing 
!lr:d £"uipr.c.:lt ;;ill bc rc"!uired fer perso:lnel p&rt1cipu ti ll8 in 
1:'xerci 5(; s .... N. El1 . 

2. 1 t€l:: t ... rkcrl ."ith tin bstc.ri sic ~re addi tional i tal. S rc ,uired by 
perronn!;l J:ovln into the air !.E:sd . 

Indi ~iC:ual CleLir .• 

[IE. t , nalst , ' .. el: 
Shee , II. ~ ••.. " 
Shoe , Lc ~ ~u~rter 
(;ap , G.;r. i scn , l.l:~~;i 

LrGwers, Cotten, Siler s 
Ins [nia 
.' E:cktie . Cc tton, IIoh",i r 
Shirt , Co Lton , l.t.cid 
Sh.rt , 1e li :: I.twki 
..>ocks , Cotten , ';:L..l 

~ocks , ' 001 , Cus. ien Sele 
'I;o ; .... €.l·_ , ~c cn . i~ h~n ... 
lJnder silir , Ce te , r,:c.rter- sle.~v€; 
Bag , Duffel 
.',,·ck1. ce , i 'n ' l~C '" ior. t og ./exte .. -
'rli , Ide:: i ficLticn 5ion 
'To'l.e1 . bo h 
Cor.b 
E ... db;. c~ i e.fs 
. azo r 
So:.." Sh vir.F, 
'j'octh tr~s, . 

'Toeth! · t·crlcw-!!:.r 

C ... , t.frdnt bC'ne 'T'Wil l 
• .ced , J ocke 
J~ek ~ t , lic.le:. 1. - ' J 
S.lit , .. crki:-.g , ( .. €o _;.irce , h'j' 
lo .• c c , Li ~ .. t. 'i,,r. t , C;. 

o r 
r:3lrlCO'. , F\.:t:\.:er iz£d , - 3P iJl~unt€d 
Eel , 1 i~ cl , c lcvelvc.r. - -;/ 

.,< !lTet , !:)te~l -1 
r. a nd , ... i·.er , l.e1:: ... , }..-1, I.eck 

L-" -l 

A:::.C' .. ance 

2 et. 
2lr 
llr 
1 Fr 
5 Ir 
Jos Prescri bed 
2 6& 

5 ea 
268 
5 €ob 

2£# 
c: pr ,..I 

es 
1 Ci-

1 Cd 

? ~d 
? au 
1 €of; 

5 er. 
1 ISO 

t:.1.. 

1 ..:. 
1 e& 

? £8 

1 ea 
1 ... " 
J eu 
1 C<> 

1 eo 
1 €tI 

EES7 iil C'HD 

Fer MI. Off 

F ar ..J.~ 

(1 tional 
I~r .J , e ff 
ler N. 
lE:r ~ . • eff 

PEor Ind 
•. rreo ... / ­
,1::to1or 
carLine 
rE:r AM, eff 
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C. rc r;..tl c . f Ian 
: :;.1' :·c . 3-5C 

rpcci,:a~ion"'l ~lothi!'l! "00 !guip!.cnt !.!lL~ 

E nd, L ~ .Ef . r.cll""et . I -1. J.c~,d 
L.:-F_ . :.elnet. -1 
1 nckd . : ir" t Aid 
reck- t . C<lr·ridCE . Cal , :;01 -1 

C'," li ~._ 

rc"c , ~·t:r-azi .. (;: . cr'Jth. , '\i t; 

Ie c h . r. 1.5 .d G 1 "h t 
C3~tce:-. ... - 1 
CrV€l , ~ .... ute(.: .• !. - lC 
C"' z ' C,- r .tE-E;.. 

,_ ,C E.tpL~I/j S C h . ) 
. ::a .... . ~ ny_s o f ·(. l d~ - Jf or e .ub l 
B • ~k c t , . CC • D 
c~ " ... (.u 

· t;ul~ i ":1 • 8;.(; , cnt! E:l,cbino 

1 ea 
1 sa 
1 e, 
1 sa 

1 e .. 

1 e:3 
1 E 

1 Et1 

1 E_ 

~I::·4 ::N 

1 EA 

2 Cb 

1 ea 
l fa pcr bxe eo-

1 re .• c ILi nc. 

Per~. err 

Fer All 'r./ 
carbine 
Per Ind \V1 th 
pistol 
I t. r ... , C If 
1 ea 
1 68 

eb 

1 te 
1 ea 
2 eb 
1 ee-

. ::..rlier. :;.ick . r...1t!"ck 1 c {:er ;?ich lL .. t tock 

r crY . : -:t 
' :-n rt.;.nchin[ + .. ~ , 

• :''It;r:-;,chir.c <I cc! . 
· -nt! f. "':cLi r -:: cioi . 
!.'1 fe , . - ? 

-ri o, t:r. 

'k' C- c , tc~.t 
'~h, :ter, 1':_ 

"pee. , 1 - .,(. 

;.ic~ r.:J. tcck 
he .d 

• S ! "r , C ll'yi r1L b<.S fi Id 
- Su::;p. ~ldcr.: , te.lt , I - :;t 

~:rL~c..ln L!fJ:1.licn 

F .... _1. i, h s , s:~ - ?2 

. ) \ 
\.)- ,\.~ 

rC c...I-': ~(i-r::.;;, 
Color.tl , t;",,;.F 

eputy fer "te: r: el 

to"l 
e.a per S!"iC V€ 

tr el.chi IlL 
1 (U 

1 ~Cl J:er IC ~ 
1 cu lJe.r 10 Ai • 

7 !:oil per lC M 
1 (;8 

5 cu 
1 es 
1 . ., 
1 " 1 ~a 

1 eu 

uS prc~cri l:~d 
1 <cu( 1s t "l.r H. 

Gr<.der) 

i~'fEJ, L. 3L::LER 
Celcr.€l , ·S .. F 

R::.3':RI CTED 

~n-

1 eI:1 

1 e:l 
lC eb 

2 ee. 
2 ea 
1 e.a 
1 (b 

1 e.:' •. / beg 
Cu":\cS 

field J - f 

1 <'3 
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P.BSTR I CTED Headquar ter s , T~.k For ce Air Force 
Exercise S' iA.'U!ER 
POPE AI~ FORC., B1SE: , FCRr BRi\';G , : . ~ . 

13 :.lar ch 1950 
0Fation Plan 
T AF .10 . S:SJ 

1 . 

2 . 

A! EX It 

HE RTS ---
Ge~erQ1 . Routi"e reports will be submitted as 0 t1i ned in ~pp~nd­
i : es I t:.rou~ h III , t Ins Annex. 

Intelli~ence Reports . Intel1ige~ce reryorts Will be sueni t ed as 
outline in l - pendix I to Annex e. 

Ristori a1 Re port s. Hi storical repor ts will be submitted as 
ou li ned in l p?endix VI to Annex C. 

( '/.: .L r. . J: ~,/ '---
CHLSTER L. ILUDER 
~olonel . USAF 

Appendices I 

Joe Reports 

II l!atericl &: Equipment Report 

I II Special ,/capons Re por t 

K-l 

RES~ICTED 

SEeR ,T - S1WWER - SS~T 
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i'e .. ·"uarter. , f. s~ :'orce J ir ;;'crcc 
3xerc i ~e S ':""1~::Ott 
.. P!: I.:d it \..,Z "" ..hSE , ." .... j.; , . • v_ 
1;: ...... rc. 1 .. .50 

.- PPE, TIE r 'It , .. ,. 2:: K 

C t:::?C .C2 

1. ~'l," : . ':1:' r cx:rt.5 of fl"i:-- ,.,~ 'r c und train'r.' :!'tii: t i.cs 
;'/ ~ S'l i-:.ted bj' 7 .:: t c Jo ' , t Cr<;!'aticr;s ':;er,t e r b:r 1000 
;:o~r!; ~i 'T':'n- ini'o rnation oul ir;ed in :.," A ( X Forma el and '/2 ) . 

2. o.'fJekl ;·: ', :eekl y ccnsol i d:lt ed rc~ rts o ~~ flyin~ ~'1d '- rr ,!.~ tr :n ­
• 'lct ' vitiep ",n Le ~C1l7.l1it t<;:l _. T:1X to t he J:: C by l2aO r.o urs , 

., :1:1:1' of e c l-t .:ock a s olt linc'i in T,,_ t\ ( .JJC Fonns /11 and ,,2 ) . 

3. of 

3 

" 
:I . 

JJC 

.,. 1:' (.CC Fom "3) . This r e or "'':'11 -'! ~'.lI..,: tt E,>d b:, tclp-
r i.o r t" d:l.:lir·,t da·.ly . ; .. ~·re:: i n st"ltusiur in- ~c 

ill oe s h:-- i t t cr i!:'~"le~Lt, 1:' . 

( J ': Fop. il4 ) . ,r.i .:.'!' r.:.ticr' wi ll be s ClbmitteJ t 
• " 153') ri' 11;' . 

c . .... ..;c (.oCFOr::t15) . I;S r e >o .-t·,'il _~ s'_.itt"· t r L,,~ 
r C ...!' t t. r t_.,{e~ff f e ,C , a':'rc -",ft o r rro ' !1 of <.lirc f t . 

d . .:. :; (.oC 70 m /i6 ) . 7!,is r er r ':;ill Oc s tni t d i=ed­
i.t.l' 'l!X':1 l:lnd::1~ 01 ',n," ir·.·.lft c- r l'Q ' jl of a i r .... r .ift . 

,.c .' " n t ,(qV),'t : All CCiCC;lt , 'C " r ::: ::i11 be 5u v"'li tt.eri in 
3.c :"r l'l'1Cf "·it . .. FR 62-11 , as ,:11· :!".Iom:l i ! n cOl'iep ot 
"r !:-'., r"~" !'1:1-1 rC,orta ':"11:'" fc ~';ar lel t Ie dq'.Drt.er~ , 
"'~c t ; Ci'J , 1r Force, ( Prev ) . 

r ' .oms > L 
C 2: ''!:. L. ":: L ;!..I : 10 

Co l nel , U5"r' 

C - ,r :: ,.'oms 5' -6 

".It .c~ :C'.t ce : 

·.-r :.:. 
Lt . C')lonel, US I:' 
-ep. f r (lpns . 
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O~(;ration l>lan 
tAP no, 3-50 

PESITI':TZ!> 

S~CR::;T - S.AR:.J:;R - ,,;':;CRET 

JO For~ ffl and ~ 

ACTIVITY RE?o~T . 

( Organization) 

1 . Pe r iod c07~rod by ro~ort __________________________________________ _ 

2 . To al flYing hours 

3. ~6akdown 0 sorti.-s by type I 

Fifihte r 
Reoo~nai8sanoo 

a . Fighter Swec.ps 
a . Ver tical Photo 

b. Fight<.r Escort ______ 
b. Oblique ?hoto 

c . Fl ak Suppr c.s . 
c . llisual ?ccon --------

d . GCI 
d. Rout e R"con 

<.C . Rod:c.t 
c. . Artillor y Adj 

r . Bomb r . Omitted 

Air Dd'c'1se 
g . Cmi tted 

h . !'l.st ?lights 
'1 . 1' _5t ~ligh 5 

i . ;:1 sc"llanl;ous 
i . i'i s ~11al'!cou5 

Troop Car rior Boobor 

n. Para- drop a . ~igl l ev 1 bombin -___ _ 

b . A rial r Lsnpply ___ _ b . Low lL v' 1 bombi ~g, _ _ _ _ 

c . Airlan~ed r(.sup~ly _____ __ o. Sho!'!!.!'! bOMbing 

d. Airlandcd t r oo:)s d . ~ulsc. ~on rol 

Glicc. r Tow (. . O:1ittcd 

f . r;lic:·~r pick- up f . Omi tl;d 

g . htht1n4w 

h . !cst Fli{:hts h. T~5t Fli hts 

i . ;.:1 ~c"llan"ous 

Ioto l uual typ,- missions will b .., r(.lort. d ul.'icr onc type only . 

TAB A K-I-2 

P.&ST I "TED 

SE~T - SiYAP.i:ER - S:::",&1 
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Operation Plan 
'!FAr No.3-50 

DATE 

';OC F6r:n 'If 3 

UNIT TYPE m 
ACFT 

I 
: I 
I I 
I 

; 

I 

I 
I 

I I 

! 
I I , 
I I 

i 
I 

! I 
I 

I 

j i 
I I , 
; , I 

, I 
i 

I ! 
I ! 

TAB :3 

OUT 

I 

I 

, 

OUT TI!.fE 
ADCP 

I 
r 
[ 

i 

I 
I 
I 

I 

I 
, 
I 
I 

i 
I 

I 

I 

I 

I 

i 

1_ 1 - 3 

RESTRICTED 

JOC Form * 4 

- ---. 
Ii -

TEST .~:o :AcFT 
- . 

ill IT 

-D· 
FOR TTI·£ 

~~~~wI}G ~~ - --
I I r _. .... 

I I : 
1· I 

--

f -- - -
I 

I 
I -

I I 

~ 
I . ----+--_._-_. 

i I 
I 
I -- -

! 
I 

I 
I 
I 

- - -

I: ~--
I 

I 
I 

,i 

~ I 
--r--- ' 

I 

II 

! -
I 

i -
I 

I 

: -- ----

i 
l 

! 
1 -
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-

-

~~l"Rtion rlsm 
A: No. MO 

DATE 

JOC Fonn ff 5 JOC Fonn * 6 

--------------------- -- -- - - ---- I MISS IClj 1 FLIGHT 
.0. I TIME I TIME 

'iNo. & srAT-:-~---- -- -
.HT I t:o _ & CALL OF ACFT s:JC ESS 

• ISS lOOtWORD _tm_ .. OFF -i ~ _~ ~il? OF .~S.l --- ---
T -- t ------ -t- -- - -

I - . I f I 

I I I 
; I 

I ~ - , -- ---- -I I 
I I I I 

I -4-~-- I--- r- --- -- ---- -

I 
I 

i --1 - ~--- f-.---- -- ---- -

I ' . 
----~ 

I ! i ! 
--

I 
I 

, ! 1 

1 
f- . 

I 1 
-.l 
; 

1 
I 

! 
I 

! I I I -
: I .- >---- - -, - I 

I 
I I 

I 
, ! : ----

--
f i 

j - -

~ --L ~ 

-
I I 

, - - -

I 
1 -

i , 
: I 

I - -
!ABC K - I -
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RESTRICTED 

0Fat ion Plan 
T Ali' flo . 3-50 

H~adqu&rter • • Talk Foret Air Force 
berche S',i.JUmR 
POrE AIr. FORCE BASE, FOR1' BRAGG, II . C. 
13 JJar oh 1950 

A?:E8DIX II TO AJfflEX ~ 

• AT6Rli>L ArID E~UIPLr.~:T REPO, T 

1 . A daily re?ort (TFAY R~port DM- l) Will be sumitt~d by &lc­
ctrical mLans to Hcaiquarters. Task Force Air Force. by 1000 
hours daily as of 24JO hours for the prec£oding day. Attached 
as ~AB wA w is tho outline form to bo used . This rl~rt is to 
bCbi~ 15 April 1950 and ~nd thu lRst day of tho maneuver . 

1 Tab • 

A -- D/l Form 1 

Authontioated . 

ltJdt'(" Ill- 1.') II~ ,,;{C 
''lILLWl F. ~lIVDT 
Lt . CblonLl , USAF 
Dt-p. for Opns . 

K- II-l 

RL:>TRICTLD 

CHESTE'> L. SLUDER 
r.oloncl , USAF 

S ... CRJ'T - ,iW:.P.1IER - 51:. ,RET 
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~watiC" Plan 
r ' 10 . 3-50 

readquarter!'! , 'i''lsk Force h i, r force 
Exercise f>I!. ~.ER 
FtPE .. IR FLIGE :l\'lE, Fer. "'RI,~'}t ;' , r. 
13 iarch 1950 

APPt:''DL III TC aifJfE;{ K 

3 . S'lbnitted "" ,":c,st e Y :",edit1c'1!3 ::Je' ns availa' -:; b" all 'Jr '~n ­
:'z~tic;'ls '::'!-:ed:' ~tcl'; 'j"":Jn ,tt"c'< b" ;yx:cial :e"xn:> . 

i.J . ,'~-rt "il ilClldc : :::~t'-.:'t>d c..i.·.al·ic~ , cxtort r; -e 
',:.t, i I re:.,,; crti.,::.tcd extC:1t (;i cont:,T".i.n:!ti.~n : 3:1: aD,Y t!:cr 
llert'nent inlJr-':;,ti-r. :lv3.il::.tlc . 

c . Thereafter, ::.t 6 !':O:ll' ' .teI'v.1:: , .. :"j"le'le:1t.:J.r:' f},as~. reports 
"':ill La s'l:'':"Iitted t:r 'J-;' c.1rtn'le!· t · 'this ,ca."CJuarter~ li stin' 
311 of t :le above ' nfor.,!t ' n pll: rln' other ,,'rt'nCF1t da~, ;'/~ic, 
-;""11': " 1" value tc t~~:- -r :1 .. • ~ nr !"car:q!J.J. rtcrs . 

11 •. ' '1"Li.::'- ~d ! 

U~/1.t;. "'- '1.- }//a.,,d-
. ,.,: :.' . .,'J7 ... 

''' . . . ,. :'''''(.[\3 • 

h- ' ':: - 1 

GEEs?~R T . sr ' EH 
Colonr"l , T! .. F 
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WTRI~TBD 

ShdRi'r 1& S.ollUIIR - SECP.BT 

D/I' Report Form No" I (Daily &8 of 2400 hra) 

TO a ~ommanding Genbral . Talk Foroe Air For e 

:'iKil. (Applicable Unit) 

Ca) 'umber aircr~ft on hand 

(b) "umb r aircr:\f in corrnilEion 

(0) "unbar air raft ACC? 

(d) :'urnbor irerat1; out for ll&intenanoo 

(e) '~~ber atr cr~ft lost from accld(nta 

(f) 'rum~r aircraft damaged (si MUlatcd) 

Cd 'Iunber aircraft destroyod (s imulatod) (f) t : (~) as rulod by 
Air 'mpi r es) 

(h) 'iumbc r hours flown 

(i) ~t of fu~l conSUMLd by ypo in gallons (Aviation) 

(j) Amount of Bnc1no oil co.sum~d by t pc on Gal lons (Aviation) 

(k) OXygLn cons -ILd (! o . of sylindcrs' 

(,) Jlumbor vehiclcs on hand 

(n) l'~':\ber vt.hic c..s VDP 

(0) :lum:1er vc..hio l ol au. for DDtotenanoo • 

(p) lumb(r v ':l!chs 10lt through accicicnt 

(9) A:nount gas olin . consuCl,.d ( '''hi los) 

(r) A'1ount of oil 0 sun d in qllBrb : (v"hiclus) 

(a) :'umb t. r ap<.cia l purool:c vehiclos on land 

(t) " UJIlb(. r sp".: i a l purpoS( vehicl (; s 'ID? 

tu) lunb(.r spccial pur~so v~hi~lea ou for maint nance 

(v) :UJnbur apecial purtxlsu vl.:hiclcs lost thrcu h accid!;n 

Uoto I Thu abovu i..forn!l. ion will be. fUrnish<.d b" brl.: kdown ac­
cording 0 sy~bol ~nd will inc Iud only those )or tions hat pc r ain 

o th~ unit . 

!ABA 

I-II-2 
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0perltin ?lan 
Ti hj:' .;0 . T-5O 

" 
HE ~ '{; no 

, SC.tET • :; .i,1 ':::n -
(a) 25 

(b) 20 

( ) 2 

I.} 30 

( i) 60:).) ~: ~ 

en lqu l~ 

tTL: • 

~ .. ~ --

,~l·:t· . ,' 

100/130 

ll~ 

~'1"C r' r,Tt. ';:'1.i i dic:J.tl. t,;_t l:- f r.l"d ", :",+ 2'; j' l' 

on "'i, 2') .. r i:- Cc-.,;:-~Ln ; n "/'" SF;";:; "Ie ';ut' i~r 
•. :":-::.nCGj ;,J ,~lr_' l'lc;:m !'.~ ':': . (. 60 'lllo'1~ ci lO!)/l:;~ 

'r', '13 .'V 1<1.:; CC'1:::r.:e-i t,l..t ,11' : 1 0 -3.:10 - ::.: 112:;, :.Ii! CCI1::'~-;cd 
t.",t d:.' : etc . 

. .". 

K- E - 3 
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Chanses) 

THIS PAGE IS UNCLASSIFIED 

• ~.um:&s 
- ~!ANIUVER C~ER 

EXERcISE S j~ 
Fort Irau, North Carolina 

General Plan, Exercise Swamer 

• 
N°·5) 22 I.!arch 1950 

I. All previous changes are included herein. Chan&es 1 thru 4 are rescinded. 

II. Cover letter! Date is changed trom 6 February 1950 to 17 February 195:l. 

III . The following general changes apply to the General Fhn and to all 
Annexes and Appendices thereto. 

A. ;.11 references to Fort Jackson and Congaree Mrfield, S.C . r e 
changed to read: "Greenville ..ir Forc~ vase , S.C." except as indicate 
in IV below. 

B. All reterences to Tactical nir Force (Frov) are changed to ro d: 
"hir Task Force S AR.::ER" except as ind1cc.ted in par Jb(4J to Gtneral Plan. 

IV. The following specific chan~ s aru applicable to paragraphs a~ in _ 
icated: 

1. General 

* * * * * * 
3. Situation: 

* * * * * * 
b, Friendly 

* * * * * 
(2) Theater :rmy, cooposei of the V, X, XI, and XII 

Corps, has the :nissio:l of defending the Gulf and 
:'tL:lntic coastlin fro:., the . issisdppi _ Lo4isiaa.. 
boundary to Elizabeth '::ity, ". C. with Corps ~d.ssion 
as tollows: 

... * * 
(b) X Corps defends tht? :w.f Coast from the: iss­

isslp'l - Louisiana bo~~dary to ;'p~l~chicola, 
Florida . 

* * 
(J) rhc~ter; ir Vore·. hll~ the r.-dss1on of the air def­

enSe of tn· tU f ~Jld ; lantic coastline fro::. th<! 
(1) 
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II , Concept 

THIS PAGE IS UNCLASSIFIEV 

the .:(ssiss1ppi"- Louisia.na bOaary to Eliza _th 
City, ", ,ard the Tact"ical Air Support of units 
of' tho Third .. ~ ae detemined by S:::T, 

(4) Dolt)te and substitue t'lerefor: "~'ith tht) AGG:tESSC!t 
penetration into the yarolinas, S:T asta~l ishes 
TASK FORe: "S"·A~.!Ea" for tht) purpose of mounting an 
airborne o~ration to s ecure the CIJ!lP f,-;ackall, t!.C'. 
Fort Br"'I!;e:, 1. C. - Fayet teville, :1. C. area, and to 

'di310dge ~GRZSSOa from the .tlaatic seacoast. To . 
accqmplish this, V Corps is releasud from the Theater 
n.rrrry and Tactical • .ir Force (t'rov) is r o leased frorr. 
the. Thaater J.i r Forcd, and uEi,issiGn<3d to T .• 31\ ·FO;;,e::. 
"SW • ..RI.lER". The 11th and 82nd "irborne Jivisions a.nu th<l 
3rd Infantry Division (C~X only) are. assig~ed to V 
Corps. "Ix T,ISi< FORC::: "5', ... , 'ER" is establisne..1 (ucn:lral 
Order '1,Il"b~r8r :1<ladquartors - a."\Ouv.:r r()rl:",~'1deI" , 
Exercise St:.:t..ER , lti "'arch 1950), and is :3si;:,:nod the 
follov:in; US"F units: 

Tac iC.11 .• ir Foroe (?rovisional) 
4th Fir;hter-Interceptor -'ine: 

2 h Fi!,':·1t.0r- Po~,t~r ','" n 
314 h 7ro"p-Garrier nin~ 
t'2nd Troop- ,arrier vrou 
l~lst Td ~c~:1naissance'q 

"avy :.ir t r enr 
IS" 

3trltte:-ic .il· -1'a'1sl:' rt ' hoo; (crov) 
-6~r<! .e on "~:3SIc~ce 1"Jch Squa dro:1 
5r2n~ : ~C '0 urel ~roup ( - ) 
93,1 th ~ i ::;'1& 1 [n 

3 Squadrons {FtrJ 
2 Squadrons (Lt 

( ?O::lber) 
~ Squ!ldro:1s 
5 IC Squadr ons 
1 IC Squadron 
I Squadron 
5 Squadrons. 
1 TC 3qua '!ron 
',,,,TS 
I Squa r n 

... ~ t the c rr_"1it.~:mt of all ' . S . ["rces 10) tho South­
eas"er"! ~l1:la~er, a g rou:1d li'1k-up ,;i th the ai rborne 
forces is no c::ntc:::platcd for rnor~ than 30 days, 'ind 
thdrcfore su . l~' r.ust b r.-.nir.tain,,)' , y airlift. 

5 . ,Hssion - ,.d par ..; raph "i" 

i, To t~st tho feasibility of suppor i:'l- and ~ili ~ry c cnb~ 
operation bJ ' str te:;ic 'Iirlift • 

• 
10. I. ,inistra t i':e ,rran~emQ:lts: -IC lete arar,raphs as indica cd 

and substi tnt.:: t'lC refor: 

• • • • • 
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d. The Ccn:n-n:U. nr ~ncral ! rort. Brarr . is r~srcnsible fer: 

:.<!d: 

() The jrovisi n of Exch.-'lfl!'~ faciliti es fer tr0~j.}S sta­
tlone<! tot Greenville. hir Force Bas.:., ~s aT q E'.n1 
ccordir,,'I te:l with tJ-e Cvr.~:ler CarcBn:. 3ase Secti en. 

e. The Ca:u:z!rtling G(rlt;!.:~l.&-F<Lr5- Jacksm. is rcs;Dnsibk for: 

(1) ~lete entire sub-parngraph. 

(2) ?cJesi(nate to be (1). 

f. The C9.·l:30..i~n;ral . V C..:r .6. is rcs.onSible fer: 

* * * * * * * * 
<:3) CQ'l1u::t of United StatEols Forc€.s :.r .. iY tactic.:ti opera­

tiQls, traininr, adr.J.nistration, am lq>istical sup.. 
port for fcrces un:lc.r his OO I.Juanj duriq! til: perio 
1 ;'jtil - e • ay 19~. 

* * * * * * 
(5) I.cling as Ca::nan-!cr, Carolina Ba~ Sccti cn ,rior 

t C' 20 ;.:lrch 1912 f.:r plamin[ of a<:hin:istratiC'n 
:md lo[istical suptX'rt to V CcrF6 dll'in{ the p~ri.od 
1 ,. pri 1 - r: : ~y 19 5C • 

1. JCn!l:mi <"cSPQ1sibilities: :.r.crrl t o read 

~. ;:. 
* * {"-

b. lklite:'! aat (.s F"~_S~~5k .2'l"'rcc :-:-"')1-1~ut"J'Pnt 
General John R H 1[0 US/" will com:~n Task 
utilizillf' : -mcuvc.r :lei:. 'qunrt~rs St-ft. 

() Carolina Sase Section: Bril"a:lic.r Q.~nl raul F Yount . 
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350 f.::~t 
E1Jvati ~ ~oncr<Jta. 
-,um:!lYs 28 5 .11 ... s 
Location - ~~~ of rop3 Arb 
'.Jost Southw_ ad limits: 
~stim~ted 10 ti'1uOUS usc 
... 000 lb~ on. 1 u . ...: 

54, 00 lbs occ~sion~ ~s 1 nded 
80,0 talc that ) 

C-S4 i~ larg;Js. th of rum:-:..ys 
(Linit~d by l~ng 

.~:::x: III 

,;_,_L __ -E-. 
, x 11 1 2 c '~'1n_ _ Inc Pl ~ _ 

wnor~l ~~"::1 
:::xercis.: .,J ... 

N 

1 

3 g. . blll for: . s r C!lpOnSl . Fort J'lCk30n, 1 1n- Gcnor!).l , Th·: Co:mr.and • 

(1) 

(2 ) 
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;,dd : 

:5 1. Th;) ':;ar"J1'.1:".dinl - rfic .1 r. '; r _ '1vi • il.lr ra r e..: B ~ ;>~ L; 
rdsFonsl~ ~ for: Pro.ision of bivou~c ar~&;> , bulk g~sol:'1~ stor~[v 
f'lclliti..:.:;, ~: t o r poi:lts :l!l ;l oth_r r..incr f cilitL:: , :.:; "I;rv(.d ;.lth 
th~ Com::- ndin;:; J...:norals, '.j Corp.; :md _ ir T .:;k ;. a r c.; S ... 3 ... .=:R :1nd th,: 
o~~~nd3 r C~ro in ? ~~ w~ct1on. 

"rnin.~ r J:or :; ;:i 11 prc p'lr. d -m b • . 7roop St r~r.gth _ 
f"r.·::.rd·~ d 1 ~ :1ccord9J1c~ \: lth 
icip"lti:-:- in ::this .::xcrcls ; ':.-il: 

( !) " rrny :;nits 

7~-~OC- l or nr' ~1-5. Units p~rt­
!,. r . o..r -or-:i:'l~ r l., port.> Cl.:i !'ollow!j: 

1. r i - i-1: cop' of ;"'c r . ir'<" r' · or.:; will t" 
!' Cl". r1 .... d c: - ... ~c :"":.:a:'l i'1: G -, n'~rQl. T.; lld ­
Cp' lr to !"s ~hi!"<i '.r.:~'. ·,tt0"': i on : Jc to.c _n 
". ", ;:') ~. ac h~~ ').,;: rds [J"it (: obi I v) . F" 
.. - h ... r.;o-: .. ";_or-i t'l. 

Z. f~r~h c " P:' of th .. r.oning r <.: port \:i11 OJ 
pr·F r .. 0:: 3 . .;, Font: .'-0 . Z'i , t "d 1 , .pril 
1 ~5 , x.d tn. sp"c io.l ~tr_ !"gth _to. on th_ 
ri t;h 3' 0 of t;hi~ forre :il • fOr\.;.r • 

.. 1. '::o::l.'"' n'L F ' ffic . r. 25th 1.:lchin. 
:t,-cor ~S Unit (.obi 1,,) , Ft ' r "&1;,' .:orth C ,r­
oli:l")' fur .11 u:lil;J p ... rticip.ti:,p ir . .:.x r­
e i:; .. ~'_ ... _._ . !. " l:1 -;. i r. l.pril through 5 
, L 50 ::; fo1107.:: : 

0. , ,:d 
_r rl : l,y c o ri 
d~:r fo11O\ :i'1l; 

b. F r u.its loe:.tc d out:; idc th ... Fort 
"r:l:",- '11. ncko.ll r l1i11 b,. • ilud 
b" 0geO hnur:; ily. 

;:'Ol"I:lS ... ; • 2 ~ , dllt,d 1 .,pril 1950, will b" 
pickc d r f~ ~ fostql ~ ffic~rs. Posto.l C~D­

_!" "r~ i(,:1 .:_ ~.rs upon arriv'll in : .. :1'U'.T" r 
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(b) "h,H' thr' 7hi rd :. rr.;y ,-,~i t.::; 

1. ~rip;i' 1 co:: of -.or,ir· r port.; ,rill COTJ ­

ti'-t t(l b_ -fC'n.ard_d o. T" S s_ r"!ici"1 
:,n:' of i\~:::i ,.:':_~t 11. '::; i'l tho P:lst . 

2 . i. fo lor h 0PY of t'J.:J DOTTlinG r ..;port ·.:ill 
b.J rr pJ. r d Or! ~:.._ rnr.t: 27 . d:lt)d 1 _pr il 
1950 , :lrd t~~ .p.::cial s r_~ t~ d.t~ on h0 
r i ht sid_ 0' thi::: fo!T.l '.:111 b.; fo r;;~ rdcd 

to t, COl"'Jr.~'1di"~ fric:: r, 25th ... 'J.chin-J 
R~ c o rds Unit (i .. ob·l ) , Ft Brag' , orth 
C .r 01iol1 fo r ~11 u,its participatl~ ir 
Ex.::rciso S .. :' '.:.It ... gin·1i. g 1 ap r il thr ou .. h 
15 r ~y 1950 ~.; follo·. J : ' 

Fc r units 10C.ltL H, th Fo r t Bn.g6-
C·.J;:p ..... ck:.lll .. r _ ... : by cour i.:; r not 
l::.t: r t n:.n 1300 the a.y fo l o\.inb 1;:!c. 

corning r Jpor t ~to . 

Fo r uri:; out:;idJ th _ :or o r r :;.-- - C . .::.p 
.ck·,ll 1r ,,_ : .ill b_ n: iLd by 0900 

h"u r s d<lily . 

3 . For:r.;; 3.w. 
r':::< i u .. 
c -: .'."i '1 

d 1 . pril 1 ~O , Jill b_ 
.t 1 rei - r:. ! 0:; "\1 ';0'­

t r: ~pon .rri ~l in _ , -

(2) 'nch'\ng_' 

(3) U' chan ... d 

(c) ,'Lo-: ..... - j",1 l. S ..r-,!1r n.- r:1I h lc 

(d) :ut ... ~.!· ... d ' 0 b... :;, " - i :J !"''l.-r p'1 11 , 

U;)ch"-."l-u (~o '1(0 cn/\o" r _f I" 1".:::_5 0 FC'r ':aekso:1 b 
(1) ll-:J (5) . ) 

Unch<>r.fd . 

* 
~r.) :;, I tc r ca:! : " __ COlT.<lllJin.- Gl;nc r al . Fat fT:l.'f. 

and t he Corr.anding C ffi cC!"s of - - " . 
2 a. ,\IIIo.md to r u:ld: "----- Th" Co=..rd_ r, C"r ol i :-... f:. J~ ..>cction 

wi ll uffcct :linil r coo r cib::.tio:1 10 1" => outh C r olin ." 

Ie. COI!lnlnd Pos t:l :i 11 b" loc t _ . .s fo 110\'s : 

(0) 
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B:q V CorFs 
:iq, .. ir Task Forco .n'.R:':R 
qq , Carolin~ B3se Sectio 

• 
4. S:.F Responsibilities 

• • 

n. :.nended to r e ad: " ____ (2) TADC's for the f.i r Task 

·!;~~!ER" 

• 
• 

: dd: 

d. ..11 elcpvnts and oquip:aent of tho 502nd Tactical Contr ol 
~roup (to L~clud~ C~S 5) to be usvd in thv airhea ,nll be airlirt~d 
i~to C ~p ~ack!lll prior to tho start of thu n neuv~r poriod •. fter 
'lI"rival at CXlP :':3clca.ll clc~,cnts of the 002n6 Tactic ' 1 Contr 1 Group 
~ y b.J r.o'.ed adoinistrr.ti ",ely into solucted opo r nting l ocations . 
Details incidvnt 1 to this op"ro;.tion \;ill be r eso l ved by the Cor~~ ns-
ing Guner 1 • . "ir T sk Forco SI.;,R: ;ZR. 

• • 
.. rr.y Forces Rcsponsibi lities 

.\ddl C. 'Corps 7.;.11 b responsible for pro1;"idi'1g COI:':lu!1ic'ltio s 

~'lcili tics for hea quo.rtcrs, Caro lio'\ Bnse S, etion COl1r.lnnd . 

7. .• o::y :to s pons i bi 11 tie s 

uo etc : Sub-parngr~ph t . 

9. ~~~ications Tro p List 

;.dd : f. Unde r th~ provis i0"15 of sub-p!lrr. raph e abo,",,: 

(1) ";.~ ::oopa.n:' . 51st '::i,:;o!l.l Oper'l.tioOs Battalion 
is e.ss i!;ne' to 'J Corps . 

(2) The 24th D!l.l ~rvicc B3t ~licn ~as augnentcd) 
is pl ell undJr th" operll.tionlll control of the 

... an)u"~·cr CC'::-nnn <.:r . 

".':::::x VI Troop Lists 

I ';':EX '11 ?el7iscd r.nd r ..lprLt..:J o. 20 :"arch 1950. lNstroy 

prc1;"iouS opi os . 

:3. C rg".'1i z'ltion3l Ch'lrt for Exercise Sn.;t.:ER. 

In "bf:rossor ;.n F 'leE .,,,, box e.d (~). Pox should r.:a 

;,i r Force 1iq 
(:31 st Fighter .; 1. • 

(~) (7) 
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,11.)...nd 'IIcte (1) tc l'Il·ad: 
(1) Hg Task Face Swarr.-.::.! 

starred by !'an.-uV\.r 
Ceo;~derls St~f. 

• 
IIJoint Exercise Inforr.l~itl'\ Burt.al.G lIis ar:ll:oo<'c tc rcac.: 
''Cffiec cf J\lt'lic Rt.h ticns ll 

t.Nt£X IX 

~lcte rnr 6 and substitute the fclk\d.rr: 

6. "I'ayccnt of trocp units will be "tS r'ircctcd in f.nncx IV, 
!. inistrctivc Instructicns. Indi vidufJls on duty ,;ith : .an::uvcr 
H-1:.\Cqll." !"ters ard the Umpire Group will'be :>aid by the Ccr..r.ardir.£ 
G<'n( r:ll.. Frort Fra[r. II 

!)clu te fnr le .'1.01 substi ut the foll~wil1f: 

10. "i .... yr. t.:>f;.i r FC'Tce uni s will be as dir<.ctcd in I .. ,n, x IV. 
/.3mini !t.rati \It; lnstru::tims. lr.·iviiual~ co dU!-y wi til the : ,il')..uv .. r 
Ht::-'vk!\prters art' th" Ur:l ire r.rou I'fill be ~i-' by t1e Cc .wine 
r..cn<: r~l. Fort TIr"' ." 

py . ":1'!) - ": JF 

<FEIC~,.L ./-- i1.~· 

~/~/1 D. s.v .. re ~ 
C aji. ai n, C 3 val ry C:>,;,; 
i.eli nt; Mjutant Gcr.:.ral 

(8) 

~l CGELY r .. 1Tl:ER 
. ril . L r Go:. OL r , l, US;. 
Chk f . r .... bff 
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• • 
ANNEX VI - P"RT ONE 20 'ar 50 

"fr~ TROOP LIST - REVISED 
I U. S. FORCES 

;, THORIZ-m STRS~IGTH PIESElIT PRi.SENT ~ .. 'U.tI V.::R 
maT TO & E D"TE 0-P',!()..d0-~ :-.. 00 ST"TION nSSIGNklWl' "TT"Cl{.~NT 

Hq & Hq Co, V Corps 100-1-& 2 Jan 45 82-0-18-231-331 Ft.. Bragg 3rd " TF S./,.ru.~ 
lith "jB Di v ?lIS 49 496-0-38-7440-7974 Cp C.: .. : .pbell 2nd " Greenville AFE 

(1 fiGT at Cal.1pbell) 
V 

llth .. C RE::eon Co 17-57-20 Apr 49 5-0-1-148-154 Cp C<U:lpbell 2nd " Greenville "FE V 
lith eIC Det 30-500 Sop 48 3-01. - 3-7 Cp Campbell 2nd n Gret:!nville nFl3 V 

82nd ... /8 Division 71 NS 49 809-0-125-12776-13710 Ft Bragg 3rd " Cp ~:l.ck"!ll V 
82nd i.e Beeon Co 17-57-20 "pr 49 5-0-1-148-154 t't &rugg jrd .. Cp :':ackall V 
82nd CIC Det 30-500 Sep 48 4-0-2-8-14 Ft Br~gg 3rd " Cp :~cckall V 

3rd Int. Division 
(Starr CPl only) 7N Jul 48 100-0-5-45-150 l''t Benning 3rd n Ft Bcrming V 
2nd Cru. Hortai' Bn 3-25 :'~_r 49 33-0-1-512-540 nr;~ Cml Cen C em! C Cp ~:::..ckall V 
68th CI:Il Sr.ioke Can Co 3-267 ~~ar 49 5~li3-118 '-"t'r:\I Cr~ Cen C Cml C Cp ,- ck:1l1 V 
544th F~ Bn (155 How) 6-335-20 1:' .. r 49 28-0-3-471-502 
TR On (1 Ltrd Btry only) (-Bn Hq Co,2Ltrd Btrys) Cp C'l':lpbell 2nd " Greenville .. FE V 

98th F;" Bn (1S5 Ho.) 6-335-20-20 )~:l.r 49 28-0-3-471-502 Ft Bragg 3rd " Cp :ackall V Tr ~ 

Co ", 728 '1' 8n (- 1 Plat) 19-55 "pr 49 4-0-0-158-162 Ft Sheridan 5th ;. Cp ~:':"ckall V 
5th !.1> Plat, Corps 19-77 hUg 44 3-0-0-42-45 Ft Brag« 3rd ... Cp .• : .. ckall V 
"I')rd ?ngr CO/li)at Bn 5-35 Sep 48 24-0-4-513-541 Cp Hood 4th .. Greenville "FB V (-1 Co) 

l8Sth ::ngr eo.bnt Bn 5-35 Sap 48 24-0-4-513-541 Cp Cacpbell 2nd ;.. Cp Mackall V (-2 CO) 

Hq " Hq Det 
19th ~r COl'!'! Gg 5-192 Nov 49 15-0-1-72-88 Cp Cacpt>ell 2nd" Cp Mackall V 
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• .m!Y TROOP LI':T • '·-·,'rs_·) , ';F~' D) 
I U. S. fl':.'. ~ 

•. UTHORI':"'.l) STR::-:r;m r, , 
INITLL :'l:JEt]VZH --___ UN::::::;:I:.:T _____ -=TO.=.....:&::-...::E~ __ ...:D;.;.:;.~TE::....._....;o-;...,;.; ... ;;.;:O-~:,·..::.O-....;t2~: •• n ~_2L' :.: :l ____ ,,~, ..:.:. _ , . ....:n''--_?'''';::;.;' ~N::l r.:q S-'-r~"To..;;I""-O"'_N_.;...;.hTT"-=h_Cfr.=S.;.;.NT ___ _ 

533d ~~gr Tech In~ D~t 

6200 Engr Topo Co. Corps 

1Seth . 'cd Bn Hq & Hq Det 

55eth :.:cd Coll Co 

5-399 T 

5-167 

8-26-20 

B-27-20 

~pr 45 

Jul 49 

Ju1 49 

Ju1 49 

3~6-9 

4-0-2-102-108 

4-0-1-22-27 

5-0-0-104-109 

Ft. 3r'l.!;g 

Fto Bragg 

( - 1 P1-:t) 

421st ::ed Coll Co 
(-1 P1et) 

61eth 'cd Clr Co 
(-1 Flat) 

51.4th . t:d Clr Cn 

559th '\Jd ... ::lb Co 
(-2 nets) 

560th : cd n;Jb Co 
(-I Pl-t) 

l2lat Evac Husp 

171st Evac Hosp 

200 l!obile ;'rmy 
Surg Hasp 

335th ~ an 
Hq & Hq Det 

416th Ord ~ed 
:'aint Co 

92nd Ore! l~ Uaint Co 
53eth Ord !led 
iluto '·hlnt Cc-

8-.27 

8-28 

8-28 

8-317 

8-317 

8-581 

8-581 

8-5n 

9-76 

9-7 
9-7 

9-127 

Oct 48 

8-0-1-94-103 

J3n 49 8-0-1-94-103 

!3Y.49 3-O-O-6B-71 

Jan 49 31-34-1-207-273 

Jan 49 31-34-1-207-273 

Oct 4B 13-10-1-77-101 

Nov 4B 5-0-1-31-37 

Sep 4B 4-0-1-152-157 
Sep 4B 4-0-1-152-157 

NOT 4B 4-0-1-.107 _ 2 _ 

Ft, br::.g 

It - cnnihg 

Ft •. ragg 

Ft. ~ .:r..:n_ 

l:>t, l ~ 

Cp C ,'" ',,,U 

Ft, &nning 

Ft. cregg 

Ft. Bragg 

Ft. Bragg 

Ft.. Bragg 
Cpo Campbell 

Ft.. Bragg 

3rd A 

3rd ;. 

3rd n 

3rd A 

3rd h 

3rd ;. 

3rd h 

2 _ n 

3rd iI. 

3rd I.. 

3rd ~ 

3rd ;. 
2nd .. 

Cp o ::ack~ll 

Cp o •. ackall 

Cpo r.::ckall 

Greenville .. FE 

Cp. !.!ackall 

Greenville .... FB 

Cpo ::ac.k~l 

Greenville ,r';3 

Gr~envillp "FE 

Cpo ::z.ck~ll 

Cpo Mackall 

Cp. L!ackall 

Cp 0 ilaekall 
GreenVille JB 

Cp. llacka}..l 

v 
V 

V 

lJ 

v 

v 

'J 

v 

v 

v 
V 

V 

V 

V 
V 

V 

20 ~.rar 50 
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U:fIT 

15th Ord Exp 
Oisp Sqd 9-500EB 

l1.th CI:l Bn 
Hq &. Hq Out 10-536-20 

580th Qm S~rvicc 
Co 10-67-20 

58th ~ Sulvc.ge Co 10-187 

505th Q:1 Rccb &. :ft.int 1D-237 

1st Slgn~.J. Sv Gp 11-500 

Lth Sigrkcl Bn, Corps 11-151 

Co A. 51st Signal Dn.Opns 11-95 

20th Signal :/;L Co 11-547 

53d Sig Serv Co 
(Corps 'l'ype)(RI)(-DEt) 11-500 

THIS PAGE IS UNCLASSIFIE 

• 
a-y TROOF 

I U • 

"UTHORlZ.:o ST:iE:IGTH 
, .:'E Q-,'"! :0-.10-"" -nGG 

Oct 44 1-0-0-7-8 

Jan 50 5-0-1-27-33 

Jan 50 4-O-O-l44-148 

Jul 49 2-0-0-134-136 

ar 49 ~-183-188 

Sep 44 5-0-1-14-20 

"pr 49 37-0-5-918-960 

::'ay 44 5-0-1-180-186 

;'ug 45 5-0-0-182-187 

Sep 44 10-0-1-236-247 

• 
LIST-It.:; S;:'O (CO .. T'D) 
..> . l"·O,lC.::s 

PRESENT 

Ft. Br gg 

Ft. or ogg 

Ft. Dr ' gg 

Cp o Ci!i':1pbuU 

Cp o Cc.r. pbc11 

Ft. BI"<- 5 

Ft. Brace 

Ft. e r!.<i l' 

Ft. Bragg 

Vint-Hills 
FalT.1S. Va 

PRi:.SZ'T 

3rd " 

3rd .. 

3rd " 

2nd " 

2nd " 

3rd " 

3rd " 

2nd " 

3rd n 

. "r .. 

INITlnL ~~s.}JEUVE .l 

"TTnCH: = :lr 

Cpo l.lck...u V 

Cpo lLackal1 V 

Cpo .,;ack~ V 

Greenville (Co-) 
Cpo Y~ck~l (1 Pl~t) V 

Greenville "FB 

Cpo ~-ck " 11 V 

Cpo : :acka11 V 

Cpo : 'lck'!ll V 

Cpo .:ackall V 

Cpo Mackall V 

Linison Det, ;"s;' 2-0-0-3-5 Vint-Hllls .. S;' Cp o Mackall V 
FillT.IS. Va 

(NOTE: DetachcJents ot the above Sign:J.l Units will be attached to Carolina Base Section. as directed b;y J-5. this headquarters. (atter amv"l ot units in :.ianeuver krea) . _ 3 _ 

20 :'::J.r 5C 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

UNIT TO &. E Ohft 

5200 Tr'!ns TrK !In 
Hi & Hq Dot 55- 16 !hr 49 

39t.th frnns Trk Co 55- 17 •• U~ 48 

lO7th Finanelil Disb Sec 14- 500 !:ar 49 

...525th "'1 -Serv Co (Including 
526 , 52?, 528 nI Sel'V -Plat s) 
( - Det) 30-500 Oct 48 

205th ~ CIC Det )0- 500 Sep 48 

)16th ':r CIC Det }0-500 Sep 48 

THIS PAGE IS CLASSIFH.· 

,.m~ TROOP LIST - . REVISED (COlIT ' D) 
I u. S . FORCES 

.. UTHORIz..~ STRENGTH 
0-~~0-' 1O-F2:- ';GG 

PitSSE.'IT 
ST .. TICN 

FRF.3ENT mrI"L : _LalV.::R 
• .sSIG:r.SN'I' 1~..NWVF.R ST._TIO~ .. Ti'\Cfr~1T 

7-0-1-52-60 Ft . a nnine 3rd .. Gp , ':"'..ckall v 
)-0-1- 72- 76 Ft . Bennin 3rd n Cp o .!.-.ckal1 

2-0-1- 21- 24 Ft . Br agg 3rd .. Ft . Bragg V 

l5~~~6-el Ft . Br::.U Jrd .n Cp o :.: ck".ll V 

4 -CI-2 -le-2.4 Ft. Br a g Jrd ;.. Cp o : .. ~ck_ll V 

6~-4-10-2C Ft . Brag~ Jrd n Cp_ :'~-"ck',ll 

( .leT::: Portions of the bove '.:1 units will be attached to : ~aneuver H ndqu-.rters Wld C;:.rollna 0- s (: Section, as dj,rl:ct"d by 
(J- 2, this Headquarters, aft~r arrival of units in ~euvclr .. rea) . 

- 4 -

• • 

20 !Jar 50 
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(J'-r:' TO C E ·:tTL 

I' ~ >~q C<" ';tl-o Tr,r,~ 55-12{'- " "3" I.J. 
,. 

,~ crt (:10 -'f' 

59t1 J~l '" r.t r: 3-4~ ,.C'V I.,l, 

CJ.. n r ..,("1 I. -I • -31<; o.T 49 

63 hE T Jt 'cui Cf' 5-3h~ 'C 4P 

1 1~ , 712En-r n- nnt 
Co 5-47 :l. c 41. 

5)6t:h -r. '!ir.t Go 5-157 44 

74 tr. i:1'l r ;.: v -'-;ui iJ C<, 5-31(, 3r 49 

51 ::: n DIr, 'I}: '::0 5 -3a. 'ov 4C 

64th Fir 1 '.fCS!) '· -510 Llul 49 

1 '1.,lt 421 st " L Coll 
G f-Zl-20 .Iul 49 

1 .1at 55N.h : ,3:1 roll 
Co 11...27-20 Jul 49 

1 J. ~t 5 59th 'r, d f.rll 
Co £ -317 ,. Y 49 

1 "l:lt ~Ot~ "cri :.rb Cc 6-317 "a 49 

THIS PAGE IS UNCLASSIFIEL 

• • 
All. Y TRO LIsr - EVISED (C0t7l"J) 

U. s. rr rCI:S 

"U 'r :-I.IZ!.. ') ~T~l'(;Til 
-::-F:"( ~"C-~ '-:c.r. 

6..') ...{: -lt4-2!,l.. Ft . ari1to ,{T 

2- ( - 2-~4 .~r. a"" ~: ~ C<.n C \:;ll 

1 -t - 5):-552 ~ Llvoir ,. 
l) V 

5~-1-1L?-ll, ~ J :>··rbcll 2r. i ~ 

r,r~nit(. it::: 
1 .... - 32- 33 IU 5th " 
4-(-~- :'1- ': ~r-f[ 3rt :. 

L- 0-1-164-1 f:f/ r ~r :"' ... l , 3r:1 :. 

lo-C-1-00~ 5 Ft t1vcir C =- q' 

17-1 -1-147-183 Ft :' rc.[[ 3rd :, 

1-0-0-22 -23 -t I~ I 3rd ;. 

1-O-O-22-~ Ft - r af[ ~d 
, 
" 

1-O-~6-17 Ft I'r :;[i" 3rd ~ 

1-0-0-16-17 Cp :;a:-. IDe II 2d A 

-5-

C 

I aTlAL 
~'.~r: .. t'VrR ST,.TI 

Cr '\ck311 

,:1 ack3l1 

J!-) ~ knl1 

Or r,vill t no-

Gre, I vi]] L "r; 

" 
, .... t1'.lNLR 

:,T~ J.C;n;r:T 

TF Sycmcr 

cr (Initiall ' V) 

cn 

C ~ 

Gr·,r.vil'· :'F'(l,.:\int )Jlt.) 
Cj ,"ck"l (:;0- ) c, 
Cy . ~ 1-;-11 CD 

C, "ck:J. 1 CB (Initially V) 

p :.:Jckll1 (Hcsi--) C!' 
Grt. cnvi~l <,; r.FF (1 H sjJ 

Unit) 

Cr cr.vi1 e ~F Cr-

Cp :. 'ck.ll1 C 

p : ackall Cfi 

Greenville AFP CE 
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20 Mar 50 

1.U'rnORlZED SmE 'Cni ,h:SL,' ! jRf~XT n:ITIJ.L :.i.:: .... UVER 
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n.:....u ~"4'1Tl::ilS 
cO.~ r.:..'l'.u.. elIR CO::'-;iV 

;.riC~:Ei.. •• D FO.LL ... r:;, .. ~': yom: 

O&'l 356.2 14 April 195" 

s;n.r.:::CT : .,n.;nrj!lel1t to Jirccti':c for tho Ir;.~}l" .. ntoti n ~ Joi!1t ~':;' _ 
nir : or 0 ~:.rc1s~ , :'1se31 ::c"r 1 50 _ " S'; r o.r" 

TO. ,0: ",.:t. ':'n (;cn. ... ril1, 'rue tIc 1 ir Go;u:.J. , i. '1;' air .'orc 
]""""'" Vir .... i&~it..l 

C01~"jJ::i.ll:; C('n~ ra1, ctic 1.iir .or'(" (L"ovi:;';'on"l ), op ... 
• ~ir F' r c .... : .:;(" , ;'ort( C::Jro 1na 

v " ~ .• di.. Gc.JI ... r.l1, Fil'~t ... ir lor e , ':itehc1 .~ir :'or ec B 
, lcr k 

Cor.-I: •. L'I, G,::l<,; r .l1, ,ourth •• ir "01' c , :'uC'ilton .. ir rore . J.l3_ , 
.:.JI . .i1ton, c,..lL.·or;.i " 

CO~T"_:.Ji • G ... n<..r _1 , ·1:J.n •• ir rorec , L... 1." •• ir . o::'e" 3:13 ... , 
ir 1::L 

CO:.J:lh .,:; lk.o<..rJ1, :'O'..1l't~,-,n'", • .1r :'orc_ , hooi::3 .• ir Fore" ,,_:i<.. , 
: or i . 

,;::-t . :;, Co,.t::'r, t 1 . lr 

Cou r.d " ir cti," 

ci , Ii. e '. '1 r 195 '..: r ~. ," 7 }' ',:,!·u_.' 19;0, _-

(19) ' .. nJ : 1 ~ht r GrOll E ... irer rt 
4 . .ok::; In H(~; on.;ibiliti s . 

.. .. 

;'ir 3t .• i r Fore~ ;,i11; 

r .1, !etie~1 "11' I'ore , ror 

s ub:::.iosion 01 r:ov :~; t r~qU .Jt:- t - :i. : u~rt, 1"3, Oonti-

n nt 1 .. ir Cor.Jt.~nd, n~ c "33::r .. in or ~i n cone r nillb 

.l .r "ieip·. ting }'ir::;t .• 1r • ore units . 
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. . .,) .U.1S\:a.'J"'''''~ 
co TI u. '1"..L AIl~ C,)I i.' 'D 

lTCI:',a. elL. ~ (1~C_. i~ •• r •• , :.:1 Yl'l.' 

4 Arril 1950 

". r ,CC! I 'cndmcllt to Diro . tivo 01' t " Imp1elJlCntati n n Joint 
.1l':1C -,.lr For~c .:;,' I rets " • ~ 'r I YI.'ll' lc;''iO _ 1I~\,llrl,(Jr" 

Ollf,::wdin; len<l'ul , T, cti::ul .. il' COlLlIlU}., L.ln"l,-,~- ,~ir 
• r~. l-lJc , \' il' h1uil 
C01JIIj.J1'I<liu.' Genu-aI, Tlctie 1 ~ir Force (pre>visl0 • .al), 

Pc-pc •• il"o1' c il .. , , rorth r.~rc1i", 
C 1"mJin~ GDD r .l1 , r'ir ~ t .~iJ.' ·Ol'~l., 11tc!u.;1 ,.ir _ 01'C 

,as , ,'"" 1 01", 
OJ.r r.diu", 'cn ... r 11, :,'o\ll'th ,.11' :'orc ... , II 1'11tl'1l _ir j or~u 

11 '", ',1,.11 tOI, C ,lj'ol'l 1.1 
COIl!JJlY! in t\..!ll.r 1, I illth .,ir . orr, Lutl-,l ~! .. :!.r :'urcl. 

,'..13 , VirCinb 
OIJll ... ,;dln., 'l.nLr,\l, . ou.1.,,_nth .. h' 'OJ.'.,- , .cbi!:l .• ir 
_ orc. .3. , G 01' :i .1 

t tl ,.ir ~ or. r.J , II 1: ;'r. t ~v" • ur th ~ It. 1~ lit tioll ell J illt . 'I ~._ 

... 1..: J 'or~"", ~:"- ~i 

..... I .. I 1 u • 

.. 
3. T s'. ['1" 111.:.. tiOll 

(::"7) 

(1<) 3r·l LLis 11 li .ht 

.1 • .j."U::1 . 
.i (' • .1. , .. .r ,. Jo. 

r ., r 1 1 . _' J \ 

" '. c.' ~~ 1 .. ' r COl'; 

" •• ' L. t.h •• i. ; 01' ... 

Cll , • inti •• ..L' . o_'e~. 
. , ;'ou,t _nth _j1' .l'r~ 

3 

j ,!.J ttV r .ocr. l..l~r, u.."rais~ S .. ,rr' r 
: . :l~ 

1 .It 

1 ,,It 

'. j 

!:.:. ...... T B. r..i..'l:-:..wl 
ri . ; 11 l' 11 , 

i)\..t:u~:, l::' r r r ~i~l .. , 

l\ ," 
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,.: ..; 

1 C' -, .. 
b c~ a 
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b {II' . ..1 

1. 0: :.I 
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...J!l.ndr. ,nt to D1r(etiv~ f or th" Il'!pl -_m.; ntatlon of Joint .~m:: -
• .1,..' orCl ,~oroiB'_ ' r'bc'll Yc .r 195u - "ftl rJlk)r- (Contd) 

.J..r " l'1,J Cornruru 
20th i~ht .r- and; r iinu 
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... Ut '!'roop C rri r . 1n..: 
62r. '.1 ::lOp •• .. 1 l' " log 
101:>t T. til' .. 1 , . conn is:; nCL 

Iv£nd 1 '!tic ,1 t "OIUI 1;: .11 ' 

:/J2r .... '! tic .1 C0I1\'1'01 (ii' 'If' 
9J4tj • i ," 1 :l tt. lion 
<;hor u _ C "1. ).ll1-
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r 'lll dL n 
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, 
HE..\D~ :JARTERS 

cOm'n::rlT...L •• IR CO:l~\11D 
;"1'1'C:31. .1.:8 f ORCE ;USE, n~' r yem: 

20 April 1950 

C,''3 r:C'I: AT .:nu c •. t to ilircetiv .... f or the I q 'ller:er,tati on of J oint 
.~r : ' ''-,~ :r !' cre~ ~.ercL l. , ;'i 3c31 Ye r 1050 - " <;-;)(lr r..er" 

TO: Co::r."nJi.J .,_ ':_.' r aI, Tactical Air Co:;nanl, Ldn.~lc~' Air 
1 'nrc<: ~ J(I , 'lir "' inia 

O:.f' rH,,~ ,":0'.:ra1, Tue iC,llAir ,:'oreo (~ 'r ·/ls ::'or..l1), 
l- "~ ", ,. : ., ('rec ::l1 ::;~, t'o.'th C::.rolir.a 

': o;j''l; . .iit ... :,_1.'",1, ,'irs t Air . cree , '.itc::_l .\ir l' orco 
J~-c , :~'.: Y:)r 1

: 

')::.1 r. ::i:p ~"J"I r rJ1, 70'l rt! .iir F C1'ce , ::al ilt .:m .lir Force 
31::e: , ii ;- ilt n , C..llifornia 

GO"I. r.i i l.- ~ llcr <.l l, '1 t: ,~ir .'orce , w!1:.,l : ' . ir .orce 
la3~ , ::. :'il. · ,.I 

Co:-r:u .. l':') •. ~ .!,~r ... l, i"ourtf..c:.t h .dr :,'O>'ce , R:) i r.3 .. ir 
r ~ r:: ~ . . , '_;uor j 

',I,I.e f ol l , n,' ,j. I~ I: ".'1' S ",r c r. J}t..; to ::,,) J ,.\1 rt~r <; , C.onti­
ncr.t al,.ir 0:',[, nJ , IIJir at " I" '.:r t b .. 1-:_1 , ;',:1 ..,t'on of Jo!.r t Ar:-;'­
.Ur ? orcc ..A,_rei'<- , f i .::e.::l Y ,1.' 195L. - " ~:: 1.' ''(' 1.'11, 7 :~(;bru .. r:r 1':150, 
.JS d:: , l1d"i . 

* 

::' l ':_t to " \" "' · lu . l' L r ::; , CO:1t h.<-"t.J l •• ir C"_r.:l!~d, ~o 1J t .. r 
t , .. r. 5 .Tur.~ I , C , t ', t c t ..! , _: L,~ 11 'U' :; ,):Pd.J \..-! b:' ur.it In·j t~'F(; 

_i rer : t 0 : 011 i ./.: ph.)":" - d' tr: _:.' ~re _$ .. ' 

(1) ! r c- :-.Jr.<-uv ' r (r rior tn J-: .. : ', 

(2) : , _'j' / r (!)..::: _~ t : ~r:j -,f '.:1:._u':., r) 

( ;. ) o·t ; '!.' .. U " r (: .. ~, J 0: !')J.c,uv 1.' t " - rr : ', 

., / 
. ' --', 

. t.< . 
!~'lJ2':' n. 'i':L.TCr:]\ 
, r i • • r. ,,:1C.r.:11, '5,:' 

Dq:mt :' f or 0pLr.:lt io.3 

H US,1f 
Chic: 0[ ; t.:lff, I'. 5 • .lI'f.t" 
O: fico , Chilo.£, .lJI"1~ I' i " ld r ore..,3 
CG, Jrd 4rrtJ 

CG, T.l 1c:11.Ur Conn.:l:ld 
CG, F~ ~ir Ioree 
CG, ;a.pth ..ir ~orcc 

10 .~~::J 

5 cJ ::! 

5 cy3 
1C C"/s 
15 cys 
10 .ys 
15 cys 
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·u-:..;::drx:r. t to ;)lr(.ctiv ... for the I:-p1 .... r.c!'.t:lti r: of J old .U"r'" -
• .,ir rorcc r:.:: ... rci~,- , ?i:;cll ::-:::.r 1950 - "S'.::;r r;..;r ll ( ontd) 

:>I'T.Rr:- lIe' (.or:td) 
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•• ir ! ,Lr i 1 Co:--' nd 
2Ct • .. ,'i, htyr - Bo! b r ;lin-
4th I, i- tit r - Intwrc<'ftcr :1ir.(; 
}1I. th 'l r ':lOp C·.r i __ ' 7ir,' 
b2r.d 7rocp v_rr L r "i~ 
161::;t 'I_otic ,1 . _.c :r. ,:'" r _ .c<. ~ _:n':r :::::. 
162nd ':' ..Ic t ~ c 1 ~"c"l':1. i: Le ... ' tU .:ir~:_ 
5C2::d T ct' c _1 Co:. _. c1 'Jrcu: 
931.tr. ',1 .n:::1 . ..Itt_L ;, 
.... ,hor ~1 31.00 1, O~ .. ~\,it 

CO , 7..F (:r ~'/::'::;;.()!'~1) 
CG , rirr:t ... ir rC-· .... 
33rd :'1 tot. r ;i 
7f th : ic;ht/. r 'Ii ::: 
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• 
Dep~rtment ,..,f t.'le .. rm;y ~ep3rtment of the nir Force 

* 

:I:lshlngton 25, D. c. 14 .ol.lrch 1950 

To Directive for Joint (~rmr-A1r force) ~ercisd. }l 19$0 

1 . ...mend p.lr3gr3ph 4. to read as follows: 

* * 
4. P_r 1cip.lting forces: 

. .:;.r..:'lver ~ )~1' ..... r.,-l.('r is .:ss1 n('d .ha r..,110 ..... in;; troops ..nd units 
o implel!:ent ~!10 (OP('-~t ::; t.. t.-.;d ir. '.J.!" _ r· r-1. 3: 

(1) "rr.-.y: Ccro- hQ~c-ulrte~s 
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(2) Es b.:,..lisr_..,. ... ~ ... 'lr.. .. Su.f";p. .r-'r :~iOL f t-'t.l."1 hu ... At lcn .... !::u r =>8u. 
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_~I~L '~p:~::: 3:~TIC-- .. :] . ~ 4 

Fort ::'r~.~·~ . ~ orth :;~!"()lin;: • 

... .) . a. . .. .. ".... .. .. .... .. .. ".. .. .".. "...... . ........ .. ........ .. . 
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boin.:; hoI ~ b th~ y~': . :\c!~:\l1 -:'ort :Jr c...: ~ ~.r.:: .. ("'.l.rin,,; t:1O :'c riod 

G', :.rr il ;'0 0 I':',:' . I t is pl.,=-.no' · to include t::_ t.::.ctic .. l .::.ir :.C\'C .: ... l:t 

o ='J~ cz";;ir::::.tc (' 1...,, (00 : ... r; -.y .. "_ir orne .roo s . It i~ , .... t the 

cO:1troll~.t r.' • .:.cUY_~' . co:-:trol b;i::~, o;'orci:;c <l t:.r u.;h 

or£; iz..::.tio! . ~~·!!.C :1 \ 1=0 op~r~tos "to oc.i!tt .... in rl..~listic CO:1".J:. T: ::::it"U 2..'!.. i !1~ . 

lh~rc is to bo .... :.i:li.n.:n of :.'.s3u~..ocl rorc~z i1':. Ch0 ~~~n .... u~,;or r;,)::: ro ... r • 

... 1 C rL- ..... :"'· ru r osc of this :'{" . . cuv:::r is h:. stuc:,"I' oj" ! roLl(';!"1s i ~-

st:: lish,~:-.t ~':r.! n:.i:1to .. ::.n c of ~'1 •. i r! l ..... r. 

of .. ir ~.:.' .., rolln' 0 ?os i tio,- ; :, .. r icul~rly . t· ,.:: 

lSAF to ":~f"'aJ. tr~o: .d lIU ly nov.::' .• nts '1 C: :.JC05:;;-.I":: irficl ' s 

c . S~co·~~ .... ' :,r..:r .. 05 ..... 5 ~ro: 

() LO: rO';i:c '. r:-.i"'1in_ ~m ':::t.)crio. c in h~;:: ,: r:. io.: O~' 

.' j int l.C~.uq'l .. : tvrs . 

(2) '1 ·vv, _o~ proe:.l res :..11 1 t.Jc.'liq'J 5 of ::.ri::::' r c ::u," 

(3 To tr .. i.l f.r .: • :1(! :-ir Forco u~,i t.l :-.::: s"!:_'f:; L: t,~c 

~ rocc;· r .... s , t .... ctic!: ,c.ne t;.cc:!...:i .u .. s inci c .. ~ to .. ir -

~ rot l:! ..... 1 .; ... !r' me o~ ..... r ... ior..s . 

; ~" Cc 5 Ib:;ti tutou for t:1C h.:: .. v:: :101:- ,i r - tT .. :1s: or ' .. i.I .:: 

cq'l1_:1::::1t i~ t:c "b"-L~r!" t~.il of c.ir or..c uni~s . 

:.; 
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(G) To test Leti ed Oo!,>plieC'.tion of :1OT' do'\"~lo;X ~nt:: in 

'·'C:J.~ollS • 

(7) 1'0 o'\-..:.lu:1te tr.lini--: r rofici.Jnc~' of partici:'atinc 

uni ts na C\ bOosis for !,r cscribint; fu rthe r tr:liniIlG for 

ccnbc.t r .. ~ li.ness . 

"ilJ;i:.:::ton .. rc:.\; :.' i:: co. 1 10 of : ... d !o( "l" .:;ion ~. tIer into 

r,,,o::-Ci , or l'r e_l t:.e c .. :; ;o r ll .:r. l f . l'hir. ". r 'Y l1G T .. ctic.:.l ,~il' ,'or ce 

Cn r olin •. :. r oo. . 

b . S:-,;:'ci:,.l: l' . ~ . :o .·c~s ;1..: ':0 .:;:;t .. t-li:;!l .. :1 :'oir.I: . .. "1 I:i. 

tho in'! ,od .. r o:l. , i'! t!,,, .... ici;.ity of :'ort nr .. c::: . for " . u r~o:; of 

uttiIIL 1.GGR:;:SSO;; s u,!, l :' li::,,:; , ::tu:- i:1' his .. d'.'::..!.c to tl.o :.ortl. '!d 

"!0St . .. '.nd ccstroyl:-:.,: -'-:10 t.::. i r: cl,-r:,:nts of the ;. CRESS-O:! 0) CC.S . u. s • 

.. rC:Js fror.: !!::s', 0 he Cr ", ... t S: ':" Uts •• o. r e to soi:::: t!,c s1-l1. 

li:-,htl1 " f '::.! CC'"-: :::.c1:-11 :.il'fiel~ .... " first .. i r su~ ,Ily ~,;.,int, 

po. ~ •. i r I'orc. ::100 i:: t 10 seee!!.' 0 J .. c t.i· of tl.c so cro~ " tr :.o. ::, 

in or d<.lr to Lain. ;'ull:' ~cv:" l o!""u .. ir"!'·OOQ for c.ir 1:.1 dil!b ,,;, 

o.d:itio, :.1 troo:~s . ::qu i •. 'c,1t ~'1d su:- lies . ;. thir l objoctivo i:: 

tl;; c:lpturo of th:: F;,y::ttovill c Airport ( .. SSU!I"oj, ju::t :: 0 It I of the 

T!o s c r v:l,'.; i on) t.l .. t 1s b_i;1~ p::ed 0.5 n s'Jr,plj" point, ':Jy ~ .ir1i i't . i'or 
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3. mooPS 

(l) 82nd I. i bor:-.:_ :)1 visio!1 
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J- 2, I~t~lll~~~cc 
eel •• H. nor;~ rs , r 3.AF 

Lt . Col . : •• T, . S"-'1 ford . An~ 

Col . 1. 

Col . l~ . C. ell .... .:.. . : .. m:" 

(' . : . , '.. . .... . . rc s, .~i r 

L G~n . JO::l1_ •• -'odC" , ·.r :'" 
(.:; . ~ " C or.'S~ .. l _ C" ~1; :' r.~' .) 

rorc~s 

Cal . -LI • •• • ;'Ovl'u, ..... r 7/ 

C. ( " 31:;t ,.·iL;hter in~ 

Col. J . Scot ~ , t. r:.y 

Col . J . R. Jeter, Ar:"i',: 

Col . H. T. !:c "'ornie1':, tr3J~F 

Col . L. r . lu rnor. USAF 

Col . 3 . B. ;arpGr. USAF 

"1 
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O·era-'.;ions Plll:1 
CAl;. :/0 1-50 

/iI~ u: :FIR!: 3ZCTIO:: (3 .M:3H) 
Fort f rab!; , j;orth Carolina 

1. 'ar s : n . Secti r.o.l Aeror.au<;i cnl C\&rts. 

( ~S -9) 
( Q-8) 
(8 - 8) 
(:t - C) 

·orfol.: 
.,avannah 
. :inston Salem 
Charlotte 

Strate:ic . 'ap rI;b 
Scale 1- 0 , COO Charlot .. c 

e . ,·t: r ':·T: o~ra;>hie"hc('c C;E 
Sealc 1- 5... , 0C0 

d . ,-.. r:7 j~ar Service lo:.o~ro. . .. ir. -:I"c t 
12 :;heet:; "overill{: ."'Al et,v'~r aroa 
Scab l-::!r; . coo 

o. Ar ~ . : ..... -r J~rv.:.ce 
3:.eot 83"1 
St.::ale l-_,unr- , lO' 

2. Refe renees : 

n . ·',,'1,\r ... ant f the J..r-0j' and de .nrtnont 0 .. ' t-!:e ,,,ir ;'orce 
:lir~c"ive for ·oir.t (J.r:-l.' anc hir Force) ::xercise Fy 1!J [;() 

b . Lul t·)!' ·.qrs nnc llv" r Ca-1I!Io,r •. -1'lr , C:;;:er ise SY.-ar-'er, ':;ubjcrt 
t;ene rnl Ian for traininc ":xorcise S\;:11--:or" c'at,. (" Feb 
lOSO 

c . Cor. 'urd ~:.lorandlll:\ , !!qrs ;J':-.,pil'e Gro tp "::;xorcise ::;Wllrr.:~r" 
lln;, ~ 2: l'cb 1950 , su:.. ... t ot ",Ities and rO!l pon::i bili tics of 
:::hi() • .' ir unpi rc, Exer~iso J\lur .• e r 

Col : -111:. " • . ,eC 271i I: 

1: . Die:: 0. orne a s 
Col o, " . ·:::.':huo 

;aief i.:~ "'ire. . ~- . :; . "'orcas , Air (.:j;:llr .. .cr) 
01 L. t . ' r .. or 

::hiof i; .. 1 ir AG~res.Jor For os , ,.ir( ~f'\lllSC) 
-::01 ~ • • • Hart or 

c . D/CA Porso~ol Lt Col R. G. Ilo:'d 

L Col ;' . S . !3rooke 

8 

·r ..... F 

U31.F 

USAF 

U31F 
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c. D/e.;;; :.ut.~r1nl t Col . • :.o.'1S or. 

~ . I~fo~~tio~: 

5 . l.iss · o .. : 

n. Dc nrt.:vnt of thc Army ond De artrncnt.of he Air Force 
.Joint (Amy - iir force) :xor~iso ry 1950 rlntc:i 10 Do c~' _ 
' er 1948 dirccted tlw,t a joillt o;,erciS£: be c'Jr,1uctcd in 
t'.o 'l"lirc Ar:ny and rq.l.l r ~c ... .. th I,i!' Force nr(:a in .,pril _ 
::ny 1950. rhe purpose of tho exercise is: 

(1) To :-rovido rai n inG nut! o::pcrioncc in he 0 : ra',.;:' m 
of a l:l£I..llOuvcr 1'O:.,.qu .. ,rters . 

(2, :0 stud.' the orcruliza';ion 1:.:., 0 Jr -tion o!' nn ~'ri~:l. • 

(.) To ~.ra.jn I.nn:' G.d f.ir Force Units ": ~tarf3 ':1 t::e 
ryroeedu rc tactics , ~'1.d t~ehni('uos 11: 'idont to ::11'­
Lrouud unl nir orne opcrati ,;. 

(.::;) To test nnu eve.hlnt" :1. tl.ods of clos ... Air :;ll~~ ort 
1'01' Airborne units • 

• (G) To d~t i,:o rllqui :-o:1_nts for sp_cicl equi!, ,mt 
\f .' c h 1..:\:: bo substituted 1'01' oguiptlcnt in tho) lr,Ut; 

( ~\ 
" 

tc. i' :.iro'Jrn u~i.; . 

:0 tust t eti c 
in l ...... o.?Ons. 

1-..1ic lion of nC~'r do':olo,): .unts 

(e) To =It::: ~ tra.irirur; r:rcfici,.nc:' of .f\rti ip::.til!{' 
un'ts as :l. b.,sis ... or proscribL.:,; f rth~ r tr.,i!:inc 
for coment ro::.dincsc . 

b . Ilw C' i\l1' lbpirc \'r.:.~ :l.;':':li!1ted h:' thc .·x O·.I'! l' C=:, .der 

Par --.!!.~r~o-.J.2-'-...:,undqu.2"~ ~i,:=.~ !:.!_~:,-Y,r::~c~~l!3.. 
Jnn 5 . ·r.rir\lS 1· r ~roun ~,:1d :,i.r 'vr.c suusc:quc .. tl:' _p _ 
:-'oTrrtd .~' .; ..... dO;]Cl.I'7': .. : .. ; of thu 1.1'''. ''I _ " :':'1' Fore • 

'i'us opcr ... ticl" ',1= i:; lJ, .. ::c· pon ChiC!' Ur:,,'rc CO."J ...... d 
. c·~or..ndun, ':ntcd 2,1 ?,' 1950.nrl co': 1'5 t:.c 0:10:' .. io, s 
of th. Air I:niirc " roa ir. co;mcc .... ion ';it:. Taint -::.:orci. c 
(;)\;: .rn", r) • 

f • . 01' u.:tc:d1:; or forces t:> bo urn ir.:Jd n.d obsu l"V_d :;co, 
br ,)b(~) C':::1.·,L PL.',.! FC:; 'i'J .I i'Ii:- :':::--~!"TJ~ S;'AltER. 

L •• c .. i l'r.I~iro Group \ril1; 

.ro'-:;rc "rson 01 :':lu oq Ii .• cnt for the crall . • 
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b . . G=izc (,_"ld trair- thl .. ..;r ou . • 

c . Ad ·i nistcr th~ erou ., . 

d . ~ ·re ?:l.TO I.ir UO:Jlro Rules ' ntl in:;tructions fOT nIl 
Ai r O~(' r;...ti ons. 

(1) ,'.i r Un::.itr e rt~ lc8 to b.: buid ... d.b:';;: 105- 5, 1':": 
30-10 1. Fl' 30-103, 17.: 30-102 , - 31 -~5, F;' 11 - 30 
:;S[' 79:., ~SF 79(1.) -1 

(2) ;.i r U..piro rule s tQ bo con·Lt.:d ' 10 .m·cl 10"0 . 

o . .:: .• ~irc lr.v.l:sier· - d AGgr 3sor orc nir ..;1," ',nt:; rlu r i!"',:; 
,r}l ... :, s..;s . 

( .... ' ~) fl:J:, ir .. , e3t:lbl ishm::nt nn,l iU.!letionin!: of :.i r r orco 
.. l~ ~l,t:: nt ~11 be:., s u:;cc. in tn" r.?: .. \;.-:;)r. 

(Z) :'I:J··iT.} :,1 r Cp" r c.tiollS O.11d etior- . 

( ~) F-:' p~rtieul:l r attantior- to ;. r ':.r'.'io!: , ;.OV""l_!: ': , 
cOl . L. r ol, c ')o r din:l tion , and ;>rot_e iOr1 of' ni r orno 
~ nc! j;roo" c('.rr i0r olcnc:1ts. 

f . !-tc :ll·tin.: .n : .s sicnncn !:::. c _ for ;]'.:ir':5 . 

( 1) 

(2} 

:.11 :-i r Urn .. ir ~s \li11 !'c~ort 0 Ft ':r r::; , ~:ort'. C r­
~1in:l r r tr.).inil'lj: not l.'.t r .. n 25 ., "0: E)~O . 
:.11 .. i r U-,ir": :l ·. :ill ~ in ;: l -.~' ,'Hh unit:; to 

. riNd !lot In .:: r t:lm! 10 i pril 1:150. 

b ' i.i n co: !l l :ti on 01' tl!e I..y.oreisc sub!;".it :1. r:, or of .,ir 
·h'·iT ... :l.etivi " ic.;s in s·!'.ieLnt let~j: '0 p .. r.:;i 
C!oil!f t.':-1pi r o to OV':l.1t':ltc pe rtor.:! .co 0" ::.11 .'.1r ol..;!" :1ts . 

I. . =::oc tv th", r f meti,,!::; ',:; ir.:etod. 

Q . Ie:,;; 0 ,' r :ltio. s l"Iil1 : 

(1) l.s :lunbl C·. ~'i e oor(· in. ....... AJ ~ho ruLs :'.1\(1 rq;u 1:-. ti s 
ur-.!c r ,.~:; ch 3:.;S op", r ,.tus. 

(2, Di r ect t:1C !> lo.n: ~ir!!:" . tr .... 5.·.in,.::; .. !lJ o:;e r :;'·ior..:-.l :-.c ­
':ivitics of a ll i.iT Unnirvs. 

(3) r: :,e'~ivu , . r u, :!l'"u, :ln" I:lonitor } u 0 <.lr:ltion ... l ~lld 
il1tvllic<.;;:eo roquiI'\..I"nt:; fo r tho.; [,iT 1.1pl ;: S I:.. .. tnu::.l 
fo r ~ll :1.ir ulv;~.:::: t:;. 

10 
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b . DC:,' F ... rsonnc1 ,'1.11 : 

(1) r.:.rt'orn p.rscru ... 1 Md ~ :::tini!;-r.::ticlI :'uti.!s( to 
incb<.!.! :.d':;ut nt ~unet ions) for :tG4'qu"'.M:c r s .3I.US . 

(2) one<.li\~ . prc:'r.r~. ":.,j: <::-Jitol' th" ~v rs on."lo;.l ~:.d 
~\.I:.:in· str:::tion r .... ,!j·l"v:-tv::ts for ::J-,J :.ir tr.: irJ I x.u_1 . 

e . X::, '0 0:~unie:::t1ons ,"ill : 

(1) Esto.'" ish ~"1d !:l'".int:: in co;-: t'nieo.!::o:; f ::.eili iJS !' r 3 .. tlS . 

(2) O:\C.!iv... . r"=,('..ro , ~,d :'lo.1it r tr. ) cC!:!:":".'niC';-.t:.o:;:; 
r oqll l ' cn..;nt:; f r th.:J •. ir ;;;; ':r .. . :l:.u::l. 

,... 0"", 
..., ..... VI ~t:rLl --U' : 

( :) ! arnam l'l:lt<:!riel : ... ~ i 'n f r :;:. 'S "!:'J i:1 luJe L -
di vi"lu::.l , . ! r ":-tpi r (':; ri .c t1.e tr:.L :' n.; C io' . 

:;) Co . .!ei ...... , !1 re~ .::.r . "'. :-0 4 .oni·or tl'c lo-i:;t i~ .. ,l r c ­
quirCl~ents for t:1C •• ' r Otpire . ~nuQ, • 

- . Ad .inistrntion and Lo i s le3: Sea .. n.'C]:'.:; C; nd ~ td t.11 S 1a.'1 . 

CO:"1r.;a:-Jd :l.ld Cor.mnm.i elltions . 

4. Co, nt.).iea.tl o· s in. :1eC?"dlll1 'J ;'1 .. ,,; r t'::l~ ire -on::uni ca. ­
tions rb,'1 . A"l..'16 :, F ;;0 "'->'1:; ~'1~'1 . 

(I j ;;ea
1

q'"ur:erl: 3i:'::' , ?r t : r :1:;.- "')rt l: Caroli:'la. 25 
rc' n r,=-:' 19::0 - 1" }' T' rll 19.-: • 

(;;) "" a J q : I .... e: .. :; .. L"';; , Ca.--: .. e:::111 "OI'':!: 
.~. I'il 1~,>0 - v ;:a:- 1950 . 

( 3) .:t!lldquo. r t er:; 
;:ay 1 ~:'; _ 1 

A~.ell:I)S ( 0 be rubE:; ed la c r ) 

11 

~ .. , 0.) , (.'" . .J. 

:ay 1.. '-0 . 

.!:.;: . . ,: 7 cG OR !j;: 
.. 01 :;J;~F 
C~!e f Ai r '~ ! ire 

rolina.. 10 
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:-ort ra"' , :'orth Carolina 
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2 - ::'7 --:-ril 1(;50 
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15 ' :U' 1950 

Fro:;:..re courso of instructions .lnti .:ri 0 

: ::mual 5 and Handbooks • 

. 'anuo.l CO:1i letell and rc~":y for ro:-rodl'ction 

S udc!.t un iros arr1':e ar.d TO rocJss Jcl . 

~cho 1 for ur.pires . 

h~iros join uni ts - riol • 

ar.ouvcr :'=..ses. 

=::i1 of :::ru!CU':llr - r r uy:a.ro fir- 1 r ep rts . 
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.. m tr.!rIr.:E S:C rct~ (S·: . .R:LR) 
- rt Bra~g . ~I rth a r o inu 

Annex "A" 
T~ Chief Air ~rire 27 :e rUf:ry 1950 

Orer'J lcn~ f15D m'I ..... ~ ~""" J·· .... ~l'"';'7'I(' ••• 
1 - 5 

FurfO~e: 

1 . Tbe ~urfosc c f tbls unnex is to prclscribe tb ~s~ rules und instruc­
tivns ndcdss~ry f~r ~r Uopirds t yr~y~rly jud e Jnd c~serve tb~ ef­
fectiv",ness a f l1ir ~p~r ... tl ens in JOint service :.yer...,tlans; d'xcrllne tht:! 
validity vf cU,'r " t echni ues :lnd proocdurus f r J;,lnt uapiro oJ,e rs­
ti~ns. <lnd t:: sccu"'! late kn;ml..ldge ar.d d~t ' cnc"rnic the ~rincl~lcs 
gcv"rnir.g ... jOint ir su~pcrt -airl,orne:-trvop carrier ~r.erotloni ",v'lu­
ute c3ru~1l1tl"s .Jf ne;'; it,,"\B of equip.,,, t fer thuir suitability in 
'cin t c~dra lons . 

f~ lcwinr cutllna 
MrlrJ Section p~-c~cds on n c ~~rdin't 'd tasis 

tl1iz~d os a ~ulj ~: 

'Thu Air Uopir~ Sectl:m will umpiru tn ... f~llo,':inf": 

(1) .. 1 <!l r-to-alr conb t . Duml1{'1.l i1ill b,. uss .. ssud in uc cerd ... r,c _ 
wi th d " In<lg", d:;Sc;ssn.mt t~bh.s, ~".ct L n VIr, this ..annt:!x . 

\ 2i nll tr,~p c~rrlJr rvsponslb l i iv! in h~ .. i rbcrn~ OR~n It . 

( 3: Efl'~ctlvl.:ne ,- S :of u ch 1.li r tt~ck, be· h !llr-t::-~! 1r 'J-;d :l ir-t ~ ­
r cund uXpr"ss"d 1n p" r c;nt1 u . :: f'.;c t lv"n~!s ::f att:l ck will 

tc du ,,~in~d ~n ~un rJl by : 

~. ~jctlcs "np1:oy~d . 

b. ':'vpcs ~1' f'~m, l~n fl-·.vn . 

()v r'll1 -p'-- r ", l ~ n - f th unit 
'J~ r1 i s, t '1 k..; ,..1"1' -1 .'''"in u • 1 

_ T.i ~ 1,. , ,. th r c~n~i i::n:- , :'rl wh -h _r ~ r 
. rT' '/:3S <: . 1ly 1 c .t.;d '!'1d 

c . 

( '; ' dll .J .;r1 .1 r.:c~:_r 1"s n :J .lssi ns. b:'th l/isu . 
J. le . :.d: !. t- r-

( 5} .. ""r;....~ ... t ... ~ir,) Sy!, .• J ",1r r .:' t ' n :.111' . SI..S 'y h. t ll~ 
at _ck . 

("'l u..J1':::. • i f ict"d ... n ~t. tJck1r.f; .1rcr f t by 11' :OSl.: d ... f 1.S ... . 

('1) ';~r'tlYn 'f 7t.cti ~l •. 1r C:::ntr~l C_:: ... r ~ d Sub ... r d in I v 

.::. i,~1.)r.s wi h r_sp.:ct tc ~ vYr:: 1 ~rf'! ti' n-,os 1% , nt1' _ll!!w 
. ir r .I ·'t, ~ Jssi:-.... -n ra",f'"s:;_r~' n"',!"':· tl n, dt t~-tir.- in " l".­

in~ h ;; 11 ':) 11' ~Pt cks, nc Int -. 'r:.ti~n .- f c~n;,:ur,ic '<tl : r.5 
'.nth .-r U' ~ '1 nti- ircr ' !'t d l' :I :: in th . JSG '.ult " r I . 

1r. 
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b. Th·~ r. r "und 'm1'lirc Secti~n wi'l u"lplre tho f~l1o"inlt ph~SeS ::>f 
nir operatia s : 

(1) The: pr~pc:rQtion for Emplen.::in.:- in ai rcr:!ft. tb", 3ctunl 
"jump" O .. G op..; r J tLns of th" ulrborn" unit th"rc; [tcr. 

(2) DumJg~ t all gr~und targ"ts by utt3cklng alrcruft . 

(3) D~ge t ' ott~cking U1rcrLft by gr~und nnti-aircruft 
"efcnses. 

3. C.<irdln ti.::n of Log! s lcs Umpiring. 

0 . Hanning Ph se. 

(1) A+l Air Unplr~s: 

o. 

b. 

Judge thl: oj: r~pri6tcnoss :-f di 'C i ,,~z lssu'Jd to 
~rinp, ro~u1rcd It~ms for air 5upj:ly t ~ l~nding 
P: ints. 

Judge: c_nc rrwntly wi tit tho Ground Umpires. tho pru­
pur_tlvn "f L .( ding rl..;ns ~f " r !'(' I'Ctl units ',,;1 h 
~irborno units. Also, 0 swrv" th~ udtlqu cy of uir-
rott prvv1doj und CJmbut loddin~. Dctvrnine furth"r 

1 f these pl:ms sUjlport the t.;lcti c" l rtl !ul ruml.nts f .)r 
tbc 'In1ts . 

Prep:truticn Fhllse. 

(1) All Atr nplres: 

. ~rn1Qe th r
, ,. "1 l~~eness '1 :1d ' ,d, !lu'Jcy ..., ., th'.! ,,1 r 

~~r ~ units rr · PJrqti~ns f r hry . ~ouv r Ir. c - r-
rJ tive IJC i ' n >'lk 'n J , Tl;sult 'I f discr f ' oci"s 
disco'. r·;d. 

\1) Hll "ir Urnplr~s 

Observe b.;lnd!iu of ir forcd r.1uturi.ls to d~ternln~ 
that appr~pr ~te prvcedur~s ~ru f~llJw~d i . b~nd!l~g 
equipmunt or car c by jll tiir f~rc6 org~r.lz' ticns and 
th~t dellv~ry schodules ar~ m~t in 3rde r tv M~~t t~c­
tic 1 c~~~ltm~nts. 
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d . During frae phasas. th~ Invnsl ~n and D~fensu Forces will paratu 
ndor thdir r~sPd~tiTe pl~ns 0 carry =ut heir assi~ed nis~l ons . 

Both Inv"lsion ~nd Defens~ F~rces ~ill b~ unpired . In the ev~nt 
th~t opPos ing actions ar~ such th.t no cont3cts will r esul t. thd 
Chie f Unrlre. wi h the c oncurr~nce of th" ~. n~uv'_r COI'l'"! nder, 
will tuke such c cti ~n as hu m, y ~oem desirable t o keep cont ~ ct 
h~tw'~n the or~osing forc~s . 

Durln controll~d ph~s~s. the D~f~nse Force will ~~ ~m~loy_d In 
g;;nor:.ti ccnform:mco with :tws 30- 101. 30- 102. 3"- 107 . 3:}-~ :; :'n~"'f:r 
~s is neC~sslry to insure ad,uatu·truinin~ of th~ InvaSion F0rc~ . 
&lsically. h., ef ~nse "1111 b· pl ... nn"d. orr .nizod :lnd ex~cut,-,d 
und r th ,_ sup'Jrvlsion of th", Der _ns~' C:lI:ln .ndor. The Def,-"ns", :lnd 
Invasion Pl'.ns will e studied by the Chi~f .. ir Unpir" ond Cen­
trol Pl'lOS pr..;yar"d t c Insurv inclusl~n of tr~l lning . Thc~e c.:n­
trel pl'1ns will c ontr.: l at t missions end· ction by th~ D<..f~nse 
t~ insure meoting training objectIves . Control pbns will ~ () c_n­
solid3tcd by t~c hief Unplr~ . Afte r op r ov:lI by th<.. ~:lncuv~r 
C~n.":"lnd r, c"'ntr("11 1'1."1n5 "111 be f orw'lrdoJd t~ the Dcr,mso CCITI­

:::~~ 'J r ~- r ·.v Jcut 1-1: . V' c!ll ,dju tMflnts .,..,y be n.:Ide t o c:r:.trol 
I'l~ns Clurt'l h9 e't~"utl"'n h ~89 by th~ C,.i e r AIr ttnniru as m::y 
b·_ r ::!u1r_d r"'r suc .;:-sru1·ex~cut1!"n of thi.. oxcrcisEo . Th~ Chh,f 
":'1rlr~ .. ;i 1 b,l k~s: In ~.: r'L or C;)n r~ l II"!n ch··n,~.:s. D rin~ c .,_ 
r :;l l~ rh3~t.. , thu In\'~ 1 n F-·rc.;; will b.;. umIir ... d. th" J~f.;ns., 

Fere..: wll b .. =t-s<.lrvcd, Jnd c su Iti.::s SStlss~d .S ~H.d'~ rrLt" . 

f. Th.:! c:;,.,~lidut ... d c~r. tr,"l yl.n Will b .. distribute t : thy .:',nve-
VLr C.nr.]....!ld.:.r, .. f •• SIOi C~nr:_ndvr L .. d Ur::prl; Grell!. vnly . yr ~ r 
to conpl<..tl 11 ~f t,;x, ... rclso • 

• Ph~SdS of ~lr U:'1firing . 

~ . E~ch U~plrc will judge cert~in ph~sl:s 0f ~ ir :p"r ctl as f o r thy 
purp~·s", :f ttis ,"xerc.1ec. 'lhero d ~:"I,,~ ,_ JSS'3~:':t;nt is r.:..de by ,t­
ht!r tb,:,n ~lr Ur.pirc:s. h" I\ir U"rirc w111 ;-.' kd ~n ov' ,lu·. tton c f 
the :J t (lck :.::d ir.c ude it in tb ,.: .. lr Ut:; iro's finu-l roO o rt t D 
the Chief ~n~ir • 

b. reund nd "'r ';j~i r·_s 'oVill jud-u tt',ir r ... sj:..:c iVd C-:'1,::nt:n s 
:;hr"'ugh~u .ir ::.rn .. r1. •. r.inc 'md .... Xucu i:n . C :SU:J tl \.: s t o Jl r­
cr,ft ~nd cr"'~R wi 1 ~'SSt:ss..:d by ~lr UnIi r us , -r.~ c_SUJltl.S 
t ... r ·)rr t1 ... h;r:<Jl:ts w111 bu uSSusead by r u d Unj-lr ... s, If ~):_ 
pr,,):ri'Jte. iU'.y "su',l ius t::: .ir J rr.u ",L:r.l:nts will b", r"st_r~d 
prior t~ r~a hi,~ "f dr .. s: z)n~ . 

c. Ce rd ir.:. i • f ): r1 s"nvr ,-xch"llr-\.. will b" :s' prdscri b .. d by Ch: "r Ground U;,pi r~ . 

d. Coo rdlnu i n :: f " out "r :.tc ti~n ' will bl: ::.s preserib"d by hl,.f 
Gr"und • nplru vr Ar;,y v ulpn'Jnt, ~nd './111 b ... ,.s preS ri b ... d tly 
Chl""f :'ir t~~plr", f::r 'i rcr:.ft . nd r~l 'l t"d uv i c ti oJJ " ui~ r. lr . 
.5e::t 1"n ':1. 

1 
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e . E<lcb ~plre< Gr up will judge and ohaerve COrrr.un1cnt1 :ms within 
its sc~re rf unplrl~. Soe Annex ~. 

5 . Ul'lt'irlr.u Air Ot'l.:ratbns . 

n . lul air-to-air orerati ons w~ll b~ jua~~d by u lr ~'~lros. 

The following will btl conslddred in dvulu"ting air operati ons 
g.,n~riJlly: 

(1) Tactics employed . 

(2) Types c.;f rorm_tion flown. 

(3) GnInin,' and Mainte1nIng :lir sup ... ri or i ty. 

(4) Escort and ddfeose of troop c~rrler. 

(5) Ov"rnll ope r ":J tion o f the unit with r;w<~rd to tr1eflnj;!s, co.,­
l:Iunlc'ltions , t,1k ... off and Join up, ~nd 'lbillty 0 ~ r "l t c 1n 
e:xi~tlng wo.thJr conditions . 

( 6 ) per.:lt1~n as dlr ... ctcd by th ... Ttlcti 31 • .ir C:mtr'llur • 

• Itto rcept l ns. 

Iht~rcurtlwns wi.l b~ j dgud on, th~ foll~wlng : 

( ) El~m~nt of surpriso . 

(2) .ut1tude Ad" :lnt, "' . 

(3) One P3SS ~nly t-y 'I t , c!w rs (7h. r e '''i,l1l b"~l.;Jes or Do 
~) . 

(4 'Vbut h", r (' r r t he ro r; r"r lr lo t W'S 'lC u_lly l~ci cd :md 
e uck .. d. 

c. Escort 1.:1551 ns will boJ JU c d or. tlit.: f w Iv,~lng: 

(1) Jc..ir.t J.>l J I.nl U~ . 

(2) Rendvzv, u:;. 

(3) T~ctics employud . 

18 
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d . ::lrl~at ':'lr p."tr I ",ui b; jud <?d 1; th(; fol1cwln~ : 

(1) I bl Uty t:) follow dlrocti::>ns frern the "Ir Cen rolldr . 

(2) R~C~lpt cf sufflciunt instructl~~s fr:m th~ ~lr :~ntroll~r 
to ~kd an Int~rc~ytlen . 

(3) ~Jctics u~ployud . 

c . "ir- t,, - surfoc,- -po.:rdticr. · ... Ul 1>.: J ~ ... d by ih" f~ll"Wing: 
(1) JoInt pl~nnlng . 

(2) Tuctlcs ~npIoyud . 

(3) TyP.Qs of f rm_tl,n~ flewn . 

(ol) Ovcr'lll r 'r'Jti::-n::-f th ur.lt with r.3~'. rd t:: rl<lflngs , cr! ­
tl"'u

n

g, -' ko~ff 'lnd J~l n up , a 11ity to opcr te In 'existing 
we, h~r -r.d1 1~. s . 

i D.:lm",~~ US50SS,'."nt by r und UI'Iy lrvS , ~xc.;J:t It .cks n' ir Ins ,I ­I tl ::ns) . 

(1) Opor'tion s dir~ctud by th~ ~ctic~l ~ir C ntr_lIvr . 

\2) Eluncnt ~f sur~rI8u . 

(3) Cv r rcct tin ... ev r t '.rgot . 

(4) '.'lh_ t hur ,r'n,t t he r r c.,_ r -, r ll t " /:'9, ctu 11: I.c t,d ,;..c! 
',tLckd . 

(5 ) Typ .. ~ r 'I t',ck 'lr.d I'ccur'lcy rosul t 1.. • 

6) Propur rm~nent . 

(1) J Int pI!! In :::g t~ sulcct1cr. end lr_pr~ 1 .... 11 ,f r_ut~ t, 
drop z:ne . 

(-) C,-ordln!Jt1::n with fighter ... scort . 

(3) J~I.t tr~lnlng . 

19 
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(4) Aer1nl resupply and Cv~cu~tlon 0 w~un4dd. 

(6) Types of formation flown. 

(7) OVurall poration of thu unit with rogard to bri~flngs. toke­
off unel Join up ",no ~bll1ty to opdrute in exist1ng 'Nt; th",r con­
dltlons. 

(8) ;;b..:thJr or not the J.r .)PQr drop zon~ W:.18 r",,",ch .. d £and th ... Ju."IP 
~ro~Jrly p~rt~rmed. 

(9) Return route ~nd tactics employ",d . 

h. ~orl:.11 recoon 1ss ~ncd missions will be judg5G cn th e t ollow1ng: 

(1) Joint planning. 

(2) Pr~ pn r.:t1 ;:;!l . 

( 3) R ... sults of visucJl 1;''''C,I,0" 1ss:..nc,,. 

(4) R_sults ot d' Y photographic rl.iconn:..iss:.H1CO. 

( 5) Rl::sults of • ight phot vg r ...:ph1c r"conn:nss;;ncu. 

(6) DlSsaMin~ tl on of 1nf_rn~tl~n ~ainud on th<l miss10n . 

(?) ' ''bether ... r nvt th", r"c_nru.iss :.s. Dce covc r t;d tho :>bJ<lct17tl or 
pr"pur t rget . 

1. All sl,ulnted oper~tl ons w111 be within the 'limits as cst~blish ... d 
by the Ilnneuve r C=':'l."I-::nder nd .. 111 be JU~F"ed by .. 1r Ul'Ip1rtls 1n th~ 
s~ e ~nner ns ~n ~ctual act l~n : 

(1) ','hen alrc·'oft 1N disrltched -n e s1rnul .tod l7'..1ss1~n. !l l1ke 
nlll'luu r of hu S" n-J tyr ~ will bo I1'r,und"d f ::: r th" sa'"!a p~rl"'d 
~ f tlmus th t it ,. vuld t OKC t _ c Cl'lpl ~ tu the miss i ~n ~nd r oturn 
t o hcmo ba s~' Jnd ru-su rvi~l.i. 

(2) D .. ulIug" will b", :.s.ssess"d t<. bvth sidus L ucc_·rdncu with tho.; 
lppr..,pridte d..nwg" assessmont t .... bl"'s . 

(3) Aircratt grounddd us u rvsult of s1mul~ t"d opurctlons muy 
bo utll1z",d f or flights which a r<l not PUI·t of the mnntluvor. 

(4) AlrcrLft a re not subject t o c8pturu. They 3re only subject t o 
simulated destructic~. 

6. Assu ptions (To b~ cnnounc~d by Uaneuvor C c~~ender. 3 0 Inter d~ te.) 
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7 . Duci s i oliS c.f ... ir Ur:pr .. s: 

. • Sinco th~ prim ry pur~~Se of t is ux~rcise 1s to provide the 
~~X1Mum tr Jining for All pdrsonnel n units invclv~d, the ~1r 
Unpi res will bu guid~d in r endering decisi na on oss~ssmcnt of 
d~3g~ uS out11ned in suction VII, Dan3g~ ~s~ssment Tables. 

b. It is di3s1rcd the!; competition snd decisions creating u sons€. vf 
victory or deteat be avoided between the pcrtic1peting units in 
f3vor of promoting ccmbin~d service training. 

c. Air Umpires will make every effort f~~iliarize themsel os wi h 
the tr )ini~ objectives of th0 other s~rvlc~s. 

d. Th~ intent nd s lrit of unifica ticn of th . survic~s mu~ t be 
odhered to thrcu~ close coopurutlcn un~ underst_ndlng cf mutu~ l 
pre ble::1S • 

e . ·,'lhen .. x1sting umylr~ rul"s r .. quiro a'llpllflc~tion, th" .Jpprov.:!d 
doctrinus of the various sorvicvs ~Dy be empl_yed os guides . In 
the interest of usIng now11-dcvel~ped umpire rul"s or muthods 
based on recent exoroises . modlflc~ tlons m~y be based u~_n re­
~orts ond r"conm"ndJtlons of th~se ~xercises Whore ~prllc~blo . 

f . t..1r Ur:lpircs will 'co '·Issigned to un .. ts but ure nct required t o 
be ::: pnrt ~ f the unit t o which ~ssl hed. An offic er dosivn ~ted 

" ul'lrire hiG o"m unit will crf~m his duti es imp'l rtici ', lly . 
His r o ~r s .... r" n" t subjoct " rev1 ;;!"1 .' ~ny officor' f th e 
unit ~ f ~ " rc t ~ 'Nhich he is l ssipn d. 

g. rtl1 uni lL':1pircs will c ::nr~ rr:l t " umpir..: rul .; s ·,nd l-r' c"durcs; 
h:wever . units ~~y cJll on ~n~ir~s f ~ r docisions wh0n n~uded. 
or for cl ·,rific'.tivn of decisiuns .Jlrd.dy (:l<.1do . 

B. ~r s:>se . 

o . Tho foll~wing n1r B,ses w111 utilized during th ~ ~xerc1se ~s 

indic:ltt;d: 

pu .:.FB 

C"ng~I'tlc AFB 

wngley.\FB 

Sh w,..FB 

1:;lcK',ll MB 
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CSl'lpb 11 AFB 

Laurinburg-~axt~n ArB 

9. Distinguishing NOrklnfs of ~ircr~ft. 

T be announc"d by Wanuuv"r C:lIII:.l..Jndur. 

10. Sacurity: 

a. All c13ss11'iu4 materl~l will ~ handldd in acc~rd~nc~ with thu 
Prcvisiona of: 

(11 JANAP 122 

(2) Air Force Rcgul '. t1cn 205-1 

(3) Command S~curlty ~anu;ls ond Instructl on~l d~cUM3nts of .ri~us 
crypto systems empl~y3d by using g~nclJs. 

b. If maneuver plny dlctotos. crgin·.tors of c::.rr.:sp:;mdunc", disp.,tcncs, 
:lnd d~cW!lC:nts f o r use in Ex,,:-cis.: S'r'It.. .. ..,ZR will d.;)s1. nut" 11'0 "tiC r­
lty classlflc~tions fer o~t~ri~Js pr~por"d. 

c. On correllpondonce :~nd d.ocUl'l"nts th ... ::l.n-,uv~r clnssificJtl:::n w111 
shown below thu ~ctuol c13ss1f1c t1 ~n . Fer Ey.~r.pl,,: 

RESTRICTED 

... .Jt:ER TOP SECR!:.~ 5 11.It.!ER 

thil ',e-rds SW'lM(' r SEC~ (0r ;:o ther c1 Sl!­

be includ·'d t c IIhow thtl rI'Jn"'uv_r cl ss­
ul classlfic,· tl ~ n ·,,111 p"''1ern the n';c,s-

d. In the texts ,f d1~p~ chrs 
~flc'3tl'Jn desi".n'1 cd) ,,111 
lric ti on . H"'v~tI''3r, the '1 C 

sary h"ndling ~ d servicing 
cum" nts bctw(3en h .3:l d1u:lrt t; rs. 

f dlsr~tch ~ s nd trJ 3m1ss1:n ~ f d~-

e ... 1r Ul'lplr~3 w111 not 41 vulg" lOy SA' ,r .• u r Uopir~ lI.f~ r::: _ ti :n t. 

blth~r the InvaSi on ~ r ~afunsu f~rc"s. = 
11. Psych.u~glcal .i· rfare: 

u . Both th" Inv:lslon Fcrc~ '\nd D~r,-ns", Y(rcu COIIl.'lI .. ndurs m y Us"" PfY­
ch:>logicul w:lr1':..r~ during th .. 5./..:rr.lur Iojx~rci8e. PIc.ns sh ... uld ! _ 
cludu nll Q\J!.ISI.ll\:S th!.lt would b.;) -p ... ropri~te t>!ld pr('ctic' bit; 1n .c ­
t~11 wor, but those ne~sures nJt t o b_ eXecuted (s~ul~tud) should 
bv stipulct~d os such. 

b . Hctu:.sl t~chniqut;s emple-.yed w11l b~ c"lnf'invd to th- s(; :>~ h0 Tuctlc~l 
Psyc;.?lo~ical "I:lrf!:rc; tho nOM .. l civil lifo of the [;l',ncuver JNt. 

must n:t b dlstur~d. 
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e. In Jrdor to cvold oct '11 r "l;ults th,t w~uld b<.; hormful to 
Unit ... d Stotos Inter;;st, th f;::ll:;wl.ng p licies ..lro Sbt forth 
to g~vcrn th~ ex~eutlvn ~f ~l~nn~d n,,~sur .. s. 

(1) No aetunl p8yeho~cgleul w~rf~r~ moasures will ~ e execu­
ted th,~t 'w111 of t end '8ny gr ... up of Unitt;d 5tates citiz\Jr;s 
n '1eecunt of raeo, reli 1;:;n, p litle::l or gu:-gr:,~'hic' 1 
ckground. 

(2) tk aetucl psycholcglcal .... ':Irt·!r ... nt,;!.Isur~s will b.;, pl' nn"d 
or axacuttld th.t will Intlm"te th_t ~pposln f~rees r~~r,,­
sont or resdMble r-ny nt.:tion othe r th:Jn th.;, Unlt"d S " t"s 
or "~,!ressor". 

(3) c lctu"'!1 l'sych"" :,pic::ll w,rf,I'e neasures ;'/111 h, ,-x';cu­
tpd th~ fill t~nd ~ e'luse I11-f ' _lin 'lM :;.~ b~nchcs 
~r the t.S.Arm . d ~orc"s. 

(4) Psyeh ' l~gjC"l w~rf.r~ th~nus i~~d th0 M'r 18 f :~_ 
I>"n"nts 1" • .1y b., p nn"d, but n~t ico:luded, in j'r::oy·. ',nd' • 
"ir Ump1r e th\JsQlctivlths 1.'111 b" :;bs"rvcd .:nd c Cl."I 
n"ntcd in Air Vm~iru rdf ta. 

l; . Ttl .. J •• Ol.UV"r C~"'~":I'lr.d~r ./111 Ct!;i8 ov..,r_11 cccrdi;) !tint:: .u.hc r­
Ity 1n n:Jtters p~rt:lnlr;€ to in ~ 11 "ncu . 

~. The lnv ' Sio rmd D,-,t"r. e C n":anders w1 1 obt in inte:'ll~,Jncu 
thr,u h Igtneic!:: !l - m ,lly ' ,v:.il~ 1::1.., t th0ms .. lvos ::r:d thc.ir 
C:MJ:onunt I..:ru:;·nders • 

• The Inv~si~n and D~f"nse F~re~s :/111 c:-ns! st "l'inly ... f 1C u"l 
'':I,its 'j!! !'",n<.d, rut rn .}' includ~ si:"lL;l t . .;d '-lnlts d"t(;r!"li~ 
th;"T: nt:uv"r cr..mand"r ( tt,"r Cd,s ul_t!:n wit!: In\"I'l1 ~n alld 
~f~nsd C,nM nd~r~\ u nce·d~ · r : i, vrder t insur\J Oew ing 

th" tr'.10 II€: r· · ~ iru:-'vr.ts f'",t !' rth c~' tho.; J in it,fs _ f -t ff. 

3. adnlnlstr o tlve, 

",ir vl:lplr",s will - t:Sl..rvu "nd r"r..,rt ,-r: th:BEl cgisti to • rt:;c'.l, 
~dnin1strntlcn and ~udic31 ~spuets :f thu exurcls tht h Vu ~ 
ir .. ct tu'~ring :0 th", "fft; ~tiv ;ntoliS f tht. ~,er·,tl~n 1 un t in 

c ~rnb1t in nco rd'lr:cu with eh, ek-lis'; rr~vidod by the Cht"r .~lr 
mriro . 
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Umpir...:s ~f a~~ ech.:!lcns will "nforeo supply disclj::lind to insure c::n­
s~rvLtl ~n . c6r~, nd ~rds~rv3tlon of suppli...:s ~nd dqui~ent . 

·f. Uni f orms. "ir Umylr",s: 

8 . rl1r Um~iru will weur the pr"'8crib~d ~r Fe Te...: Unif~rrns . 

~. Distinctive insignia' is to }e prescrib~' l 3ter. 
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Aprendix 1 to Annex A 
1 Mr.rch 1950 

Chief Air UmFire Oren ien Pl'n - 50 

Responsibilities f ~lr Force C~plres 

1 . Invasion ::!.nd Defense Foroe Unpi r es ',,-111 be r esponsible for 
~ccGmplishing the fo l lowln& ' 

~ . Obser ~o , ev~ l u::!.te ~r.d report on st~ff ~nc OM~nd func -
tions of th~ Force to 'Nhi !:ssic;ncd . This '.'.1 11 ir.cl~r',.. 
planning , oper:l!ions , in elli ence , :.d:::inistr ,t · on.nc 
l"gistics . 

To receive , e~1.1ullte r. ne! consolid e rep"rts from Su'lor -
din·,tc UmFiros fe r prep:'r~ ien - nd forV"'.rdin th" hi " f 
~ir Umpiro . 

o . Ore nize , supervis ~nd :-Jcnitor u:"Itirvs of r, rorc,,'s 
suh'rdin'1te e l ::;r:cn a c pr ot'ide u::ipi r e covcr:l."" f'1l1 
ph"ls e s ef he -x.r.cuv r ::nr' tC' ccmp'le -l~"':, c"nc . r nine; 
he F,-rfoM!l:'ncc ('Of h· S0 units . 

d . Perforn 0 he r functi ns :: s dir.:ctcd y -:-hc Chi e f <1.i:­
Umpi r e . 

2 . i i r C'r :11" L'r.tpires will bc r s{.:>nsibl( for .cc pllsl in." ~hc 
f 11~'.-.i. ni ' 

nc ' 

c. . Orb·nizo , su r ise _nd I:lonitor he :lctivitirs ef he 
'iin& , :;roup :.n· Squ,r'r')n ·mpiros . 

b . sSi:niLt.:. , t:'nsol'd:: c -.nd fcr.v~rd inforrn::ticn (.nd/or 
r eports r~cei~od f r om subcrdin t~ u~pi r~s 0 hr Ferce 
Unpi r e . 

c . ES:l lish hinsnif in 'n c.cc ss: Ie 1 0."1('n on ht:. ir­
drcOu in "rd~r ~~ f, iIi~~-c r~ .ffieion func ieni C 
"f th~ r.:pirt..s . 

d . As~oss d~n~~c i~fIict{c c irdr~~c fceiIir.i 
• ircr .ft ':-r r :.·: ons . "lnd/or 

Pr(;F'lre fir..1 unpirc r· rt:; f c· r subr.lissi' .. 0 hr ?'rco 
t:npir" "i h h '.ssist.noo"'f su':l : rdin .t.:. umFir s . 

f . Pc r fc r rn oth, r functions s ~ircctcd by th~ For ce 'mfirc . 

3 . 'iing 'mpiro ''Iill be r .::sponsibl" !'or r.c omplishin<; the follr-.. ! _ 

Obscr 'e , cv.l~ c :.nc rc or on st::.ff ::.nd c l'l nd func ­
tlvns of th~ Wlr.gNhich lssi"ne~ . This will ine1udu 
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plannin • opo r~ti~. s , ~ntellibcnco. ~ minis r~t ion nd' 
bgis ics . 

b . To r-.lccivc , "v::lunte and cons lic' ·,tc reports fr:Jlll sub­
'Jrdin .... to 'lnplrE-s f or prE-par- ien ::.nd f')r'~ rr'i '" to the 
dirdromc; Umpi r e , 

o . Orb':!.ni~c . sup rvis c ~nd , nitor urlpires"Jf he subcr­
din t v c lement to provico u pire ccvcr~ge of.~ll phn­
S~$ of th.:; 'Un!; 's p'rt in'the !r€lncuvcr c. nrl "J c-wpl1c 
dc.t'J. cor.ccrnin~ the perf r~nce of hesc uni~s . 

d . Assist Airdrome Unpir~ in pr~par'J.ti on of fin':!.l unfirc 
report. 

e . Perform oth r f~,ctions as cir~te<, cy he 4irc r :~ 
Umpire . 

4 . Group Umpires will .be rcspO~!lil- l fer ::'ccODplis!lir.' he 
f:-l1 e· ... i 

Observo , <:.v::.lu::.te . n<l ropor ~n st'lff -.n" ... "Une 
runc ions f h ... ("roup ° ;'lhich .:!ssignee . 7his "Ii 
incluc~ pl'J.~~i~, oPv r - iens , in·-llicence, ::.4rr.inis_ 
tr_tion ~n4 l oCistics . 

b . Direct, sup~rvise ~n' c Jordir._ \. sut '-'rdin::. _ t:=tpir~s 
in "r ·'c; r to pr"vice ,C:cfjuatl; c-,:,er'1g~ Jf ~ ll ph' . .""s 
cf tht. n-.n'_uvwr ;n to ompil.:. d~.t'1 ccnct.rn'i.r.g he 
Ixrforrn.!.: ,co Jf th"s uni'ts . 

c . hssimil.tc ir.f:>m:.tien end re ~rts fron su rdin ... es 
for subnission t th~ '7in; Tr.-api:-c. 

d . On Gr" up :niS3ior..s, ~.ssoss ni rcr -;ft ,> ,r'l;c ir.. '. ccor­
d'\noo with darr. " nsscssrunt +::.bl :, , . rin .' .is sphur" 
~f r sponsibility . 

e . Purfor~ ~ h. r fUnc ie. s 
pire. 

dir ct 

5. Sgu .eron Umpire ',<:ill be rcsp r.sibl, f r .c ~r.lrli5hin'" he 
follo;-win I 

n . O~serve, (, lu·. e nne reF~rt en st ff !le :lI"lM:..nd 
functions of the Squ!!.dron to './hich r. ssiCncc • This 
will inclUde pl~r~ir~ . op~r:..tions , in olli~~!lco , 
~dminlstr~tion and logistics . 

b . APPOint , il'lstruct, direct , sup..r·nso :lnd c orcHn". e 
orb nie UJIIpir e :J in ordor to prc.-lt'o !ldcqu-:to co'.' . r :-.'o 
of' (Ill phn,ses of he Squ'\dr:n 's p:lrt in th(' =r.c u':"c r 
c.nc! to cvlllrilc d: to: concc.rr.. 'n.:; hc p.rfcrM:".ncc ;; 
the ~it . 
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e. I'n,prlro rep rt3 f'r cubt;:iS"Si!:'n "+,, Gr"lup Ump-iro. , 

d . !.cc,:np:lny !lircr".ft en Squ"dr n missions within his rcnsen­
~ble c~pnbili ties . li.cQ,tirer.l<.nts excec<'in~ his c:: p'.bi Ii i ­
el! will be rl.t by th.:. seluction "f 9r~:lnic (lir unpi r es . 

c . P<-rfJrtn othl.r functions' os directed by tho Gr rur !mpi r c . 

n . b.bility -f nit t, clo:l.rly pr.,scnt r. cQr.tinuC'us rInd tir.!' 1:: 
r cpresontntien of the 'ir pl~urc . 

b . l.bil1ty '>f t'nit t:l efficient l y utilize "r ~nnic oJr.ll!\unic r . ­

tion' facilities nnd qui Fol.nt . 

c . ,.bllity of ,'nit. t, identi f y 11 fr ienf.l~· r.ircr af thrC'ugh 
k!l'J'Nlcd e ,r flibht I'ms , rad .r, c".tn . , !lntJ ether r"Ir.tee 
inf l"J:j,:tion . 

~ . ~~ility of Unit t~ utili ze i r r~ti0n ~r rir ~itu".~ion 
off~ctiJvly e~ploy fight r nircr aft ,nd ~. 

f . .. bilit, f 'the 7:.c:10.1 ~ir C .• r r "1 Gr~ur to perf.Tn i 5 

rrir.-_"lry nisai"ln . ihis r:lissi~n 1s t~ ., ~(.r';c . v;~,lu"l:c 
r, :1.-1 rcp:)r ,n: st:..ff ., pd c ~·n" . .r' functions pf th. Tl, G t" 
""hieh ~.Sf\il~'· ' " This ','Jill ::-elu<'e p1(\~n1nG . p r'l ins . 
~~-:inistr~.ti~n ~nd I., istica . 

7 . T'.ctic 1 ".ir :Jinccti('n Cent ,; -,ri. 
t o th- T'l tic:ll ',lr C'..Int r , i c...nt\.r C~:': 

'ri hscr"o :.r." rop rt 
~": f'11 .... ;i1'.f; 1 

8 . 
Officer s 
Chiu f "ir 

. • ..bll i ty f 'ni t '.ffi r 1 

IFF equiflr'Lnt . rop"rti::,; c 
(; 1" Y ~ c r d in _' S+ ~ ~~ 1 ' :, 

b • .• bill+-y f Unit to ClC~,:-l' r, 
pros nt(l+i~n.f h_ "ir ~~ 

~".~. 'r~~nic r.~nr :lnd 
~ :J • ',:i th 'ninimUJ:: inG 

1- p,." ~urc . 

c :· ... i:1U-U.s .nd timoly 

c . I.bility f Uroii: t o u ili::.~ .r ~r,: rn -:i n t') c ntT"l c n ­
b'\ f" r c.:.s . 

d . ;,biU y f 'ni t cffi "-_:1~.L" u.:l'zc ,rGnni c ',:-;'.lr.ic_­
i-r. ".quipr.1C .. nt . 

:.bili ~' .. f :t!r.it ,'sf.fci;'l'\r· "1uip::..:::t - no p-rsonr."l . 

"i r Lbis "n Offic.:.rs . Thcl'., 'Ii 11 "v pr" 'ide.:! t,¥. ':'il' Li ~is-. 
' . S . F.;r ccs . "urc.IIS?r r r e.:) 'Nh; ':1111 be r esponsib l o .0 the 
In i r e . :'hey."ill p, r f'Tn the. f') ll ",vir-.g c!uti 51 
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a. U.S. Porce Liaison Officer will maltain liaison with 
Army Ground Forces anq A grestor Liaison Officer, anc 
advise him f l ooation, disposition and plans of the 
Unitec States Foroes. 

b. Aggress~r Force Liaison Offlc~r will maintain liaison 
w~th United States Force Liaison Officer and advise 
hin of l ocation . dispolit1on and plan. of the Aggress ~r 
For~e. This infor~tion will not be divulged to the 
U. S. Forces Commander unless specifically directed by 
the Chief Air Umpire. 

c. The Aggressor Force Liaison Officer will maintain liai­
Son with the A;;&ressor Force Com~nder and keep hil:! 
informed of the U. S. Forces dispositions and plans . 

d . Force Liais on Officers 'Ifill mintain CO!"ltact ~'Iith he 
Chief Air 'mpire at all times and will 'keep him i!"I­
formed of Air Force and Army disposi ions. 

e. Free Liaiscn Officers vlill perf rm suer. a t r "'uties 
as oay be directed by the Chief Air tmpire from time 
t o time. 

9. Radar Lmpire Officers will be respons ible f~r accomplishin& 
the follcwl!'lg' 

a. Observe, rate and report on the functi ,ns 'f the racar 
site t o which assignee . This will inolude int e r ~pt­
iOns, plotting, sitin&. condition of e quipment ant' ca­
pabilities of operati:-oti person.'1el. The latt!)r 'vill 
partioularly include the recognition ane action akun 
against aloe Tenic c ~unter-measures. 

b . Prepare repor s for submission to the 7A~C Umpiro . 

c . Perform other func iens as dir e ted by he i'hCC tT,pi r o . 

10. Joint Opera ion Center L~pi res will 0b scrve, rate a, ro­
pert to he Chief Au Unpue en the JOC 0 v,hich II.ssi nEd on I',c 
f"'llowin&: 

a. A~ility t, c ~or cinll.te staff o.r.f om~nd func ior.s , ~~ 
i elude plannini; wi hin he' JOC. 

b. Perform othe r functions as dir", cted by the Chief hir 
Uupire. 

11. Signal Battalion Umpire will ~b serve. r~ II. and report ~o 
th~ Force Umpire t o inolude thl'J foll o.v i. .~ . 
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a . 1.bility t o perform staff , COln.':land anI' opeTati"onal func-
tions . his:ill include planning , ac!lIlinistration and l06istios '. 

b . To r eview an~ e~lua e the adequacy , and ability t o per­
form the communica i on plan publishec' by hi.;hcr head­
quarters as re~;a rds the necessa r y provisions 0 a ccom .. 
plish the mission of the ,SiGnal 3atta!ion. 

c . Ability of lo1t t o e ffiCiently operate or ~uni c comr.un_ i~tion equipment . 

d . Ability of Unit 0 safeguar d eQui pme nt and p"r30nnel . 

12 . tl.ir l!Mp1rcs at all 1chc l ns will be r e sponsib l e f or duter _ 
Mining the tlobr c(; te which participating .)r eani zations cop1 'Y SPcuri ty 
pra ticcs in the preparation, transmission, r e copti on , s torn~o , r e c _rrljr­
and des ruc i on f classified matorials . 'mp1res will be b

ui 
e'" by 

the rro\'isi S j f Air Forco RQf,ulation 205-1 a ne J;"Ni.P 122 . 
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27 Fcbr'Ulry 1950 

AIR ;, r;GRESSOR CO:'TROL FIJ.! 

a . The Con r o1 Pl!i.n cont r o ls specific !;.ir ao i en by t~r' 
"'b!; r osso r Air Force in order t o achiEve tr e. inin~ 0 -

je c i 'es. 

2 . Purp so . 

r, . ~ht; purpose ,1' Cont r ol Plun i s 0 sub stitutv ·,'I(~rti::,.o 
unkr ~Yln fnet c rs simila r t " hrsc encou!"tcr... in ac ua l 
c0Clba for krrcwn fact ors whIch arlO ullual in :1CO - i:::e 

~neuvors . 

3 . C, cpt 1 

0. . The ir.Hi! tior: 0 1' ;,ir Op... r :J.tions r l.<s ts ',vith t h<3 A-; r ess"IT 
r.ir F' r ccs :::.nc h~ kast pussibl into: r1'cTcnl'c i n Fl' nr.cd 
mi ssi ns is :-,tici ,.t 

b . Th rusp r.sibili ,. c"'n r o11i, - such nissirr:s r os "s 
~ 

,,,,i h ~~ Chi,:f l.ir I.i~rir~ ir. r ~ . r t 1 ': ie ';iol .... • . ns ~f 

c ... r in uir conccpt~ cs t-n lish(;~ by roc r ir .. c . 

c . Tho pri "lar : pur St; of this :::uncu 'er is t. pr wi 0 >;ro.ir.­
i",; f or a ll FU rt icipnr. 5 , ".!C hl. C~r:f' r - l PIn, . "i. ll , - n­
ri butc i accolrplishin. his purp" sc . Fur:h-, m or .; it 

d . 

is hiel1:, <'csir!lb l c. tha rIlxiClUT.'i u 11izo. i ~n be. m;...'e r 1' 
11 aircraft iT; th< r..:l nuu".:c r "[i t l-.out .h l '- ir.£ n e ::rtc~ 

C " ccp s . 

Th ... 6(;g r t;ss:r ont r ol Plnr . ...,ill !;O 

the Invasi on FCl r c(;s 'I hicvc r.i r Su 
l\ir 'npi r wil l d.~t.:r::1in\J h C~ (; 
has be n uchio '0" . 

in urf. t n ·h~ ~ Y 
ri ri y . ~h . Chiof 

;h,,!". I.ir Sup. ri c r i y 

4. O[<..r iOIl SI 

n . , .f lr ir Supe ri ' r i y hIS bC'cn chic l:' , ;" :,' r (.5s r l.ir 
Fe rc o wil l forVl',rl' .1.11 con ~mr:l:;. Cl' missions l,... hicf 
ld r Umpiro f ,r ppr ' .. u l n 4 cont r " l .s tc h.i r 1'o.;'1sibi­
lity in th li:;ht of existinc situ·.ticns. 

b . D",1'cnslv . .,issi 1'9 requirin€ s p:m 'I C us eeisi ns " ill 
ccpend "n I.r;;:..r ss or's C!l bili i e:; !I r ucti rm"'1' h ... 
"ppr siti 

c. Offensive Missions must ~'" su~nitt~ ~ six (6) h~urs in 
~d 'Jnncc ~ 1' ,,; xoc utiCln. 

, 
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d . In addition 0 ',.ir h:;gressor phnn3d missions , the Chiof 
~ir U,pire ~Ay ordcr spacifio missions . 7his may be ~enc 
t o exploit he flexibi lity of opposinJ ir Forcus und 
provide th_ desi r ed tr inin& for partioipan s . All such 
strikes '.'111 1 be or de red as nuch in advance as pr ctle~ble . 

e . Pbnnec air strikes 7'Ay be ch'ln/;€c by the Chief .'.ir rmpiro 
as the si ua ion dict tes, in ordo r to achiove succossful 
execution of ho exorcise. 

f . T'1o Chief •• ir lnpi r e will be kept inforl;lo~ of inFlnrncnt.­
tion of Con r ol Pl~n . 

g . ;tt .c'1cd is nU'"lb",re c list of tYPt: strikos '.'Ihich t:'.ay be 
erdo r ... d by "'hr Chi~f "ir ,rire when pprcprioto . 
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TYPES CF "IF: STRIKES "filCH l'i.Y BE ORDE1U:D BY 
CHIEF I.I? UUPlf.E Dt1U~~ CO,TTROlLED PUSE 

Fighter attack (s) on Troop Carrier Seri~l (s). 

Fightor bombinc,' rcoket, and s r afin a ook on 
U. S. Air Forces Pu sos . 

Fi;htor nission (~) in closo suppvrt of Ar~rcs s(r 
Ground Foroes . 
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App'~r:dix to nnnCJ( "i>" 
CAU Operation Plan ) - 50 

Jl ir Umpire '! is~l Sii-'jn!lls , 

1 . It is desired to dovolop tho '..ISO of vi~u!ll s1(;;:-.15 f e r l"lr 

'npi rinb in :l r ,~ o r ? r ccuec eomnunie:ltions r affie . / 

2 . FlyinG nir ~pir e s sh0 ~l A one CUTUbO ~hc usc of '15U 1 Si bnc ls 

in t-r~nst:littir:b the porecn1:o[c ~f offecti';cness of nair 5 ri<o t he 

fli -;h 10 do r . The " iT ,pi re '.'Ii 11 inc lude sueh p ree tab'J:: i n his 

r cp;:;rt 0 the, next hie;hcr .• ir l'r.:p ire eche l on . 

3 . Flyin;; tdr 'r.pircs !tTl.> r osp._nsib l o f ~r briofin;; fli tht l en ' .. rs 

re i). t GO of c ffoc i v( .. ss 

cf ::.n n ir strike ":ill b trC'.nSMi .. ~c by ~hc . .ir l'npi r c if proe icuble . 

This nny b.. cc:mplish"d by flyin;: ;nn l1 cl tc the fHCh 1 odcr an' 

cx~cutinb the ~ pplic b1e sibnol . <, list , 
c . nssi:n e .pl ,. t o f 'l ilur o:; - i .: t,.; h<:. irc r 'lft . 

b . !:tssien 25% cffcc i ':e - F.f'ck -:tin b s . 

c . !:'ss i en 501 effecti ';e - Prp..' iso ' i rcr:l.ft . 

, 
Missi"n 751-~ . off .. cti vo - Fisht ' il !li rer '. ft. . 

e . ~·issi~n 100r. _ ff<:.eti ': .. - Pull up into a st op 

( Th .. sc sii'na ls i!ly "0 r-:'·."iso..J if nee 3snry) 

c Ii ..... b . 

5 . .. t the; I! . pIc L:r. ~f '.:hc o:orci~c. •• ir "::lFir s ~':il S"Ub!':'li" :hc 

l is 'If si;;n.15 usc, nn~ n!lko r cco"cnc ns 0.5 th,_ ir pr'l ie'- 1-

lity f r f u r c cx~rcis : . 
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C,.C Opc.ration Plan 1- 50 
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nir S~foty 

1. Air lJr.Ipiros \yill be cOMpletely familiar with USAF and - val :- ~ -
flyiDb s ., rety regul!'. tions . R~p,orts of Vicutior.s will be r'lc'" in Air 
~piro Reports. 

2 . In '1~ ition the foll~ln~ safe ty rules ~ill be observe l , e n 
ny vio lati ons will be r e p?rted by i.i r U:"lpi r es . 

a . J :: t a ircraft wi 11 not at tick other ircraft clos c. r thnn 
ene theusand ( 1 , 000 ) f ee t . PTo~ ller - dri 'e n c' rcruft 
will nLt a ttack other a ircra ft closer han fivo hundr ed 
(500) foet . 

b . Indi\·idulll ob- fi ;;htir.c "c t":oen ui rcra f is prohibitec' . 

c. Only one pass will be :: 11 ,'1{ .. in ~,ny cne. eru;c.; "'len . 

d . Tr'lnsp rt type aircro.f wLl r, t be ottcck.,c' . Inter. 
t n ::ttaok ~y be sibnificc' by '1 ~r'111el p::s s ~ith a 
mininu!:l f O'1e th "us::m~ (1,000) f . e cler.r'1'1co . 

e . 'nn ccssar'l l ,w "r " hCJ 'shot" flying . 

3 . I.ir U!:lpires '::i ll insur.. hr.t th"y r v c o.,plo:.tc. ly f(l~ilio.r 
'lith t e c st'1bl1she~ Sef\ rch nne Re scu rroccdurvs . 

4. J.i r dJ' .:lrne Ur.lpir c. s ':/ il c :cck' t ',e foll~,vine; 1 

.£1 . J.dzqu::.cy ')f cr~,sh fir .:. - fi htint; ~ quip!', nt . 

SM.kb & non r parh:c' circr:lft . 

F st and/C' r c!l r c l css axii".- . 

c . Check f::r c 'ntr c-! r ~kcvff ... l a n~irlb 'Inc t>:lrkinf; ' f 
a ircra ft. 

f . Pr "t octi on ' f r }vrS fr:m FTop,lLrs . 

t; . l>ny laxity - pr ~t c cti(:-n of p-:rs cnno l '-I n'" equipm.nt . 

h . rr visions fer caro of .ctuo. l und sinubto(: c~su:l.ltic.s . 

Flyil'lb Unpir es whe re :! pplico.b l c 'Hi 11 chcckt 

3. . If tr or ps "In tnss (;n,:;r rs ur ... instruc+c.d in '",c!l ring o f 
P'l r :J. chu u un" '!{' ~ rin f S!lfCJty b" It s . 
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b. If srnokinb rCbulations ~re enforcec in aircraft. 

C . On nny violations of safe y rebulat ions r cict3tes 
of coonon ,en~e affecting safety. 
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/"ppcnriix 5 t::> j.n."lCX ":." 

C:.V Operation Fh n 1- 50 

Dl~ gc .; .. SSOSs~nt 

1 . Dama.;;e o.sseSS""lont will be in Becor '-.nco 'vith t b l -o s contnined in this H~ndbock , 

~ • ". i r 0 !l.lr, 

(1 ) ~oint l!l.nnin~~r'!ining . 

(2) ()..'e r~ll ~etics inclu,linb f"rnr:tion(s) , ad. c f 
cf ,tt'lc!,s' s) , e l c::-~:1" of sur prise , 'llti u~_ 
'! '."\ +-!l:;c , 1ir su~ - ri0rity r.c·.sur cs , rcb.ti"e 

i r errf p r! · r~nc-; . otc . 

(?) ':11 oJX; r~ i "n".l rc!v'i:::;.ss/cffrc+-ivcmess inclut'­
in.., briefir.[(s) , ~r.lr;u'ie.ti"ns . t' ·~co.f/i"'in-l:p . 
existin:; ··r-::..t!Lr c".p'lbili irs , r.issi ':1 r .:>sults , 
e r it i q I ( s) , \.. tc • 

( 4) :"npli lnce ~/ith Ta.ctic'll .. i r n"r 11 r h!:truc':-
ions ~r. sufficitncy .f such "iree iens . (Pr~p. r 
t' r ge .. 0 u_l1~' 1 cctc !ln~ ''; t''.c~·\..d at tio-:u spo ­
cifi c , ':itl- !l~ -en r cqu':'rur' ). 

(5) On£. P S5 cnly by n t .c)~ r( s) ('" r.cl"es or r' c; 
fi hts) . 

b . t'i r to Surra~ . 

So.: J. ( 1), (2) , ( 2) , ane (5) .br , .... . 

e . Escor t . 

C . I!':+-r r ccp en : 

f. ~:ibht/..ll ";c~t h'_ r In crccpti I):,!S , 

Se,", - (2), (3 • (4) . _nr; ( 5) nb YO . 

36 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE0 

(Dn",.'l':;C !lSSo"Sl"'cnt .ace by contr<'1 on or U!:lFirc(s) . 

g. Decp/c1oso .ir SUpp:>rt. 

Sec a (1). (2),' (3), and (4) ab.ve . 

(D.n"..a~c ~ssess""~nt ~de by krny mplr~s oT-cept upcn 
ir install~ti ons). 

h . Troop Carrior. 

(1) Soc 0. (1) ::.b,,"o. 

(2) S(.;lcc i n ~nd Pl" cp'l r3ti on of rou o(s) 0 ');"s;cti.,o(s). 

( 3) ir :JC\'o~cnt of a irbcrno trcops . 

(5) !.ir supply ':.ne! C':o.OUQ. I on . 

(6) Sec (2) (ln~ (.,) abcve . 

(1) SC-;·.(1),(2), .... C ( .3). h 

(3) ","hct/:. r p11cb: ,-Cjucfcd Cc.su41ths rnd furnishod 
'11ssic:: np rt(s)/phct ;nph(s) 0 unit(s) . 

j . Si~ul 'l 0' O~ r.ti-:ns l 

2 . ..i rcr. ft Rul d Ou 

.,' rcr::-ft th 'Ire f", rt f. f r~:,ti-n, rule" C'U "f Qc i" 
by J"ir ·opircs. \yill c":ctinu'J -:>nvith '1," r(;~.indcr ~f the 
f 'J rl:!~tion . but "I:i 11 no be cou."l 0-> as 'I .. ·.c.·in.::; th~ t'lrG" 
f 0r ca~b~ s~css~~r. purp~so~ . 

b. Single ~ircr~rt (inclu:ir.; 11.is-n ypo ~nc ni;ht Intru­
ders) rul... c.> u of ~cti n by ppr"prhto lr.lpiros 'v1l1 
return "" b,.,so i nr.;c1ntcly ' .... hcn so instrllctcf' "y the unpiro . 

c . J.ircraft rulec out - f ~cti on :'Iill bo U~':lil hI.., as rep l~cc _ 
r.l'-n S upon return t o ho'1(: ':. So or:: ly :lftcr hrlvint; boer.! cc'!:I­pI" oly sor-,-i cod. 
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d. ;.iror!l.ft on tho surf~.oo, ruled out of c.ctien due to bcnbinb 
att~cks on he ~iTdr c , will c c?Dsider ec 'ut of ~etion for 
the sn~ ~'riod of timv that the ni rcromo is eloscf !l.nd/or 
.ule(' out of :lctior, in aco r cancc "11th c::l.I:nG" :lSSOSSI:1Cnt "bl es 

X and Xl . 

e . ..iro r nft;m th(. surfc.oe , rul d out of .ction due to str '\ fin.; 
'ltt.cks , 'Yill bt;.ava ilnOlc J.s,to,l~cct:tcr.ts in hirty ("10 ) 
rdnu os e l~pscd tine Df o r ter~n~~ion cf att~ck . 

(5-.., D'.rlOe;c .• sse llsr- nt T'\b lcs Vts:l ''\n= "'III) . 

f • • ,ircrnft "n th<- surfaoe , net ron " ,. by str'lfin- "t 1':s , 
(Dam,; .; :l SSo sst:lcnt ':'nb l c s VII :lone \' III), 'Oii ll be. - r un 'cd 
only f ·' r the ti '1l:; intcr,,~. l thn c. irdr =c i~ 'clo sed in 
nccnr c:u:c c ','li th Dc.nt..~·o nssesst:lent T bl(. IX. 

t; . Cr ews ~f " ut- of- !l.c i en ni rcr<.1 rt; '::i l1 n t "i':u l €;c ny inf ' r­
n'ltion concerninG eli 'ht upon r o l1rr. t~ b::.sc , :-.nc lil l '~~,in­

'l in T '\ Ho sile nce for ho~ ... . It- ~ f-!l. cti ('n pe rio" exe" F in 

C!l. SC ~ f cr.c r ;cncy . 
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1 . lhr.;nt;lJ sscssr.cn 
~s f 11 .,.· ... s I Ls f (" r Use y flyin.: Air Unpi:-cs arc 

c . 

T ble 
., . 

J.nt i - '. ire r aft vs Air r :.f 

t: . Idr- t J- i.ir I 
Thru 

(1) Fightar vs Fi l~htc r , Suprisc t~::cJ.: 13 . ( 2) Fi.;h ·r vs Fi -h t c r , pri.Jr w rning 
1'1' (;3) Fighter vs B~'r cr, n'J cS~':)rt 

(1) Fi~h r vs Tr~~F C'lrrior, n:l C~C" r t 16 ( 5) Fi.::~tcr ·s rlc~b .. r, with ctc')rt 
17 

FiJhtcr ··s Tr""p 'lrril.r , 'Nith esc rt 17 
(6 ) FiC;'1 or 9,S 

RccnnnuissI1nec 
18 f ir- - - SLlrf cc 

(1) L SSU1: f , .1 r r f't .n sUl;f· -0 , ~·t di,;;; rsc 1 19 

(2) 

(3) 

(4) 

( 5) 

( 6) 
l.ircr'l t n tr.C·{ • .:4 by ni~ht or nll.'/o_'lth r 
fi:;h ul' 

39 

20 

21 

22 

23 
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27 Fc~ru' ry 1950 

ANTI - •• IRCR •• FT vs l'.IR~; • .FT 

1 . ~ . GE'IEFu.LI : .i r cr f los :loS 11 r :;ul t o f nnt i - '\il·cr'.f f1 Tc )"i11 
? c~lcubter' ' s c 1ec in: +hc pr" p-r 1.55, (th tis , t'1c L'5S sh 'o":' f e r 

r,ut",b" r of . ircr .ft 'nu n-rb .. r ~f 1:>', • ri r 5 c ffcoth'c ) , in tile "-:.s ic 
l :;s h I e s ~5 sh"Wn in Tab l e 1 '1.Jld by .)rrc"tin; his fit;ur c . 5 511-vn 

in sub se qu .. ~ ab l ~ s . 

The t 'l I e ~f l)nsio c..i rcr ~, ft l "~s ( T', b1e 1) t~ hc~ '.'Y I1r.ti - ..... ir r ft 
'1. r Ulery is cr,lclllnt·r' n the I\:;sunpti-..n h'\ '\11 .;ms 'f ".11 b' t .. ri~s 
:lo r c :"J11:1 "ri . -: i';" If hI. f' " <;'."Qne.s!: -r f'ur h'1.t '.ri"s h'ls '(.!;'1 

le t r r: im.' y +h" ,~ .... U- rira r, be. . 25 , . '30 , 1 . 00 ~\n" . SO , 'ler' r,'.:se 
f bur", . ~ha '\r.sw. r (2 . 55 ) ;i"os the nUM~'r f h'lt+·rics t c,nsi 'r r f ' r 
!I c 11 <;. b:.:.si 1 S5 nUM""r . "~O!l '\ i - ' ircr'1.f - ri;ilLrv is v t 
p!'-.j'si"'~lly prcsf"r. I t r.t3 r"\..n".l t.i c:; l-. ".:" r ri ~s 5h .... I e l-c ti ; rc · .... r rtt~<! , 
~n> ._ t>'. io 1 55 f~ctcrs in':' .1] 1::; 1 ~r.' 7 .'Iil '1C usee . 

ratlLE 1 - B .• SIC •• IF R • .FT lOSS TO G '!IS ( "X" V:.LflS) 

"J urb r r:uy.h<:r J f 

l' I :! 3 
:.i r::-r" rt 

1 0 . 30 0 . 61 
2 . 0 •• 67 1 . 00 1 . 33 2 . 00 

3 . 30 . 15 1 • ('() 1.50 2 . 25 

4 . 40 . 60 1 . vO . 50 Z . ?O 2' . .. 0 

6 . 42 . 90 1 . ~O 1 . 50 2 . 00 2 . 40 

. 48 .. ~ 1 . 2 J . tv 2 . ,,0 E . "L 
!j r.~ 1.00 1. '<5 1. ;:\ <: . 10 .,: .• 1f 

. ;) 

1_ . 60 1.20 1 . ~ • . U 3 . i I{, 3 . 60 

16 . eo 1 . 60 1.'?2 2 . 2 Z . 20 ' . 
., . . ;16 1 . 68 2 . frO :: . 1::' j . 8 .j . ~o .. ,. 

~I 

If nly fr ,cti n f 
t-~ t . ri ( $ . Ex~r.plo : 3 . 5 
lir'r _ r ~ sult in he l ~ ss 

t~t+~ry is ~ f fDc ti-'r . in l rf ' l ~ t . ~e wrun 
tc, r ics c ffv ti"c '1:'" i~.s 12 '1 +~ck1nl 

2 . 10 i t'cr ft (1. 0 /2 . ';0) =. 2 . 10 . 
2 
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e . ;.Hi udo (""II f:.ct or) , 
.:I1ouhtj;,n· r rJunc':: ir_1i 'lnr' :::c"ur •• cy f r 'un"s rC!J 1 in 

he f ll-wln,; crrre tbns ( T' It; 2) 

T •• BLE 2 - :,LTrTUDE ( "I." F .• CTOR) 
i.ihtucle HA" F:'etor 
3. 000 0 . 70 
6 , 000 . 78 
9 , 00' 1 .00 

12 , 000 . 71 
18 , vOO . 17 
20, 000 .018 

Speod of Ai rc r :..ft ( S" Fa t or) 

The er-rroctions t, bo9 lPPl1cd tc tho l 'Jssos cue to spe .. ~ f 'li rcr~ft is sh vn in fnbIc ~ . 

Tho t-.blo r 
is tal(cn. F,r 1"ss !"(.r"lcti 
T~bIe ., ·.vi ll be ()::Jpl yoc' . 

T' SU; 3 - SPE3l)' f"s" F .• eTCH) 
spocd of 
~irer' rt "S" Fnet_r 

~200 
220 
210 
2 0 

'280 
~\,lO 

:!20 
100 
500 

1 . 20 
1.03 
1 . L'O 

. 92. 

."6 

. 130 

. 70 
. 50 
. 30 

ble I) ,"S5\.1:;:(.S h t ':' c· ..... s··::c .ct! !'l 

C"~si" ... (: .ct· n, ,,,~ .. c rs 1il; ot! in 

Elnshc :lcti.n 1s cr" itod if he '1 tc. k:i~ nir~nft it clirbb,;, divil'lb r turninb , t o 'lvcid anti- aircraft firc . 

f . 

reducti 
empI yed . 

Thl. t .1:10 f b'1.s1e !JS sSur:_s 'l ti.;ht f rr:; i n. F r Lss 
CUe t f • rr.:\ ti n. ,. rroeti n hc r "F" (r"ble 5) will bo 
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Vor 

IOTES . 

.85 • 
• 70. 

. " \ 

(1) Ti;;ht F m nti 'n . The intcrvcl botweun nirer rt t'~cs n"t cxcoo" Q 

l ·h r 1 istnneo.f 00 wir'b sp£.n )r Co l ::-nt: itueinal disttneo f ~nc 
,.i rer"l ft loIlb h . ". ) 

(2) !Pose Formti ' 0' The int(.rV".l between irer ... rt Tries fr'r'. tw~ 
f ur winG spn.ns 'lncl r.irer~.rt lengths. 

"1 " 
(3) Very L."1ser The interval botweell'oil:er .ft exeoo,ls f ur wino !'p ns 

.. d nirer"lft lengthS. 

g . Subsequent Runs ("R" Fn t " r) 

T'\b le of ·Rnsie Loss :lSS \CIes f'). sinClo run thr urI"· the z-ne 
l' fire . i;.rl"iti 'n 1 nms will be n ssussc '" by "pplyin!; tho f ct"r "li" 

(~ 'blo 6) t, 1 sses deternined f r the first run. 

T .. flLE 6 -

un 
Run (Fri 

S,'e n P.un 
Third Run 

1.00 
1.50 
'2 . 0 

(1) If hu f r"" ti n '). ~ 'leks in '.'I" "os . whie'! :.Ire S ) ':iILly se n.r· er. t h:,t 
'. -.ch .: .... "JQ tly e en,;- (;0'" by 'to C'lt irr- ·tnti- -,· rer 1ft ') rti 11 ry "'.ff r.se , 

r.", f rn-ti n will c c ns1 1 red s :~rddn- t'n r .::-. - r~ runs, 'lone tho 
1 S5eB increased n tho subSu~~ont r~ns . 

(2) When 'In i-:\irer<::f . i ill'TY uni+s a r' .C" i··o.ly p".rticiprtin; in Q 

n!ln.;u\: r. i wi 11 be e nEi l. rer. pri r .::. rnin;:: h'. s Nun rf '~i' 0" if 
h ... targt)t is cn~n. "t;r.' bt,;fcrc it r e-.c "c h" [> rin (r f th .. -:ti - '\i r .r .ft 

!l r~ill'ry <',fense . 

h . 'l'PFlie'l i n f Bade 1 ss T 

(I) Lssos f ,r '\ l"' rticulh r 
'Nin!; f 'mula l 

by ht.. f 1-
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Exa.mplo. 12 niroro.ft flyillb at 6000 f ",c t end 220 ,:l'H in l ~" se 
f " 1T.': .tl n . clllpl :,Y~nt; oiusiye ~. eti n, :lttflek "n •• irer"ne where there ": r o 
five (5) batter! s <;f 9Qnn ewis : f which nli' 4t bUM:eri'os e r o offc.etivo . 
Prie r wnrning ~s beon roe~ivod. 

x .- 2.7 ~Fr -n l'.ble l? 
i-. .; . 78 . Fr Lm ,T-:"le 2 
S : ' 1.09 {Fr -m .T'1b1e ;,) 
V - . 60 'fFT ,T'\ble •• ~ 
F : . 85 • Fr~ T' blo ~ 
R • 1.00 ·(Fr"'l!l . Ta.ble 6) 

L ss •• 7eX·1.09 X . 60 X . 85 X 1.00 X 2.7 • 1.17 ~ircr' f . The 
1 65 f ~ne aiTer ft will he assessed . 

(2) V'\ luo f "X" in 1:-'\sio 1 0 55 table N'.y EXCEED 100 p"rcent f 
:1 0 ual ai rer ft . If fin'll :J.ns-··{c.r eXeo,,·'s 100· ~ " f ".irer::.ft . 100 
p~rec.n l =ss will bo assessed . 

(3) If the enti r e f r .-;"ti'n ~'lke s ':. ac e m' run ~',-, r ho t!'.r,~et, h'J 
nurb"r f r.irer ft r~Qinst wueh 1 S-c. s \'Ii 11 e -ss"s,s".:1 '11'1' c tr.c :let 
r.~bcr ~ f ron~inillb aftor the first run. 

2 . Lnsses Due t - l.ut nntic ~7c p ns J 

The '\ble ·t. bn.sic 1 :;5 (Tn>'lc 7) rue nut ":~tic ·:'O·.p ns h.::s b.:;"n 
e r..pilee' with cort '\ ln h.'1r'le <.- ri s ies f -.i rer '1ft . flutor..::.tio ;'{e:lp ns , 
2:uns/bnt .... ry. c e; (F!1 105-5) bc.in- flssUncd . 1. ~O!:lr un is nsi 'cre~ 
qui '".lent in firq: -,vcr t~ '1 qU'1"ruple ... unt '\1 •• 50 :-J'\ehi 0 gun . 

L ssos wi 11 bo ca13uhtc fr he !>'\sic 1 ' ss t-,b los '\n rrecti ns 
rl·.tolo in tho s" r.o r.::ln .'.r n.s f r the 9Omr: ... n i - '\i rer ':ft ~uns , us in- tho 
f " r-.ulaJ L"ss. i.S'lFRxX. L Ss .. s f flircr'\ft t l.ut r.latic :7 '\p~n5 will 
nrt be ~sscssec! -unl .. ss su ), ·.i rer· ft '[ r.c .t ':.n '. It tU('O Jf 600() fel.+" 
m ::\'o terr~in>r 010w . 

~ . Effeetrveness f 4U 

fli -ht 
I 5::135 

'Thon he nur.b - r f tJ~, t '. ri .. s "'hieh a re c f re "i vc '." i!'lst a 
f '.irerl'ft h,s bEll n 1 t rni.,, ' h~1 ~ r.,.. ur." '!:lEire , '.i r r ' ft 

FAy be O"olCll11 ,a' !)~, r.on: G f I S5 ~los . , 

'3-<5ie L~ ss T'\hlo f r 

T1b lo 7 in ic~tos h 
au '.tie 'IC' p . ns. (l si 1 S5 'f aircr::ft ("X" 'hb ) t 
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T;.!lIE 7 - B4SIC 100S TO '\!l'O •• TIC 7E.~O'IS ("X" ViJ.UE) 
. 

N\I:l!x;r o f ~ircr~ft N1Jr.lbcr -f B'Itt.~rios Effective r Z I :5 4 I 5 i 6, 
A.lrcr..!!' t _Lcssos I 1 1.0 

1.U I r.o- l.U 1.U l.U 2 1.50 2.0 2\.0 2.0 2.0 2.0 3 2.5 3.0 ~.O 3.0 3;0 3.0 4 3.0 
4 . 0 I .... 0 .. . 0 4:0 1. . 0 6 3 .2 5.0 6.0 6.0 6:0 6. 8 3.5 6.0 &.0 B.O B,Q 8.0 9 3.5 6 . 0 ~.O 9.0 9.0 9 . 0 12 3 .5 

6. 0 I 8 . 0 9.5 11:0 12.0 16 3.5 
I 6.5 8 . 5 I ~O.O 11.5 1,1.5 2; -

4 . 0 i .o 9 .0 10.0 12.a 15.0 
c . l.ltitude Correct} n (" •• " Fc.ct?r) 

Cn lculc t " n -: f r'unds firo' ::.n" "."<.. r t;C rar.;c; result in tho 
f .ll win.; c rrect ns ( ;:o r n1 itu<..: e" .. ") T7t.:b lo 8) t o bo r..:\<!o . <!uo t o ::.1 itu"o . f tho 'I nck , 

, 200 
500 

' 1.000 
1.500 
2.(100 
2 , 500 
3 , 000 
3 ,500 
~,OOO 

.~ ,500 
5 , 000 
5 , 500 
G,GO 

,.LTITUDE (":." F •• CTOR) 
fFO "/,." F~ct 'r 

0 .25 
.~S 

. 61 
. 67 

1.00 
, . 88 
.58 
. 18 
.2 9 .2·. 
.13. 
. 10 
. 07 

he COrr' cti ns f und in r- 1 .. 3 "'ill L.. c!e t 1 nsic 1 ss 
t'lblc fer the spce'~ Jf he ctto.ckinbi rcr !'t . 

I 
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S FC\):! : r 1. \ ..... I"-i't . 
(M P R) 

~~gl \ 
220 
240 
260 

280 I 
300 

320 \ 
400 
500 

o . Ev::sivo ,.cti 

F"CTOR) 

"s" F!lct-r 
1 . 40 
1.25 
1 . 12 
1 . 00 

. 90 

. 33 

. 78 

. 70 

. :;0 

. 15 

~en it is riscc r niblo th~t thc ~tt~ckinb ~ircr-rt 'rc'~~­
ncuvorin€; t , "voir' nnti - !lircr ft firo , I)'r.sh'c ". ti n will ,",0 C'ro<'itoc . 

C rrocti -ns f un c. in Tpb le 10 will be ~-r~ J 3".sic L'ss T~ Ie 

f' r c ,n, Si'.'O .cti ' n t".:<on . 

Correc i:n5 f ur.-' i:1 T-"1.:; 11 will "-c ..". (} t " ... d~ L..' ss 
Ie-ble t o c.cc"unt f ~ r f r- t.i:" f c +· ,c!,rin.:; ircr ,f • 

':"., -IT l1 _-___ F_r_!l_, :'_,T_1..,0",t ... 1 ...,.(~"..;.F .... "~) __ 

E
r n:" ~ n: " F"ct- r 

:i l 1 . 00 
L ~ . q5 
i"r': _,~_:;,;,.c~ ______ ...;.:..7;..0~ __ --J 

F r de finiti ~.S . f f r .. : ' ns , s e n to 1 , 2 , '.:,d ~ u,,: ' <.. r 

T.,He 5) . 

!; . Subs o~ucnt Runs ( "1" F'lc - r) 

The 3(\sic L ss T tl" is e l'1pU 

r. n f fire "fter pri'r w' rninc h'l s hc.n 
f r h<.. first run '! r he 
ro~oiv The c rrcc i n is 

r.,,<'e in -,cc"rd~nce \Vi th T'1, 1e 12 . 
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TIJ!LE 12 - S~SEqUEr'T Rm:S ( "R" !=' •• CTOR) 

Fi r st Run ~!b W':lrning) I 0 . 00 
First Run (Prior .... :- r nin&l 1 . 00 
Sec 'nd Run i 2 . 00 -
Third Run 3 . 00 

L.sses t c flights which :.lro en~:lbed by bJth buns :lnc ~.ut r''1tic 
,,"" p-ns ( .• It . be wo c n 3000 :md 6000 ft . , will e the sum of the losses 
i~curred fr -n .' ch type of I\nti- :li·rcraft fire . 

1 . t'npiros will 'lssure th:.t -0.11 airt'r'T.los will be "ofon~cc y 1':0 

Jl n li ~ n - f c.nti - :lircr"ft c.utcoc.tic ·"'E;!lp-·ns U!lC by ')no Be. tnli~n of 90 
~ Guns , ox ept whore he nunt . r 1-s t'etcn::inc.t' l;y tho <'oyo1 ' ~c.nt -f tho 

dice1 sitU:l i (' n . In this CI\ SO tho Urpirc will '; o . .::; iycn pri ' r notif­
i :l ti n . 

/ 

46 
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to A=,pt.:njix 5 
A ex" " 

A Op " r 
?1an 1-50 
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Zl February 1950 

T.~?LZ 13 - Jet Fichter Vs Jet Firhtcr - ~ul"(rise Attock 

Lc-. 5 of "ircr3.ft ,itt acking 
:'ircr~ft __ _ _ _____ . ________ .. ________ ---.--,-;-:,-:-::r::!'-=-:--------f 
"tt 'C kt. ------.-- - 1.r.1dI¥!4--~'"T""'~.,.__-=-i 

11:: : l-;- - - -, _ __, _ __ ,-_',~~=:~~=~'~-- -L:s-=.:--~=-~-:l--~l) 16 18 20 
t----+-~-l -·- ,- : I' I I i i'" 
1' .. .... . 

" L • •••• 

J ..... 

4 ..... 

6 •..•• 

8 .•.•. 

10 .... 

12 .... 

1l. •••• 

16 .... 

18 •..• 

<D .... 

1 1!1: I ; I j' ,',O!D 010 
I 

&- ~ r t:, I 
i !; f ! .. 

I
ii " .I:' : 

i " • 

1 

1 

o 2 I :2 I , : I ;, . I " I .. 
::I·ol:j :1-: .:~ ' 15 !I"I:: 
•.• 2! '! :; t. i ~ 8 I 9 

I 

) 1 I ! I',: r I 
, ! 
, 

.. I ~ I 

. • I 

, I I 

.. , I i 

.. 1.,1 II 
I , 

I 

'. I 

I 
I 

, I 

-I ~ 
I ~ 

I 

~ ! 
I 

5 1

1 

5 

'1 I 
I 

8 I 
9 

8 

7 

o o o 0 

o o 0 

2 1 0 

2 1 

•• J 

10 .. 

10 .. 

o 

o 

o o .. 

o o 0 o •• 

1 o 0 o 0 o •• 

1 1 0 o 0 o o 

1 2 o 0 o o 

1 2 2 0 o o 

2 2 1 1 o o 

.. ~. J J 2 o 

• • •• 4 J 3 2 1 

!'CT:.: ''h~n J<:.t air craft .:;ttackcd by c~nvUltiooal fl.fnt.crs - , UJ.t.l. ;.il.y l.osses 01 aJ.rcralt. lltt.xkcCl by a I 
f1ctor of 0 . 50. 

.. 

o 

o 

o 

o 

o 

o 

I 
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o I. ppcndix 5 

Amex /tA/t 
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28 February 950 

Flan 1-50 TABIE 14 - J t Fighter vs Jet Fichter - with ;'rior .:arning 

, 
Looses of Aircraft Htackcd Lusscs of Aircraft httacking Aircraft 

' ttacyed 
t.ttackcd bv Attackirl! 

1 2 3 4 6 8 ao 12 l..t. 16 118 120 1 2 3 14 6 8 10 12 n.4 116 IlB 20 

1. ...• I 
0 1 1 1 0 0 0 0 I .. ' . . . .. . . .. .. . . .. · . .. " 

2 •..•. 1 1 1 1 .: .. .. .. .. " " 1 1 1 1 1 .. " " .. .. " 

3 •.. " 1 1 1 2 2 3 . , .. .. .. .. l 1 1 l 1 2 .. .. · . .. .. 
4 .. '" 1 1 1 2 2 3 4 .. .. .. .. 1 l 1 2 2 

" .. . . · . .. .. 
6 •.. " 1 1 2 2 3 4 4 5 6 .. 2 2 2 2 3 J 3 3 3 . . 
B • •• " 1 2 3 3 4 4 5 5 6 2 2 3 3 3 J 4 4 4 
.10 •... 2 2 3 4 4 5 7 S 3 3 3 3 3 

, 
4 5 .. 

12 .... 1 2 3 4 4 5 6 7 4 3 3 4 4 4 4 5 
14 ..•• I : 2 J 4 4 5 6 7 . 4 4 4 4 5 3 5 
16 .... 2 3 4 5 6 7 7 4 4 5 5 6 6 6 
18 •..• J 4 6 7 8 8 5 5 5 6 8 e 
20 .... I 4 5 6 7 8 B 6 6 7 8 B 8 . ' . . . . 

t t b entlon:ll fi htcr:.; - :"ulL.l.LJ1 osse.3 0 aH'cra . 1. a ~t.ac .Lng oy a l"~ . r •. " hen Jet .hrcraf at acked y COny t or 
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Irclosure 5 
to Appendix 5 
Arl1ex itA" 
CAU C per 
: lan 1-50 

I 

~llJIlber of 
Bombers 

1 .. " .. 

2 •.••. 

3 ..... 

4 ••... 

6 .•... 

9 ..•.. 

12 .... 

15 .•.• 

18 •.•• 

2 4 

1 1 

0 1 

. 

. 

. 

THIS PAGE IS UNCLASSIFIE 

TABLE 15 - iombardment ~s Fighter ~ircraft 

Bomcer Los5e s Fi£hter Losses 
Figiters Attacking Fighters Attack ing 

6 B 10 12 14 16" :2 4 6 8 10 12 14 

1 . . .. .. .. " 1 1 0 . . .. . . 
2 2 . . . . .. .. 1 1 0 0 .. . . .. 
1 1 2 2 .. . . . · 1 1 1 2 .. 

1 1 2 J 4 · 2 :2 :2 2 

0 0 1 2 3 2 3 3 3 

1 2 :2 J 4 2 2 J 3 

. :2 2 J J 4 · :2 J 3 3 

. 2 3 3 4 . :2 3 3 

. :2 3 4 · . 3 3 

OTE: i "ne n Jet Bodler attacked by conventional fighters - Uultiply Bomber losses by a 
factor 0.50 

~ 

.. 

.. 

.. 
2 

3 

3 

4 

3 

3 

DJ. 
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Inclosure 6 
to Appendix 5 
t.::!lOll: -I." 
C:. . Ope r J 
Plan 1- 50 

I 
,l. i r c r 'lft 
(t-tllcked 

r j 2 

I 
1 •••••• 1 ~ 1 

; 2...... 2 2 

I 3.. •••• 2 3 

I 

I 
4 . • •• • • 2 3 

6 •••••• 2 4 

8...... 2 4 

12 ••••• I 10..... 2 4 

2 4 

/ 14 .... • 2 4 

. 16..... 2 

f 18..... 2 

, 20..... :: 
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T-ABLE 16 

.. Fit:.ntc r . VB Tr oop Oarr ie r .".1ror'-ft 
( without Esccr t ) 

Losses of Ai r cr aft Attaoked 
l~tbckod By-

3 4, 6 8 -W rr 14 
16 

1 1 

222 

333 

'* 4 oj 4 

666 6 6 

688 8 a 8 8 

10 
6 . a.. -10 10. 10 10 10 

12 
6 8 12 

:<~ /-~; - :: 
16-

1 
l-4; 16 

~ r!: -.;:, 
6 8 12 

14 
• 6- 8 12 

16 

18 

12 

1.; 

16 

18 

20 I 

I 

50 

. J8' 

10 10 

12 12 

16 16 

18 19 

::! O I 20 

I 
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D! .. 

~:.EL:: 1 3 

}'i..;ht.cr vs JlJconIl.?i :;sar.cc 

L ,~tc rs -:ai!ls I ' co. I . :s~ •. ncl _ir -
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1. .. il' U::l ir.:: rC ', orts 'ill be li:1it0d ... 0 ,,~:;.;-t::-l fc. ts :' ' 1'­

:~i-in'· to C.l ... r i~sior: ;'..!1d. o ~:,\,.;r .. \ lon:: of ... he orcani: __ t.idn Ull'''i1 4 

.., 
<' • 1:-.s::;ific •.• 10: .. 11 o~ ..:r:: ... iuns !'c'Jort:; " ill :.~ clssifi.;d 

•.• . ~o .... ':l~ ~_:. ". -- ~!~ l" ,· ... port 'ill U" sub:litt.r b: :.':: 
Chi..;f ir Un"irc to t'l':: (,hi .Jf 'np' r·~ str.'.:1 .. :-izin', ,'.ir U!"1; iri:l" ~,rti ·.i i "' . 
T!I": initi::: l r,:: :>ol·t . ill bo subnitt :::c on rid :-. ~' follo~i.:1~ ch" initi .tio:. 
o l· ... ro:-n::ni ssr.:lcO o~';l.'-tions or. or .:·O~lt 15 r>--il H)~{) . 3ujs~,.' ,'nt 
r ... : crts ill '.; su"'!'1itt"d 1.:: ~;lu C.lhf :.ir ':1 iN o:~ 2r i d:::' of __ ell 
".:..;.: un"U ':":1 9:;0 • 

.J . ..i r J,,: ir .., 5un..~ ri~!l : 

.. . ..ll :.ir U:.1l' iro' "il l ." i n :-.i:l l,pnolo;- ic :. l 'tln;: .. :· ~r 0" 

... 111 , il' _c i',-iti '':; . rl;::: i1111:-; t o O.,~ r .\.io:1 ., 7: 1'!:'.or of h.:: mits :l,y 

... r..; u:~"'il~in ,- :v , For '-.! , •. ir -011-: , . . '~; .. _ ~ ... ;- ,.. ·'h..;n r ... ~o: .. ~in. ,:i' C 

to t''...: a r c . ir l ·:· ir~) . ..ir u: i:' J '.·Ll ;n'luci~ in th..;i r chroll 1-
o:;ic::l s=~.r:' . r~:;tlr." of .. 11 :.i r .~.i :i'.;i~:; o' :: ... r".;d b:' _ir lL"1 ir 's 
'i t.!li:'. '::I<;i l' 31'r . ..:r~ o' o .• l". ~io:, . .., i:.; Sl'..:1 1':' ill ' ~ .: .i :: ..... i.1) fOI' 

f··; 1'-= r~r';l'C'·C ... i.' .:on, Hin ti..:: ft. ... l 1'_ JOI'~ or t:1C ~hi.f Inpil'~ . 

3ur.:-1::l'i.;z f r o, I", '.1' .:c':" lo:::; "i 1 .• :;ub. 1i ..... ~' t o .i rd ro:.\.~ Un:'ir_s .. t 
th :.irdrO:1- U. I:,L, r' v c1:,-~ctioJ"! . 

, . ~: ri ~:' '1" ort: .. :;·~ ri !:.:: rcJ OJ'': ; i11 be ::ub;,itLj ;"y .. i rdro~.:: 
Un. ir.s to th----cTT,:r-::rr-tJ:1: i r v , i~ 1 i:.:OI- ·,.1;ion c0l'i~s '. ;h" Cl. i ." 
F:"lpi r ..: .!lC t h.: ,-..;s ,-,cti": ... :-'or = . i r l'~ .. i:"o , i...,.:#rli:l.:·~ l~l" upor. r:cr..=-, l ~"i:Y." 

ot ~_c .. :;t !"'i!:~ . J ... inLlo5~lrJ 1 (C<r' .. l · ,;' J~ri~,;~ i :.;iO:1 DiT)_ h 
'w 10:-':) .I.d il1 ' 1o:;ur. 2 ( !!o:;tilv : '1".: .i~! .• ch . o!'~) :>1' 'on' or 
r_.ort . 

b . :~i~ .. Or~ r::t.i or::} _ u __ 4t. ,"'ort : , '1 :- op ••• L.ic'1 .• 1 S~, 1-
. r;' r_! ort . ill b ... :;u r.i~ • .d 'b:' C c' " .C (_.'1 T. C ·h . !1 .no:·ti:~' il' e­
to :v :-ore" .. ir UnpiJ'c) .i r :~:-i' 0 t:,c ~h·.::f .. ir U:-1:ir~ :.!~ i!l or: -
.. tion cO!,i ... ::: to th_ r .... sp..;cti .. :~ r'crc--: i !'" U:1 .. i l·~ r:d thl..: :li ... '" U!l .. irv 
of 2cOO :::JT tl:: ily. cO\'vrL tlL p.st "~:.ty - our hOlrs. ~.i:; I' C'lC'1I· t.~ 

r.~ . .;h th" Chi , .. ir U'1pir ; b:' 1200 !lours th" 1'0110' i I', d ... ·r . upo!':; . 1' . 

to bc..;ir. 17 .• 1" 1 lOGO :-.l1C' continu", - 0 th • .Jnd of ,h~ c::.:rci:;.:: . 0\ .. •· 
" ill bv co::solid:. .: fro ' 1oL .. ll~ o· s ~ r ' :J soure",,:; ~ld th,,:' :; "J1 . 1' 
'he control of -.:h-' ':' .. 'C .. !'l'/or .:.; -., .!)C . ~.I· 1'01710: r ... port :; "" Ii ~ 
ch:; ur~ 3) 7 .. CC :.::1'1/01' 'i • .DC Op ... r ... ion:-.1 Gu: ~ r" .~port . 
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~ . v~~ noport: 

_ . r' lyin:; tbpiro: In ord~r to :; i V-l tho u:,pro. ri::. ;;" un::-irvs 
.. s :-1uch im'or.:.t on ,.s possibl" it is noc.::ss_TY for the :'l:'in:,; 11r. ir.s 
to u::.ko c~,-t i:l r~ports ov~r th..; •. ir lnpir .. uro,.uc •. -.t ;T..:t duriI1{; o=.ch 
fliCht . :::1ch :.irdro!.lc of tho 1:1'· .. sion ::md Dofonse Forc~s i1 ... s b von :'.s ­
si:.;n_d •. code l.::tt-lr ,.nd :,.11 str!.!:es f ron ,,::lch b,.s.; 11.11 b~ l·tnbc r .d 
;;\J ri_11~ . :;,,;qui r~d r(;:10rt:; :. r\:! ... s follO"s: 

(1) "!i t::L" five (5) il1'J'~.s •.• ' l' cco .in~ .. irbor·~~ , 
the Fly-ill<; Unpiro '. "i 11 brCl. dc _st o'."-.: r th..: ir 
U; ~ir" 'ro.::.dc .. st iT"t , th.; b,.s~ code .::tt. r ,Jld 
z ~ri~:o :lUnb"r , ~Joi r.t ,.:ld ti;:.; of ,l.:::-,.rturc, 
nunbvr . nd t;fp" of ~rcr..ft , ~. r: l.J;ll,;nt , .. nd 
:-:lissi on .nd/or sp~d('ic t. r~: ... ,;s . if !::~0'."!1 . 
Thiz tr .. !1Z:'1ission n. : 110t be r~c"ipt.l fo r , 
,.nd s loul~ !lot b\J r~pv:.~,-d r.Ol·~ t:l;\.'1 one" ~"",)'1 
thou'~t-. :10 ""-",,cl~o\·l.Jc.:.: .... : . ...:~:t i~ l·Jc..;iv-.;(~ . :: .... ::;::;:..:;~ 
fo":" .. r..d so..'"1p1" "":s •. c') .. s fol Io';:: : 

(=.) Co..:: n~I1~ or l~'.tY r 0:' objl:cti':'; , if ::~.J": . 
cod_ n:.: ~ or l ~~t.:r 0:'" OJj..!cti ... ~~ i.::; \.I~­

..::;m;n , t'':;~ coe' lctt\!r ":~-r .... '·II. 

(c) ;'\100';1' •. n' t:·:,~ of .-~:: i.:i:: .. ircr .ft . 

(r~) ;:is~io" ::'l~/or z • .: .i:i t. ;._ t , il' 1::1<"'! 
(coo l"c i :_.~~z , if 1:.::: t .r ..;1;) . 

( .) :._11-'1.: r~~or,; : G::O. G: B .. ,: ~EI> 13 1LIG:I? 
. .BL: FIV-: 0:;: Z ~ 'j:: .. ! ...: ~!:J :: l!~~::: 

. :r ::- (le.::.:; 
• ___ 'r..:; • c: Jr. 0;' 

.. 1' FlV: '0 JR Z::;'; 

(2) In t.hc.~ IJnt of:,-'1 ir ~t~.:': 1. :lU. ~ort of f r i"nd 1" 
Cr ot'nd troo:,:;, th. r~port ou"li ,;c. i!. 5 • ... (1) :..leuid 
be dir"ct.d to th. t~,l)ir,; 01' tIc; Ul:it r~.l1 :; i \;h~ 

(3) 

:- ir stri!:v, S_.; ":\:,,;'Fi,,,. . (1). 

I:':l~dir.t.l" .:.f::' ... r 
c .. ll ov~r t:l~ .. ir 
:;urf_co or rou:1d 
: .. ;;tcc ~: ." 0 n~d .... . 
follo's: 

.:1. ~ ~;;. c:~. .h" :<'lyL ~ U: \:,i 1" .... -ill 
'..in'ir...; I.. r o ... Jc .. :.:;t ::...;t .... ~rl notif"- t~..: 
u::pir\J "h t:~r or ::ot :. :;ucc.ss ful 
............ :; ..... -~ for: ~ .. nd ~_"": 1""" ,,1~3S .. . _ G 

60 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE 

(:-.) C .. ll lot".r of unit c.tt .. ck.;d, if !=:0'1l: if un):no·.:: 
us.;: codo lctt~r "A-.~·.Y" . 

(b) FliGht code lct to r ~.:1d nunb~r. 

(c) :.tt:-.c!: con:-Lt.;d . 

( . '3 •. : 'pl" r ';!,ort: : •. !":- _.? 11:1:::; I:; "I.l 
;'IV-: Ol~ X .S~:.C:; CO .• !. ;-:-:::J:: 3:"-: 
'" C:-:\.;::~t T ;: . 

G. Tr_n:;:.lissi",' of ;.~"OI·tS: Cni t , :::;(ju~d,·o·' . Gr oup •.. i~C 
l'''~~ir.s ill t.r~::s~ it strTS:.---r::;-;:;or"s •. :: 1 ' • ..il" o:'~r .. tio!"".:.l stn:::".ry 
r,,~o!"" "s r,,~uir (I b~r tIt". ir:iro:"~ , 'i. CC .. :1f~/or ::.'1. Un!,i:-~ to "th.; :1v.:'.: 
5.:·ior unpirv in t!l.I un!'1r.;: c .'.in of rontrol by "1rS011 1 COI:t:-.ct , 
t"bpilon" or ot:.C r .':.:il:-.bl..: :"'c:-.nl: . :.irdro~l"; , T. - (: .. 1.1 'i' •• DC It.;n 
rw .. orti:l:; dil"~ct to th;.) Fore.: ... ir Unpir ... ) .. 1r U.\~ir.: 1.11 sub~it ti u 
d:-.ily op.;:r~.tiox.l ::ar'-" •. l"i s to :.1r "~p1r,J COrl.'"luni ;:-.tior. C.nt ... r 0 I h:-. 
S .:-. ... ion for t r •. ns::Ussion to t:h, Chiof , i r U:-;rir" . (-: ,0 CW;-:U:lic •. io::s 
:JU1C;: 'or fur:h..; r cl~.rific:':t1cr. ~_~c:. n..;th0 4 s of tr .ns~1ssio., of L .rOI"'""~. '. or:) 

7 . ~ f..:.po r t:; : 

.irJro!.. Un~ir.:: "ill :;ul:o!;it r.ports il" t:\,J faller in: fo:-.'. 
to th.:.ir !'.5:-.c'.:i·:" For •. ir I:-;pil' s for co: solid .. t.io:l , i 1(lars.non 
'.:Ie suu:11ssio:: to _!I. Ci,i"f "ir :.: ir.: . Throll .h th • .::: 10:" '~:-.t f' 

lor :. rli:l •. Ltt~r I:, 'hi'!' ;h •. , .: i • is:;io,l f ··h· '.:'lit i5 cu!;li: .. ' 
.no .. ir U:-;:-i!' s bovv ill .;-.!b.'i infor.\..~:or. rOi:-~rdi:~;:; ~:\- follo i. .I' : 

P rt 

II -

~·t \. - ., .. lo:'lO:,o; ... 1t ""'1 !:j~ ( !,,- ~ . r~ .... o c"",oo",r 
r.c'v!llo:tr.~,'.: 0.' ~!\. ir __ .: .. It:; 'J 1"' . 

71.. COl.. 1 J~ 

'0 t:,,, Chh.f .. ir 
l· ... r O,'t fro: . .1 ... :, for .... ; 

lj:il'..) ~:' 10 :: .. F 19::~ 
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';n "GO or.. l1-lG ~ ) Hill '- O:-!J;.:-LtIJd by •. :ls':.Jri:!~ t:1IJ ;u'.:sti,): s .. th ru 
J b ... lo- ' .. -w ri lli ;~ in th.J bl.-::n1=s 0Pposili the ~:'.:I.J 1 ~'-_~0 r on ~h" :1':.1S~t 0 :-Or:l "ith -:h~s.:J C'.n;n::.: :-s: 

COll.'I._- oJ i-:~, tific--.tio'. of O!'C::;.iz. tiD.! Cor) l,,~i !~. t' ~ -"t:-.c'= 
i:1c1udin:; i:Cl::1.J 0 .... S0 cock . st./'i):.. nt.:nb.;r .,'1d d ... si ;1~tio • 

c . CO;l:,L~.J id.:mtific-:tion of .. J. ... -•. r J ::~;;:.c':.c~ 0 ir: '1 , 'c th .. C o~r(!i:1.:'.~os . 
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i . ... r;. 0 • o-,~: I 14 chrli!1 ; .,. :.: .-l1d r:u.,~_ r . 
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1. Chicf Ucpi r e . f 2I:CU:-.-LI7.LZ3' t"'".3- .. Il!: ....... 
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GEOC GE 
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Inclosure 2 
to Kp~nd1x 6 
Annex "n" 
CAU Opdr 
Pl,n 1-50 

HOOTII.E STRIKE DISPAreH 'tEPORT 

1. The H' s 11e StrIke Repc rt (MESSAGEFORJ.! '/0 AGO Fem 11-168) 
will be completed by answering tho quest10ns A thru J below and fll11n 
In the blanks opPcs ite the s~me letters cn the MESSnGEFORM: 

a . Number und type K/c of hvstile strIking forca. 

b. Base cedd and strIke number of h~stllu force. 

c. Ccm~lete 14entIfIcQ tlon of t~rgot attccked to Includu 
c oordlnllt~s. 

d. Tine of the hostIle strIke. 

o . Number of hostIles intorcupted by cwn A/C. 

f. COMrlete 1dentlflc~t1on of un1 m~k1ng the In drcept ~ 
Include Bllse cr>d "nd strIke nlll'lber. 

I "BSvs ,...f :JWn .\le . 

h. Est1mat~ d~.gu t v hostl1~ n/C 1n .lr c~mb,t. 

i. Estil!l<ltu d'l!T:'lg~ to hc;stil.: ... /e y ,~" fir .... 

J. Tim.: own drunugt:d "/c Will be vut of c :rnnlss ion. 

In 1 112 

63 
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1
1!a';llgonter Transoitt1n !!eans CryptoGraph or Clear Text' 

!!ESS: GEFORM 
I 

Cells St3 Ser Precedence Tran50i5510n Ori;;nater Dote - Tioe Group 
Inst r uctions . 

. -~ _. - . . - - } 
~-- '-

I .ction Inforl!ll\t1on Exeopt Operat1ns S1sna ls Group Count , GR 
roms t Or1 Ginnt?r ) HEd.ail bE.9gh 12..1 IBM 

p 
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S7; .. ~:.'ER SECRET 
~ _cti "n t " 

PRECEDE'-CE FOR · Chie f l.lr Unpi re 
.. etion I Inforn'ltion . 

· OPOP OPOP j 
0 _ Ll~IJ~~. "J., r:SSS •• GE 

· l'i:1"Ef'S TO .. r'(JIt:rJl . ·E:;:::; .. tiE t 
r dcntifiC!lti :m I Cb55ific~ticn t Infc rr:l 'lti C' n t o s 

t 
1. Chi e f r.,pirc . 

r 2 . (I\ .: ~rcss or or U. S.) Force "ir Umpire . 
t 

1SP._TCB REP<Yr T I Er.STILE ST~ KE I 

.. gLE l 
t q: .. ' E:R I 
l 

n.J LIE ! 
DOG f 

f 

E..SY ! 
i 

F Y. I 
I 

';EO. C;E I 
; 

H " i 
ITE! : 

G 

SEClffiITY Cl..,SSIFIC .• TIC:1 .• UTHO[, I loS 10:1 
Si-nuturc 

S'fU,' E1\ SECRET "unc of "i r r' r cr.:o l'nrir 
0 IGI' :.TI"G :_GE; CY 

Symbol Dntt: - Tlr.c Gr oup Officbl n~e 

Page of 
•. 1 r dr on! tlr:tpi r e 
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Inclosure :3 
to ... ppend1x , 
Annex "A" 
CAU Oper 
Plan 1-50 

T ... CTIC:.L n.IR CONTROL (hND/OR TACTICAL ;.I? DIRECTION) 
CENTER D ... n.y REroRT 

1. The Tectlcul Air Control Cente r Da11y Report (MES~hGEFO~ 
'NO ~~o F~ r.n 11-168) will be completed by answ~r1ng the qu~stiens ~ 
thru K below and f1111ng 1n tbe blanks opp s1te thb sume l~tters cn 
the ;{ESS,.GEFO~ with those answers . 

B. Number of totcl missions , both l1r support ond intorcept 
missions, cent.rolled by the T,lCC. 

c. lUMber c f re~u~sts for air support rec~lv d ,y t.he TACe frem the JC'C. 

t~l. c. 'UI!! r of .,lr SUl'p:-rt t'lissions 'lssigned t e. T,mCs f . r ccn-

d. Number of ~ ir sUJ;port missions th(: 1,JX; lss ign~d t o :! T.~Cf fer control. 

~. Numbur of s cCvssful ~lr support missic~s. 

f. Numb.:;r of Inturce~t mlss1~ns vrderod by tho ·"CC. 
g. Num or of successful Interce~t1 ons. 

h. R.::ascna for failure of any air support mission. 
i. Reasons f;Jr failure of cny intercept mission. 
j. {umber of hours T..cc opt: r'lted. 

k. Number of hours tbe T«DC ope~tud. 

Incl #3 
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l:sG Con 10 . I Tr:lnsnittinc rrY!1tOGr~."h or clc:.r t~;:t 
I::i:SS;,GE FOR!: r:o:-.ns 

J.LLS I:~n :7' 
PrcccrlC:lCO I Tr:lru>.lissi=n Instruotions D::tc - ~L.o 

V Gr oup 

;.ct1-:r. Intcrn.:1.ti (In Excnpt Opc rntinG SiG~ls Gp C unt 

GR 
-

F'r..;n: (vriGin:ltol' Socurity Cl~ssifie:ltion 

S'.1:.ru :ER S::;Cru:T 
" tion To : Chief ;.ir Ur ...... irc 

Pr ococ!oneo for · ;.eti on 1 Inf T:'1:'.tim: 
OPOP I OPO? 

I · 10 I'noi .10,"" "n~~-~n 
---< 

· Rofor s to ~1n~thor r:oss-.,-" 
Ir.f"r:-~tit)1l To: l. r.Hof lbpiro Idontifio:ltion Clnssific~~i --

2. (J'Gi;rc s scr ') r t: . S . ) -or co :.ir I:n, iro 

T;.CTIC:.L I.In OIITROL (I.D/m T:.CTIC,.L :.In Lo.r:CTIO:!) C:!!TER n:.ILY ~:?ORT 

:.BLL 

BI~:rn 
" 

0H:J'LIE 

DOG 

e;.SY 

FOX 

GSORGE 

HO'IT 

ITE:: 

Jli 

KIllG 

" , u _u -J -- . . .-.:nr 

Sit;n:lturo 
S\,(iJClER SECR:::T I;~.r.o nf i.ir dr cr.o \''npiro 

Synb 1 
Vi ... b ....... v .... 'U "b' J D. to-Ti.:-;o Gp Offioi:ll Title 1 P:lt:O Alrdrono Unpir o Of 
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Inclosure 4 
to f.pp ndh i 
Annex "nn 

C"U Op~r 
Plan 1-5' 

Th.., .. irdrome OffIcers SUltlllBry Report (AESs.iGEFOIlU :m ...GO Fe n!! 11-1~8)wIII be ompleted by answurlng the questions A thru L .~low 
"nd f1111ng In the .lan.kB a ,os1te the same letters on the !..ESSnGEFoRlJ witb thoIr ~n~Mers : 

e. umber nnd type of missions c~ncelled nod re1Sons. 

d. NUII\b~r of :./ C o'ro1loble for each c:1ss1 o
n 

by units. 

c . Nwnh~r and type of missi ons performed .y ~8ch unit. 

•• Numt-ers "nd type i·/e possCssed on the stE- tion by oach unit. 

a. List the TUctic81 Units on tbe Btatl~n. 

f. Fersonnel ~nd ndminlst~tion (p~rt~ini~ t o th~lr efr~ct up.n thL m1sSi cn of e':ch 'Ulit) 0 

g . IntellIgtlDCe items (fiti r t u1 01ng t o their efr~ct upon the lllillSicns). 

h. Oper1ltbns !tums (pertolnlne t o thuir eff<;ct upon he misSion). 

the I!l1 sSicns). 1. Maintenance and SUpply items (yert~inlng to thuir effect UreD 

J. CO~~unie ticns 1tems (pertain1ng t - tholr effo missions) • 

k. List the Subject and the d'.lt .. time grouf,s or all mess'!ges dis­P~tched to th~ Chief "Ir Umpire durIng the 24 hour r~rlud r~p rted on . 

1\ R"nr,rks: (List any j;ertinent items O')t covured In" hru 1. 
,'lhtm 3n item h:ls prt:v Icusly b(;un l'tlrortt:d lnd th~I'\.; ho.s b<l_n OJ h~nge 
the wcrds ~NO e~E" w1ll b~ enter~d 1n that spneu 1n lieu ot r~p~.t _ fog the S~e Item ) . 

Incl #4 
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Group Count 

FRO" (or~..inator) 

I 
' SP;' E "roVE FOR SIGr;.L CE'TER eN;!'Y =======~ 

Securit1 C~asific~tion 

ACTIO TEl: Chief."jr Ua:;Jir 

rr;FQR:':.TIOf TO: 1. Chief Umpire 

2. (~r~ssor or U.S. )Force 
:.ir Urr.pir~ 

:.IRDROI'E CFFIC::RS Su: ::.RY !lEPORT 
nBLE __________ _ 

B~ ___________________ _ 

CH~tIE~ ________________ _ 

JOG _____________________ ___ 

E:.SY _____________________ _ 

rox ________________ __ 

GIDRGE, ________________ __ 

H(Y·: ____________________ _ 

lTE~ _______________________ _ 

JIG _________________ __ 

KI<G ________________________ __ 

LO~, ___________________ __ 

::IKE~ __________________ _ 

S· ·:.RUER SECR::T 
Pr~c;.:dcnc(;; For 

.\cti n , Infc..rm:ltion 

Opop I orop 
Ori in:ll U.;:ss c 

R..:fl;.rs ~ Am.t.h~ •• .. SS.lC>c 

Identification . Cl~ssific~vn 

____ SECURITI CL:.sSIFIC:.TION ----i----- ;.Un'ORIZATIO:~ -----1 
S··'Afi'~R SECRET Si..r.:l\.W'I.; 

F 
ORIGI ;'TH!G :.GE:'CY 

Sy;..b 1 3t,--T~e-Gr~up Official. Title 
AirJr~:;.... Uc,..ir~ p;;o Of 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

"ppend1x 7 
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Plan I-50 
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nIR UNPIRE CHECK LIST 

lRiTRUCTION SfiEET 

24 Fe ru.:lry 1950 

1. To insur~ that the .. lr Ump1re Group accompllsh~d its misslon ~s ~ut-
llned, asic check 11sts have been prepared and ~re Containud 1n this 

Appendlx. Check Lists nr e provi~ed tor the tOllowing: 

B . Tactical Reconnaissance to include liaison type alrc~tt. 
b. Fighter (Jet) . 

c. TrcC'):. ,a rM er . 

d. li~ht Bomb~r~ent. 

6 . T.;CC 

f. TIiDC 

2. In ord~r to s~curo st~nd~rdizQticn und t¥ achlvv~ ~e3ns of eval -

uoting the performance ~t p8rticl~tlng tactioal aIr units, tho USnF, 

O~erntional Readiness l\;sts (ORT's) <:ond the USN .>dCIln1stratlve .:JLd M:..-

tbri~l Inspection Forms were usad as 8 guldo in pr~PQri~ the Ch~ck 
Lists. Integrat~d into these teats and forms were the r-inlng 0rjoct_ 

1VGS t or each type crgunlzati n. 

3. In acc~mplls~nt ~f the Check Lista, it must be b~rn0 in mlnd th~ t 
they were designod as 

guide to aSSist in compil~tion of the final rv-

port on thu Elxer Ise. ..cccrdingly, it 1s not lntended that hoy rc-

strict or contine tho SCope of inqUiry or observations of the UMpire in 

hls effort to detemine f nlrly Gnd accur ately the st- tUB ot l.t unit th~t 
he is obaerv1~ . It addltlonnl 1tems are 0 eryed, wh1 h re not 1n-

eluded In the Cheek Llsts, the ltems observed , together with manner of 

rerform~nce, mny be 1ncluded under ~!.RYS 1n the ~ pronr1ste sections. 
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The <lv:::1ULtion o! these addition ... l itWIIs will bu m::.de by the Chie! "Ir 

Umy lre, und appropriute credit given to the particular unit. 

4. The atteched Check List enumerated in p rugraph 1 u~ove ure each in 

two (2) parts. These are "Air UlIIpire Check: List and Score Sheet" and 

"~ir Umpi r e Final Score Sheet". The FO~T used t or the "Check List and 

Score She~t" 1s similar to the form thet 1s to be used in submitting Fl-

nol Reports. This wl11 obviously expedite compilat1on ot the Finel Re-

ports. Based on Job aSSignment, e~ch umpire with tactical air units will 

accomplish both the appropriatu "nir Umpire Check List and Scoru Sheut" 

and the "Air Umpire Final Sc re Sheet", or applicablu port10ns thereot. 

5. The "~lr Umpire Check List and Scoro Sheet" is d1vided into three (3) 

m:.ln perts. (Pnrt I: Flenning Phase, Fort II: Troining FbaS;) , P:lrt III : 

OperatIons Phose). Each Part is sub-divided into tive (5) Sections. In: 

Forsonnel ~nd A~~inistr3tion, B: Intelligence, C: Operations, D: Log-

iatics, and E: Communie~tlons). ~ch Section cont a ins one or more items 

to re checked. Each item has a scoring box besldu it on the ri~t h~nd 

m!lrgin . One h .... lr or th~ scoring ~Olt cont ins 13 number. This nw:Jrer r ",p-

resents the muximum ~m~unt tb:lt the umpire may give tor thut v~rticulur 

i ern. 

~. The umpire will till in the right hand h~lt ot the scoring hox ~ 

for those iteMS p rsonally chacked, ~v(Jluetdd or obs~rved. The re~jining 

item Score boxos will remain unscore~. 

? 'flhen Umpire has completed scoring nll possible it6llls (rlgh t han~ h 'lf 

of ~coring b~x ) , be will thon cdd up tha M~x1mum scores ot only thos~ 

itoms observed ~nd placo thut tote I maximum sccre in thb ~" side of thv 

score box opposite each section h\.loding. Then he will odd UJ' th" unit's 

scor~ (Umpi re's r at1ng) and place tha t totol score in tho Unit si~u ot 

~he score bOlt oppcsito oach Suction heading. Th1s process 1s repented 

f or ~ach ot the flve Sections in each ot the thrue "Parts". 
7 
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8. The five Section l.!axilllU/!l Scores Bre then adcled . 

9. Next, ,total, the tive (5) section Un! t sco'res nnd place the tot!Jl score 

in tho ~nit" 8ide 01' the Score Box oDposlte "Total Scor~ tor ~rt I, II, 

or III cs the cas~ m y be. 

"Summary 01' Umpir~s Score" sectlon, take each section separately and ~dd 
10. Now you nre ready to till in tbe "~ir ~plro Final Score Sboet". In 

the total sc~re (Max nnd Unit) tor vuch 01' the throe parts. Those total 

scoreI'! are to !le placed OPPOSite approprlfl't~ Ittll!lS rated under proper 

heeding (Max Score or Unit Score). 

II P<lrt I - PlaMing Ph' sa 

1..' " m;IT ..... Section B: Intelligence 
115 I 12 , 

Part II - Training Fhas~ 

..l....( maT Sectien B: Intelligence r 10 51 
I ' F rt III - Operation Fh~s~ 

M.~ maT Section B: Intelligence 
! 20 81 
( 45 ! 25 I 

Final Score t or Secti on B Intelligence 

Opp"site "In elllgence" under "1~ 1('n Scor':! , r>l'lce 45 

°n':Jsite "Intelhgence" und er "UNIT" Score, pl'Jcil 25 

~ach score seporntoly ( ~ lind Unlt ) , ~nd divide t~t 1 ~x Score .y tut~l 
12. Re~9t this proccdu~ t or c ch of th~ other four (4) seeti uos, ~dd 

Unit Score. The ~sult will be th "FI1~ SCO~ 1n percentug • 

13. SUBMlSSION: Each Tectlc~l'~ir Umpire will Submit one c P1 of his Ccm­

pleted Cheek Lists and Finnl Scord Shdct to the next ' higher ~r Ump1re 

echelon . Th~ Seo~ Sheets wIll bo conaolld~ted and in turn be forwarded. 

On a rrival at e~ch echelon 01' eomoand th~ Check Lists will \e utilized in 
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prepar1ng tbe requ1red F1nul Reports. Individual Squadron/Group Um­

pire Check List(s) wt 'l1 be attached t the vnri o UB Finol Reports bS 1n-

cl osures when forwarded. The rom w11l be S"\RMER SECRET '.then fill ed 

out. The or~1llEltor w11l be resp~ns~ble for hnvlng the complete f om 

stumped SiV~~ SECRET.' 

14. Str~: 

c. l'IiE. I:JFORTnl';Cl!: OF mE str~ CO!'1' OT BE OVER-E..a'HnSliED. 

PROlIULG,.TED fu:."'REIN IS 'IRE CRUX OF 'DiE Ef-rin~i t.W-mNER. HERE IS '!HE 

. . . . 

,00) co TCISELY. 

NU'£RIC.u. RA'l'OO SYSmj JJi) ElCPR:ss HIS INDlVIDU.:..L OPINIONS CIE.RLy 

ONE OTPORToNITY FOR 'IHi: hIR UUPIRE TO DEVIrlTE FROll '!HE STEROTYPF; 

b. 1HE str~u.:"RY ','ILL BE 'mE FOC~ FOll,r OF "TT:'1iTICN FOR, 

~VIE"IN> nGENCIE5. THE EFFICIElWY OF 'mE U~IHE, r.S .IELL r.S THE 

SUCCESS OF TIiE JOINT :.wJEUVER, IS ~CTED BY Ho.. c.JW1J l.Y ,J:rJ CQi:_ 

ClSEty THE SU;J:W?y IS IR.J~~ 

c. E"CH FFL..sE :!U3T BE stJ:,r':"'RlZED llror; CO.J'I.ETION OF m"T PnR-

TICUL.R PH...sE. FOR THE I'URPOSE 'JF REPoRTING Sr..J;IWIDI:..rro , THE 

PRi.S1'; SUlr 'J.ny "'II 1. • mCUJ')E: 

(1) DISCUS"'ro~) OF " .3U ... L Vrr.TICUI TP'S O!1 ACCO.lPl.ISJrSN'IS. 

(2) m.fFlRE CO:'~!E.~. 

(3) UtJFIRE RreO .. L.:.1EJ ',TIOIJ(S) 
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Inclosurel 
to .. ppendix 7 
Annex ..... " 

I. 

FIGHTER i: . 

C .. U Op~r 
Plon 1-50 .. IR UMPIRE FIIW, SCORE SHUT 

Date ot Report Act10n DJte(s} Organization 

______________________________ , Looa~i~n~ ____________ --________ __ 

TO: Chict Air Umpire ~ 
nqs, Air UlIlpire Gp. (Swanner Sdrvice (..r, Navy, USl'ine, NG) 
Ft Bragg, North Corel in' 

:dISSION OF UNIT: Indicate 

TYPE UNIT 

UMfIW N.U.IF AND COD'" .10. 

Pdrs~nnel and ... dmln1strat1on 

Intelligence 

Operations 

TYPE ... IRCR..FT 

,.nX SCORES, 
I 

ill.IT SCORZS I 
I 

Logist1cs l 
C ~mmunlcot1ons 
~=~TOT~:.::nLS~.:.::...-------------""--------I noW, SCORE % 

... 
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FIGHTER 

FIGh';~R nIR UUFlRE CHECK LISTS (Cont'd) 

Str~: (Important) 
(Include Q summary ot each ph~se l1sted b~low w1th 0 d1s-

.uss1on or unusual d1tr~cult1es or accomp11shments, comments onQ 

recommendat1ons . 
The reverse ot this sheet and/or addlt1on3l sheots may 

t111zed tor th1s furpose . 

1. Fl nclng Fh~se 

2 . Tr~ln1ng F ~ Sc 

3. Fdre ti on Fhnsc 
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FIGHTJ..R 

",IR U.J rn: CISC;{ LIST .11\1) SCC~ SHEE':' 

Date ___ .=s=~=c =~~=. ____ __ 

::~< l "IT 
3t!~tl n .. : Fersonnel snd ~ln18trat1on I I 

(1) .• dm1nls r <:.t1::n: b", . k: Ken"rol ." dmir:ls~J"'~ l e n 
~rLc0dur~ f r d3~t~blllty t unit Mi~slon 15 

---"'-_ .... 
12) 

(3' 

( ) 

RdCCrdS: D" .mine ov"r ... l st·.tuB.f }.~rs ::I .n"l 
nd or~.nlz ~tlcn "'dm lnll!tr tiv ' r vc- rds, ..is 

directly ~ffucting he ur,its .ctic 1 ~lsBl_n. ~1_5 ____ ~ 

:.:vdlc'.l: :::v',l ~ t" '!; }:-:.r __ nt st"tus f h. ~l th 
or p<lrll.nn.: r h" unit .... 1 h r ... s~ ... t t-
-cccm~lishl:lvnt of its mssLm. ''''-5 ____ ....J 

::v~s: )u~llty, r· .. r.tlcn. '.nd sUl'vrv1s1,n • 
.• bi tty t,. nrr,·t· in th._ f1 Id. (Co :;J"r.t ___ 5 __ , _---' 

5 

S"ction B: Intt,;lllg~~::o 
, .1':' 

l) I ursc..IIL"l ~ lly '.1 1;.i z"d 
Jl ;nr.in~? , __ ~_",-_~ 

( 2 "r" th(;r" '.d'Jql.l:;~" f:.c!l! 1.)s fer 0r'Jr. 1 ~r.. 
trieflnl"s'. ' __ 5 _____ ....: 

~ ... r~ trl..,r!np, p"rsunnt:~ f .m1 1 r .\1 h suhJ.: 3 
3uch '111: 

(~ Identiflc~ltlon of to rg ... t . 

.. It\Jrn~te t . rg-:t . 

(d '":round d",f"n3c;ls. 

..( I 
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FICH'n:R 

njr Umpiru Cu~ck Llst (e nt'd) 

':..x ':'IT C fO r:. tons r-r':"';;' ""--:-'-"';"";J'" 

(1) Is oper: tlons section pr "par t;;d to SU8t'..in unit 
effect1ve flYing? (n~111ty ~r un1 to 
schedUlu 8~ of Ss1gned', lrcr.'tt durlng the 1:1-n uvers). 

( 2' Dul:8 . Op~r.Jtlcns h.::v:; . J.Ln wEich ndt!qu ' t"ly 
c{'vers the nit rtl··s" cf l!l' nouvt:r; 

(3) E!lve n1r Rescue ;:~ns boen formu1.. ud 'md ::'c rd1n 'lted? 

[?s 

Ds 

C5 

Go 

(1) 

L::glst1cs 

H 3 S mcv "lI: or. 
J:r~f~B<::d Ill::V 

I Lnn .. d? 
',r.d ~t~~ing pr~p"r tl ons fcr 
to ~::::b:lt ;rt._s . "cn hor,,'Jl;hly 

2 EV)lu~" c-~rll: e~l:8 ~ f l ' 1st1c_1 r1.Jo 
f or sur~'rt ~ r 01 ~1sston , 
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FIGHTER 

rllr Umpire Check ' List (Cont'd) 

lin;: UNIT 
SlJction £ ; Co:vnunic~ qons I I 

Eva luato conpletonoss of COr.ll'\uniC 'l ti ::ns 
plun for 'exe cution of Unit mission 

Tot 3 Score f r FART I 
?l.lnning Ph!l SO 

Secti on n ; Fd rs onn~l ~ nd rldmlnlstrotlon 

:IT 

:.:. ... '( U IT 

j 30 

( 1 ) Pors ')nn ... l: Obse rve office rs :lnd ': 1 mlttn. N: h 
on 'Uld off-duty f ~r p ' ne r ,: l m1l1t , l"Y 'j p<! 'lr-
~nc e . c ourtesy. , nd c onduct. ~1~1~5~ __ ~ 

( 2) Tr .lniDP Rt ~ tus : .• r o .11 '~rs,",r.nlJl ') de1u'.l t oly 
tr'. lDed in ~rim ry du y? ( •• s s lgnment l l '" ...;;i..;;o--, __ ~ 

(3 ; R~cords; r.N tr , lning roc ords de u t tl lnd 
up-to-d_t .. ? ("Hr;;lJrl t ... lovel l _5;....,--_, 

3~~tl cn B; I nt ellige nce 
:.!..X mlIT 

I i 
( 1 ) Is " tr'. lning prc.gr" r.! eff~ ct ~nd d uOS 1t Incl ud ... : 

(3) Escape 

( b) EV:lsi on 

( c ) Surviva l 

(d ) Fr cedure If c pture d 

(e ) Security 
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.H r lJ.. pire Chec): Lie t (Cont ' d) 

(f) • ecoDlition (e .. en: ' equi!,! .ent) 

Section C: : o·..x Ui:Ir 
Opcrc:t i o;!S [I 1 

(1) ;·u.'"lber :)f c lpl,.,te co; :b. t cre" nuthorize<:l 
:1.ssi 'ned tr"ined 

---- (lOo;! tr:1.ined '-~5 pts) --_ 

(2) !:-s ~ r.:l1 .il.::; bee:1 conducted 'll"der sinul:lte<! 
c .1b~.t c")nditions? (I'rior t'l '~,;:e rver) 

[10 

[5 

:.zoe --ur-: 1:' .nd :~il1ten...'U1ce person.'1el tee niC~l1Y.,.....,~'--1I'-_=,., 
qu .lifiet! t;) sUP.o:-t unit !lission? ( .... _.1_0_"'-_ ..... -J 

(2) :.re i' •. cilities c.-;~_i1 ble for full SUpport 
.... f t~.e t~.~tie:.1 Unit? 

R:: ,· ... I(S : 

Sf!' ion E: C' ....... u .. ic.::tion C I ] 

(1) :.re c"n.:tll1ic .. tio!!s pers;)l:nel technie:>.lly 
tr;d'1ed in heir res) ecti-..-'} . . :;:; i-nnents? 
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• FIGHTi:F 
Air Umpire Chl)ck List (Cont1d) 

(2) Is thore ~ progr~ in errec~ to train ropl~co­
ments1 

(3) Was r :c.dio disciplino eI:Iph!lsized7 

RE:;,\RKS: 

Tota.1 Scoro for Pl.R'r II 
Tr a.ininG Phase . 

t!I,x UNIT 
( I 

PART III _ OP3r.:.TIO;:S PHhSE (EABC 'TIO' OF nS~IOI!) 
:~ unT 

Section A: pcrsonn(;i. •• r,': : •. !"'.~::.i tr'1 ion L , J 
(1) r;Va.hl~tc~. rU.mstr::.tive ~rocodures as 

~p?lic ~ lc to Units t::.ctica.l mission. inc1 d-

inr ·:edic:.l . 

(2) Coordin~.tion with other sccti ons . 

(3) \1c r e C .... p1::.in1s fo.cilitic'S utilizod? 

U::1T 

Section B: Intelligonce 

(1) Briefir.( :.nu critiquo should include: 

(~) l:.".r c.t r.::..teria.1 

110 

110 

[10 ) 

, 5 

5 ] 

(b) Copb .. t cre'T intc- rogo.tion• 

(c) S ociric ossenti~.l e1o!1cn1;s of infon;l. .... tio
n

• [20 ] 
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FIGHTER 

Air UI:\piro Check List (Cont'd) 
1::.>:: mITT 

Section C: Opor~tions I I 
(1) Air Roscuo proceduros 

(2) Countor ;.ir opor:1.tions 

(3) Inte rJ.iction opcro.tiona 

(t-,) Clasp T .ctico.l ::lir support op;n--.tions 

(5) Escort nissions 

(6) :.ir Ddf",nse i5:;10n (..irdrono dofonse) 

(7) Di.":1,) :::m:-illb r..i~sion(s) 

(e) Su~t~i~c. opcr~tions 

C") L dhridud 

5 

5 

110 

5 

5 

. , 5 

.... ' 2_0--''-----1.'-
110 

I 5 

(b) c~.t!1dr po~otro.tion b:" Squ .. dron ~d fliCht 1,-1::.,;0:;.,-.",--_-, 

5 

(12) : .. r·c~c· proc l,)dur s 5 

(13) C~l!' r :-. .;un:10ry 5 

(E) .. oc::"try I' 5 

(lG) ~·~.vi· .tior. 
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FIGHr.n 

Air Uopiro Chock List (Cont'd) 

(16) HiGh ~.ti u~c tochniquos 5 

(17) Abll1vJ to work with Ground rad~r control 115 
s~~~iuns LA~~ __ ~ 

(18) BricfiIl{;s:md cri tiqllo procoduros 110 
REl!ARKS : 

;LV< . mlIT 
Soctlon Dr LOClotlcs f \ 

(1) lf~.s r ofuolin:..: ~nd ro-c.miIlb acconpl1shod. with ~1..::5~i..-_~ 
c. ninioun olay? 

(2) .'.ircraft in cornis:;ion. Indlc~.to a.vorc.t;o 
porcent.Go of conbht-rv:ldy, :lssibnod c.ir­
cr..l.ft in co:-c-.i:;-ion durinG =nOUV0r . (80;-: 
of :ls:;ienod ~ 40 pts) LI~40~~ __ ~ 

(3) 'j11.:.t w~s ::0 ~rcont:lgo of _ bortions 
for c:lch :.llssior.? L\,:,l;:::,O--,_-..1 

(4) 'Ir!;:miz:,.tlon sUF:,lJ :.nd oquip:1Cnt 

(c.) :'"v:J.lu:.:.to co .. plctc:'1vI3 , v:,.i1:.bility, 
cOllcli tion :'.Hd rccords, ::.s directly 
::.p lic:.blc to un:it t::-..ctic::.l r:ls:::io:: . 

(5) 17hn.t n .i:1' or. .. r:co con i tions oxistod "hich 
:l17crsol~ .• :-.'ocucd tho -or.bc.t ~fflJct.i':~:.cs­
of th:J unit . G"\"J a.djo~ti'.".'), 1 vsti: n ':o of 
quc.l it:: ot: : 1::' int o.'1.:'.nco , such s s'P)crior , 
Gad , f:.:.ir , .oor, ~ tc. 

Su!, rior 
Go"d 
Fo.ir 
Poor 

- 20 points ~inu~ 
- 15 oints n~ir.un 
- 10 points nax~' 

5 points n:.xir:u., 
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F'IGiuER 

fiE; JilllCS : 
.Hr Unpi ro Choc!c List (Cont'd) 

Soction E: COmmunications l::...{ UlnT 
[ , ] 

(1) Evnlunto c.bllity of unit 'to officiontly 
utilizo orC:'.nlc c01TlUnic:.t1ons f:'cllitios and oquipnont. 

(2) lb.s ~dl0 dhclpline observed by the unit. 

Total core for P~T III 
Opcr~tions Phese 

79 

!l.'JC l'1lIl' 
C " ] 

[5 

Do ] 
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Inelosurft 2 
AppendiJt 7 
Annex "An 
C:.U OPER 

IlAVAL FI G j i1'E:l 

PI.:.;I 1-50 

AIR UIlPrnE FIlL',L SCcru; SHEET 

Date of Report 

TO : Chief Air Umpire 
Hqs, 1.1r Umpire Gp (S.-.UG) 
Ft Bragg, nortll Cl.l. rol1na 

Locatio
D 
____________________ _ 

S"erviee (XI, llavy, J.rmy) 

!lIssrOl1 OF UmT : 

: 
StI~1Y OF tJj;PmES SCOp.zs 

ITrus Rt.TED 
ll:..x SCCRES t'~IIT SCORES 

Personnel and :.<binlstration 

Inte1l1rencft -----
Operat1ona 

Loghtioa 

Comr.runicatir-na 

TOI':.LS 

• Final SC"nt r. 
-; = 

80 
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--i r th;'i r "} _~c!: Li st:; (CO'1';; ' : ) 

(I'~l1t·_ .. :;I.L •. r:.- o f ~~cL -:.~~v 1'3 -.:d ~~l. 
of :.c-I':;~'l h ftic".J lti 3 r _ 1 lis:r:. _+ ::; , c it:, -_ 'i;:;c'Z:;j):l 

--' l" "~.:r._:'d~t·o_.:; . 
" - r ........ l~ ...... 

fOl - t ':': . 'lll" 0:;, • • 
·_.i .... s ..... 

1. .r_ i.~. h •. .; 

2 . i'r .. i. !.n," .. : ... s 
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.•. VI FIG;,,:n 

•. . l' I: ! 1 .: i ~_ . I: :; • 

r:'1T 
J ... ",,1 ~: . . • ------- .. 

(1) ;,ch-.ini:;~r .. ·io:l: ct •. cl: . vI' 1 .C:~.i. i:;~r ~.! ,'v 

•• ro c.cu:-.-, 1'or .. c!. r ... bilit" to \l:,it .i::;:;i:>: . 

(2) !l.cor';;: i)c,,,n .il1_ 0",,:1' - 11 :It •. ~ s f 
.' _ r :ln:~; ~l ,,:J o. ,:iz .. '=~o. 1 :. i::L~r ti ':v 
r ..... cr.rr's . 

(:;) : - !ic;'.l : ';;' .lu .~v •• !)!1.rv.lt :;':. '1:; of 
'1v.ltl. or .... :-'011 •• 1 (' U.:· . 't:1 I' -l)C~ 
.1..0 ~ .... cor~ 1j !:;.1!l_!ll of i s ~'ls~iv'l . 

( , _!i!'". : CI _c' .. r;.u"'li 4- cc , C... !".I.: i 01! 

wup r":·i5ia'. r :1 ... =;:; . 

(1) ":_ .nl. ... lli,..:nc ,-;' C01. .. 1 
L -:i :;iO!1 ! 1 '1' .~ 

(2) :,1'_ d ... ~ ,.-c:u: ...... ~ ciliti 
i 1. 1 bri..:li:: :.? 

1:; utili:. 

• I' '" r ... t -

brLfi.: 
j.ct_ :.;uch .:.;: 

r , ;':1 .. ' !": il i I' • : tL "Jb -

(. I .)0 ,. :c ... u' t.r _ t. 
C'- Id..; .. tific .ti .• 'h !·_t 

0) : I+. .r:.~to t.r ... ;; • 
• .• n" d.f.;n ..... :.; . 

tv) n ... :or~i.· p roc",ur_ . 

82 
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Sec ion Ct 

· THIS PAGE IS UNCLASSIFIE 

l'AVY FIG HTER 

AIR U:l'IRE CHECK LIST ;.!: SCORE :3H3E':' co:rr '0 

!J...X l! ITT 

Opera ions 0 1 
'--'---4 

( 1) Does opera ti ons r.ave a plan which dequatel.' 
covers Unit phase of maneuvers1 , ___ 2_0 ____ ~ 

(2) !lave Air Rescue plans been f01"l!iulatccl n<' 
coordinated? 

Sec+ion Dr Lo"istieso 
I I 

(1) Have novenent un" s Il~if" prep9.rations f r 
propose" nove to conb o.rec.s been thor ou;;hly 
planned? 

(2) Co~plet . nBss of 10:15 ieal rlan for su pert 
of Unit mission . 

(;~) Is the ':".ain en!). cc section or,"' .. nize" in 
(lcc~rj9.ncu ,ith current ie5 ructi ~s o 

REI:ARKS . 

Section Er Comr.runica ier;s . ::AX 'lilT 
I I 

( 1) EvaluQ.C comFle cn055 of oc~nunic~tions pIon 
for execution of ":nit Mission . 

RE~!h.or:S r 

t~'IT 

5 

25 

10 

10 

30 
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,.r.: l .1:; ':c:· L:1 :':'D ::;c~:; ~'~-;'J.' ('C', " \ 

.':.T II: "r:,i.'.i;::: p:.:;" 

-.;rco·_:\,;l: 
ofr du+--~· . 

c:>u - ': 

OCSl; r" ..r.; :,..;:r5('::: ..,1 , both 0:1 .. .::.d 
for n..;!':,.l· i 1 i t :.r;' :.ppu_r :: .. !CC , 

:,\l r. o:~duct . 

(2) 1r-,i 'L~...: zt ,tus: ,r. _11 :,,,r::;0.1';1_ 1 •. d ­
~ u .. t_1" r i",Jd : l l t..\d. r l'J~p ... cti"''; 

r"4~i!~~5"? ( .. ssif ::-~..!~.t s) 
(3) r.':COrt's : •. r . tr",i 'in:; r _cor'~s .,~ . .;q', -,t~ 

... l: u? - to - d ,.~7 (.) :"o:,.-i::, • .; 1..:,:,,1) 

:Z:· ... 1 l~S : 

r ·'-'1"'" 

S.jctiOl'. B: In _llic.;nc~ 0::1 
( 1) I s ,. tr.,i:.il1:: r ::,;r =:1 i" fi\.ct ~,:\c', .: )_5 it 

i;;c1ur J : 

(.) :;::c .pl,; 
(b) :;--, ::;iOl'. 

(c) ~ur")';:·l 
(d) Pr oc~~r ... 'r c_-tur .: d 
(_) nco' r.itin''. ('~:'J' ,~' . ,ui ,n .. ':.) 

(1) ";"curit:' 

..... ccti):1 c: Ope r:,t i on:; 

(1) .b~ r of con,.l_tu c(J'1b~.t crJ' ~ .. u_h -
~ r i1..d ":;:;i:.; ~. d r ",i..,,· 

'\100/> ~ r:.i: ... d ",(0\1,."'.1 :- 2&' it:;) - .' 

(2) '1=.::; t r illi:'."; b · ... : C ',duct~d ',mlt" r ::;i . ."l::':/' 
c :'\k,t condit' ,15 1 (prior I,) n .. !'.C; lV'Jr) 

8·:, 

r5'--- ( 
1------

5 I J 
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1;,.V,£ F1G!!TZR 

:.1;-: ;:'1.1: C-:::Cl{ LI J -, .j1) SC0!C : I '~ T CO;!~ ' D 

(3) List L ::''.:<!u. , civ~ in t r :\ini.l:.; f;,cilitbs . 

LOGi:ltics 
i'IT 

--., 
( ) 

( 2) 

Is le r 0 ::1:, r.:;~i··~ . :-011 r C',--Ld 
tr:::L1ill,; pro ' ' 1"."':: s.t lI.' t .) 0\- r -I ll 
nlist" , r-, fl s? ~_ 

Ii lIT 

(1) 

(2) Is t:10 !"C pro' r~~; ::: cf''"..ct a t r 1.1 r:: -
'1 C.,"~r.ts? 

:.1'_ co ~'ulJic..,ti ms ,J r~ o~lr.'JI t_chJ:ic.,lly tr".i!,_d 
L, t!:_i r r-s~'.ct;\·:: ~ssi.::. .. mt1 ~_ 

10---

lv 

':' .1 "'c <::" C fo r f .-t II :r •. bL _ :-: .. :;,-
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~ III: Opor~tic; 5 _a.~~ (:x~cuti 

( 2) 

'.i-.l1ic:,.ble l:O J:' i t t .ctic~.l ; .is::;io:l . 

id t!lv :.d:.ir.i~t r .U-;o pc r so'-':1-;1 di3C: .. rL~ 
heir duti~~ _ffiei~.tl;? 

(3) Jid tll~~' coor c·i::1 .... " t~ci r .ri.iJiti~s 'it;: 
Ot.l r s~cti ');\5 '1 

1._. r TT 
:Jeeti e!'! B: II.t_lIi _HI'':: 

(1) BrLfi':C .nd eritic:uc shoul:l i:1clulo: 

(:.) {:.r. _t :l....t..Jri~.l . 
(b) ':1 ccific ,,:;s,,;. i=.l _Ic ~. s r i:1.f:>r:l- ·io .. • 
(c) _ u. vr i!l~ )1' 5'lr l .c~ ':-;5::: 1:::. 
(':) Ii .. \. r ~.lt .. 
(_) ~_~:>rti~: ~roc_dur~~ . 

...... _.4"'.V : 

8e 

10 

-f(r-- ------

-,----

-s----
-:r-- ---. -
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NnVY FICHT~ 
Il.IR trWPIRE CHECK LIST ...ND, SCORE SHEET 60NT,'n 

Sacti:m C: 0p6r:lt1ons Y.:x - - UNIT, 

(1) 

(21 

(3) 

('~) 

(5) 

(6) 

( 7) 

(R) 

(9) 

(1(') 

(11) 

( 2) 

'- ,( 1,3 ) 

! I !, 

COMb:lt Air Fatro 

Oer~nse of Corrier or Tullk Foree. 

Rdc=nnalss5nce nission (8) • 

Counter .. lr Op6rBtlcllB (8) • 

Hine-lcyllUt oper tlon (s) 

Torpedo att'lcka . 

Interdiction o.,er,tl n (s) 

Deep ::Indior close Bupnert. 

~lpht def~nse ~rer'tlcn ( 5) 

01 ve-b nbir.L' mi:osi:m (s) 

Sust~l ed o~~r_tl~r. (a) 

"bl~ity tc w",rk lIith surf!lCe 

contr",l st',tiens. 

Flying echnlquda 

(a) :J!.lm:ln airc r :..ft . 
(t) Tnko-cfr tochnl1ue. 
(c) Forn~tlon ~",chnlque . 
(d) Fighter rcr~ tien. 
(e) r:ov!gatlon. 

rl..1dhr 

(fl Dafunsl ve M:JnOUVdr " t intercert. 
(g) rittr: k 'lppro.'lcb j:r~c"dure (Use cor 

cloud co'ver, sun, ..,ind, etc . ) 
(h) Attack tining. 
(1) Effectiveness of tt:lck. 
(j) Rod l 0 dlscip Ine. 
(kl Formation in landing circle. 
(1) Br(nk-u~ procedure. 
(m) lending echnl ue. 
(n) Landing interval. 
(e) ':le:J ther penetr:Jtl:"n. 
(p) C8mer~ gunnery. 
(q) Rock;try. 
(r) Hl~ 'Iltitude techniquest 
(s) Emcr~p.ncy rrocpdures. 

87 

10 
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5 

10 

5 

5 

10 

1. 

1 

5 

15 
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;',,'lY FIGHTER 

.;m UBPIRE CHZCK LIST JlO S~ORE SHEET CCi"T'D 

( l.. ) iu-e brillfin ... an. .. crit.i" " proc .. Qur .. s 
sat.isf.:lctNrJ? 

::,u: UnIT . 
Sect.iC.n D; Lvcist.ics. ....1 --.... _......li 

(2) 

(3) 

\tj ,t. .. ,w I.h .. n.ir.;r .. l't.~v....L.l.:4biij,t.i' (N~ 
cow,.;l .. t.i • .., .. ..;.;.;;;U;.r • ..u. vi~ ... d ~. r..J,;;.Ocr .. ch~­
dw,,,,u. 7(Jf, ~ .. ~"l:; .. J ~int.s). 

rixt; aircr_it. ..u.:;cr~ .. ..r.~iQS .:fftJct.iv.:ly 
ret.e ·i .. d ..rIll c...r .. full;; ch .. ckcd? 

'Vas rr.att:ri .. l r" ... ' .. lirt!J for :raintl..nanc<.; 
~rk ord r<.;d ~r('mpll:t an follo-l;IP. 
maintain~d? 

(1. ) In 1 de in r"r.:ll't1: :: p rs onnd ..ihorL,,;es 
" dv"rs Ij a!'ft!ctin .. th .. co:;.bat effec J.vent!ss 
of the Unit . I;O='-':1t , c.olvin..;adj~c iVJ.l ",5-

timate ~ ... ;J:;lit,,' of m::?in enMCt! . 

SI:: lion E: 

Supu"iur 
Good 
Fl!ir 
Poor 

(. 

tm:"RKS: 

- Zj 
15 · _in 

• · .. ir: 
· ,-ir. 
t ..if 

5 ':'3ximum 

" ~aXilr!UJ'!l 
:'1,",x.iI~um 

t:.r1JUr:::w:: 

"\Yo UNIT 
ComJllunication;; .... 1_ ··......:. __ ......:.1 

Eval ate abilit;· of In':' t 
uti li ze or..;'lI1· ~o:-,.rllrjic ~ 
an1 'luipr.lcnt . 

( effici,cnU;· 
cns facilit.i<ls 

bs..!rvcd .. ';mit? 

R~!,;.'iKS: 

I . 5 I 

2 

I'';X UNIT 
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Ino1 ,sure :5 
Appendix 7 
Annex "A" 
CAU Opor 
Plan 1-50 

Dc.to :;f Rep::-rt 

THIS PAGE IS UNCLASSIFIE 

LIG'-'T 90.m..RD. 'E!1l' 

I.IR UMPIRE FINAL SCem: SHEET 

Aotion Onte(s} orgo.nhnti :>n 

Looo.tion, ____________________ ___ 

TO, Chicf l.ir Ut:Ipirc 
Hos. I.ir Uopire Gp (Swo.r~cr 
Fi Er~bb' N~rth C~r :; linn 

MIsstM OF UtilT J (IndcRie n\rlb ... r 

fYPi if. IT 

D CODE !m. 

Service ( • .F, ~hvy, :.roy j 

coit1.itD (Defense ) ( Invnsi '"l n) 

TYPE I.IRCR .. Ft 

s{t .. 'i.RY OF m:i'IRES SCOOES -
I 

ITE!'S H..TED ..... .x SCOFES tNIT SCORES 

Pt.;rs ">nnel and /.dr.llnistr'lti n 

lntolli:-oncv I 

Opo: r'lti ' rlS 

Lr.-istics I 

C",".ni nicnti-ns 

, 

, 
TOT .. LS - FU;.L SCOf.E % 

j = 

89 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE 

z.q!fT BOllB 

Light Bombar~ment Air ~plrc Check Lists (Cont'~) 

StJlr;.RY, (I r.lp""rbnt) 
(lnelude Q. SUr:Dlr'Y " r arch pbnse listed below -Kith ~_ discussion 

'",f unuSU!ll c1ifficultics r aocOI:'Iplishr:lents, cCT'l::lent~ qnd rfje')!ADWMnti ~ns, 
Tho reverse of this sheet and/cr "nfc'iti::JMl sho .. ta roy be 

utilized r - r this purpJse . 

1. Flllnning phnse 

2. Training Phase 

3 . Operati n phaS6 

90 
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LIGHT O~'1l 

.rR ml'IRE CHECK UST '\1"D SCORE SHEET 

LIGHT BO_'1lERS AND RECON"l..ISSANCE 

~te ___ ~~~ ____ __ 
scot:E 

P'oRT It Planning PhasQ ;" --- . -._ .____ ill miT 
. -. -... l!§ UNIT 

Secti on l,r Personnel ane Arloini~tr'lti~!1 i I 
J 

(1) - ,.dministntion: Cheale &otlor~l ::IcllIini"str;:. 
tive Fr~cocures fnr ndQpt'lbil~ty to Unit 
t"lission. 

5 

(2) RecJrrsr Dotort"line ove r-all st'ltus or 
pcrs~nnol Ilnc rg r.itlltiGnnl n(lr:linist r 'ltivo 
lIoe ~ r ~ s. 

5 

(3) !:ocical . Evclullto apparent str'.tus 'f health 
~f pcrs:lnnel - f the Unit with respect to -
acc-nplis~ent of its oission •• 

5 

(4) !css, ~ual1ty. -pe r~ti n. and suporvisi'n. 
Ability tJ "por~ .0 in the fielc' .(Collll'lOnt) 

5 

(5) Does unit plan incluc:o Ch.'lphin 's services! 

5 
RE?~'JtKS , 

,1..1: ~'IT 

Seeti n B, Intollic; nee. 

(1) iJC intelliGcnce pcrsonr.ol fully utilite 
in ni~si~n ~lnr.~inb? 

(2) 

5 

I,re thoro 'lr'oqu·\to facilities f r ) pcr~ti ~n-u 
briefinGs? 

5 I 
loro bricfin!; pcl's ~ nnel fnmili 'lr ",ith su' J,-cts 
suoh- a&. 
(Il) ~p _rtnnco ~f tD.r~et. 
(11) Iccntificati n ,f brrot. 
« ~) Alt<..rn'lt€. targct. 
~) Gr ' unc c!cfcnses . 

(<<1) Rcp.rtini; pr'"ccrurcs. l--..;;l..;;0--l~_----I 
91 
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_ .. . ~;I , " : !. ~ 
... '- .. -. ... - --. 

UGHI' BO l! 

Air Uopirc Check List. c - nt'a ' 

r::.x UNIT 
-S"Ceti on C. O~r'lti ~ns. ,-I __ .L..._~I 

.. ~ 
(1) I 's ~ per'lti unl seoti?n .,preparec' t, lustain 

unit effective flyirlbo (I.bi-:lity "' f Unit 
't; .., keep 6~ -; f aircrllft ::- pcr ti ~nnl urillb 
the maneuvers) -"'zFs'I- ....... .., 

D-'e ' ·'.Dl'Ti; tj ~n. r.!lv!> !! pllt., I'rbieh ac'equ'ltoly 
o "'v ... rs tho unit phase ,r MC.nEluveurs' r-I ~1::-5~1 ---r 

( 3) H'lvO hir-Rescue plane been r 'Jntula e<' nnd 
e "<lr c' imted? 5 

(4) Havo Air-Defenso pbns een in!lU~;lr'!t(;d'i 16 

RE ~.RKS. 

J.!..x UNIT 
Secti on DI LeJistics 

I. 

(1) Rnve ll:" vcr.lOnt an" st~;inl prc: p::: r ti ns f r 
Fr0p"'so<' rn vo t ... c"'~br, 'l r c.-s b- ... n t h r '.Ighly 
plcnned? ~2~S~ __ __ 

(I!) . Cc..mplct<:noss o f l ogistic .... l phn f - r su!,p -rt ~r--:----.., 
of ' Unit missi -;n. I , \.-1_::>....J.. __ _ 

. i 
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Scct! n Er 

(1) 

(2 ) 

(3) 
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UGHI' BOlE 

f.lr tlr: ire Chcc:-: List c 'nt Ie 

nE~r, .. L~KS : 

!!!IZ UnIT 
C )I"J:lunicn ti ' ns I } 
C'rnplc enc ss "I f c r.r.unic'1 i ns 
CXQcutLm ' f unit ... iss1,r. . 

C'1:1pleteness ~r 1" ~':l. 1" c un I" 

C-rtplo tcness ~f 1"'-(':11" C " "'(,T '" :)c 

RE:":\..~KS , 

T·: b 1 Sc r c f or l"lrt I 
Planning PMSO 

plnn 

• sure 

pbn 

.:IT 

P • .RT II - Tr inin1; Phase 

f I" 

r I c-n . 

I 30 

15 

10 

Sec i on • .: P(';I"S nn 1 r.n.:l A('r;li!lis r' ti-n 111T 

(1) Observc p€ r scnllcl . b th -n n" ff :uty, f r r 
t;oncrr.l ~~ili '1ry ~rre- I"[.nc~ . c ur cs:' anc! 
~ .n" uct . 15 

~-""""---' 
(2) .. I"<. 0 11 pe n : n'lel ~. 'equ "l:r r~ h:cc in 

r (;spucth'c r~, in~s (- ss li;lrlO~t s) 1--..;;.1_0'-----1 
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Lr ot!:' BO!Jl 

~piro Chook List 0 nt '~ 

( 3) Roc r ds r f.ro tr~ ininb r co'r's nrt"'lU::l 0 ~nd :: 
up-t - Cf'te , (i'Prropri- 0 1" .. 01) .. [_5 __ _ 

S r 

(1) 

In clliGcnco 

Is r ':inint: 
in lude : 
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Plan 1-50 AIR UMPIRE FII!AL SCORE SHEET 

L cut.ior., _______ _ 

TO: Chief Air U~pirc 
Hlls,Air U; .. plr..: Gp (sw:u-:::c:r) 
Ft Br::ob , rth C:ll":llina. S .. rv ... c.:: Ui, fl::.v;,' , !!inn , Nul 

TIPE UNIT TYPE A:rnC!H\F~ 

UH?IRE ! Ai ~ • AND CC'DE 1:0. 

SU'·· ;.RY OF' ut'pmES sceRES , 
I 

lT~:S R;TED :'~x SCORES I :IT SCORES 
I 

P\!rs~nnd ~r . ..! Ad=.im.s tr::. ti",l. . 
Int~lli '"nee , 
O')~r.:.t.iI;.l.s I 

Lo.,.istics 

Cot..r.cunicutions 

TDTAlS 
rr ',·L 5 

t :: 

11 
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Ta tical P.econnaissunce :.ir l'::l. ire C;,ec:: Lists (Cont ' d) 

SU:::::.RY : (Important) 

(Inclu~c a sUr.t!Iary of each phase listed beIOl"' ,"nth Cl discussion 
of unusual difficulties or acc~p1i~~ents, cor~cnta ~nd reconnendations. 

The reverSe of this sheet ::lDd/or ndditional shoets nay be 
utilited for this purpo!e . 

'" .. , 

2 . :'r in" llG Fh so 

. 3 . ~;er;ltions; £.11110 
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T CTICAL RECON1:;,rSSAi'CE 

AIR ill', mE CHECK LIST M'D SCDRE SHEET 

PART I: Plru:tnin,;; !.:' : 

AX UNIT 
S cli~G A: P~rsonoel un Adr.inistration 

(1) Ad~inistration: Check oe~ar~ ~dcir~strative 
;Jl"vc..:dures f;.r ::.da,..l.!billtj' to '.l.r.it's tactical 
:::issi n. 

(2) Recvrds: DetercdAe ov~r-all st~t s of ~Lrson­
n~l. or~~zati~nal~ ana ~dmini5trative rcc~rJs 
dircctl.l aff.:!c ' . .; units tactical l:1i5sion . 

(3) !'"dical: Ev.lu"l'" ap arcnt ::; :l us c-f h"alth 
of persunnel If th ... unit with ~espect to ac­
co~~lishr.~nt vf its ~lssion . 

!:ess : 
Abili :J 

(5) Oo<.:s Uni 

U3.lit;.', _peration , :md sup<.:rvision. 
o ~rer,t~ in the fi~lrt.Gor.ment. 

~n inci ie Chapl~in5 S.:!rvic~s? 

";'x U:'IT 
Secti r. B: Int ... llo'-'l. c . I 

(1' ;.r" lute lioenc..: jJl:rs nnel full .. ' ut..illzeu !.l. 
::".issLn Ibnnin...? 

(2) ;.r<e th -r" a:ie-. 3.t,_ f:lc::, itic:5 flr 'CI .. ~r3tit;Il~1 
triefin...;s? 

(J, rire briefir ... , p,;r::;onnel f:;riliar wi I. 5'4'''''c(.s 
.;;uch _. 

(_) L~ortance .f t.J.r .... et 
(b) Identifio ion f tar~ .. t 

5 I 

. 5 

5 

5 

5 
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TLCTIC/.L REC ·· •. :.ISS! • .'CE 

:.ir Unpire Cloak List ( ont ' rl) 

(c) Alter:1:lte o.rCE't 
(1) r.round dcfe~sos 
(e) Roporting procedur~s 

(4) l ro there adequate f:.lcilities fo r photo 
-rocossinc? 

;::.x UmT 
Section C; C. or ior..s • I I 

. (1) !e o?0r_~ions section pror. rod to suat nin 
u:1i t effecti'lo flyinC (Ability of soction 
to scl o.!ulo "'0,; of ircr" t·t during -the 

110 

. ,:lncuvers . ) ... 1..;..25 ___ -'-_ ... 

(2) 90<.;$ Cpu r~tions r.::.vo::. l :m' ·.ich ade -
q ·-:toly co'.'ors tho t.r.it ~l ::.so of ;-nn-
c.uvcrs? 

(3) l!~':e :'.ir -E- ~cue pl:1.r.s boon fon-.ul· tod 
~~J co -or~i~-tcd? 

1 15 

5 

(4) :£-';0 :.i r - :;c o~so . b .ns boon in.. ... u!;url'.tod? 10 
'---'--~ 

: :1:.': t:I'IT 
Section J : 

(1) .. _z ever-on 'nd ~tOoGint; prC;: r '!tions for 
rrcpo~ od r.OYO ~::l co-:h. t '\ro~s boen thl'lro-
-;-i.1:' p ::.nr..cd? 25 

L.....;..~"----' 

(2) .::o~ l~tOl:OS:; of IOGistic::.l .loon for 
su:por t of ur.i t t cti~ :.iz:;i n . ~1.;;..0--L_--J 

113 
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TACTICAL REeo I'-AISSh CE 
• •• __ 0 

, 
'- - Air Umpire Check List (Cont ' d) 

REMARKS , 

Section Er Co~nicntions . 
!AX tnlIT 

(1) Evulunte ovmpleteness at OOl1rtunications 
plan for execution of unit !!Iission. 

(2) H s C o~~unicatlcns plnn beon properly 
coordinated with other units? 

( 3) A1equa ~e r'ldar coun err.leasure plan . 

R~-:~KS , 

Total Score for P r 
Plannin Phase 

PhRT II, Traininb Phase 

' :JJC mITT 

Section ~I Personnel ane Adninis ration . 
:.AX UllIT 

(1) Personnel. Observe officers ~nd airmon, 
bo h on nnd off-dut y ' for .b0 r.er 1 .,iU :try 
appe'lro.nce, COur sy, 'c.nrl con 'uct. 

(2) Trni. in1; Sbtus. Arc all pc rs C'rl, 0 1 nc'e­
QU'i ely r o.iner. in pr .:~~ ry rut;: ? 
( J.sSii:nr:cn ) 

(3) Pecore's: Are training r~cvr ~s adf.qu~te 
and uF--t:>-"nto? (Appr opri u 0 l,,"cl) 

1 4 

30 

15 

5 

15 

10 

5 
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T.;CTIC.;r. RECO~N" SSANCE 

Air ULfir~ Check List (Cont'~) 

!.fAX IT 
S.:cti",n B: Intvllio ... nc... . I I I 

(1) Is ;). t~ ... ir.ino ,.rc.;r..;- in .. ff .. ct anJ 1,;5 

it inc1 

( :.) Es cap..; 
(b) EV:lSi n 
(c) Surviv::.l. 
(d) Pr ~ccdurv if c3Ptur~d 
(e) Rec(...onitiun (Enem,;,' equipr..ent) 

Ru~ARKS: 

"A...x. UJI T 
Secti n C: 0 cr~ti~~s . I 

(1) !lur..ber .:. c~ ..... l"t.c c Ir.b~t cr"w ~ t.,~r ':ze 
:lS s iun e t.r .l inc 

---(100% lr.ilild = 25 Pt.5')· ----

(2 ) Has tr :..inir..., b.;:~:: .t . .iucto.!J unj.;;r si.:::u_t ... _ 
c =b_t I,;nJ·ti~r._ ? (Prior ~3neuvers) 

(J) H~s ;p~:i :li z~J tr~inin~ be~n cJnd c tcd 
t o Inclu ,, : (Pri r r.<lIl"uve rs ) 

( . ) l's'~ r c nnaissance . 
( b) D~'i ni ... h t ph to r ec w..ti::; S :lllCo.!. 

(c) R~iar c.unt_roeasure vper3 ion. 
(d ) "r iller~' "J.; .3tl:)jnt 0 c:r .::tions. 
( ) Phctc echnical scrvic~s . 

115 
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T 4CT I CI.L RECON" 1.1 S5;. "CE 

Air tkl ire Check List (Cont ' d) 

(4) List in~~equacies in tr ininC fQciIiti ~ s. 
P.E"JtKS , 

Sccti cn Dr Lo~isti~s . 
"foX U:'IT 

---
( 1) J..rc S-4 pcrS ""-,~l .-:hn ic'llly QU'lli fi c d 

o support U; i." ;- l':on? 

(2) nrc S-4 pcrs ',~ .. -hnic'llly qu lified 
? support Ph':'l ~ • .;r·'I' Ie ph':!se o f nit 

r.issi on ? 

REI:'.RKS, 

Soction E, Co ~unlcl tions . 

(1) 4re comr;unic !l t ien s p. rsonno l tec nnicu l1:.' 
r e ined 1n thoir r C1pC: ivo Ils::i nncnts 7 

(2) Is there n r r o: r 'l'1 
r c pIll conen c? 

(3) '7,s r ncio ris"': r loar. 

RE,' .RKS, 

To 1 Sc ro ~ r I I, 
Trninine Phnse 

in cff"-=t t o rllin 

'!1ph_S'; zo<1~ 

116 
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':AC'" :.:' R:"c');a:. S'3.~· : 

(1) ~\":l.\· ~ti'J!1 ... 11li:'!i~ 1" ti V"! • r oc l. r ~ ::: 

~. "'1: c.: le to Unit t~"'''''ic ,: r.i ~ic ... . 

(:..) C. r' i.~, ' II :ith ::-;. .' r ::: .:c' "i . ", 

(") '"fcr~ C .il.~ Leilit· .~ u :i.Ii: '7 

. -- ..... .) : 

( ) 
{l 

(~) 1 .1 . . :1:; 

(') 
(el :""5,': ~) l' r .- . ti-r. 
( ... ) .. ct i:·t .... r r ... ~-. .. i ):1 

: : .. :._\, J : 

~"'cti ') . 
., '.'!'" 

• • •. " 1:':':; . D=--.J' 

-; (: ::t r ) 

[ fJ :r==j 
[~.L~_J 
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TLCTICAL RECOllrI.ISSlSCE 

hir U::lrire Chec!~ Lis'; ( O!~t' 

(3) 

(4) 

( 5) 

( 7) 

(9) 

• irdronc dJfe~sc mi~sion . 

Sust~ined unit effectivc flyinb (Utili -
i~ ar. averaGc 70:~ of :..ircr.;.ft comb~t • 
o:,e1" ti"nal during m=.ncuver) . 

Photo~raphic Roeonnaissnnce (proficiency 
L. pi. - : oint , strip ::md ar:::>' covcr::-.gc ) . 

Proficiency in ramoving film from 
~ircr,.rt, processing :mc! printing wi.Lhin 
onc (1) ;lour . 

Visu~l RccorJk~issancc (proficicncy in 
previ ine vi su:>.1 info~tian day and 
dbh~ o' ncludc ::.rtillcry :. justnont) . 

11:l.vl[;:J.tion (il'divudunl a' rcr rt ccurncy, 
d.>.y .one. ni.·ht utilizing e lectronic a' ds 
".nd dc:>.d n,:c~Cininc) . 

Ins~ru."10nt flying (Individual !>roficienc:! , 
'or.si<:: in~ t rumonts, letdo'::n proccc!urJs, 
\"/..!:, :,cr .. ')!1otr:. ion) _ 

(10) Cri :>fL '" :J.n~ c ritique (Froc>;dur~:: , 
::\d_q>,a~. cont rol of crcus) . 

(11) EI'\Jr~e=-.c:t !lroc _dul'.:: (:,ction of CN\;S 

lmd.; r ·.JT.u rcnc:, condition s) • 

... ::!j~'1KS : 

: ~\;'. t; :IT 
I 5 I 

10 

5 

10 

10 

1
10 

1-5-,~ 
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T:.CTIC .• L ftECC:· .•• I3S/J1Cc: 

Sec tion C: Oporntions (Li:lison) r::.x -';:'11 
(20r US;) \hor; np:>1i a~blc) 

(1) Couri e r miss:on . 

(2) Er;crconc~' c'::::'cuatiol, ~is:;ions . 

(3) .• r illcrj' :." just .. 01 t :oissions . 

(6) fcrs:m;1cl ferrying nissions . 

m:·"O"" . I\Z" . ........ ~h"'" • 

Section J : LO£istics . 
., .. . . ~ ..... \. 

(1) ":::s rcf'uclil16 :md rC - ,Mir>t; .ceon~1is~.vd 
I:' h ~ ini:11Z1 d::l:::.y? 

(2) :.irer .'t in Ol!I:ission . Indic" .• c ::':~I', C 
p;::rc:~4H'b~ of cor.b~ - :- ... d~· , :-.!;siC!1. .... d 
:::ircr:-.• 't ':1 :=.i ssi on durin!; n~ .. l1::U'''~r . 
(.0;; 0:' ',5::i 1:' "' 10 pt:s) . 

(3) . :~.l 1: .. 5 H.c PJ rc"n 
c .... ch r:!ission? 

(=--) :::' ·::: h .. :::~ ev .. plctvnc::;c , .. '\.':::i Lei Ii"" , 
cor.clitio:: , •. ::: r; r~~ , .. 5 di!"::':: 1" 
!'i'~c';"'ir: !:hJ uni t.:; ..... ,: c+- ~ .. 1 

!,iS5i~n . 

(i:) :.dcqu:.cy c. r - <;~ 1:. 

(5) 1._t ::: .. ' ntcn .. n c cono" tic. 5 cxis twC: '.'!.i :1 
c!';" r :;cly cffce~.::d ' eo:-:b .. ~ "rf_et! \' _ 

n:ss u:' :tv unh . Co:":. nt ;:; h·i. C :-..dj -
... c i-.-. 1 _stin:::.to or q'I::.L. t v '. n. inton.: .• :c , 
S'_tC~. :".S su \Jrio r. bond, f_ir , • ..)or , ,-tee 
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".,enC:,1 ir;ca-, ;,IS3.,:'CZ 

.. i r U,;l"ir ' cck Li:;. ('on!: Ie!) 

Su urior - 20 pOints , ~xinlln 
Good 15 !Joints r .. ·;:i."lW, 
~i r 10 poi nts n;:.,:: i. ,til:: 
~ oo r 5 :,oi nts n ... ~:i!::~.t 1. 

,u~ , lINTT 
120 I 

R3: __ "!:S : 

, 
:!.'';{ r::I:' 

::;cct' on: : Con-, lic:"t. ions . I, I l 

(1) "'/::11::1 ion bility of unit to "fficicm:ly 
utilize crC,l!":ic cQt-''1tmic=--t:'ons f ci i ies 
:..,,1 c,:ui:-.ncn . Co::.:::-"n ._5-.1"'--__ 

Tot~l :cor ! r r rt III 
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Appc"~ix 7 
i.nnex ".;" 
G •• U Opcr 
Plan 1-50 

THIS PAGE IS UNCLASSIFIE 

TaCTIC • .!. •. IR DlRECTlm GE!'TER 

1.IR tr'PIRE FI. i.L SCORE SHEET 

• On c of Report Action Date( s) organhation 

Location 

-------------------------TO, Chief ;"ir Unpi ro 

Hq s. Air npi re Gp (SI'IO rr.e r ) Sc r \'l co ( • .F. N:l '''Y. n.rr.y) 
F Brage;. rlorth C::.rolino. 

USSI ON dF UNIT, 
cm!" "rm ( Defense) ( In".:!si :m) 

TYPE t:~iIT 

s .: :.RY OF m:PIRES scd'ss 
ITEJ'8 H •. TEl> 

'~..x SCOPES JIT SCORES 

r rs onno l and Adr.inistr~ ien 

Opor tions 

'is lcs 

Co~'uni Q iens 

TaI' •• LS 
FI NAL SCORE % 

121 
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ThCTIClu. .1R DIRECTION C~.'TER 

SU?Ili.RY. • ( I ;:port!int) 
(Include fl sUMrory of each phase listed bclJW ~Yith a discussion 

of unusur.l difficulties or flooanplisments, cor.u:lCnts and recor.ncn~r.tions . 
The roverse of this sheet ond/or dclitionc.l sheets- muy be 

utilized for th~. purpose). . 

1 . Planninb Phase 

2. Tra ininti Ph. sc 

3. 0 r~tions Phase 
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THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE 

TnCTICht J.IR UR;;:CTI . CF. 'Tr;;R 
:.rR U!YIPE CHS(;'{ LIST .. :'D SCORE SHEET 

T"CTIC,.L.IR ::IP.ECTIO.' CE~1T~ 

Dnte. ____ ~~~ __ __ 
scb t 

; "':x or'tT 
PAAT I I Planni rob Pho se 

::;.x milT Secti o~ ~, Pers ~ nnol and ~d~inistr~ tion I 
(1) n~ ~ir.istrctionl Check general nc~inistra_ 

tive pr ocetlurcs for adaptability to unit 
l'Iissi.n. 

(2) 

( 3) 

Recore'!'!, De orr'line ove r-all st ,t us of 
pers.oru:c1 ar:d orgonhati _Dal Ilt' inistr-:t ive 
recorcB. 

.~die I. E ':llu;tte apparent st"tus f haf, l h 
cf !X rson~el of the unit with r e sp::ct t o 
:lcconplishncnt ef its olssi ~n . 

;:Css J "'u!l.l ~ty. opcr,tion , O:ld supervision • 
•• bili y to op<. r te in t he fi e l c . (Col:!~cnt) 

(5) Doos uni " 

l~n incluce Ch!l. pl a in's s e rviaes? 

RE~:;.RKS. 

Sect i ')n B. OF-cntions . UNIT 

51 

SI 

5j 

5, 

(1) Is Unit propr.rcrl t o sustrtin ofroc~iv~ r rar 
opcr ~tions f o r centr 1 of aszi,nuc ni r-s r:lc~ 
( i,bili y of Unit to epe r " tc c"ntinu"usly . 2~ 
hours'aily, f ) r at 1vls t 90% of he tic-e 
during tho nc.neu\'or) --.;,,2 __ 0 ___ _ 

(2) Is unit preporcd to sustain eff~ctive c~~uni­
-otions for C0n r ul of assigned Ilir -s poco 
(,~bil1 Y of unit t o r:min~"ir co=unic::.tions 
channels and E-ltctr nie :i s t , ai r nr."'ig~.tion 
0pe r " tionn 1 100% of t~1e time rlurin ;; tht, I:1Ilneuv r )_2_0-. __ ... 

(3) Docs oper ~ ti oP.s pbn ,t', qU '1tc ly cover thL unit 
ph'lsC of r:nneu','ors t o inc1uce pl (lns f o r no~'(. - __ ...... ____ _ 
ren j f unit f onv r c ? _ "'2_0 ........ __ --.. 

(4) P.:l"t:. Src urity plnns been inou&urr. tt.:d? 15 
123 
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!!&X UNIT 
I Section C. Logistics. 

(1) Havo rnovenent and .ta~lnt proPftrBtl~na f~r 
proposed ~ove to comb~t areas bc~n thoroughly 
planned. 

(2) Conploteness of l~bisties plcn for SUpport 
of unit Missi~n. 

RE1VJ\KS, 

Section Dr Com~unlc~ti ~ns. 
. : .::t. .HT 

15 

16 

(1) C~pleton"ss ·r c""""uni ~tlcns ::lan fcr ex cUhen 
of unit nission . 1..1.;;1,;.5--1._-.1 

(2) Conpleteness - f T~ dar cov,- r. t;O ~nd con Tol pb . ..,1 _1_0 ....... _ .... 

R::!: RKS . 

Tet!!l Sc ore for f:Jl I 'J.:A l'NIT 
Phnning Phc.se 

PrJ\T II - Tr'ining Fh"so 

PcrS"nnel 'In" • ninlstr ion . 
• ~'J( L":rT 

! I 
(1) Observo pers:)nn,,} bC'th "n ~nd :>ff <'u"", fer 

general ':1i 1 i tc ry «ppo 1r nnco , c urtc sy rond 
oondu IS 

'---..... - .... 
(2) I,re ,,11 p.,rlll)nrel n.r'eqUll ely tr~in.d in 

respectivo r ~t1nbll (Assi~r1on II)? 16 
'---..... - .... 

(3) r.eccrds, ',ro training r ocords Ilr'oqu'\tc.ly :lnd 
up-to-r'ntc? (i.ppropTi~to Ie "61) [ _C;_01.-_~ 
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Tf.CTIC:.L .JR tr:; TIC .• t;EnER 

:::.x: umT 

(1) :u!':: t~ r rf p_ rs nr.c 1 'lutheri ze :J, _____ llssiCr.-d· 
r:lincd • 

(tOO% tr.in~~~ 25 F ints) 

(2) H:ls tr~i ninc been ccnducte~ undor sL u1:>.tod 
c~b~t conditi~ns7 

( ) Is OJI' r br.n cffccti"o? 

Is schedule nn f.l~.r. 
.w r r' to in-:i nb tho un. 

... ffOc i'V'O:Jou1 

int~lnod with :l view 
tc 100:," C,1:lh'l 

(5) List in~" .. qu('.cics in trninin f".c ilP ics . 

;'E::S KS. 

JJ( UNIT 
S-ctien C. L bi::tics . 

'.re supply ll~d !'luin en:>.ncc ?Ors on"1~ 1 _echnic' 11 '! 

25 

5 

15 

10 

tr~ tlod in ·t!-.oir r~8p.:.oti~c ":ls:_l'r.·~nts? ......;;2..;.E ___ _ 

Sec ien C r.'"lunic"l i~nsl 

(l) ;,TC c:Jnrlur.i 'lti -::s ".nc r '1"'~ r p.'rS"1f101 (..chni !!l1y -".,.... __ _ 
tr';inef. in their r csFccti'lc nssi On! en s? _' .;:2...;.......;.. __ 

(2) Is here '. Fr~r;r'ln in e f fect t tr"in r Cf·hcu::ltm 51 ... · ..;2_0_'--__ 

125 
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T •. CTIC;.L .. IR Dn~CTI C J C::. IT::R 

T t'll SO 'Jrc f r P . .T II 
Tr~ining Ph'lSO 

fJJ\T III - Opcr·.ti ns Ph~so 
:u mUT 

Sooti ' n 11. 1 Pors Jnnel Clnd • .dninistr· ti n l 1_....J. __ .l 

( 1) E 1uato a~lnistr~ti,~ praco~uros a s r.pp1ic~blo 
t units betic!!l mission . ~io~I __ _ 

(2) Co rdinati on with othor seeti ns . 

(3) "lere Chaplain's f -.ei litLs utilhed! 

RE!:'.RKS s 

I;:.x UNIT 
Soc ti 'n BI Opcr i 'nsl i 

(1) ~ iIity af unit to e ffiei vntIy J~ r tc nr·nn io 
rc. ~-:. r and IFF equip;-.ent, ref: rt inr, c'n '1 bbinc'" 
wi hin SOP ti:-.c linits . 

(2) l.l)i1ity If unit to 1" rly prcs,-r.t c ntinu:,us 
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' ~.x GNU 
Secti -n t , C"~unic~ ti ns , I I 

(1) EV'l lu-:te ::.bili y -f unit t , effi(';cntlv nt-ilize 
,r'~nic c',"""\ur.ic~ i1~s r~ cil1ti,-s and equiPtlor.t . _ 1_0_ 1 __ 

(2) .1.1"<.. ~ 'oqu' .... pub ic-:ti cns r. h"n~? 

( ) D-<..s thc c :T.l.<r.ic-:tin phn pL'.i 'e f r cn 
al crr~tc ::e 'I.e f ~ "lnunic .ti r? ('mEthor 
::.1 e rn t ~c h )~ ::'Fplic~ ) 

T tel Sc_rL f~ r F :~ III 
C r, i os ?h-:so 
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C. :iF R .. di:; .. "ill b ... 1I:l< ••• S ' ,1 .. , ri:-: ... r .. TJC:: •• ~ at: cO:t:unic:.tions 
b~ ;o,;.:n t,~ : .. i r ;'1" ir I t' .::: . ;'Jrc-J , ~nd :h:: ... · r ;;,. ~ r.) :lo.,i .,: 
ooJ " .. O'l u::it:; b.:in(: r .stpp! L by i l' dt'in ~!.~ r.:-..:nlvv r _ r~ . • 
r\:rth~r , ~his c •. ,uki "ill sv r'- s.C'onrl .. l-:· or ._Ck - llp cir-
cui~ fo -' ,OSQ cil"l.Qit o"' .. Ii ._d ill ·).:. r .. ~ r~n', 2 ... buv~ in ~,' 
.. · • .J'lt of S::.tur .. tio': .nJ/or -'Im'\,; ~f .. -il',,' cirCUi '; !:. H~ r •. 'io 
S"_'io~ s ' "ill r. ~ .st .. blis f: s folIo's: 

(1) C::icI' :.ir r.pi r Q - - res (.:r.el~ll :.; r E .. s,,) 

(4) :.irdron~ U. ri r :: ( hal· :.ir Fore :: B ... 5(,) 

(S) .• i rdrc. oJ ;):-: ir (':, .. ton .. il' .. s .. ) 

{7} .• ir l' 
Ir. :-i r~ (~c .. :-,n.:. ::" ",_1 .. iT :3 .. ticn) 

(13) ... ir Lr.pi.·. - - ;[ohil (For t _r c.; ... n~u ~r ;.r.::n ) 

d . .... 11 r:: -' i o ! .. cilitLs rO·:iL.1 f'lr il' ";,..,ir..: c'i,.'.ti.s ... 
.. : .. c::. l ,.: r " S ' "ill :.l".:;:::.11 .... ' , ... ltl zl. i: .... i l.",j b:, P_I'Jo,~'.::I 

f .v tJr.j)ir .. Cl' ''UP, ho'. f .;:iliti~;:. 'r-
ir

<... 

l:ill b ... iI.s .1 1 ! , ::.o,·.t .i 'I.i.. 

(1) " SC:. 3"~ ; ... ::\b ~_t ' :11 ',~ ;'lro':i":_d .... ~:I ;.ir L'npi:'. lis-
t.. ! 1'::1;1' .. ;.1 :::c ,:·OV~ to b 1:1:; .. ILd , ~: .. r ,t- .. d , :.n'l r.i ._ 
t._.:. ..• d ~:. , .. r s";_,.l JS i r.n .. ! iJ· ~; C:i ': ir "::1;:ir' 'OJ' 
t ;, ! ... pur!10~J . 

(;:) [, .. - SCP. "24 r.. ... :1ic :vt : "ill 

L~ • h .. 

3 . RG"TL::-; 

C::~r_~_l.., ... . ~/ .. ~ilt.bl v fo r th.) r cut inr )f' '\; . . rr ic ",: t· i. ... :.:' 
oJ, . ......... COT""_:~ J i("~t i o:1= :.ot .... r ... _5 i !t~ic ~ .. f! C~ .. cl "t. rv:; 

~ .. :!·': r .... !: .... ! ' 1" :5 ill t r ... :1s:: i t r .. por ts .. ~ :' rc ... 
:J ~ .... 1- .. !l i ~J ri r; • s l' S w 1 1 I".; 1 : : 

(1, 
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(2) R ,d~o Tolerl cnc 

(:» ?.d~,:: Tvlcbc .. pl. 

,~4) T.:-L..ty:--o (C!;.n'"l.::pd .11d _wi::b"I· .. h'. en ::~!:c.l:;) 
.~. t 5) V::r r .. di TeL:' 

f . 

1 .. C ,: :pi,~s .'ill rt .':.) r port:; 0 Fore \.', :lirv;; ':'.1 h :i, ~~ 
--::" •• 1' •. :: p_ r~. c:r .. ph 3b bo '':: • 

~.ll 

. pir_s c .. - P •. !:c 'L sit I' per;:; cU ... it .. i" '1 d.d 
of ~~. Vi!" -.i r;;rou-:d '.t .. :: list· i d' s ' -:- 2 . 

o b.:: f Ol"t'l. rdvd to :1: C!1Lf :.ir 1:.: ir. "ill b . 1" •• -

., t:IC Sh.t, 1.~h':: .. :~ ••. I·.St. ~r"xi·'it .. ~ .. c,:-
J :;.: . ·i.th , r,,'1u,:::' • r.:l.y tr. .... :;; ~ C . . ' .1' 

.. ir l!npi r; by '1.1'.; ci!'clIits . 

~CI'C t::::>i r ... , ·.:i!l t r .. rs~·i nJC_SS r'J 1'_:> r t:; t:> th. -~'i f 
.. ir '!' ir...; b1 -~l~:-- .. o ..... . 

.. 11 '- -,~_\r· s t 'i ,h, ,1'.6. t· 1 .. ir Unpi r " t l!:.tpiro t: ... cl~u" r t .1':; ·:.c:: .l! .. i I' iJ ., .ll 
-v c~lL . i' .. 

.. ir T': j.:ir,- ;..!p~r"""" 
.- -, 

:; .. ur~.l t.l S "i -~.b""l ... ,·,t .. l! .... ~ ... !! •• 1 :" !:.~c:- . 

_.i r U~~pir .... '"~ r .. ('-.!i~·._, ~r::; ri'''''1 
.· .... c..,iv_ ... ~. " .. l_: ... c:1 ... .. ~_ !" _i'"' . 

S~:-.blis;. c! by """L_ CI i f 
.. ':.li··cr . 11 I'.r"r :: 

} . :1:_ \.01.:'.1' . 11' '~,r-i:" ":11 J ... ·:c -,' .il·bI. t~):; cJ: •. :'..'1:I:: 
lis~ d i:1 p .. r ,,, r .. ph 3b .0 .:.: ~'''r h_ tr .. C,1':;::;i o1. J1' eCI!"r,1 
... <! ,,1.:.i:'1.:r 'i':.) :r.:'!,~:: t ~ub:;rdi.'.' .. i:,,·r. ir s . r ... 
-.~.ji i"n, ir.: its .:ill b ....... il t1 t.~ th. Tl.ctic, .ir 
? r: . ;;":'c h::..: r:! i .. s·, ri:~- .J' ~.~~ .. " di r ~ t -r r ... 1 
c;r;. its:. ch ;.lrL:, i~; .i r ~ ~ f. r oJ ':-1'''1 !' 
t ':-" 

:~cl s !"' .. 3 : 

::: r' _ i 

.. t 

I!F R •. rli 

;:'1':'-. nie.' 11):'5 i'-:" •. :':'b In::tr cti cr.s 

··9:.:. ix 3 - - J _oi J ?r .'lU-l:cius • nd C.:.l1 Si. '.S 
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COl~mllc .. TIOftS OPE!' .. TI!' G lNSTllUCTIOU~r; 

1 . This COl will be effoctive beW!;'n th" ,"tes 1 April - 10 :'uy 
inclusive . 

2 . Si bn"ll c r:l.""lunic-:ti "ns 'yithin tho I.ir Uttpire Gr :Jup will c-nf'rr 
·.yUh tho inst r ucti ons listoC' herein . 

3 • .I'ny sicn~. l t:!~ te r ,not c~vcrcr' by th·: 6c instructi 'ns will be.. 
r cp-rt ef t the C :J~unic~ti-ns Officer, ~ir U~pire Gr )Ur . 

4 . In th<:! vent ·) f c~unic=- ti 'os eouit:t".ent f!:.i1ur e , thc C"'": ... unic '.' t ­
i ~ns Office r , ;"ir Ul"piro Gr:::up, will be r.- ifice' S ~ th"t n'c&SS ry 
rr n;c':lc"lts ;::.n ':0 :-~<'.: t ? I;!'fect il:"r.:J i - te r e p"irs . 

b . ;.m .:PI: E CO': l ';c .. Tr:lS SYST~~ I 

1 . T~le ph )n'J will be the pr i n_ ry t:",e'.ns . f .; r unc' p ' int- t ) - p ' int 
c ·r.ll1unicLti ns bctw;:"n .. ir U.,pirt:s . 

2 . HF :l~ i o will be pr \-i'e1 a s'1n .... v':"r1~r(' nc • 

3 . VHF;'!l 'i - will ho use ~ f "r Ai r - Gr un " lr.Ipire r '\f fic . 

~ . Tole ypc circui s ' .r t.. pr '":ir'ec' bc.t ~ (." n ! .r.t.;u' r r He Qu,. rt c r s 
~t • ... ())[r.ll Ai r B~sc :. nrl eU •• i r Besos f e r c -r.ll:-nn :! 'lnd . ,,<, r:dnis ­
t r '. the pur poses . Thesc teletype circuits r; y be usee' by Ai r 
lJcpirc s in cas o . f cr.:crcer:" y whcn "ir Unpin) ci r cuits··'. re n . t 
'lvt.il- Ie . 

c . TELEffiO::.. 1 

1 . ,'ire n ... ts ::o r e '.S in r' i :.tf-' n lncl -sur" I, Ann·. x 8 p. r "\ti nns 
~ "In 1-50. 

2 • .:.11 0 e~h'}nic ;'.ir 1Jr.Ipirc rop~rts .t !.~'ok'. l1 bir B". so-wi11 h e 

rcc" i\'o~ by 0. contr,,1 r c. p ')rts scoti - n, pr cesso" , ~, r.c <'c li\'ero~ 

t the '. ~cre &soo by mes ono;ur . 

3 . B'.so olcph'nc systo~s 'Nill be usc ' y unit umpiro s in rop" r in.:; 
, Bt' sc lhpir s . 

r'J)IO , 

1 . HF R~r'i 1 .let s 's in-'i c cd ' n Incl .sur" 3 . Opcr . ti ns Flc.n 1- 50 
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2 . VHF RQ~i~ .cts nrc ~5 in~ic~tc~ ~n Appen~ix 2, Opcr~ti ns Flan 1- 50 

3 . n~~io Frequencies nc C~11 Si~ns 're s listo~ l n ~p~n~j x 3 , 
Opcr~ti~ns Plan 1-50 

1 . 

5 . 

Ai r U~pirc f~cilitics will ~,t usc nr y frequency ' r c~11 siens lis~c~ 
" n I.ppc.nrix 3 , Op r Qti')ns P1r.n 1- 50 wit~out pri r r.ppr-v"l :>f tho 

Chi'Jf I,ir Unpire . 

Th,J hi -hes he <'QuerLys ~pcr ti:''' in the. net ':Ii l: -.ct ". s ,.( .. C 'tr 1 
Stti'~ unletss "ther-.Yisc · inrlic'\ted . 

6 . ..11 HF ,',ii st-ti -ns will be pornte.~ fr ' r"! 0800 - 2000 c'::.i1y UriLSS 

thcrlli se .iircctec . 

c . ill,DIO TELE:>HO.1E Pr/C~EDl~E : 

1 . All r.csSQ60S ~ill bo clo~r -nd c·nciso . 

2 . "essQ os will be sp Iren slo:-wly, in n"tur 1 Fhr.ses, with c.ch 'N ~ r ,' 
enuncf-. c<' . Since I:Ic.ssa.:os will bo o"'pi, n, ti'"lO l'"1u::t be al1cwoc f c r 

ho rf.col\'in..; per. t r t: 0 'pY in 'rinto' f r~ . 

3. ':'11 st i'ns will ;:}"in '. in ~ copy f "'ess.~os s~n n" recciv ''' , 
in luri n,: ht:. n ,~e ... f sen'(; r ~r." T. cei ,· ... r, with the " ... e -. n'· ti-,c 

4 . 

of the ri~Il-"t"r . · 

Vihen noot's s 
stan"~ rd ph 

A - .\EIE 

B - BfJ<ER 

C - Cil r,LIE 

D - DOG 

E - 2.,SY 

F - FOX 

G - GEORGE 

H - HOW 

I _ !TEl.' 

ry t 
net cs 

it'c~tify . y h.tter r num..:r .1 , he f - ll.., .. tin.; 
wi 11 'Je 'u:l cd : 

J - JIG 5 - SUGJ.R 

K - rING T -: 'LJ:.E 

L - LCVE U • U CIE 

lr - ~ ' IKE v - VICTOn 

o - Ot! E x - XikY 

P - PETER Y - YOKE 

. Q - ~UE3N 

R - i.CGER 
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1 ,'\1 ' 6 - SIX 

2 - TeO 7 - S:EV - VEN 

J - THtJI - RE:- B - AlE' 

4 Fe - WER 9 - ~:::R 

5 FI - YIV o - ZERO 

5. ~fficult words will be spelled poonctically' nd the word will be' 
spoken before <:.nd after hr S;JE! 11 ing , EX:JTlE, ":::":<'10.: - I StELL, 
':}YE, A LE, XR:.Y , T.:..RE, C'Br.E, N.~~ - ."J..'lt'~!" 

6 . ~!urnbers will be spoken digit by d:git except tha 
of hundreds and thousend" n:r.y bi:! sPClken as such . 

39 - TI:Ui-I -:-£E IT m: 

:u. . 111, F:" - :-:P 

400 - r\ .' ':. !-;'.N - D!'ED 

exact multiples 
EX:':TLE 

7568 YIV SIX - ATE 

7000 - SE' - 'rr,: TOC\': - z .. m 

7 . Da sand ilre groups w1.l dw ~ys be spoken by digits. 

8. .HI plain language m(;s~ages t:-ansmit ed by radio or wire making 
reference to sir:;ulat0d ';!1(..JY or cem~at forces , such as !n combat 
or amplifying !' f'ports v.'4..11 be identified by the use of the word 
"U::-pire" at the bcginPi:w ar.d end of th~ text. This procedure for . 

jd~~tifying such traffic is used in order not to alarm ~ts or 
~rsor.s not cng'.lged in Ex~ rcise SW~JTer . 

-LEC TRC '1 c: CC .'IT::; ·E .. SI.::1.' S: 

1. '0 countcrJteasures wi:!.! be used against Air U pire Communications . 

2 . :.rry report of jarmting of "ir 'lids to navigation, Un;pire Comn:uni ­
c'ltions ':ircuits, or co~c!'cial circuits · .• ill immedi1tcly b~ rt­
p:>rted to the Chief :ir Ur..pire, stating ti!ll:, frequency, type o f 
j:lI:mi l1f , ani direc ti on if k no '.'In . 
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SECURITY: 

1. Tl'3ffic to be routed over .~ir Umpire ChP.m.e:ls will not be enciphered. 
Traffic of such a nature to w;uorlnt enciphuing will be enciphered 
and t ransmi tted by the use of organi zational cO!!Il"..and and administra­
tive facilities. 

2. to radio circuit in the Air Umpire net will be authorized as an 
approved circuit for the transmission of clllssified information. 

}. Careless or excessiw use of radio telephone is a serious haz.:u-d to 
transmission security. Since such equipment can b<.. operated by other 
than tt-Ilined cor.munication persol'nel, strict control must be clWrcis"d 
te maintain correct procedure, circuit discipline, and adherence to 
s~curity precautions. 

4 . The follO".otine malpractices will be lvoidcd: 

a. :'isus\: and confusion of Call Siens. This rmy r esult in the non­
delivery of an illlJX>rt.:lJ1t IILssage . 

b. Unofficial conv:;rsationll between oper.,tcrs. 

c . Transrcit ing in .1 directed 1'1 t without p",rrr.ission of the. 1:S . 

d. Ur~cccssary tr?ns~is sions including unr.~cess~ry t O$t periods . 

e . r rc orr l.C t ".nct un"' uthori zed procedure . 

f. Excessiv~ly lor~ calls. 

g. Failure to pu3rd oper.,ting frcqu nci~s. 

5. ~:o authentication will bo . used on mpire Ct ann Is. 

6. Umpire circuj s will not b~ r"quir~d to obs~rve silenc(;. 

7 . The Chid .,jr Umpire ."ill monitor all bctical frequEonchs utilized 
dur~ ng Exercise Swanner. 

TIlE: Tho; time zone suffix quEEN (~) will b" us d for all traffic tr?nr_ 
mi ted on ,~ir Umpir~ Chamt:ls . 
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CO!~'m.'ICATI(r~S C'rrCK LIST 

1. Unit :.ir Umpires will be Jrovided check lists to provide the I1.;C­

cssary ruides in furnishing the ChiLt I.ir Umpir" a comprch<..nsivc 
"vlltk1tion ot cOl!T.lunications and elc.ctroni~s ac ivitic.s as em­
ployed during Exercise SwarmGr . 

2. Check Lists :. 2nd B will be uscd by all unit umpires rCfX)Tting on 
uni s employing cO/llllunications. 

3. Check list C "'ill be used only by l.ir Umpires reporting on r"ldar 
cti~~ti~s . Those oIticc.Ts will al~o be guided by so much ot 

Ctx;ck Lists J, and B as pertains to the type ot organization 
bdng ·.uapired. 

4. 1'ormally all itcms included on check lists will b . used::ls guidLS 
with he fin'll rt:.;port including onl . those it.:: s that W.:lTe out­
st~ndine or deficient i~ nature . 

5. It is to be bcrnf.: in mind that reports are intended to give PJ1 

accurate rdlection ot the operational t.fflctiv .. ncss of ttL unit 
being wnpired. 
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CH~K LIST ;, 

flaming and Traininp. Phase 

1. Is tl'l; cOll'lJlunications plan of the n.1xt higher headquarters adc~te 
to make provisions for all requireme,nts of the unit being umpired ? 

2. Is the Unit ColllJlllnications rlan adequate to sup 'ort the mission 7 

3. Does the phn provide for en 'Ilternate r.cthod of cOl!lllunications 7 

4. :"re all personnel familiar with established SCP or eel ? 

5. ',re adequate publications on hand ? 

6. Is here any srortage of ?uthorizcd convnunic;otions p.:;rsonnel ? 

7. Does the Tot· E provide sufficient personnel in the nccessar.y 

classifications '7 

8. Js cO'lJllunic~tions briefing of 2ir cnws adc.ru.::.t 7 

9. Is th~re a shortage of major items of equi~nt or supply ? If so, 

why ? 

10. {)o.:;s tht: T 0 & F provide sufficient equi~nt to p<>rform the mission? 

CIU::CK UST B 
Opc.r:>tioml rh-:SC 

1. ':erc any changtS mP.dc in he Ccr.rnunic'lt:ons lInn ? "hy ? 

2. 'ic:-e any communic:ltions probl ~r:lS encoU!'ltcr ... d that wt.rc not anticipated 

3. .. ere comnunic'ltions f ncilitics adcqwtc ? 

4. ':hat cor.rnunic~tions failures w ... re observed ? 

5. To wh.~t can these failures be att.ributed ? 

6. "''15 there 'ln~' r2dio int<:rft:.r€nce 7 If so, of '~h:,t r.ature ? 

7. ":cre adcquat<.. phySical security rocasurt:s c!"1ploy·~:l to s:J.fcbU
srd 

cl ..... s~ificd inforrmtion ? 

8. "'15 classified co.:-.rr.unic3.tions traffic prcpc>.r, .. d in accordance Inth 

sec uri ty standards ? 

9. ':ere there any reported vioL~tions of cryptorr<"phic security 7 

10. To what cxtc.;nt C".n c.:-rrrnunic"\Uons be improved 7 
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C4:i:C:: LIST C 

P.:.d •. r -
1. "_r0 r .. c ::r inst •. lL.t10~s sitJd such t~1..t t.'J-: n::xi: U:l 

c :.p. Cility or th ... vc;uirnuut could b.) ... ltpl oit . d? 

7 . Did a." r .. ia:.. rsa::n : l - Ahi '.1t ·d _qu .. t c q~ . 1i :'ic .. iO:1:; i : duty s._ci~ lti~s ? 

13 . ..~.s th_ ': '1lipr.: l1t .. cqu .. t.: to p ... rfon t:l .• :.issj, ,: ? 
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lllX "e" 
ehU opel" 
Pko 1-50 

AIR tr.'PI;-E SECTIOP (S"f .• m~~) 
Ft Bnr~ , North C'_~r lUna 

1. Tho purp'3so .,f this nnnex is t ., furnish inr ~rr ... ti - n I" e l i'c t 

1:> -is tic SUPP ' l"t r I" !.il" U~pil"os, nne' ;;ui<'c.nco in -'ct c r :'!inin.; .m', 

l-c-:tin fl-.tr. c-'ncc l"nini; tho cr.uses f l~Gistic effc.ct .'n 'i l" 'pO I" ti ns. 

2 . thpil"<.ss 

~. . Tho 95th r:i1it'I"Y G'vc l" n::-.cnt GI" ' up, Ft. "r!l: 

. '.y ith thc r sp"nsibiUty : f furnishins billcts , ncss , tl" '.ns·p I"t . i"'n , '. ffice .nrl s h' 1 equi(l"lc;')t, supplies f.ne' U':lpi l"cS ki s f' l" •• i l" t'-.;:'il".z 

· ssin'. t : F ~ I" '.:.' r.nc e~l:Ip :'nck-.11 . Stu('en ,.il" Il"'pil"es will rye 

off r~ .:;r' S .co fOlCiliti-:.s :lS cit-::t' '.b vc rU l" in- st-.y· Ft. El'a t;G ' 

Ur~~l"c por~-n~cl c.ssi ·nc~ t- fiel~ ' 1"0-'5 s~ll bo furnishc· 

t WID ch :. ssi -ncrl • 

3. C'nccpt of ~ "~ nec. rnino Air Dr.pi70 Ch'3ok-Of~ 11&t n~r' Sc . r c 

she 

n . Supply ". n~ t:.ir:t.n. ce . In c'ct , l"ninin.- the "ffect f n'lin-

t('t: r. e ', n" sup y"n he " ,- r ell ~is in , it ·,eh.,,.. s c:eh :.cpire t 

secu l"o inr I"=ti fr I:l he . tirity r esp nsiole f I" " he F"l"f'rn-neo 

f th".t pr rt "'f thc clssi n . ffoctoe' . 

( 1) lnf " r ll) ti ' n Ie 'iT . .; Cis ".1 pI ne f I" ,etienl 

" oj SUPP'l"tinb uni s , _od to) tho 'l "~il b: lity nc e n'i ti 'In f r oqui r e 

sUPF- it s . nc c. quipoen Vlill "c in p sscssi n f tho 'ffin:; 1'.:1 e ricl Offic~r 
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,_ (2) Inf"ro:lti -n ns t ar·cqune'y:.n /~r inc."'c~~n. cy -f supply anel 

( quipm~ t t sUPF rt ~r ~:lnizati n~ c~n best be btaineG fr'm tho cppr)~ri:ltc 

:l ~-ur.t~blc :fficcr. 

(3) J..ir F"rces cnd Si .;ml 'supplies an ';:; Quip!::cnt t,.. 5uFP-rt 

r en ~~~ - f nircr~f in c ~is'i n , 

i··· ... n . .:'CP 

f=( r c.!"_ .... s -

cfficicn .. inten"ncc !'on' . r :n- f ·.ir.r ft, h"n'-\rs, r;~ir.t 

ren 'y "li':~ry f sun'li"s n:1~ e uipr'(;:1f- . 

( ) Effieic.n refu li - is .... pcm'c nt n pr per sf tin' -;n.1 

sp"cir.- -1' :.. ir r'.f ~ s "1",,11 s au' n i y ".n" qu::.lity - f he s"rvidn: r:its 

n r. > ~!= r t i r.s • 

• '1'r ..... 'i sF rt 

~he ~ 'c~u~~y f ir nn~ .c~icul ~ r tr~ns~ rt~t1 n 1n rcl .ti -n t, its 

c ffc.oti-: cness in supp'rtin.; the 
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AIR II'1'IRE SECTIC' (S"'l'AR:'m) 
Ft ar~Ct. Nort Car Jlina 

, D~'.Il:lsTE .• TI\'"3 I:IST2l'CTl NS 

.~NNEX "D" 

1. Stren~th, Rcc'r~s , ne Fep~ rt 8. 

n . j'J r nin'j i(op:rts . 

(1) iJ.l ~ir ur-pires ~ " ."irl'len ~ ssi.:;ne" 'the Il'.pi r c r "ur 
will be c," rr i.:<' :,n the Mornin: r op"rt 'f the 95 h :~1l 
Govt-Lct . ~erciso Sw~rMCr (Pr v) . while ~ c'uty at Fort 
Bro<~ nne n~p' eKnii. 

(2) l.ir Ull'.pir cs an<' :li r n;n phcoe ' n fill' I-J ... r TDY "Ii h un,i s 
par ieipatinb in the ~neuv~ r, an wh~ ."re ' r ee re <' t 
r .turn t) the l!!:lri r o Gr':'up c.t r ~rt S"r 'l.;: up"n c 'Mpl ... ti·n 
' f h~ .xercis o:! . will c"ntinuc t " bo c'lr-iC'~ n the t::r rn­
in;; r eF rt ' f tho 95t-h"!!1 Gett Dc:t . E!xor is SYl~~\. r • 
(Pl' . ). f := r (\'·r.i.rlistr~ti't'e pur p~ses, :In'' ·.vill be Fick!:' 
uf "n tho m rni n·' repr r ' f tho uni t" which "s~i ':-:c 
f~r qu~rt:rs [Inc r n i n~ un ly. 

(3) hir un iros f1c.cC; n furtl-J"r -DY t) uni 5 pc.r idj""!-tin_ 
in he MCn<-"·.c.r. '>nc '1/ will he " ir.o te" t·~ r ep rt 'i r (.ct1y 
~ th_i r h"o. S -ti "n upon c0rnpl.:ti"n 'f the ... ",creis, ".,11 

be e r r'lpPC" f r "!'l he. norni n.:; rop~rt • .,f the 95th .~i1 GJ.t Dc • 
exe rcise Svl"rr:c r (Pr -"' ) :lm! picket' up by the unit t~ \":hich 
nS5i;n('(~ (IS lZIpirc . 

(1) The 95th :11 Grv t . Exe rcise S.or-;.r::lc r {Fr · ·i~· ~"i sub~it 
!l " i1y stron:; h r .p rt t: tho Chief "iT ':"lQi,re in 'i::!)tir.~ 
tho st" us f 1\11 .• ir F"r 0 Pe l's nne1 'lssi ~o' ," he. 'J-r.r irc 

Gr u • 

, (2) Ch'lnbos in 5 (ltus ,f c.i r unpiros ':<n" r. 1'l'flcn n °.iuty ,·Ii h 
uni ts parti c1 p:-.tin; in the t:\.'lnouvcr wi 11 be rcp~r 0 t) r,c; 
Chi.:.f ;'ir U~?i rc "y . . ir.!r~:x unpi ros. 

C . F(;TS nne1 Rec"r :!s . 

1) I'ers " nn<: l r 'Jc-rc:; f ... irr,un ',ri ll be Min 'line .:.' th'" \if;t:. 

~il G-vt Dct, Exc.rci:;e Sovo.r::lCr (Pr f)v ). 

(z) F.:.rs nnol r cc~r s -f .. i r F -rco en" '1(1,,0 1 Officors will be 
r.ointc.inc" y h<. J-l ':If t:'"n urnI' Hec.,q !lrt e rs. 
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d . Erfeetivenos& Roports. · . qrfootlvonoss Reports \7i11 bo subnittod 
by the chlof J.ir UOplro on 0.11· otrloorll "nder i:l1s jurisdiction ,thon ro- . 
quiro. b:' curront :.ir For co dirocth"os . EtroctivonollS Roports oro not. 
roquired for thoso ;'ir Farco offioor a \7hoao porlod of TDY is lot;S- th:l.n . 
sixty (SO) d:l.Ys . -. - - -. ---.- - - . 

o . Disposition o£ Rocor ds . nl l'Ot:ot'ds on fUo in the offico of 
tho Chiof ;.ir unpiro upon conpletion .01 .tho n:l.l1.:1Uwr :/ill bo dispo~od 
of ::-.s diroctod b:' tho Uanouvor C(C"\:l.ndor.- ,- . - -' -

2. Replacanonts . 

a. . C:l.sual tle~ o.rtd ;.nOLa . -Air Unpires or 0.1 JT1 n c;:.Stta.l hos or ;."10Ls 
sen."ing \Tlth units p::u"tic {pa.tl~ in tho oxorcise norna.lly .. ill be re -
pI ced b!, personnel :l.ssiGr.od to tho.otfico of tho Chief • .ir Unpiro . 

b . Dispositi"o. Unon Return to DutY. :.ir unpiros or oirnqn rctur -
i:"lb fro!"1. hospit 1 or slcit- ln,-qm:.rtor s to 0. duty st::..tus \7111 roport to 
thoir inoodia.te sup~rlor unpir o for instructions . Such porsonn~l nom­
c.lly '~ll bo instructod to co~tinu. thoir unpire duties in he oxercise . 

3. Discipline, k.'I, and Ordor . 

a. . Courts-t1o.rti:l.l Jurisdiction. The CCIrV'.:U1oin(; General, F:JUrtec::tl. 
:.ir Forco, exorC1SOII Gonor:l.l Courts4hrtio.l jurisdiction over all "ir 
Fo~ce porsonnel :l.ssibnod to tho Unplro Group. 

b . Conduct and Dross . 1.11 ;.ir For co officors o.nd o.imon assi(;TIed to 
duty '.tith tho orlplr o Group \till D:l.intain thoir dross ::-.:.d :lppe:lro.nco , :l.nd 
'.:i11 conduct thonsol vos in such a tIDJlIlor !"os to Nfloct crodit upon the 

United Sto.tes :.ir For eo . 

c . Cho.in of Ccn-::l.:u!. The :-.orna.L ch.:'.in of cotll"'.c.nd for o.ir unpiros 
s~rvi!lG "i th units prticlpo.tillb in tho oxerciso '.1.11 be fran sqilo.dror. 
.... p:i.r~ to ~r""'Up unpiro , to ,tint ur.piro, :> cirdra:w unpiro, to Forco 

Unr ire, to tho C. iot' :.ir Un~iro . 

c . Roports.. ir u:"lpiro t:. t:l.li ti~ s " ill be procos s..:d throu;;h nor-tr-l 

ch=.nncls ns roquirod by outront directives . 

b . 
disposo 

Disposition of Effocts. Eff\:cts of dococ.sod ::l.ir un~ires ,:111 bo 
of as providod by curront dircctiv ' s . 

5. :!ornlo . 

c.. Posto.l • 

• (1) Personnel on duty 1lith tho offico of tt;o 'Chief :.ir Un!'ire c.t 
Fort Bro.c..; or Canp :lack~.ll TT111 hC'.vJ thoir no.i l Addressod 
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~/lth lUUiO. t;rndo . sorvice nunbor. :-.nd tho :'ord "Unpiro", 
t'ollm'lOd by "Exorciso SYloJ":"\er", Fort Brnt;b , ;Iorth C:lrol1=. 

EXlJtpLE : 
Ca.ptnin John S. S:-.1th la3456 :. 
Unpiro ~ Exerciso,Su:',rncr 
Fort Br:lbt; ; Hortl} c2rolh~ 

(2) l.l r Ir1p1-res 'lr :-,i.mon sO't"V1ng .ltith ,~nits ~rticip:lt1I:b 1:1 
tho n..".!leuvor ::111 h::vo mil :l.deressc ~~!i ttl llC.r.e , I:;r:l.Go, 
sen-ico nunber , foli61:'Cd by ·the unit to' \Jt\ich ~tt::ched, 
and tho tl..'Uleuvor b:lsO fran '.rhich tho u;'it' is oporotint; . 

EX:':lPLE: 
C:lptoin Joh.~ S. Sni th: 23456 :. 
21st Fi~htor Squodron 
Pope .\FB, Fort BroG!; , !~orth C::roliJ.u:. 

(1) ~ir. . .;n \ 'ill be pc.id o~ the rogulor P:lj-'roll of tho 95th ;:11 
Govt ot , E;:erc~so S:::lr:-:or (Frov) ',:hile :It Sno!:e Bcr.b Hill , 
Fort Dr:l{;"" :md :-.t C~ . ,::lc!:oll . ..irLon ','he :-,r.o ::.ttoch d to 
t ctical u,"li ts p::.rticip:lti!lC in the 'Jxercis(' '.ri 11 bo p::,id Co 

portiol ~~ynent prior to their de~~rturo, Fro,idoc th~ ::.t o 
of dop::rturo is such :-.S t o justify such {',:,'tlDp~!.." 

(2) 1.11 officurs ':rill bo rOGponsi;;lo t.or Da!:int; sl.it::bl",. rr:mCo­
n c'1ts 'nLth tho Post t'irw.nce Officor ~t Fort Br".;:;;;, th:: ir heno 
s c.tion , or. if ::'PP}.1c-blg , tho orgQ..'llz.:-.tior. \lhich thoy u,"lpir • 
rot;ordin;; thoir om: ~y n ..... ttorh 

(3) The 95th ;iil GO'lt Dct , :xorcisc S\:~,r:l,-r (Fr ~v):' ";ill prop-.ro 
trovol 011 ·1:l."lCO vouclors f or offic~rs ::. r.d ir;-.el! on (.uty 

· :::.t Fort ilzonGg, or Cn::p I:o.ck:::.ll . 

c. Rcli~ious Services. 

(1) ~.o1i -i~. sor .... ico3 r.,r porsor.-:ol on uty :-.t Fort IJr~bb -:ill 
be providod. by tli:': ' o:',l:'\nding .Go:1?rnl, ~'c rt or:.g ,; . 

(2) . Rolib i s sorvicos f or purs ')l'U1 1 on '!ut:· ·::.t C:-':lP : :nc Ir.n 11 '.Ii 11 
00 provided by the Cc::Jn.'1ndinG onor::.l, V Corps . 

" ..... ~ ... ~ -
(~) JOliGious sorvicos for -rs ' J1.noi · sOrvln,-; on duty ',:1th t ~.cti ­

. co! un1.ta p.:lrticip:::.tinr; i:'1 tho Cl':orcis" ':ill be pro\-idod b,. 
tt 0 unit t n :'hich tho:! eire att:::.cncd • . 

d . Docor:lticns :::.nd ..\'f:,rds. Currvn~ dirccti v ... s rOG .. rdin
b 

rcccr.nor.d_ 
ntiol s for nl·/::.rds or dec orations rtill a.pply. 
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... .. ! to 

" 

e •. Le;;ves and Passes: 

(1) Pas:Jes for air '.lopires and ai~n will not be ]antt!d urin~ 
the actual naneuver period. 

(2) Le;lves wUl be authorized only io th~ case of :l bo03 fide 
ca~oO;)q<;7 verified ' b:/ th\;. Red Cross. Such lu~v... u~t. b.. 
a~rr~v ... J b¥ t.b~ Chief Air Uopire. 

6. A:icinistrative :'_tho~: 

~. Persvnnel Re,u1reoents: 

(1) Thi! Chi ... ,r 1..11' Ur. pire will d.;ltQr~j,n" t.h£ · iJ';rsonn 1 r" .. uir ... ,-
w.,;n\s fer his staff and fvr air w. .• ires ncccssarJ' ur.-. in 
the rolleuver. 

(2) ,Requisitions tor p€rsunn 1 will be subLitt d t o the :'aneuvu 
Co:llran er ~h lh" Chief tk. ... 'ir.e. 

b. hssi nr.ent cf Air UMrires: 

(1) Th" Chicf ,~r l.1C'.pire will dHcrcin tht! unit f assi.,or.:o:nt r 
":!U air ~;.ires. 

(2) Or ... -.;rs ", ... rt...inin., t. t.h .. ~sion.~'"t. f ... ir l,1;+irl.;s .JJ'lJ ·:...ir.~\m 
will be issu~J by th~ !~n0uvt!r Coor~d~r upon r~quest fr ' m he 
Chit!f Air Uopirc. 

c. 'f';S$: 

(1) ·'css.i.n,.. !acH ' tics ~tlr, 1'!ic..:rs ;;n ... air_un s rvio... witb tac-
• licu un~ ts partici~atin ... in the ex rcise.: will be i urj~shd 

bj' t.h\.: uni t t o ?ihic~ thcl ar," assi..,ncu. 

(.;:) ·'.;s::.ir .. , f_cilit.i"s tvr wI!j,c.;rs ~._ ~ir::;,..r, or. -ut..i wit.. 10k . .. 
:;u'L.! ,.ir Ut;piro: ~t r rt Briluo will be furnish"..! bj' tt...; J5t:1 
'11 Govt ~r ~. 

(3) /'essir'oo f:lc~iW.l:s for ~fficcrs _I" • .l ...ir ..... r. ... 1, ..1ut.; t. C.:l."; 
:.~ckall will be furnisheJ bj' t.hl;! Corx.ar.din.; Gtln"r.ll , V C~ rps . 

(4) OUicW's atin,; in tru p ...c:ss .. s will r"';; cash f"" r t;_ch ...... a1 . 

(5) Enlisted ~en will not be ~uthorized tv r Jtion se aratel~. 
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ct . Quart"rs: 

(1) 

(3) 

Th~ 95th 'til Covt GNU, will r cvidc' qlIarters f er all offi­
c"rs and niroon wh_le at Fort Bra .. , •• 

Quart~rs for officers an:! air::.en n lutl at Cnr..p l:ackall 
will be provi cd b.l thc Co;;mlndin ... Gener.o1 . V Cor s. 

Qu3rters f or orfic~rs and ~rccn servinv with t ac ticJl units 
P:lrticip.'ltinv in th .. ex.:rcise will be ;.rovi ed b.: th ... unit 
t~ which 3ttach~ • 

7. ~ ic-"l: 

•• Fl.rt Br -.. ~. . Th~ 95tt: ~ il Govt J..,t , E;,W'cisl.; SI'I-1'~r (Pr ... v) J 

.. ill '_Qi .. tau. til ... :;ic .. r.: .. "rt. i ... r 11 t' ... rc" ...... 1 at Fort 51'-0." P ... rs,",.­
s,,1 r .. pur t.iI." wli sic!:: c_ll will usc th .. !_ciliti .. s _f t.'1 ... -lS,.",I.S...r i 
i .. tr. ... 4th Si.,n:..l . :.rL:'. 

rl' ... vi..:.;: 

c. Tactic::, l . nits. ::.:.!. ;.:.1 C_ i-iti .. s Cw" _ir .J._i-ir,-s -i .... _ir-
• ..L.O s"r vir,,", wi t.11 t c ll.co.1 ulli t.s ,.'::.l't ' c.i.,._l . n l •. _ .. x..rcis ... 1'1.11 I. 

"rvv.J._", .i t.l._ .J.il t. .... w • . ch :.t.t:.ch .. .!. 

(1) ,Ur Fvrc ... OCfic .. rs n f l::in" s t us w!1 arc s l.rvin... . 5 rut> 
bers ... f h~ Chic f ,til' t.,.· r .. s .. t...ff w:' 1 ;:tL;:: .... _ tw ?~~ 
:.ir Flrc..., B.:lS~ f o r fl.,in" . 

(2) In:.J."-tu.:C:i _f (1, in . _::i iti..:s ;;1' .. 1 jes t h_ ,.. ... ss.i. Lil
J 

;;.f furnishiIl., :.t • ..... ,. ... 1' t r.i t,. t... ....f fic"rs _l t ............ > tt ... "ir 
Unpirc Sch;)Ql t ; r .. UCit'lin thdr fl~·ir.u rLfici.;:nc~. 

(3) :.ir Fcrce Offic .. rs ,,)0 fl.,·i(' ...... t._ius wi", <:r ... s_rv~ . .; •. ith 
t_ctic:..l units p..;rt.iciJ._t.in... in l ... ..: • ..:rc·s.: wiU b ... a t­
t:lch __ t.", thl. unit. with whic s .. rvir..., ll.r f~'i(''u ' 
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b. Fores 5: lir u...,..ircs on fJ.,in,. status , who r.::pcrt t.o t.h" Ua;pirc Group 
f or the t>urpos..: of .:l tten;tin,. tho;! Air U.~~ School, will r<ltain their For ... s 
5 in their possession anti! the:! re~rt to th~ tactic:u unit which the;; ~I:l 

w:Jpiro , :It 1Itlich tiJDc the,; will turn thair For~ 5 oVl3 r to ~hc C~r:: ti lJ s 
OUic .. r uf U.e uni~.. . 
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AmEX "E" 
CAU OPER 
PIAl! 1-50 

AIR Tl!lPTRF' ~ECTIO.l (StlJ'.1!:R) 
Fort BraGG, Horth Ca.rolina. 

Defini tiona 

23 February 1950 

Ai rborne - A Tent: 1. .\pplied to personr.el, equip;18nt, etc., 1" ·a.ni­
ca.lly tra.nsported by air. sueh aa Airbo~e Infnntry. 

2. Used t i~dicate bear and other equipr~~t not an i ntoGra.l p~rt 
of the plans. such as Airborne Rnda.r, etc. 

3. Applied to nn aircra.rt frm the insta.nt it bee .1es entireiy sus­
tained by o.ir until it ce~se. to be so susta.ined. A Liohter-Th~~-Air 
aircro.!'t is not c ,,~:sidered to be a.irborr-e ',:hon it is o.tto.ched t the 
Cr')und. exco;:t th:-t .""!oored bc.lloOIU a.re a.irb?rno ',:hor.over SO:1t ... l ?ft. 

Air Defense - All ~eo.sures Jesi~ned t ~ nullify ~ r roduco he effective­
noss of the ntt::.c!: of hostilo a.iroro.f ,, 1" Guided "issilos o.fter t .hey o.re 
~irborne . 

Air Sonce Resen"atilln - The n1r sp('.ce I ~ ca. 0(' r.bo';o ::.r a.re~, nil he 3ur­
fa.co of tho Itlnd cr ,:a.ter , dosi r;Il..'1.tcd :-.r.d sot C.~:tl·~ 'J:' '::o 'uti';c order 
'"If the Presidel:t or by a. S~te, Cc:--:-~o=ll('.lth, or T()n' ~i:('.,:,r& "ver wh10h 
t",e fliGht of o.irer::.ft is pro hi Hod or restrictoj 101' th" purpose f 
·lo.tiona.l Dofenso or for "thor Govern:lent..;.l pur, 050S . 

Air Superiority - Tho.t de{;ro.:J of co.pnb::'Hty (Prapo!'dcr!mco in noro.le ~ 
na.terinl) of OnG nil" forco over tl.~otll :- ,rhi~h '''r-1;'C S tho ccnduet of o.ir 
oper:ltbns by tho fon::;)r ct 0. Giv,J~ t: .J [.!l~ ,1:-. .;:.) ~;ith-ut pro: ibitivo 
interference by tho ?po:;i!1{; Air 1'OI!'O. 

Artillory .idj :~~:~:-.--; ". I~. 
suspoctlJd an·). v L I,', _1 ~ •• ;'.­

used o.s :::. rof(; ro: co ;:.o~:-t- • , !", 

c..".' 
I I 

servod flOa.nS :l.ft r :-.~J:)lyi~ P.u.;i'· - .tl ... l: 

~., .'f. t:t ,-:~. C!l ~;ill 

r' 3 F l r C,J ... s a. "holo . 

I ~ l· '1 .. ) 1 :~i:;'m or 
· .. .:.0:: ":'...'1.y bo 

" ~ le' od or u.'lob-
-"; ~ :1,:; to tho' firinr d to.. 

Ccuntor-I::1tolli :;ene~ - Is th::-.t cs~.;:ct ,.. f intolliGonco rolo.tino t, all 
socurlty e :mtrol no suros, both c.ctiv~ end !l:.ss~ve , dos ~onod t - insure 
tho sQ.fo~ucrdin{; c- f inforno...t i on. pcrs,),.:.101, oquilT1ont, a.nd '..nstcll::-.t'. ~ns 
o.';:linst tho os!"1 n:lt;o. scbot:l.bo, '"'r s bvorsivo cctivitios or f reiGn 
p tors :md of diaa.rroctod or ,1issi l~nt (; r ups or individuds ',:hioh cen­
sti tuto a. throa.t to tho iTa.tion.'1.1 Security. 

Ccuntor-r1oo.sUJ'OS - ThAt f orn of I.a.li~ry Scicnco "Thieh b~' tho' onployncnt 
of dOVIcos ruidJor toc)miqucs, hes r.s its objoctivo tho inp:l.irno:lt r tho 
opOra.t10nal offoctivonoss ,.,f onony activity. 
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D-D::.y - Tho torn usod to dosicn~to tho UlUlcrlod cay on \:hich :In in1tla.l 
nssnult landinb or p~so of o?er~tion3 is to co~onco . 

Disscrd~~tion - Tho distribution of intolllr,onco and inforoation in 
such ~ n.~nner ~8 to inSUl'O the. tit re:l.chos tho Ilboncios noedir1& it, in 
uso.blo foJ'tl, ~d in accordanoo \lith this urL;ency. 

';;chelon - 1. Tho subdivisiona of n hOlldquClZ'tors , :.s fOJ"l"ro.rd echelon, 
re::'.r echelon. 

2. Separato levels of e~dJ 0.8 canpnred to rOL;L~ent, division 
is :::. hibhor ocholon, o.nd bntto.lion 15 10l'Or cchelon. 

3. Tho different frncti~ns of 0. c~ in tho dircction of depth, 
to cneh ~ r \/h1oh a principal coobat r.1ssion is ;'.ssi{;nCd. 

Enb;~rb 1.,n - The lo~clint; of troops lf1th their supplios • nd cquip!" e:1t 
into ~1rcro.ft . 

EscoTt - 1. To convey. 

2. A c~bllt unit r units assiGned to o.ccon~o.ny :::.nd pr toot 0. 
m.,:::'.!:'r forpc . 

3 . Airplo.nes assibned to protoct othor ~1r~o.ft durinG :::. n1ssi~n. 

"'te . 
4 . ."n arnod (;~rd thC'.t F-cc~np=ios 0. c~r.voy, ~ tr;.in, prilfO!lerS, 

Espi ':l~~G - 'rho u::o r.t .::ocrot C'0\.:0::1::; to o1:7tc.i:.~ 1.:_' r;"'-ti n o:mool":.i:l;; CI. 

possible or nctual enany or thontor ;f operations , includinc torrnin nnd 
\"Ion thor. 

~cu:::.tion 1. Tho proco8s of Tlovint; oasUAltios fron ~ battlo field and 
subsoquontly of novin& than nloUb tho ch.."\in of oV::'.cu."\tion s nocoss~TY. 

2. Tho eloarnncG of personnol, o.n~ls, "'r ~.toriol freO a. (;ivon 
l'cn.lity. 

Ev~lu~tion - Tho dotcrnin~tion of tho ~~rtinonco, cro ib1li~/. r~linblllty 
nnd aocurnoy nf o.n iton of inf.~tion. 

Fields, Er.or;;a::c;r - Landint; 1'101'\5 the.t ~y bo utiliz d b:r a.lrcr~ft .. :hich 
hnvo oneountored unforesoon difficultios in flight . 

?l1;-ht - 1. In 11::-.\':'.1 :md ; ~rinc us. bC .. spocified Group of a.irerd't usuo.lly 
~d in n oOl:l:"1on nt.s1m. 

2. The b~sio ~actie~l Unit in tho : .. ir Fnrcc, oonsi~tinb of tuo or 
·!:I. ro nircr.tft . 

Forco (5) - II body of troops, or ~ircr:lft , nr ooobi~ ..... tion thoreof. 

Fornation - Tho arrn~onont of tho elc~onts of c eonn:md in ~ prosoribod 
nannor. 
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InteUi;ence - 'lh" ,..r ... .iuct r <lsultil'lo [r;uJ th\; c , llcctin.;, proc,"ssint; 
~d ~valU3ti n of ~r~ r~t1cn ccnccrnin.~ actual anJ ~wt,"nticl sit~ 
ti;,ns. c njitiuns and c..p.::.bilities rcl~tin., to", [or don :J.ctivities, 
aoj t r rei.:;n r encrr,'-h .. 1d :U-O::lS. 

IntU"ct:~ti:n - 1. The pr ... ecslI (,.f n,.il." f.'i ...... 1:; Wer.!t tv .. .cet. 
f ... re .. -.It j ... st.il ... ·.::.irer~t. ~ • .;! "'{ Gi." ,~i •• , th .. .:ru.~" f.;..rc" to- • .inJcr 
_r ,r .. vent. it fr .... ~ c-.rryin.> .. tits I..i.sSi.;n. 

. .. ... 
2. 'lh..:, rlJCCSS ,jf w:.inin.., t-~:;s.;s:;i~n ... t eol~ •.. unic,'.U ... ns i1~t._I._ .. 

i_r _th .. rs ;; COP:lir • .", r ... c_r~nn' ~r J •• n:; _th .. r ._",-ns. 

Iot ... r_icti_li - T", ,.rev"ot r hin cr , bj ~ .--,.ns , .. ,.1.. ...... lOS ... _f :ul :.r ... :l 
",r r ..... ut~. 

J~.in I. Fb.hr - Tho: ..... li~ .. r_t.'" r.::..!i.:lU_n _f eJ..J~W"_;,~ .. tic ...... v .. .;; t...., 
,..r .. v .. r:t r.l~ fr .. _ b~in., [["ctive. 

Li '! is~n - That CI..C ta t r in~rccc...-;ur.ic:ltl_n .:::lint:.in\,;~ .. twt;"n parts 
:r-;r.-:.r::: ~ F rc .. t ... insure c:utU3.l un;!erst:ll~Jir.~ :m...i W1_t;t I..f I" revSi,. 
:J.r..! .:lcti ... n. It. i" "ft. .. n aiJ~;;!. b;,r .. xch~~ .. -.If Officers ar.J/vr ~ ... n in 
c r .!e r t keep p m .:::xch~l, I;: ... i il fc.rL_ti_l •• 

L...gistics - n .... t p-rt ... f ........ t.il' ... :'illt or:; .-.ct.ivit.,;' ~c!l .. '"' 1::; .. HI" 
}l' .... .uct.ivn, ,..r .. eur ... ~ ...... t., "t....,r . .,, _, ~ .. .st"'rt._t.i"n, -i:i\.,riuat.'"., __ i .. -
t. .. ,...r;c ... "'.J ... v .. ~ti ... n ... f ,,,,rs ... ru-.,,,l, supplivs .o1'..J ..:ql1i ......... t.; wit.h in-

' ucti~r., cl.:i.ssilic.'lt.i...r. us,ii .f...AJ.t. , ...... lI .. r ... nr": s..:,..:r .. t.!..n vf t-W'S n-
1.)4 ;;ro<l wit.h f~ci it.i .. s r,,'l.ur ... .;! f .. r t.h ... s~ .. f- ... rt. of t.h.. !'llitary cs-

tablish::'~nt, includin." cc.ns tructi n cn and op:ration t"tlre6!. It C"',r­
pris ..... ""t.t, t'1:>J.r~ ... .:.1 ... i .. ,.l .... ..:r.t._ti .. r •• 

gr ,we - ;..ssi~" .. " tv. c.I.~ f",r . ..:..s • .-. ~ .. sst..l.t.i.Jl port yf. ~ '~litru-y 
r~anlzaticn . Or~anic parts .. f a uoit ar~ thos~ list .. J in its tables 

"f r.;anizati...n f or th", :.r ... ; , ,Ur F"rc~ , ~ ":ll'in~ Ccrps , .;u-;J are 
those assiJlt:d to t.h ... a .i.nistrativt: r "Jl1ization of the peratin., 
f rc",s fer tilt: ~hV'/. 

Or _:mic ili ryire - .to ,til' Ur.: ire ass i~ncd tv, '!nu f r r..ir . an eSsen-
tlal rt of , thd :,'i_i t...r~' Or o.:uUzati'.n u n 'IIi1ich he r '!t .. s 'l/l4 r .. n-
d"rs u;:-.pir" r"i'urts f ur a n <;xercise . He is :1 ... oint".! b~',.:lll fune ti_ns 
:lS J,ir",ct... b:l • .l ,.£r:'.b.r f tho. ,~ir U:::pire Group. 

P~thCinQers - 1. (~rcraft) Exp"rivnc~= airplane creWS wh l ead a Cor­
~tion tc the drop zon ,rel .. as~ oint , ~r tar~e~. 

2. (,ur orm.) Te:\I~.s liro red at.:lll bjectiv .. t o "S abUsh si.,nal 
;;:viclls f or aircraft h..>cil\., in preparaticn f .: r an air ..,rn" ~ssic.n. 

Psycn"l 8 ic3.l. '/:u-tarc - The c:..plOll1nt c.! .::C\; non-l .. thai !:.",.::r.s j" ic;r.­
.ill Eu iu .. cE Eh_ L-r:lc. ::r.' .. h:.viCir wf ar." rfJ p f.r .:. sp"cific :'ili­
tar;; .. uri-'osc. 
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Reconnaissanc~ - '!h<l ~ .. ct..,;:! ..:ff rt in t.h .. f"" .! t. .,_t.h..r iJ6I r.::...t.i 
vf the cnerv , t.errain r rcS(.urc.:s vtIich is undcrt. .. kcn b;, :.n .lr rOFrLt.c 
el .. _ . ..:nt. .. f t.h .. ;..rc~d Fol'C<!s. N t. t.c b.: confused wit.h .. spicna,;c. 

S<!Jrch ~ Rescue - The us~ of aircraft., surr~c- cr~t, subcarincs, and J~"r 
s~cci~ .. quipc~nt ~~ycJ r t.h" r~scuc ~f pursonnel in distre~: n lan~ 
r ~t. sa.' --

Security - !'..:asurcs t.3k 1: bl ... cO:.:u''':' t.o.F t. ct. it.s ... lf £rv" ..:spi_f·~o'" 
.. bsl:rv:.ti..;n, :;Qbot.3o~' annoy~ncc, or SU'l4'isc. 

Security. CoCl:lIulic_tions :- lhe prot-ection r"sult~ .. frod all t:lE!'3sur<lS osi .. n­
e t o jen~' to unauthoriz"d persons inforr.-.ation of yalul;; vmfch TI'1_ht be eri­
ved from communications. 

Sorti - One aircraft :U.rb rne on .:l r.-.issi -n .J. .... ~in:;t th ... ,"n.: ~·,' . Four ~rcr:.ft 
~be 4 Sorties, etc. 

Strate 7,19 pir .tirrate - tJr cor;.bat an suppcrtin ... operations l:si.:ncd t o ef­
fect, throUuh the ssstcrratic ~pplicati n of force to a selectoJ seri s c f 
vital t~..:ets, the pro.,r(;ssive \ltstruction and isinte,:;raticn f the ene:-.y's 
'ik-r-.--kir. . . cap_ it) W ~ .... int :.t v.o.lch 1._ 1_ 1_1. \,or r ... t~ . .; t.;i~ •• .Jillt; "r 
th .. will t.- w:l." w.:r. 

Strike - ;'ccf.certcd :U.r .. t.tack on a sin.le bj~ct.iv'- • . 

Supd'{ . Air - The t!liv",rj' bl .Ur wf it. ..... t... jrvp ... r 1.., ... il ..J'~;... 

Supe-rt . Close ;.ir - Thl; .:It.t..:l 1< ti l aircr_rt f h still: J\..ur.J t.::.r .. "ts \i . .iC. 
are so close to !ri,"nJll forces as to re"uire etail~c1 int.e .r;).tivn cn each 
.ti.r I'ission with t.h ... fire .:oj .;.Cv".:;"nt ",f thu" f .. rc",s~ . 

Support. Deep ,\ir - 'nwaG ~~ Ioir.w ...... ..u .. w U!;.C. t.Ak.. pl..l.c~ - l.'l t.: .... 
_bj ... ctiv_ ~ .. _, but. .. t. $~cll r":r,,_ rr .. ~ . rri.~~:; c; .. lM .... I .. rc ...... " t... 1'_-tI6ir .. . : 
Co"; ...ir..ct. c;;)~1'~iJ.~t.i~,. -b .. t ..... Ci .urcrJt. J ... !:runt. lin .. wU t.s .It.: -r .... ar. ~. _ 
\,o~t._bllsh. .... r.t. vI ~ b....;b liIle.. b",y ... n.l 1.~oiC!1 .. rt~·.~lv" .air _; ... r"t.i~ .:;- .J ..... 

w.r ... s t.r ict.<.;.!. 

Tactica Air Ccnt.r 11,,1' - The Offi<:ur in che.r~ ." of ill opcr:rt; ons 1 t. \.. "..­
bob.cit control cent<lr. He is resiXlns ible t.o ttl..: t'lctioal A.ir C .... _I • .L ... r 
r.)r th", con t.rv l of -ll. ;.lrcr_ft. ~ .-:.ir 'li{&l'r.in,. LciU~i.;s wit.!1iI • .i·s ...r.. ... 
uf r~srunsibilit.y. 

Tactic 1 :.ir Control C(;nter - The rinci 31 air opt!rat.ions inst:lll'1-
tivns land or se~ blS froQ which all aircr 'lft an~ air wn~.in f ncti"n~ 

f a tactical. air clJaJr.3nd are c nt.rolled. Th" T:lctic.J.l t..ir C.nt;o l Cl.:nt.er 
is th~ operational co nent of th\.. tactical air control ~roup Orer:ltin~ 
at 1.J'r:v r :.:nphibious Forct;ls level. 

T'lctical hie Dir~ction Cent~ - A subor~inat\.: ~ oreraticns instal-' 
lation land or sea bast; from which all airCl'ilft Ql\ ur tnrnin., of' _ra­
tions within 11 rest.ricted area 3rt! dlr",ctt.: • The Tact.ical Air Dirccti0n -
Cenlcr is the operat.ional co . ncnt of-a . tactic31 ·~iP control ~r.up·op~r­
:J.tin.; at corps level or amphibious .. jl"OlAP ltlvel. 
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Tactical ,ar Control if'o}¥' - (L'ln,i-B3sed) t. flvxiblc a.iminhtrat.lvt! 
and Tic£J.ciiI Com~ l()nent 0 Tactical :.ir Force which provit1cs air-
cr3.ft c ontro l anu warni!\. fu~cti ns ashore for cUfe'1siv~ and defen­
sive cissions within th Tactical Air Force area of r~s~nsibi.it~ . 

Tactical Air e otrol Part .. {Tt.GPf' - ':. sukx;r·.;in::.tt: »~.;:r;:.t.ion:ll c for 
r"n.;nt ,,1 Ehe 1311d- b.:lStld 1'achca :.ir Control Group d.:!si • .ned f or the 
contro l of aircr _t t froc forward observation rosts. The tactical air 
control party operates at division, rc~icental , r battalion level. 

Thc.lter of Opzrations - t. term uscJ t o ,1esi .... n'lte th:..t portion of a 
theater of 'N..V ne cess3rj' f or "ilit~y .Jper'!tions. either Offensive 
or e f ensivc , ursu3nt t o an assi~n~d r.~ssion ~d f r the adminis-
trltion incUent t o such l~liUlrj' Operations; theater li::~ts nr us­
u'lll;' .j~si~n~ t ed b. cor..pc tcnt authorit~,. 

Tr:lClS,_ rt ,Urcraft - ~. airt-Ln" desi.nd .. ri:~.::.ri.l,;,' f r t.h .. ,..ur­
~o ~ of tr~fort:ti n f ~ut ri:ll , sup~li,-s c r ~.lssen~ers . 

::.!'l"lt). 

or ,an­
ops J1J sup._lics into 
3r ... Jlithir'!wo (. r C.:ln 
clsualtie , trocfS ~ 

:'ilitlrJ' Pcrsenn ... l (usu:lllJ 

~~~=:':~":':"';":;~.L. - T .. c c t r vcps (. ;...:cbllJ trainLJ t bu 
z"nc b,-tir;::n dr op;:" ('; T l-~n:leJ. ther ... in. 

Th s...: w~t~ .... r ..... ' ·r cJ.iz. t.i...,r ... t .. i"",J"" t4'i. J;'i 
¥ ..... ~,,; f...,rev "" .... ...... /"'r i.._t.~ .... t,i"" •• .;.,. 

Zun~·fDrop - ~ spccifi..:d ar~n intc which ~ ir erne tr ue s, c~ui wcnt 
... r sUPflies ~r~ droFped . 

Zone . L'!Il in - r. specifi~ zon" within .:m ~bjcctivc ~~:! int which 
'Jlirl.ars r pollOf'Ll . ircr :lft will be hn1..: • 

\bbr cvicti. .. ns - 1. B':T - BJtt;.li r. C :::b.:t TI.:':-: 

2. CDC - eo~~t 0 'r~tiuns ecnt~r 

3. DC:.U - D"' r'-lt.,i Chicf :..ir Urr')-ire 

4. IFF - 11~ tification Fri~nl ~r F~ 

5. JOe - Joint O~~ti.ns C ntW' 

6. TAe - T:,.ct . c:ll . .ir e l r.tr ller 

7. THee - T~ctical :..Lr Centru1 C~nt\:r 

8. T:.DC - Tactic~l .:'ir Direction e"nt~r 
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9. r..~CG - To.et1co.l ;.11' Cont r "l Grl"up 

10. T:.CP - Tactical 1.11' Control Porty 

11. DZ - Dr op Zono 

12. LZ - wndil'lb ZCIl<1 
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C:R&.P'TILII VI 

CODOlua1cma _d ~~GII ... a4aUQD8 

T.be au.ppo&-UD& trOOpil aDd yarlO1.la att u w t.be 

A ".W' woe .~14 be • Jm u..,.11 u poaa1b1e 

to ...... C_'''''.l'' eo t.bat. be pnpaN Ql. 

taotloal vj.·~AA1aaU_. U'alA~ .ao.dul. ••• and t..At&t! • 

oporat1C11l l.ma or t.boe eIIPlo~t or roroea that OIlD .x-

P ~t aye"eb1e . 

All 0 ... t1cal.8 plaia ... oeoar10 alwuld b. rort.hoO&iD& 

..s uar\wa at :.be earU •• t. ~db1e U .. 

in tn. .... ro1.... It.~t .'-loh a du.ot1y •• t.he Ae6N •• cw 

ore. aQlu~t. pubUah & plall an .@o4"'d1Aa&;e 0 n are 

toro. to 1A1t.lat.. wb& aot.1cm tbe de .. praoUcab1e .1I;oh­

CMlt. mow~ t.Qe 1"eCl'-l ta 01' pollo, ot • bea uart­

.l"a . Tba .~ 1 •• \AADOe ot .uob a 4ireot1y. om GI:Llr ,..­

.&1lt in oont\La1cm aa4 ~.1b1e 0 •• too 1Aat.l'\lo UQQ8 pr.­

v1ouel, &DIlOUDOed b, o~.r. or .ubol"CllDat.e aleaeota 

whet. rounli to be 1A oOQ.tU 0 t .1 t.h tno.. or h1&hu n.a~:.ar t­

•• publlahe4 at. & la~ clat.e. 

It. 1a t.he HOa1~ op1n1on of t.h1. bea '-l&I't.ra. 

t. t tbe •• or . CII"CM a.ad \.laI"t.r. ahould be •• t.abUah-

ad .arl 1D U. plenn'nG pbua 1A r to &"ld tbe D 0."-
l", ot aubOl'41Date UA1t.. a1Ata1DIA& 11&18_ .1 t.ll I'Ola 

-1"1-
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r a :ill"~e.su.re would al'rOl'd a 10 _1 

oept -heft 7 aU p&l"tlo1l1at1A& levele 
an canoll.ulv. OOll­

ou! b. 10 ao~ 

&a to the exca~ aa!QQ oGl1l'rODUn,;! t!le Wll ta l'epreseZlt,1no 
t.be ~.a. or eDea,J. 

It 18 tAlI oplu1on or 'hi. hea4 autera 

tit Quld be der1"ed rl'Qa t.~ a .. I~t or 
.,.raonn.l to ... tat 1n t.be t.JOa1n1D or ~e.aQJl ground 

\&DH. at lean rort,7 ti" (46) cS&7. prIor 0 the OCllllaeno._ 

t or tbe veJO. 

Jiw eUloleot an4 0 ;>lete plannln • It !. oO:lal~1"ed 

~ oQa)OZ1eQt to proylJe aJa'1\J ~ GYaZloe cSetacm..nt.a UDder 
oa.petent ordera. 

:-80a.1ae or the act tba~ ro18. ItS A. "ro~ 
ao 010.81.7 &!'tel' the tena1na t10n or Opel' ~lOD peRm • wi tb 

oYvlap or the Plannl Phaae or the ro and the paoepuoa_ 

beaerlt &ad .. alatanoe oould not be r.aaonab17 expected rrQa 

•• or a It would a. pear tha t due to the cloe. 1a1ng 

bec-..n Ul •• e two operat!ooe. It na necc'.&r7 to naort to 

a baU tutlaa or oerta1n \lIl1 t. ADd d81&7 1A t\untlh tJ'aln-

1n aida ... ecall1 .... t to tbe ~ unl t a alerted ror t.be .. 
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H2,J)"UArlT .RS 
"GGit.;ssca F~,{C;:.S (.:.!..,RC!S~ S ..... Z·3R) 

L":1-1".' .. ii' ;'orcu B se, '/irrini 

• 
G£'" ;:;P.i..L CR.:£itS 

!B£R 1 
1 ~c.rch 1950 

SECTImJ I 

E37,1 'lLI.:>li: ~~rT OF T!--3 .,GGRESSOR FORCES (:':X::RC ISE S'::I.RG.R) 

Fu rsu ... nt 0 v"rb 1 ord rs of the Ca.':lI'lJ:ldint; :;<!ro:lr 1, &cur ise 
Sw . r r .• Jr, .r..ou erltlnt is n.d" of tho .Jst. li!:h.-;t.mt C'f !lC" russor 
F'or <:'"s (-'(<!r'isc S\; r -r.' r), "ri h he .. dqu r tbrs LI:1~luy ,. ir-:orce 
•• s , Vir;i .i· . ffc<:' ion 1 :·'.rch 1950. 

,.n eunc ,,,,nt is r:l.de of th" op· nil"ol; of !to dqu;.. r <Jrs " : r 'J5sor 
;;'orc <.lS (Sx"rc is' S· .. ~T'::ur ) . t L!'l., I"y "ir Fore " 5 ... 5 , Vi r cin" , 0001 
hour s , 1 ~~rch 1950. 

The ll .. uer. i -'100 h.;r"by .SSUl~'.uS o=l!r.~~d of tr. ,. grosser For ':5 
(.:.xvr isv ,;;·,.or r ). 

- , T .. ~ .......... • Ie": 

it !J=:RT ;~ LEE 
.: .jor Goner ",l , 

CooJ:]<nding 

'. , 
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!~_!!.!£!!E 

TACTICAL 

e. F Jrt. . • 
(1) f nMl'y.Uon.t Fort Bra" 18 eoera.l1y pear-ebapea wit" the ate 

pointed to tr.e .... t, and ita centAr located. 790 10' 31- _)50 1" 
fh.. ~t ax1.s 1 •• pproxi .. tely 24 . 2 .n •• , an U: north-eC\; • 
U 'appron..tely 11.9 ailea . .. tile widest part. 

( . ) Oral e yst.ea. ... Creek tl in h. r. fo • 
nor nern bca!Dltary at the reservation. j rldl1.'e 11n. DeraUy r 
t.te .a8 at. u1a toraint; & .t.er IIh and cw.ing the tre to flow 0 
tn north an<i aout.h . aa-rQl_ t aUler atre .. lind su11 creekll, :1 
an oer.as1ooal 1ioke, are distrlwted at r [,,1 r inter &.1. on the forti 
sout of t.ne atel' hed . 

t er road~ . 

(d) "enaral nature at the terr nr he terraIn i. enera] ly rolling .nd l' 0 _ 

ad 1 U: the • vi .. t. -oodec1 are. dong the II tre • The hlfh . el.Y8 10 
alOnt; th II.Uti". at. boundary . an:! center of this ar.a. The 10lie. le-

va ion is a t rope Field . 

linell c co.mn1c6tlon. Troo • can a 
troa my d1recUoo. the beat rou ot a 

the ... t.-.e.t ridee 11ne. 

) C tacle. t e are DO or 0 tac1e. 1n the .a in y at r. 
All .tr .... ucept Little itww are tm-d ble . In .. t ... t er IIOtori J 
unita wId uperleoce sa. cUrt1cuity in tr ~ reIn th1e area ... . to 

rt ro s nd ~roua atre croa!llfll8 . 

( c) ConceaJ.. t md cower I COYer .... to be erer.Uy 000 __ 1 th are .. 
alo tote t.rea .Dd ar .. 1Ia proYldlng tbe be.t co r. 

(el) 0 erwaUonl Ground ob ena ion 111 0 

(e) Field ot tire. OeoeraJ.l.y )tOO of fire ex! t tor all 
art1llery poel tiona are .a..t1 •• d.1.Ct1au1 t to tina . pone; 1 eal 
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'3) 
terra1n f.atJl.a: Tn. tli heat 81. t.1cm 18 .(; - I t extr c u h-

es t ndary . aaUro tid J Johneon. Fluea, ad 18, am Coo1ycoach OUn -aln are cOIl8Uercd cri tical "oir. 'n th~ area . 

(4) r tical effect or tlle terrain. The terrain 1 tr 18 area 1 
it6te II1.lItary oper t1cNw . 

b. Camp ckall . 
ch "21 to fa -11-

(1) Caap all 18 located 7 ..u.a aoutmren ot ort &ril r erv.tIon r la 
separ ted by • corrIdor aporon .. t.el,Y ailee. d • • the cup 1 ta 1I baa 0 deSCribable shape • 

• ) aina& .. a,Yatea, 

;.oJ'Mk, Cre_. atd BrOWU1ng Creek . aerl1la otiler 
•• er _tor. Are dbtrlbuted thr.JUgbout the ar .... 

(b) fr,"'e are bo prOll1aant "illa al1ft one rid in the r.ortt es 
of tr.. area. -beat elna Uon 1a "out 550 reet alll tbe l~. • te.t . 

C) rU.ghw 8 d road ... J.. igtn!.,Y 1 &rrl the ~.bc e Rai 1r 

runs through the center or ...... t'ro. north to south . 'S ta Hi • ., 1<; 
&IJd SOl exteQi t.t'.rough t.be ... tern portiob or the .rea 0 • north-eou th 
line. -""oua dirt ro~. 8nd \nIh tora an excellent network or dry a­tr~r roads ov.r th entire ar ••• 

'd) ueDerel nature or ti-.. terrain. The terrain ia generally r lli!':Ji m 
OOded . oat or the .,... conaiat.c.d ot .-.u. r ... prior the t IDe it C ..... rNerqt1on. 

(2) (.) .-.. or -_ .. ct, rro, .. can -_ooch !ro .,. d',..,otlon. The rolli n terr401n 18 aaaptebl. to aI\T troop .,. t.. 

(b) Obst.clu. ther. are no -.Jor abet.cl .. O! note . . 

(c) Conceal nt ani CO".r I Cover 1. • r .rall ood. Conceal t! thin Spott¥ in lie.. loc:a tio ... 

Cd) Ob •• nau.olW, Greunct o~ ... tion 18 I'air. 

(0) ....... 0 'In, ""-ally J60 __ of fir O"'at tor.U .~.,.. 
0) Cr'U.., ..... in t ........ , ... cr'U'al "'''ain teo ........ the ""hUla _ r_. "-Wac terrain ia or IlUcll nature .. 'to Cala. it to be n itiler critiCal or Yital. 

(4) r .. Ueol ott ... of tho ...... 010, ......... 01. i. tAla ........... to r"11_ 1 t.a t.e II1l1 tary oper t1oIW . 

-j C JifUlm flti CO JII 

~~~~.J 
ALrEi Ui CT 

let Lt., Uw 
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10 prll 1950 

.,.,....., ... _I~ .... " .. I juna or Cni!o~ rn Ina1 • 

TOr D1et.ri W t.iOD 

1 . • e olloa .• ll r. 415. 1 c !'or I iai Honing the .:.0 
nlt 8'\d 1na1 o1a. 

2 . 

• t!"ice 5 111 ear r. 
et.t.. 

c . ne jOGRES nitor. r-11 not 

s: 

i rat Cl ... 

U t 'FA (-) 

Ll£th t'k 

70th J..lA en 
, ttl 

• rTi • e.nta 

loT Co, 112 AT He • 
(A I Ll:st PI. 

Color 
Iiir 

(62 RUt. 
toe 1lU 

(1)4 Arty He t) 
Yella. t.ll 

(Gl.4 TIt bit) 
hite ()91 
(691 .lA Regt) 

112 
(112 r Co) 
.,~ 

hi U2 

.. :ap 1 

rn n 11 0 ar 0- t.ia P. 

C LOrt 
Jiiir W-

(1 R1!'le Div 
k1 1 

l ella- IV 
, IV ~.... \:Orpll) 

Yellow IV 
(!V c~ Co ) 

12 

Tell IV 

&r re. 

nt 
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SUJllIl=Jt HQ m.loaOOP .CWJ.OI' 
C~ ID iTUL rort Brace, • • C. 

1$ April. 19$0 
ITELL!O E 00II 

TO. All {'Dit.e . 

1 . Sm'JlM. a . J .. te~ t.1IO euapected a ant. antered tha LLO arM, one 
po.l all inspector ot ~:au. and the oU.r -= chill piIoto epher . 
T a "Inspeo tcr· .... awa endC, :.llwred to flALU> Int.elU,enca otticer i.!1 0-

ceued, .. M.le the other .... _rely told to t. a cle.nnea rOIl .:lquarter. nd 
:;n-'a:I:I)t.1,Y a.c peel . t 1a rapeated .t SIl.pecte be Ukan to local Intel.!.1, nc t­

r ror ~1ng or cI • ." a 0 

b . A pua .yet. for oareonnal thorised to .nter tbia Ha rUartera a 1n 
effect. bord1Date unita II atopt a local peae .,.te. 01' th Ir own, to be 11 -
ited to entry of CP' . ani rltal inat..llaUona o 

2 . r~IGlIj . e . so.. aligbt c. 
to t l!n1tar. 1neil,;l11a pu oed in 

t' .. w been •• by ~.or Idquart.ere 
randua d"ted 10 April . n. corree t.«l 1n-

s L.nia h a. rolle,.. .. 

Colld Tabe SI .... 1rw1 nia 
Unit :olor IllMral Color ral 
orpnic 62 R.L • P .. rt &r -r;r- I8Cr -n-
134 Arty t White 134 Red l2 
614 Tanir .. t Tellotr 6U a.d 
691 AA Ret lOlita 691 a.d NCO 
ll2 Engr Co !lacir 112 Red 12 

nice n-ot. - 112 Sy Bn 1«). Red 12 
AT Co, 112 AT Re&f. llhite 112 aat l2 

• CollAr tabs rx1 al .. lnei&nb _ill nol be worn \leUl l~OOOl April 
n t.!.a alt.1.;aU.on bocoua JiCT CJ.l. . 

) . JOG W:.AP01I5 . MpOn characteriatice ar.4 perforaance liated on pee 
140, . )O-102..u be ere 1 by '1IIp1ree 0 ttn~ t co are . bould be aware \.he 
support of s eh -...pone u 120-. ."tillery .,lec • 0-.. AJ. gurw 1n p'ourxi wp-
port, ani l~ AT cune o tank un (CR 7~) ill er it.ed .. AOG 90-.. 
t.1k n. PertoruDe 0: tb 0-. AJ gun, _ H.ted in tha abo , 1. e. 01-
1011'81 

0, 000 r •• t 
19, 000 yard. 

2, 951:) tt/ .. o 

4. J.OOIliSSOR JU. • e . ID order to t. both ortloer ~'1d enlhted raonne1 
t..uar 1I1tn the A £re3sor na.u or c mer .rd stat! a, ... 1 

beoo.e efr.cU~ upon JIO~nt to the !1eld 19 I.prll 1950. 
hca!.t t.ac:UOAl a1 Uon. 

b. J. l1Jd.ted dt.t.r1butiOD of t A gresecr o/fl. l.ocludi both 
:tsor rill be 7Ubl1~hed .oen. 

0 0 .AD ~.or 1denUf1ce .ion car-... 0 r.ta . tr. " areiae O:' ••• IIA!!Ln 

I. -

will be 18eued to each o!'t'icer . iur .. or ~ ahQ.:h be anter.d in print., anl 
antlo&ted" y the officer' ow al natur • • 

5TJtIlliTla.. 

00 ' • • mrrs 
1 _ Co II At.cbll CDit 

la/ tOOLS G 
it.1 LOCI GC~ 

jar, Inl'antq 
ACljut..nt 

5BJl1III 
CC In UL 
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Th. 15 Infantry 1 .it cal ppar to 11 

~ n1 •• tabll. POL distribution pain • 

pr1aJ'y dllticu '-1 \-brou out thI •• nUT. peri 

• the requu...ot. tor prooe •• 1nc and UlU'llloesaary 1ar 

Indi al nq 11.1 os &lI1 1 tl iss es . factor 0 r- 1"-

.. ned cler cal helU U.s ot both roe 

cb in 

in.'1U.aJ'a 

a c 

.. t. been planned ahead &rod consoli a 

havw r .. ulted. 

J.B,; saor Force ta arr! _ 1n e ltll,C,Im'iYr' 

•• or plyJ ~n I caa entirely w1t out certain ex 

(TA 10-100) t t GIlld M..a been br ht r h 

..ar.trea, here 111 tbcaa t proper c 10 Ul1 

• detlci.encl •• re 1 t.d 1 n 11J 

t been oeCUNrY inatruct 

en toll in !is tter . 

re 80 

••• 
• re dirf! 1 to 

ex1.r 17. si ..... 

pro rly [Uti j not available. 

1n 

ne1 , 

by n1 • 

a i 
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J!EA~UAP.TER.S 
!IANEUVER co:..: :ANDEH 

EXERCISE SWARLER 
Fort Bragg - Camp i.ackall 

I!orth Carolina 

anTIqUE 

At 0800 hours on 5 '!ay 1950, the cOIrJl1.'l:".ding ee. erals a"\d high ranl{~. S 
officers connected wi t.l-J the Il:.aneuver, Exercise Swanner , athered to:;eth.~r 
in he building occupied by lji:lpire Headquarters at Crunp 1.acYall for a S'JI: ­

mry of events . Lt Gen ::ors-tad opened the 3es;;ion bj' welcomine the offi'<) s 
to this second part of ~he naneu'ler , and givin:; he order of events sc:."d led. 
7be commandinG general of each ro:ce r.as I;i";e: an opport'.lTIity 0 sFcci< <rod 
present the hig!. points of tre natieuver fro!~ his particular vi'~w:.)O' .-'- . 
reco~~~ncation3 Y~re nade as to how future na"leUVer3 of this tjTe' :t be 
:r.:: ro·;ed . For the purpose of further re:'erence and :;tudy, the reI..,. '" f 
L!8ch s~ al:er are r.ereb:,· incorpora ted i to -:.e f~nal naneUVer :-ej:or' . 

1~euver Commander 
Lt Cen Lauris Norstad, USAF 

Umpire Group 
5rig Gcn Gerald J . Higgins , SA 

AGgressor Forc~s 
La' Gen Robert 

Task Force Swart:ler 

Lee , USAF 

Lt Cen John 1': . HodGe, U A 

'J Corps 
: .. aj Gen P. '7. Clarkso!1 , 1J~A 

Air 'fasy. Force Swarmer 
~rig Gen "; . R. ":olCinbarger

J 
USAF 

Carolina Base Sec "~on 
Brig Cen Paul F. Yount, l:SA 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE. 

f:.,.,..,"',..."· .... 
; ... J...,i ... .::" Z 

I is I:':.J plan , in he lir:ite:i t,'::Je av.::lil:...b:!.c , T-:) • resent a r.hrono­
lOGical rer-crt OIl :he r.ane ver, le"; r'.Ai!1G ';::'t'. re im'r.ar;,' air op'~r<:.t:.o~.s 
a: .1 C;:"dl:1;:; y;';': L:.e coord':'natt.:.d ground assat.:lt on Fayetteville ai rt . 
I ';;il irltC'rs, crsc cl..rtain or..ner:ts and o~serva:ions on pal'tic:.llar· <.c'':'' .!; 

w.ere a.f'!':);-;riate , a'1d furn:':;h certain sta::'st.ical da+.a nl.cre nec~s:>a.':'. 
1::,- su:rr ... ,ar:· yrill refloat , in •. :.v'al , U:e cO!:scnsus of op::'r.io. of s~nir 
air , u'rLornc and l' ~:d umpires ·.~,o ha"o closel:' follor;ed the exercise 
fron ':'!1ccpti:,m '.0 co ,cl'.lsio.. . :t is he,od t.'1at co;a;-ar.ders cor-cernoc' ~;.:. 1 
acc(!t crlt'cal remarks ' 1\ ie ~:"-:-:8 ';c:'n':'r: \,i.ich 1..1.c~· are o_!'crcd- -an 
hor:"::;: dc::;irc 0' h ... par" of 1he Uf.11-ire Grc' p :0 a;;sist in O'lr t; U!. r-"" 
P!" p3. 0cil c:-.; b:· cor-Tee'" ':r-.c,; ·I·.ca~:,.~sses and r.":stakcG as i:l ica~cd L:· ~ - - -!'T. ­
ar,c s of i. j','iduals a'.d ur.'::ts '..lI'i.g th_ act.llal .. anc ·"er . tar:' r ~ !.'..:; 
.1!'n ~i:;!,l:,' "o:,','o;rcrsial , 'J: COU!',,~ , a!;d cr;u.':lents !.lay well be "r.' "C" . 

"o:,.;'.'o=" Lr, ::0:::: cas,;:s s'.lch ar -1lT.' .. !1ts toil do:·.n to y:hether or !': t I.. 

om:: h:t:; cCI'"tain ca::-a~:li-::'-es , a.d "rc in 'he "r.l!.irc Group fecI ',: ,', 
::L::;'o!1 '.fill Cl; accor:p.u::h_d 1.1,';0 ca'1 brir.:; ',ch co~~ro'Jcr::i",s .:.0 

, .' on of thos.) ch .. rLcd ',n h :',0 Flar.ni.'l"; a::1 cxccc! j o. Jf f Jt~re 
t.o • . ::. ,--nd I <J t ad.;qua to pro'" is':'or. :o:.n La :::at!~ 0 cor _ ; ... .:. :. 

c, .,: .. .::t13bilities . 

all 

en ';'~:'il 1::>'11 ",':'1.c1.)'..a 
r.!)i.35ar.c~ !":i'.:!;':O:lS ; ~'": £.·;0rac~ 
for h r.c::t r..i::l.o z.·c . 

day - 4: 

- :1:; - 3 : 

nc roc :bJ'o:lr.ri r" 
p!"clir!:!naril.s .... 1 

TI~ 

to 

:; .'\.', :or os b.,::o..'1 flyin..: pho:o rcc o I _ 

f V;; , ·.~c 1~!;3ions ~r da:9 j":":-'::--C flo~:L 

1950. ~ ~C3sor cO:C;'li' Ld Lc 
a' I...:t·u-irburc_::ax on at vI, 

da:,' for a tal of \7~!1t:,' 
O~· six :OJ r.U..iGion: . The 

" afi: 

':'r 

Cr.·!1 f l::'C'o';inr; dJ.::, .. pril 25, .... 'tc u: .:. .cd Sh·;..~ Air ;;'o:'cos q :. ': 
n. ':. :sc1 . s policy a!'d arplic 81~ of l..!: _ir ;.' r rorcc to 'SiOl,S 

si~. d 1.0 'air air super-iority . ';",e '..Jll;.':rc f: "1',,s clearly il.': ic:~!c 

3 
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Cont td: 

;. t 900 hours tho 1B7th (eT air- drorPCd on i)Z Luzon-P~":ir.c, ani b:, 
1 58 had sceured l:-tr; t'l>c}:a11 :.irfic1J. lhe airfield (cea.'ToC of- rat: 0 . '-~ 
a" 1300 . tll1s ho r the advar.e,;,; ClQ •. ICnts of • he C<lrolL a _a:;e S... io .• 
'\rri'.·ud , '~lozcl: ' rolloHed b".1 tho 511th .. CT . Lctor':'n the c\"cnin_ t:-.e _,t,!."J 
r C'" ef the e2n :.irborr.e Di \'ision bo:an 0 <lrr':'\'O , and con tinued U! til 
lil"'tc (;7er.':"r.r • 

. ~t 1600 hours tl:e 5c'5U, rC? air- -o~rcd c. _2 Holl<tnd , and ~V'.ackcd 
SO! th and '·c.. tc assist elen:nts or the <lir- l:l:.dc ~CT t s in oxit':':l~ fro:! 
*he cause,.;.:!:':; crossin ... a s':',:rl.la·;; 57.<1:::" t~·; en !:0 Ca:::F 'ackal1- ?ort 
br.:l-,· r .~=:.rv-ntior;s • 

. :0 0- 1: :liders , hr"c :cs.::;aul - t""PC tr<'!l1Soo!" s, C- 122, C- 123 , ol .. i 
C- 125 Gnd ,:ia!.c tr<'J.sport C- 12! ar~"\"':d at the Lackall airfi01 ... d'.lr~! G the ·!a:,-. 

-he ":'..;";5·on of +1;; 157th ?C. YeS '" S cure he !:aCKa11 .• irfield ; 
.;~::s"q :cr. ... l:; to s iz':. ~ht.: ;;;:.: exits f !1c ca·..!s ;'laj' 11 .. d : ~~di tl: the 1':1._':"1 
cros:;':"',.:; .~. r c:: bj' the 511 th and 50':1. air- lilIidcd r:c: ' .; . The I iS3':'on of 
t.hc 505tl: :-::r was 0 :;r'cure the C3stcrn ~xits of ·hese cau:;e:-;:l.· .• ,.,. to 
f1'o!l':c ::;CC'-lri :, for hc cbouching of :he ai1'- 1a.'1 'RC. ' s . 

:.rti "icialitics 'ict" c' :r:e til!lC or ':Ti'1Il1 of 'he fir::;t 
:: : "";~a:" ;:.irfiel· , :l:':d r:o c nelu_ions C"!. b drawn from his c''lr :CU~1:' 
~t:t':'O:l . !·~· .. "vcr. i' is th:: opin:;,or; 0:' t, ... Ur.:P::' I'C CirJ"p tl:at il.· 
r :' .::,,,, op..:ra'ior.s <!deq'Jate tin.c m'lv t be alIo: ed lor fr.e capture 
:- l.. , :'01' i' s ':'nmediatc ro.!:" ir to th cxtt.:!lt "hat. it I'dl1 s:.:rr 
::r'11': v1' l,e C-5l ar.d C- 7L t:~ , Clnrl fcr a:L'rlatc rratcction of 
a.;~~r.~~ ~Ul;~c:q'lCl t ... -erC3.:0r rct:l_:'a~orj" a: iC:1 . _t s:.to1ul..i ~13o 5~ . 
visaolc ';...) s"a"'"tJ :1. f_clci op_roltir. TX!rsorll.cl -:. _dro~U ina "'1 in!1t3_:"a._ 
Eons arc 1:C .=? ~d ~hc i~r. ad fai~ly ',Y,,~l 0 ';:l:'.izcd . rior • 0 Lc 
,rr~ ~'. 1 of 1 ar:;;c r.ur.;Ocr' of trar.spor· s bea!"i:1~ troOJ:'J and equip:: •. t . 
"'r.c ini :'ial C.J:l1"us~on ir. tne airhead ir.di a es tha ~ 01.1.: in:tiv':dua1 
r:.t:s~ be si:;n~t"d;:.::; 'hQ airhc co~_u.'1der, ".O;:}:,'O·""r"d 1.0 r"nder deci -
sio:.s on r; 1 CO,,:;3n a_1 r.:rsormc 1:1 !,:" air:.c.1 . .iis func io .. s !::.oulJ 

of the Ocncn!""''''st::r in -<oo.-Mf,;.iJ..oU5 ~pt.:r:)"iO!4 . 
Troop 657, vc.icl -~ :.0 =jc.· \:C<':X)!lS, ,'5, C r 0 , ~~c.6 ~o:;:; . 

;'r:' ,":; 
:_!1'{- .' 

:-.c Uni:t.:i ;::~:lt('s .. ':'r 

1 ss 

r.C To·r. sid -l"r:J~!I·s 
S 5th" C , c ca!·ir ~ ~t..c ca~we-, .. '1:"S 0.:. 

O~~ (llcil~':'o!"!'l t.roo;.:.s ':!'ld sup;:i_j frO:l 

5 

~'lP-

tl:l:;'_ -
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; :t.o..r reli f of elements of -r.e 505th ::.CT in the llt1 :,0:1 DiY area , ~'c 
t;::o cli':isions a taeked to the; cast i. ttci:- zones of ae ien . !t a'ro ' 

'Auipr.:cnt and supplies ecntin:J.ed to be flo'.':!1 in , a.'1d several s'3r'!i.:c' 
units arr:'\'cd to str"n~ he, thoJ airh~ad . ':'roops deli'/cred, 3(.70 ; 
\':)hicLs ~,j r.l:l.j;)r ',:oapons 511; car vo , 1 90 tons . 

:he co ~ef.lcr:t of troops or: D plus c::c 'I~S noticeably !:loy.", du... 0 

thc 10:1[; p ~ rio:l in:: ::-.. :my i:ad £:0:10 .;:";--0 t slcop. ?ur h~rno:'c , tr._rc 
app-;:a:-cd to 1::" a er.dc!',cy carr;- 00 ::-: • .!ch n:n-::~sc:-:t:'a_ eq ip::lt-!, , 
i:-:c~'Jc:L.r.:; i,::'\':i' b:" };c·. rolls . ::ar.y ', ... :'ic_cs, .) spcc:'al1" rail,'::: , 
c:l.rri d 5 c,: i tel:: ab os , c:-:airs , r::co:-Js cnGs s, etc . whic!' :::i-:t 
i,_::' ~.~~.tC t.CCH ~ro'J. :r.t :.. ... Zl+. a _a:cr cia:c . E".'cr:: t;ffort shou_d Le r.n.:ia 
~~ cu.rtai nC".. .3scnt:nl '::0 .. -d:':-.\.;r:ta :!'". - c nsea'..ll t °...r:i ~S ; all 3vailablc 
sp.::.. l..; s:.c~d akt,;n ~Ji by .:J,dd: tion:ll !'".::.t:'or,s J ,7'50_':':10 , "'iorl ~ l:ITL.i tion . 

- ph: 2 : 

:.:':- ac .. ion 0.. ti:i:: c.:lU:; ','las l:"~ ·ed -:0 a COl:" a:'n cx"'c, t by ba 
~1\.!J."":.~r, >:,~ccpt for .. h~ o.irlift . : ...... cres.30r rla os ~:,-:-e ·:1.:Ibl~ to :"1:', 
'cut r . S . :"crccs ::,:-!-" crs c:l:-ricd out, .:l [ ",or ::lissions • 

..... t -,~30 h:urs tr .. .! 325~~ ?~j ,,:...r-dror-p,,\d on :Z Sicil-," outh ,ti.t!~ riC 

:,rL'::';-'ll r..is:;ior, of scccrrin..; :., ... hi0, cromJd. to "he S;:: of t:,e DZ . ,.ftcr 
s "fCl' .. ~ <lI! ini i'11 s _ t - o'3.ck bj' :,c -rcs~or taro':s and in:.:l."ltr:', -:.c:' s::!cu:-cd 

r.C : ..... ooj _ ti", :'r. ·he viclr.i !.: .. of .. he _r.tcrs~c~ion of S r~~ 4 :OJ J Ln ..... -
~trct.t r as • .cr-tair.:'n- clen"'r,':;s of 'Sorp3 con"inucd"o rro,.':: ')-,I"rd 
:l '3.~n " t .. M 'r.;.:;o;or 0,,1 'l: i,.v tac lcs, .:..~j ?cre :-ield '1!:lS capt,trod 1. 'f.c 
5Cu"r, ,,;- ,--t lS~S ho.1!'s . ':'r' op:; .: ~i'l~r_d, 3' 70; ·'e:::'clc s ~,' :-:'jc,' 

riC pons, :56; car-;o, 1726 tor.s • 

... .:.r-drop .. J.d fiGht~r nrctcction d ri.!:.., .:,'- fli -tt ir., :.., it ,rc.:o:. 
;'''1 an:l .:l short tir.:" a!'t: r ,;"c rop ',':as cornplc cd c ... OS0<' :'11 .... ) 

close S'.lpI'or for thL :ro,tnd troo::;s ':<lS i!::jXls~' ble . • 
Y.:lS tt- tl:is ti::.c 1::1 4~:_:rcs3cr l~llr.Cr.ud c:l strv .. :; t.artk at.t.:&.ck , y;i't. ''' •• 
:'or :::s s,::"c.rclj' h:::"",dica ',1 by lad: of j:liL'1cS ':':1 • r,E: "ir . Close ::-u~~rn~t 
for U . .... . 'j!,C'~ ro:"c:s b::, 1 h~ H. "' • . : _~ ~orccs . o!~:{cd ~ .. ;...: 1 en r.::;"":'.j r-~'" -.­
s_c:.s, c.. •• l tt.c~\.: .;~rc. 31".;'/c;:r:.: i· ... -t~.c ..... :; .. ;:: e re ;1:'::0:; d~l:'v-_r~ rl'lq .. ~stc,j 
fi~w .,::.. r~ :'n Lr~c r.:ir ..... ;;) . EO:·;c .. J .... r,~. rc 1.C!"'C ~l;;)o ~_vcra.L .:' :im.,(!.)s 
~ ... ere ~oor=":'~.'l :c:;. W'l~ lackir::, .... nJ cl()s<' .3u: :1O~t C0'11d " J~ be rC:-.f"·crci . 

rair.i::' on ·h_ p.rt 0'" -1 ... ':'r <'r.d '1'0 ,d ,'oree: is i: .1: -: tl 
~o :. ... ~ :l~ .;,"il~ - x_~'i •. ~ diff:'c _:icz . :'ur ~.\,;r, C"d+~ 1 1 .... ,· .. "h.&. 

~o r.--- hOt ... .:; of co!""::":!."'- "'vi :-.C t~:,=~ "f: ~)..Otl ~ -6 ~ tc 1-
1, !3i· .... ;).:..:..')~s ci .. ;.~!j pa"u..~ --~hcl": ---ill v :'~C.3 , 1:Jcca 1_· of 
' .. ~at.hcr CO! 1.~ t':'ons , ,.f-I.., f)'T' 1'\ ~el::-':: n ~ .:t:'r s upurior: tr ,';il1 
::ss.:.s~ .. ;0 - ro L d fc "cos . -'"1.:' tiro r~s '..:.l .. s of clos,,-, support '0:" f~3t 
f~:;:_::.:-- j8tS is v:r:" ai,CO a~i:1::;,; .. 1· t :s f~l- tr,at :uch aircraft nrc 
: ...... :L CJf !'cr!'or::rin;; s':ch ci5a:'O:,o; ,:,"t;ll . 

D pl.13 3: 

.. ,:.:a:"!'. , .:l=·.~_r3(; .... , "J.U~ r r;o:1u5."i~ ... s 3~",'~rc-J lini-4c :_~r ac ':0:-. 
'1r.d ~'\,;:.:l-:ivcl~· fc';( s tr:'kcs ~~,,:-e carrie o..:t 0:; opposin& f-::r::es . The 

'r1' rt ~:a.:; i!1U'rruptod for :hrcc hocrs 'oy scvere weathcr . 

6 
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Ccr.t'~ 

en h~ ~rcun:i sid" '11 ... ler.:cnts c('r.tir. e r05_ fon·-rd , nd in 
the ~2n rlre tJeg3.n to di. . .:fensivt: positicn nssi.mt:;-, by V "r s . 
:"cti':t: t:::trol in .. w-,r. 0 t .ud tt ck- by ';ggrcssor Forces rt;puls .... J . 
era· rs ·.·.<.:r<. r .... ceiVl:! cd att:lck by bcth di 'i s ions I'n 
tr.c :-:omin.' of D pI 5 Fay",t evil t noirport , (s!-.ul tel). 

D f)l's 

n Y"r s<. ", .. ; tn r ccr.d1 tiOI,S co inUt..d t o h :1f)er :lir aotiViti,_ • 
"::it d St "s "ir F)rc· s w .... rt v<.l"l' rortur.!! " durinh thE:. l'lst H:r... . J.> 

-1 U ... : :lr.cUv~ r ir. he .-:ljority of :!lissiens seh"dulE:.d by "':C
r

.. r 
. !"'<. C ,;,c ... ll •. d '.t..ather:l hg~rl.SSor oa5<.s . rro.n th .. r-~'i, 

Iso lror.: thl. . ,ncuv",r (,0::-... r.jt.r ' s s t J. "li.', 
t. ..-s unfortunate, in th t th_ d .. 're;; of t.;ff ... ctiv ... m,=::_ 

-n .irliit of his n.::.ture e uld not b" ccur:.t .. :; ~t r­
I'or , vt;ry bri ... f pI.. ried of ti .:l. in tho. <.:1r1y -.onu!"' .• : 
.dv:i nip,:ht fi ht ... r l.ng:!t;t;; 1 th<. ~ir strl.J.r.l t,. L ... 

rri ..... , s::>:-:c c r.clusior.s. This p rtic l"r ni,'l:t 
t" f'l.F !"'ts , ~n~Lpted tr.irtt: .. r. r :.n;" crt tiPo.; 
COUTS .. of I is Joetic h", · ... as .150 cr .. .li tl.j .... i th 

:l " ::! '.5 r:if fighter. Tr,~ ur.:pir"s , ho~ .... ver, u .. to 
v,.d could r.e r c r.is nu;:b:...r of aircr.'if .i ... .;tro.;<.d , 

c .... t .. r.ie. sh", J:>.. - r ... ful y s iid~ 
:rcw-,J ,,::ti n c~ his d ..... ;··,s l·-.lt"d to .it.:; r.: ... r.~:; 01 j_J._n:;i\(,: 

1.r,::; by . visior" ~r:d oy 3_1zi:1' o. th" 1.';5i 'n j ju.~.;.:-
!1 '0:;: ':'0:1'; .Jj' . ;. - 1 h .. 1rborr." -ivisicn . Int ... r::-i tLr. c ",':!r hc,> h r 

i: '[, b It 1· ',!' .. 'l n(.r~J.t· ... u s ... v I ~l'oun..l:; ~por ::.i .;i~r:s oy I • .:> . 
iorcc3 , l::d h r--'jori.v .' " r,_ .... 1 ".I.t.:C t d . 

J ,....J..u .... 5: 

71.c. 'Iir if cen i!"'.ut.J , uilJ ' ,.f' p .. up :>li~s 
r. ort.; s r'.i.c ..... lc-:c.r.ts of t . 

i::-p . Troops ~liv. r .. d 

1. .~~!ck :t11 ':1d 
lorct. ,it,; r, JrOUt"r.t 

t,; :lirht:ad "n ~ nlus o corc us·c. S of Lx.rci5 ... t 
po~s , 916; c ~r~u 5561 t uns . .s, " lv9; 

'r'hir; .;:,.f.:.:.tr .. :'·..,i5101 
ion durin" r. .. 1:l.J .. <.:1;,r- '<.Ir hcoArs; 'i 

u.nits r .. chin!, tr " ir r ... .;;.. ... c+i v,- r .s< r .i! ..... , 
h... 'L r:::ir:'ltt: '1 1000 [, :~' • 

. r.t. ;;._ r 'r, .Urli1t type of 10 is ic 1 SUt:port for I ciroorr:" OO<.r:­
~i;)r, is f casiol .. , •• ith ht. li..:it-tic.fl5 th'!t :l vc.ry hl. I ';'->;r,-" of 'ir S<l ... r­
icori :i bIJ ob ~ir; "d nd ht.ld , tt:i th ... 1irh,,3.j LK limly s cur,,',j .:U.j rur.;.',y" 

7 
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, &~G I'IS nHI-F U -I - ~ tl ..:. J.. .., v .. ~ .J- .'l.C - It'':1 

be in sh'1r;)o.:: 0 r .. C<=lve h.::lVy tr' nsport planes , and ttL! a.:1£.yu:.t" ti:te 
is ~l ~c' lor the inst-ll tior. of control and op&r~tinb personnol nd 
. \';i r- nt ;:-ri or C' U._ .=.rri \"'11 of tr:m3;:ort t:'lanl.S in 'l:1rgt. nu=.Dl.r nj 
~ inte~vls . It is t.spl.cial y a nptaole to he ouild up of JPl. 

f oj , ~-solint , ~d a,,"~tion . ucn~r~lly SPl. king~ t his 
.. , ('l y :lc~'.)unts tor 90';' of tht. logis ical sup' art of COr.lb3t 
cnce p<:rso. r1,,1 , ';.e'1 ons , :.nd tr3ns;:>ort -ticr. rL. in . 

2 . nirlift op"r"lti :15 or th ... cl~ rlin nir i ft tJ'!"''; must ~E; :r.ndu 
fl~xio - ... ncu6n to ~~ct th .. hrc'lt 01 &ne~J a tien t the'termin- l s -nd 
,,:'.rs t<.. . I the. initi:ll ph~s ... s ~~n:i in <.. r ruptio:1s c'm 0" -. xpt.c '. , such 
,3 <..r._:7." ;;r_t.n J rJi s, -.ir raid :lIt,rts, etC . Enrcutl. , unl~ss Frc :i.ion 
's ;- .J.l.' l.:>r cr."'!':; ... " in r~utes oeriodically, ::lobil, anti- airc r.rt :-ti' l_r: .. 
:.c._wer,:; ,;i 1 t.;';" ~n c;xc"s.>ivt:: all . The ',.lft. t cf em,rr.y nirht i.:r.tLTJ 
.. tr._ 'lir s r ... ':', ~ "t b, c :! rl:fully t!V-.1Ult-::d . 

~ . ':'hc. pr .. s._. t cO"C"t;rcic:.l t;.,?t. tr 'Jns;",orts, ,Id C-S4 -n 
:-, .. ;' .. : "rforn;·_d .. ...ll, ... u L:lck of abilitj' t c tr:lnspcrt 0' i<y t C lCJ~ 
< ;~i;, ,~t li,its tr.~·r t.fficil.nt e~plo~~e~t ir. th~ .. ~ r y stjg~s of ~. 
·...ir ... r!"1' .. 0i l.r_ti un . Th~ C- 119 , nO.1 r", l aCing h .. c- 2 , hlS b"":l '" .. r: './ 
rt.ct..1. ·f",.::! bj' th" ,'reun j cor.b:t r ocps, ~d C..in b .. s. 0 h'v~ :15::(;] its 
.:'.5 ~nss .... ::1~ oy:n .. r.t t.s w.th flyin;::; colors . 7hc.r is:l vt.ry d, flni <; 

• ~. or sS:lul t t;,-p .... tr .nspcrts C:1 aol", of 1 r. ~ir,g c fi ... j:; 

cr :-(,3ds clos<. J<..hind h" ilss'1ult troops . 

.. . ::: is b",lh v. 1 t J.. - much ':Je t.r "'s ir:. tv 01 th~ ..: ff"c of 
"r l.d " t.rts" .. oJl .1V o~t.n obt-.':'nc.d he,d ::.11 r .ops 01 j·CJ. t,.· rooler.; 

rious j' . E. . c:, if 1. ... C~;.r. .rd",r ':'s .'Ii lin.: "\CC"'Ft riSKS ~n wcrkil.' 
!-..is j::l.rso".n"l :.1' r. .i.r·j -cks ~Ic ·!"."'ir.t:ll t, J'L t .; r. t· ...... cy c-f r:is 
~.i3si n, it is <x t r:r.f.;ly do b ful U::t -.en ':;i11 rt.:r.·.i., orJ t.,- 'cb ur:Jur 
'!C ~.~. "rrj 'tle "cendi ions . This fnctor is ,Iso 'o rtn of e r l.ful 
evaluation ,W S lr:: •• ng thL "fficil.nc., o f op._r·.L., of JJ" •• .drh"':ld u.'1J tl r 
constant air thrcl • 

5. Tb.: umpi r t.. S lff L, r tr,t.. ol"!ir.i {r. th"lt ,c _1 isr",rsll of 
. ':'rcr3.ft, t o he: del::rl.: ... p ... r-itt..:j Oy H", r,.t r" of tl,E: _ir J.sl.s;mj 
t t: 1.'Jrtlt,r of ,irc:"lft inve v' 0, s~C't.:l,j :J',v" b';t::, .. l'.y"J . :ooth th .. 
c._'.sir.r,; 01 '(.rr!< lring " r v ) :!"r s" nj disp"r··· 1 of l'.~ irer ,tt n-
vc .... t. '1 ',ih-: c!: to '.1 0 .. si ::!o:;r:lbl" 1 r "", :.ff .... e s .. ~ :lir -
Hf 

..... . ..:> . It ir 
a? rt,,;!: .... r.i r 
t :.J.r .... · toJ . 
if.l ,-- 1. t 
t~i:c s . 

_ .. '1'.:1.'1:1 oCC3.5iOI: - :. .. 
tn qtt <ck 0',0; .• ri"r, .. l. 

hnt his .. as j ~ t o "i hldr poor in ... 1 i.' _ne ... 
s, or pear 0 i~lin. 01 th~ 

7. - :lr.y ~pirbs o~s .• rv",rs l. ".: r .,:,. r K_' • til _t q ltl. '1 r.~.b ... r of 
trl'. l-,_rsonr."l 1. vol v'" ,i s "x':: rcisu ji 1 n·)t '1Ptlr"C"1 c.. thu lir 
fCC ,,,,r 01" h ... r.:o lc..rr. fight.:..r . irrl nu . I is r ·~ ,,""~(. rn... t •• t prior 
t c .1:'" lj~in!; ir. :. rn!:"':lv~r of r.i.., J ; ,_ tt::.t ~ 1..:~.o)r..;tr ,tiCL 01,ir 
: "::l.r d stru tiv,,:wss :Ie .;; ..... d . :'tOch .:! de:r.:.onstr1 ivn 01 t .• '_ gr ound 
.. <.· . ;)lJ:':S of ht.. r:::orr!t. f.;r..s, r.t,.d Oil ~ s~._ 1 sc , rior 
':. c ihis -~n"·Jv ... r, .! ... r.lons r". "J c<l.L ~rou:, 'nd ir 
u.~plres • 
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8. The r.1,-oh·misr: of 3.ir ur.:piring is ~xtr .:: .... 1~ oc:::?l " x. ~l.:n-
l:;tt:d lir", pc:/."r , tt.t< nco ... s!: r')' s_f\. tJ r~:" -" , lid t'.c,' "r i flci r 1i i c.S 

i!,j .. ct... ir.to t ' problt;,!;l r..:...!L . CCur i:! j l'.:IbC '!ss.:;ss~ nt v ... ry diffi­
c_lt . ..t: havt. !'IU h to le:.cr in the usil o.;5S of :lir IL~pirir.~ . It is 
5 r O:1 ",ly rCCc!l';:-.t.nd ",d th t tri.> probl,,;:. Od cAj·" proj •. Ct to OE. ru rs ... 

• . bir
h 

l ,v"l , possibl;,r . Ut.;r U :c jurisdiction of thl,; Air UnivErsi y . 

• Ce! b:L~ .:;fft-cti VendS CQ th" plirt of the indi vi u 1 sol<11-:.r 
Ci:1 . t. conSid\.rb ,-xc' 1 n ,bu cannot be so considc.r .. d insofar -s o~ 
IL'1i

t
s ,r" conce rn' d. ~ '-Ici s ar.:.: un:lerstrEongtt'., "r,d un '1 such ti::-.tl 
tL squ'lds .nd il;itocns . n:. brought up I) ful .1. str"n r . .. <! c J!1r., t 

:; ," tt. 0 r units -.r .. "r.::.: dy" . .!O" •• ~V r, i is O_libVt:d t .t . t. ~r ,', .... -
.. ork 0 1 ~h .... 'JI i is 6 n1 , :>n:i filling thv vacJoci .. s .. it,t' '. 1-

r l' r. ' 0- S' C ,,0 .1i ... rs ,,"ould pe:-:;li t 00 t. i roorn .. 1i visi :'is to ~ . ' • ~ "i~f.ctor:"!l " . " of cor.;b' I'_.l m{l"' :;s .... ithir. ~ r ... l ·, iv.i:; short ti 

:J. Th..? SUCCLSS of he. he vy ilT. bot roFs h '\:J 0_ n hi(!l'ly 
':' 1t. -1'yin(; . 'ln~ 1 'lds u;, to "lil.vt. it r.3y sol'o'" ttt. orLS ... n ~r,-s:Ji ni"' 
~'r oh-. of pri'.·dil,~ lont; r:.ngt2 .n i- :.nk rrot c icn for h ... p',rid.u·i ... 
. : : .r 15:;:':1C,- '_p bi iti .. ;; o f p"r;...chuti!lts 'l rt. l 150 tr ... ::!"n C' 5 :' i:1-

ct"t..:.J J . 

l. 
~ I ,_ :: 

':h ' l rt'.::!"" ;,0 " of • t. :.irh~ j lc~L, i-: 1 ' :.' tJ, .15' or," .t.iz d 
r o:i:n 1 • ,,; oJ' c ~or., . '13 0_ r, "xc"ll " , .:.:i t _3 o"li " .. 'j 
h_r ,_:; ts ':lill d v" lo!, :l s,,-ci ,1 r "lirl'or ur.i rg niz"d t 

h. uniqu~ r' '1 .1 r ,,~. n 5 of .. n u r o rr 
l\:.f 

In c -:,., r i:v ' h 3i:: 1-, .J t- , jon:', .:.:;t.~l · ~ 
1 ~~~3 , i ~ ~t.5 t ... t klS~t ir, ..... in.:i t 4t ;- t.. r. 

LJ .. _:1 oro "r. '.L .t by sit' , lens 

J.[' .. r .. 33cr hae -. 
cirJ. tt; :tr~:i f.\..' t 

l ... .,;'l ur _s o f tt&~ ntir{... 
:ly._d by 11 5£r~1.e J , 

I ".3 '-S? ci-Illy -r, i 1;,1. 'b 
\ wS f t \"lrio'!S -' rvic 5 C 

9 
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e9;: iN . .) BY B:lI.:I C~l ~JlIG INS. CHI:;F Ur.l-lRE - Cont'd 

out probl(.l!lS which a ros(. , "Ind nany difficulti. .. s .. E:.r(. zolvL.d by on-th",-siJot 
.. gr\;o..:r. .... nts by th, \'Iorl<ing personnel .:..nd promptly conn 1""llr;d hy hr v-rit".ls 
t .... " . rt ... rll conc(.rnt;.d . Th"rt. wer , of course. n:;m:r an <. rgum ... nt and dis­
agrc ... rr.cnts ov ... r ~~nor pOints. out h~y w"r~ in~ribly brought about by 
C;OTl ... st diffcro..nct:s ot opinions; once sl,.;tth.d, evt. ryone cooJ)(;r t(.d . Also, 
_nd t is stJtt.r.:. nt 'p"'t>ars 19:1in a nd again in my umpir ... r<:;ports . th ... r(. 'Ii s 

"n oov'ous d ... ~ir ... on the ~.rt of all p' rticip"nts in this ~xtrcis(. . fr~ 
h ... r· .. c .. ntly-joinl.d r ... crui t t o th ... 'st;llior commander, -to do good joe." 

3y ,!l1d Lrgt, th .. r c. ",as " Ir~nirnurr. of official buck- o sSing 'Ind of pto r.;onul 
r s.;iv ... n<..s3--th<.. un crlj~ng spirit s ... l.o ... d t o b ... an honest desir<.. on th~ 
p 1 01 ... v"r/~n(; t ~ pitch in lnd \';ork h ... rd for" c orron.on c· US"" Th ... unu.;u,l 
n t r·~ cf this ... xerci5t: r.Fly h:. v"" b"cn nnE:. of the principal r"ason 1, r t. .. .,; 
· .. tti uj" . 0 r ... g,r I ... :. .... f 70ti\"S this ~' (.uVL.r ;was c"rt'1nly uni 0 ir. 
tni., r .. b-rd . 

In ny hUl:.e l. opinion, 1::xcrcist.. So. 1":1:(.1" has b ... t.n highly sue.; ... .i3ful • 
• IL h v ... h.lJ r.:m;,- riunphs, and dis3.ppointr.:<:nt~. '.,e have le-:.rn .. ~ a 
,1"".. .1..,,1 . lnd .'.L. r..l ~ 00 ·'ine:d infor:r..::. ion on Clany p ~ints tr.~ 1.'1j' 

.!. ... ", 11" to s ecessful' so utions of :nany prool~r.:s confronting us. A..:>\. v(. 

",11 . (>;<.. h:l·.r<.. l".lrn .... d 0 ',mrk ogeth\..r for :1 co=on e'!.us('. an hlJnL.s 
liseu5 ions of controvursi3l pOints should ... nubl\.. s provid .... 1er .~ 

-" !.y . xiE;cneit.,s ,. s pos.;iblc., to ht.. ... nd th'lt irecrn ... oper aticns of tt, 
f· 'oll ·· .. elY bL t~( nt ... l .'Ii h .i:r.[' thnt..ss and disp-:.tch , nd C'J.nL:u;:J C:l~"" •• h~ . 

CLosn:Ci RE:i,;'fiJ\S 

I .J)cld 11k ... 0 ,k(. his opportur.ity. it t .... e 0:'(' of:-.y pC'rtion 
~l !. .. criti u of ::.x .. rcis(' SW.17.t.r, ~ ... xprcs5 my '\' t·"c· .tion t(' th ... 
. : '1..; './ 1" C r:::nnj~ r 'lnd hi' s 31 f lor th", lOY"ll S\lP crt frOM .... :! th<. 

Co in.: vrcup; to ht.. en-:::: ding G_n nl of Fort Eng' . r.d his st.. f rnr 
their 1.55i5 "lnc€: i. obt:lining p ... rsonn" l :md :-:.:.t ri .. 1 n"c"ss:.ry f 1" 

cur wr.p1re eet-up; t o ~ ll t' .. et1c'l cO~."'::l.ndL.r::;. s t.l!1, ~nd oth ... r p(.rsonn .. l 
for th<.. oppor unity of ,\'orking with you in th", fhld mj in ~arrlson; 
o ... g rcssor. .s rc.pr<..s.::ntcd by t::lr.y units. fer 0' .... fin ... »piri t :.nd 

5 l ... ndid ".ory. in c'1rrying uut , !r,ost di ffieul t ssignr.. r ; 'md te r;'.J CM'l 

". ry un:krs anJlng 'nd lblt.. st:.ff md coros of ur::oirts lor thdr out­
s'1nln. con rib, ions to';. r d r.-:1kin~ ;:.x ... rci.iC S.,.armt..r :1 sue "'S" o 

10 
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Th" m:ljor .::l,,;: .. en 5 of h ... agi!!"es50r force eonsi::;tt;d of an aggre350r 
r."ad~unrtcr5 with "l c o:;-.J,.and"r , '1 chi- f 01 ~ f. "nd ':kpu i cJ:i~f5 for 
"r":.~', .;1.vyar:. ,dr Forc ... who h'l :t v"ry IE; .. officer d ",r:liste htlp ... rs . 
F~aetic 11y 1 chil.f5 .no no Injians . This brou with thl. Jbl" assist~,ee 
f'l th ... Chi,,! ur:pirt: direct",j , gi'r,,5.30r 0 er ltions . 

Th ... Frc d forc ... ~'lS C ilt aro~u h~ 15th Inf~ try ReT (1,,5S th~ 
Fi r st Sc"lt lion) , Third Inf"lntry Divi::;i" lrc:!! fort iknr.ini! , G",orgi • 
. jer ':.tt'lcr'::-.o::nts wer ... . 

Tn" LIs F:~lj hrti 1ery Sa ~i n 
Ti'." h r. h<:3vy Tar B:itt:lli. n "lnd 
To_ 7" h i-. ti-"lircr~ft "rti E;rj' ttJlic-n ; 

origir1'llly ef' istd of the 31s right"r .Iing IIi !1 t~._ 
.3 ., tt,ch,,-J for op",rati~ns . 

)1s Fi h "r crr.o·. r Gr.::up frc::: Turn·s H,I , G"l . t, 3no h" 
2nd Sq cf trod 78 h Fi~h (.r Grnup fro.; Hrilt rLl:i, C'.L 

t . • -,l1r.g 6 /, r"- 8:.. airer,! . Thr" I;; 3YS aft!;r tht.: s .r of"li r op._r .• '._ 
t!.i!: •. -.03 ro:. u~ ... ::l f' 25 F-92 , 5 . 

loUr. .. •• r Phc 0 SQu3dron froF.. L.r..:1,,:,· - l ' ::- (; ;;p", 0 ·-!J ... r.i 
.:.:! ::1: ... c i renf • 

:,. :.:l V:l~ ~ -.p 3i ... Sq '1CrC'n fr :. ·IC-_ !::iqu l.:r'"'n 
... " ., .riti4 9 f-qQ '::;, J 6\D-£,'.:i ~nj ( :-~ F-2V .. ircrJlt. 

J. 1 '1n i e Ci :;, 

o f !lij 

.,' r oc:. " 
r .,rt :>r ~~'f' l· ... s ... r':~t· ur • .J ~'lctic"l 

"-',ri '- , .srir.r.is 'lirport . nd t .• ", 
5 by tr. " ~ir-ground plan , 

!;) u ~dr ·r. c 1 th... 502nd 
hI.. ,.r:-.y, rtir rorc(. 

Br' :1 tr.~ ".i.>~J. -. f ':.1", ... ;':Gf:E:>.'>Cl\ 1" re· i"or !lis ex rci30 ... ..1S 
thrt.': I n lj 

1. To rd~ "lnJ,v',I'J.t ... tl. rinil. prcfieitnc;: f, t · .l.:is 
"lSS ... f'1.,-J ,<; L·"'. r.I'..lV r - c':":.: "njt...r • 

.. cr ~r r "lt ior. wi r. h· cr.!.· f 
1 r -'1r.·_uv r c -~'lr. c r, t dir ct 
.,~·G: !.:,':Kh f orc·- il. 01 r r.r:o:r tt' achil..v,,-

II 

::.f.ir~ . J"j rl~ r 1 r1ir.i 
r." ~C H n cf t· ... 1c-, ... r. 

h ... c'lxi~~~ tr,ininr of 
J cf tr.t..: 

ht.. t: . S . 
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tOl'C S il: r.' accor-plishr nt of h-ir rr.L;sion . 

oJ ; To stud;r ::lod ;;;v:u.u:, e th," ".os .,ff .. ctiv!. r:t. hr 5 of c-un 'r-
"lC ! C; 1:1 "nLny 1irbor.Jc as.:;aul t, C:1Lmy r".iu:- I} Jnj 1 cent in ing ,"n"'::1.:'­
"1i rlift • 

.j":l,,r·!l sp,-,,,kil'g it '.; Lli"v Hnt t o various d,_f,I'_l.s , th(. ::-.issi n:.> 
·.:·~r ... "('~('\r. li::;ht' . Du'rint;' tr.; r"1ininr .. h·'se:)f h", l:;:lr!i:;uv ... r, th" "1ll 
U!.i s fl. 775 hcurs :r. pr,,;;::.r i n f C o;i r 0P ·r'l ti ('ns .•. Con C 1 ",l..:r.; . .;r.t.:; 
\·/_r· .;1 .kc:n ::,'.n . Thl.. i;r<und t. l ·~"nt.; spent ::nny ba tali n my::; dil'[~i! .. ; 
.;' toot. ~)r Jr.?", (;,'7.0.; rr(;3t.rv, in pr"par·,ti<:>n for :l t'lsk whic:-. :-.i,;l.t 
0.-ic.1:J• ~'" 'ssil~n.J t r' i"l'C'': thrt.t:. ti.:",,, thl; sizt. of th ~ '"e.L .. "ce_. 

I -' 'r. :';'J ni" ":s 'IC.;('".;. ish·.;u o\i ho th·.; l ess of a singl,_ d.", C' f 
""11I_C·:l.!; jf"'S rk"ys or deer . 

!O':; J.lrinL tho: .'ll:tic·~l i r~ 0.; :>f ti._ l.X rci" ... ,';t.r:.. e,rd. 
t> :ll. "i t h:.. wteepticn ,1 lir ... i:';5ic It ·. r a- ;"J' . 

;'pril, D pI s 1 thru thO" l.nJ of hI. "x _rei:> .. , ;.tCbrl.::;~ r 
nly 10 I.;flLl:tiv<; sorth:s intC' t .... r;an ... uvt.r r",:l 0 C ...... " 

•. "1ther ecnJlti s" thc, 'l-:f"c,,';soc <li r b.SI..3 , L.t; 1 J 

'.r.ll :!~cfnlK ........ ,1 "ir oJ ,iC'n. Thu lL-:a cd p'r,ti. S of "'gEr~s~or '~i l' 
:. ' nJ 3ft· r D-D~j c·~c 1in1y '.lr"c.rsccr._d th ... c .. 'Jir,"r.c t for 3L'7;ost 

rG~·rl. tl.: . -., _ry of t h_ 3i c ir. th (; ar"a by a . Ol'C .. (. .. t 10 ishin :l 'lir­
h~ - .i f this t :;p" . I is l"\. ce: able fr ~ n. s ar.Jpoint of th._ l ... sser. t.Jt 
ut;n r,-. v. o~ "n 1 ... ' . d , th'l. r.i;; cf'njiti n ,ns (.s J lisn j 0;'- th .. 
: ... 1t r .... r, ~j.., ln t til ,i ch _ 1"i 'Co.;'l but in r.", :lr(;'l frc!: ',' tier. 'l~gr .. ;; .. " .. c 
-ircr"!!t ....... ~. J l'Cprj t op r :. t .. . 

Ir tt .T ~ r.j I i?l: , sibniJ'ie.H t bf'r_~,,('c S'Jee .; s~ ::. ·,' .... c" ·.ceo::-.­
rli.-!.~ OJ' C~l'r ill"l t ·d ,cou iq;:; " ni shert :-.t·-lek;:; or 
th ~nf L'ltCy-t :'lk- 1r ilh.ry ,,'lm , hl..n r . .3T'C'J'jinF'!> in pr,~ IC', 

.;:-.,rp :J cik·" It;·,j n~t ::.U ;;._ u·.r,t Z' ... 'It.:l 1S th. J r.i"h t .. 'vbi i t;:,-
01"11 '(r,' Z',, ~:; r groun i ur.i ts . s· l. ci" r cOlT.,"unic ti f" ns \. i tin h0St- . it.::; 
.. r r irr. of Ju :-i. ut.J sleep p'_Z' :::;1. p~c j:.y foc ",-v.:n Jays .\ ... Z'':: tho_ 
k'-JTl t,_..; ht. 1bi i ty of fh,; srr,~ll " .• c",s:.,r'r rr, :11 f"l'C ... PI'"':;",, ing 
,n° .-.,r ).;.:hil_ m :)"3i ien t tht:. U. S . Frees . 

J...e·. i n 0 th in tho ai c a , 
If. :1.; rrCS~1 r 'j ) .... r~ 1 n3 . Ln til 
1J:-:.i,G dr· ... tJ~L ::Julk 1 U. S . "ir 
.:; :l~li.,!ir .. lot f d =y :lrti l",cy 
·-.r. j nif'r. ::iispl-eo.;c.l.nts prL:vir. 
pr ... v .. ntt..d 'c pit. p'lsi tit ns fc· .. -

::Cr "d by U. S . rt ill'-r:: an.j ,1 r 

"n h. bC unrj pl'ly"d '1 :.;i;: ifie:.nt P:lct 
nk:; ,,,,;r ... Cf':: .. :.it cd ~n D-::hy, ~r.~·r_, c 
'l t'leks ':11 s 'eh t:lrl:'-' .:l . Ski.: f'll 
nj ~ntl -i.!ircc"ft 'lrti \,Z'y ~ 'i :.::; 

UflClil'" P "J 

HI'1 "ff e ;,v __ ., 'It-
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co IErrs BY '~J GEN R "Ern :.~. L::E. cmt'ANDcJl. AGRESSOR FORCES _ Con ' d . 

fog and rain at its base~, Several 1.S. air formations were taken under 
he con 1'01 of an agressor forward ground controller . Attaoks wer9 

direoted a ainst U.S. forces with pilots reporting good results, 'flight 
leaders were kept 0 upied attempting to get Froper authentic!'':ion for 
transmission until fuel vms too low to remain in he area l cr. .

r
., and 

flights WeI'. diverted from their original missions . 

In summary I f eel that all aggressor units gave their b"s .. , r ";',',.. 
he maximum POssible trainin under the circums anc~s, for the t . S. J ,~ 

received invaluable training themselves; and are leaving Exerds" S- r: 
I'li h a f cling that during the past mO!1th, much has been 4CCOl:lpU s., ,. , 

13 
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co . .!: S lTS fly "PIG GE~; F.t,.n~ f . 0AS~ SECTION 

In prps.m ing; the logistics part of "~e crl 10'10 , I um Goi!lg '::0 

"limin" e any com!!!en"~ tha· deal wi h sing l e s afr sections or tec"ni ',I 
servi • s and discuss only lessons of J1:enEral in erest . Th Lre ar " s· .' 
poin.~ sot for h on his' o,art which i believe are th ~Ajor it MS of 
gf:;n,;r'll 'n"er s tha" ',veTil high light~d duri~ Sxercise S"{"JL~ . 

'eEDS 

1 . Lo istic planning to precf:; d tact i cal plannin • 

2 . 0 tri"1" on Join con:::and!1 ' 

a . Ports of Emlarkation 
P~rts of Debarka ion 

~ . r~~trine on joint 10 istics in an ~irhcad . 

4 . Est.l1t-lishr.J·~nt of )lovements 0 1'01 as - ' . 

5 . L'oin':: milit9.ry docUI:Jcntation for tt.c Del" rtment of De;fenso . 

St!1.r,dardization of ',ir ranspor"al;)ility trai.nin in ~e 
f,r:n:: a,d I-.ir Force . 

7 . incapcndunt com~uni ions for .. ' e lc-i:;tic 1 COl!1".'tand . 

The first it'm is ont "h!l I '.': tlnt to re at C'lOn at the ('xpensn of 
t >in& som ,vhat t-orcsOl!1" as I h'lvC Enid i in every 0'1 ero~~e tr.\"$ f-:.r 
specifically RLogistics Plnnning to precede Ta tical PlanningR• I 
believe the aee racy of h t finding is no'N BCCO '.;,-,1 . There have ocn 
lI".!l.ny instllnces in " .. hieh 'lr. icnl Planning in this Exercis'.l h'ls had to 
h~ r~vised due to ~he impossibility of providin; pro~ ~ r I fis i ~111 su~por~ 
to "'1C ic~1 operations . l' <re probe. ly is no place in '" ich uc¥rs -
it:' for clost 10;1s ic 1 slipper is mor~ Il.ppurent han in con 
wi~:- ;,i rborne" r 'ltions SllCh as Exc.reiso S'IARMER . Aetu 11','. l""i,ti~s 
plc.nninr; should r. concurr, n Ilr,c coordinate wi"h the str" :-~ .l·.r.r:l.r:g 
rr ~cdir.t such an o~ r'\ ion . 

Th 3ccon1 n"'Jd c.;;nonst r'l cd is f r "Doetrir: on jOiT." rOl:l- ~a ,' . 
Por :; of Em o. rk!l.tion , b . Forts of Do a rka ion . " I !",ll>"~ li-" , 

1"'50 ','[0 p:1r :: ~i?p!lra 0 y S1 '1Cf in rrrl jud me n th"y 'lre di "f(;r·'nt 

rr" 1£,::1$ . In bo h pl!l.cbs it is " ssen ial hk tr<ro he unit-;' of' Cfl~ 
" ... r. joi'1t 1oas;'s . if slilooth functionin!!: is to be f.s:;'l red . 1:'1 ~(; c 
of t'l(' fort of So'1arka ion I think fur her st ·cy is neee:'s!l. r;: r.:f::r 
n:lki n :; pr ~ i fie recomlT" ntla ion (IS to 11'_ stlrvice exerci sing hi, joi!"t 
C=:J.nd ut!:ority . How ver , th"t part of the co::tm:".nd ::oo"ro11in- '" 
!':OVE <'nt of j.rT!r;/ p. r :;onne l , ,ouiprr:!"t and suppl:, s . anti hf' l (""~:l'; . 

14 
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c .~OLI:'" "hSE S~CT ml - Cont'd r 

lushin,- t.~d docum. n etion, " .... ould he 'on intogrr..t.rd unit under an J..r-ry 
cOtr."1!1nc,"r r e rponisble to ~c jo'nt COIt,!:lf).ncer . In "h~ Por"s of Ce ~r1r­

I be lieve t ,3 only one c~nd~r can be considered in he 
p .!lS'" anr' t:V\t i~ tt, tactical cOIf.lTtmder of he Army . In .... 

ph£lse at" ·r '-"'1 ~l rfield is secured !lnd the build ul' has com­
~!.(>r::; I!" ~till a pr"comi'1!lnce -:-f Army in erest wher ().'; r .. I\ir 

Force r01 is "','': cf 11 cnrrifr snd no thn of a base orq··· <;" r . " 
p' rsor.r'.~l 'r~ e(\!':-O r.',OV~::I'·n 5 Ill' alm.,~ en irely rna ter' 0' 1.:-;: 
in- r ~ • n r {'or it is "'('li,,\I<)O '-he. th", j oint comll'.'1rd ." ! h 

s'.cd in "he l.rm:; ·'rou;::hou 1-0 h he'lssaul and the bI.:il-": 

T!".: "hir n ",. 's f:lr "Doctrin· or. joint lo;istics in nn !ii,' 
"'--in t':, Frio': C.,v·!"'! t-y EX6rciso S'·ri.R,LEP th·.r •.... rc no si n~:~' 
r !.. "..lir ':1"n s "cr r.ir Force logistical support . u ·tt-vc r, "1. h +1:. \. 

. " r . 

u!J 0: fiEh--:r s r6n,zth such ~ need \\'0 Id ~cv. lop. It is ro" \ ... 1: 
servic's ~uld urf:lrcl the lUTury of ~o indeF~r.~ e lr;istic' 

'Jarly ,.-hasE;s . 'J'he r efo rc, it is eliEv d bt we shollld 
:oint logistics "'fie r e C~r:II"lon i"'.11:s i:wQl v d , 
~ir technical supply is i volv~d . 

,he fourth nc~d is ~c "Es ~blishm~nt of ~~veme r.ts ontrol ~s ~ " , 
~n '.lrco rd',nc u ":i n cu!'"rcnt d:lctrin6 aU(5ht e r.e J..rrr."d For ces S ·.f 
ColI.,:.' . :ni i Q.l ly .r.'_ :r.o': rown s .·ro~r'Am W:1S to be prcpar r' b" t,;'l'1S of 
" ~_l'JcoLfE.n,nc ' u ,r:I.>r tnu [uier.nce of ,1_4 . It f· cam ... npP"ren" prior "0 
, .. ct-i n r.\t- 1--, move":!.:.n ror, ro1 fune ion in conn- etion with '.In ·!irborn" 
or ~ir s pply opcra+ion h d to t< ~xt re~~ ly flc7ill~ ~ c a continuous in 
or" I' to ': I' spo si 0 0 t-'\ tic, .. l n>;uds . . "ordin ly, £I pcr!" .. nent com­
::Ii: <" cr.l ed hp. S:ln.n.ER .~.i rli!'t Pl'.lnnin,; ng,~ney was es nblisr,ed under 
t-l-:'~ ~u F' rvi!!ion of J- 4 . Tr.us , !"" cOlTlittee did no ~!\ VEl ,~u ori t,· 0 t(l~'J 
fi~~l roct-ion in t!1" n~rr:-? .,r th' "''l!"< Force CO::l!'l '1d~r . n ~ o~inion, it 
::r.c lId h!.'·t 1:-. "n or ',nize" as sn indcP ... ndon 'oin': s"!off fUDction '.yi h 
i ! h ad ( - 6) ell':f:o·.\t~r"'! 0 'ACt for the TfiSk Forc,", Co::>n~nd' r . I (11(,"\."0 
..... ~ tl-: inpor' ne<- on+-rol is so rc·,t ~'J 0 hf' ti!'~ 
".~:cr ir. . i r op is essentir.l . 

n fi~ h .r.: is for stQ. nd:>rdiul.t ion of " , oin mili hr" <:ocu",:,1nt-
'1"ion for +1- Depsrt, nt of Defe nso ." In Exp.reisq S",'1iJ1'3R .': ".J 011 d 
~:.Jl~irlici'"Y of cocu"' .• n L ion nUl) 0 vo.ri'<tion in us ge t- --:" 'I HI air ": 

o r!"" c rl"rnnts 0" f: •. r ,y and hA hir Fore'" T .. e !lrolir: R.,:;, S ~LiO:l 
!". oF~ c . .ir ?orc._ forms 95 ant. 963 as bdn~ th" h~s "v:liluhlc 1'0' O'.lr 
F:r osos . ·:OWO'7'. r, these forms (.re b'l no ME'f.ns idu'll !lord i" i5 r .o~~.;r<l'lt1 
. r.e ·.';hol rn'ltter of docun n (l ion bo s udied 01'1 tho level of th ·' [; , :-+-
-; !""t of De e 5 in ordor n9 !Ill services use con!!'lon docul:",e:ni'ltio"l . 

T).. ... nf'rt cot' '-r.lOns ro. ed W'iS for "St ndardiz tion of r ir "r·_n:;port­
ti li +y r ·,ini., in he . .rrrrJ 'lnd •. ir Forco ." ',1id<3 discl''l[>'lono) L" -~r6 
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C g S B~ qRIG GEN P~ 11 F . YOUNT, Ci.ROLINl, ~.\SE SECTION - Cont'~f 

dO':E loper! hetween .;'rmy ~nd ldr Force doctrine and ree;ulations. Exis+-.in~ 
• .T!:I(I trsining public'ltions are at variance with ;'ir F.orce reg lbtio::s 
find should be revi:; d . ~. spe cific rocol'lllendation in this cOI····.""io.~ is 
"ha I he "ir Ihterl el Cor.lI:l').nd have authoritative reprosl;nt·,t~" ',t 11 
"ir tr!!'T)s portabi Ii ty sch'lols so as to insure that joint doc"." 
c V" 10p<Jd which r e cogn i zos the needs of tho Army and the 05. -: . '::;' .. :; 

r.:l'1uirorn<.r. s of he I.ir Force. 

The S6,en h n<:!ed is for "Independent co:nmunic:;.tions for P,. 1 ~ 1 

co, r.:J.'1d ." f/hile th lack of such cOllrlunicationl! in Exerc13e :3"1.':-: :' 
'"", r "sult of shortage of Sign'll Cor s personnel to install '1n,l oi' I" 

such co~unic'ltions , the impact of their absence w~s quite a _ r ~:t . 
Froper logistics support anc control of lllOvelOCn <:.rc i::1possibh; wi ~r. ~.€; 
logistics cO!'l::Jander is dependent upon sn 21reu'>y overlol'dod t" +-ic'll n 
for cor.~unic'l ions with he depots, airports nnd 'lir~cads • 

•. s I l1'lve s-:.id , these are po in s of gener. 1 int . rost OI'ly . It 'I:lS of 
ific intere~t 0 'l<!rious sta f sections 'lnd " cchnic!!.l sQTvices 'vill 
ove red in :he fin~l roport . Eowcycr, I w:>uld lik<:> te· stress ~ Lf poin , 

i 0 nection 'vith his critique, h!> thE: concept of 'li. r ~uF:-ly cuv(;l':\t-"d 
in onnec ion '~i th S'lnR~:c:R is ,-q:pli &b Ie no" Qnly in conne ion \"lith 
parachuted o.ss!l.ult operot-iona such os cl1!lr"\cterizod S ~Jt1!ER, t,ut 1S equally 
!lpplicoble to supply of "!. iaol ec el·,:'¥:nt of "- COMI:l!,nc . such 'lS occur r ed 
wi h r-e 14th British :.nny in Furmo . 

turing Exercise S"b'<~ , U.e 7th Tronsport-n'"ion lkdium Port, wi h 
minor !lug ",ntation of offiCe rs only , W'lS used :;.s parent uni for 
;::"!ldqmrters Corolin'). B:lse Sl:)ction and tl-.e four ports . Tho stre:-.gt:l of 
this orguniza ion is in:..ccq 16';e to su' port th!l nur.lbbr o f headqut.rtl!rs 
durin :l ~!lr time opcrotion . Th~ unit served successfully 1n this 
Exerc:se 51. cc th perioe of operations was shor and in ,)cr'iti'm m<:.r.y 
of t'l. ru ctions th Yloul,; b e ][ercised bv a base section i:1 1~," ,I' 
w r, €speci'l. l1y he dirt; ion of Eng·n· er ;nc Signal Corp s \ .• i~o 
fur.ctions. were missin . One solution to this would be h t' .,r_ 
Trl1ns!-or 0. ion .jor Port (TO Ii- E 55-110-1) with its rtl·, .. r~· -,' , h 
"nd <:'If''\bi lit-ies . S ill anoth€r solu ion may be the use of ~!'" L, L s 
Cc~m.nd if he co~posi ion '\nd utilize. ion are dn'c-lofed '\10:1- .'. Pr - nt 
F'\t err. of hinking . Howevor, 'lven thou h the Logist.i s Cor..~lr::l j - .,. ,: 

to st'lff the B~se Sec ion, he Transportation For 5 should ~e u+-ilj-
o S 'lff the opt;ration of ~.erial ports of embark'ltion ar.d c!ob<:.r.c. :0' . 

lis you know , h Carolina Base Seotion ..... 'lS fontec la';c in :'\ 
Exorcise . rlS result, 0.11 the ini i!ll plannin W'lS carriElrl on boo h') 
stnff of the V C')rps, and thei r coope ra ion ~nd support :Jubaeq I,-,r:t to 

he formation or t~e C').rolina 3ase Section was ~ost h~lpful Rnn con­
~ributed much to ·he success of the C~rolin~ Base Sao ion. 

16 
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The only uns!l.tisr!lct~ry par of he entire maneuver is 't::.t! 
:l:mot honestly tmke a sin~le derogatory rem"rk 'lbout th" Chi'3f "r" 

or his sub~rdin!ltes . 
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Exer ise S'II',:R!I~ WIlS essentially an ai r bor ne o!,,?ration , the prindf'll 
':) Joe.ivo being 0 seize and establish an ai r head with ai r bor ne for i,,- , 

e..n to establish a Be r lin t ype &irl i tt to s u pply the g r ound force~ L , 
the airhead . Therefore , r:ly cOl!l!llents . with that in Nnd . a r e c onfin{" Lo 
1:;'.,; Lrs relating to that Objective . I,fte t all , the pur e l y gr ound fo r e'.:; 

o!:!bat operations develoFed 11 tIe th!l was new . It did pr ovide vnlm.bltl 
raining; fo r cO!r.o:l9nders and staffs , '\nd t r oops . The gr ound e lfc.rcise <lid 

much to provide raining to o,,'e r come the very def iciencios th'! were di~ ­
closed . 

For pl~nnip~, ine wns too short . It'se ms it alwnys is , bo h in 
Mr-nO'.lv"rs nnd in aetu!: I operations . We must expect to work under presure . 

In prqnration for an airborne ope r ation . for be~ results , (, few 
of all types of aircr ft to be used . should e prov!dod in ad'Jance for 
tr'lining of trcops who a r e to load end unload th~se ero.ft . 

Bulk sUFPlies must be mde Ir.oro realistic . I: w~s 00 casy in this 
oper~tion to divert airplanes hnuling simula e supplies 0 ,anele nc uul 
supplies which were behind sohedule . All sirnul-te~ supplies ~hould b~ 
rapresen _d by sack or boxes of send Jf proper weight . 

Fort 0 d€;b'lrk~tior. uni rgllni1 (>c likc th Shore P'lrty i~ Oln 

amphibious opcr~ ion should e ove loped . The Enginee r Spvc ial Srig'de . 
?O'lt ',nd Shoro R gim. nt (loss bOllt elcr::en s) could 'voll l'c IlSt,'i !'or this 
purpo e . It should ring in Iln 'I,h:l\n e party wi h 'l~sault troops !lod the 
rero'i! d .. r in ~J.: g firs pIll. as to l!1nd . 

For,\"<rd r."ir Controllers worked ','I'e11 in the op"r'ltion and e5d IHrect 
'1"i(- strike s in support of front lint' troops . Fo r b"st results , !"A ' s '.nd 
':',.CP ' s sho 'ld be assigned to duty with flssf,ult roops 3 to 4 weeks frio r 
':: D- Day . 

In :h :s e xe rcise, 'lS in ~ll exercises in vhich I ~'lv~ been in~ 1 ~ . 
r:'l~1 ion di!" icul'::i's 'Nere encoun'::ered . ICost or ~"s<.; "lrv no 
uquip., nt defi iancies, .01" lack of l".!lint:en'l.ncJ FOrsor.nel 'lod r.r:intbn'lnce 
eq ip!::t'n , btl" .. du.:' pri::rrily 0 bck of tr'lin • .'d optr'l.+ors 'Ir.d ' ls ors _ 

r.i r "nd wire cir uits 'ire clu~ e r uj wi h t 0 ,.uch 
rr. ffic . 

Th<.re \V'ls"o n:u h \"'\i'.: ir.~ oround ':~ err, '1rk'ltion ports by troo units 
( "t, I" rl' e1\'1 g POI" c 11 S . '3 1 ni + '.'IOlS called to th{; EtI:Ibar'<" ion !,ort and 
\'fai~ .. d over H: hours efer.; em urking a?o'lrd pl'lnes . I was, of cou r se , one 
of hI' ~~rFoses of this exerciso t ~ det~r~in~ he c~uses of such delays 
o.nd to develop a sys ~m which will nvoid hem . 

Public'\ .ion:; ort) !l..ailabl'? whi h set forth hI) c~p"citics and 

18 
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c~pnbilities of the vo.rious ~ircr~ft . In m~ny cases it w~s only qft~r a 
groll volU:1e of Nork h9.d eon done in Fl~l7I\1ngtih.!; t nt1W e.ctll~l o'r r.l( nbuver 
CUp!l iliths w\;rU detemined . r..i~ft ce.pe.bi"lities 9.1) liste l 1.1' ... ir 
Tr:::.nspor"sbility rublic9.tions should be revised and kept up-i:o- :'.':(, . "h-:!sa 
pu lic'l.tions should also set forth Nace-t ime or lI'.anouver spccin.l 11,·4 !:l -

ions on r. llo"':'lb le lift of e90 craft. It is essential th'lt p' t")r 
be Pl""vided nt p~rto of embarkati.an to weilh vehicles as thoy ,~c";." it' .: • 

".(; he r or no tho lO!ld is suitable. should not be left to the de C l" • 

f ho individual pilot . An 4ir Force Port Inspe ~or . or sioil~r 0 

sho H o'l.ke thJ.5 determination. 

T ctic'!. l air support was ~vailable in Quqntities f9.r in exoQSS of. 
·.vh'l '\ Corps co Id expect. Th air- ground iiaison worked throu;:;h ror'll~rd 
ai r-cor.troll .: rs and front line troop units 'Here loud in heir praise cf ho 
prOl:lpt . hd.".'Y su port provided throughou.t thu problem. I would recollll"'-!1d 
trnining exercise using live ammunition . s~tiona ry and moving tsrco s 
r0prosun in ' ~nks and ther likely weapons . wi h Forward Air Controlle rs, 
T .• CPts 9nd Inf~ntry cOI:lpo.ny e.nd b!1ttalion cot:lr.l!lndors present . Let t S 5 bfy 
ourselves on tho:: .onil point net dilmonstr9ted in this exer;:iso. but hilt ye 
believe ~n be done - t suppor aircraft . on call fror FkCts , oan loc~te 
OX:l.ctl •• hit. ~.nd des,troy what "the fron line cor..ronder wants knocked out . 

I shoo, .j li.ke to s'\v in on!llu6ion th'\t his has been rl most '!llu(l~lo 
rainir. oxercise to '\11' who participated; it has de':olofcd much f cotunl 

Inforrr~tion i~ rUb"rd 0 '\ airborne, air-supplied operation. and i has 
crou;;ht the :.ir Forc.J n:-11 tr.e •. r-:ny ?5e t:>gethf.r in (lp~r eci!l,tion of each 
o4r.~r ts prc~lens and ruspe t for each othtr's ability 0 do their job . 
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I wi 0 n ~ r d~ rks Y c:""":Fli:lcnti!lb th,'" -.:n ~~ t .... ,.. _""my • • ~"':j ... 
~~ri:1C or;:s, ,,-nc :-.ir :;-or c with ·.'I~om I he.';" wcrk"d , 'Nho b.' h~'lr en-
hushsm ':ind inter- f'or:=c - eper!ltion h'l"'e r:;!lce oxercille $ .;R:..!ER Fossib e . 

c • 
First - in "'Y o~lnion ~r.~ C '::0: nil or6'lnitc.ti('o . ' ~e;' up fer s:;'.Jl.:'::R , 

V:lI.S s'ur: !'r~::l c';t:;r;' 'ls>e~1: . • .en ir:es of cClT.e.nc Pone. res onsi"i1i y (1r 
;;iC.D1v end clC!lr'lv r!l'N:1 as ,:he' ·Cri .. in th:'s '15, the ta3~S of su"Clr'i' 
units' n .• d heir ';,~.de.ndcT s !lro ~de il".::IP!lsurnbly <-'.:sie r . 'he imt-'Cr,rr~ 
this fe_~urc in!l. 'o io+ :::!'.n:lu~r conno be e'ler e!:lph!!sizod . 

Fro": ~ho "ir 7."s).: F~rce po~r:t of ,'iew, he high- lien .:f th" Sxl..r-::is , 
.... !'.s he in<:egr~.~·c:1 of 7roop ;;c.rrier 9. d S rategic :.ir TrnrsF';' ,, 1er.:c:1ts 
int;: '. sing e ,ir TrJ.I'Isport Force . It cemonstr!l ed to r:l: '= '.~ .1 r t r

• sutis " 
f9. t' en h .... :'roor C!\rrier !lnd Air Transpor oon epts arc c·nt •. e :f su<'-

,cessful c r.t-inetien ~,nd that the two elements , '."hen j in 1y cl~·n :"<1 , 
l~li u1ly nd successfully comple~ent e ch 0 h~r i:1 this tyr cf'~ c?fr -
"ier .• 

T~ Ex~r ise h~s le~rly shc~ ~h~ each ferce h~s ~ ~TP~ 
ar:: ~ro~ t h ot!".Er l'!d!l Simple, own- tc- bar,h ex r:pl€ will i 1· .·tr 

-v cein . ":-r~::p " rrier precept is Hl .. '1 r et" ",enb'Jr is re::F"r.~: 1" 
.':- r ht; 0~di.1; of aceh plane . This is 'ln GX ell<,:r.t cClctrine , to" :"Irc , 

it: sh~rt 0<' r!. ion inv..,l ving only a fi= '.i~s i".n~ . ? 1' . or: ~ h .. et h. T 

h'lr.d , t-h~ S r"<:e~ic ':'ir Lift pe'plE: le'lrncc lcng 'l!;J ;"r.t it i~r.' "::", 
~~3~er f~r ~ s~s~~in~~ op~p~~icn . r ~ _~c r ~ ,ust hn-"e th~ir Gle~F . 
just th~ ~"~e s ~ hr(' ;:.~ fl-, !lr.d it is !'!!r ";'ro:! ·-fficj,·r.t tc "t!l."; 

a tr~ir."e t r:" over su~n;is' n 'lnd insur& ~orroct .. · •. lbht 
cis ri~u"ion in th_ ~ircr!:.rt . But h ir lift ~ 0 , 10 ~l 0 l en rncd h'lt 
"h's ie.to speci!lliz~~ior. dot::s no" e!'ser. tr.c .e essi , for :,:ulti;;le cr·~ws 
~~ ge .. C high~s ~ossibl ~t:li~G ion r."t. fr~ o"'l~ir.cd ~ir r~ft - 'lnc 

hibr. uti i~'1t·or. r:1':a is an .:\; sol e "~ 'S:o" for cff:ci"nt op r c.tions 
.,f his YF' . 

iffi uhiGS fro Tr:.nspcrt point of ':i.e..., '''era 
e urt .. nt l::> hI.. he concapt of the plnn 'N!lS 

!l S r'ltq;ic .. ir of the sic phnning 
h'lc to n coople cd . ;n" c'-~it::x;n 'I' l·."() d ':0 in h rl nninc:; 
p .• ".sc r Q~ir.'; l!lst ,.ir.u~c r.c' IS C.e~~S i.. earlier pI' ns .nc en ail~d 'lir 
-0,0- nt ~f both :.roy '.:,c nil" For un ts n.n equlp::x:nt .rom or. ta!lc 
or.o::h."1' cu1'in- he ~i tnat should h.a~e bee u 'lizec in firmin;:; l' 
ce ails of tte j~i::t Fprution ~nd indcc rin tion in ~ir ~r ~!l~ rt nnd 
Tr ~p C~rTi r ted +S . 

J0i ... f:1."nning b.,. ~.ll pur ici~ti!lg 1':>rce5 fro:lthe very ino: ~· ... n 
f ';h,' rhr: is 'l prercquisite . ·t''10 e 'l.inr.~nt of !l. de-gNCl of ir < r ­

ser'i.( i1"<'o trir._ ion th twill allC'.\' ~leor -cut delineu<:ion of ~~,n 
r~s?:>r.sib· lit't s of e ch fol'(: _ llne pr,,· nt .bur:de rs nndin- '1of't~ T ti. 

per r "'lon teb·ins . 
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In ~ rn'!.l1v . he .,ir Transport Force c ecri eol some of it:; cifri ­
Cll t-i p~ ho+h t ~ · h., il'~ P'1l;~"Y !lnc l!l.ck of T 0 ~ E's. Troop Cr, :-rl or 

o & E's need r~vis i on f or sust!l.ined operations . Traffic f_r(;ol'~~ l. 
;:l(;c ~.uni cs 'lnd fl' "ht r ews mus be '\dded 0 achieve gre$.' 1') 1" ,'''' _i9~!cy 

in the usu cf h~~r airpl~n s. nnrl, if ~~TS is to en~ag~ in c ~'· t 

:per.tions, i.t should h!l.ve [l T 0 a: E. Further, it might be ~",,1., C', 
onside r o~fici!l.l recognition of this type of opera ion for ~'~S !lrc i~­

clude i in its mission and r'l~ninb curriculm. 

On ';hc T!l.cticu l ,.ir side;)f hI' op<. r a 4 i on I would lik... 0 s":: t:-.,'; 
it was !l. b r l). . iryin€: \: xpe ri noo ,t o rave suffic ' en ai rcraft nvaibb l o . ' 
,.11 of you know th'. '; 00 often this ins ' t h(; case . 3u I 0" n stt4 t.. t '1 .. t 
du rir,g i!.xt.: rci:: e ~.",.?':ER, with he excoFti on u~ t ho tit!lCS whe n 'ie wer<3 
br 'ur.;!ed for '.'I<:'\ther. it w&s s elda!:! h'lt a r e quest for' ~c"ic I sUFP rt 
of co\'er would n,'; ce fully r::et . 

"':0 consider +h", inn:,~~ ion of ". full scale 'lse of fib~ '.'. r ri lC' s as 
fur'l r ')oper - Fc r"I'lTd ,.ir Con ro l e rs t o h!lVO betln hi:;hl: 5U eSdful. In 
c ses !: se ",~,ir F::l rc e Inf'\n ryr.:sn" W"T€; cnllin~ do'xn SUi pert :..iror',ft 
I 5S ~h!ln +-en l"linut,~s ufto r n~y n'ld ~urnped ','1 ' th ,~Ilir e rne t t" li!'n • 

Frvn the deficien 'y as !'Ie Q " rc i se h'1.s shown +-h~ W(; n'''c 
~irbor ,p. e:.. rly '~ rnin r ad r this ype of n~rc en . Cooplotoly 
su""ess ful air c!efense af p.n :!i rr.o!lc or cover f r tr'lnsport '1 ircr~ ft 
c nno "e!\ 'l1:',ed with he ;: r £:~cr: hi h sr eds r fi -t.t~r ni rer ft when 
the c. .. r1y warnin _ r 'ld~, r i~ si cd /I hun r _d or r.:>r nil"s to he r ur. 

in!llly . I '.. 11 v~ 'h .. r " is ru h to e den.:: in the (IS 'lb l1shlll€nt f 
'li r .Fir ochnieu!.ls fo r fu r " ex r ises . ?or on t-hi~;: . 1,(') I!'.us hr.,o 
quickor 'lnd rn::re :{ cu r ".-e r o'su l 5 of ·hE d'\ys's sorties in ord. r tl-!a I:e 

r.'!y r,(lttdrn he; n',x eLy ' s strikes on t he pr'.Jvious da.y's opt.ration . 

nnoth r onsid r atien shoulo be depeno'l~l~ u i1i%n ion ,.~ u~pire 

cl\"nne 1 s for r o byinb Il I ch::.n as in the plr.y of tb,~ Exer i St.; . I S I:; pt ct 
yeu kno',\ th~ I n::: r eferr ir!; " o he C'lse of "he '1. rtill ry r-~ tr-ry r" FC'r 
Q r'~ . I 's !l. b i t der.ll''\li: n.;; ';0 find ou~ 'It :>100 ou rs t~'l 27 cf y.:-ur 
~:'rcr!l 'l re lilting on ~ &r our.d a. C'\r.l. '~ck"ll from a r tillery fir' 

• _c ~ a r tccl five hours e!lr lit r. Simulations !o r e h rd thinis to .) n' r-
o if they li r e k_pt se re . 'i;e think N oule hc::"o silen cd h ~ 

"'l ~'3 ry or . lenst c!ispurs ... d "ur pbr.t!s::l . he t; r ound if 'N, ha'i :':; 
kr.c?Jn we "N re be' n ~ fire nt - o r for r. r.l'..I.ybo .', coulri ' .... ,. _ 
ir,ul'l ed knt' kin: 0'1 . 
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Gentlemen . Th·- ro \yas DDe Mracteristic of t~is m:!neu 'er which struck 
n'_ as beini; cntiruly di"f rent fto any ml1neu -er I h:! e e 'er seen . ThflL W',s 
t·he prevailing s iiit of ~rotherly love thFt exi~ter1. thr oughout , '!:;rcry.;i.crc 
I went 1 found g od rel!l .i ons between troops of Task Foree S'L'JeER , the 
,'mpires anc hgreS6:lr . Included wes Ll spirit of cooperative effort on tho 
PRrt f nIl , ~imea at n~k)ng Lhe Exercise a success . I only hope _h~t fu ure 
exerciseS cr.y ~~rry the s~oe spirit , sin e his is (IS it should be to get he 
Qos-t out of he har'; work that es into an !;xercise.. This attitude was 
the result of several thin5s . Firs, careful plan."ing l second, car"ful '.nd 
ir.telliGent briefing of all hnnds: third , c'lrGful supervision of t!1c ~9r­
eise , so h!it all r;huses were kept in halRnce; fourth , intelligent r'l. .d1i!'lG 
nnd use of .ggressor in its primP-ry role ~s a traininti 'lid and net all wing 
th8 Ey.~rcise to get i!'l 0 an 0.11 out ~Mo- slded bat Ie . 

This l"l!lneu,:~r waS!l ri nbing toga her , or a m!l.rri".glC , 'Of s'veral 
indi ']'dual', onplishments th!lt we knew we could flo . Str!ltegic 'l.irlift ",,\s 

p..ra Eod in Bt;rlin . :'1", ht!ve demonstrated Our abili y to mov" ,_ ui;Jr",nt in 
tro",p Cf rriers . '7e hll"o demonstrr.ted O'Jr obiI1t: to mak!t mass ',~ ic:-:'.l 
fl[lrl..chute jur.ps e.nd drop certain h03'IY equi~cnt frorl cirpl:ln. s . ;; '1"V0 

demonstr!l. bd our ability to use tacticltl air in suppor t of op<:)r!l~i ,-: s . ,0 

h!l\'L demonstrn ed our ability to ca.rry oh gr::>und op.:.rations f J r r.rr1\·el i!'l 
'l.!': airhead . EJteroise Sr'{ Jt~~ is he first time in a tr"inin!,; eXur iSEl t; .. ~ 
w~ have joinod together all these olemen s in ono unified eff(rt . T!.t.r.~".s 

o precodent for he planning of this typ~ of ~~neuver . Na ur~lly , ~ h(r_ 
WIlS consicera~le scrambling in he planning ond setting up of s~~ _f .~c 
org nizations to o~ra e . Participation leaves no Question hu th~t OF r ­
!lti~ns it. 0 the 'l.irhe9.d closely p!lrolleled amphil:iol,s o~rc.ti ns in !:l~ny 
respects, and in so~ hings we can use amphi io~s ~xPerionce to . G00d 
p1Jrpose . 

All of us ~ust stu~y continously h~ ccnduc of oper~tions of t~is 
type . Thu full lesscns of' his =nouv'.r c!l!'lnot '>e covered in \jis critique, 
si ce he resul s of the Exeroise mus be o.reful1y studi(.d !lnd (].n~lyzed 'lnd 
fully dib~ste before Ne c!:.n rc<:!p he 1'u11 e!1cfits . "'0 should h'\'\'c !.dd1-
ti:m'l.l exercises o f hb typo ~ .0 should c~end ho;m t:l incllJ-lr "'I" r ions 
"," .. er w

n 
'1', or.; ined with Il!!lphibicus op.., r 'J i)DS an-l Sl!11 tr .n::;rort~tion !IS nn 

intcgrnl rt . 

I!'J our joining up ... f OUT know' C'l ~ iIi tie s to n:1ke up this Exorci::o , 
·..,e founc sev.;r9.1 r ough joints . "I" . f vund s~me :lefi i~neil3S in our orS ni ­
t!ltion and in "HT tr-.ininb ) g .. t the smoothost cPfrn ion . 'Fnr cX!lrnple , 
our tr oFs of tho Army h~-L not had r.d qua e training in ~ir transport­
ability - in actually usio:; .jrplancs . Our ISe of air tr!lnsport for 
equipmont , supplies and ~rsonn&l W:l.S in ~ g r e'lt dogre 00- he- job 
training in his Exercise . Thoso who P'lrticip!lted in it . I would say . 

re now proficient . 1(,. 1 eked prope r orcaoitstic!'J fe T handlin; of 

22 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE. 

CO!::"S:frS ?Y LT G~l ~OHN R. HODGE, TASK FORCE CO. :/"1DER ~ Cont'd . 

supplies and pqui~: .t ct the basq and afte r s rr ivel in ~he ai rhe~d . I 
hink a study 'Jf \'1M we' used nd results :it ained will &h'e us 11 much 

er pic ure of our needs in this line nd something to ie to in future 
planning . One definite r.tust is ~n or.;anitation f r early Use in the ai r .lene 
f ·r handling of incominitPIiines wi h equipr:ent and supplies . In my opinion , 
this should be similnr t o the Navy "Beachl!'.Ilst r · set - up . '''e !:lust be t r ~ i nu~ 
to nuke mere effecti\~ Use of 1l,3il~ble eir transpor under tactioa l condi-
ions . In oth~r wor ds , we must learn +0 marry up loads with orb~nizatlons , 

So thc.t we do not have ny planes r unning perthlly E'mpty . In this Exercise , 
we ;'{ore unaole utilize nything lilee full phne capaCity , due , in a bre'lt 
dCI,;r€u , 0 Inck of experience in Jo~d disp!l.tching . l'nder the best of condi ­
tions there" ill be SOlT.e loss of efficiency whe r e t"ctioal conSiderations 
'\nd CJM"r.t lo~ ,s govern . but vc Must m!:ke e'rerv ei'rort to reduce that loss 
t"l ::f "linil'lUm . I em oor.vi ced th-. e C'ln r'lise rllnsport r ion efficiency 
under t9C ical conei ions to as high os 80 to 85 p rcent of the plane c~~~ ­city . 

Bet~re wo beooce ~ ~nthusiastic about ~i r- r~nsportahility ns tho 
final 'vord in conduc i' oper tions , I would lih~ to pint Jut ~ t in this 
ty"o of t'p'rai' ior. , with present cqui !!lent . We 'vi 11 be without t'tn',: ~nd 
wi heu' he h nvy Engineer equipment that is so essentigl in rep':%r of 3.ir ­
fields nc bridge oPt-r"lticns . (lne 0 her defioiency of h6 .nny is thb bolt 
of '. sure t::nk ki ller . I is my opinion tt.:: the proper use of 'acti 1 
ir surF~rt with he 5 inch rocke 5 on th fiGh er- boc;tJer c~n do ':. 10': (l 

O\' _rCOI::" Ilis dei'iciency . Thi::; r.1ear.s , howev e r. i!l no effec iva durinr 
poric s of b'.ld 'NOnt'1lr anc dark~ess . '7e r.lUS push!l li".t ::;obile '.~' \."!' " _ 
iv" -1!':ti - '~nk w';'1p::-n \ hich c~n c-e droPFed fro!!) tho 'lir 'Inc .;i\'o .. OTt": tho ,;ht 

o fully /lir r'!nspJr <.bIt. equipmen of::11 tyPt;s . 

On,' of h<> ~u !l.!ln inb f',aturcs 0" ~h:.. t'!cti::'ll 'lir SUpport \'r_!l ~!1El 
srhndid wori'. don~ y the forward air c~n rollers . '.'nt to prgise por i -
cul'lry those fi[h er - ocrnryer pi l ots who ~olunteer~ to b 0 jump schoo l 
gnc who jUl:lPtd 'vi th t h~ roops . c'\rryin r'ldio!l ' . .,i th which h(;y con '\ctcd 
!lr.c con rolled he ·lirpl!:.nes in the fOr'N!lrd 'lrc::s . The:, did outs"!l

ndin
6 

work . This , ~Or.lhin"j I',HI-; "h" entl-.usi sti _ffor s of thb pilo~s in he 
'lir , ""'~n '1 b g W'ly to as+- blish h~ confi enoe ~f th gr;,;un scl~iur in 
h:'s flying 'ro h'r to ~j',e hin ·he s Sis'::r1.ce hn" he n .• c dec . '70 Must 
furth.r -!ti~elJP nd build up t~is c)nfVoncp. ~r.d "!:I"fork . 

In closinc;, : W!lnt to cmJ)h~siz' wh'. 0 me '1I'lS !\f (.r ull the :JU _ 

st!l a in hing' out th, ;,ntiro Excrci3e . This W!\S hG hiCh coopcrlltivc 
'I ti uce anc te~mwork ~rf~r f veryune co c~rned . Th~ ingenUity dlspl~yed 
ttr~ubh ut to OV9rco~e difri~ul ics und he intclli~ent inta r es of oVti r y 
:Jfficer 'lll\; ml': in hI; COl:'w'l'.nd 'N~S ou S !lndirlb . Gsntlcl:1<'n , it is lip 0 

e\'''ry~nt~ of us here 0 tt; C nst'lntly on ,;u!.lrd th'l we l!II\y be ~3 good flS ;'h '5..- \vhon v cOl:lm<,nd . 
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Fro;:! he first date we started this r.\al1cuver, I have been impressed with 
the excellence of the CKU,euv~r staff. In preparation for th~s critique , 
r had members of' the staff prepare 15 or 20 pages of notes . H01Yever, 
it aprears these notes will not be neecied inasmuch as most. of the onments 
which were prepared have already been !iquched upon by the experts here . 

As a preliminary remark I would like to emphasize what has already 
been stated during the critique this morning. J.n actual operation of' 
he kind v.e have jus t run simply cannot be conducted unless we have clear 

air superiority. ' With this in mind , we entered this exercise with a high 
degree of assu.'lIed air superiority. In all actual operation I feel that 
an early movement of 12 or 16 fighter aircraft into the airhead at ~he 
. ime t!at the airhead is established will be absolutely essential in 
order to preserve the air superiority \Ye will require . 

~ main co::-.ment is one that has not yet Leen to ched on a t length . 
It concerns he question of organization for a real emergency . .e sho'lld 
t~ prepared t.o conduct an operation at least somewhat sicilar to he Po' 
,,'19 have just run . At the present time, one of 0 greatest deficiencit;s 
is the fact that a task force of his t'!JC does Hot act ally exis in he 
field . I fe el hat elements of such a tan,; force s .. ould be broubht to ­
'be .. ner • ;,ccordingly, I i tend to recomend to the Chi.ef of Staff, U. S. 
Army, that J in ny j'ldg :nent, V Co. 'ps should actually be consti ted as a 
tac "i al organi za ion; hat is, it s!lould have under i the ;,rrrry ::li s 
l.at will nake up a tac ,ical c6rps in case of .:m emereency . I will 

reco:r~l d specifically that the 11th and a2nd :.irborne Divisi nn, at least, 
be tactical \alit lder V Corps. It ',',ould be a groa advantage in havinG 
the 11 lccated g",ograp ically ncar the 82nd DiVision . HQr'cver, for 
ad!-..inistr.ltive reason::; i :1i.gr,t be necc;ssary for it to remain ..-:nere i is . 
I do not limit this co.cept to he 11th Division . Perhaps he 3rd Division 
s.lould also be part of tJ:is corps . 

The same principle r.olds on he air side . General ;';olfin'oarger's 
organi:;ation (Tf.F) r:rust be bull t up . It i3 essential for it to be W&c t.her 
under his con rol and in a position t.o balance t.he ground conponent of ho 
task force . I intend to r oco::'.'Uend 0 ~hc ",hief of Sufi;. of he i.ir Force 
that this ua accomplished . It v;ould be 0 1:0 value to organi:;e one s'de 
of the ta::>.' forco m. hO'.lt ort;anizinc; tt,e 0 her . If the ".rrny organiz d a 
ac~ic' carr: , it should be bala:,ccd y a -,a ical;'ir, Fo:-ce organization 

:md v':"ce-versa . 

TI:e nccond :!'.a' n point I have ':'s c. the air side and concern::; "11_ use 
of air ra:lsports in "his type of oper tion . 7hcrc rcnains a "'cc· ':"0' of 
:.c officie:1CY of air rar.sports in he operation of a strate ic ::lr'" d . 

I am infor~ed .. ha '.'Ie opera ed the airpla . .'lc3 '.'0 had at abou 60 p.;r",el,t. 
efficie!:cy. Regardless of :?hether air tra."isport operates at maximun cf­
ficiency or at 5 percent efficiency, ita job in his type of opera ior. is 
"0 neet the requirements of the ground orga~iza ions it is suppor ing. 
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"'ithih the air or !;<ll1ization , I hink that with a be tel' utiliza~' ')! cf a.ir 
rar:sport the number of sor ties flown eO'Jld be increased. Efficic,.c;; of 

,perat1:m!'ro:t he air s t.a."ldpoi t alone l~i::;;·,t be r a ised 10 or 15 p"'l'cc:-.' . 
5:,' a;wyzL"lf, and applying the lessons ftC have learned in this 0IX:ra:: ~,' 
we s!:ould be able 0 solve , at'thQ bcGinr,ir.g instead of the cnd of L,o 
operation, the problem of the most effective allocation . Thi ·,':o'..ld raL_ 
~he "fficier.cy of +J1.o op<::ration as a whole a: :j make more loads availab) c . 
1.. this rcsJX;ct , Ulcre is at least he basis for suspici0IL t h t t .. ~ +,a~t'.c;; 

~!1J tee~"'1iqJe an. dcvclopn,:mts for t c usc of horsc-<iral,n vehie es , e:1rl:-
r.otor ·,'.;hicl(,.s , an crain aJ.d tl,c s r.ip . I \'IOJld liJ.:e 0 see Sor-ICC .. !:! ('r: 
the :.rr:ry :; : uc a"lal.lze tL() airbcrne opera' ':'ons t.o sec if it is po:J.3i.)l.:} to 
:,10dify tae tics to ~et morc ou _ of available a~craft . '''c are 001"01' c L " n 
our duty if "iC do not analyze and endeavor to iwprove our cffieie::cy. "hero 
will a ,ora '5 be a shortabo of transport t~rpe a' rcrafL . ;\ccordin ly, we r.ave 
1-0 increase thc efficiency of air trar.sport x.d ;;et I~ore out of aircraft 
flo.,"!,". . I would sugr,cst to tho 82nd Di'J<,sion , V Corps, and the :.irborne 
Mraininc Center, that he actics and bing of this t:;pe operation be eare­
full;; ar,alyzcd to see if ,10 ca."l inerea:;c efficie cy IS or 20 percent . ~ ~ch 
.lrt i'lcrt: se in "fficiency './Quld add tt.~ equivalent of ano ,hGr grouo to -h", 
op;.:r.:l'ion . I 0 not bc:1' ,,',;-e wo can carry out arl ex, a:lsion of our 3.1r 
tmn::;port force wtil ';:0 arc sure ,':C have d01:e eV(;l"'.lthiJ1C .... '0 can to r.x<il''lize 
'the ut':'liz:ltion of what \'1": ::llrcad;i (;~vo . 

This r-..:ll1C:'J.v~r has poLnt"d up, the , 'l;:;t" r;(.n of '"hose mo:" closely 
:J.s:;ociat.cd ·.:i th it, the direc ~ion of f :':':1'0 ~xerei3cs . 1l.,,1'o 1 ... now l.!!l r 
consi era 'on the quos t~on of I.'xorciscs ,..:.. th ar::iorcd forces . C. (; s' eh 
exercise \.O'J d invJlve th support of ~ arr..ored forco 01" .!w r '. ' ' . 
h::lpc r.' ~ c:,:e cise ;or1l1 be approvod . .:,no'ther exerciso which i:;' ~ __ l 

by he cne \'1 have just held 1'0' ld te 0:,0 ct- '!'ated ointly .".:, th .: :~l .:.:.; r'JS 

fc.rcc_ . I t. ,'loulJ be , in fact, a co ... b.;.naticn of ar. opera t.' on :;":'aila' LO 

.7 rr..cr 'lith an anphib'ous opcrat'on . 

"if. jor tistak-:s have be.::: r.ade in -h's l..a c'~ver , I an afro:rl , 
cl:!ir.. alar ,e SIUlrc of -::~e edit. To t e, ::; ch r.li:;-:.a\-:cs arc ·u . .. 1o.;r_ 
sincc 'h y Tlere to ";000 deeree cxpcctc(; . T hope, t,owcver, that YO', 
'a';e found lois exercise. uDeful and profit.able . : c have 1 ·lrn"d , ",' r... : '} 
.-:arry back 0 our jjarticJlar f~cl s of ';'!1tcrest .:.:td ae .. l ..... '.{, :::1'::1 ~~,,:'ul 
1\,;3so.:; . - hore \;( .... .:.11 be able 0 apply -;;r'(;!J . i hoI''' ,'1:50 th~H ... <; 

_s::;or.:J ru r,ot as bad .:IS indicated b: OLe of 0'11' r.atlonal p<.r;orlic:lls . 
, of the to' kly ... aGazir.es has st3t<!a th~t : ':. :.icm~cr of t!._ :.':':11,; 

I':r: 3.S ty. ':h t ;'/ould 'ndicatc tha I \':<lS <l China :1.:m . The on y lasi s for 
+1.1s statonent 's tl.at this cxcrci:;e !':.as been 'lp_i e dO\1ll ~nd b:1.cl(".'{<:rd~ . 

,I hQpc yo )oleoplc h 'en ' t fOLo.nd 't qui c that :'ad . 

Ti':a."lJ., yo'..! for tho en husiaso ytJ, th ":Lic' :'ou havu U:ltcroo. b () this 
proL1er.. . 'ih, nost ir.spirin", thin~ to ,.tl has bee" GCttin:; ou 0 the fidd 
M.d :;cei:-tf:: 110 f.lCn at work . ,[,J,ey could!.'t i::1'Ie worked ! .... rder if it had 
'c.cun actual COt1bat . This sprin s frO!,l .: od lcad0rsrir and 'tolte conc .ntratior, 
of a~t<.l.t'oll to the proble:;) . :::.)n ':,'0 study tl.e lesso!,s of til's 2xcrciJ 
you \·/il find the l'C>'Iard for the r.ntr,;';'3ias:u you Qvotcd t.o his J:llU1':'.lvur . 

Than:< you all for he r.:markable IX-rforr..anco yoo fave t rr.cd in . 
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(5) As indicated in 1nclosure ~, a total of 999 
messages, with 91,967 groups (or word count) 
were transMitted and received over the facil­
ities of the 20th Signal Air Ground Liailon 
Company at the JOC. AnalJ8i. reveals that 
this load could be reduced by careful acreen­
ing of all melsages; coding and decoding 
could tt us be concurrently red1lced. Ho ever, 
th~ rapidity of operationa, with corre1~ativ. 
111. it.d permissable time for acc.ompUlhing 
such 8creening render meticulous screening 
somewhat impracticable. Further, with ade­
quate equipMent, the traffic could have been 
.. eadlly handled without delay. 
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o 1nic. o£ his 0 rv r Ie oncall ror nt 

C mication co plelel, faHo<! . Ho ev r h r ell1t.ie 
c e ideal aOO if they had ork ch t 1 no cor.!'used nc no 

I'D er"toad 1110 .0 Ion r a robl . The etion .. a 1 to d r 
Ii s1 ta ce b La S8 of s~o recon.!l 1 .. anee. The e r orts of e e 
act on 

fiv n dir at to th Air Co ro Offieer w 
as direct 

leation witn lo1't a h c Id iree h 
a r raf 

rib" in e t r'!!p rt. 
3. 

8. 0 i or r or r n fact 

Tb co lete i.1l1l:' of co 1e tiODS rr. elu d t.his £fi 
earryi:r: Olt 11:1 10n - hat or ree tv ng 

a k CLO's int r d or t A1' ;y fcr 
pr ble 

co 
an 

it a .. po aibi to inth of e 
tior. DOll moot . , or 

1-bl .. . (Ann ex in this r porter Olt:'ior. ·0 thh 
problea) . 

h. Oplnio 0 ~th r ob erv rs 0 f: 

1 re)or r ad n 0 I 
UDit~ t 4n rvle ob erv r 

ope 8 ion of 

c. serirtioD r newly propose i 'r vo 
t : 

1 ref rt r ha 
of any propos d i OV ~Irt . 

ionsl 

a . 
or non-adherence to e-ep d DC rin • 

:roceaures arId t chni e . 
D for non-aeh r nce. Err et of n n-

Ii er nee . 

As 8 ted a eve . this cfrice had not been in operation betore 
- 2-
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lOll! OPER.!IOIS 0 ,aaclSl .. ,~ 

1, hOlUM. 
fte I la, Opo~Uoa. Oeahl' _. to oco.plhh 1IJl1'~ "'" ... 

the l)ro_4 ?roop. 84 ,be .... U 1 All' Fe .... t. pI'Ori41ac cle .. ..appel" 

to h. Groa4 'roop.; .. ho .. d.' 1. pol'YlUac .1'1 .. 1 'Pho'oCJ"l!"bo of th. 

terr lD lllY?l.o" """hor .1 .. 1oa • to .. ·l,.,.t. tho .. thet. of cl ... 

up or' nd d.torai •• 'ho r •• ulr .... '. for .-pp~l.. • ... u1t troop. 

t hr h •• ! .. lrh .. 4 o.'.'lt.~ ohort~ .f'.r tho .... ~~,. 

II. IOMMUT OJ' IYD!SI 

"ota' Operetl0 •• C.ter 0 04.' Oater 0 .. p chll oa 

1 I' 50 wl'h .tal~ ooatu.t~. 

h r:iD uaUl 17 Apr 50. At '~lo U 0·. 'hrO!lCll"' 1T'" 

" t("}: " 

11._ by ., • F .. I' .o.t of 'ho lUll' (I ...... ". ver. " ..... U .. , 0 

11 .. ad. 1.15000 "'.10. to tho 'J1'O 1/0 • tho U.l ....... f d 

1 .. «th of 'h (I or .. n "". iat'O. 1\10 '0 o\, .. ta 1"4 pho.... •• 10 

-11 0# th ot •• loa. 1.t o. woro 0 •• 117000 .t.· .. vi' • .ze.11 •• ' 

r •• n •. 
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Bel1.-. that the 62Dd Topographic eo.p.q be giYeQ due credit 

tor the tine ani lIDtiring work they d~ durlzw the Exercbe. Th.,. 

operated at tull capcaity all tt.e aIXI DeVer once did the,. .~ that 

the. could not suppl,}r units with photographs requetlted. 

. r ( t,. /I < ' 

IDIfAlU) •• GEl 
Capt., Int. 

GrOWld tJapin 
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,,1) F:RT for ::8 wI:;: S7."tr'E ... 

,,13::' C ~:rC:!.l15 

1 . ~ 

Experience of ";r..::. rt I.iaison 0 i'flcer 8='1plo;red dU.!"in­

:=':'Cerc:se .... ~ ~ eve10pw the fo11:)\ 'n; as br..lad general 

Ir Jnj Liai~n Offic"'r: 

a . "~'/':sine ir Force U 't'J rC~.lrdin- : 

(1) :rien • and eno 1('" front lines . 

(2) fusi ion w charactel"'isti::s of Bo:otb S .. f~ty Li:'!es 

0) En .. 'ro • d s't aHo:'! f. ~e d1:,' -rc n o~oer ti 

{I,I ':'.lr.:et. 1 cat.io'1s , ".:Ir cteristics j pecull r'~' s . 

n p; sin'" t.c..r.:.:; n:, in. 1'::1 .• i !l of 

obt 'ned. 

(" . ,,~s sit' (' ons Officer i.n prepu.r' !.ion 

!"'a, rts . 

d . r '''n jn' .. ':r 20rce perxn ,pIon :"ir 'r"und OpcrJt on" 

a:1d pz-:;ced res fur SPcarin- a.'l' cooroin.'lt':l' clnse r 

, in~.L in' pp. rrlat.e sitllt,ion ~n. oper tions 3:,S . 

- . II rcqu ~ts :1 or;e- fn., .r/C . 

h . lb n an;'UJ in within hi c ... pabil Hie W Ii h lOi11 r esu.lt 

in the st effect've c10 e .:iiI' ,.. t, rt for the "m,:; 

unit he represE'nts . He is us'.l.llly 'le onl;r "nn:i Officer 

on 6.!tJ
r ,itl! . is r Force nit, he ldll be cx

J 
ct d 

to 'l!r.'I'er a multit u:le 0 q est · ns concemin- the 

ground operation ani sh 11 pre ire himselC accordin-1y. 
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L. STATE 

~3 Air :> t:; Of .i. er on f!.r t shift from 0500 to 300 d il· . C' r-ed 

~·t req eats iss nee, f 

Co s Corn:l 

1 d 

timos . 

In vo, t. G-; A r 

rncar, coo t&j t.eir e fort n .oepin· a 

on 11 ssion req asts, messa '8S , nd ot. r events . 

De cr l tion of un o r tions, pro ble II or It 

One of t Ie in difficult .. enco 'Ins t 

pro otly retu a (X) 

t 

. !l 

1 fa 

on ~ 

8 1 

n t. 

t 11 

,,-) ir 

nt: 

01 C 5 

to 

8810 s ... ch .. ore 
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l10t to air alert airer n . ver returned nUl a !HI reh 

s _de to l:jca\e 1.:,., ~n or er t cicco 0 1. \I'.e j un 1. It was obaorYed 

that nell" ala. ion r.cr",ellta ... re ret.urned ucn f ster tran "Prepl&mwd" 

aiasion requesta. TAce.a very &low in returning the c1rc~t1ne copy of 

the alnion request which eaT. infor.ation as to the reaulta of the aianen. 

It was roted t there .. a iapro 

pI"Jgressed . Fa lure or C 5 to ,..' 

t in this toough, aa the eurei .. 

our copy f the requests pro ptly, 

left o~r records lnooo lete. 3ec U8e or this ... were unable t.c -p requestin 

ts post$.i on t.he status ot tl-.eir millSion requests. 

lrother probl ..... havi .. carica a .. igned to a shi!t who .. ere u: li1e 

to t.:1e. Every elerlc n t 18 Joint C ratio 3 Center ahcl1.d be tj ist due 

too the 1& a wl o t 1"80'0 rta • 

Lack 0: !;pod, reliable eo un' cations hinjered • 

s( e p1.: n or ex. unie tiona seelLS sound . or t 

rfo 00. of 0 U" a ion. 

10 :!IOted 
T' 

tne G-3 Air Duty rficar with e rown Liaison otricera net and "-3 requ ate 

net. Ir.u-lng he exerei .. these !18 ts ere always overlo de<i ard most 

had to be sent C •• with an operaticnal pr1.orltT. It e .. t 1. enryone ... 

~ing an operatio:'\U prlority thou jl 3.(.I8e ore the eOO c t.I e ereise 

this priority d.i not &:'1 m:.x: sfar r tar ... :1 

cencenwd. 

Several .. as~ es of an nlatrative t, re re til d in t G-3 air 

journal. I beli.ve that i should n t be ore 8 t tend t.h jo 

ere a 8Ol'I1 book or 1'0 tine into t1 n t~ a journal of acc ,te 0 er ti 1 

data for which it is i:1terded . 

3. DISCUSSl 

a. Opinion on fact., 

In ay opinion, the pb;f1lical la,yout or the J lnt Operations Center, aa 

1 

operated d\JJ"l :T exerei •• .,.~r, 1. not to! e correct answr. Due to t.he co ,eat-io 

-2-
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a11ott.d to air alert 1.reratt soaet s were never retUl'n«l until a roh 

IS e to locate thera in order to clo_ O".lt the jo'Jmal. t W811 obMrved 

t t n Call· m .. lon request. .. re retum.d IIUOh taster ttan "Preplanned" 

ai .. lon requnts. 'rAce .. .,.ry 8low in retuming t.he c1roulat,1nc oow of 

the aialon req~st whicb £a'" Int~t1.on s to the J"UUlte ot the lIlaslon. 

It. .. not«l t there ... 1.-p~....,t. in this tmugb ... the exerei .. 

progressed. Fail'..l1'8 ot C S to N t I'll our oo;J7 C-f t.be requen. proa,?tly. 

Wt our records inoc ~ete. a.c u.e ot this .. are unable to keep request in .. 

i ts posted on the status o~ their II1uicn requeste. 

Another probl_. hav1nK cl.erU ... 1.0*1 to ah1.l't. who lIVe unable 

t. k • ~ry olen i n t.he Joint 0 .. rations Cent.er a uld be a t.711ut due 

the lArge ~1la18 ot re :orta. 

LaoI.': of [J)oti, reliable co ' cat.!o:w hinJered the per or.aance of our a' s 1. n. 

'!' 'c ;')1:.n o! Cclll!!lUJlic ti ns SM!U sound. Toot is h3 vinC ~.d1o rsmteci to 

the 0-3 Air . tfi::~r with. !lroum !abon Ortloen net a i1-;i req lesta 

net.. During the exerci .. the_ nets "ere a1_711 ovarlo dad am JIG t 1lI88 "e. 

had to be ___ t C •• with an operetlonal rlorit,.. It ..... trot ..,erycne .. 

Wli~ an operat1o:'l&l priority thou/ll oec UN beIore the em ell ~ exercbe 

t. 1:1 pr10rity did not ..an INlh a tar s cett.i1lJ & _b .. thro h r stAIr. IS 

a ncenwd. 

s.veral .. sages ot an adlainistratlve nature were tUed in t . 'J-3 air 

journal. believe that this shollld n t be do1'll aa It tend to; 
Ice the jo'll'1'lIll 

1I0re a acu'&pbook ot ~ut1rw intonat! n t, 

data tor 1Ib.1oh it 18 intendC. 

jc;,~ ot accur te 0 t.le 1 

3. j)T3CUSSJ lh 

a. 0 pinion on tact. I 

In 117 opinion, the j)bJ8ical. ~ut ot the J int perationa <4nter, .. 

OpeNt«l during .. reis. --!'liar. a -mt the CCl"T'llct arwwr. Due to t.t. congesticn 

~-
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I. I'r Iu:!) <;on ~3t.ed 0': oper tin- a '.l ,-3 Act'on C.flicer in t.rte .CL '] cr 

of too J C 0_ .. ! t.!.c 1 Air cree operat.ir.· wi t. ... n ~iJ' roo ~rp3 in a 

to 11) ir' (me perat.ion. The ;)'.ll'pC~ 0 t;e prcblEi w: () to t.es1.: 

• e e ~ib~llt· of operatin tne ct.icbl Air Force a~ Cor?S 

in uil:oct. su;>POl't. 

The pro;:edJrea set lvrt.'l n c pre .• en IUh.t.rJ.ne e"t,& 1 shea lor n 

I' 
) nt"v av .. l.Q. t J 

..; . n;;. AU J Jr. '8 • 

e. 761 -!' c. 

I', d f t J ... 
.1 • ..:.0 

e ulX:\.r' nee 

(1) 1n5tr:1ct.ion waa received in G doctrine, d tie of 1 S j'8r 0 1, 

" , .: o r. natian .1 I It. • .:I, proc ~ltn' 

re .... rr., ad It, poy ic 1 .. t • of .0'. 

(2) ve to field w't 'ill. • 

~:;) Planni na::; A .... 11 I rio ' ~or n& sa t. 

It of Airoorne .;or.- . , 
'" 

,) :; d -~ l'Ouno operatio- s. 

t.!.tl J-; U.r, ctio Offi "r CO! 3' at 

of t! prep!! r tion r L e .~ 8 ry report after 21,00 lor tJle dayw 

t· or to in8ure tn t preplanned 
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:8a1 ru: were nclu 
t.; ~ ces in f 

reco'vod to late 10 be 1xluJ.ed in t. 

WI t . ':. c ~! r 0 era ticn:: !!!.~or· n 'linG t. 3e nN ~.,te nor.!: IUC, t.hrough 

cooporatlon w tn t 're air 0 rat.1ons trloer, 
.~": deci 10M n ~e1.l t.ten of 

cerla n ~eta, wren ..... 1.~r conl,d'lns (r llUtf .et.lon 

1.r eft rt a" as tc l.n~.re with re l.anJWd 111''- • ... ., 

J'l .:-t houra tl"w AcUon tr eer coued on c U ta for 

asions to be flown n din.ct 8 . n.l ' rees; oocrUn'ltod with the 

C
t 
er:lti:m- (' f_icer on talT,ets to be htt by alert aircraft, on c 11 ircra.!'t, or 

_" .,.r31 n 0 - rc t "' -x.>rt. .nt r ta; rae TRod . t ro~ M.'l 

t11 .. l..:!:le ir::roU .. 
d ... tcm ned et.. r 

or av;. l.il 10 Arti.ller. , nJ tool< .. .,,>!W riate action; re .. rred lnt. ' ic-eoce 

:'8Q 

f 

At. 

t.ho ~ .. lr aectJ.on; aupervl forward1" r"l 

r iUr upportl 8 JI IV 81)­

es, !XC..) G • t:-' Un w, 

1 ~ r:- ,,1 1" r.0 c "erencc: !e roc rae. 1,1cns t .-) a r 

tin 

;:-repl nned n i 8a_ons, all.ocat Gn ~ 81"10r Lr t. !oll ... win; I:; G I1\t o. , 

::> Nfety lltWS. nnd, aunorvised t., nt.cranc r Ul 1 u.'''T~l: 

c. n'.13~ 0, ratl NIt 

~ to t. t.~)(t c .. 0 ti n c(;n:i lcte 

us ~ 1:1 Ol!': u". fi .. t;: In 0 s 

avai ahle r.,r J port than t nt Co~eQ e"lUl , 

U. 11r "oroe a 8 ld t.h role of rect:r Pt'Ort. r.-Hl 

it9 m 1 role or Ant¥ J"tlllAllj- . tort',,:ll .. r In t. rl,,- ph e. 

o rathm. 1Ii.8t11cna zoe now en t.w.r ot.a at wo 1 1W lly 

i1& e been at.taCJ,(.ed by Cor:>a or Tia1.on rtlller:, an 1n 80 instan es 

by .,rt.ara or recoUl8as ... rona• 

~-
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~econd: • C did rot Ue Cor .. on tbl air land1n ,11' ch 

or y 1 1.n a II operaticn , ccnstlq' ntl 

tbe lines c£ c nle tlon8 betllMen JJC , Corp. Baadquart.anl, and D1v-

i.aiona 

Ic 1 Ie.; 

&:If ecnridera ly exten:1ed, and callS co unications d1.ff­

tho 0 :>er'lt:cn, 

711: 11 Cv cul ties were experienced in I'P. e~lc: nt 

r. :s.;!f!cion 1: trulned pers nnel an ant .nK 

q' Ip:::l1Ont co II n ~!lP rt the c nle tion 1 It .. l of 

tn • ill :;e of cOnYer r 

for anccdin,'; 

P'curt I «) Cc~· 

t b.Y 4S In 01 

3. a . 0 in1/m3 of t :?~rtftr on r l" 

( ) 

The pe mel at tv A 

Jff cle t.ty tr .. 1 d in t .• 

oreratl~ ... r ~. S prior to 

1.c;< cf coo r.\.: n ar. c 

en which !'es!llt 'n 

were 11"1-

ctt C ltie in 

ot"e 11 tne e tion8 

f t 1<1: S LrU :.etween t!'le A .. an.:! the ~ 3. 

C) Co:cunic\"1.lo!l8 fac1.littea ere !.!1adei;!l3.to fer :..e effiei.nt. 0, 

! tt A'1': S . 

( ,) A data led 0 rc 

'Xi is rat' 

to t operat1;)n. 

b. Optn om of other observers en 

c . Deact'tptlon ot newly rope •• d 1a;>rove nt. . • 

(1) UM of a ;:>urely operati ns 

vari'as missions 

til. lis j Irior 

er not' reco ed . 

plotttn rri. 

ront linIN!, boundries , bomb aaf.ty 11ne , 0 je"tiT8 , ani tar t: . 

-3-
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a. Eq !,pnent t Tran rtntion r r t. 

eN T' t It lnte!'i&nce can be 

level 

Tht. 

en b1 t. un 

c.... ..... . ... ... . 

t ::11"'1 

t r 0 ... · 1. rrt. be ~t.ill eJ 

dev i. ~ 5 0 It l ~ 
en ~ s, au t.. n:i. ';>p.JT' 

t..'la will lns re radio C 
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I. 1 ~l 
e

w 
conai t.ed ! o· r .. t.in a a ' -3 Act.!.on Officer in t!'1e a s or 

O;J8 tio. • o>:.<rpO 

a. 'l'18fesiilit foperat.ln. tte . "cf Tvtlc.llAlrP'~rce Cor, " 

O r + . " 
') . .he I":)ceci I'08 aet ! rth n t' c ~re ant \i.Jctrlno owtabH .. hel for an 

c. 

c . .! c c 

l.iai 
c. 

of t. c 

b' t..e d.A:t.r 

' I ) . truction .. rece1.ed 
doc rirw, , t.iCl! ct ' -; ra: .nnci, 

fac:.liti .. 
natia." . h.. ., proo IiI.i1nr 

on c' , ~ sa1 na, :'\ phy:fiCAl set. u, 01 

{2} l"h .? 

(~) PlAm1 nag. operat,1ona or A .j 1n riol prior to an air at.. 

!.) C 
t. or AIrborne 

,,) (; erat.i.o:l of OC5 ':r:.nt: ,rcuni opel" tiona . 

(6) ;:m ct ,J. euver. 

lJVent. J c • .ckinC the 1r Force 

• 

ry nJ jX) rt ai'to r 2J. 00 r r t!lo d.a.l' a 

niar t.c inaure U1 t pre~ 
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wer!" ere c ~ctj pro I!S In'' of sa 1.0 llest 

d in t. 4:. i::- Force ope tiona or er, coord' nat.n 
rcceiv to 

... iVI 1..19 air 0 rat on O1'['c r,in .. vi -: t "e roq pot:- flerm; "l.!, thrcugh 

-::ooporatlon it 1. air o~rat1oM Officer, dec en: on c ncell tion of 

certa 1'1 t'U'-et5, ... tte r cord i ti~ nl! or enelltf action red c'Xl tt.a -;.va1lat>le 

ir effort so 3 to nter.rere ntl reo \ar.ned .... ",,! '"' 
'li,.ht .• urs t~ Action rr eel' ... ro:e:r~ "n call req~.t.a fer 

"li .. lons til be flC'W1l • n rec t II "oort of pm lnd fo re s I 0001'"ltn . ted wi tn the 

operatlons or icer on ta etll to be hit by alert ai rcr: 't, on c.ll • ireraft, r 

: rc T! 1't. tr. 

d tern' ned .At .. r Ue t. rfet e 0 t1d e air r t 

o r av le ArtillerJ, aal ton Ai' re ri t.e act-ion; reterM!- ce 

i1' section: 3t'" r-. 

:'8Q1.J8I1tinC' reepests 01' r 8Uppo::'t; llUpervi.led t.in,' 

til at on r r tlo is - • ; 

bt.tencir .. ! ...n 

prnpll:.r_'1oC linc ticm of .1' fl'or for t 

--:;! be .) eat t· "Iii n •• crJlnc~ 

c. n'ullAl crera 10na, . reo C"lf'. =- e .. i ent.: 

1.18 to t. t 00 cteJ, II ny t Y 

usual ir , , waa 

v 1.1able for poort t n t 1P lly ex a. CO'1a 'e 1.1- , 

t~ A.ir ·oree a II' ed th role f direc u pert rtfll r 

i 1.5 X) 1 role or A f'f1q ATtill ..... rti. ul rtv in " 

tne G ration. KiII5ivr\8 .era no..-n en t",r-etll at wo '1 ,or. :!.ly 

ve been at-tAc'-eel by Cor;>8 or Uiv13icn • rt'ller", = in 7.)::-:: .... ltan "es 

by .,rt.an or rae 1l.less wellponll. 
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1._ - r +. .. ::r:;.t. 

c ld be ut. .. U.ed 1n l ..c J. ~ pJ altl&ti n S-lcn 

coftring 

1"'· land 4. or lar e zone of opena t.1.one . 

S 1 li~ :1t ~ ... J r ... t 1 

:.It.- Offtcer and • "rl< 

A~ far &:: .. t e 

::'e:!a.l tf!ch"-q es -d 8 weI 

I. ',"_ F 

~ 

Al~ t 8(' " &rit~ .. r ~ I:l":)~ 

r=. • 

T~ pr.:: :..1. did .erve tm in 1- t.it. 

m~vel (1) t 

indi:N!ct s nort. ot Q !_rnd ~orce" 1.n rol r:t A. 1'. ller' • It p v I 

d c rrJ 0 t th 18 S".lcce" t -l1y fOT 

f t e In r rabl. we tl.r. 

(2) t. e pre nt proe d :;.re~ 1 te lq 1 5 e. Ii heJ 1 the d etr 

are. nd . 

0) .a_we t.iona facllities anti wle t.. JJC at tlreeent are 1n&det; te. 

(4) Liaison o.t..reen A'I nd Qro md roree. are e :'ltablh d on a workable 

basi •• 

( 5 ) That \.be present an!lin level of JJC i • ..aquate. 

C an practioal. 
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J('v-" 

"I AI rl JHOUNO OPERA 1l0to~ Scl:rIOt: 

Jon. OPERATrOOS C~;TE.'i 

OPE.~. TrONS 

ov r ~onflicts in .".A 

control measure. pr~scribed in the 8 peratlonal rlan:. of v.rious 

~~rticip&nts in the EXercise, ar. AAA Control ~onferelce wa~ called 

.<- c; L 
at Swartr,er Head~uarters, J-J, t~ coordinate cantr~l asure.. ~l 

Plans of other affe~ted Ee.dqu.rtera • 

. )on--.v .. iliibillty o f lOirlitt precluded the provisioo of a signal 

tea'!! fran the 20th ignal Company ir .t'Owd Liaison for utilization hy 

Jrd Infant. ry Division (:$.( BASJ,s) . As a result, It .... naces ry for 

the Jrd Infantry Division to proceaE air supjJort requests through" COlTS, 

G-) Air COI!lIIlunicatior.s facilities. 

In order to ~pedite sUbmission and processing ot air requests, 

maps of the .. rea overprinted with the 1000 tr.l'lter gr!.j syat 
utL!.i.zed 

~ Air Forc~ units were obtaiued with distribution to the partlci-
/ ... .., .. . I..~/., 

p .. ting cOJr.bat ground torce unit. down to and incl 'Jding",,,,,.,,' .... 

c nd~rs. 
A8 .. res It the Forward Air Cor,tr lier and the ItroUl1d R'orce 

aom. - ders _1 ..,~C ~ 
ntioned above were able to oper t.e from t he s e,map. 

Re1UirelDents arose from t,rOUIld l1&i90n officers and signal teams 

operating with Air Jat.lonal Guard units for 8UQline and s1m11ar type 
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....mee~. l'ni-I!I_ •••• rnll.ge.i~ ... through the interested sp..ciaJ.. staff 

sections. In order to brier all interest.ed 01.1 r persounel on plans 
I 

requirements for ~A a Joint Operations Center briefing team waa sent 

to each of the airfields; Oceoma NAS, Va., Langlq AFB, Va., Shaw AF'?-, 

s.c., Congaree AB, S.C., .. orris Field, .. t.rlt)tte, ~.C. Detailtj plan~, 

methods of aircraft control, target firtrig1and processing of r uests for 

air aupport were discussed by represent.atives of he Air Ground Operat ona 

Section and the Co~at Operationl!l Section. 

Tht' neeessi ty for cloae coordination of fli ,tits of liaison ty e 

aircraft was emphaaized i.r; the operation. Arraneea.ents were made t.o 

coor inate l!Iuch flights through the Fire Support Coordina ion Center. 

;"8 r . ests for air support passed through this c . er, it .5 poasible 

to worK out Lhe etails of coordination efliciently • 
.... v / ..I r' " 

For the purpou of testin' tiar • .ir gNliftQ c:)lll!lluni~t · or:s ~, 
r ",/L <of ~ I • ,.. .j 

an Ai r round ~o=mictlt.1ons Exercise pal condut:te . wi th the participoating 

co:nbat units. D-.!ring the morning hours, ex;:-erienee Wile fained in proeess1r.g 

requests for air OIissiona ~thin the divisions utilizing reraft on air 

alert. Forward Air Controllers 1Ii.th Pal'llchute Infantry :;attalionl .. nd 

!legiaen I ac ually controlled the air-:raf in flir,ht. I)lring the .fter-

noon, r luel!lts were su tted for air 8Jpport by the divisions to the 

Joint r.ti01lI :enter utillzin~ the air ground COIlllliU ieations system. 

R :.lests were processed in the IIsual .r er and lid s:;ions fl~ hy the 

Air Force. 

Final eoordi'lation of ir IUpport r .uir eots for D ..... -1 i&I1d 

D-Day was . ffeeted lOt • cor..ference atterxied by reprl"!I ntatives If 

:1I1 ter.sted Com.Ta.ndS. 

Field testin::; of rer ... des, rine, .moke, colored and .arious colored 

2 
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p~e18 was und~~taken b 
f-~;.J /~,<~.t..?-.J'<J-" • .;".J'~" 

this office, ~,tiTborne Infant!'Y 
-'".",' 

"at j APF Bo.rd No.1 at he lr.s~anc~ o! the elle!, e( AnT\!' :jeld ;':>rces. 

Result,s valuable tC' air ground operations were obt ned. 

In order to provi .. ai:- 5 rl.kes sa 1 t-.: • against enemy t argets 

discovered oy figh er or ~('')nr_is sance p~lot., a syst ".5 ·v:>lved _,. ..... , .. c....;..8"'-' ... -... J,..J~ \,I ( ..I", ... t 'Y 

in whic~ spot reports ~ere .sea \:-y t.he ,cQllbat. opel"8tlons officer IDIax . 
if' w ,_ (',.~ ..... 

to t .e G-J "-ir ctlon Officer ... :10 had ~ .coor.anates nd deten. ine 

desiriobility of laying on. trlr:e. In the event th,t such a strike as 

~r •• rget Officer, a specially design.ted officer in the omb.t Operat_ons 

etion char~ed ~i h resFor.sib)lit. f:>r rocessing ..... such re ,u st& 

im!M iate y to t[-.e Cnief ~.:> !":lU.-r.,f the :.c".1ca1 Air ~ntrol ') nter. 

~ ide wr.er" ef~ rt 

tn wHch • • :. .. re."t. 

.' t " t f ' , 

frie. !.~ force~" 

., e. "J ': ..... : .. t .,.. .... ..: ·;r _e s, -Il~!.. ..eii.te v.:vers 

1:.y Corn. AI '.de:-.' it> Lh rbor:l" u: 1 t. 

be':. ...U.~out .. lr n~crt in tt10se critic.l !.O.lr itt.!:e.:i.:.>ely 0 loy;in' the! r 
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f:-om .aI. urex?e ::~ed c;:)I.O.rce, thus otwi .. tin~ tl e I ece"sity f jr u;.; 

Un ou~ted1y, the ~oet vital pr o~~ faced in &"rcise So~AiI£R in .lir 

C;round coordin.t.ion was "YPD...v over-cadng the inad&lUiicy of the 

facilities of the aJth Sil§l .. l COlLpilny, .:.i r ~ rou!ld 1..:.a1 SoJ'l. Operating wi t.h 

cy;)r.er devices, the c:::nverter, V209,and .el(peri ced crypto-

taoo was ver/ serlo lE"lJ l .. l'!1f'er~ d . Froces:oing 0 encoded rt ft 5illl'!S 

im, peratlor. "enter to p.rti. i po;tir.& Jivisicns, to irelude 

e t of receip the.reIo l"~, consUlted as n:.t h as fo r hours anJ 

tt.ttty-t'ligh J:iinut - •• ' JLes ... ges rar rutted in t e "lear 10m re ~·li red 
lAs ~.~hlit to J"/~~ inK ee, a Nrrler ... 8 cre.ted lfhic . was nev~r 

- :::tir .. ted.,' an excessiv e j;:t.)unt ')1 ti ... 1 .i.- i>1l'den of a :.lnistratlve traIn ... 00 

tran:m:iesioh of op·ratior .• 1 s ries over 1 i:; r.et added il fur he r b rden 

to an .lrea(ly over-t.xed f ac ilit,y . 

,he f ... ct that tr.e :o~ .. rd idr 0ontrf) eMoilrT 'v ed with the o .. !"'!.icipati g 

di i sloo&.. a. 110 te date o.nd, in lTe instances, without h r e"ui~ ent, 
{,. a (f~· ..... (. (. 

furt.her cont.ributed t.o ,t~e , diffi:ulties if, air gl'O'lnd t);erationa . ~cL; 
_ . "" ..,I ,., .. ~ .... :J ~ 

oI r. 0 crystiil II and,e.rly distributiCl'l of .. uth.,nt,ic .. tioo ode!> .~re 

r "'--f411. /"" ~ 
a aitto!l.l fact.ors rena.erinp smoot coordination of .ir 'round efforts. 

During the :>eriod ao "fril - 3 Moly 50 the Joint Oper .. tioos ~ent.er 

received 21 2 iDIId 're-pliOllned Wisllioo !uquests .md 15 

f t.he total of 22 r uest.s received, 15~ .ere completely processed ... .., 
'4'" t I J. 

laid on by the Air Foree. tne 75,not laid on .. re broken down as follo'l\'S; 

o were cancelled d~e to wu.ther; 7 were Cillicelled by he COlIII'anding General, 

V Corp.', 10 were cancelled bee .. ee they had previously been planned or 

laid on; 2 .ere cancelled ,alter Vis'.J 
1 

Reece d been fio1ll'1 d no target 
Q 

d by t he ..... 3 A~r Action Off1cer"aOO 9 .ere 
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:tis pprov ed by the ~ Combat Oper.tions Officer. The tot.al of 3 t.-t 

were ai pproved genera :J fal wi tl n one of the following classes1 , 

Targe of insuft'icimt imrortance for Air Strike. 2. No .llocation 

t of ki.IIlClrl • 
. 

~I'-'S ' , 

The la,=k of tiOle in .hich to cOlllpile thi s report precluded~ thorough 
, • J 

s udy of the operational phase of tr. ~ exercise and thus.resuUerin II report 
....... ",~,_ ........ "';-...,.~ "'-"""'-0" 

entirely in;;.de:;uate tJ C,Jver ' Qpe ra tion of thi s. imro rtanc e • 

Control ~easure. for anti - aircraft ar illery fir - s should be included 

in early operational planning of all Head'1 ters _ d car.,letely coordin ... t 

wi. h ill in erested echelons prior to public.tion of their res, etiv- pl.ns • 

... iritft r .u1re.'lIents for /s ' gruU e"",,,s of i h-
,. ~ .. I,d ,.. 0>- <If: "" 

:1.('11a.l Com ny, ':'ir 
i 'I I. ~ ,', \., I ... 1 " '" 

511 Id be includ" b:{ the or ·a.niza 
:. "\.4 I I.,.: '#...... ~I 

ion!! wut. wrich t ey 
~round l.in s"n 

PI.ns for the distribution of IIlOlp8 to Arny unite shoo d inclu e 

?rovisioo8 fo)1' supplying such unit. 1I'i th maps current.ly in use by Tactic 

:'~r ForcsJ ... lr S pport Aircraft., di stribut.e dC'W1 to ant! including line 

~atta'ion comro der •• 
/"" Provisioos for supp ying. servic~s t., sl.!Ch e::'ecents of toe .ir erowlCi 

o:'eratiof's ayste:r. as ILilY be serving with ,; ... tiol'1.. ~Jard w 'ts .houl be 

coordir •• ted with in .rested agencies prior to dispatch of s:.lch elsnents. 
c:.'~ I L" ""'a-:" ~#>-.s ... . ~ ."~.,, 

" Jriefin 
Sl!I1t to part.icipating air 

plans 0 f til. opera tion . Coor-

dination of Illghts of liaison type ai rcraft wi th those cf high perfonrJl ee 

aircraft sl,ould be provided. for in the operational plans of t.he inter~sted 

Head uar ers. 5 
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ucc~~sive ~l br~ nd communi t ons exercis83 sh?~ld be eonducten 

wt h • p_rticipati.ng ce>c:bat wlit .. sufficierl ly pri?- 0 ~ y to ~nnit 

correction 01 defid eneae. noted .. nd to a fCc rei awdli1WD exper1 ence j n 

processing air requests. :'".,rward Air Controllers requi!'e .dditior;al 

eX'"erlence in CO' l TO ling aircraf+ rrior 0 the mountin'" or an operati<l1, 

e of rna!':e 'ver's and exercises to riel test 

ne'" i te!llS of e¢paent. 

A sim!>le at-br.-via e form shoul t1 be deve1op~ for use ir proces!:i f; 

:- '.lest !,.,r .. ir s:rike3 based 0 s;'Ot raror s obtained fr !:. !'i 'hter and 

nee pilots ir. order tr .. t. a per !lent reeord.~ay be av 
I 

-hle on 

sloch ~lue5ts. I .- <. ". - r. .1 , 
~ ..... II c..'.., I", l"~tl"" to w , .. "," J .. ~A ' \. 

de,.~?~~1 I 

'1r 1d a'l'- resp"! sibility~oC final deeisiorl in deteM,inin .n .. tlack 

.1 er"fr .. · .. inst. a ;>'-Iret: rJ'lT j target. 

The est signal a ui.;:>ILent c rrer.t1y "vai ::ll'1 5::01110 b_ f'umi ...... eJ 

t 

c~ 

1r re .:.drlltent,' 4 i\J.rnishinb expe itious ",i r eTOlSld c 

certed ef ort sho d be p ac UpY.l researcr ... nd d~ve ~ : en t
, o! 

e1ec ronie e luirn. .... t eapa"le of Irov~d1n.> imJ. ~iate, ., end a 1e a' ,J 
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Hq USAF - (no ru. Il.a.r) 
Subject: Report 00 ORT CODrerence or 18 April 1950 

AI 333.1 (10 ~ 50) lat lad 14 Jun 1950 

HI) CClITDmIITAL AIR CCllWfD, Kltchal. Air Force ea.e, New Tark 

TO: 1he Inspector General, USAF, Hq United State. Air Farce 
Waahin£toll 25, D. C. 

1. III c~l1eoce with parqreph 3, badc letter, the change. 
rec~ed b7 this haad<Jlarter. to i tea 2e or Ute pre.ent. ORT 
criteria are attached a. Inclosure. 1 tbrll 8. 

2. A Derratt_ deacriptica or the a&nDer or acca.pllat.Bnt 
of eaCh pbs.e mould be aid, ill the report, to iDClude all .atter. 
prewntiDg Ut •• rrecti". acc_11m_at ot the ai.sica and the 
rea.cas theretar. AJ..o, a raUIII or .aU.ractOl'7 or llIl8ati.tactor7 
mould be awarded each it •• 

3. Ca.e nporta ebould be ut.111 .. d wbere _jar irregularitie. 
&Ad/ or detic1ellCie. exiat whic:tJ ad"rael7 attect the acco8pll.hm8nt 
or Ute unit aiaaioo. 

4. It 1a re~Dded that an actual coeat ertectinne •• 
acare be_anted aac:tl UDit IDd aD explaD&tioo be 1.ocluded .. to the 
bub lIpoo wh1ctl the aeon W&8 awarded. 'l'b1. U7 be included 00 the 
ccwer sheet or .. a tinal paracrapb to the operat1ooal. teat ebe.t. 

FeR 'ftIE COIIIANDlIG CDWL: 

9 lftcla 
1. Score Sheet P't.r-Intcpr 
2. Score Sheet P't.r-BIu' 
3. Score Sheet P't.r-A/W 
4. SCore Sheet Lt BClib (8-45) 
5. Scare Sheet Tac RCD 
6. Score Sheet Trp Carr (lied) 
7. SCore Sh .. t Trp Carr (HY7) 
8. Score Sheet ACM (3 aectiooe) 
9. Score Sheet he Cca (4 MCU ODS ) 

2 

•• P. IIUUJJIS 
Lt. Col., USAF 
Aaat. Air Adj. Gen. 
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nt Wld t'-1~ t tlan - .... t. to 

p trat eather b7 .1 ant.s or t 1 hto ith the _n 

nd/er cone! • at Uoc by 

r Ninc to a : d bircl 

c . 'ill ad 

d 

ts y vo bo 

I' e 0 

to 1M nt 

S5 . 

T- il to r re 

in • witt. unit n U",. • • III it. is 

to conduct durin t.i" rl of th 

c c o! the .te n. r 

'l!t' ~ot.s o t- tl .. fir 

the J"fJ 1.0 'je 

7. rs in n yat 

n-ounC controller . -hi incl t.h 

c t diat. nd precis xe~ t10n r d " ti fr 

~onl~o!ler tor chan?e5 1n s d , et.ers d alti-

t of ns le1 e c1. wi t to &rll;Ot, nd 
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c 1 t.e , . 
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1- lit. • cr 
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b. Knowl.ed. ot the chal'acterbt.1ce and recosnlt.ian fa tur • 

or p otent! 7 h03til.e Urcrart and a .1I1I11 •• • 

4 
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IIblllt.1 t.o pertol'lll el ... ht aorUe. 

p r rcralt during 1& tOUl'-da,y ~riod, utll1d 70 at t.n 

a ailil" aircraft. t lce dai17. ,.!.rera!t. e lot c: uat b. 

e 

_YI ,- '!t1 ab lit1 to uint. tn tie tnte 1t of 

! tion in aceo ance", th sound tactic. d tAoC •• 1U un in 

uvera ltbin the Ua1 tiona ~ t.h 

ot the tonut.1on .ploywd. '!"he unit 

and~ tOnJ;lll1.l.';JDS 

!'lta ot t e unit. 

lrc:raft. and t e 

t ca "ble ot 

%.a in 

cc 11 ;>rec~alon vi t.i ,,.1 . .:"11 II 

aDd err ~tive c "t all. it.' e at t. e a 

tion ot e 1 nav1 -ation larUe st 

reI c1!i 1n r l1ckt 

a .l.&l\ 

IOf1tbiD 5 of the • t.1aIah tot tll&ht. t 1a • 

the tuu 

t -orr 

cod it. T 

b . billt1 t.o n..,1, h at very 0If alUt:ode at¥!. _oc 

"d .. ~t.ed p1A-;>01.at. tar t • • 
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ot tor. P1ahter-' 

I .. vidL 1 

1, ~ r ot II1gn. Hots 0 01, 

rat! 

Ib i lit.J 0 ott. 

t.h 

5. 

th 

le .ntain n p ttlon by vi 

rer 

netr tJ.on - •• abillt.y to 

o~r t, \L!JidnJt t. nd c. 

tors bot Hrl n!. t5 or~.rly 

_Off the overc..t. . 

llltJ' to oJ)4lr La 1.001 v1d 

• of rime ••• 

'7 

y _ • 1 b1 lty ot e . p lot 0 tire an 

in ace r<lance with unit tr 10 sh.ndard . In 

or 

by .'_~""'1:.. 

al l' 

II 

n~ poasible to oondact actual !1r1 durin ttl per cd or th 

• a chtlC or t. 

ot Uat. 

th 

o have 

cor It 'IFill 

ali!leatio 1'1r1ng lthin 
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ab1Utr \0 tire upon tl.t ard r~ gun-

ner,. t get. nd f7 in IICcardanoa with unit trai stand-

In tile .... nt. it. 1a nat. poad.ble t.o c CXlduct aotual t1r1n6 

l.Irin& the period ot the , • check ot the recorda 11 be 

the n .... r t pilot.e '4'\ ha'" qualUl during 

. liticlltion n.,.1ng td..ttdn ttl prev1oU8 IU". 

1 Uy t o tire rockets pan a at d tar 

d uallfY' 1n &ceo a.nce sUn r,:' . I n h 

nt it • not. • lb 0 cend ct act 1 tin. 

of th , a en ek ot the reecr s to t. r-

M t. num r ot pl ot.a 0 hA'( aslinel! r. Ir1 uali.1'1c -

t1 t rill..' it in th previous yellr. 

e .b1llt,. to ~ and .lJ.&lU,. in .ceord nee 

lflth un1t. train1D& standard. In t.h e lit it. e not. po dble 

W cl:Ilduct ct. 1 t1r1n& dur1n& tile nod ot the 0., check 

or tile ~cord. ill e to dete thl n r at 11ot.. 

Uti d dun qualitication tidn "ithin he pr -

a . '!he abilltr to ac:ooaplhh tare. loa. ot airoolT tloJ' t. 

r tt. e direction ot a ,r c troller . Ii inc ~e 

the c.~.bl11ty ot 
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b . :(Dod_dee ot the cbaracteriaUca end recolJlitioo te tW"M 

ot ,.,ot.enthl17 hoatile a1rcnlt. ..1 lea_ 
gJ'OUftd •• u1 

MIlt and 11l11tallaUou. 

c . let! • 01 th. capablUU .. and li.a1htiona of foIlti r-

craft artillery and radar . 

5 
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1 ._ T1 - '!'he rnah 7 ~ 0 

alr~ o tho .. oontr'lll r "or 

n< r 1n toN< r. c ndiU n8, 

be ~ .n ;tu~ tnatN 

t LI err ltituc. r tone • ~'cr ft . 

C /'- U 

t,1rl; " 

" U t v to t e 

l' r t. 1" 

!t1 

unit. W\J 81" C 

c t. any .a i 

ns of d r 8S. 
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5. Y - The abillty of aliCb .,llot to tire ... q it 

in accOl'danc:e ;tit.h tmit \ra1ld~ atMdard (day and niGht. . In 

tbe .... ~ it 18 oat. o:l '.j,ble to CQllduat. actual fir dur 

period ot the ORr, a check ~ tha recorda ill be ~a t o etar 

ainII the 0 ar at .,11ota who bllft .ual.1t1ed durin! q Uti cation 

t1r1n.. within the preYiOIl5 r-ar. 

b . I. .. I - 'lb. ab1llty to optIrate in an air dafenae aTilt 

umar tha d1 r.cUoa ot a grca&r. cClDtroller. '!hill lncllaie. . a 

c ;>abiUty ot t-cil.ate lOad preobe axacution ot diJ"llction. tr 

tho round controller tor cha ... in e;>eed, vectora n altitu 

• ion ot 1 coat. rol d trac ng, ,0sitioni1\; ~ tt. ci-'.in 

h t a r ot by u.s. ot airborne alect.ronie eouip ent . crambl .. 

tr wr1 OWl ~1I a ot alert and 8C nt t. 0 1 it \¥! wi thin timot 

t.a p~.cr1bec! 1n lIj)propriat.e unit tral 

- Tha ability ot t I¥lit to service ai r­

craft. partic1pr.ting iJl t.urD- rGiUM .1 .. ion. within the tba 

rucrlb d in pUcable unit trAin tliD 

8 . !lLSCI - 'lbQl'O~ mowled and pl01-

MDt ~ .. t.abl.lthed neUo prooed ... a (1nclud1.ni a~l"Opr1ata 

J 'a ) and aa1JIt.eaance c4 air d1acipllDt . 
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ityof Hot 

•• 'U' • tlC I nt'-G it. c 

erl'O Qt. 

llt)' t.o co c o te, 

11 ry info n 

it on r tu r 

pot ntl _ 7 hOliI. l.e rcr tt 
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45) Unit.s (cor«) 

nan t.-. ,0 

e~th.r conditiona 11 ble 

T dio bll_ elect-rook aida. 

1. II ) to take oft ndlv1d 
0 r-

c at d l.e aircraft 1.n tor 1.0 rc 

I G- h aC111t1 >er 1~ividUII1l.1 d/ Cor 

i . on t.act. CfU cdaaiorw ring t.~. n ur or d .:1' !III . 

, - ;be abi t,y too loc 

:.Iriel' t.r.r v . 

blllt. 
7. 

:w r tr. 

r :(orwar" cont.roller • Jor ~ r !llt!l r et.1.cal cont. 01 

.1St 

1ac1c 11 

L 
_ 'I 1. a.rlt.1 of 

N\d cy rocad\&l"ea Dlc •• lIar1 tor t • oper.t~on ot t.n. 

a1. rcra.tt. . (\lily n, pre alll"hat.ion. cr .• tb-

2 
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10. • .'ll.i 'D CRIn "tm - n. ab1l1t., to ccnduct. .Uiel_ t Callbat 

ll. 

c"" br1enD(. and 1ater~.t.1OA. 

a . 'the abilit.y t.o collact, collate, evaluate and dies inat.. 

allitary intonaat1on 1n accordlnce with eat.ablished roced'lre . 

b . OIIfled or the charact.eristica and recognition feat.ures ot 

rotent.blly hostile aircrll1't and aU_ilee , ~ roLWld e uip­

ment and 1nata.llat.toa. . 

:3 
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11'5 

1. S':lS, IN'D e ability to 1' ''0 an .ver.~ of 

or aa51gned '\1rcratt albat ready durinp. period of tellt . 

_ The a illty to accaaopllah orechioD, 1I'.axi l1li unp 

nav1gationa ... t1l6lta, utlUldna electronic aida and dead-Mlc rn10i . 

atiOD ot .ach D.Y1I~t.ional aorta. t be 90 ot t~ tl)81 rang 

Htc1t1.d in f p\lbllcatlona, 1 ... DO tak~ott ~ lJand1ng 

p doda. ~Cb Idrcrdt. .Wlt aau lOod its •• witl11n 5 . of the 

.. tiltate<1 total tUpt tia • • 

T nIDI'} -

a . N\8I)er or aso1gDed Hota 0 bold a current "F instrlJDent 

ratlng. 

b . blUt,. to t8Q ott, cliab, nangah, descend , aro lAnd un er 

a:1n1J1:ua: e.ther cald tlaoa, uUlla1n .. an avnlhble radio aida . 

4 . - H1' :.m. _ • abiUty to operat.e ~ t.he hours of dilrlCn 55 

thin the 6 ope or night opontion:J re-uire,j of t ctical r CCl'l-

Missance unit • • 

5. HS'llL R=:.c •• ISS/liCE 

a . 'Abe IIbUit.7 t.0 cCDhact Y1A1l&l recolDtlbaance ani "pert intar­

aatiOD OIl loo.UOIl an4/or lIOY_nt or Sroum end nayal. urt .. ce 

tarmatl00a, equi.-at aDd lnatallaUona . 
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cC'lM&1 .a!M. I t.a (coptd) 

b . '!be IIbU1t.1 t.o operat.. w1t.b accla"ACT ill c QDjIJDCUOO wit.h 

artiU.1']' me! Ilanl UD1t.a 00 adJ'~t. a1aa1oaa. 

ISSAliCI 

• !be ebU1t1 t.o obtaio photocraph1c co.,.ra~ of pin-point. tar­

get • strips and .-aics by u,. ot all type. or cllllera iMtal­

latiooa C paba ot be1n& _plored in the 111 rcratt. . 

b . >be ab1llty t.o de.,.lop. print and provic'e t1rst phase photo 

1nt. retatioo ithin t_ qo.dred b1 unit tra1.nl~ st.lIndard 

atter caapl.etlon ot a a1,a1Oft. 

7. I :l D!!iCll !lN~ - '!'tIol"O~' knc-r d e ran em;> oy-

8. 

De'" or Mubl1abed radio procedures (1nc11.a11ng appropriate 

J 'a / and aa1llteruanGe ot air diac:1pl.1ne . 

aal. am _r'~C7 procedl&l"ea o .. aaaJ"1 tor the opnatiOO ot the 

aircraft. (Olq D. p" •• lIriaatiOft. cree-landing and dit.ching, 

etc. ) 

9. Br.1.:!'Iltr} ,JCl) C!'ITl Uit - 'lbe ab1lity t.o c ooduct efficient cca t. 

C~ br1et1nl and 1&U'I'O&at.1oa. 

10. 1 
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'!he abilit.y t.o col~ct , collate, valuat anj d1aamil'.D.te 

11 &r;J lntcmation in ACcor ance wit s',a lishe<! roc: l1N' . 

J101f~ed ot the ct •• ract-eristies ~d c? it10n t ature t 

potontlally host1.le aircraft, dulles, and e ul ent 

and inst.1l6t1ona. 

e. nUl "bl1.1ty to plan, c->or !nate, d1!J atch d au rviae 5-

a10M direct.ed \)7 hi ar lIor.d~uart.er • • 

1 • - '!be "b111t.y ot til unit. t.o me a1.n:r!t 

p rt.lei tirv. 1n tum-around .!adona Ithin ttle tim l.iJ:Uu 

r crib d in a .1.1e ble unit. tr 1Ai~ tandard. 

3 
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n1 

h ~i it.y to ':00 
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la. precL .. e . 

81 !lat d 

nute or t.ho briefed t.i 

lnaivldu 1 
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lnt wi one 
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'IBt'4'T of I!III l""ed 

iruJt.rument r&ting . 

(cont.d) 

o hold a curre~ 

ke orr, clitr.b, nan"'. e, esceno 8n 

(2 T e • :lity to 

lnl'¥! er inla' eother condi ~Olll! u 1 i; in~ I'll 

Ii'ttilb 1e rll io ids. 

an ...~gnt II' at on - .r.e ability of un t to 

trlit.e el1th.,T by el nts or flights it t.t, 

second pi nt. IUintaining poaition by visual refeNlnee 

the lead aircratt . 

lU8cron penetration 
ability to seem cc ~ac.nc 

• e-

rtJ/cr 

t.o 

.rougt I\ll overca.at, ut.U.1zing time c a. ace ae. aration fac­

tora bet ean fllght.. witt. iI/'\ orderlY ren e vous obo e or 

bP.low the overc~5t . 

5. 1:1' l n.n ~ _ ':be abUitT to oper te indivirlllaUy nd in for 11-

tion on tl.ct. cal l!Ii,si .. na durin t.he hour' of d"r .as. 

b . 
i lit.y t.o locat. II t rOJ 

on 0 p t fin'.r 

flo uij ell -.nd 5, .0 
u ~ of 8 an" pho 0"; fnd 

th bl11ty to deliver 81'\ airborne JJ'\it. to t e 

ithin one minute of 8 uriered ti~e . 

b . The ability to utilh.e apyrojJl"lat fo ation and t.o position 

and drop troope into. limited are., the abe of which .0.11 

2 
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~ c nl\.ll"ht.O ith tot • ., Iss1.gn~ tact.ic!! adesion. 

~:S r 'U 

a . 'ale abil1ty to deUver au 11 bundlea y rll.chute into a 

llilted area, the ai7.e or IIfh c. ill b 

tne t&c lcal ~laolon . 

The a~lltV' to ell ver tr:>ops 

n t.· ir! nrlin 

r:~urst "th 

n into d 

to tao<ll off , seecbIe in !?r:::loticn 11 d d ver 

gll ers to lies! roon. thin one C'.in It., of 

the briefed tll'1111 Oyer tar ot . 

b . ':'ho billty to concuct S'-ider ic -. operati s in fAccord-

ance iti. Itac.dard troop c.rrler ~ ctica d techni e8. 

9 . 'n -:'he .. bl11t.y to CCJlduct. air eVllCllfj ion ::issiuntl, 

incl in the aottintt II; of Utter s an 0 u1 ent, in-fillltlt 

! e lng, .1'0 I' ocel.! err care of' aic' d ClUnd 

nt of eetablisM rlodio and lnt r~hone ~oc.dllrf!a (incl- 1 

?ropria e J,,' /. 'a , and lWintenl'lnce of air 11 ci;>llr.e . 

3 
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I (contd) 

- TharoU&h lcnOlrl.edp or all 

normal and ... rg~C)' procedures a;:p1iclble to tt •• sara OP8r -

t. on or the aircraft· nOflled or t mett,ods of abandon1n', 

i!nd ditcl'l1~ the aircraft: f:nill rlty i h e 

,.rer r ~e of 11 e- &;rino .: itt. ien r(j>/ . , • 

12 . • ':'l'ty to::o uct. rf1~lert co: -

1m. rro t._cr. . 

illty to co Ct , c~llfl 

tar" int'J , I<tion 1n ccord& . .'lCc Itl': S Ii ,115(,e. 

r edur ••• 

4 
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t.ut. tar '4roop arrier.k11 to. {Heau} {cootd 

' ~J 'l"b. .blUt )' t.o t. .. ott, c).1&b, l\I&Y1.g.t. ~, deecenc! d 

and under II1.n1a .ath.r cond'tiona, l&iUaing all 

"'adlab~ radio aida. 

b . l.erIent and Fll&ht p'OI'III.Uon - The IIb1Ut y ot a unit to en 

trate e(Other by elUlent. a or tl1ghts ldUl th wi nil: and! 

sec M ele nt aintai.nill8 poaitton b villul1l rete nc to 

the l.I!ad aircraft . 

~ . .q' <Iron. n«.r tion - The bt ty t.o . seend or " sc lid 

tt rou an onre. ,utili!:i parll ien !'~ -

orB t _n !li 

e C'V resst . 

h ar. or.1er1 y ren ZVO!l 

b~llty to operau indlvidua.y n n r 

tiun n t8cti~tJ. lloiasiOM curing t.he hours of d&rkneas . 

6. e hbillty to conduct air .Vflc:~t.1on IIIi sions, 

inc 00:11& the !lett.inc at Ut.t.era .od e 1uiJDeOt.. in-fUght 

teeding, ~ proper procedure f.;r clire of sick lind ounded. 

7. "I 'If":' - '!'be abilit.y to .Uvn troops and/or. uipcent into 

c18signllt d .rea on IIchedule an~ n ac:cordltl'lce lJ1itl". the .ni,med 

tact1r.al .sion. 

8. .' - .hero ~ j(nOlfl.d~(O an ploy-

nt or ntab.ished r 10 and lnterphone 'lroce \.0" •• (tncluclin 

2 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

c. 

11 . 

THIS PAGE IS UNCLASSIFIE~ 

"" horol I :n0lf If' ;l of all ro-

cedurell. llcalJle to U-,e sate operation ot tr.<1 eJ.rcr"ft: KnOl!­

led'!;. ot thlt et.hod ot abnndooin". cru -lAnding and ditch!. the 

llircra!t: tn.:dlilU'1ty wit.h the roPf r _ ot Ute- II vi •• .J l.p-

II 

It. with .1ch provid d . 

• .I.l ~ " -

It urea. 

-. ability to c ~ uct err! c1ent c 

.111 b1 

. infor 

tl to collect, col ate, evel te Ol d 

t!on in accordance wit uta llsh .. tj " 

J 

t. 
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t1 .,,1.!, • oo"rtlin- 0 • • "a . 

h 1 r 81. rv i 1 Icn 

"r 

th 

at 

ector to noll e I "'e-

tr c ; e •• ctronic 

rod 

1 in 

r the un! t.o 

r set t. 1. rly con 1nl10UII r-" :'iculy ro ~lItm 
ion or h. 

1r pIctu re. 
I.e 'lUty 0 I ·'Ort ~ tto co l.rol cort r 

o j 1 n. dlroct l~n. n 

tiDn • • , r id ly 

n.. . eroe - t.e 

"i nn in 

1r r t . 

ion • 

t orc I . 

1 ht nti 

iSjll d. .V8-

bIll t.' 0 1 Ie 1 f'y 

11 irer rt in 1.10 lIector within FIe in'lt a ter j a pl Y of 

ir-i t1 I pll)t. - ility or it to co r01 t"C'I 11 ~~a aiP.IU1'- r. 0 I _ 

1· 'r en r ... l '00-"' . C')()r 1n' (. 1 1r h. 
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5&:T1 

( roll et'tect1veneS3 to 011 Oa ed on ap U bl.e ':' • autherh t!ons ~ as lr.ned lila 10 • 

T1 
e IlbiUty ot til un t efficiently to 0 arilte 

or lillie :- dill' and I ~~ e u1 
nt.: re ort th • obta1. Ii ith 

aina t1lle c!e .. ay .ceordi~ to S 'a: dentify eLll air act.iyit,. 

in 1t. llrea ot resPClnaibiUt.,. within on. &linut.. ter dh la, ot 

iniU. plot; cotain d report rfldar -Siother into 6tlon; Nco 

perto intercept i ions lIndeJ' V co 11 on an 0 uct 

nile hoeUle countel'-_uure. and .pIo,. e\ti- anuting sure 

tfic ent. bri tings n critiques. 

~. C 

unic tIona .U1~t. 

The ability ot t.t,e ll'llt fficIentJ"y 

C uniCllt!. n ope rll ti 
loy. liee Ie 

C t101".3 nd • I 'sJ utilize a;>Pl1cllble 'rid ayst ., co ., 

• hentic tion .y. t a r.d Oper tion 1 Sf ra 1 1y tran it r 

procedure. 88 N!acribfld in '.;> 'P pu U-

tion tall iDtel"'e ted a nciea or Inata 1 "ions, 

Wl1clltion. "curity and :lut tilJcipUne: Coor-

air urveillance operauon.; lind t111%8 correct t1 hter direc-

tor IVr cOds in accordance with JA l42B. 

J cent. unIt.a -hen r 
red for ut 
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- de c1 or ntcautionary uur. to IS • au 

nd ar Mel. t llm..nt or t.. unit. are 

or We c b111t1 • 
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sc 

( rall ettec:t!veneee to be bend on applicable T .: authoriaatlona 
and a.a1gned lliasien.) 

1. . - Th ability .!fld..ntly to oporat or wc 

n , reporting tho t. obta.iued nth a 

y accordin to .3·~ I. 1',. aoilitv to eatabUah . 

. r a ill .ClI of Ii dec &ted sector, t,., '::1c1:no: detectlon 

of aircraIt· ~e1 'ht det. nJ:i.natlon ot tracka; electronic lat.rro-

gatlen of tuc:Ca: di Plal ot podt,lon: tei6ht; If • a~ ast.1aat-

n r ot a1rcra.~. Iodoc:trinatioo of ncn.'1el in t.ne reco,.. 

nitlon ot OlSt.lle coUDte,...aauna activity lind the plo,.~t ot 

bil1t, ot the UAit to p .... 

aant. claarly a c:at.1nllOI,W and tt..17 reprea.tat.1on ot uaa air 

plct.ure . a abiUt, to report to the' coat.rol clllhr tha po81-

t.lon, direction, "lIIIbar ot Idrcralt, he! ht aDd idar.tU1cat.1on, 

• ra idly • aach IntonaatiOll 1. di la",d. :fleetivana •• ot 

eroaa-t.llin betwaen atationa. 

3. 5 

a. DeI.na1" - Abllit,. ot tb. unit to utlU.e properly air in-

tomatioD in controlling c'-hat tore a. bUtt,. to identit,. 
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Score ';heet tor Tacticlll Coarol !.mit.. 
ction II - Tactical Air Dl!.ctlOil enter (coatdl 

aU a1.rc:ratt 111 the .ctor w 1t.h1l1 one Jdnute a!t.er cU._pia,. 

of initial plot . bllity ot unit to CCl1trol two r~hte 

simult.aneously per control \JCope, coor inate all a1.r actirl-

ti a ithin the ector nd Itt. adjolnin~ ~ct :ra, provide 

navi t:.t!. n 1 !lsi tanCtl to triendl r._~r rt. lost or in d!a-

reas, m! pro\-"ide ir ld !rami nf r ;Ltion to civil and 

:t:i t.ar:,· r.ci •• , to lnc:lurl ... 1. . "bL.itj' t COOu ct. .rt1-

dent br!.etir 'a lind critiQu" . 

b. OUenaive . ,billtr of chief controller to bri.t 1111 control. 

personr.el u;;on receipt ot opcr tl.;x-.a 0 ra . deqv.I>cy ot 

br1etil1i8 u to the curreat. grQ.i.nd sitUAtion, r.ielldly and 

.er:.y air activit1. loc"tlon ot bocb-sat t lin a aod concen-

tor·t.io. s cf .,e=.7 i! • :frectl ve >e 1 ir. c .r.rtlng of grcamd 

slt· tion In t.a!iating IM1vid~£! controllero 1n e.arJ71Dc 

0.& aupport lII1 .. ionl. bil1ty ';It Ind1vldUl>l cart.roUera to 

lupply aircraft with target and on route 1.rlCormat.1on durin« 

1"0' t a:.1asions. Jbl11t of the:.mit ~rir~ ueat ala-

Iler. to :ainta1.n c10e. contact" t.h tt e t ctic.l IIir con-

trol rtlea and to Keep th_ Intometi well in adv8I1co as 

to the Idclt1!'icatlon, Dllllbera, and approach dl ctlon of 

t1ehter-bombera . incanc,. anJ dlspat.ch of tt. chief Con­

troUer 1n anal.,..lag a tactical ait uation , In &&kin! a CCE-

aand deciaion thereon, or in making rec~nclationa to the 

tactical air cont.rol ceter . 

2 
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Sco", !:heet tor .. ctlcal ':ontrol UnIt.. 
ctlan II - TILCticaJ. Air !)INctioo ranter (cQntdL 

1.. c s 
Trau - Ab1litl ot the unIt to utili .. 

cc»aun!catiana O.-r tiD« peraoGDel to 1&111 ... pplic.ble c~_ 
cation. op.rat,112fl prOC.dllrea Ila pr acribed in USAF puol1 C6.t.iona 

and J ·AP 'a. ~d.pta .. a Ott operat.1Jtc pera<lVlel 111 ... ot • pli-

loa.. .cd .. 1 .... CT of c~Catiana •• CUl'it,. and net dbcipl1n •• 

Ulplo,..nt ot COrrect. 11gbt..r direct.or R/r cod. 1n accordanc. 
Wit.h J II u.~. 

5. Ade U.cyof Proca!ltionary ce •• ure~ t.o aafeguard e . tnp-

at..bl1 .... nt of 6n ar.ecu.te unit rlefen .. 

pl.!1n conai"'ent with organic ca b1liU ... 

3 
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ITS 

ECTI • III - T~CTIC i. ADi COOR01. ARTY 

(Overfill .rreeti ...... to be baNd on appUeabl. TOl!.: aut.hcrh tion 
and un",.d ai_l oa. ) 

1. ,IT R'T!( - '!he ,btHt, ot t In1: .rtic SiD at.l,y to advise 

a:t'flIy unit e~ndar as "0 _leetion ot air t.ar~taf ~a sounel 

recQClllendatlons on re':1Ueat a1aaiOll.6 a5 to aircr6.tt And boonb-lOild 

",}uir enta: diaplay ~ jud nt tP.18n ."orkin, ci cUr ."ith 

supportln" aircratt: cont.inually inform allots s to tu t OVl"-

ents, neat, a:.1 tic .e.pon 1110 h aVJ AI concentr t oas in ~h 

tarpt area, IIId Ule ;>oeit.ioo ot !rl ndly troops ",Ii amar: 

rec nd con-eel. /and eUectl w .a oC aricar 0 a or flar .. t.o 

assbt bcat>er a1rcrattl .eke arrecUft recOllllendation. tor t.he 

route. ot recOlUWia.anca a1reralt.; am aa1nt.dn ad uat.e con :.aet 

With the rellr alaMDt.. ot the tactical eontrol ,rOIlS . 

2 . C lJfICATI(JfJ I . - 'l'ha ab1Ut, at t. lnit etticJ.ntly 

to tt.1U.e or Mie ca.aWlic t.lon. equls-ent; end ellPlo, correct. 

voiea procedure., _eurlt, .... ar •• and auth.nticatioo .r.t ... 

aint naDCe at proper radio d acipllM . 
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sc ! - T CTIC L I. 01 CTI P T 

rall .tractivenu. t.o 
ant. .. L n«1 _ton. ) 

ba •• d on appUcable , It thoriz 10n 

i11t.y ot chief controll r t.o r all 

c e. 

f t .. 1e!1n • to t.tl currant it t.ion • • rie 11 and 

eAY r ct. ... vU,. location ot bOl8b- atp.t lines M co er.-

trat.1.ona r e IJ;f A iA. a abllit ot t :.nit elficiera.ls 0 

oper te ar lin... radar .qui~nt. . t cd ene sa in c rUn 

gr aituat.ion to calT1 Ollt e art..1 iON . e H.y 

t.o direct airera.tt by alect.rOftie ana to tar t. t.o 

drop a . .. b lit1 to direct. a)rcr .. tt. in recllion navi-

11 tion. ftic anc), and cI.i ten of the chle! c ..... rolin in 

alyzlng .. taet.iclU altuation an 

tha tAct.iclll air irectioa .ter. 

2. lC"T! S ·\A'rI _ I.bilit.y at t unit !'ic~ 11 t.o 

t. llu or a nic c unie&tion a at. 

nle Uons 0 ar_ti p ... o 

IS 

ti s 0 erato ~ proc ;.trua a P 

'a. depta •• ot oper t pUaonnel 1n 

ppllcable rid 51ste ., codes. \It. .anticator II at .an 

0 rat.ions 1 s . ani ation! c rity 811 n 
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( coot.d) 

dilscipl1ne. ~lo,..nt or ccrrect lighter direct.or wr corie 

10 ICcordance with JAN .. P l42B. 

J . .) C'Jf ITt - Adequacl of preoalltloa&17 •• uurea to sat.g~ 

equi.-nt am peraCIIIM1. w.t.bl1~m. of ao ad uat.e unit 

detenoe plan ccnaht_nt. wltb organic ca bll1t1_. 

2 
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AIR RE<>ERVE OFFICERS' TRAINING CORPS ENrtCL:" :..: ;)}.TA 

By Air Force 

( Inc luding T.hi te and Negro PcrsoDnu J ~ 

rJ ~ ~ 1 ~rch 1949 

AIR FORCE 

First Air Force 

Fourth ;.ir Force 

Ninth Air Force 

Ten hAir Foroe 

T~eltth rlir For e 

Fourteenth A!.r Ferlle 

TOTAL 

NO.OF 
INSTITUTIONS 

15 

!8 

19 

31 

12 

15 

:10 

2230 1171 

3111 1409 

4136 2165 

5636 2863 

2350 206 

~ 13 3 

19374 1012 -

NOTE: Detailed Listing of ~ TC Inati t:..tiom: .-d : . :lpn" 
Data on following pages. 

SOURCE, Air ROTC Enrol~ent Report (RCS ~q:-~C-FZ=' 

1st Yr ~nd Yr 

606 2~1 

Bu3 545 

0"3 590 

14 9 755 

~.·O 544 

"15' 596 

5412 3321 

PREPARED BY: Headquarters Continental Air Comman1, ffice ~ ~-~~is ical 5ervie8s . 

" . 

I 
\J 
U 
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Air ROT'" Training 
J._ 

st Year casic 

2nd Year Sasic 

1st Year Advanced 

2nd Yenr Advanced 
by course tl <:le 

Supply 
Administration 
::om!!lunication!" 
Statistical Control 
Transportation 
~lainter:nnce 

Ar:nar..ent 

THIS PAGE IS UNCLASSIFIt 

R::FC1T OF AlR ROTC S em::,;!::; 

TABU: : TRAINH1G :lATA 

Students Forma ly Enrolled 
D 

YlHITE 

190c6 

9!?39 

53Z6 

Totnj. 2nd :~'lr A~ ·9.11cal 

3Z" 
l4S6 
:'36 
~ 3 

62 
5"2 
_6~ 

3:::32 

TOT AL i";}H:-=: 

lilt Yeltr B&.s io 

2nd Year !:asi 

2n1 Y.;.u- Advanced 
by c-.:nr .. } title 

SU!'t Ii 
.,:.ci:nir:i:; retion 
c=unica tions 
~t~ is~ical enn r~l 
ran port'\ ion 

.·:t1in O"1&nc€; 

ilrr.:'l'Idnt 
::ot 1 2nd Yet r Advanced 

T !J\L I-."EGRO 

375 5 

308 

68 

15 
3 

.. 
66 

1 

e69 

h.'!" ,-
;; 

;0 

:7 

5 

: 
:.a 

Z 

5 

7T l.._ 

:~3 
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1. Ruce'ving mmutation 
5 tshttJno~ 

2 . Receiving ~ommutnti0n 
nif~r:r.~ 

3 . Druwing Issue 
:;niforrr.:l 

... f'rawir.g 1;ei ther 
Cornm'.l !; ion Ncr 
1';5'..[..: 'niforms 

5 . ':nifor::lS on He-r.o 

5. Eligibld for ccrr.oission 
in J~~R at end of 
c rr6nt 5choo_ yaer 

1. Receiving Commuta ion 
Subsist~nce 

2 . Ruceiving -o~~u ution 
Uniforms 

3 . urawing Issu ~ 

:lnif rm. 

~. rawing ~:e ' h~r 
·JolT."IIuta+ion Nor 
ISIIUd Uniforms 

5 . Jnif0rm- On Hand 

6 . Eligiblv fo r commission 
in ','5.i-.FR 'it end of 
curr~r.~ ~~hool yd~r 

REPO!U OF l.IR i\CTC 3"ZrDE 'T':' 

Total 
(B , C .B&E) 

.1\ 

8293 

5836 

315,.6 

83 

:4S35 

2.5,1 

72 

1 

650 

.7 

:r ~sic F 
B 

-.---

-:0 . 

1052 707 

17S57 9C:31 

.... 

. f('~ ~ 3~J:~ k 

r :;-,,: 

:: "' 

. : •.. rc!: 19';9 

',t YHr 2nd Year 
,~71L oc hrlvunced 

5176 3:C7 

25!:i3 :: r l 

2"\ 2 :7"2"5 

: 3 

. : 1 8 

2~5t 

~~ 89 

12 6 

~ 
~ _3 
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REPCtT OF ~IR ROTC 5Tu~£~7~ 

3tudents Formal y Enro11·Jd 
1st YSllr 2nd Yac.r 1st Ydar 2:.·; 

Fir::t i.ir Force 

Eoston l'nivt:lrsi y 
Colgato nivurs1ty 
university of Connuc icu~ 
Cornoll ni7er~i y 
Fordham 'jniversi ty 
Harvare U ivorsity 
Univarsity of ~ussaeh~sv+t~ 
!.:as5achustl ts Ins~i t~1 t:I of 'oeh 
Uni versi ty of Ie.". l:ifJ!lr~h' rV 
Ne';, York Un' v .. rsi ty 
R tgurs ~riv. rsity 

ni vartri ty of 3yrnrus tJ 

Trinity Ccllq~. 
I. illiruns Co 1 uEu 
Yale l!niv"r:aty 

Fourth Air Fereo 

C:-egon Str,te A!;rir.ul+ r n.l Col. 
S ~nford 'niv~rsity 
niversi-y of C r~gon 
'nivursi ~. of .. r:zon 

S,n JOSJ S atu Collvgv 

5tct~ Coll~ru of ~csh n~ton 
Univ"r it.y rf " ... h 
Univ"rsity f "\lUforni.( s '~~J1Ci 
Mor.tnr.o:;. ::'t-::.tel:n·:_rsity 
Mont~nn ~ n.t~ Col _gu 
l.oyolo 'Jni-!~rsity 
Univ~rsi y of t~Jhin~ton 
hrizonn ~t~to Col]~gc 
Univurstty of South .. rn ul'forn' 
Univtlrsity of l;uv_d'l 
Ut ... h St,~t<l ..grie·lltHr!}l Collo u 
Fresnc S .. t" Col ug.) 
Univ_rs' y of Id~ho 

Basic Bnsie hivnnced " V' L' • .: 

154 
lC3 
2E2 
2 -t 

81 
65 

109 
155 
If? 
83 

2;:7 
63 
&3 

1<.:3 
1~2 

2227 

247 
10. 
27 .. 
237 

61 
2~0 

11'3 
)26'; 

30 
137 
15 
Z71 
193 
38 
97 

;;30 
50 

120 

31C~ 

79 
1; 
32 
1~9 

89 
2C 

Ie 
ISo 
113 
.1" 
227 

3'" 

llt3:: 

6, 

22 
130 
13~ 
2t 
511 
,>, _ .. 

::0 
2 

53 
129 

C 
7 

"'HIrE 

3€ 
~t' 
.V 

'J 

.0 

z: 

-

.8 

€3 
35 
::6 
22 
2 . " 

113 
13 
31 
l~ 
;1 
18 
1;; 
1. 

5 

2!tC 

< . . 
,7 

7 
7 
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RLP ... R OF..Ill R !e ~TUDE~ITS 

., rch 1949 

T..BLE III SCHOOL ;,u:, ,.R~' 

l'inth Air Fared 

V:estern Kentucky .5 ate: College 
University of Kentucky 
nivdrsityof Cincinnati 

Ohio Sta~e ~niv~ rsity 
Ohio Univursity 
Lehigh Univ~r5ity 
Tho PeT~ State Col e~u 
Virginia Po yt~chnic 'rnsti utu 
roust Vir~inia Univ~rsity 
nivursi:'y of :,aryland 

Get ysturf -ollugv 
Uni7Jrsity of ?on~syl~ania 
Duqu~sr.u Tnivcrsi y 
Johns Hopkins Univursity 
Univdrsity of Pit sb rgh 
Univ-rsity of Akron 
Gcorgc own t'r.iv~ rs i y 
Virginia 'iIi ~ry Ins itut~ 

T AL 

Tenth Air Forc; 

Univ<;rsityof I11noi5 
COQ Colleg" 
Iowa Stata 
Uni vvrsi ty of reW'l 
Univtirsi y of -'inr.asota 
Univursi ty of :-:i5con6in 
Univ_rsity of ~issouri 
Univ rsity of St Lc:Jis 
Kansas St'"tu 
Uni"h.rsi y of \';ichi ~c 
Univorsi y of Kansas 
Univ_rsityof l:ebraska 
Colorado Stotc 
Univorsity of Denv(;r 
Univ..; rsity of ""yoming 
Uorth De-kota Agr1cultur'l1 Collog!l 
Univdrsity of ~orth Dakot!l 
South D,"kota Stato Co l10g J of A.£.:A 

S:.ud ~nts r ~r,,:::' 
1st Yonr 2:ui Yo r 

. -- :Ld 
!' 2::d En.iic B!:.tsic 

7 
3;7 

81 
6::8 
279 
201 

'. 1 
156 
211 
5f'5 

57 
103 
:0: 
122 
2 

130 
95 
73 

3951 

226 
78 

33.;.-
293 
1 .. 5 
238 
336 
326 
212 

75 
61 

20' 
27 

20 
119 
161 
ll~ 
3 .. 

Cont'd 

·;8 
2i;~ 

53 
266 
207 
113 
19 ; 
leO 
158 
2 1 
31 

20.7 

17" 

] 7' 
21-

1.7 
23 ~ 

51 
155 

' , .... 
33 

11 
160 

12 
103 
104 

77 
'16 

. - . ----

-;2 
33 
f;9 

1 
';'7 
37 
15 
37 
19 
?5 

Z8 

~oG 

" 
3 5 
f "" 
.5 
57 
63 
22 
2·1 
30 
30 

~6 

71 
:::S 

'0 .. , 
5C 
~3 
:>"' 
~ . ' 
2& 

I: 

:C,\I" 

need 
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lGPORT OF IiIR ROT 3T ~S ITS 

Ten h Air Force C~nt'd 

3 Thom~3 ollege 
V;isccnsin S ute Tc cr.(>rs :::olle " 
Br~dley Univ.rsi y 
T.c.shburn nicip5.l r.;~d.versi y 

fo l"e Dume University 
Pur~ue 'nive~ ity 
rni\-er~ity of Ir.di.n'l 
Eel1 ':;,rttl 
Butler Jniversity 
'n~ver.'ity of :".chi n 
:icr.ig' n ~tatu 'olle~~ 
Io.~ic! i~}.n Coller:' 0:' .!~ 
.;; .yr.e 'r.'", r~i t:; 

TC7nL 

Twulf ~ nil" Force 

Unh-er:;i t;' • nrk'lns'ls 
l)ew , ·-"ire " & :.: 
0kluh'Jr.l<: A ~ 

Univdr i~y Ok uhorr. 
Texas I .. ~ ... r. ~ 
Tex~s Schee l f T~chnology 
~niver~i ~~ nf -LX~~ 
lo'lisi· n'l S , a Univ r~i "I~~ 
Tul!..ne ;:niv) r:; ~ty . 
So thwustern Ll . In:;ti 'l't ... 

Sou h.:rn _t~edi:;~ 'ni'; '.l:"y 
Enylor ~niversi y 

TOL.! 

J.E. of 1 :.:.:z.c" 1 '4. 

Students Forrml1v Enroll'il 
1st Yeur 2nd Ye.;.r i,.. "e . - 2::d Ye:.:-
Busic o·,sio !:._'~ r.';v.J ('''1 

312 
P4 

1 
11 
:-3 
51 
105 

56 
1-3 
:>-17 

99 
1 ~ 

5 11 

61 
99 

3('6 
3 7 
5b7 
Ie 
9';' 

:,17 
87 

221 
<iE 
92 

23CO 

IG8 

24 
182 
21 
1S 

2· C'O 

~l 
'7, 
' . 

.'-'u 
:.. 15 
2es 
40 
5. 

175 
3[; 

• '1 
1..' 

?C. ... 

, .:. 

L 

1"'4 

l45b 

51 
41 
r.E 
.>2 

2v~ 

'S 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

Fourteen h Air~ 

i.ln Polyteehn' e Ins . U _ 

Jniv~rs' y of hl.t~~~ 
Thtl Citnde~ 
J lemson Co llege 
Georgir Seheol of T~chnology 
··ni ... .,r~it:,·,.,f G"orgi'" 
~isSisMippi Stotd ~nlld£~ 
-niv"rsi y rf ssi~si.Fi 
Univcrs'ty cf Floridc 
'nivt;rsi ty ~f I.:iumi 
~:or h "·.r.JIin St.:-td :;olh:gt.: 
b'~S : ... rO!int.;. Tu .. chers: Col ugo 

ni-;brM :" -::f /;orth 'I re in 
Univcrsi ty of Tt;rJlo.;!:Su.) 

THIS PAGE IS UNCLASSIFIE~ 

':tucents F I":'!.'!: _ . ~1 )c 
1st Year 2nd Y... -.- <:. _. '. --- "2r:'1 Ye-::r 
lit.sic E· :;ie =-__ '_M~~ : "fr.need 

;:-~:. -

17~ J7 
.316 :(,2 59 

e2 it 
101 120 
104 77 0:; 
80 ;9 ~e 116 r.C 
83 50 t. 2e3 228 7';1 

1" 5; 37 ~-

1(;8 1:3 i2 3[ 
33 

6 ;8 57 ;6 .,. 
?" • r 

16,$ 253 7;: 

15 ()I) 6 9 "'9 
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R£ ORT OF "I R .• ; TC '>TL~':: -:.> 

Fir:;t l.ir Forco.: 

For h .. n 
:':-lssf1.:hu5Ut-t~ 
lL.H YJrk :jni\rvrsi y 

T r; .. L 

reI...: 

Loyoh, 'nn'~r~it:: 
J r zor.'. 3" ..... _t~ 
Fr ~nc .. ',to 

=.=..::.:.:....=.:. Fere 

T 1..1. 

Ohio'> Btu Un'vwrrity 
How'. rd lini v~rs i ty 
:'niv('!"Zi Y Jf P ... nn,;y1: nin 
Duquosnu ~ niv !" - :ty 
Un'v_r~ity f F' sb~rgh 
Univ~rsity of \~ron 

"nh'brsity of Illincis 
n'v"rsity of I .~ 

~niv~rsi v of ~iscon~in 
:Jniv<.lrsit;. of S d.:; 
: ni 7"rsi y -:Jf liich' t 
Univurs'ty of [qnsns 
Color c St:..t .. 
. nivur::i t" of Dcn:ur 
fr'J.dlu:' ·r~.i7 rsi y 
~nshburn ;~nicip',l . ;v.rrity 
Univ~rt;i :/ of Indi',nn 
Univorsi y of :'ichir'r. 
~ lchib nn SLte 
';oynu Unl v .. rs i ty 

!'"C .1 

Sturi ":li~.s ?0r- : _ .. _ .. ' 1 ;0 
15 Yenr 2nd Y .... r j" ' -: _. '. r - - '2'1d Yver 
B sic 

2 

'Z 
oJ 

1 
1 

9 

50 

2 

5 

·1 
1 
7 
1 

3 

1 
1 
5 

25 

:.co::' •. j ",.~C ~d ------
, rv:{o 

1 
1 , .. -
3 

3 , 

1 

3 

l1 

;; 

:3 

1 1 

: 
2 

1 1 

7 3 
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Four eonth Air Foreu 

Tuskegeo 

70T .... L 
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REFOR7 OF AIR ROTC STUDE T5 

reI: 1949 

TABLE III ... ::HOOL S· ':':.::1\ Y 

~tuccn s rill, l :: _. - il.d 
1st Yt.u r 

E de 

2nd Y·..; r--l -~ .. r--2:.d Y'_. r 
.:"d··r"need 

8 6l' T' ~~ 

6 60 3::' f: 

306 185 8. 
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AIR RESERVE OFFIC.ER;;' l'R.U.;:NG CCRP:;; ENRO~NT OAT"; 

BY AIR FORCE 

(Including ~hite and Negr. Pars . DUel) 

no . CF 
AIR FffiCE I~TITUT 1J/:3 

First Air Force 19 

Fourth Air Force 19 

Ninth Air Force 22 

Tenth Air F. rce 32 

Twelfth Air Foree 16 

Fourteenth A1r Foree 8 

TOTAL 126 

NOTEI Detailed List1ng of ROTC 
Inst1tut1ons and Enrollment Data en 
following pages. 

so fRCE: (FtCS JIF-SC-P162) 

.us of 15 Fecruary 195. 

S'l1.1DEIlTS FCRKALL Y r.~ ~.:.. .::r: 
ElE.J: rr ,urr- ADViJ:CED 

let If ~ l!.Lk ~ 
2311 1797 ee9 53j 

3118 1873 824 786 

442" 3530 1231 1139 

52 1 3325 U,93 1371 

1957 1652 12.8 8Ge 

~ ~ ~ ~ 
07~ 13772 ~~33' 5142 

FREFA.~D BY: 

Headquarters, Continental Air Command, 
Office of Statistical Services. 
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~IR ROTC Training 

1st Year Balie 

2nd Yeal" Basic 

1st Year l.dvanced 

2nd Year .idvanceci 
by course title 

rtirrdnis r ation & ~upp1y 

REPORT OF AIR ROTC 51 IDENTS 

TRAIN! ;'G DA:'.l. 

Students Formally Ento1~ 

::ElIB 

16754 

13564 

5514 

rtircratt ' ~'nter~nce Engineering 
rtra:ament 

2724 
793 
131 
157 
362 
46Cl 

Cornmur.icationl 
GoJll1ptrollership 
~ir Ins ta llations 
Trl1Os porta tion 

Te a l 2nd Year Ad ancel 

r TAL '.:HITE 

1st Year Basic 

2nd Year RUie 

2 d Ye fl r l.dvunceti 
by c ourse ltle 

rtdmi nistrut10n and 3u?p y 
rtl rCr t u~inten~nce 

oll!ll1Unic fA 10ns 
Comp ro 1ership 
7rdn8nor a t i on 

Tot 'l l 2nd Ye&r Advanced 

10T.;1. YSGRO 

~ 
49 57 

43789 

NEGRO 

316 

208 

116 

29 
1 
:5 
3 

49 

85 

725 

As ot 15 February 1950 

Other Students 

39 

24 

28 

191 

6 
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P. PCH~ CF : IR R~TC .:;r:O::::iIS 

As of 15 February 195' 

co:.: :UT "TI01~ 3L'B3I3TE:;CE ","J) t' .IIFO~:': DATA 

1st Year 2nd Year st Year 2nd Y3 
~ Basic Basic ;"dv:lnced Ad\'c.ncod 

1. Rvooi"7in~ omr::ut thn 11467 ~ 6511 4956 ::'ubsister;oe 

2 . Fvcoivirl{; Co=t!l ivn P_;7 1159 831 36C9 2558 l'niforrns 

3 . Dr_wi. ~ Issue 3"'''27 17595 12T2d 2905 2339 Unifcrms 

" Dr wint: :"~i her 5 5 C~=ut~tion :or 
Iss ,..) 1.."r:' fcrr.lS 

i::GRO , 
Rdceivinh Co=rr~t ~ tion 201 116 85 

.. 
J bllLstence 

2. R<lCo)i-;in- Comr.ut·: ion 33 1 7 15 nlforn:.s 

3 . Drr"':ing Issue 692 316 207 99 7r, rniforr.:s 

os . Jr c.l':i~e; Nei thor 
CO!!lr.'lU t . tion Nor 
Issue lini form3 
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REPORT OF A:!1t ROTC STliDE, l'3 

As or 15 February 1°50 
SCI VOL StUWlY 

Student! [ormaJJl ~olled 
1st Year 2nd year 1st Year 2nd Year Basio BIl§ic ,dnnced 4dvanced 

First Air Fot92 mUTE 

Uni on College 
55 

7 rewark College of Engineering 
56 

33 
Boston llni versity 

117 116 67 .35 
Colga te thl ver sity 

21 77 25 17 
Univerait,y of Conneoticut 

.364 205 '0 47 
Cornell Universit,y 

.372 184 65 41 
Fordham UniverSity 

104 97 69 49 
H~d univerSity 

26 4l 18 23 
Universit,y or ~ssaohusetts 1'Q 

97 50 45 
t>, tassachusetts Institute of Tech 

121 126 .34 50 
University of New Hampshire 

228 1.31 81 42 
New York University 

l42 201 41 34 
Rutgers Uhiversity 

218 209 49 41 
3yracuse University 

60 81 8.3 45 
Trinity College 

51 74 8 13 
Williams College 

33 44 20 19 
Yale Un! versity 

40 106 J7 36 
rtensselaer Polyteohnic Institute 

50 
4l Stevens Institute of Technology 

--1!t -22 roTAL 2301 1789 8C!7 537 
Fourth Air Force 

Oregon State Col 
27.3 176 40 43 

3tanford UniverSity 
15 45 34 26 

UniverSity of Cregon 
243 148 2B 32 

Univursity of Arizona 
212 140 63 44 

San Jos~ Gtate College 
30 33 43 4' 

3tate College of :lashin"oton 
266 139 56 63 

University of utah 
42 62 65 61 

'rd versi ty of Calif. (Los Angeles) 
444 258 39 38 

I.on ana Sta te thl varsity 
198 68 22 23 

c.Ontana State Collogo In 88 n 19 
Loyola Univorsity of Los Angeles 

174 100 46 26 
t!niversity of ,lasbington 

337 222 J7 66 
~\r1zona Gtatol College 

205 110 20 13 
University ot 30uthern California 

7 29 46 45 
Univorsity of Nevada 

32 
Utah State Agricultural Colle go 

309 97 186 154 
n-esno State Colloge 

11 18 17 17 
University of Idaho 

166 135 45 43 
iontana &ohool ot l.anes 

~ -lQ 
TOTAL 3095 1868 824 785 
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REPORT OF AIR ROTC STUIlEllTS 

Ae ot 15 Pebruary 1950 

SCHOOL StKdARy 

studen~s forme~~l iD£01l!~ 
1st Year 2nd Year lat Year 2nd Year 
~ bRig .ldvanll!!~ 6!i!!I!lSZ!!!3 

Ninth Air ForSZ!! EHm 
University of Louisville 40 44 w,&J:Ii !.hi vors! ty 51 34 Western Kentuck,y State College 98 68 52 12 University ot Kent~ 283 235 115 82 University of Cincinnati lee 149 59 76 Ohio state University 850 516 P/7 65 Ohio tm.versit~ 340 192 89 36 Lehigh Univers?ty 292 186 33 29 The Penn state College 451 362 101 57 Virgi.n1s Polytechnic Institute 149 131 64 66 West Virginia !.hivers1ty 172 150 60 47 University of Uaryland 775 747 122 31 Ge+tysburg College 56 63 28 13 University of Pennsylvania 25 82 48 36 Duquesne University 162 141 72 42 Johns Hopkins lhl. versi ty 35 28 8 20 University of Pittsburgh 92 106 61 57 University or Akron 129 102 42 33 Georgetown Univorsity 39 65 35 35 Virginia !Ail! tary !nsti tute 88 62 62 68 Ohio Wesleyan University ~ -ll 

TOTAL 4259 3429 llB7 805 
Tenth Air Foroo 

University or Illinois 252 178 33 26 Cee College 81 46 22 23 low state Collego of Wi! 338 237 58 55 state Ur~versity of Iowa 240 179 55 53 University of Uinnesota 84 98 85 82 University ot WlseOP~in 238 204 53 38 Univorsity of ~ssourl 354 188 79 69 st Louis lhl.vorsity l.48 159 115 164 Kansas State College of A&AS 3P 190 55 53 f-lmicipal University of lf1eb1ta 67 44 37 33 University ot Kansas 30 61 71 48 University of Nebraska 2m 123 46 44 Colorado state Colloge ot AJA Art. 471 165 48 53 University of DonVbl" 10 26 54 Un1versity ot Wyca1ng 44 21 7 16 North Dakota Agricultural College un 95 32 ;t'I Un1 vcrsi ty ot North Dakota 89 32 16 28 ~th Dakota state College ot A&UA 88 32 13 ;t'I 
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REPOrtT FAIR. OTC 3WDE S 

AS of 15 February 1950 

3CEOOL ~.':'::"~Y 

Tenth nir Force Cont'd 

Colle e of vt ho~s 
5uperior ~tnte College 
cr cd ley Uciversity 
"ashburn :.unicipn l ni versi ty 
University of No~re Dame 
?urdue Un~versity 
Indiana U:l iv~rs i ty 

B~ll St te Te'chers Collegu 
Butl.r University 
Univursity of :.i hiJ&n 
:':ichig= t, te Co 11e e of ., oX itS 
":ichigan Colle e of 1.:&:1 
7' ayce Un~ '1t:rsi ty 
Univ~rsity of C0troit 

Twlllfth :,ir Force 

{jnive rs i ty of I.rkcmsr::.s 
Ne\" ~:ux lco Co11"&6 of A & : • .A 
Okl horra •. ~. Co 11vga 
Uni ':drs i ty of 0 kluho!llG. 

TC'T.:"L 

"bric~ltural &: • echnnicnl College of 
Texas 

Texas e~hnr 1o :1ea l College 
l-niv .... rsi ty of Tvx. s 
Louisi"n-:: St·,t UnivlJrsity 
lul.n" Dn: ver si ty 
'>ou hWdst .. rn L· . nstitute 
30uth~rn..athodist Voi v,rs i ty 
B~ylor Univ~rsity 
Leuisl~ Po1ytuohnic Instltutd 
University of Nuw -Oxico 
Univ u rsity of Tulse.. 
E Tax" s Toe.ohors~Co:'lege 

TOTi..L 

Students FOr!lla11y ~nrolled 
1st iear 2nd Year 1st Year 2nd Year 
Basic Easic Advanced hdvanced 

254 
H2 
100 
25 
46 

217 
H5 

49 
61 
:!9 

404 
55 
29 
13 

5184 

13·~ 
91 

375 
:!·16 

5 12 
12 
16 

112 
27 
38 
12 
71 
H 
36 
36 

135 

957 

'T.HITE 

191 
40 
60 
24 
56 

147 
281 

49 
31 
18 

247 
54 
57 
13 

3320 

114 
59 

212 
215 

329 
85 
78 

212 
54 
82 
49 
90 
30 

13 

22... 
1652 

99 
16 
44 
11 
34 
52 
98 

-1 
51 
24 
33 
25 
24 
39 

H82 

87 
±6 
78 

1C5 

229 
f;0 

120 
60 
:!9 
·17 

107 
6" 

9 
38 
47 
<t6 

12~8 

57 
18 
N 
IG 
26 
42 
40 
23 
22 
36 
85 
46 
31 

1362 

43 
32 
59 
73 

203 
53 
88 
69 
31 
<i6 
77 
30 

2 

806 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIEU 

REPORT OF AIR ROTC ~TUDErT3 
As of 15 Februar Y 19 50 

SCB OL 5UWAR Y 

Students Formally Enrolled 

F"urteenth ';ir Force 
Alabama polytechnio Institute 
University of Alabama 

' The Citadel 
Clemson Agrioultural College 
GeorgLa Institute of Technology 
'niversityof Georbia 
.. :iuisslppi :)tate College 
University of ~ississippi 
, r.iversit;r of Florida 
l'ni ver 5i ty of .:16111i 
.:erth Carolina State Co llege of 
Sa.t Cnrolina ~e~chers Collo~e 
University of !:orth Carolina 
Gnivarsity of Tennessee 
D ke Uni'Jorsi ty 
Florida State Univdrsity 
Univdrsity of 30uth Carolina 

1st Year 
BaUo 

113 
232 

65 
175 
140 
102 
129 

40 
393 

50 
A&E 133 

41 r,., 
45 
64 
46 

~ 
TarAL lJ56 

GR.d . .'ID TOTAL 18754 

2nd Year 1st Year 

Basic Advaneed 

1M 67 

~79 119 

72 72 

55 59 

115 82 

49 53 

~8 63 

78 42 

263 88 

91 105 

114 58 

17 27 

6-'. 73 

33 15 

12 41 

~ .-£. 
1506 1006 

1356-~ 6514 

2nd Year 
Advance!! 

3'7 
76 
54 
58 
55 
44 
64 
30 
74 
34 
33 
29 
53 
20 

1 

662 

-i957 
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RL'7 RT OF AIR R TC 3TUDENTS 

f'rst .Air Force 
Yale 
o'er dh&l!1 
~~sachusetts Institute of Tech. 
~:ew York ni versi ty 
T.illiams Colle(8 
University of Connecticut 
Boston University 
Syrac se Univ~rsity 

F.urt~ Air Force 
LO;)I'Jla 'Jniversity r' 
Arizona State College 
Fresco ~tate 
University f Oregen 
University of ~rizona 

;~inth Air Foree 
'Jnt.7ersi ty f CinCinnati 
Jhio State University 
Howard niv&rsity 
'niversityof Fennsylvania 
u~quosne [niversity 
] niversi r of Fit s W'gh 
Pennsylvania State College 

TCTAL 

e !os 

TOTAL 

OTAL 

:'llni ipal ..'niversity of l':ichita 
niversityof Illinois 

"niversi ty of rowa 
3t Louis lr.iversity 
University of Kansas 
Co crado .:.tate Co Hebe Ji&:.l irts 
;';ashburn :'unicipal University 
r ni ver si y of . :ichigan 
~chlgan 3ta e College of ~ 
";e.yne Universi ty 
~niver8ity of ~nneBota 
f'I.1ntue lJniversity 
Butler u~iqqrsity 

TOTAL 

As of 15 February 1950 

3tudentB Formally Enrolled 
lit Year 2nd Year 1st Year 2nd Year 
Basic Basic Advanced Advanced 

:5 
1 
:5 

:5 

10 

4 
5 

4 

13 

3 

121 

2 
1 

_2 

161 

3 
5 

4 
1 

3 

17 

1 
1 

2 

4 

8 

1 
3 
1 

5 

2 
9 

85 

1 
2 
2 

101 

1 

1 

1 

.J. 
5 

~ 

1 
1 

2 

1 

39 
1 

3 

44 

1 
2 

1 

1 

:5 
1 

.J. 
11 

2 
29 

2 

34 

:5 
1 

2 
3 

9 

1 
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Fo r eenth Air Foroe 

Tuskegee iJ:1i vcrsi ty 
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REPQRT OF .;.m ROTC .:iTUUENT3 

As of 15 Fel:ruury 1950 

SCHOOL 5 '_~J.R Y 

Stude~ts Formally Enrolled 
1st Year 2nd Year 1st 13ar 
Basio Basio Advanced 

lGGRO 

115 ~ 59 

T::TAL 115 89 59 

GRAND TOTAL 3'~ .I. () 208 116 

2!1d Yaer 
Advanced 

40 

40 

135 
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::::- D u..icl'l:: 
C_ .... ll~ •• . ,L •. l\ '0 .• \.;n 

.·itch 1 .• ir For I'') B 5_ . ;."".. 'l"rk 

;~ TC 33 .. 

!;liBJiCT: I<.es ul ts of the 19.9 ,.i r r'orc', .<orc Ev~l uati ~. fr Cr ..ir". 

TO C~:>, rmdin Gene r als ', Cor.tinent-. l " ir Co"...-' •• d .• ir e ... s 

1 . rr r:sr:itt· d hu re'.'.itr. " r o the r osults ~f th . ('xH,,:i .':tti -. 11 

~iv.;n c :> ;ar F-'roo i-.orc c _d..:t::; dur inG th~ .• cad·.r..ic Y ,r IJ~il-l .. ,J 
i:. ch f 0 11 0wi r~ r c'ls: 

:1 ,. Rarc ... u'i liryi ·.~ t.x'l:"in!lti "r., n .... - 3 - i"'-i-irst Y . r 
BJ-sic ~tudo"t:; . 

b . 1 tr-xluctio:J to U F - Fir .. t i,,'lr .'\dvonc cd . 
c . .. d:Ri is t r ti ' .nd .il1tAr .r ··· .n b"rr:..;nt- !:.Jco":'J 

1r .. dv..!!1c ud . 
d. .. ireraft .·lll!1t ,,;}:.1 c .:.ri;ili .c. r •. .;- ,-, c o .• d 'i,.lr 

.dv.;.e l d • 
'-' . ... ir Fr rc · ··m IMC.,t- ~ e ond Yc r . jv llc .'d. 
f. 
t: . 
h . 
i. 

. ·ir r('~rc l.; ~ ... - w 4ic 'l ti ·.}:l !; - :"~ e 

.:.t .tiSt lC·.!l Centrol - "" . C ;) .. d 1 

'i r r' rc :;, !) u'! l y - ~ •• e "ui Y ... ", r 
··i r t orc e. rransport:lti .J " - S,-,c 

.1 '{ ... fi r "d" .n:: 1 • 
r . . iV" :1C u : . 

.\ J",,:cuJ . 
~d ) f.J. r .~,j: .nce • 

2. " ir t 1rc. Ct:ln!"· .. 1 rll, rrc f . ss ?r s r .. ir Lci· '.C .d 
c tics, l r.~t ruc t 'rs ' .. r.d .qlsist'lt.t lr:st r uetor~,o;111 x .-in" 

this r f rt " d ...... ·. r ., .'. e · 5S r v t.k<. c p·<.;ctiv ~. otl ':. ".d/OT 
r ("'/it.ila s T ri rr f rforr't!lC ';i h ... vivw t .·; . rd i-Fr ~vil 'b 
. . i- .ta:'v tr·lir.L .b • 

3 . In~ m!.~or pur r'. s ,, !' of this :.r.d futur ·) ; v~lu .. ti ·n rc; ­

Ferts is t o r"v'-'~ l u r ;..~s ;o;h r r r r'- r p rf '> I"':"l'.c,- 1 .,. Is "re 
b· iLb -':'tir t 'dr"d , t '> irdlc.t .. t; , ir .cti ;.1: 1 n At:icr i:~pr .v,. ­
'-ltE sh"' u11 t. -~ _ , <.nd t o '.ff,rd ,c s ·:.ti.l f ' Ct6 f ') T s.lf 
ir· ct. :i '1. 7 · 1 pr._ 'I t "' r cr .• f'rt )f tr" ~ 'rtruc t " r. I t is thoJ 

1 t ' r f. r r: wt. e. is t ~ ,·!" t i-r.F rt at ')f . 11 Sl C its 
f1' ctiv r li:: , ti 'n on tr. rt >f !icn i: st!'1Jctc r A111 ir. -

flu r.c th ,~ r -v.1;n ••.• ~ u~v ..... ·._nt .-,!' futuro .. i r t>-,ro, offic l. rs. 

:'n ;- r _p:. r tl :1 rind d",i .istr'lti :. f th o 5 1: ·x·lnir. -
t i . G ",. r ... ~r.e-rlisr. t r. r ' .gh tn<- c ';"F r 'ltiv· fforts ,>f 'Ill 

i" r s .. nd i'':Jb:<.j in th·· .. \ • .:: p r .... .:rl- . It is f 'J lt th t tror uCh 
c nti~ u· ' e 'f r·~tiv" . ff e rts the I ... ,,1 of : -s ruoti ., . '''''ill b, 
i-pr v _d nl r.:r " ff _ctiv.J ' J . lu...tl or. t och rJ.g Ul s ·~,;"u l op ... ; . 
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;"tr Cc:-. ,c t ~G's Cor.tinont!ll n.i r Conn)"d n.ir Fore ( f" t'J. 

5. Ihis r e~ rt ·:-;iH be b r urht t the :.ttentio:: or i1-
t . r· st" d Univ" rsity offici Is, th'lt is mtlnbe rs jf the ci,iliar; 
il.stn.totLr_l st 1'1' .n t c ::tod l~. 13 c' tl "1 I . ·Jllmti n, th­
~ ilit~:·y c oordi m r, nd (..oh f.'Icnb(;r of tho " F~J .. ' C stofr, 

,,' cti 'jl~S s t 1'J .. !ms by w· ich future (. v!;lwtion rroc .:1ur s 
lr ,J r . r,c-rt s O -ln be r.lr r l..' hu lr1'ul .. r a c ' lic1 t_d. 

BY ce ......... D Jl.' " "X'" ~ ~ ... it • LB"!c.R : 

1 I~cl 
h,-c lts f " i r r UfC c.x-..r.:i" .. ti c-:: 

10- ; i.: f of ~bf!', U!;"F . 
5- hi·Jr , .. r.j :i--ld r:rcus 
5- Cr.i f. ~"''7 .1. Vr ~'lti . s 
5- ;(, >ir 1r . iLl .t \';O'l:"U: 
5- CG ., ir U .i~ _ rdty 
b- CG .1 r ; 'It ri 1 CC--'! 1 

IJ- Cu's C r_,C . ir : ' rc s 
3- .:...ch .F1 C ~1 

~1(~f2 . 'fAj .. t- f,z",-
/. J. H. 51.OSS 

V Lt Col.,;.~ US:.f) 
.\s.::t ndj Gcn 
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'::0: r::: .s 

R"l .r.:! t:S 5 ;,r "ir-I- or ~e -,iid' vour:;(' ex 1."::in.ti.)r.s 
n tho "ir R Ie Pr :lbl" 

Prl!::-:: ::issiun 
~tiliz~ti,,~ of Ex~in .ti0n Rcs~lts 

II hch.i.C ';emont of .,ir RO' Schools or. th,.. ,\r."lu.1 oUr;it; 
Ex'min ,tions 

~'_~cr 1 S= ry 
. vGul s of ~=in~tlonsl School :':0:. ns :.lid !"" r_cr.ti c 

R:.nks 
:,d':linis r ,tien lI:d :"iHt'll'Y ~·::.n::'€:f . nt 
,.ir~ r rt :' intcn::..nco 
.n.r::-• ...nent 
~:::rr.r:ur.i :otions 
1r.tro-1~cti~r, to t'S:_':' 
3Ltistic'.1 'or-tr ol 
SUPFly 
:'r~'1s, ;)rt_ti:J 

III '::,)r:iF ris r, of :Lnic (j , .! rs of "ir :0:''; S.)hoo15 0:1. 

IV 

Ei;ht . .ir "CITe '::0=5C ,-:In.ti.>r.:; in LH7";d 
md 1315 -~9 

nn lysis f Tes t Itu~s 0 th _ . .r.nual .~ir ,,0-;- ::: ~:"lurs ') 
Ex ."-:1 in. ti Jr.5 

~cr.~r~l Sur~_ ry 
n.(i.':lir.istr-:.ti.Jn .ct : .• ili rJ' '':'' n ,:= . . t 
"ir r c.ft :: ir:t',n .nc" 
Arm.:.::l'"n t 
"'or.- •.• U1iic .. tio!"".s 
Ir.tro '::l~ ti"r. to 
St~~is'ic, l Cortrcl 
SU!l:,ly 
"T:-u.ns-':>rt ition 

V Rcsul t s of the !10;'C Qol Hfyin Ex .::;ir, ' . ior. !i:~-';-I9-r:1 

r~ tur n:! 
rw-;-.:: R -3 
Sbd~.ts 

5 ' :J of ,,00 P.OC'C :l~-3 

l' st R· ;iU.ts f ~' irst Y,.r •. ir :< s1 

i 

1 
2 

5 

'6 
o 
;6 
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i"pprolc;1CS to the E':alIHtior. of t~n Eff" tlven~ss 
of Ins truc tlon 

Pur?OSC nd ~cthocl 
E":aluatin& Inetruc:;lG, in Introjuction to USAF 
Cono',rison ot Result:; of .. lr RO~C Course Ex:wi-

D'l tiona (1948-1949) and ROTC ~u3lifyin Ex­
~ination RQ-3-1949 

S~~ry nnd Conclusi ~ s 

1}0 

1 --111 
l~ 2 

117 

129 

Z.- ... lu:l.ting Instruction in Seven hir ROTC Courses 1. :3 

Ad::Jbistr tion 'J.nd ?:ilit::.ry U!Ul g<nent 1]3 
"ircr ft ::-intcn ncu En;:; ir.cerint, lJ9 
" r:r.=.,nt 1,,0 
;; O!!".':lUT. i c -ti ons 40 
3t..otisticll :or:tr"l "-,,J 
Supply l~ 
rnnsporhtion 14:) 

11 
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TI'l'U 

Co~ositp. D1ztributlo~ ot School ~Ea~ Scares 0' ~ir 
ReTC Co'..lr3e .!:..~-;:inatloru:. 

Result:: of Admbistration and '1i1itary .• na("el!lent 
~11Qatiol for rifty-five S~hoo1s. 

lIbtrt.bdion or leboolberqe. arII 8618::1" Pc,.. 
ceat.ll .. 011 tM ..dnir.istration Ilt1d !A1l1tary blunl-
~ont Ex ~ination. . 

~:ea~s <l!l6 Purcent 11e Ranks on _ir ROTC Sch:>ols \fhich 
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C:-APTt.R 1 -----

Ei!:~~~ ~ !:!!-~-~ ~ F.LJ..l.: ... nmS!.! ~ 
... 1 k RO 1'C rtOG N.,.. ---

1!!:.~~ 
The eleneowl f act is th(.t c.i r_foree - •. -1 tlc ecu rc€ €lI:bllIwat1-..ns Lore 

dl ectly &D closely relcated t.:> t.h e r;'L-:! quest1.!l ,.re our SLir Fore() 

11IJ1'C scho(' }s achievi .... the cbjrotives that thoy t.ro: EUr't'osed t.:; rE-acr.? 

This :!lflj')r resp onsibility r.;;st8 upon the shouldc, rs of cvcry' lnstNctor 

r.oc every supe rvisor and they s'1J~1 be nble to cnswc::r this questi 11 

the tcecher for his olas6 __ &l., th" S t'C rvisor for his !loho... i . In 

o rdl':r t o c.nsv.€r this ':jut-sti c:l , it is n('C (;~la ry to LoL8c:::bl(. l'll the escen-

tlal inforn.'t1c:.:l !.oDd c.vuluat() the se fuet6 ";lth r u"rl.."10e t , the tlttain-

cent of the bou ls of Alr F~rcc ROTC 6on~ 11.. this ~vc. luution procc6s 

16 !1IIloy-.o;ided, c n ti!1u" us . ,-,nJ Gh.,1..1 ind uc..€ r-oth Sv jt.ctive and cb-

j ctive ~ 1.1.. &S :lr ~ ... surE- s. In r is 
I r J "vulul. tiWl pruoess . test-

inc thr0u(h the US \) c-f UChiLvel"V.. , ... ~ nc. ·. ti ,n s ") ccupil.s u e OJ rtiinutc 

n slgnlflcunt role. n;ll;16 ly tObt c1 ir ,'1 l.i", ob.}. etlv~, v a lid and 

Diet. 6tuUl.ll t6 ur~ de vcloping the 

l.:vcl r ('.oc ::ll"pl1stI:lCnt ,..nd his pro fic1<.nciEs blld dL. fici(;IlClcs 10 

hls ChlJ of IIpcci.ul1&atlon, Wl" for th .. purp.:>s£ of providint; the 

a ircotor r.nd Ofl ieer in6truotor Q fnctu(ll busill in tt.r.:I£ .:>1 Jbjcetive 

1 
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'. c t r._<.l t5 Jor ct.'_I!I. 6 ir. pt. rs;;rl ,lt.. I, ~rot.OCUrt.6 .::'1 ,.J1ici<:s . 

j-' rs .a . 'lh, ! ir' c r, ti: i' r f e et ' r _f .. ir Sci .. c... ell ~uctl.CS, Coll 

~I .• sct.J 1 ir:st.r .ctClrr a. r e 0.11 1: .olv.;d Wld thou ct. they p!:.rticip6te 

i :. i't. v'.I·!..ti ~ " r ' I n.: . ir. Gil. r •• t rol ... s, tney ned ... ", bun fits 

f r .. it. L. subs'qu I.t Fe.rr.r"l"6pos 10:1C 0 1 ~n" sp<;ci1ic ue ... s " f 

:.eri '1 (, .... :I t .Jr C Q, .. r :;l. -:x .... :i.t;. tiv~ s by the instn.ctor , st.p..rvieor c 

_ine r .... i11 bE; list<.ll ... 11 ~~i.L III 01 tnE; stl..11 ::-.L. k e 1.o6C 01' tt .... 

b Eic '. '1"1 , ,t U.'. Sf o.~ : - y be inti r r (; t.-> 1 ir: a U ·~ rc.t ;'.&y:.. . 

!.o,/ tr.( lrstT1 (' t :; r Us · s +t.c i,yrL"'li. ti • h ... cults -- -- ----

i"l r"tf. (. 01 tn; . str ('tor' 6 1.:. ! • th t< 5"t6 is c:t.:.iit.st . It 

l' l!, 1"1. :" li z "tl.e . - oJ r •. cti n , t u Ol t - r 

r~c critie .. l 1. ar-.i ·.>; ~rh.:1..1l' 

\.. r 11 r t 1 t6 t;n 1... :::; 

tt, .. i.' i ..... 1 ~tuGour t ..... 1 I is cl ... u· , w. I e.; s in-

t · Li, .• tIy o r /.u; , rt cuI·.r " E _I ! ~ r 1;.6 is 1 rt.ctl.Cf.1. Sont:. 

or tho :;OS i :1 V~ (.~ !. i :;truc ..... r 

_:' tirl1r c on. i t.:'" j • r tl 1:.·. i ..... _ .. 11-( t.i n )1 i.,s+ Tt;ctl t, <TC 1:. 1 

! 0 10', r I 

1. .. 0 . e 1 p .... t r - i .. t; 1. r o~i · .... , <.r. t _ v lo 1 Cl c!:.OI . 61. . r.t in 

,,~ Cr. cJ!..rr c ~it :, r I U.)!l t. 

~. oLO Op r .1. r 't. 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIEL 

s . c ,:,.p... r .. prl..SL.lt o .. i V\.lr.w;' '.' t b p·.::t e.oLi.ver.<.:~t in 

r~wr tv 'JctCTffiir! tt" r(.t;E; (,j pr:>,·r"SE . 

4 . 10 e ~: ... r,- the eeni!. V,,~:lt 01 r.i [ Clb!"S \.ith :>tr .... r e1 Sti E 

11 ~. ilr. tr.t ~.,ti :-.r>l or ~ir-f=ro& -~,i<1o :lJr.-1 or 5u.naurd . 

;11'1 r <.nccs in n. i; r 'up r.no r kc. 1 .. 650n I'l~w.1I v.itr tt.cGf. 

e .. ri r tiro .S i:, :-. ir-.d . 

o. r.l,1' iU i;nws c 1:. •• L.aiv· c!t:t.l "uo>il'li iiI.Culthe!; ill 

7 . r~ ct.11 !l t~ .• t1):: to) c<.i"totd t piCE :lr sub-topics h rc 

f O. i..~ ret 

o. '; t r e ' .. · .:!t. Co ' .. sis .. "" r c ... 'leeli7' i'tn ~.'~ sty,: . t's c uc -

;J. 

1 . 'i' .trib t" n." cbj ... cti\,c r '..i·, tu 1.,- ::t.u .~'.t's fbt.1 

C '.Ir c. -r ... t... . 

uc .... , ••. , • , •.• t.) r 1- i ' ly _t.ell E tu1 t 

... r\,: I}.s· be .... j' t~.t. r ~v .. l or i ..... ivicu· 1 

i:. t.:r II ..» hit l.l.lity '-1!'.~ d t rt t flYC :.t.- l.~ t.n..o1:.Jr ;)no; 

I'V.11:,: HI ) r-..,. .. 11 Ilis i: .• l"l cti . is r C ",i v\. , by t.is stu l:,ts . 

3 
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1. '10 !lu t~ ri:1 e tlic (Ocl.iu v .... · ..• t 1 v( l ,,1' (; 01 CClJ"e e : r o.lJp i :1 

:: . . 0 C' t WI ·ver~ll t'ic"t:'.r ..: 01' t;Cr. C 0\.. 1"~ (. Cr 'i> in ro1~ti .n 

" .'. isc '. r c ~ rs ... " ~C •• 1- .. t.i..n fit.:l~5 ·.,t .... !"\. t es t r"f".ltr: 

b. lO pn \'i ~" (. c ti nuill~. r· C ... ~ 1 .d.l v .... -: w t in ,h~ schl') 1 

t . prwiJ" chj C l.iv ... i o r-:.ti .1 . • c> s t .... ' ... t's ··v vt. I.t 

7. r pr ..... ~!_o r:. 5 i:. • r ',', r ki.; 

e:. :"l t .. :; w c r.i:: · !J •• '. ~\ . t 

.1. i"._" i.!.l.:: ', r l..i · ~ rcrf'O .1; 1 Ur t.r .... rt t.- r: 1ts -- -- ------- ------ --- -- -- ----
1. " r : Lou tl. ... uc .h,v :;t.tu~ at' ... :..cr. 6cl:v01 1: . .. cl. 

C ' rc i:-. c .t' r' r_. ,'Ii r. ( .. ' t:. . • 1 .. r . r ' .. , J' 'C . 
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or \.or tv t,,;t~rJ:.i...t;;. t..l.to r' ,"c II pro.-r fiE . 

ivi::ll.bl t'Uj>i1's ~Ll.cu1t.h.s in 

7. To 01.11 t1; ••• ti ') tv C· 1 u.i"1 t pies :> r 5ub- tvpic5 .,.' r c 

1O·fti. .• " r;;q·lr ... t cb.ck ntt." cl.t:.c1Oivc -

:l 5S of L.s r~cti __ .• 

upil' r ' .. c~· v,-r..'.l.t . 

jLC ti·. c~,.. O! r.I! O\.~ \.l·~c'ti 'X\..Sf . 

10 . :J 0 .tribu:.c n." obj,-o tiv,- r".'.i : L t /,,- ~ tv l -:t 's 1'i:,(..1 

1.1 rd or. , t t:t.id .. I. ~::tv iv·,tt) 

UOI :1 ". i • I '~, I t • .T r', i .l ly uuol. f" 1;u': t 

- r'" ~S', 'tt is C r J.t. r .vv,1 of i:, i\·i ~u!.. 1 

'11 io .1ths , t, 1. ... 1p l.J " 1 1.. '- J uor.i . \· ...... :l .H "I.e" st\.. ''''; t 

il. t.. r .s <Jl hie nLl l ity ~,.~ Llf.T1O d t e;ivt; I.r .• l .• rtn.ctvr Ol.C 

11 nis i:.:: r~cti . is r cd, ... ~ b:: t:is stl}, cr.ts . 

3 
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1. '10 . .!"t ri;! c. tl." !;.CI:ieV ... nt 1 vtl 01 Uf ,!)} C01.rEf.' ; r ')up i n 

,. {cr,~Jl • 

.: . , oJ .-"t Wl C"IIA)r 11 i'ict:llrc 'f e',cr. C(; rs( t: r 'Jt> in r,elc.ti .!l 

.: . Jisc • r c . r s<. f' .. c·ali::_i.i..1, lit.:1 5 '.r- r.: t<.:st r,,~,1tc 

o. ~o provi • c.. C I tinui!' r con. 

'd.ior. 'Ni. r i j{;ct c t 

7 . l Vp r .:1,. .. :.... br.sis l ... T r 1: ..... t .. :.... 

v:. ;'\ t. cc,i: .. c ,~ • '- ..- t.t... C t·rct.. . 

V:" : t..r.,- • Et .. ' f: Itr; -- -- --- ----

C Ot rS IJ . 
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Io (;;v,,11.. 1;0 h" C F.-I"btivb e.chi ... Vl::lJ 1; ir:-: Gch :<.: l 

ccrx..1 b spe ci i f'd C .Jrs s . .. 1 wit.hfP.rticul·.r rd . r .c 

t. .J '.ll, . i ::;~ r tive c !Isi " r c.."ti. s :nct 'AS ti. .... " t l1 "t,'1(l.ts , 

s U .I..:; t bu d , -iu ... lity. t. .• q . . , tity of i:l:.tructi . .1'.:.1 

::.t..t. ... rl'.tls , .... '1\.. <, urticult. r E r._ l's p:>lioy U:l pr!<cticc T<_­

·'. r lin t> Air ': orce i<.OlC • ·;rsor . 

4 . ~o ~ t~ ct ch~r'i:" s i.1 t l.~ ob~T!<ct.~· r of t ho tu A<;fj t FJPu1:lti ~~ • 

• ~ r " p. ri _ o f ye r:-. 

5 . . 0.( t(.r ~.i: 

tr ' i r.i:.t ... _ 1 l ~. strJctors is : sir' b t,; . 

c • •• ~\'lh.a t,-, t~ ch L. U! ... ir, slrlv·ti :;, 1 ::l!.. t'ri!lic . 

7 . lir -C't .!.-: c .. · r o l !:i-:-·· ic~. t :J r .. ~ curricul'T t.1tll.f.(;i:: . 

tr_ !:i i i -.u 1 v !s .)J (. C!.~LV""· .t in f't cUlt' 

"' ci. lZtiti. Ii " 1 .10 . 

tr.~ sc r .• .n ls; Jirf:t , ·,t.r I..-J o ')p r .. ti ', "'. Ju rts to Lo' r .... on c c. ~ 

;'j -~ i· . ... :; ;" ' 1 .... f G -S . vI Lrl ~d l .• : . tt.: .. ~l·;1' ..1 (' tJ •• 1s i : t.:.r.(; 

thTticlp',t· 1: LV·J. " ... tl:.L ~ t· .0. 1; IlChl· ';C:.<,.t, t TL " 

. ·hl rk u.,; Ttl'· ti :.50i 5 . 

5 

L t .:> -:! 
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01 rly '- 'i.. _. St.ut.ll ~1IC. t ."r tunlly it.cor~ " r •• t . 1 L.tj dr:,: iric:..:.t 

tt.OUlf. t-Fr v-:':i": , X ·:iJ.'l ti :l Q\.d5ti..l... 1.~1"6 to!.(. b:;tl'"'.c t or s t" 

=!,,,w \ r.::.t the y &n. t r yi!.,· t ) !.tl,1· .lse , whbt ~ xp _ r i<.llccs to ?rv;:ic.: 

1 r rtuc~ ~E . ...... ! '10 ' t ,via~.ce Clf ! r \\th th -y nt.:st l ook o r i ll 

I .. C ... Cl UE1 .. , tn., ' f r " , tt.~ .. xul.~,u ti -n c~. be, ..... ftu: ... e, 

.:. 'xu. -."ly l."lp l rtt. t i. :-tn.!:',t;nt . Ev~rj' eX!.lllan: ti . t.." c~,., r beth 

he "Xb .. : .ti n a fl ... ets 1.1 ' ir 

r.t,1 i' r:c s~,s t... t.tit :Its . 

I:.fof.r t.E is .. \:-I-~, l :r osslble , t., (x::.r.L.'.ti st \. 1 .. bl;: 

C !.S :r' etta :1 

o. 

t!,~t t.. :'.' t, 

r c ult· ! i:l 

co: f f r~1. t to.>;.> , 

t o t r ir, ~.c r tt.; • ;Os '.c . ry . r c !'SCE :1 1y. 

n.sultf: ~f l~..:i E Is ... SI. :: 10 

.:;1' ct ~.yir . ~,I iCI • .,ot-a siz ,,' rt:f.I.;1h~tLn . i .1!l t ... rio.l 

~, t t r e 

).& .i 1 • tl 1..~ to', ... 1 "I .. , I :: i z i:.' ~( tllad s f 

st ril. ,. u!-' I r Sp .. ~t1. I,: c·, rs 1 l r ... ,<.(1 ' ji .. ·. ti .. { . tl.·, S L\. t.: t.s 51. uld 

o t-i~l'. pr 'L C i(" i i ,. ·' ... li zi· i. , n.. t...tl'.~ . '..: .. ' \.oJ _to .l~ . 1:-. o tr. r 

, r.:!s , .lr.SU'. 0 1 C_US1 .• ' tr. tl' .Kl:. pr.co;;E t. .. ' L .!>rr_. 1y C'l. -

1:: ·.~il · i!:,:- 0 .c vis ~ Ul.,st.l. •. l' r <. xt.-. 11: ti II P SO tr .. t tr.cy £tr-.sG 

jU-b-.lo.":t , \c, -lu 'tJ. 

so doL.::; . 

.1. o ri!;L .. l r <.:.cti I.E r:' • y ct.n 5 .. CO;o) d in 

6 
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CHAPTER II 

ReTe SC ·OOLS 0 

The. J.ir TC cOUTS'';- elu .. .nir.c.ti0n8 wora r.dninistar,,:\ t v 8092 stu e.lts 
In 112 c(ll.-'1~ r ~ uri-:erJitios throu·-hout he r:1t-f'd stat.S. 1:1 (..11-. 
ther'} wero eij-.t c ursc cxt:imtions utili~e,1 . E(.ch c' ursa ex:.nin .ti,-.r 
..... 5 or.o~~ "f ei ht~· (PO) nu1ti;le c .• ce (five c.1ta rnfltlvcs) it·:t:s cO";(;r-

in, th" si::-nificc.nt ,,-rous in the fu11rNil\. coursu fields , 

1 . 1.c:ninistrution (inl ~i1i_·,r:: :.l:.:'Ul.- ont o 

2 • • ,ircrr.ft .;-intenflnoe :::n~inot:lrin.~ . 

3. /.r.-n:-.ont • 

t. . Cc;--:ur.lc(.tlons . 

:> . rC'~uct~cn to us..F . 

6 . 5 fl+isticn1 Centro 1. 

These ,our~o ox ::-.im.ticns or' ..... .icvc ~.c."l.t. tl.;rt which co ·cr th" 
i::-., or !.r. l' ~ , .. ~. ·.·10.I;:es o.-.t! ~.I"r::t:..r1:[::s i:-•. :;;(.ch d' the i;:ht J.ir RC7 

ccur~ 5 or ~,b fi' 1ds. 

"ho r.u .. ~ or .1' !!cho<>ls tukinc el..rh •. xU::1in,tis r. • ~ric. n .• ..;r_at_!'t 
numb"r. 11" ~ hole . toel: tho 1ntrodu tic!! tc U5 • .F ')".~.in~ti·n; th" ... tAll­
cst nu:::b(;r 1'1' ~choG13 . Sl ~O[j (7) . t k tht;; .. r ..... :::cr:t " x...r.inc.ticn . 

, .... st :c::!r", c:}Il"Ils the nur. . ~f ccrr et r_q:o~8 :linua 
on - fcurth (1/4) th~ number of _rong r~r~nscS . 

The rbzult~ o f ,ch of 
of stud",nt 1cl.ic':t. . r. ... z t'h 
seer.s for 1eh cxam~ .j ion. 
giv ... n bel0 .. 

h" .. igh· cX3r..ir cti::n5 r'~': ~l a wide rant;e 
"n in I _ rr..ary of th .ow st 2nd higrt;;st 
Tn~ l)tt~r r~ ult~ an ~Idi 10n·l d ... ta ar. 

7 
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19'~9 •. i r ROTC St ;!Ct.ts . '- . , f L C7,'C !l 1: r~~":j . ' i r,c ~t :·~ . c f 

Cour ~v ",:;(c!:tin :.t i on Slt l.J" incd Schools Sccre 3c- or c S~o ~ - -
,S.dnini s ~; r ll ti en &: 

'ilit r:: ~ r...r. ,,,c" ert 1379 55 14 49 75 80 

... irer + i::-.~ LT:'.:,c c (,97 30 21 55 78 An 

l. rn.. r.J.clt 
154 7 13 53 76 80 

Ce:'..mw:i c,. ti \.n s 225 19 10 62 eo 80 

Intr !u~ti " t - u:: • .F 50'; 3 112 
1) 9 79 eo 

Stu'l l:; i l'(. l C-ntr 1 2(>9 16 26 51 69 80 

Sur. l~' 
306 18 22 ,52 76 80 

Tr(.r.-, -rtoti(" ~, 
UJ 12 23 48 7B 0 

T. n - (. , frc!". zeTO s c - t 0, ~ ce re cf 73, wns tht t f e r t .o 

h the sl",(. lle st T is 
The (TO(.t ,,:: t 

ex('oin- ti" n, lrtT ' ':u _t:''' n US~.F • Th t:'~ nt;. t iC':1 wi 

11' ;:C:1c r 1. t h t u~t th't cw: distTibut~ the 

th:..t f r Ste, i s t i>:[, l Centr 'Jl. 

;cr hn wi"t.:T T. n G'3 is th" . t e r t est. 
exr.ninc. . s 

The TreW'. c r u\'e r ' ,:'3 S~L r .S cf 1.!:c oi Cht t e s t s r ''':L'' fr r. 48 t 55 . Ti o 
l,iror r. ft . c.i J"1. t; I nc e c :O: f't, i nr.tion 'd+', r.a nn (lCo r e c f 55 , c.11'1 th .. Tra ns!, t c.-
tion x(.:".im.ti - !' .'lith .1"0.n sc~ n cf 48, • • . r o the hizr_ :!I t t:.ro 1c 'PIcst ,~ o:>ns 
r esr ccti '"c l~. 'L e :- o£> n s " res en t ' ;y.:'l"!in",ti c ns r (I .;:ed fron :8 ~ o 55 ,.ro 
:'l!' ~' in~ i:: ~t'. th t he torts wt:: r e ,,:,,1. cf e quu l l il'fi _u1 ;. i:o-"cfL r, it is 
hoZ' Td c '.lS t o "oJ:_ en:; rn l .. sicns r s t o th , tlifflcu1t~' cf h" t e sts unles s 
e.t le r.st th" ~.(; L.T, :,,·ntc. 1 ,t ilit:; "f tho \ r ri " u~ cl'unin ... ti c.n ,:Teu:'s .... r '~ 
t:.PPToxi r.1:' e 1;: q .u •• l. :1 1) c efi itc 1nfcn',l. ticn 'n tt-c 1,_t-t r .(" i nt 1r (.·.'ui1-

c. I e Lot rr c ::ent • 

1.n t.n l~'sir, .f tho t os ": r .s u1ts tho " ' rl"Ul! S h·c 1s 'Nr.!l ;>L:.r,ncd. 1. 
istTit ut10n f no W! :: co r s of (. 11 I: '. > t u!: ir-o r: I' ll<- ifia rX14Clin!:. ti ~ n Wl.S 

red o . T'1 1 1 Ir!;rer:t s tho l '.t , r t o:>t r ... : 11'tr ff r r l1 c ",urS l t. x ur:U.r". i ens. 
Th-.. .:rc t e st nuro c r 1 :Jch X' ls t _k i.'l.~ b cours fI cx, .. ,. i r, t i "'IJS 112 (In tT o­
d\Cti n t lJSnF). 'I'h > r .:..:o e f (. t.if \' .ont c"! o:.·.ch ~ f "r'" I'xw:. ir.L. i ens is 
vc r ~' wide. f.'O T C:X _ : 1e , on tho Trl.n . r t l .. r. e x:..r i n, hr. , or.o sc t- :)01 of tho 
twc1vl. (12) whic h + ,:-ck ... "; Clll.n in< i n t. tt, inen !l r cr, S. T O in he l nt r 1"VL1 
72-74. whi1 1') two of tl (.. t ~ lv ' soh .... o ls o.1.t :.. in<.; -\ r r.T so rc cf 30. The Tont

e 

of o.chiov .. :rC Tlt l r. the Stut ist tC I;. 1 C r.tTo 1 o x(;.",in l;. i . '/I.S th\. snullc /!t, 

nr..C'J(;l~' . -v:; en soc r (; s fr ';O: 35 :> (.b rut f .' . 

8 
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The vto,rillLilitl' in the achicvcnent of Ute 7r.ricu'l sehtolll It. c_ch 
GXr,.· .in~tion :; •• ~ l<. 81n,,1;;. thou.:h I" t t ("o accur!l.tol;' . nr.·.surec 1:: ~:" . '. rir'L 
tht. !; choo1s with the lowest l'lI~nll . !'Xl .. II.. scne 111 .nth the nich' st !'k)·ns . 
In 5 rr.o oeses. the seh:lols with th..: 1cv . .;s t ::Jot-nil l'ehit;\ied r o~-:h l~' "'n tho 
r.,ve: rc.:c onl:' hc.lf (,11 r.uch as the schrola which r ... turncJ tho hi.:;i1(>st «vor'c,'s . 

Tho eru1e quetients of the cividon or lowcst seh 01 r..ec.nll t;· ho hi .. hcst 
II 1.0(>1 n;c.m; fc.r each the ciCht ollwnin(.ticns revoa l til, follcY.lnG rc 'I t:: I 

(8) 

1. adr.i-istrution and Ulitar;' r:ant.,;ooent . Tre schocls with the 
i o"ro3t :-lO(.nll L.('hleved r.u ",ltl¥ <.;n tho) 'lV r!lC6 r 1;' hc.lf f S r.uch 
ns .the .schools whieh retumoo the hi;:;h:lst I.I.v"rn..;eII. 

2 . A1rcrcft !.Ilint<.nunce El?;ineerintj. The schorb with t!w l oviU~t 
:::'C1Ul5 cc-hi<-v&j rouihiy on the (.verq;e onl~' h:..lf (,5 r::uch us tho 
IIchJ,ls which returned tho hiChost ~veruces . 

3. .ll.rr'.L:':'mt. The scheol y.·1th the lowast Gvert Cr tlchiev(),j r r,u .. hl;,' 
cb ut f orty por mt 011 wueh .. : tho schools Vii h the hi;:he:f!t 
uvoro;:;es. 

'1 . Cor.r.un1~ tic-r.s. The s hceb -.vi h thc lc\'''C. '.eurs 'evA 
r "u-h i ..... ni .. h' If os nuch AS tho schools 'vhi .1, r .turned tht­
hiuh:.::t ·tVC~ ~.~CS . 

5. US1.F. Th,· sehne s ':lit .• th'l lwust n~!:tns (.c -
cn i:,' nt.1f (.!: :-, -h .s the sc eels whidl r..,tur 

nVI~ rt.~es • 

6 . St '.tisti u1 Cortr ' 1. Th s"h""l9 with t~ lc-'iost re nn ~ hio\l'.1 
nu;hl~· (.bcut 66 rer-prot r~ r.uch 's th,:: s~h 1s -nth the hi,:h.!! t 
(lV(; rc.,:ell. 

8 . 

Sir: lye Thu" ~ocls ·.·.1.1 he lew'At r.oWlS t. -::.iov on (. t..vo:-q:;c 
£1 ut re r-cr ·r.t ... s ruch .' ho ~ ch "10 ~,d'li~h nturncJ t~'1 
hj~h~~ (.~er(.· s . 

1r 'Kith t .• e lew st I or£l~o s cmuvrxl 
_!l ~u ... h (:- the: sc;.,01s 

J. m, r ... ie nilE.'t1 II .l:::is . f tn·J to:lt r C:lUltr f· r vI, n f th 01.: 
oJtL1!.lin.tillns is ":1"on in 'tho 1n;:;ooiftC::U sC,'.J.!·t !'(.cUrons ('f tt.is 

10 
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c 

~ ~ .bdr1i!l i~trct1'l1'l ~ ~:~ ; nne. "-,mt :"x"-in~t.!.s!!... 
The 80 - it ... ::: t·.st on I.dr:1rJ.lltrt.t1on 1100 ,·iUtt.r;: j nfl[Cl:lont was ~dr.ini­

s c r"d I) 1, 379 stuJents . Th e r c:!ults t~, n ir forc e '.r..d f or e ll ., ir f <: rc 'lI c·-'Jin ~ nr v h'on in T(oblo 2. 

T •. :lI..:; 2 

a
r

sul s of b dr>inistrt. tl on und 1:1 11 tar:' ~'(;nq:8I:lont 
Exur.i1 !. tic.n fer 55 Schuoh 

J.1r ;(OTO 1:1';'8 - lJ.;9 

·o . ef 
i! 7i Sec r o Rohtivc Rc.:-k Stu'j~n s ?lG~ WWl}~t " 1 -h ~t First .. ir F r oe 171 or J.ir F-T-O -mr 23 ~ i 

Fcurth I.ir r OTe e 
217 54 25 7 6 2 

';inth "i T Fcr 
" 2-" 7 50 20 73 .. Te nt .. " i r Free 303 53 21 75 3 

l'''elfth •. i r F r ::c 218 41 14 (;13 
6 

Fourteenth I.ir F reo 213 45 I f, (8 5 ~.11 J.iT t orC t;s 1,,,, J J.1 7 5 
~ho First "ir Fcr~(; , "lith r.n c.vcn...,:c Scor e I f 56 , a chieved the' t ier r!:1l~ . 

J. jil" ril u i r:: "N~:l - .to e ·,f t h ~~rl'CS of th'J 55 s::hcol:; "Mh '. r . tho 
t es t \'~l' i·.'.)/ . :':.il: istri uti n ' f scC"r t}:l is i,or; 1.; l c,"" i. Tc.bl 3 • 

• : I.E 3 

Di!ltr1l,uti ' l' S IIr,( 1 " or;'':'J1I W1 S _ l:~tc.d Pt. r centiks 
to t/~<l , .r':-ini" rtlo. !.j :'ilit t l·c~I...,;. r .• C:lt E!xt.:"Iinl. ti>r1l 

Distributior. f .. ~·c.r '-uS 

6. - 1'"" 
63 - " 
60 - " 2 
f.7-5'J 
5'; _<"5 
51-53 
48 - 50 
45~7 
12- ';4 

33- '; 1 
36-313 
33- 35 
T01'l.L 

3 
3 
5 
3 
6 
5 ., 

51 
a 
2 
3 

...L 
65 

11 

".. (r .. , ...... ...,c r c 

C2 
t-1 
co; 
fl 
48 
4 
44 

42 
38 
33 
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Tho 10ft hclt pert nf 1n Ie 3 8hr ·.·s th, t tho schoC'1 (.verl.&.~ ... s or r s 
nnC

e 
fr c:") 1-;v of 33 t c c i i.;h cf '-&. Ot tho 55 8 h e 1- J7 r vLwt. i;Ofo 

at .ir.o:.J ne!.n S~"res hv,~()tl~ ,,2 (.n<1 69. .The sc!lc.ols '."ith the lvw()st C.e:-r.s 
~ch:.~\',,! r <·:J.:;hl;' on th<-. "'lor ['0 c nl~ halt 01' r:uch . s tre IIcll(jol~ '.~hich 
r c urnuJ the hi, hest !l>:"Eirq:es . Th"re is evident1;' ... '"r,/ wide r un':Ei iIi 
c.chieve .. !lnt ,-"on,: these sch oc ls • 

.,8 en !d J in int<::lrrretin: the echco l test result:'! the d istributi ... r. . f 
t' h -~ 1 r-.\ or;,;,.:o8 hr.s I:>.en i vided into perconti los. Percenti les .rt) ;- c ir.ts 
in ~ ':i8 trituti (m ot s , res cION' w!: ich 11e a f.iven porcvntc,:-e (f U: . t v cl 
r,u~"er of EC!1~ Is. Ilnven porcontib • -'[ ts . PJ9. f90. F80 . '10 . 160, :50. 
;'1:0 . fro , :10 r~nJ .lwi,th thoir corr):; ~ .... :liIl": scrre Values are .:ivcn in 00 
ri.::ht h:..nd r c.rt f l'r.ble 3 ••• school .uverc.~" )f 68 w;.s '; t, 1..'1. b~ th6 top l~: e f the 55 I!chu( Is Cr &t, ted in atl1.!" """" j!,. _ 9% ef .the scnovls ct '(..1.:;c.:d 
("Vf)rr,.:e 3ecr·;,s ~lcw 68 . l.n c\'oraG" ·Scpr(., f 62 is tIl(: SCure ~t J r to lJ'lr 
vmich lie 90;-: . f the sch. 1 c';ere-ces : nn c.ver/~e c' ro ... f 57 i3 the sc~ro 
C1 or b~lcw wt:i h lie 80/: ct til'3 S: .. c l "':~ra. Cll. (..;rnrc.:;e 3ccro ef 54 1s 
the COre c.t or ~clow ...nich lio 70% or the scheol a 'erc. ·(;s. Tn .] :>th'Jr 
percenti las r:Ja~' be intor retod in .. S1!l i le. r ::J(UlI1&r. . 50 ~ r tho tlft i r. th 
rerccntilc :- ,rL:s tho n id-.' int .;,f t. 0 di~ riluti r.n r s)!Je;ol :-"!14n . tot is, 
it i be. int 1 el whi h fifty pe rcent (5~) cf th: schc.'>l ',-:ura;os lie 
l.r. ,.l'v\'~ ... hich the t.thc. r l'i1't~, ;'urcent (::iON lie. Th'). reat t:'lr.~Qr1t:. of 

ilL :' h 3e~r03 et''1')on thirt~· rer ontilo !,oints r,bo': o PSO, 
i.o .. "0 •. nJ tnirt,;: ·) r r.ti 0 p ints ~el .... v is • 0.0 •• £'20 . T1-Jt] TbIl .. e P20 
t . ,'80 il.cb·:!o:; he niJ:!L 60% Jf tho sch 'll ave'ru.us ' r Ilt tee in t ernl cf 
SCC'ro t't.. lut;:; the r:id-:!lc 60;; of th,; {Ochor,l 1-o-'1<;rll:cs fell :'e b'tJ o:. 4? <.n.1 57 . 
S h ,··o ls (.. t!..inin;:; ~';"r . c:; in thE. l tl . 30~. 1.0 •• i30. t>lll fir.d it hi~hl;' 
dcsirt.ble , institute -.:hr.!O&CS in J;J;;thocts ef instru ti " r •• t o h9i~htt.n s udc.:'lt 
1r.tt-rost. r.r.'! tc :r \'i<le (. e'lu!..te "'Urriculr.r ~:ltorir Is. '~')W"\"e~ 1n IJvc.ll.lutir.S 
the .. chiev, .rcn t f the lL.t r:r i:rcu c" sche<. ls it is n"c'3Ssory 1. 0 tc!c{; ir.t 
c .nsidordi, n no ;:-.e t .. l a. ilit;( ef ~hc- u1J,ts c rnc !rnoJ. S .u Ch<.rt.-:.r G f,r a h· ttor OXilL.r.r.ticn . 

Table ~ :ivos the • c,n seCTOs _1'1 ·'rOcr.ti les f-r c<:. h c.f th" sche Is 
whi h touk t h" eXl!"! '.ti n in J.in1r.i::':;r +i . n [nd j ili k r!' ',~e':'J~.er t. 

12 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIt , 

:'ouns Il1ld Fr· rconti lc Rc.nka cf .I.i r ROTC Soh"', 1s Wb1eb 
Tc;;y. .. d ... inistr ticn and . ilitory :wc., c"lcnt Ex 'J"' in ~tic-n 

S~h .1s 

, .11 .. til 1<'('R,~ 

FIRST .,IR FOfi.CE 

Y~l . .;: Unh"r!1i ty 
-~sta niv&r~ity 
Univ . cf [,,' ~ . -hire 
Rut~ors Uni v. rs i :; 
C 1Gut c U i v r si t~· 
F r lhc... Uni' , r s i ty 
low Lrk <lpi··': r ;:it~· 
S~· r .. usa Ur.it' r~it~· 

FC'lrtT: •. IT: FORC::; 

J. riz '. Stut c C 110.,0 
Set'! .'0,'0 S (to e ~l l~, ~ 
Uni v'1 r " it .. cf r.~', h ::: 
Uni': r , it~· C' f ;""dr:. 
Jni.' r~'i t:· rf Orc.;.:;< n 
Utc.h S Lt c ,. ri .Co 110 '::;0 
Oni':cr'it~· cf t'\h 
Uni " r s i t:, ci' )'; _ hinc: t on 

:Ii?T:: Ml, F RCE; 

Uni cf K"n tuck--.r 
:'cst K,_r;tuc;(' ::it · to Tchrs 
,Tch::s j!crki s Unt v 
Unh- r :;it'r f i.~(.n 
Uri" . f cl. Um,..ti 
Du UC S .10 Un ivo rsit;,' 
cn~ Stc.t c C Ilocc 

Univ cf Pcnrsl/hr.ni 
Un1' cf l'ittab..r.gh 
Virciniu Mil.-lnst. 
Vir-inie. Fc. l·'toehnio Ir.st. 
Wost Vir~ir.ic Un1vorsitl 

i.m !lOTe 19~8-r.9 

Ne. 'i' 
Students 
ExL.":1 in0d 

1379 

171 
22 
16 
17 
8 

11' 
41 
29 
2~ 

217 
1 

35 
29 

7 
17 
53 
31 
1 1 

257 

39 
7 
7 

13 
,~7 

2 
11 
15 

12 
10 
24 

1 

56 

3, 
15 
r.t~ 

41 
47 
67 
51 
<i5 

50 

38 
l.7 

5 
68 
52 
~2 
qi 
50 
56 
15 
63 

13 

( &.'17 SCOr:~ 
Foss~ Ie e 

11 

23 
.38 
2.3 
11 
3.' 
31 
Ii I 
5;; 
5:' 

25 
36 
2 
53 
2:; 
32 
58 
36 
30 

2" 

20 
37 
~.: 

.; 
; 8 
28 
43 
31 
32 
42 
10 
36 

.\ .hCst 

76 

71) 

74 
66 
66 
46 
51 
7'; 

76 
70 

75 
3 
5;, 
75 
4J 
59 
76 
6-1 
6,; 

57 
5> 

71 
67 
61 
69 
66 
65 
72 
55 
73 

.r~rc",~ti10 
r. t l~ f JO 
Son ~ 11 

6~ 

40 
m 
20 
25 
80 

7 
88 

7 
35 
~u~ 

L 
45 
'J7 
(;0 
35 

10 
45 
~. 

99 
63 . 
20 
73 
liO 
57 
71 
36 
:12 
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I.' Lr; '- .. -

"' . c£ RA'd SCORE . rcrO€J.tile 
stu:icnts (Pc!'s~l_l 80) !L:ll! f30 

____ ~~~~ ____________ ~Ex~u~r~~~n~~~d ____ ~. ~er~.~~. ____ ~L~~·-~~~t----_ij~1~;~h~~~r_t--- S~~ 
~l 7E 

Uriv. of Dr;nvrr 
Ur.i·:. ' 1' Illir.cis 
lr .• i n" U;ri\"Jrsit;' 
Uni':. (f trc D-;;.c 
St ~v Uni", -1' I"w!:. 
t:cn3.9 St~te 1;. 11':::0 
IJrlh·. of I\[.ns'.!! 
U iv • ..r ·,;ich.it_ 
U.iv . cf ._i:''l~'I.Ir':' 
Uni v . cf 1 c l.r(.s ;{(. 
}; .!>t:.kc .... :ri . t; r He:/) 
l.i'" forth D .kotr~ 
'ri v . vf 'i~'~· .. in.: 

: 1em sen 3 eta C, .i.l. 
r ;.&:s 

Ur i'·. ~ f l:ich i.-';J1 

T.'fEIFT:: ... IR Frt::~ 

Lcui!!i~~ St t~ Ur.i • 
TulW'lo Univ.'r:o it-' 
Ok l...h .".;c ;.IX: • 
1-.&:- Co nc.-c --r Texns 
Tex-.s :'cch C. 11 ::e 
lJrliv cf Tex' ~ 

FO • ~EE!":':' UR FO]CE 
.i'1. <'f "It ~ , .r.o. 

ni-". rf Fl·rid. 
G'· or~ia. In!" • • !' Te -:I-, . 

ni'J . f werrie. 
. 'is:; . St, tv ~I 11e, e 
Un" "f ~i:o:;is-;ir:,i 

303 

2':t 
11 
2 
20 
1 
20 
~3 

1J 
27 
1 
10 

7 
& 

22 
13 

21 
n 
2,. 
:n 
tjO 
27 
51 

21;> 

1:. 
38 
53 
13 

55 
48 
61 
.;.) 
60 

:3 
50 

33 
3~ 

.. 5 
21 
50 
·:ti 
30 
31 

1 

3d 
20 

67 
b7 
7~ 

55 
68 
7.i 
6" 
60 
67 
73 

5: 
52 

63 

63 
8 

1>.7 
,,; 
5f, 
6.1 
iiI 

7;:' 

50 
8q 
16 
8 
84 
57 
57 
80 

25 
35 
25 

1 
8G 

77 
25 
50 

3 
70 
40 

20 
70 
r': 
35 
30 

7 

• t;rccntl1e rc.r,ks _rc. l"intc 'n '. ~ r! ;:! f scores 'clew Y~i~ 11e r. --i7"!1'". 
c r:= <..ntr ~e cf the trbl mT. !.: r cf schOOls . ~ :-c rccr.ti k ~ .nle ~ fift;, (F50) 

I!'.<..WlS tht.t the s h~ 1 [.. t, i ned c. ~CClrtt 'e1Cl1f whi h ('. ~~ rox1r.nt Q 1~· fifty er 
(Jr.t cf t.~e !'ch"< 1 r:-..(; n score:: lie _n:I c. rv'J which t!x. M:her riftl pt;r ;:Grot 

11e . rc .:!ntile r t nk of n\r.et~ (f'9') ir.dicctcs th·.t :..prroll:ir.nt..1,y r.inctj' 
(ler cent cf tho ~cnccls 0 tclned l"oO!lll :! - ree 1-c1ow this c int. (:.nd tht..t cn il' 
ton t'or cc~ cf the sch.,els '.chi ev-ed SC~Tes cove this oint . Th<J rcfc re. the 
9th percmti 1e is the hit;hest or bost p<:rccnti Ie r!ll'lk1nc (..rId the lst fcrccr:t -

i10 is the l ow-Jst or poerest percentile rnn~1n.;. 

14 
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a~ u1es of ~ircr1ft U3int~n~nce Enginefring Ex~mination 
--ni .. "8 -il.cm· tes t on "ircr:lft 1::.Ii.nt_fI .nee fn&inecring was ~d:r:ini~ t .... ·,d to 
'97 etQdenta. The reeult.e b1 ttJ.p fbfte !ICIl. fOl'~ aiz forces eom in",<. ar .:. given 
in Tab1 .. 5. 

TI.i:1LE S 

aesults of Aireraft ~intenance ~ineering 
Examination for 3C Schocls' 

Air ROTC 12~8 - 1~!i 

'0. of f-e1ativ~ l'a.1. 
;,ir 70rce 5tudents !!!:!n ~ !!!::hm "ir ?crc ... 

Firs t ,·tir rorce 10 45 2.4 65 6 
Fo~th Air Force B9 )~ 21 n 4 
:' i t'l ';ir Force 88 62 39 78 2 
T.:!nth Air Fcr~e 126 54 27 74 3 
T" fth Air urca 113 48 21 74 3 Fourteenth lr- orce 71 63 ~1 76 1 
All. .Ur Forces 4'17 55 21 78 

M Fo\;.rteen .. hir force, with an avera i;e 5C rf:: of 63; 'aChlf!Ved tt.e 
to ;: r ank . . 

, .~. iS~ri ~tion was ma e of the mean scores of the )0 schoo~ where the 
e~ . 'I.' • 'iven. Thir- d~~lribution of scores is .ben ~ e.lQV; in ,Tabl e 0: 

o· tributi0r 

~ 

D!stri ution of Schooi 'veral es and elected l~rcenti es 
on tr.e Aircraft (aln.en'lnse Eru;in.,.' ring Sxar.,ination 

of Averages ~.core Va lue of Perctlnti1es 
~ch~o1 kVer?~e ~c res !lO . Avera.'e ~c ore Fercentlle 

7 -74 1 73 9'1" 69-71 1 6 "lUI, 
66-68 2 
( 3- 65 3 64 Bet 

2 0 
57-59 6 59 70'1. 

57 6(;1 
54-56 4 55 5C ; 
~ 1-53 3 5" 4C~ 
4Q-50 5 50 3(' 
45-47 2 47 2C/" 
42-44 2 41. lC~ 
39-41 0 
36-38 0 
.33-35 -! 33 1% 
Total 30 

15 
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Th~ left ' It tart ot Table 6 shows th~t the sohool averages r~~~e fram 
(l low of 33 t o high of 7. Of tho 30 schnols 23 or about 7'1,; att'iired 
ro." uns se or~s between 45 to 65. rhe sohools with the l cnest mobnS acr.i'vud 
roughly en the average only halt all ru::h all tho schools whioh returr: d the 
hil!;hest averages. Lven though the nwnber of particL pati .g sohooh 'ire as 
few ~s thirty, nevertheless there ia evidanco of a gre3t variation in 

c.chicverent frOl:l school tp .sohool. . 

"s an aid in interpretir.g the sch .,1 t'.3st r ;,sults tha distrlbuti 1 

of school ave ragus hall been divided lnt? peroentiles. P~roc~tilus arc 
J:oints in a distribution of licores below whioh lie a giver. ID rcent go of the 
tot~l nuri>or of sohools. l:.loven percer,tile pobts, .99, e90, 1'60, F70, 1-60, 
P 0, NO, !'30, f20, HO and H wit.'! their eorrospoudLlg soore v",l 5 Il r tl 
< iven in the right hand aide of I ble 6. ,. school aver'ige of 73 was C'bt'li :))d 
by tl.'~ top 1;. of tho 30 schools or s t ted in othe. r 'Gords, 99/! of th'. cch' . ls 
.tt_ined ~verabe scores belOlr 73. ..n Ilvt:;rage score of 69 if 'he score t 
or below 'Nhlch 11e 90~ of the school averages. an average soore of 64 
is the scor a !It or below which lie 8O~ of the school -.ve ragcs . an av"r

a 
e 

score ;)f 5~ is the score bt or below whioh lie 70;; of the soho_l uverag,)s . 
~he other p.rcentiles ~By be interpreted in a sioilar ~anner. P50 or 
the fiftieth pc reentlle !lOra the nid-point of the distribution of scho"l 
rr..; ns , t .... t is, it ill ~he poir.t below whi ch 50,; of the scl.ool.lvcrugos 
11k ... !l. d 'lbo-;e whioh the other fifty peroe.t 50;) 11e . rho I;'rco.t n<jority 
of toe SC!1 ols t.ttainod O:l'ln soores between thirty percentil;:; poinUl 
bolO'1: FOO, i.e., P-O, and tnirty purcer,tiles yoir:ts btllow i-50,i.u., 1-20. 
in r nl;' f20 to 1-80 l:1clude.e; the Ir.iddle 00,· of th,J scho::ll uveru.gus or 
st t ed in 1;eTlllS of soore values th<3 middle 60;; of the soho:>l v'lra~es f oll 
botwoen 7 tonr\ 64 . SchoOls " ttainlng vraE;clI ir: tllo bottO!"l 30,;, i.o., 
t30, OilY find it highly desirablo t · ... institute oh!lngJS in r.u thods of 
i struction, to heighte l • student i..tcr ... st, and t o provide ndequ t e curricular 
',at c riuls. Howover in evalu'ltint; the aohieve n t of the 1 ttc r &r:>upll " f 
schools it is neo~ssary to take int oonsid-ration the mont 1 ability 
of the studonta o~nce rned. See c~~tnr 6 f or a full e r cxplar.ntion. 

fable 7 bives the Menn soores 'lnd p ... rcer.til ... s f(1f' each of the 
schools v/hich t ook 1;00 €xam. at i ':l'1 in r.i rcraft '- iv:tenance . 

16 
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r •• BLr; 7 

to . at 1\.<:, SCOttE 
Students lPotlliblc 80) 

___ S~c~h~c~o~l~s~ ____________ ~~~GrU~'~ne~d __ ~ean Lowest Hirhe s t 

F if<S1' .... I" r0.,cE 
Univ of he'N !ur.1pshlre 
hutgers u:tivcrslty 

FvlJEr" n iR F riCE 
Ul1i7 • .:>f ,. rico t!l 

.:.t:mfor d ur.iv . 
Udv. o f ':"0 . -'l11f. 
UI.i v . of .• V'lda 
u .iv . of ut~h 
Univ . Df "lsh ir: ,-t ~·, 

L !.7h .. ra FvHCE 
"niv . cf K."ntucky 
Ur.i v . of "-'l r y l 'l nd 
vhi o ... t • • hi 'I." _ rsi t.y 
r Unrl St. 'oll:: gu 
irt;ini ,'il . Inst . 

" . 'irbinia Jiv . 

497 

10 
5 
5 

89 
19 
16 
1. 

7 
17 
16 

88 
23 

6 
16 
15 
10 
18 

TE.:r:: J lit r~,i<C:. 126 
Color",do ... t . Col .. '~" 16 
;jy:iv . of u l'lV ... r 11 
Ui:.iv . r 111111015 8 
r urdue \...r.iv Talty 2i 
&On s ,! a .:>t . C:>ll~be 7 
U:-.i ... . ryf .. 1 BcnDeie 12 
i.J.chip.r, C 11 . '. :':";1' 2-l 
l ichit,; St . CoIl . of ,,¢J 2~ 

l' .ELF1'H ,,1 Z\ t UttCt. 
L~ • .:>t. Ur iv. 
Okl:ilio u "e<:" 
lIt.iv . o f Okl hor:a 

.... 4: 1. Ca ll .. bO of 1'e:l :1 s 

113 
18 
1~ 

23 
58 

55 

... 5 
59 
33 

50 
.. 7 
.. 9 
.8 
.3 
55 
55 

62 
55 
58 
66 
73 
58 
153 

,. 
6-1 
58 
t 3 
59 

.. 8 

,($ 

53 
.. 3 

21 

2-1 
5 

24 

21 
30 
38 
37 
26 
21 
40 

39 
.:.7 
53 
33 
6. 
.5 
.. 9 

27 
38 
27 
52 
28 
58 
·.5 
32 
H 

23 
3 ~ 

33 
31 
23 

78 

65 
65 
42 

72 
71 
62 
62 
60 
72 
61 

78 
69 
68 
76 
78 
11 
6:1 

7 .. 
70 
58 
69 

7. 
67 
66 
68 

H 
7,. 
61 
('.7 
63 

~' lUi\l'rD1TH nl h f ncr; 11 63 31 76 

.P. re ... n til e 
l1Il:tk of 30 
~ch ;>?ls 

70 
1 

20 
27 
23 

9 
50 
50 

5 
65 
82 
:19 
65 
6 

33 
20 
65 
27 
80 

5 
,0 
70 

27 
23 
.0 

9 

.,1 b· r.l!l i ly . lnst . 27 6. 54 72 80 
G" . 1 n8 t . of l ueh . 15 67 57 76 8-. 
'i . Car. t . C 11 . ~ 9 70 60 76 ;12 
ClcmEon" • Call . 20 55 31 11 50 

op TCE:Jtll r unks 'i r e po i nts in !l atlne8 at ficor e s below which 11 · givun 
r roc ntngc of thtl tot:!l nu::tb-_r of scho(' ls . "t-ur c<;ntlle r onk of fifty \i5 )) 

17 
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mear.s nat the ~ehool attained a score bdlow wnich ap;JOxim3t~ty flftJ (r50) 
perc~nt of thu ~ehool mean scores lie and above wh: ~ h the othe~ fiity F~re _nt 
lit . A poTcdntile rank of ninety (P90) indiCAt~s ~hot 3pproxLW3t~ly nin~ty 
perc .. nt of th ... scho,)ls atlaL'led mean ";COrobS bl::low thls'point, and ' that only 
ten j)erc .. nt of tht:: schvob achl.gved s::Or .... 5 above this f.o int. Therefore, th" 
99th percentile is the highest or ..;,·.st ~rcentilE; ranking and tne 1st .rc .,nt­
ile is thb lowest or poorest percentil~ ranking. 

~ of :.rnarr:vnt Examination 

T ~ 80-it~m t ~~ t on ArmamE;Ot was administertd to 154 students in ~"v~ 
(7 ) sc~~ols. Thl:: mu~n ~core attainl::d Qy thcs b s tudents from all particir ti~­
air fprcl..s \"1::; 53. No comparison by separate air force's was mad", bEil01USe tht 
nurr. ·.r of r-c10011' r "l pr"!sented in t)~ch of the air forces WE-re too few. H:l;'.\.':ur, 
c distribution of th<l l:1(;an scores cf t l;" st.ven (7) scho'l~ was made anu tl.t:. tabu­
lation is eiv~n in Tabl 8. 

Distribution (if !.chool A;: "ra~i,;s a n.1 !'~LillldteJ Pt:re ntil&S 
on tne krr~~~nt ~xamin3ti~ n f I 7 Sch ols 

,;ir here 1948 - 1. 49 

Distribution of .~ver¥es *:ftir.at~d Score Values,of Ft.re~ntil~ 
Scho~l ~vera~~ ~eorcs No. of Schools "V,-l'a"l:! Score Perc 'Jntiles 

66-68 
63-65 
60-62 
57-59 
54-56 
5 -53 
18-50 
47-47 
42-41. 
J -41 
J!.- J8 
:>3-35 
3\.>-32 
27- 29 
T' 7:.1. 

2 
1 
1 
o 
o 
1 
o 
o 
o 
1 
o 
o 
o 
1 

-:;-
* Perc"ntiles ivt::n hc:rt:: ar<'l v" r~ r'ouoth t::stimat,"s . 

18 

68 
65 

56 

I, 

99" 
Bl!% 

. 20% 

1" 
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711(; lef h!llf par of T'lbh 8 sh~',s th'it U:.e ~chool av.r:1h cs rang _ frJ." 
a l,~. -f 27 t? '! higil o!' 68. Th. school with th~ lo,lest m"sn a~ni vt.d rou 'h y 
cn ~c av r3be - bout forty p~ c.nt (40%) as much as th_ I'chqols which rt.l'lrn"d 
the nigh'rt avnagas. Tht:rt: is a hid!:' variation in 3chh.vvment fromscho 1 
to school. ,,~a r. did in iIlt~rprGt!.ng dl' :;chu.;l lust r .• su ts th .. -iistrit-ltion 
of ,chool avera!;t.'; has b-~n divided ir.t;: pt;l'ctmtil.,s . P. rCt:ntlh,s arc points 
in ~ distribution of 5cor us below which lie a biv n percentaga of tht. tetdl 
numt-r.r :>f scholls . Fiv:e percentile points, r:9'f , POO, P50, P20 and Pl·with 
th.,ir corresFonding score values ar~ iv.,n in the right-hand part of Tabl~ 8. 

h •. _c p rccntil.:s, becCluse of the vel: ft.;?: cases involved, ar,; vury rough 
estir..:1t(;~ a:ld haY': b",en ir.terpolatt.d so that c <.!rtain intur-test co.:..parisons 
c',n t. t:3 e In.,r . '.'lith thi.: lLnitation in mnd c n ,-Xrlan:lU· r. " f tr.", 1:' jr.in· 
of "'t!~e p,.r ,n ilt:.s will bl) givun . .. I:chool avera e of 68 ",as achi· Vo;d b' v. 
op 1 pc&' c.,:.1 of r.h", 7 shoo s or . '1ted in other words, 9'1 p r cwt.'t f th.; 

5C! • .:>15 at.taint. av"rde" ~ccrt:;.5 b..:low 68. hn averago sccrs ., f 65 i::: e,'ti:n:,L .. 
to c.. lh.; ~c" r.; at _ r bt: O'N which 1.:. ... 8 51 ear.t of the: school 8'h.r't-E; ' . • ~li, 
1." ., ~,II. fif ieth f,-rCentih t'l;ughly marks the n:!.d-point of th" i~trib\.ticn 
of sch~ol means, th1l is, it 's tr:t. t"int tx;lo';, ~f'.iCh rousnly fift~· F'-I' cunt 
(50%) ~f h", school aVl..rag"s lie an above \',hich the oth~r fifty p..~ o&M (50%) 
of th school a'lt:ra[,:ls lie and abov!: "tlich the other fifty per't:ent (501) lie . 
hn <;'lera!?L ::eor •• of 41 is tn., scor, at or bdow Nhich liE; Xl pt.r ('o·d of the 
&ehool aVt.:rafes, 'In av( race scor .. :;- f 77 i= the score at or bt:lo,," lhicl. 1i . 
1 ~ oem of the ser,o 1 av~rag",s . ::;ehCl Is ~ttLlin';'ng 8Vl..ra~e sc"re~ ir tho 
bot on; hirt:r!Xr cont, i. <o ., Fjv or lveraf~ 5 c. r s OOle.. 4 :r:;,.y l'in I . t 
hi hly t:::ir~bl.:.: t~ ir,&tituL .. Ct.3. ~:e;j in rr.eth.:'<l~ f ir.struction, tv h.;i€. t"n 
~ tucent ir.t'.;l',.st, "nr:! to provid" 3d""." curr<cul'lr r.:at",rial. nO.\t;v r, in 
",va1u'lting th" Jchiv/':l':.;nt of t!1'~ ) 'It 'Jr r our of ~cho.)ls it is :1(;(' ::"nry to 
tak in 0 c"'rsid.r··tion the mental ~bility ::-1 t ~tud .. nts c-::c ,rn.d . ~ut: 
Chartur & f;r f~11.r axfl~n&tivn. 

r" 1£. <J .zh· s tho; r.. 3n sc~res il.d t-"r: n:.il . for ec!1 -f t~ •. !'ch"C'ls 
.,;hich t.) k ~t; .• ,-X'il . n tien in . .nr.ament . 

~:, ~ns and ?l..rc",ntilt; Rants of ; .. '/~n nil' ROTC 
ccbools Whieh Tcok The ~~nt !x~A~t10n 

:' ir ROfC b .. -49 
Zo. of 

Stud"nts 
ExD~in,",d t 

15l. 53 13 76 
P<l! HI'lI ;. IS. 2B 

Utah "' t ngri Coll gc 28 oS 51 75 

NU:-m .• Iii FORCE 23 
Geor[ctown Univcr~i ty 23 28 Ij 3 

TEf\ni 1~I1 :TECE 43 59 41 76 
Univ~rsity f K~sas 20 51 l. ~l 

Lniv..r iLY of Ui~.;ouri 23 67 t.'i 76 

19 

7 
~chool:; 

99 

1 

1.0 
93 
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10 . of R'\" '-ceRE *r .. rcentih. 

~tud(;nts ' Fo~~ i bl€. 80) Rank of 7 

Exalilined M"an Lo.'CEt Hi gth.:st Schools 

Scho,.""ls 

T iU.ni .:.lft l="uRC'E, 26 

TE;X(lS To h Cn .. l·"~~ 26 L.O 24 5L. 19 

61 L.9 72 
roURTEEKTH ;,m FC~'::E 34 

49 b8 68 
~ssicsi~pi ~tate Coll ege 25 60 

niv r sit.y ~f T~nne_see 9 64 53 2 77 

'... fl>rcentih r;>nk3 arE: points in (l sar i s cf sco!'.s b~l~w which li a Iv"n 
~rcentage of the otal numbE:r o f rch' 15 . j\ pcr cur,ti!. ... rank of rift) (hO) 
m' ans that the sch001 at. aincd .:l scor " b<.::lo. 'Nhic '~froxirr. tdy fift~· f··r cnt 
of th~ scho 1. m' an 5C"r"s 118 '00 ~\ u',c which \.:, cth l' fifty f .rl'",nt lie . :. 
rt;rc€;ntil", of ninE:ty (l-''10 ) indicate:] tha a,pr"'xi.Jr-at 11 r.inet' p.rcent f the 
scn~ol[ a~tain"d mean 5 or;:;s b,.;loloi thi!: l~ir.t, rod 't.n,t. only t,:;n p,,:-Ct.nt oJf 
th~ schc~ls 3ch'ev"d scor~s :bov~ thi: inl . Th.r for.;, Lh" 9~ h p"r~r.ntile 
is tl'l'J high . .;~t or best p.:rcentile rankir.g and th" 1st ? .. :'~entile i

r 

th(. 10' ",st. 

or po~r:s rc .... nt.ile ranking . 

E",:c:lu::c :-f th,~ s:r.'lll number of Sdi001:; inv01v,,-d, tn", p r c ,nti ~ r,nkings 

".re 0'.[ t (;~ '~"t.,=:! v;'jlu,.~ . 

Resu lt.s ~ C...,::-:unic:tione ~n'l·ion 

Thu 80- 1 .}[!; l~st OIl Co::-;::unL:ti.)[1s w.! 3Jr,inl:::t-.:-:.Ii t.o 2 5 s ud nts . 
'0 c:>r:lp~rison 0: "lir forc" 'II"1f' n;:l.:i, C'~\ s~ tho; nur.b,r f ~cho lE r ... pr . Eented 
in u3ch air f)r _, '.lfer>:: too f(;:'/ . Ho' .• "ver, 'I 1id ributiQn .,f the mt'an scor"s 
of t.h, 13 particip"tin- sc 10015 .~as ma ,e ~nd th-= ta ul:lt.hn is ['iven in 

Tat:l~ 10. 

t AHi:: 1. 

Distribution :If ... chool /,VL 
"n t.h" C .. .1.UI,ic<> tit-ns E. 

f "'~ ' .. a\"t w ~l\,; .t.~, . .'j ~L.rc.;.:ntiles 
- r .t.icn 1'vr _) !..ch,J.)ls 

~ ______ ~ ________ --------~'~',U:'~~~' ~i- 1946- 1149 DLtrit:~tion of :,v",rarz> 5 :::cor " V:llu- :of Fi;:i rc.:nt. i1~s it 

72-74 
&'1-71 
6 - 68 
63- 05 

1 
1 
o 
1 

20 

72 
69 
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T"Sl~ Ie - Cotr.\loicstior,· ExaM (Cen ioued) 

vi. ritutio n of .• v~ra~ .. s ::'curu. Vlluc of Fercentil ... s * 'ch 0 .. v"r::.,·" cor"s r~o • of Schoois Hv~r3t:t.. Scor~ P"rct.:nti1 .. 
~C -6 0 61 80% 57-5 2 59 70% 5 - 56 2 54 tx...% ~ I-~.> 4 52 5{J~ 48-50 1 49 40% 45-1.7 2- 47 Jo;t; 42-44 1 

39-41 2 41 20J. 30-38 2 .:8 I e.,;;; 33-35 0 3 U-Te-ta l 19 
i.. P"rc n t.ile~ g iv.n r,,::r ," art< rough estimat. s . 

The l·ft ~'lf r~rt f "'Jbh 10 !:I. , : t h-t h", schr"'\ll"Jt r ~gt:'~ r ~r:,-: 
frol': . .1 10 _f.>6 t,,',\ h"h J1 74 . Of the 1 :J'h)oL l~ or 63"- a't-dl. 
mean sco r ,"!, t.::t. ... n • ~ -n'! 6: . rh" schools . ith th lol\t.;st rr.~ans "lChLVed 
rou hly 0 1 th. 3'/el't'", only half as much 1S tt: , :;cho Is hich r turn... tha 
hirntst lV ... r :l/~ _s . fn"r" j ' vi'l"n Iy , "3ry ~id" r'Uu:", in 8chi",v .. :tent 
am .... nf: t \;S\.i sch~"'l .. ' . 

ris an ~i in intJrp', ting th~ !:choo1 t-.!:t r csult r the distritution of 
sc/1 :)01 :lv·; r.1,;ps h1' t.·."n o i "id,--d in C' p"rc·.ntih.s . t <..rcl;ntil~£ 3 r t: .,olnts 
in a d i tributi ::. n of !.. 0r(;S blow t:_ n lie a biv_n percentage of the totll 
nWllber of !'chvol:- . ::. " V·:n j.<..rc"ntil fe··.· 1 P , FlO, roo, no, f60, PSO, 
P4C, Fe , FLO :mj F'l ;'. ' th thl.. ir cC'rrL! per.din. :;c:>r c. v,] • s "I'" i V"n in th..: 
rif ht h3n-i p::; rt of T3 I e 10. , S::/I,),).J,. ,'lo:. r "l • o f 7 2 1'.1S vbtair:'_d by tn., 
top 1; ~ f tr:. £5 ';h~ Is or st..tad 1n othl..r ~0rds, ~ of thb sch~ol 
::tt.3ine:i 1Vt:;-~ '. scor_s low 7? An av 1'3 ... -cor ... f 09 is It; _COl ... a t or 
b\.! c . ,h' ch li,~ ojO~,;), th·_ scho 1 flV r3~.:;; " n ~v r :!C(; _co re of 61 1s tht: 
cor.; at {' r 10;1;0.1 id Ii Fer f t.he scn"-l (IV". ~iT.S ; 3n <lv,-r :l~u scor t. of 

5'1 h th· score! :::t or b low which 0: - 7< ,0 :)1' th<:. sC'h ,-1 Wdr,1g'_s . Th._ 0lh"r 
pt. r c",n' i.J..~s Q',y hI;! in r F'r_tfld in ~ dml l.:: r It-:r.rLr. f 5<.. , L e ., the fiftieth 
pt.;rc"ntil .. m.:; rk s t!<.. .,id- t 'rt of h_ dis tri l:' tion ,f :-~'i-ol :t\;ans , thl t is, 
it i:;- tlJ ;:o..i.r.t td~\\ \\h';'cn 5'-/;;1' th 'choo '.v ; r 3f:..:. 1· ... nnd abovtl ;.'l;ch 

he; cth"r 50?- 1i, . 'Ill .. gr"lt ~···jvrity of he. ::- ch;~l=:l .: ined rut-an sc:.>r es 
C"t\'ot. n t h irty I ' r"t.r+ il" p-int~ 1lc''- ,50, 1. ... . , F - ~ nj thirty s:.r "n i1 ... 
pcin s bdol\ ' S( , i..; ., ;.C . '" n'V''': i.d) t o PdO inc U1.:::- thu r.:iddl" % 
of h sC'hcnl aVt;r:I:'~' or <,t, t_d . (j t nns .)1' 'co r v- lu,.::- th<.: mi'ldl(; eOi 
0 f th" f'cho J <1\ (> ! ... [_, fd1 bet ... et..n 1. 1 n1 tl. ':ch,,:1:; at tainil'.g .:l vt:rl~ .:; 
in the lto!: 3~ , ':'.e ., :-30, r.rJj" find .... t highly desir.Jb1c to institut.v 
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c!;:l.~~:: ir. 1::"t.1: L :) f ir.struction , to h(;:ighl~n sLudvnt interest, "nd to 
providE;. " c:~u, e curricular m.,teria] ~. 'Io~'o': r, i'1 .,v-. 'l3tlng th" 
achi~vl::r;;"nt ,:){ the hlt.:Jr [roup of school::; it L r.,;('_::;s1ry to '!kl.! into 
cor.sideralinn the mdr.ta1 ability of th~ students cnnc~rnl::d . Se. hf1~~r 
6 f~r J fu lur e~13r.ation . 

Tablo 11 Fives the meen ::-core.s ::.nd perc(;:/.t.ill::s r',r ",ach of th" 
sch')o1s which took t,he ",x3lIlimtion in CoIIL."'Ullic3tions . 

T. BE U. 

~~ans lnd Per cen ile Ranks of ~ir no~c 5chcols 
, .• ich Took tho Communic3tions Ex:'!mination 

SchJol s 

n L In f".:l.~:::-

FIRST "IR i'!::;':;-:;-

!h s2('hu~ t;"!.~ lost 
t f 7"chr . ..,I0I'j' 

Corr.,!ll [Jr.iv. rSitj' 

FOUl-c7H :.m cenCE 
Ur.iv " f Ga l a lJ. 
Univ of I d-,:l0 

10 . of 
::. ud"nts 
Bx1.r.ln·;d 

... 25 

5 

12 
13 

57 
11 

l.' nt 'wa . t.'. t(;: CoIl. :e;f;J 
("r~o~ Sto t. COU"'t.: 

1 
±t Ut - - 1t'3 ' ;fr Co_ 

::: a tE: Co:1 0 ·,.'lsh 2 
ru::rH "IR F ... ; r;;; 29 

J::>hns Hopkin. Univ 0 
L"high Univ r .ity 
'irgir.· -3 .Poly In:t. 

~7 

T.::.r;m .Ill FhCE 5 
Univ cf Notre Dame 4 
low3 < t.3t~ Coll~~L 15 
Univ of ~inn~_ota 32 
Uni v of Ikt-rask'l 8 

c;;. 

.. 7 

I. 
5 

55 
37 
51 5.:;a 
47 
72 
04 
.. ,., 
5~ 
39 
;e 
52 
48 
5J 
53 
47 

RJ. 5OJ!\E 
(Po sibb 8L) 

10 

10 

In 
J7 

27 
;:,7 

~6 
34 
41 
61 

~5 
46 
~5 
35 

29 
37 

)) 
?9 

22 

eu 
tB 

8 

80 
57 

l~ 
7IJ 
~c 

'6 

c5 
t.5 
5 

) 

t::'1 

? 
b9 
58 

"llFl.rc ~ ntil" 
R.:nk of 11 
Scho L 

20 
50 

1 

Zg 
~~ 
83 

70 
13 
1:) 

35 
55 
55 
)0 
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10 . of R;;;; ::'CO.ili *P;-:rcl:n tile: 

Sr.hO<)ls vtudent s ~ Fossitlt,; eel RanR of 18 

Sxamin~d Mean l.c\.est Hi,;,h,-s t Schools 

T"f':lFTH .m ~ HCE 23 48 2!1 49 

Tul:ln .. ·n:.v~rsity 12 52 38 ·9 50 

llniv of T .}:'3" II 44 29 52 25 

FO":-l'$l H .. Itt r aC~ 32 62 43 76 

N.:: . .5tat.; Co l.~ge 

of ,,&E 15 54 43- 6 60 

Univ of r",nnI:SS<:" 17 69 50 76 90 

* PJr ctlr.ti e r:!ni<~ ~r€ r .: ints in a "_ries of cccre~ b€..low whicn it;;) t;iv"n 
p"lc~n "''' _ of th" tl')t'l ~ r. ~ ... r of schoc- l::; , .• J.:-"rcf-l t· ... ..; l'~nk of fi!t~· (fSC) 
rr.' ns t.h.,t h. ~ ~t 0 1 "'. t1in" 3 scor b ... 10 v. ,,-hi I 'lf prc.xir.,:l (.·_1:; 1 if I.:. ..' cent 
('1' th scho .... l r,.'O,n 5.:01'",5 lit> p.n:lOC .... ~ h tn ;; ot!."r fift.y fX.r· li t l k ·. :, 
p"rc"r.ti l ... o f nin" 'J (fiJO) :injic'lt'.s r.ha~ appnxi::", t.o;1;, nir.t.ly p..r cur... of the 
5ch::ol~ atv. in..J. .:. .... n sc, r ~ 10\', hi:; point, ani th:.t. only 1.'.0 po.;rcvntof he 
~cl1-o1s 1chi.,v ~ . c.r.::. hi :.. poil.t . Tn ·,r<:1f '; r .. , r.h" th p"rc .. ntU" is 
th", :1:[.::' sL , r h' r :,,,,rr,.n il" r ' nking an: th ... lsI. I-t;rc ... ntilc is the 0· ... < t 

- I' ~ c r ,,= r' r ' .o t i1" r "'.rking . 

:lee ' u sC "I f th . ~ r" .J number ... f ~ch~o~ . nvolv"d, tho:; p.lrccn i~.:: r"3r:"in-s 

lre :t _~ ti~~ d v~J ~ : . 
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~ 2! ntrod\lOtion ~ iJ""F' t.X'lr.li l11tlon 

he 80- i to: test on the Introduction to USnF WEll admir;lstered to b , 043 

l;udor.ta. Iho resul til by ir ror~e and for 1111 ir fireea cO':'.binf' d r c .;i ven 

i l: i .bIo 12. 

nesulta of Introduction t . ~~ ~xll~inuti on 
for 112 ~ ~~ k' C 13.e-l.119 

No. of J".Ul·~t i7E. t.ank 

~~ ~tudonta ~.!! 
h!:W Sofn O ...... (:8~ c-f !:l.!:. ~ 

rirs t nir r' rlrc 578 52 21 79 1 
F ~'.J rth "ir r orco) 806 19 0 75 3 

.:i nth : ir r o rcu 8-il bO 15 7) 2 
hJ5 'j a 14 78 ~ . 5 

725 .. 6 17 68 
rorce 6 7 .. a 11 75 .. . 5 

5()q3 .. 9 0 7J 

he r irat "ir ~ are. with &'1 ~'. r - scor " of 52 .- 1 V'.;d l;:: t r :"_:.1< • 

. , distr iuuti on w ~ s m·.d" of th ~. n seor · S 01 l;i · 11::' sC'1o~l:; 'h,)r~ 

thu C'l'Jnc x . .in ti or. ,,;.LS giv ~ n . rhlS distribution ot' seor s is Vdr. 

bolow i~ I'bl 13: 

21. 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

. , 

THIS PAGE IS UNCLASSIFIEl 

!:.BLE l~ ----
D1I;trlbut10r: of :;Chool .. v'"r 0$ and ~ 1cttd Pe rcentiles 

2!! the Introd'!Ction to 'U:J' t.x·.r.i ~t1on 

lJistribution of :voJragea 
core v~lu~ of rercent11es 

~choo1 .. V "r9gd 

.... corr· s 
66-6s 

63-65 
fO-£2 
57- 5 
5-.-56 
51-53 

48-50 
to 5-,< 7 
tj.2-$~ 

3J41 
30-38 
33-35, 
3O-~2 

':ot· 1 

No • 
-1-

~ .. 
8 

13 
H 

17 
18 
23 

5 
6 
0 
1 

--rrz-

57 
;n 
52 
50 
48 
46 . .. . 
.;2 
41 

31 

30" 
SOp 
70," 
6J,. 
5n/~ 
, .-. ,. 
3:1/! 
20,; 
10,~ 

.. lhe left h'll f P lrt of l'El~1c l~ shows thnt t.~ ~ school !IV" rege s range 

froo a lo'Ao' of 0 .to high o.f 68 . Of .ro·, 112 sohools 85 or '.l.bout 8 <JV' r.ty-

six F rcent ~ 76,.) tt'li:1'. d oe'lll scor ~ s betwct:n 42 a.d 56. The schools 

with the low st . ..,ans :lC i cv" d roughly on tho" aVt;\"'lge o:1 ly h!llf 35 .,uch 

ns the schools ·::l'.i eh r - turncd th nighest .lvv rllg~s . Thor.' is brl,. i t 

vari tion in achl' vcr.; rot Ill"l 1& tno schools, due rr,ncip,.lly to such f otor:: 

'l S student Ilbllity II rd motivati on, tv'lchcr r(;rs n'l11ty, m thods of instruc-

t100 .rd adequaoy of instructional lII:lwrinls. 
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. s nr. :lid 1n 1nt , r pretin6 the school t e st r es lllts th.) d1str1~ut1or. 

or "" .,1 :'7·.r &';6 ros bo,,, divided into p..rcuntlles . fercuntllcs 'J r ' 

poi nta ir. 'l dhtributlo:1 of scor· s . 1("' '; • .... hich li D a &iven p"rc '.r.t:lgc 

of the total nllllb.:.r of scnJ01&. l:.l von p ,rcontllo poi <. ts, f'J9, ,90, 

P)O, f70, P60 , P50, 40, 1'30, .r20, .10 .00 H with th" ir corr"'l:rond~-;; 

SCJr. v IlL::; rtl &iv.) . in tho ri;ht h r.d port of '\bl ~ 13. '" school 

'd·Lgo.: '.:I f C6 I' S obt'li nod by tho t 1 pcrc"l.t of tr-.c 112 schools or r t t c1 

i n oth· rA'or<is, 39; of the Gchools ttained dvcrugo soores below 66 . "!". 

!l ! ' r g .. ~cor-.. of 57 1s tht.: scor v at o r belO'N Nhich 11 J .O~ at tho scL:>nl 

'17 (" r ag ... s; 'r; !.v c rogo scort:. of 54 is t t:·. scort) at or b'lOVl' which li e; 8.;. 

of tht) school varogos; n v· r b ' s car of 52 1 th !!oor e -:It or bole'.', 

Ahioh 110 70,; of tho school lvv r ·lg . l!!. Iho oth.:. r p rc .mtl1cs ~.' y bi"' i:-­

t. rrr- t "d in ,~ sir-.ilur mann· r. P50 , or the fiftieth t rc ~r.ti .. r.;, rkG 

th" r id- oint of th J distributto· of rchro l ::l 'Irs , tr. t is, it is tho 

\Joll,t b. 10. nhich fifty r· rCt.:nt \ 50,~) of th" school I\V r'lg , s li ' 'lnd bovt.: 

VI. ic~ the tho r fifty p rco .t (50,.) lie . 11\. gr ·' t .... ority of th..- scr .... ol:!; 

,. tt:l.r,d I" _"r. scor s h<:t ..... u. n t·.irty r:' I'C_ r.t11a p01:1ts .bo\'" 50, 1. ~ ., 

l 0, .• .. t ri rty ~ I'cf'ntil" poi ts bo las .50, 1.0 ., I ~O . ,.}.' r r;g< . 2:> 

t o i 0 1..c loo .s thu r.iddl" sixty p' i occ.t ( 0,;) of thu ::ch"'ol 'v r !.:;' s 

0 1' tt.t:Jd in t ·r-.S of ::c o r v'II the niddl" ~ixtv r d cent 10,.) of ~. c 

botton tt.lrty r r coot,i •• · • i-30,'nq I' d it hi bh1y I'ir.bl t o io-;s titut" 

ch:-r.;"<, s in nc tnod~ cof ' ll"t tru ti o:1 to h,.i.·- t :; . t l.t ".t"rt.:llt , '.!1-:i t , 

·~chicvur..ent of tho l !.l tt..r br o p of :. chools it is n~(' sS'lry t-.. tak intu 

c or,ciderati j th" r:ct:11 bil1ty of the stude: ts c onc r rJ~d . St;o Ch .• pt"r " 

f or full e r uxphnot1 o:1. 

T bl e: 1 gi1:'us th r " s III ts .. t:' lntroduetior t o US .. F c xaninati ryr. . 

26 
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_ .. '!'·:.l:!h.,.. 11 

~.£. •. - .• i.I> Ft.i£a:. .. lLc, h,..",i\.::i teo "~,, It ,.C SCr.~JLS 
.. deb rooA~ -:;;)~~ ... , ;1 .• 

,,! Ii ; vIC ~-i1 

dO. of F ... : ..,COf(t. · , ... rc .til.:! 
tu:i· :': I! \ rOS5i l e fol " ',:-k ('1' 

.,eho>:: ls c.xanhed ... ,,,!In Lowest hi&h(.s t 112 ';c. ,.,' 111 

.,LL "id HJKCc.3 5043 .. 9 u.. 79 

FlhS! . .IIt ,.ui<(; i:, i78 52 21 79 

i'ri .ity College 16 48 30 ~8 50 
Umv"rsity of Conn. 47 59 oi 75 92 
Y<;.],e Univ·~rs1 ty 1 61 35 75 :J~ 

Bos t er Llniv"rsity 36 53 36 13 75 
: ~ rv"1 rd ! i".~rd ty 29 .8 2 .66 50 
M!lSS ·lOr.US Pt;ts 1m: ti tut , 
of r .;chnolo!,y -of! ·.2 22 60 ~2 

Ulli v. 01' .... .l.!:tlcr .. US ttll 40 01 :5 1'9 65 
•. illi'.:-:s 1;011 bt: 21 ·.8 3-< 61 50 
Ur.iv rSl t;y of " ,,'N u,: r shir~ .5 02 21 71 7(' 

l·.ut g) rs Ul".i v" rsi ty .... ~ i2 29 63 20 
Cc)~t(. uni'" rsity 23 '27 31 62 .. 5 
Correll university .. 6 55 .. 0 66 82 
r'Ordh3r:l m -n I'd ty 5-. 51 2-. 75 :to 
:.7/ York Univt:rs ity ·.1 65 18 79 98 

.,yr cuse U!liv rl5ity 50 50 30 69 60 

-1 .. rc"nti r inks r oints i::l • I: rios ') 1' IIcor _~ b.la':' wr.ich 11-.· '. gi\'",n 
c rC .l".tCl';C of th " t o t'll .• \I'1t _r of' schools • . , p ro·r. til r·.nk of fifty 

c
50

) """u~.:: t r. t th_ I'c:-,001 :>tt;)'r."d 3 s cor c l~; ~hich 'fpr cxi,. t ly !'ift ... 
I' C4n cf L;. ohon 1 !;_m ~cor s 1i-- und 0\'" V'~ .ch ~ .... ot", r fifty ~ r e ,_ nt 

lit. purc t.t~ " r .·.k o r nlr.:lty t 0) i .diclt s tl: 'lt .rr roxb.·· t ly nin· ty 
p. r eo t ~f t. € ~c~. 'o ls ~tv)~llc d ~ " scores bu10'N this poi., t .,.d t.h.lt !'l1y 
t _n !.<.. r c _:.t pf t f'ch~"l:; .lcl:i· 7cd seer s b,,'/' tl.is Foir.t . !h.:. r f T t! , 

th :;i}tl. rC.Jntih· is"h hi&h,,' t or ~st r rc rti L r'H~kl!l( nd th ' st 
p. rC l.r.til. 1s th 10'.·. _f:t "r poor _st J:. rc ,·:.tE~ r" ~k; :'b o 
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I :.T ;,OD::CI 1,,;: TO U ..... 1' (contin~d) 

o. ot &t{ COf<£ . i- .. re _ .• t '10 "tudente \1=0'8811.11", BOl h' ... :.la- of ;;ohoo1e 
Z!.x!lJti ne' 1 Joief'.n LOI':est 'dtZ'",s t 112~. 

F-:(;i{l'] .. IR FOncE 806 -i9 0 15 
"ri&or:'l :>t'ltc l:oll·.go U 41 ~~ ' 50 ';5 Univ ... reity of "ri&om 43 48. 31 14 50 Fr.;' sno St'lte l:ol1(;go 21 40 I,. 50 ~ Loyola UrJ. verd ty 21 5<a 34 61 60 u'll~ Jos v .; t.t.tt:> Col lege 45 8 33 69 50 ~t ... nford U, iVo..;rGi ty 

2* 51 43 66 lIO univ. of \, 111f. :it L,. 31' 'i8 28 ~7 50 . iv. of "0. ~'l11f • 50 51 28 ~8 65 U:Jiv. of Idr..hu 
~ 62 <} U 95 .. I1t:lI.~ ~t.J.te Collego 22 ' Sol 37 68 60 " r.t:m.J. ::;tlt~ Umv rpity 26 55 29 73 82 Vuiv. o!' .. vnd ... 32 3d 20 68 7 Oregon ... t.'lt CoIl gu .1 -13 21 63 25 Univ. of VI"( gon 28 &) 36 63 60 lit.h :..t • .. ,- ri. Collt.go be; -i6 30 68 0 lin·v. of Ut'lh 61 .. 6 20 ,,5 to .:>t.te olhll; of .. ·.sh. 7Z 55 30 69 82 

.. 
0: ..... • ,shin t .' 62 ~7 0 75 ~o 

u:'"...lV . 

9 l{ rc .... ltll· Ihr.ks r points ira '1 s ri J s of tccr·s be low wt.ich li, '1 " iven 
p r c :.t·l,o f h, ot.<ll n'Z'b r of schools. "p re r.ti 1<. r <ok of fifty 

SO) r.lc.:;p t ,t h school ten, . . !teor" be l oy, w'lich '1.pproxim
3

t..1y fifty 
po. r-cont r th sch' ') l "'1'1 ::oor"tI Ii" 3.r.d :u whi h th oth,r fifty F-r(X~ 
li· p ... r unt'l r .r.>C of I".in.ty -,) indie'.t E th'lt 'lpproxi~~to1y y .' ty 

r c<.!nt ft., :;chool att' l'lOd m... •• scor ... :: below this poi'lt 'lnd t~ t 1. 1y 
t"" Ptr c·~~.t ""1' th,~ sch)ols achi~v j -cor "tI 'Ibov this pOint. I'her f"r , 
th", ~9th p rc ':Jtil i:- thd hi ~st or best /=<1 rcertil. Mnking nd tr.~ let 
p rcC!r.tll .... if: t .. 10'4. rt or poJoru&t pe rCtlntll r 'l.IUci ng. 

28 
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ll. I '{OJUC 1'1 v.' T~ U&.F ~crntl~.\l(Jd) 

o. of ? ..... , COliE 
.c"rcl .. ti 1.J 

hadoAta ~rOf5 hIe 80) r.c.. ke of 

L..xnnirod .:r:,fJ.n CO', ' at r.ll!.hc st ~.:.::~ 

uch ,01s 

14 •• ':" .~lk F Hl.:E 
841 50 "1s 79 

uni'1ersity of Kentucky 8€ 64 :58 79 98 

.(;st K !.t~ky ~t. 'Iohrs. 11 ~ .. 30 65 30 

J.,hns olopkins tiniv . 2'; 66 26 68 56 

Ur,i ,:"rsi 'ty of r.....ryl::nd 36 ,.2 25 66' 20 

llhi') ~t . Univ . 
70 .... 23 59 30 

vrJ.o Univ"r:;ity 
,.2 4 31 . 68 55 

Uni" • ~ f .. kron 
37 02 23 76 10 

Uni, ... rsity of Ci nc i r.r.'l ti .. 7 52 33 68 70 

uq'...\..,5t~ v~iv..; rsl ty 48 .. 2 20 68 20 

'(.ttysbur,- Coll"ge 
15 5:1 .. 7 69 ~2 

l.chi.;h .. r.i'/o: rsi ty 
32 55 3 · ~ 78 82 

renn "t . n "g 59 .. 5 25 6 .. 3S 

Univ . of t cnn ... :58 &0 39 66 60 

Gei ... of t 1 ttsburbh 52 56 10 73 91 

• irgini·~ ~:1l1't u"J' Inst • 63 61 36 78 9 .. 

drgir,i. t lye l~lst . 65 J~ 'a 22 66 30 

IUGt ·,irginin Univ . 
,*7 50 29 70 60 

v('or e tov.1'l ·r.iv . :53 ~B 22 57 1 

HC7N rd Uni7~ rsity 
33 31 15 51 1 

of, rce til-; r.n'.<s 'lro points i n 'I serivs of :;c~rt:s below ".,ich li !l ;-i'1 n 
p rc~ntf'b" of th. t ot -...l nu-:t<.r <:of sc~ . .:>o ls. "\> rce ntil" r~nk of f .ifty 
r

5

) ~,t;.ms th._t tha schoo l tt :'r."d ~ lIc on : bolo'" ·.'Ihich u pr xi-.JJ..toly firty 
P' r aent of th" schoo l nCln scor e! 1i nnd bo vc .".- ich the oth r (ifty P r c"bt 
li... "" rco:ontil .. nnk ninuty ~tJO) iI' lc~to s th:.t tlfp r oxi:-..I001y In ~ ty 
F' t' car.t th ... scnools 'l ttai c d r.:,~un scot'() S ~low t his pOl.t ",::d th~t r.ly 
t ,,:: F" r C ~!;'t 0 1 t (J S oe ls :lohl .. VcJd scor c·s ..I OVu tt.is poir.t. ·h~r . f ' r a , 
the; 9th 1< r C>Jnti1. is t.'»e highest or b_s t c rC t:lntile r '.lnlcir.; nd th .. 1s t 

p_rc,,:1ti L is th l ow st ' r .oor f ct; Flo rc"ntll" r.llnldn-. 
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l!lT riQDUCTl '" i tcontinued) " 

;10. of ltor .... ~ C i\h .P .. rcol til <: 

~tud~nts r ossibl e: 80) nar:ks of 

5cr.o~lll I:.x ~:~i. ... d an Lo?'3st Hio!jh£.st 112 Scho;)ls 

1'1:. •. 7:i _. l lt r rt": :. h06 .. 8 H 18 

.; l~r!l.do ..>t._ t ,) CoIl . f .. 
... ,. ~ .. 57 .. 2 15 6 21 

udvvrsity ,)f D" nve r 59 50 30 67 el 
cr ~d1t;y i.nivt.r&i ty 26 .. 1 1 65 .5 

u:-.iv. .. 1 inoh 26 56 ·~ 5 67 8 5 

',11 t. ~ .hrll . Goll •. 27 46 30 66 .0 

E,Jtlt; r ",:.iv. rsity 21 66 19 78 .~ 

Idi r: '~ nh" · nity .8 53 36 68 75 

h.-duv ur:iv"rsity 43 51 28 61 5 

U~.i v . ". •• ) tro lJ~.Aj 30 52 .. 36 67 70 

CO~ ';011· g.~ 30 41 30 66 15 

1.:JWn St. C ~1l .'be 5~ -15 5 63 35 

... t. ur..iv. "1' >;'\ 5':1 .. 2 22 59 2 

K .ns.ls :;t. ';011 bU 5. 5) .. 8 7-l n 
niv . of !\ '~ t .. ~· b 413 53 .3 5 75 

ur.iv . of ,.ic! i U'. 36 63 28 78 86 

. _shburn ~U:1 . u. iv 22 A;' 25 60 35 

Coll . of ute ht::!lS 67 5 23 68 35 

Jniv . of \..l.!':!l ' sot'!. 66 ;, 3:) 75 65 

"·r~v. of ".i'r:t;;:s,t \;Juluth) 21 36 2. 51 5 

~t. Loui.s vniv. 7:. 3 27 1 25 

... rks () l ege 5-J 06 5 SS 1 

luiv. r,f ~·issouri 67 *;1 20 €6 :>5 

U!1iv. of .. br lI;k· .. ,. 52 " 70 7 
,). 

.. t :::> . J::i<:o t .\." r ;. c • Ct.] 1 . 2. .2 31 56 2) 

Uni·l . of ., . b- 30 3J 4::~ :J3 (, 

.... ~k'"'\.t ~ ..>1; • ";011 • ;<" 55 30 66 82 

S UI ri or ... t. chrs • Col . 1:.1 .0 16 60 9 

U ... jv. of .. i~con:; 1n .3 .3 2. S(' 25 

Jniv. 0 . in - 21 ·.3 .). 5S 25 

'lch. Call . ef ~ ",1' j8 ..2 22 68 20 

:.:ich. S1:. ColI ",,-. 87 ~5 29 63 ::5 

U::l1v . f J.ichig n 28 .;5 0 58 35 

u:....yn.: :'dv rs1ty 30 's2 1. 61 2C 

. c .. rc" ntill. r r.ks r o po ts 1n 'j s · rle s of sccr .. r be10'1o' wnich 11, ~ ' iven 
p .. rc .. r.t!1ge 3f th" t ::-t,il 1l\T.~r of sc 15. rc.., til ... l'IJrok of fifty 
l 50) rnO'!.IlS th~ t th~ school ~1: ~ined a score be low WhlCh approxinr. t~ 1y fifty 
p" r ' jII.;d. of the Echoo l r. on scor· II 11\3 !lnd :.bO"~e 'Khch tru oth r fifty p, r coat 
lio 11 pe rcontile r :mk of nine ty (P9 ) indic:lt" s th:.t t r;: r oxir. t e ly nu.,ty 
p.' r cont of :.r.::- s ch 0 15 tt!llnc d l~ .: •• cores bolow this point :.md thot only 
t C!1 pE.r cont f the ~ hools (1ohi· va d scor·) s :.bove this poir:t. The r e fore . 
tho 99th p~ rcontile is the highe st or bust F : rc"ntil~ ~nklng ~nd tho 1st 
p reclltilo is tho 10 . st r poort: st percantil" rllrJcing. 
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u ... .F (e"nti nued) 

i,·cr.' of . 
vtudenta 
,:,x:lIl'ined 

r. E:"Fr!: ~il\ i"vi£i! . . 725 
~ni"'u rsity of "J+:::Ins!l.s '8 
:. uieif.n& St . ~[.i •• __ .~ 56 
ru1~e Univ0rsity 33 
.:>outt ...... ste r r. 1.&. 1~. 35 
:.(:N ..... xieo Coll . of" &!!A 41 
Vkbh<rl'l ~<):._ 52 
Univ . of 0kh 78 
,,/r..~ Coll . 01 ; e x'lS 169 
o!.y10r lini;' rcit'J 26 
South rn ._ the U:--.i.\" 51 
T x 6 r.;oh ';oll ... ge 46 
'Cni Vl: rsi y cf .. ~x[. B 91 

46 
54 
52 
46 
;3 
44 
50 
·1 9 
i2 
38 
.. 1 
5-i 
~3 

RId. SCOnE 
Fossibl ... 8v) 

17 
39 
38 
26 
17 
26 
35 
28 
20 
18 
19 
34 
25 

68 
F8 
66 
66 
66' 
G 
67 
63 
63 
60 
60 
6b 
S .. 

. • ;-e-re ntile . 
It, nks of 
112 ;,ouo 16 

80 
70 
~O 

25 
~ 
sb 
55 
20 

'T 
1t> 
ab 
25 

• f. re'~hti ~ r .• nks ::Ire poi nt8 in a 8(; 1' ius of scores below wh' eh l~ - 11 given 
pclrc"nt!>gIJ of th tot'll nur:bel' of rehools •.• p.. re. ·atile ·rimk of fifty 
\P50) m.; .. 5 tl.,~ t tht- school attain 1 '\ r~.,r bele'''' ·;.hieh f;r rOXlm'lt",ly fifty 

, r ceat of th" sor.ool ruan scer.- s _L t.ol :lC-Qve n:'ch the other fifty F r celrt 
li ... :J. p_roentil" r>nlt o f nin.ty \¥y,) l.ndic -l.t e s th t rrroxin tely '.in"ty 
p()r cont of th", schools !l.ttal~t.d r· :;eor 5 below this P01.1t nnd th t .:-r:ly 
t .• n r ,, 1' cC'nt of th -~ schl"" ls aehi"v'oJ seor's pov ... this poi.,t. ih.;r . f or .. , 
tn. J::Ith P 1'0 :-:t ill: is th- high",st. or be s t p ro ... r. tile T'l oki"i: '\ nd th, 1st 

" rcer.til is th 10'.'l.~t or poor'rt perv' 1til' - r nkin!; . 
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.:.. 

I;Hho~ucrl 

~o •• _ol •. h.,,; ~c OliE · Lreentile 
,;,tudents l'ossible gO) hililks of ' 

~chools l:.x'lrnined Me'ln Lry.· st liighcst 112 l:>ch~ls 

FOO"rl'r::.r.: .. l'rl ... R F01<CE 687 18 .. 75. 
• 'l:lb!lr.;'~ t':>ly • last . 25 --t''; 32 00 40 
IUGkugv<; Inst . 31 50 4 .73 6J 
I..nlv. of ·.l .. bama. 74 38 19 .61 1 
Ur.i't . of iloridu 71 55 .s~ 68 82 
ur.i'J . of .··1 .11 33 ~2 25 62 20 
' ... o rbi lru;t . of Tech . 52 46 18 75 4) 

ul. iv . of ul..orgl'l ~3 4·. 26 58 30 
h'i ss . .. t . ~oll\;.gu 61 46 23 68 40 
u.J:J . 01' ··1615 • 39 43 27 59 25 
~ . ..; roli:,!> u!lcha rs ColI . 32 41 2 .. 61 10 
i • • C::Ir o l :1::- St . CoIl . of 
a&l:. 39 58 .. 69 n 
Univ . of ~ . ~!lr linn 55 49 28 66 55 
Clemson "?;ric . Coll . .. 1 48 2 .. 6·~ 50 
- h Cit..d·l 56 53 30 72 75 
Ur.iv . of um us uc 20 60 ·.8 6~ 93 .. 

oPp rcontile r anks a.rc poiuts in '1 s"rics of scor . s b,.low "<hicn Ii :1 vivun 
p- rc nt:.>go of th ... tot· 1 mrr.b .;·r of 5C;. Is . a fLrc ,- ntil ranJc of fifty 
'!-5 . ) ':1; .i1.S t h·,t ttxl school ttuinl..d a score c low wh :ch ::Iq. rox ; ,' toly fifty 
r r C"'z:t 01' tho 6C 001 n. 'on ~cor ... 6 lio 'lona nbov.J whioh tool other fifty p...r c.111 
Ii. P' rc · util, r ole of nim.ty (l-~() ir;diclte; s th:it "fproxir-ctc ly nir.o ty 
p<r cent of t.h. schools !ltt.:J.in.:d n. •. scor e s bolow this point nd th~t " nly 
t cn per c pn t of thJ schools ::Ichicv ... d 5C ?r~ S abvve this point . Ih~r~forc, 
th .. J9th p c rc t:. ntilc is the higO-!st or v\.<st FLrcentllo ro.nlring nnd tho lst 
pt. rco;; .• tll c i:; tru l ow 'st or poore s t percentile To.nki ng . 

J2 
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.1.. suI ts of _".;' tif'tic ,- l 

i r 1 5 c ch ~ols. ihe ~(),. r :;COJ"u 'l tt!l i~" d b'" t l.es rtud.~ s fr o,- -:; 11 l !lTtlci -

':: ... c .Sv t h r::.r-.r:. r of ,sohoo ls r Fr 
ti t .: d in c'lch 01' t h, ir f orc 5 ' • r ... 

t oo f ", . :!" v r, ~ dh:tri utt or: of t he I:l an S oru s of tr. e 

,,-\~"LE.. I f 
lJistributio"l of--:c:-i- - " " " g s ~'.':>, l ct ~ d 
~ !"C _ .tile s o?,;hO:-;--· b.tic .1 c .trol.2,-

'. t i ": j' "r15 ..,cho Is . 

,)7- .. ) . 

: - :3 

( - ., 

". - 1 
30- 3 

= ;; 1 

2 

..... e" r ..; 1 

~ ~ 

iJJ 

:>t: 
,2 

• 7 

'~- 1 f t h-:-.lf' ; 'I rt :1' . • bl e; 1 ~ s ho;5 to. t t r-

1'r -- " 10-: f 36 t o , ni r,r: of 5:}. L th' 15 ~ C >-, ,, l ~ '.:I ' r .0,. 

r c ' 

->;j 

80,. 
:> J 

J • 

I , 

L, I'C . Is 

ti s· 

1:'. , r. ,5 , .. d 53 . ! ~- s C'.cI r " i t, t~ 1 0', s t r."lt S c hi'~ d r ',h l y 

o tho 'I\' r ~e '.bcu: b 'n t tros '\s - uc r. .5 t1. 
c :>olt r: .!ch r tur " d tn 

hi.-h, s t !.1V r ', 1.. 5 . i l.'_ r ", i- ~" V ' rt~, 1 ~_ 
', id r ', b ; n hi c vc !"t "~"". -

th:..::" c l ')) 1:: . 
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'" ." ,id i 1. h.t, r ,rl.. tit,g ~r.e I"ch')Ql t st r t: sult8 tho:, distri butiv,. ;:;f 

scl,o)'l -:'V.i' .:0 :; h"5 b~on .:11vi t:d into ( rc cr. til"s. i- r c,- : til " s '. r" f-o .ts 

i:, -:i~t;rLJ :.i~:l of . cor ", l ow :~,.ch Ii '1 .;1\1' >' f' rC _1 t'lb" of t;r. tot',l 

:l~.:' r ':>1' scno · ls. r' iv. p" r untile poir.ts . i:J':i . rtlO . 50. r20, II :, ' t l. 

the ir c:>rr S )',dlr:l :lco r " v ll lu(.s < n s iv"., i ~ ~,,.. ri i':ht h"nd f!l.rt ~!' -.1b l 

H. . sella 1 ,-,v r ,,,:o f 59 ~'lS Qc~i€.- c d by t h: t op 1, at't.tle 5 ~ cr) 1:- e r 

st,t d ir, O~: r · .. o rds, ,.,.;. of thu ~ ch o:> l~ atr.:.i ,t! d .. v .;; r l[u scordS be lm: f'JJ . 

" I .~- .) r '.> rc r c of s.~ h tl:e ~ eore ~t or ce l '/ . hich 11,. "0~ oj' th, :;c}.,., 1 

'l V· rJ.g s . I:;,.) . i . " •• the fiftiJtr. rrr~ til 11I rk:; ttl ... :-:id - ' oi::t "!' t:-", 

distri ut: r. 11' s r.hool . _'l::e. th:.. t is , it is t h<J roi r.t 
10'.' ..... h · ::~ 'J.:~ly 

a l..i ch tNi ' h r 501. Ii 

I'c::lr "r. 7 ir t ho s " r ,t or ~u l o;' :"111ch Ii.., 2 • of he :: ch')o l 111' r _ s . 

n!1 ~. r , C .. r: or 
r 38 il' th~ !'cor at c r belo',. 

lcn lie 1,_ of' the -d "01 

Ah· r..j. ~_- • l..U - .. 

in r - ~ 

.7 '.c 

~Ol~'" .~ truc-:i 

rr R id 

r,.;·.t of t", 1 t:; r Cr lp ~r t c: 

tr - r.t'll -bilit· 01 t. !' tud 

XI I.!"; ~ti :1. . 

" ~cor s bt.t · 0 r2:) ':.1 • _. 

It. :-tud "t l") t; r. 1' 

t s C I.e r .d . ~I.l ";~.:- t r 6 f()r I fu! lu r 

i. 1 1 ~ 'i-,u s t:.o..; -",£In s o)r~s nd , rc,,-t iLs ror ('.eh' of th ' sct>"' l r ',' ie:' 

t ~ok ~- x-~. ~ .t1 ~ i, wt~ti~tic~l C ltrol. 
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.. r'" . r d c·.i·:~ r 5ity 

-:. \1. 1. 'J:, 

J .. i" r :::i.t. r_' r: . 
..;t t" C ..... ,l • ~t 14 ... ~!" . • 

v. iO) l.r. i ' r!."i. y 
, ":,.· .. :· ......... r ~ l",1 .j J C 

• .L ' ... .; 

r;:. oJ': :.r si t y 

~:.i" rS l 
r~: t : 

\f t..) c u e :.~ wt t:. rc; 

I r ec..Dt c i" tho 1' 0Lex 1 "., 
'i r~~k 

I r at.; .t 
t .. -: j r 0 ",' 

t!. JJ t •• 

" . r c .t ile ir 

r.. rc' tilt ... • 
~1o . cf .1. .... S~ f.b ..... :.1. 1. S -,f 
,-,-cud. t s ill 15 ,- c :1'y)15 
i:.IX1.l'" , Ii .t _!1 :: i ~r.cst 

2 ;} :>1 26 63 

If, ;>3 35 (':3 65 

2'1 52 3J f;8 

Ie' 51 33 68 .6 , ~ ... 3 .2 ~5 L. 

,.;. ~5 35 6.' 

3 .~ . 35 
1 . 5 .~ 

7 6 O. 
17 5J ,,(J J.' 

&..) ;,.J :' 0 €' 

15 :>-. ,0 6 
1 , 5.) .~ . 6 !1 Ov 

2 ~5 1.;. 

li, ~1 ~I' 6) 

23 3 ,S 61 I~ " .. :I 2C 6.' 

il. ri !'c~r f h. 1 ... : ch Ii 1'; 
t' c:: ~ !:S . , rc . t: 1 r 'l':k nl 1 il t V 

'; tc_ .<. d '" fC r ' l~ .c "' '.It '~ roxi- ,t 1 ' i: t 
ac r, :; he -:1 - 0'1 • 1 en t"'t; o t h· r liftv . ,. c (.; ot 

·i.e ~s th'l 1 r ox i('l.to1v ., 
- .. . c"r · 5 ce l ov cr.i s pcir.t ,'.d "tc·. t; :.Iy 

.lcr..ie:'.T;d s a or .)s ~i 'a t is :-oi ~ . . h t.: r 1'- r d . 
-, r cent i Ii) r 'lnk .. ~r" lr:d .. r:,_ lst 

.- • ··\'.I·~ of "h" ~"'l11' !'·~ r ~ fC.O 1" i1 vol','ed tho F·_ roenti 1 e r nk r1'S 
'. r :, st 'sti it Ii , .... lues . 

35 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFI~ 

, c,,~ ti r. 'ole" ) 

:0.,-:: _CJ£<J.:. t" re ef.ti le 
r" ;)ss ible 8(,) - \' ks of 

__ ~~~et~~1~5~ ______________ ~~~~=-~~~~~~·~e~s~t_ ~h~i_~he~s~t~~l~5~-~en~~_~~1~s~ ___ 

" l '..Ib •. 9 I 1;,rtec h:-:i o lr.st. 
v,l.! v<. rs ~ ty 1f vE :> r ::- i'l 
.;r V r z1. t~ "1 ••• ....... r~ l ir '.1 

7·, 

2j 
Ii 
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Results of Supply Ex~inQtlon 

The SO-item test on Supply W"S administered . to 306 students . J;o 

oomparison by ir torce w~s made bec~uac the numb~r ot schools rapre-

sented in each ' ir fo r oe wer e too few . However . a distribution at th 

mc:;.n scores of the 18 partielpa tnt; schools was made and tho tabul!1t1on 

1s presented in Table 17. 

Table. 17 

Distribution of School Averages and SelDoted Percentiles 
on the Supply Ex!Ullination tor 18 Schooh 

l.1r ROTC 1948- 1949 

DistrIbution or Averagos Score Voiuo of Percentii"s. 

School i..vera5e Soores No. Aver.l~e Score Poroootile 

63-65 1 64 99% 
60.62 0 
57-59 4 59 90% 

57 ear. 
54-56 4 55 7Wo 
51-53 1 53 Sar. 

52 5ar. 
48-5(1 2 .49 ·1ar. 
4547 1 46 3~ 
~2-44 4 H 20% 

43 10% 
39-*1 1 40 11-
Tot:l1 -nr-

.Pereentilas given here oro rough est~tos. 

The loft h:l1f ?~t of Tabl ~ 17 shows that the school 'lor ecs 

r.nge from :l laN averago scoro of 39 to hiGh of 65. Of tho 18 sohools. 

12 or 6f'! utt in{.d rnnan soorrs bot-.veen -15 :lIld 09. Tho sohooh .. lith tho 

lowest Own'll kchio'll)d roughly on tho a"'or.lgo "bout two thirds as n:uoh as 

the schools which returnod th~ ~i;hest avorllgos. nlcru is a ;vldo r 'mgc 

in chie'lamcnt among thosc sohools . 
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As r. id in interpreting the school t est r esults th~ distribution 

of s~hool ~:ur~g~s h~s been divided into pcrcontile~ . Percentiles ~ro 

oints in a distribution ot scores below which 11e 0. givnn perocn~ ,,1 of 

he tot~l numbe r of schools . El even percentile points , P99, pgO, pso. 

P1'J, Pt:O. P50. PtO, P30, PlO 'lnri Pl, '" ith their oorre sponding sc r o 'r~lu<;s 

r u bivon in the right h nd p.'lrt of Table 17. A school o.vero. of 6l .. "is 

chiovod bythc top 1% ot the 18 Ichools or st:.tted in othe r ~':ords , 'J~ ;Jt 

th·, school:; ptt,ain.od ver age, scor bo lO\~ 64. iu! flvor gu sc?r o of 59 is 

the Icore t or be ow which 110 90{. ot tht.. school '\ver ages ; 'In 1" r .go 

scor e of 57 is the scor e .. tor below whioh lit! sO;; of tho !lchool ":er ges; 

an vor .. ge scor,~ of 55 is the S oor , ... t or belO' .. ; ,Ihich lie 7Dr. of the school 

Vero.gf,s. Tho oth-, r percentiles mny be into r pr r tod }n 0. swil r t;'lnne r. 

PSO. i.o., the fiftieth peroentil ~:.t"'rs t.he mid-p011lt of the L:tribution 

of school rr.oar.s , that is. it ia th' point bl)loN ·I.'hich 50;: of th. school 

.70r:Agos li" -:I 'lbo':o which thu ot ho r 50% lie . The g r en t majori ty of the 

schools r. tt !ned me n scoros Cl;t; .. on thirt-J pcrc.mtllo points :'C070 PSO. 

i.o •• P"O. nd thirty pp rcent ilv po ints be low PSO, i.e •• PZO. Thu r .nr,o 

no to P 0 includos the middlo 6a;: of tho school ':"r ' bes or st:lt .. d in 

t ems of "cor e, v"lu,-s . he middl" t. a:. of the school ';.·/.:J r .s fell bo ...... en 

1 £ 'm:l 57 . Schoole t ininl'" vo r tt.c(. s in th,~ Lottom 30;:. i . e ., P30 !:\~.' 

find it I:: hly desirr.blo 0 inst~t ... L ch'\nb s ir. i'!~thods of instruction. 

t hcibhten s ud,mt in c r est, lId to ;: r o ...... i c "" Uq'l!ltO 0 :-ricuhr m".tllt"i::.l . 

Ho.i\lVvr. in ov· .. lU[,tinG the, ohi ... · ll!.::;lt of the l '. tt r t; r ou? of seh ols, it 

is nec<.::;s~ry to t ko ir.to cor.s i dc r :,:m til IIY.)n t 'l l bi11ty of th" ll~ud'ntB 

concorned. Seo Chupte r 6 for full r oxpl ' n~tion . 

T ble 18 ivo3 thv mv n scoros and puroer.tilos for e'lch of thE 

8chools ':lhich took the. ex min tio~ in Supply • . 

38 
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~l;lu 18 

i.! .. r.s .n1 P~r-:;t)ntil" ~f\nlc:; of .dr ~Oi'C eohl')()ls .Jhich l'Do!c tho 
Supply Ex in tion 

Scho('lls 

ALL ;,IR FORCES 

FIRST •. rR FORCE 

Uni·.-,;:-sitj .::Jf ::onnccticut 
l.illi.>reB Collego 

FOt.'RTH i.m FOn~E 

Uni .... ~ rsity of "rizon'). 
Univr:I"':::it:r of Cul1fol'llL 

at Los J.r;,,1': los 
:ont.1ll' .)t~to Ur.l-:cl":;it-.f 

rnnE r.m FORCE 

Ohio vnbt;rsit;,' 
Ohio Stat' iv<;r5i ty 
Ho;. I" ~l, ",_ r:; i tJ 
Uni'lorsity of :':""ryla.nd 

m'~R ;. IR FORCE 

Color:ldo St" t o:: Colg .a!.::. 
Indi i! l'ni~-I'rrity 
Cni7crsity f Wichita 
Un i 'lor:; 1 ty of '1=<;so1::" 
n":crsity of' Iti:;con:::in 

'I'XELFTH i, m FOaCE 

0 .. :':,_xico Colr, . ;.oL:" 

'Jnb. r:;ity o¥ Flori:!" 
Uni ·,. r.:;ity of 1':'13:;'5: 1tl?1 
Th . CF dol 

Air ROTC 1918-49 

1:0. of 
Students 
Bx!1l1lined 

306 

29 
5 

52 

32 
6 

co 

29 
1. 
13 

73 

6 
23 
16 
22 

€ 

2J 

23 

21 
13 
30 

&\".'1 SCORE 
(Possible 80) 

52 

62 

6 
51 

5,1 

46 

57 
5 .. 

56 

59 
5. 
56 
55 

50 

~o 

22 

*5 
.. 4 

36 

36 

43 
lot 

31 

!i9 
31 
~3 

5 

36 
37 
29 
22 
31 

30 

33 

76 

• 76 

76 
£8 

69 

69 

68 
£8 

75 

53 
75 
55 
€I 
61 

46 

71 

P"rccntilc· 
Rr.nks of 
16 Sr:hr-ols 

'9 
;'7 

37 

60 
6f, 

90 
35 
6:-
70 

20 
,.3 
10 
30 
20 

1 

-59 
42 
56 

50 
33 
33 

30 
7 

75 
.p, rc, ;r. tllu I" .r.ks .1"' points in " s'. ri"s of !lcor - s 1 W ',:hich lie gt\. n per-
cl.;ntu~c of th ~, to 1 n'mlb<Jr of' schools. :. percentile I"mk of 50 (PS'J) 1"". r.s 
that the school "tt .in",d . 3cor~ bolo'oI which p':lroxi::t'1t<.)1y 50,": of the sohoo 

71 
59 
71 

m ... n !lcorcS 10 and 'bov ... 'I,hioh the other 5~ He. i.. percentile rqr-k of 300:'90> 
indictos ~h1t ppr~x~_trly 9~ of t~ schools' tt ir."d mean scores bcl~ thl::: 
point n d th,t only 1~ of thr. school~ .chiovo score s ~bove this point. Th~ro­
fore tho 99th percentile is th~ hi~hest 01" best p~rccntile ranking anJ the 
first perccr.tilo is the l()',\'est or poorest percontile r.tnking. 

&':C'-'UliV of the. "m 11 nwn c;r of schools in·,ol .... ed the percenti le r nnkir.gs .re bost Elstunatud 'J luo::. T 
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R~~~ltz of 1r nsport~tion Ex~in tlon 

The 60- i tam tezt on Transporto.tio~ ".7'lS tJministcred to 219 :;tudont:- ir 12 

t'orc(.s "II a 48. 
o co:::p'1.rison by sep:>.r .oJ air £orces \', s m:lde because chc nurn-

ber of schools reprcsclltQq in CCoch of _~: " ,~ 1r forc" s Vlere too fo·:! . Ho-.lev; r, II 

distribution of th .. moan ccor(;:l of thu 12 schools W(lS m::.do und the '1bul::tion 

is -'i'.'"n in Tobl0 19. 

Table 19 

Distribution of School hvc~~&cS xnd Solocted Percentiles 
on tho Tr~nBportution Exarn in , tion for 12 Schools 

Air ROTC 1.1-18-19·1:1 

Di tributior of h7 .. r ~ge s Scoro V luI. of Pvrccntilcs . 

School 1\7,- r <'_-c Scoros l'o. k/or ~ge Score Porccntil.-: 

72-7-1 1 72 991-69-71 0 
65-68 1 
63-65 1 
6::;-62 0 
57-59 0 57 8Oj-; 51- 56 0 
51- 53 0 
*8-50 0 
.. 5-~7 2 .. 7 5((. 12_1;'1 2 
39-41 1 
36-38 2 36 2 OJ' 33-35 0 
30-32 2 30 It. rot.l 12 

.Porcont iles g i ".ren hr r " rl. rO~bh cst irn.... ,..\..5. 

Thu l oft h~lf p rt of r .bl0 13 sho-:Is th'l t th school 'Tor :"s r .• nge 

from la.1 of 30 to hlbh of 71. O!' th, 2 school:;, 7 or :.bout 58 F r , coJ!lt 

tt 'J inl;d muCIn scor(;s bd;-::con 36 ..nd ,~ 7. The schools vii th the lo-Rest; r.:) ns 

chiv.-ed roughly on the vor;.ge bout" 45 per C(int~s muoh 'lS the achools wh:ch 

r( turnvd tho hi hust '::.",or :1. es . Tho range of school chiovemfmt is gro::.tost 

on tho rr "\nsp~rtation ex~ in tlan. 

40 
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;,s r.n lid in interpr t iN': t~ :;~. '"lol t est rcs·.11ts th distri'1utior. of 

sch:Jol .v.'r~!; s h'.s be n dividod into pcrcent11os. Pe 'ccnt110G t.r ,; F· ir.!;:; in 

t!:o t:istributior. of scor '~ :l bul<r.' which lie a bivc!\ yerccn g~ nf tt.e "'.;.0 .1 :.\1.':1-

bcr 0: school s . Fi'n~ pr-rcer.tile rO:.nt3i 1'99, PSO, PSO, no <md 1'1 with t:.eir 

corr.~ spondi:,.i; scor" '.0.1u03 .!r o givcn in the right h~d p ... rt of , -ble 19. 

school.
vor 

:) of 72 '.ns ,.chicved by... . top ono P roent (l~~) of t~o 12 :;ct • .>ol:; 

or :Jt~.t')d ir. oth r ':Iords, 99',1. of tn._ schools tt' in..;d \'~ r ,·e scores "clO\\' 72. 

lI.Jl ,VOl' 'F~ scor.;; of 57 is th" scoro t or b"lOoN ,,'hich lie sOf. of the .1ci.:lol 

vrr"(;CS . PSO, i. , ., h(. fiftieth pc:" ~'.ntil m:..rks th ... rnid-po!r.t of thr, dis­

tribution of school r..CIll".S, thL.t is, it i the point be l 0'.1 which r ou;hly fifty 

pe r •• (50-;;) of th school "1or~ g~ s lie; .. nd " bo\' '::hich h'~ o the.' fifty pror 

cent (501-) lio . 
,"cr b

O 
scorc of' 36 ~:; the. "core • t or "t.,10',1 ·.vhich 1 '" 2«. 

of tho school 'lor .&"s l .n ;.vc.r .... g;o score of 3S is the :Jcor e It or b " lcY:: ',';l'.ich 

H I) 1 pre..,. t of h school "7e r~l!;es. :'ho n jority of th school:; tt..lincd 

me n scoroo b ':le:n no ...nd P o. Th" r ngc n -peo ircludos th( mic'ilc sixty 

p", r cvrtt ( o;~ ) of th school lv"r .r,l.:; or ~ t · t e d in t ror.:; of scar v~lu(.s the 

middle sixty !" rC'" t (60";;) of the sc .001 r. or ~ges foll bct-.... eon 36 ·.nd 57. 

Schools t-;; ... inir. ;- .·!.~ r t: s in th.; . ttom thirty p. r c .Jr.t ( ;;,O~) i • . • , P30 or 

. n.r 'g~ :; :J r c.:; of 38 o r be 10',11 m..1 find it hibh1;r as ir' ble to ins itute 

ch.n as in :e. tho:j,c of instru<;'tion, to' it,htcn studr::t interc st, c ' ,0 ro-

curric'11.r n thods. RO'NO\"C. , ir , ... ; . lu, in.; th t) ,cr·: \' \' ·:.cnt of 
v ido duqu. 

the l .• ttcr gr '>up of :;chool:; , it is r c ••. ry w t .~: i:-to consid.::r' 1. h o 

Itt..nt..l - i11tJ of th ... :; uj ... rts eor.~lrned. ike Ct.·->. r e for '1 fu11.r lC?l .n-

tion. 

To.blc 20 gi-;C5 t.he mo[.n score 
-.d p •. rccT1tilc5 for o.ch of th schools 

wh ieh took tho CXfJll'in· tier., in Tr lnspo:-t..l tion. 
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T 10 20 
.:.. :' n:: nd Pcrcontu,; Ibnlcs of 1r ROTC Schools 

th_ Tr :u\spor tc.tlon 8lrA:lin..: Hon .. "hich "'ook 

I. lr ROTC 1948-19.9 

No. of JWt SCORE 
Por contilo 

School s 
St u dent. 

(Possibl o 80) 
R-.nks of Examin<.:j D'3:lD r:OIros ~ BI§7iCs ~ 12 Schools ,J.U "m FO~CES 

219 48 23 78 FBSr I, IR FCiRvE 
28 55 33 75 

Uri:or::it:; of :.!\SII chus <.; tta 
15 67 55 , 75 ~ 

Syr cusc Un!'" rsity 
13 .3 33 50 n O''RTH ,ilR FORCE 
42 37 023 55 S-m Jose St_t<.: ollege 22 a 21 55 35 

OreGon St.lte College 
20 32 23 ~2 7 'In!! .. rn FORCE 
33 38 2 .. 58 

Univer sity Of ..l<ron 
IG 37 28 48 Sfi 

Lchi~h Univcrsity 
8 30 2~ ~O 1 

Ro',v- rd University 
13 

1" ;;1 58 ~. TErra :.m F'OR'E 
2 .• 50 27 78 Coo Colln 0 
15 36 27 50 20 

South [).,kom St'!te College 9 72 5 78 99 ToIELFrn •. rR FORCE 
35 

Univor 31 t-- of J\ rluns s 35 .7 33 51 !;O FOURl'Ea~TF. . .:.m FORCE 
57 58 30 78 

TuSkogee Institute 
39 6; 38 78 85 

Cl.mson n ricultur_l 
Collcf,o 18 ·.5 30 65 .7 

. p rcontH· r-rks .. r" Points ir. ~ scr' ~:; of' Sc'rc.s holo-
N 

..... hi:::h lie: iV<.;n per­
cent ge of' thv tot .. 1 nu:-:b r of scl.oola • . p'rc(.,. i' e. r 'mk 01' 50 (P<;Qj r.;\!'lns 
th t th" school ~ tt.ir.od ~ 3COr~ below which ~r~roxt._.t 1y 50% of tt~ ~c~ool 
,--n SCor,.s 11(.; Jnd bow Which the ot her 50;. 11._. "PC,rccntil •. r mk of 90 

IP90) indic t~G t~.t ,pproXim-to1y ,J;' o~ th~ SChools ,tt inod mc~ S~oros bLlu.. 
this poin • nd th.t <>r:1:; 10;,; of ttl.. .:;choal:! chi ... \,ed scor ... s ,bo'J'o this r int. 
Th·, r f'or c th ~9th Purc<.:ntilc is th'l hi .... host or best p<lrccntilc I"611"inr;..z:d the 
fi r st p'~rCf.r, tilu is th" 10'.1(ls Or 1'0;):- <; perconti l

u 
,.' nkin • 

Bec .use of the. sm 11 nUl:lbcr of schOol s in\'oh'cd th_ pc r c ... ntilc r .. r:kings _r.) bc:; t tl3tb:J.t .. d \ 1uc s . 

42 
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C:-Ai''lER III ---_ .-

U 19 7- 1.1 ·fl _ ~ 19 .. 0- 1;:149 

:1-.i. st._r1:' :;~ c ie,l Y i 11 CL 1 ~ th ttc \;<. sti 0 , T" ',,/" • . t ill r .J 

;c11:: c purif~!. 

cr. 1e hr ... ~r. t..J.,. 

tt: CXL-.i: . .lti:. i"1 13 '-'.6 :-;u~1. 0" c. -:,. r£~ I.it.r t~.l SL:r. s .. t I :;c.,) 1f 

si'~il( r c rs.:'· X!:~ il",ti n 1:1 19.;8- 1J .. 

c, urr_ Xt...U'.ti., 

c , . r iE 1. . 

ui.::r' r :.C S r.. ,--. thi"' cer.~ ~r ... r .. x?r c. ... :t. J by.r&.:1kL .... the 

I'c : Ie i:. • •• - _ .Ie.. 'Jr. r . I- 1;r. ~h 11' 1.. 1::t.t; T-l .6 t :-.. 

t.y cod'fici,,:1ts . 'il. ~e c o(; l1 i cients "r corNol ti n ""!toy rL.·"e l r ', 

,., 
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'Cl' WC<:l ~ ... .) r'..nks .> r -.,.a sure s .. II hi h , ~rked or 6utictt.nti f 1 ,1 01" .;; r 

l i. i bl. CJL I ·t ici~~~s Lf c o rr 

dirr.~ rel-. ti Dsl.ip, bc..~,"C:'l - . ~l t o 

ti I f:r:ip , bd,9,t.;L 1- . 71 t v ' 1 . 0J Gono 

b 1.0 c'.lc t.: 1'. ~ ! 1r -, '. '"~ C I.S t:.:l. ~r{' , ti.-... r iJ r " , t;ct vc r :' r< -

1 it.. b l ' J : '". '. r, fisi 1· ... 

1. 

2 . 

It .• 1 i r.t c:oi t i ci <I1ts .)1' corr" ..... ti :1~ • ,r c .) pU tG ll , t. tis , 

h c:: Il ici :l ts of corr"lL ti "n NV'. Ln se h , ... 1 rn:.·s 

':'l ~r. .J ... 1 .:1,: ----------

btr . ucti .. t:: US.F 

+ . 70 

. 50 

Cl l[ c. f )sitivl; r c. l<...tL :l ­
_,. i p . 

Su LEt .:. tit.1 r)sitiv~ 
r ... (o ti -:sh ip. 
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II. ..dl'1in1stratiun end 
L. illtu ry ~Wl"'LerC-1t 

~. Connunlcuti~s 

5. SUt' .. ly 

6. Stotistice l C_'!1 tro l 

7. Aircra ft :~ in t ennnoo 

8. 

COEFnCIQ1T 
2!. C"ni&l:;n l 14 

-+ .33 

-4- .28 

-+ .22 

-+ .16 

+ .06 

I I; nRi'I/h T .. 11 IN 

Slitiht po6itivc reI ' ti Ln­
sl.ip. 

SUght p osi ti va relc. tien­
ship. 

Sli . ht positive reh,ti n­
ship. 

Slibht positive rd L. t1. . _ 
ship. 

l;c&lit,iblc positive re­
lc. ti cnshlp. 

;jct: liblbl~ p.:lsltlv6 re­
In ti ~nshlp. 

!hI. c ·urst ~xnrn.1n .. ti ::,n6 v.h . r , -.1:11 hit hast p06itive correillti ):16 

.. erc obt:..i:lcd ?ocrc .. r~r.=nt. Introducti ' n t o U...4F c.ud Adn1nistn.tLn 

I.D .~ il1tt:. ry .. t..Ilcf;emcnt. On the latt(;r CxcClinati ... ns there \\~.s I. t Clldency 

h r soh _ 1:; t .:l ~i:.tul. their statu6 rl.4nki:l 6 ire;:: 19{"'-19,,8 t- 19.,8-1949. 

The thr<.1. Ccurse C)[Cnin ... tLus .... hc r e th .. c J fioil..nt6 ;Ier e l -•. cst I\('re 

.. ircn;.ft .~t:. intc.n(.nce. Stntistio'_l I.~nt ro l and l'rnnsp:lrtatl...n. On the 

1 ... ttl..r thrt.:c I.xtl:'1ir.cti ns . therl.f?rc, tht.. rt. W' .. s 1.4 tcnd .. ncy f r the 

on the 1947-1948 tx(..n1.._ti~ wen l ?wen tb.: 19 .. -1949 t.x(lC'.1..1atLn und 

vice V l r sa . 

course c utcnt. Chl.4:JboS in i::struct.>r pt..rsoD.'lcl und chwlccs in the 

quality of Dental ability f th ~tu Ellt p;)puluti-..!l. ChungC6 in tho 

ifficulty .:If the tw.) Wl.luul XL.c1n .. t1..r.s in u subjt.ct field would 

D.)t toffcct to) ~rE:loItly the inter-fic:.ool OJopbri6wo6 beCIJ.Ufie tho 

eX!lI:ilnlOti.ns ~ ould be equally diffioult or e!.osy for both annual 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE 

L~r"upe of echJJle bud, tht..refor , v. '""ld hr.-va littls. effect or. th" 

rc.l ti7C pooitLna ~r rc.nk orden he choo ls c • .nc\.lncd . 

t.bh:e 21" t .., 28 present too c l.npt.r1s~na ef n..'lk or ra ~f Air 

ROre Seho.) la on 1947- 1948 c.nd 1·~8- 1949 l.X&mint.ti..Il6 in each of 

the eiuht c;ursc fiolds . 
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'IABUoU ---

Exo.r~br.tbn in ';'d:'l inistrnU:' 
:..ne .. ilitLry .. IJ.no.t;cnent 
.. ir ID'I'C 1947-1948 

Seho ... ls 

• Ro.nk Order 
19-.7- 19-.8 

Yr.l e Unlvere1 ty 
IlJstGri t:niverli ty 
Fordhun Unlvcni ty 
new 'i )rk Lnivcrd ty 
Syracul~ Oniversity 

3.5 
25 

FOlRTh ....I R FL:.CE 

7 
1 

19 

t:n iv~ rsity of Utuh 7 
Ut;l ,h tt..tc " ur1oulturol 
Collt. ·c 2 
Univ rai ty o f Oreg C1\ 22 

:a :, Tii .. IR FOitCE 
Univerlii ty " f Kc.ntuoky 
.,(;f, t Kentucky st. rc~ehc rll 
J hIls n l'kinll lu iv<rsity 
Un l '~rsity f . : ron 
lll i v ... r61ty of ..; inCLj:1Gti 
lJuqu ... ::n~ Un1v E.rsi ty 
Penn st. Co1lt·C<-
ir;'i :. i IJ. .: ilita;.rv l ntt. 

\ irinin Ply. l e ch. 
l ns t. 

virbi n iu l.;n 1v" rBity 

58 
3.5 

37 
19 
27 
22 
30 
25 

10 .5 
35.5 

~Ilml!l"tion in Adrn1r.1str<:.ti ;U 

Ilnd ~\ lu.t:;.ry Ia\Wlo.be~nt 
.. ir I<Q7C 1!t4d-1949 

nRST .uR tORCE 

Y:.. le Unl VU' Ii ty 
BJston U ivt.rdty 
fo' ", rahW:l Univ rsl ty 
li t 'll York . i.niv<-ra1ty 
~yr.cu60 Ur.iv"rai ty 

• R::mk Orce r 
19·.B-l ~··~ (j 

7.5 
26 
10 

3 
7.5 

1.3 lmiv" rGi ty of Utuh 
Ltuh ~tt.. to ... ~rlec1turt. 1 

2 
N Coll<-bC 

Uni'\ersl ty 0 f urc6 0 n 

It . .. IR FOi<CE 
Un iversity of Ktntucky 36 
· ,t.llt K utuckv st.Tl..6cherll 24 

v h."l hvpkiI,S -l.lOlvt rlii ty 16 
Univ t l'sity ' f AkrO!l 1 
~;. iv(; rsity o f Cinciallltl 18 
lJUqU t. Sf1<. Unlversi ty 3 
? .. ::In ~t:..tL Collt. bo 13 
ir ,-loin , i1itury l nst. 12 

~ir~l:liQ fo ly- i~ ch. 
l n st. 28 
.. . irt-i u i e. Uo iva&ity 5 

. " na:.k Or e r of 1 is t h' ,.~ .... n"s t, 2 is t hp. ~ )..t I,i he st, "Ite. 

I: 
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r.,BLE 21 c ., ti:: u.::d 

E.~:..: .i. .. ti _.1 in •• :nirl15 tn.. t.: ! . 

:..:.-: ~ilit .. ~: ... ..n _~t;o:m t 

air HOle 1347.1~48 

Ex~t:J.i;-.Qt1.:n in bd::tiI i£ r'_ti . ::. 
!!!: _1 Ut.tiry lUI .,f.r: ... n t 
Alr dU1C 19~6-i9~9 

• fc&nk Or".: r • l<az.k Or ... r 
__ ..;~;.;;c..;.hu;..;;·.;,..:.b;;... _____ ..:1:.::&;.:4..;.7_-=-19:.4;:.;8:.-_...::;Sc;;;h:.:;oc;:.;;.:::1:.::1:.....-_______ I ,,7 -1 91j 8 

'IE.. TIl ~ it F urtCE 

. nht.lrsi ty ':Jf ! llinole 
l:llivt.rsity f 1;)110 

K . 5 E S't..lt C:lh;;e 
Ulliv'-rsity f AWlsaa 
lnivcrsi ty ~ f .. ichita 
·oi·:t.rsity .f l' iaa':Jurl 
vll i v rsl ty of "fbrtoaktl 
Ur. 'v"rsity ;)f i>J . ~kotc. 

t,. ivcrsi ty (' f ",y.nin{; 
.L. 1:-:.k tc St" .... . Call . 
• ichl,"_1 St. Call . vf .. 
&. .,s 

'f ELF!:-. 1.1 rt FORCE 

OJdt;h--... .): 
.. ~ .~ Coll f .CltUS 

Tt.x(.,.s Tech Colle b" 
U: ' vcrsity f T~x~s 

U. lversity ~f Al'b~~ 
U:l-verslty cf Flori d. 
G r;-:iu ' :;(01". . Inst. 
Lulvt.lrsity f G~vrlia 

. iS8iul~.,1 ~u.t ... Coll. 
U:1iv .. rsl~ C£ -: h~issippl 

25 
16 
~3.5 
30 

. 16 
1 
1 

13 
~5.5 

33 .5 

16 

~IJ 
30 
10.5 
22 

13 
1~ 

1 

3~ 

13 

Lnivcral ty 0 f .lllinoia 
Lnivcralty o f l o W& 
Kanaas Stu tc C"llece 
L lvt.lrsi ty et' AunllUS 
Universi ty of "ionitfl 
tLi.erlli ty Lf .~lu ... uri 
UI ivcr6ity:;,f "(;b~II!cQ 
lniversity ' i j<.> . l)ll<otn 
I.iv"rsi ty of :.ycl::llne; 

,.0 . u..yotn rot. "(.. ColI. 
~icr' ~~ St. ~ 11. ~f 4 

ocnS 

'I .ELFT! •• U, .ioClhCE 

Ok l , 1'.0.,[1 .. « ~ 
.. a ~ l.oll(..;'- ':Jf ,,It[1S 

T<&~~ 'cch Cvll(.Lo 
Uuivt;rsl ty ;)f loxus 

Univer"i ty vf .. lubw::a 
U:Jiversity ~f "l,ri!l 
G"'Jr",it.. -roch. lU6t. 
l:Jivursity of Gour~i~ 
_iHisflip.-i !>u.te Coll. 
Univ\.rsi ty Ill' .oliell.i.nippi 

22 
8 

20 
20 
1., 

3Z 
37 
32 

22 
38 
14 
26 

34 
lot 
16 
28 
30 
31 
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~~ 
C'-",?.ru:SO'i OF fukiK Ofdll:J~ "t r ~I TYooOtIE. AlR lClTC SCr.uuLS 
--;.; ThE. I91~48 Ilnd 19i8:.I.J49~I:7:n"JiSn~ 

- - ---:- -~""l'rt.iil •• i'IlJL4d! --. 

Aircroft l-f. 1ntcnance 
Exumu,,,,tion 
~lr ROTC 1947.1948 

6irornft L!I.;i., Wne.: ce 
lu:..mir.o ti r Q 
dir ROn; 1948.1lJ"9 

• Rnnk Order • iin4k Or j"r 
~chv.) ls 1947-1946 ~ch"" 1a 19 .. 6 .1 l:t ----~~~~--~------~~~~~----~ ~~-----r----__ __ 

n RS l' ..I It R)f(CE 

Univorsi ty of ;;t.r.v 
H!:.npshl r .. 
Rut.'(; rll Uni v rlli ty 

13 
4 

Univ r sity of ArizQ:la 13 
Stunf r l'DivE-rsity 5 
University f " cvud~ 13 
llniversity f .. !>shia ·ton 16 

lInivorsity ) f l\"'ltuOJry 
Univcrsi ty. ; ry1 .. ~j 
fcro.:l . StL. t .; C ~ 11. 
.cs t ir .--U.ia V: iv. 

10 
10 
7.5 

19 

ru r ,,'niv\. rsity 6 
U: iVl.rsi ty I..f IIlia.lis 3 
U.livur::;i ty _f '.iso si;Q 17 

ichi(..un Collt. e .)f. II: T 2 1 

Ok1ai'; -nu .. & '. 
U!'l lv. of Okloh.,n 
•• & :: Col1 (;L€ \. f ~ cx-s 

7 
13 
20 

Vnhertiity ) f " \.W 

ll&::lP.hir 
I ut c rs ;j. i\. .. rlli t .• ' 

6 
2 1 

1Jniv~rf;ity uf nrizona 18 
Stunior ... University 15 
U:ll.v\.rsi ty :>1' u"vnd!:. 19 
:Jniversi ty f H!.shinc;t.)n 11 

Univcr si ty Jf Acll t uclcy 11 
l'nivt.; r sit;,' , f ... rybn 8 
?t:= • S t:.. te C 11. 1 
,.cs t \ir iLia U.:li~. 5 

?!.r..J\l£ l .'Ii v rai ty 15 
Lu i v~rt;i t.y f !lib is 8 
l:r.iVl.rsl ty 'f .• il5o .u£10 8 
: ic h~£lJl ~d l. 1"~ a: 'I 1;:; 

Okl ahono A & 17 
uni vorsi ty of Oklllh:r;t. 13 
A ~ ~ ColI be ~f ·ext.1I 19 

. " It') k rd"r of 1 ill th hi'; st, 2 is t b.:- .,. 7. t hif:.hf'~ t. e ' 0. 
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L.3LE 22 c~nt1nucd 

.. ircraf't 1110 in tEDBl\ce .iroratt &;ointalauce 
t.xfJr.liTlfJ t1;.n 6Xaminativn 

----~A~i~r_~HU~~~1~94~7~.~1~9~4~a ____________ ~a~1~r._i~O~TC~1~~ 

Sohuvle ' 
Ra.'1k Or ... ,. r 
1947.1346 

.. luClE.ma ro1ytechnlc last. 17 
Geor~11l leah. 1 
d ... rth ("r.rolinc ~t. Coll. 2 
C1cnsoll ",;. Colll.~e 10 

:0 

Soho le 
Remk Ord ... r 
1 43 .1949 

AIQbal%. l"o1ytec . nic lnllt. ~ 
~e~ rblu T~ch. S 
North Cor)linll St. C)ll. 2 
Clt..nIlOl AGO Cvllt. ~ 11 
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"Mc:-rn t /:;xn::linn tl -n 
bir HOle 1947.1~46 

Sohwla 
• Raulc Ord<.r 

19'*7 .. 1948 

flltST AIR rORCE 

Utah St. ~~. Coll. 1 

;rr!1 Tri ... IR RlltCE 

Geore wn University 6 

1&1 IH • .1 d R> kCE 

Univ. ;)f •. 1ssurl 5 

4 

3 

University ~f J.e:mOf;sce 2 

..rt:I:unent ~8min!l tl.:!l 

.ir lOTC 1946.1949 

SCh ..... 1. 

flRSl' ..IR RlRCE 

FOlR'n: ..JI< JiQRCE 

Utah St. A~. Co1l. 

.HIlDl AIk FOlteS 

lnlY. of ~i5&Jurl 

T xaa Tech Collrgc 

-1tc.nk: Orae r 
1948·1949 

1 

2 

5 

University ~f enncssee 
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Corr.un ie !l t1 "t\. r.xe. '!lin Q 1:1 :>0 
air ROre 1947-1948 COllll:lUnica ti-.n8 t.%a.minlltion 

Air JtOn: 1q-i,,-1949 

SCho~ la 

FI lIS rAil. i() ItCE 

! ~ ~8S . lnst. o f Toch, 

R-1l'Cl'P AI it JOt) ItCE 

Or c.ean .:.tcte'Colleba 

In ;1 it". ..1 R ;'0 tlCE • 

!.eM - h lfn iv rsl ty 

'lEi ' n . d j.I R>RCE 

1 j?,(l ~ tt. tt: C.>llege 
Uni ve rs L ty of i.: 1nne8ota 
Univorsity ~f ~ebro8Jca 

T.oELFT:. Aln KiReE 

N. C. Stu t o C llc::e 
Unlv . of Tl'!lr.(;ssoe 

. 

• lU.It1 Jc Oreer 
lJ~7-19';8 . Scheo la 

3 
4 

1 

7 

8 

6 
2 
5 

FIi<STAIit !CRCE 

t;!l u. Ins t. of Tech . 

Fl.i l I II Al h !ORCS 

Orc.6on Stc. te· COllci;e' 

:a ;'ili .. lit FOrtCF; 

Lohlbh Univore1ty 

m Th Alk RlrtCE 

rv~!l Stt.te ColI ... Oil 

Univbrl!lty of "' 1nnell ot!l 
Vnivere1ty o f Nebrcsko 

T&nH & R FOi£E 

N.C. State Colht,c 
lInivcrsi ty Jf Tcrule ss t:e 

• 

2 
. 1 

en list.k rdr t 1 is t hl/ highe~ t. 2 Is t.re> s c ~! hi h&st, te. 

52 

ft.:.n Jc Order 
19 8-1949 

7 

5.6 

8 

3.5 
3.5 
6.5 
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Intr'>'lucti:ln to USAF 
ExL r.u1W t1 on 
.. ir OOTC J.9~ 7- 1948 

·~k Order 

l .. trouAOoti.;o t:> U~1I.F 
~X(;1:lin 11 t1 00 

.,ir ROTC 1948-19~9 

19~7-l:I~8 . ~hwb 
• RfIIlk Order 

1 4b -lJ"~_ 

Univ .. rs i ty of Connooticu t 
'lele Univorai ty 
Bost , !! University 
r.~rvbrd Un~vcrsity 
Lt.. sll . Inst • .>1" Tech. 
Univ . ;Jf .1b. SS . 

;,U110:1~ Collto~e 
inltt;ers tioiversi ty 
Ct)l~-r:. tc Universi ty 
C m e ll Univorsity 
Fo r d h n" Univorsity 
th)W Yc,rk Utli"lcrsi ty 
Syrt..eusE Unive rsity 
Un lv .rllity of NeVI 
Ct... pahire 

Univ. :)1 ":'riz '. !l 
Stl1.'1for d Un iv rSity 
. .: :l ~nr.. St .. to ColkGe 

Ili'Jc rsity f., vajo 
Or cLon tr..u" c..1:1h~o 
University of Oro en 
Uto.h St. ~. C>l1. 
U ivc.rsity of Ltuh 
S1.& te C 11. ) f ·;(lIs hin J t~n 
University o'r ·,.!oBh. ... 
Uoiv(,rBity Qf I j!lho 

4 
12 
29 
17 
.. 6 
22.5 
12 
6 .. 
34 
17 
~8 

1 
39.5 

52 

oj 

17 
,l: .5 
75.5 
75.5 
-:;, .5 
58 
3::1.5 
b9.S 
3j .5 

3 

FlrtST .,In FOitCE 

University of C nneetieut 
rille Univer&i ty 
Dost .n University 
r.orvbrd Univtorsity 
... ass. lnst. c. f 1'eoh. 
Univ. of~os& . 
~.ill1arB Co'l1e~e 
I\ut ~rB Univc.rsi ty 
Co1.-u t e Un iv (o rei ty 
Corn 1 Univ~rsity 
tOrdh _. L'n iv(. rsi ty 
:cw Y rk l!!ivt.rsi ty 

Syrt..ou sc Unl':erfi ~ 
Uni v rei ty f !Icw 
1;00 shire 

• univ(.rsi ty f .. riz.oll 
~~:lf0rd Uoiv~rsity 
L ::tU:J'. St· t , ' 11 EO 
lllivercity u! .ICVu tlr. 
OrL. LO .,t~ ttl C<.. 11o btl • 

'Univ"r s ity f On . <.D ' 

UtLh St. iIg. C~ll. ' 
lnivc.r(; i ty of' Utllil 

• S tI> tt. C" 11, f "'''shil, 1;,.' ::1' 
• University of .. uih . 
.liLiv(.rs1ty of ! Jt..ho 

9 
5.5 

27.5 
4 8.5 
7J.5 
36 
~8.5 

75.5 
53 
19 
13.5 
1 

.. 0.5 

32 

;8 .5 
13.5 
2~.5 

81 
71.5 
10 .5 
56.5 
56.5 
19 
5~ 

4 

." ka~ Ord·:: r or 1 115 the hirhest. 2 is the n;)xt hl !l;l}ast . (l to. 

5J 
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u.BiE 25 c r.t1:.ut: 

lntroducti-:rl tv Ul>AF 
1:.x- ,!1 1nfl ticn 
.. ir :(I,C 19'i7-19~8 

U, iver&ity of KiDtuck;y 
.l:6t ",,,, .. tuck,. St.l.to 
Jdl!lE :::.'plclnll Univ. 
Unlv. o f ... uryltlnd 
Ohio i;)rote t.niv . 
Ohb Unive rsity 
Univt:r8ity ,Jf Aleron 
Univtnslty o f CinOin."Ulti 
L'Uql.l6:. t Univ(.T8ity 
~t ysbt,r ,' C" ll . 
Ihtli[,D V tv '" 
r"nn St...tc'(." ll. 
Lnivtr~ · ty ~ f Pc~,. 
Un~v . f Pit sburgh 
Vir;inir. .·.ilitary lnst. 
u' t: in iu !' lye lnst. 
st irt:; lniu Unit'. 

Gu.) r ,'c t o\\!. Lniv. 
:: W-..1r lniver6it-j 

ill' Th..I rO nCF. 

C .~ lora ... " St. ColI. 
Univ . 'J f lit.n'\'e r 
Univ rsit.l of Ill. 
In it.n-. Univ rsi ty 

• Yt.rdu Univ. 
Gniv . ~t l\otro UtoM 

• C ,~ 1. 0 11t:"1 
! ·.W(l. St. ';.)11. 

• ... t. Unlv. o f IOWfl 
·~nsflll st. volle 
• Loi v. Jf A...:1II US 

• (1niv . , .. iohit . 
Lniv . 11 1nr •• 
St. L.A.lis Urliv. 
Univ. o f ~ iI;s ;)uri 
Unlv. ::. f ""brt.sk 

o. Dnlc .: ta -.;. Coll. 
lniversity of lI ') rth D,;k:Jtfl 
Se e tlk o tz::. I:>t. Coll . 
Univ. o f .. i s c .. n8in 
Unl v. of ,iYCI:llng 

rennie 0 rder 
19~7-lS46 

83 
12 
22.5 
58 
2 
39.5 
12 
12 
64 
20 
22.5 
52 
2~ 
17 
52 
29 

52 
7tl.5 
86 

29 
3~.5 
17 
86.5 
29 
.. 7 
58 
8,5 
75.b 
too . 5 
47 
5.5 

3~.D 

7 
3\1.5 
58 
75.5 
~ 
8.5 
69~ 

28 

54 

lntroducti.:n to U .... F 
&.lwJ:tint. tieD . 
.lr xorc 19~-1949 

til. ni .Ik Rh,CE 

Univcr&i ty . 1 u'ntlJcley 
"cllt Kentuoky Stute 
J"hn r ... pkinll Unlv. 

UnlY. of "'t.ryland 
Ohio Stote tJnlv. 
Ohl" Univcrdty 
University of akron 

HIlDie Ord t r 
194tl-lit49 

Uni n'rs i ty of Cinolnna tl 
wquusne Univ t. rlli ty 

2 
66 
H, .5 
7&.5 
be 
·;b.5 
32 
32 
7 .5 

ctt.ya ur g Colr. 
u;hi£ h I:niY . 
Penn Stc. to C:) 11. 
Un iv r6i ty ' I P .. n .. . 
Un i Vi . f Pi heru rOt 
'.ir,ini .-ilitt.ry lnllt. 
'''i r 'bic. Po ly. ln8t. 
•• ' c.t Vir/1nin Unlv. 
'0_ r ' t, to¥.: . tniv. 

:1" " r University 

C'.>lort. 0 St. 011 . 
Uoi\'. vf rkn vt:r 
Univ 'ui ty r fill. 
In h,u leiv raity 
Purdue Univ . 
U:liv . J j' .. ~ trc w e 
(""c "olle'e 
I o\'oU St. C 11. 
St. UI iv. 'J f I owa 
K:..ns'.s ~t. C;,lll 
Univ. ) f. KwlIlUIS 

Unlv. o f .,ichltti 
Univ . 01' ..!ir.r, • • 
St. L"u,i,E: Vniv. 
University of -i&s.:url 
Ur. iv. O! .:ebr!..E:kn 
:/"' . "'!Uc)t;l " !,,. Coll. 
tJr,lVLr&ity " f .'.Duk", tn 
So. L~kot~ St. Cull. 
Univ. of' .. isc. nsi :m 
Univ. of "YOl:iln -

9 
19 
61.5 
23 .5 
11.5 

• • 5 
' 6 

.. 0.5 
87.5 
00 

79.5 
40.5 
I b.5 
27.5 
36 
32 
53 
ti1.5 
7 ,5 

27.5 
3 

36 
71.6 
'.5.5 
32 
79.6 
86 
19 
71.5 
71.5 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE 

TJ\BLE. 25 e~nt1nued 

Introdueti ell t o Us.u' 
ExIi.I:Iina tiOD 

air l()IC 1947-1348 

SOh ..o ls 

TEi; Tn Ali< FORCE 

.' io .. iam Coll. o f .. 6: T 

.. iohi 'IW St. Ca ll. of .. 
~ia.S 

Univ~rs ity of ~iohiGan 
ync Unive rsity 

U, iv . of Ar,-qnsns 
Tul nc ~niversity 
,i ew I.cxieo Coil. :Jf ~!i.. 
Okluhorw:. •• &: ,; 
\jnlvt' rsi ty o f Oklnhor,6 
i. G. n. Cdloge ':I f Texua 
Teltns Tcoh CoIIE ~o 
Univorsity of Texna 

~ll.abunn p, lYe leoh 
Tuakt.&ee Iua t. 
Univ. of A11lbucia 
University of tlcridn 
GEl or~in Sch oo 1 of Teoh 
Univ . of (;cor ill 
iss. St. Ca ll. 

Un1v . 01' .1sa • 
.10 . Cnrolina St. Coll 
Univ • . r N. Ccr"linll 
C 1cl'\.8on ACri . C oll • 
The (..ltc.dc l 
Uaiv. of Ten~calSce 

HanJcOrder 
1i147-19-'8 

69.5 

5.5 
58 
80.5 
83 
3 .5 
7;1 
69 .5 
47 

86 
&0 
52 
ti:1.5 

2 
69 .5 
83 
70.5 
6 .. 
58 
86 
80. 5 
29 

55 

b troduc tim to US.F 
&.nmWI.a t1 un 
Air iOre 19~-1949 

Schools 

i: ieh1&nr. Coll. of ~ ~ T 
~lchi~uc ~t. Co11. of • 
&.a 
University of ~iohltan 
"oyne Univera1 ty 

Univ. of Ark' .. nlSf.<6 
Tul!..ne Unillvraity 
lie", ~ cxioo Coll. of AaI ' J. 
Okluho:1L .. &: .! 
Univcrsi ty .)f Oklnho:"ll4 
- ~ ~ Colle~e c f ~lt a 
Tex!.. a coh CJ l1cf 
Un1 versi ty .n lCJlba 

A1u bana Po ly. r on 
:ruake~eE: lnst. 
Unlv. of Alabama 
univo:rsity of J.lorid'l 
(, .)rgill Seh ')Q 1 o f Teoh. 
Univ. of GcorLin 
lLiu. St. Call . 
Un iV E: rlli ty of .. 1&s. 
No . (;nrolina st. (, ... 11. 
Universit)' of tt. " Co r a lino 
Clemson ... ·ri . Coll. 
Tn. (..itadol 
Univ. of Tennes6ec 

<tonk Order 
1941.1349 -

7J.5 

Q .• 
61.5 
79.5 

23 . 5 
56 . 5 
66 
40.5 
45 . 5 
79.5 
23.5 
n.5 

56.5 
40.5 
87.5 
19 
56 .5 
.66 
56.5 
71.5 
ll.5 
~5 .5 
46.5 
27.5 

') 
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~~ 

C -P"iUSO:- OF ~IK 0kDi;~ OF ElG.:T AIR i4>l'C SCha)U 
OJ 'l!IB 19,r.,:-r94i'iiiid194a:-rsi9"1:i....:J:i:'nvNs 111 
- - -- --SUrun'CaL CO':'1ii>L -

Stl.thtica1 C_'Il trol 
~lt(I/'lin a t1:n 
air Hare 1947-1948 

StutiaticQl Crotrol 
1.xQz:\ in n tioD 
il.1 , RO'ro 1946-1949 

..oh .... o l& 
• IUmk Order 

1947-1948 Sch)O 1s 
• iUlnk: Order 
1948-19 '~9 

Rlliit :. AlK rOKC. J'OU R'IH d.... rORCi. 

Unl •• of Ore qo T Uoiv. of 0r:egcn 4 
St. 1:011. of ·,ioah. 6 st. Coll. of il6ah . 2.5 

rlb'Jh JIlR FORCE 

Ohio Univ. 3 Ohiu Uo17. 8 

1A!j:.h .ua lOliCE 

l own St. ColI. l oW(; State CoU. 1 

r"bLFli. All< RlHCE 

Univerlli ty of ~n~aol 2.5 
UOi';C rr.i ty of Olc1QhOJ:lO 5 

Lniv . of ..ric!.Ul6!lS 3 
Ur. i v. 01 Ok1'1ho::a • 1 

• 'uU K'IF.i:.N T, Alk iOHCE 

.. 1"00 ' 0 Pely. Iqat. ., 
Uoiv. f Ge :>r&i!l 6 

1.1'1 bn..'1£1 ro 1y. ,Ins t. 6 
I Univ. )f Gl.Ori;i' • 6 

0,. lInr,Y. r~Gr of 1 i f" fe hi . ~ ~ t. ? if: "e r" xt h' -h'.s t. ':;l to. 
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SUr-f ly .!oX ~.atloo 
... ir !:O.C l..Ih7-1~"8 

i..BL&. 27 --

Su ,;. ly l!.Xan in I.l t1 . n 
... ir liUlC 19~b -l.;149 

• n::.:lk Or,h r • ;,l ... V. Or ... r 
_____ ~~~0~h~J_le~ ________ 1~J~, 7_-~1~~~· 6~ ______ ~--~S~o~h~vo~1~&~----________ ~1~~~d-1 J.~ 

rlnST .u k f Oller. 

r h1 •• 1:1 funCi!. 

. UJ.':'IIl Stl'.tF !niv • 

.' I ;;T;· "I k r OnCE 

1.;1 io U:.iv. 
ri .:> St, Un iv. 

I., v.r. r d U:l iv. 
UI. i v . I :. r... r : nc! 

6.5 

a 

2 
13 

1 
12 

Cr. l.'St. C 1 • o!' A &' .. : 10.0 
It.~.lill:,t .. L!~ iv. 3 

~, i\' • .:If i n. . 6 . 5 
I ri i , . t .. las (' . &1 ~:, .. . 5 

i .ELF';- ... ~o' 

:'VA .. ' xlo o \., 11 . o f 

" 

:'ht: L itt. ' .. 1 
Unl" ') 1 '.orlar. 

n 1v. ' :> t ._ ls s . 

h 
.. . 5 

10.5 • 

Un l v . r.; f Ce . .: . • 

,.c.u. .• t. ~tntt.. 'n l • 

... hi Uoi v o 
Or.1v :>to l.n iv. 
r.=- Ci r .! U:i iv. 
rn1v . r '.J':l!:.r d 

C 1. ~ t. <' 011, of 11 

1.: • .l io.r. l. ura v. 
ln iv. cf .,1=. 
Lnlv. ~ f "1100', 6i.):. 

_x loo eLl . o f 
J. 0: A • ,. 

l~ l.it· .... tll:1 
U'l i •• n j r I vri .. t. 
U 1~. o1':16as. 

" 

1 

7,5 

2 . 
7.5 

4 
6 

' 11.5 

10 
11.6 

1t, 

5 
2.5 

13 

. ... r.~r.k Ord. r !:)f 1 Is the hi hCf;t. 2 is L .' xt hi .-I-J· st. " to. 
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r ll.up .Jrto tlo'l 
I:.X r .1na. ~1.J n 
,.it' It.)re l;;~7- 1:i48 

; . 
Sy7" CU~" Univ . 

r eo on ~;tt..t..: Co 1 ..;C 

• tn l...... f •• ;.: r cp 
r, i\'.rj U~iv . 

TK' • ",1 r"r.CI:. 

C (.. Coll t..-o 
. G. Dur{ t.... St •• Coll., 

~:;v . /', Ins t. 
1.[ l; .J ". Coll. 

• .rtf;lnk :lrder 
1~',7-1948 

6 

7 

1 
2.5 

6 

2.5 

T""ull pc rtr. U .)n: 
ExIlQiflt. 1;1 ,:l 

Air hvn: !9', 6-1ft43 

Soh :>·o!. 

. 
Syr C I,II(' Ur. iv. 

I ..l iv. f hjcr on . 
I.~ ~ ·'- ru UL iv"f.1ty 

• rt!l.': Ie Or .. " .. r 
IJ4tj -lh9 

1 
6 

6 

COt.. Coll<:,o 8 
• 1.· .. 1t ott. $t. Coll. . . 1 

.iLI-";r Ali<' F~ Her. 

IIIrC(CC l '1~ t. 2 
Cl c c·:. ,, - . C.Jll. 

." Hank Qrder of 1 ·is thu highest. 2 1& the r;"xt highost.. to. 
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Each of the eight course examinations contained eighty itema. The 

performance of each ite~ "as carefully scrutinized . Each ite"! was a'l8-

lyzed for two important aspects, validity aDd diff1Sulty. Item validity 

is concerned with the ability of the item to differe~tiate bet~een ~ood 

students and poor students. Good students are students who do well in 

the course examination, and poor 5tudents are those who do poorJ.y in the 

examination. Good discriminating po~er is indicated by ositive validity 

coefficients. Validity coerficie~ts cay range rro~ -1. 00 to 0 to /1.00. 

A va 1.C test of tile type untler consideration shoul-: contain aeCl!! whose 

validity coefficients are close to .25 or better . 

A summary of the itec validities and the ite., dIfr:.culties are given 

in subsec ent tables. Table 29 r,lves the distribution of itec valid-

ities for ~ac_ of the eight course exac"nations . Th~ it~ ~ validities neTe 

distrIbuted into five categories atter being rated as folIo s. 

Validity coefficients .14 anc belo~ -ere rated poorl 

Validity coefficients .15 to . 21: "Iere rllted fair· 

Validity coefficie'lts .25 t o .34 -ere rated good; 
Validity coefficients .35 to .44 ~"ere rated very good; 

-- Validity coefficients .45 a d abo~e ~ere r3ted excellent . 
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Tab e 29 

Valldl" Coettlcleala ot the B1g~ 1\8" OD Baob ot the 
El,ht ,,ie RP1\; Cinar" iy.ir"t i9M Hot.asi 99 ' fly' Category de,l. 

Course Percentage of Items In Each of the Five Categoriesl 
11"~I!'!lI~ 129 W!i!UII!~ Itt:&: !&~ ~ Fair ~ 

".'n,.tr.t~ .. 
Military Ala msat J~-; 2~ 21% 10% 4'}. 

.; 

:.ircrert :'a1ntenance 
Enginearing 16~ 25% 29% 21-; 9% 
Arll8ment 51% 22~ 13% 10% 4~ 

ColMlUllications 2cJ 
:> - 31; 20% 14% 10% 

Introduction to lS:.F 60; 23-; 12% 4% 1; 
Statistical Control 2:; 14" 29,-; 34% 21,s 

Supply 19; 17;' 24,- 25% 12% 
Tr ansportat ion 43~ 15 ; 16~ lib 10-; 

The course examination r.it h the highest percont of excellent items 

and the one with tru. lOl"ost p r coel of poor !teos .-:are htroduction to 

l5 .• F e'Xl i.rmar.ont respectively. The course examination with the lO':1est 

per ooat of excellent ihllf: an t~e ' i -hest per ooot of poor it 'DB is that 

in Statistical Control • 

•• br ierer method of compar inb thu respective axaoinations from the 

point of view of validity coefficients 1s to calculate the oar OtJnt of 

items that r eached the standard of .25 or bettor. This c~ar1son is 

given belO~1 

~ir ROTC Course FercentR~e of Test Items r.hich 
Exar.linati2Q Lbt the Stnnd8fd of .25 or 3ettgr 

Administration and .:1l1tar:" nr ge::lent 86; 
i.ircr art a intenance Eng ineer ing 70:; 
!.rmament 06 & 
eo..aaioat1ons 76% 
Introduction to tB • .F 95~ 
Statistical Control 45~ 
Supp~ 89~ 
Transportation 79':, 

60 
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The three examinations havin~ the hiChest psr cantof items 

meet ing the standard of .25 or ::'ett~ are Introduction to rEi.r, ArmallI::nt and 

i.dministration and :iilitary ianagerxnt. Introduction. to t&.r h3d the 

highes~ percentage, namely, 95 per een'. or the eight 6Xar.linatlons, 

all excopt t~t on Statiatical Control meet occe~tgb1e standards £roo 

the point of view of item validity. 

Ho~ do the ito~ validities of the exa~in3tions of 1947-1943 co~-

pore wit"; those of 1948-19491 .• S:lort met OC: to W!e for cornparin" 

t t'!sts as to ite., validit-ies is to cO!!lpare the overage of tho eighty 

item validities. 7ab1e 30 presents the data eSS0ntia1 for comparing 

tbe ltes 9a1141t1oe ovor the pSJt t~o years. 

"'able )0 

Cooparison of i.vera c It~':l 'I lid1ty Cocfficicntc of 
Soch CourGe Air ROTC :Xo,ination for Years 

1947-1948 1n~ 1940-1940 

Course 
m:'1ination 

"'.ver'1go Iteo '1alid 1ty 
Cocrficiont .1947~ 

~verage lien Validity 
Coefficicnt.194d-49 

.. dmin i stration and " ilitary 
llanuge 11€ nt 

~ircrart 'la lntenance 

:.r:Tlame at 

Communications 

Introduction to m . .r 

S atlsticn1 Control 

Supply 

fra!lsport:..tion 

.31 .40 

.29 .32 

. 22 .45 

.31 .35 

.4l. .45 

.26 .23 

.29 .31 

.25 .40 

MIl course oxaoinotions except that in Statistical Control shou 

improvement in average item validity. The CO'-lJ'S O examination in 

61 
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Introduction to m . .F ranked f1r:.t 1'1 ;)oth years. ..s a group, the 1948-

1949 eXar.linations shon a vary hi:;h arder of ClCrlt In tho IIIOttcr of 

overall IteM vcl1dlty. 

lW! Pi fUcultx 

Each tost itc:n roilS anal.7zed far its difficulty, that Is , the nue­

ber or f";.r·cont of the students pho "erc able to l1ll8"er the iteM correctly . 

Theoret iClllly, in a good test theJ;e should be a proper proportion of easy, 

~ cver!lge end difficult iteos so that the avera e porf."a difficult:r of 

all th_ itocoS in test t70ulC be about tlfty (sa) per aunt. HOl"le'ler, in 

pr ctice far ~~st scholastic course cxa~inatioDB,lln acceptable average 

pel" oontdifficulty ':"ould be in tho neighborhood of 60 to 65 par acot. 

Under certain circur.~tanc~s tl ~verace per~~ cirficul~ ~ be raised 

to 70 porc"nt . 

The anal,r.-;is of the ito:":::; :-:5 to validlty coefflcie'1ts is ao innor­

tant ono to ~ak0 for tho instr ctor os an exc~iner. I~-cvor, nn ana1y~is 

of the it·::.:::s fro:n tho point of vi"t., of til0 lnatr ctor as c t ... ::cher is ono 

thct t lIs how the items ~oro p~cscd or f~ilcd by the students on aD 

A1r-Force-~ido basis . 

The follo·line t , buhr ar~!ln~o 'v't groups tho it"rn5 of each :xar::ina­

tion into ten cat~gorics of it~~-dirficulty or it~ p~S3 porcoota~cs. 

For cxa le, tho nu."lb",r of ittlr'1'"' 00 t~ ;.dninlstr,tlon end ii1l1t:u-y anagc­

ncnt c);c-ination po.:': :ld by 91~.to lOa; of th ' at cent:: tested -;"a5 eight(,. ). 

T~blc 31 ~ho~o the diotribution of th~ it ~-difflculty pcrc.r.ts for ~11 

eight-c?ursc cxanin4tions. 
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Table .31 

:luooor of Itc!!lS In Speciflcc St C:lt ?ns3-P.r Cent Interva~ 
for Each Air ROTC Co~se Exar~nation 

Item-Difficulty Per ' Ccnts Grguped in Ten Per Cen! IntervQ 
100% 90~ 8);; 70.; 60;; 50; 40~ 30% 2O~ 10i~ 

Course to \0 to to to to to to to or 
WilniBAt10D ..ti ill ~ ~ ~ W lli ~ ill ~ 

Admir l stration and 
[.111 It nry ~.!cnngeocnt 8 15 15 21 11" 6 4 0 0 0 

.. ircrart ' :alntenance 9 20 21 11. 7 .3 4 1 0 0 

,.r:lD.n:ent 12 16 17 20 9 4 1 1 0 0 

Co mmunicQt ions 7 15 2J 15 8 10 1 1 0 0 

Introduction to lS..F 6 11 21 20 8 7 1 5 1 0 

St~tistlca1 Control 10 14 20 15 12 5 .3 0 1 0 

SUHly g 25 1.3 10 10 11 .3 0 0 0 

TransportatIon .3 21 14 16 15 5 5 1 0 0 

Table 31 r.:ve:als thut a1l ;Jx~.1I1natlons sho"i)d a deficiency of item_ 

difficulty pvr cents in th~ intervals fro" 30 pur c.nt and below. The 

bulk of the it00-dlfficulty p~r centr- 'e;rc i the It:rvals betnwn 6l~ 

t.o 9');;; Thcr,,;;.re too l!l.:ltly itc;:)!! ~ppcQl'ing in th intcrvQl 100% to 91-; 

d Ifflculty; in other "orcs, there aN too nan.:,: oasy Itor.!S Incl~ad on 

all th. cxaniDatlon~ ex c~t, perhaps , the t~st on Transportation. Of 

the ..!~ght cxa::linations, th .. t for Introcuctlon to 15 •• F s!lor.s a f:lirly 

good disp rsion and nl10tount of itcn-dlfficulti~s. 

Ho~ difficult or hop Bas, '~rc t!lc cxe.. inations of 1948-1949 as 

coopnr_d l7ith thoso of 1947- 19431 Th~ d .• t::! pr<.!sentod in Table 32 helps 

to an::,::_r thi Gu(:stion. Tho avcrabo of all th0 pass- per Cuots on each 

eXQ~inatIo11 nus obtained . T~ evoregc per oont dIfficulty is the ~vcragc 

6.3 
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of tho pass-per cents of the vighty iterws cooposing the examinations. 

T~b1a 32 gives the overage per cent difficulty of each examination for 

the yoars 1941-1948 end 1948-1949. 

Tablo 32 

CoMparison of uvcr~ge Por Co~t Difficulty 
hi' 11&ht jir RD'1'C Coano iadlDaUoas Per 

Years 1947-1948 ~ 1948-1949 

Course 
EX!ll'!ination 

I.vcr'lgo Per Cent Difficulty .nrage Per Cent Difficult)' 
1941-1948 1948-1949 

.. d inistrntion l'nd 
Milit"ry ?l~neger::ent 

i.rnncent 

Co::u:nmicntions 

Introduction to WaF 

St~tlstica1 Control 

Supply 

Tr 'l~port'l.tion 

i ver'lee of 8 Examinations 

64~; 70% 

64~ 73% 

67~ 72% 

63,:'; 71% 

58% 67-1, 

68<; 70% 

57~ 71% 

68% 68% 

63 . 6% 70. 2% 

In n.11 eight exaninations t~e aver ~ per ca~t difficulty for 1948-

1949 was aqual or highr thl.n those for 1947-1948. The wer"ge of the 

eight flvor-go per c~nt difficultics fJr 1947-1948 ~p.s 63.6%, nhilo the 

I!vercge of th_ eight average difficulties for 1948-1949 :1as 70.2%. It 

is felt thrt for this typo of a'llllll\l ;.;anin:-.tion, and 1n vi()~ of the 

purposes for ~hich it is cnticipct~ th-t it ~i1) be put, tho averaee 

difficulty should !lOt go bayou! 65 to 70 per cent. 
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Subs qucnt sections of this c ·~cpt ·::r prcocnt a detailed analysis 

of the ~orth 1100 v~l~ of iter-oS in a-ch of t!w CQ\:r.e ,:x:ll'1in:-:tions. 

I~structors should give close study to t~ s~ction pertcining to their 

course field . AJ:IOng other uses for 'r1hich tho detailed anc.lysis of the 

pcrforcnnee of the test Itens uill serve , the instructor snould p'an 

to revlen the iter. data glth ... vi..!;; 'tol":-u-d obt inlng a deeper Insight 

into the ~nner in ~hich test ite~ bo~ve and thus i:provo h's skill 

in constructing future eX!)'-linntions . 

"d:;inistqtion ~ :ii,lit;;ry !ianngg "<ent W:;inntion 

This exanin~tion consisted of cighty(80) ;ultiplJ- choice itc~ 

designed to "1U1l3ur.) student understa:xiing of ad:;inistr"tive practices 

and nilit-xy ~~nage;ent . M sa~l~ of four hundre~ (400) student papers ~ere 

separated into five (5) ability L"' 'l?S, GIllig total score as tho.; 

criterion. 

Test ito--:s t:ero anal,yzed f;r their discri:11ru..ting po'::er, th.:lt i3, 

their po~er to dirfuNntiato good stJdents fron poor students . :lood dis­

.cri~. :nating pO:7~r is Indicated by pO!litivc va id!ty coefficic'lts 'tOO poor 

di:::cri:;in~t ag po:-"r is indic.:ltcd by neg tivc validity coefficients . 

Validity codficL,ta -vJy rang'J fro -1.00 to 0 to 11.00. :. valid test 

should contain itc";s -;;ho l; v "lid ·tj' coofftci '1t.s ere .,t l,,::.st .25 or 

botter. Sixty-nine (69) of th~ ~ighty (80) it00S ~ca9urcd up to the stan­

d"ll"'d cf .25 a:" bott.r f r di:;cri ... inatin it,,:1. T!1" '/cr"gc v'llidlty 

coefficient for all _st itens ~~s .40 co<pnred ~ith n index of .31 

for a si:1i1:lT test which U'lS cd .inistercd last YoJ-;.J: . This rcpr : scnts a 

dcfinltJ bprove ent 1n the diccri::lin::tti:lg por:or or tho t ... st . 

65 
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This ye r's toot itcio h~d an ay·:r go difficult:! of s~vcnty 

por cent (70~) correct . Thc-.r ~cr ' sl'shtl,;' o~slcr than t .;st iti)!':1S 

(avcrege dlfficultjl' W cornct) of :l sil!il~r t\.3t phic!l :-las .,d"linistored 

C1 year ego . The QYcr:.ge per c~nt dU'fi;:ulty is the avert'ge of the pass ­

per c~nts of the eighty (80) itc~ . The n~~bcr of Itc~s of a specified 

difficulty 1s as follor'sl 

Difficu:ty (fur cont right) 
50~ ~nri J~loU 51;' to 991 91% to 100% Total Test 

.:U!Jbcr of itcr.;s 10 62 8 80 

i. nu.-:lbcr of itc r;s arc cit.)d in "h~ch c.L hcorr ct a1turna ives 

... erc serving s cfficti'/c dL;tr1'ctorsl 2, 3, 5, 7, 8 , 9, 12, 16, 113, 21, 

23, 24, 25, 27, 30 through ;6, 3 ~, 41, 44 t rrough 50, 52, ~4 through 56, 

59 through 61, 63 t rrough 66, 68, ~3, 77, 78 and SO. Tl~ ane1ysis of t est 

it J-3 sho~s in~ ffcctive alt~r~ti/cs uhich night u~ll be r eplaced by ~re 

plcusibla distr:lctors . Tho cltcrn:tives liotcd bolo~ should be rop1acc~a8 

they ~cro chosc~ ~ore fr~qucntly ~J Good stude~ts t~a~ by poor oncsl 

Ito~ :.ltcrl"-1t1vc 

4 
.37 D 
42 ~l 

51 C 
53 D 
57 S, E 

' 53 C 

In oreer t(' obtain a uick o':C.rvic';1 on to r.!lich items ~cre 

cxcello,t, V::lry gooe, bOod, f .1r a.1~ poor, a diztribution of eighty (80) 

ita"lS accordi'lg to th.:l C:cgrcc of Y··lid ity coofficient '. as ':UlC:a nnd given 

1n Table 33 . 

66 
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Tubl.) )) 

VcUdlty Co_ffi:lcnts of t :: ::1bhty It~. 
on the Alinlnlstratlon ane: . ilitnr: .. : ~.:1aeer:ont Exn;tlnn.tion 

Coerr 1e ionts . Coe rt 1c ie nts Coefficients Coefficient:: Cocffiei ·~.,ts 
.11. o.ne bclo~1 .15 to .24 . ~5 to .34 . 35 to .44 .45 and above 

{Foor} {F~i£l 'Good} {Verx: Good} (~xcollcnt l 
It." '~o . It",~ ,10. Ite::! :'0. Itc-, :io . ltc, :~o . 

10 13 4 3 37 1 42 
17 15 14 5 L3 2 46 
39 19 25 6 44 8 48 

26 27 7 45 9 50 
51 2.:) 11 52 12 53 
69 2" 20 54 16 55 
70 36 ~, 56 18 sq <'. 

71 I.G 22 S3 30 63 
47 Z3 61 .n 64 
I. 24 77 32 -::a 
W 34 33 72 
o~ 35 76 
65 38 7 
6~ 
S7 

41 79 

~!. 

8v 

Th,; nurlb~ a'1d p..;r Ctltl of th·_ it.) ~ 1:1 Q3C~ of the fiv· (S) cn.t'-eorics 

is ns fol10'sl 

~~tq:or'L ~!u..,bor !;If I~c~:ai I!-':lca t of T~tnl {8 1 
:.xc.) le.,t 29 36 ; 
V'Jry ~od 23 2cY 
::icoo 17 214 
F,ir 1), 
Poor J 4; 

.. bou'; thirt: .. ·.,uc pcr oout(3( 01' th itl)'~ ~ excello.::tt; 1-1 :l 1 cbout 

: ighty·six prr Cc~t (86~) of th it,~ ~vc ~ r~ in~ of go~ or bott _r. 

67 
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The a
n
alysls of t . ita;JS ,,0 to './( l1illt.l COt:fficio'lts is a n 

'qUal", ",olt1 •• 
o
' • .",,..,,. of tho Ito"" ,,"0, tho PO,int of vi .. o,f • 

th·:; instructor ~!J a t oachcr Is the Olle tb!t reveals the SPcclfi~ 

tho aver uge stude!lt :: hould b!2 taught .... .oro erf ctivcly n"Jet year. 

r cpr .)sont fUllC a-.e'1t 1 t ·:cts or concept s ;':,ic.; should be understood by 

are t cll(;d ~. :::':'l,Y StUde:1ts cld ~hic 'l 11 th", opblon of t:u. bstructors 

or f a iled by tho students 0'1 11'1 .. ir- Forcc-'~;1dc j sls . Itcns 1hich 

in T,bIe 34 plnpolot. th, 'p" 'fi. It.,,, =" tolls ho- thoy "0 pn" , d 

P~sls ,10 instructional tine should be fOCUSed . The data presont~d 
::11::::::10n; the indlcat :d "1

0 aknesscs ere t ,lQ poi'1ts -:hcre odditlo'llll C,. 

r efl ect areas whore the instructor ~s beC!l sUccessful in his price 

r trength.:: and rrenknesscs of tb stUdonts . The b Cicat ::d strengths 

68 
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Table 34 

10Cl% 90~' 
.... o.t of StUdo.t P",,'O E"h or th, E'ghty It. " 

o. 'he .:oo"Ia.,.,,, •• 0"" "'li.or, . . Q.,. ,k~ 't".,,",,,,,,, •• 
80~ 
to to to 

...2li.. ~ 
70 -; 
to 60r, 

to 
.a;.: 

50 . 
to ~ ~ 
~ 

40 ; 
to 

3 ),; 
to 20"; 

to 

It.n 1'0' ".0 lto. It.. It'n Iton It.n It" Ito .. 
'{o. k . :10. 10. :' . "'. ::'. :10. .'0. :;". 1 

14 
17 
19 
26 
40 
62 
69 

1 
10 
15 

2 
5 

~ ~ la.. 
10$ 
or 
~ 

25 
28 
29 
39 
41 
45 
55 
57 
65 
66 
68 
73 

7 
16 
13 
20 
21 
22 
34 
48 
54 
67 
70 
71 
75 

J 
9 

13 
24 
27 
30 
35 
37 
33 
44 
46 
47 
49 
51 
52 
56 
58 
61 
74 
77 
80 . 

6 
8 

Jl 
32 
33 
42 
43 
53 
59 
60 
79 

4 
35 
50 
64 
75 
78 

12 
23 
63 
72 

':'bout for'Y_ri V£ per cc.. (45 ) or tho .,.~ it.,," .ho,,,, P"'-per 

· " t, bet-o" ·'xty-o", "... 'ont (61.) to o~hty per oo.t (!lO:<). ..bout 

(81~) to n'no.y := oont (9):>). T'>cr, --.", , dorieio,.y of ito-. b th., por 

co , •• ot 'g" , o, of thirty POr ' c,t (J:JS) ond h 10'1 yo. 01, ,,,,, por '>n' 

(11~) of 'he ·ito,. ·,ro h .'" . ,t 80..-/ 'bo.,7-o"" per Oun' (91 ;) '0 
o~o hU1dr t d pur oo~t C10~~). 
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.. ttontion night be dr:l1:l!'l to t'1-!;": it.:'"13 7: ,TO the! ,,:1s q "prlr cents 

orc tifty per ce~t (50';) or less. Close s<!rutil'\V 'should be given this 

group of ite~ as thoy :"'.a:J reve. -1 S~OOO!'lt 'i'or.k spots and indicate to 

tho instructor the ~r icalcr sub .. topics ~here tnstructio"l is nceded 

or 7:hero superior instructi!;)D sho~d be offered in subs\lquent lasson 

periods . 

This oXD~n~tion cousistcd of ~ ighty (30) ~ltiple-choice ite~ 

desi~'1cd to "1.e['sure student underst .. !l<iing of a1rcr~ft nni!'lte!'l,,"'co o'16 in" 

ocri~G pri'1ciplos and proceduros. The opers of four hundred (400) stu-

d.::nts ~cre s tudied i n thi:: a'1.:llysis . 

Test ito""1s ~eru olD.1yzod for t :10!r discrini"lati'lg pO':'or , thct 

i s , the ir po·.'cr to cHffcr entint e bood at de"1t s fro :1 poor Etudents. Good 

discrilinatbg po.-.... r is indicat ed by pnsitive v:llidit:r coefficients and 

poor di3crir.hnting porer is indic:>t cd trJ n_3,·tivo v:llidity cocfficio"lts . 

VoUdity coefficients -.ay rango fron -1.00 to 0 to /1.00. •• vc Ud 

t est should cont~in itons ~hose vclidity coefficients arc ot 1crst 

.25 or better. Fifty-six (56) of t he ite~ :1e!lsurcd up to the sta"ld:lI"d 

of .25 or better f or c discri~inotinc itc~. Th0 :lvcrlgC validity 

coefftcient for nl1 ite~ 70s .32, 
Uttl" hig!l£.r th:ln tho riv'3r ".gc of 

• 29 on 0 si'"lilrr t ost giv(.;n last yo::.r. . 

TJ st it3""'.S '~cr :J anal.7zod tor t hoir difficulty (por cent right). 

Tho ovcr-G" difficulty ';1nC s-;vc.,t:r-thrc .... ocr CC1t (7J~). This t est \1~S 
c asier tho' 0 Si211ar t est adnin1stcrcd last yo.z , "'hieh h<l.d 0.:1 ovcrage. 

dirriculty of ~ixty-four por co~t (64~). Tho - vc.rage difficulty is 

70 
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th.:: avor- go of the. pass per CC'1ts of t'le ighty (80) ltc 'UI . Th: !1u-bcr 

of Ite: :':s of c su ... clfic.d difficulty i!l :lS follotlsl 

:funb r of ItOt'18 

Difficulty, (Per cent Right) 
SO~ And ao1gp 51~ iO 99% ~ l00~ Total Test 

,8 :3 ' '9 80 
• t • • 

'Test "ltJns ':"QI'e anclyaed = tor, their dl~cr i tlillllt1ng pOTIer. "ltorl1ll,-

tivo J. 1:1 Iter.s 2 end 10, .at-rnativo C 1:1 Itol 25, .uter'lat1VQ B 1'1 

Ito., 28, .. ltcrnative E In Ite, 30, end ..lter:J"t1ve A In Itc~s 66 a,d 73 

drc .. no responses at all. Those alt"r 'lctlvos oro evidcntl"y not plcusiblo 

and should be replaced by ne" dtcr'tth'es. 

Tho follo~ing itO "5 hod alternatives o:7!1ic!1 ~lislcd !l disproportionate 

nu,ber of tho bettor studonts . Thvse 1t.r'latlvcs should b_ r ... viJ~cd 'ith 

a vic" to revision. 

ltc, jaU:rnr;til~ Itc:1 .ater"q~ 

I E 39 E 
4 42 d 
6 E 45 E 
8 C 46 D 

12 49 3 
14 .u.,o 54 E 
17 C 55 E 
18 C 62 C 
20 E 63 .E 
25 3 70 A 
30 a 75 C 
31 I. 76 .. ,e 
35 a 79 D 
36 a 

In order to obtllb ouick ov ... rviotl as tC' ','hleh ite~s ';;ero exccll-

ont, very good, ~o d, f"ir Il'ld poor, a distributio'l of th eighty (SO) 

it~~ according to thG degreo of valicity eocffieic'lt .. ~s ~£dc Ilr.d is 

presented in Table )5. 

71 
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Table 35 

Validity 01: Cocffici~nts of the Zighty Itens 
01' the A.i.rcr4i't : olnte :-:::.nce :::Xu"l,etion 

Cocffic Lents . eoofficients O;)e ffic l ents Coefficients 

. 14 und be 10-:: . 15 to . 24 . 25 to . 34 . 35 to ,44 

~f,,2t l ' FAH:l '!&QS l ,V2!:l 9Jilod l 

• 
Iton No . Iten No . Ite'1 No. Ite'1 Mo . 

12 2 1 

17 4 3 

2:> 8 6 

22 18 9 55 7 

26 21 11 62 10 

30 25 13 63 14 

31 27 24 66 16 

29 28 68 19 

32 33 fR 37 
36 34 71 40 

38 35 76 4J 

39 41 79 49 

42 45 54 

46 ,13 57 

47 51 61 

51 52 64 

56 53 67 
74 
75 
77 

Coefficient : 
. 45 and :lbo' 

,Excellent 

ItOI'! No . 

5 
15 
23 
44 
5a 
59 
60 
65 
70 
?2 
73 
78 
80 

Th:) nu~b:!%' aM t.hc per cent of the ito~ in cach ot the five (5) 

categories I s as follo~s I 

Cllt!llr'rl · Iu.':,~r !2t Ito ~.s f er cent !2( T!2t~l 'sol 

ExceU .. nt 13 16~ 

Vcry Good 20 25:; 

Good 2J 
29~ 

Fcir 17 2l.% 

P(Jt)r 7 Cf1, 

~bcut sixtc~r. p_r co~t (16%) of th~ ituc5 -I O cxc~lIcnt; in 11 

about sc;vo"ty pJr cent (700: ) of th<. it.:l~s h.W0 a rati:lg of good or 

72 
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Th') a!lalysis of the itv"s :'5 to vclldity cocfficiont is "n ir.port~nt 

one to nuke for the instructor as en ·cxor.iner. Horyevor. on equa~ signi-

ticnnt al"lalysis of tho itens frO!"1 thc point of Vhf: of the bstructor ns tl 

teacher is tho one thnt rcvaRls the sp-cific strengths and ~cnkncsses of 

the students . The indicated stre~hs reflcct crCas .. here th~ instructors 

hnvc boen successful in their prine nission; tho indicated uenkncsscs ::u­

the· points' rohcr ... c.dditiona1 o-:phcsis aod instructionol U'".o should be fo­

CUS_d . The folloning analysis 'in TobIe 36 pinpoints the sp ... cific iteiS end 

telis hc~ they ~erc passed or failed by the students on on ~ir Force-r.ido 

baals. Itc""!S .. hlch ore tolled by r:cny stwents £1"00 ~:hich in t"c oplnbn 

of tltJ instructors represent runda~eltal facts or concepts ~hich zhould 
be understood by the ' avcr3g_ stude·,t rhoulc! be taught -.ore cff0ctlvcly n~xt 
year. 

Table 36 

Per co~t of Studonts P.:lssing 3-ch of th,J Eighty Ito'"!S 
of thJ J.ircrcft U.~intcn, lCO ~-i ,..tt<- n 

100,,; 90-:; 80', 70, 60' 50' 40~ 30-; 20" 10'"': to to to to to to to to to or ~ 8l~ 71% 61% .1k. ~ 31;' ill.. lli less It..." Itc., It;; It"" . Ite':! ltv. ItoCl !t'J' It!..C! Ito::! . :0. r10 • No . ~'o . ~:o . ":0 . No. ~!o . No . :10. 

2 12 57 4 56 1 14 13 .3 6 17 18 61 5 64 7 16 37 15 
25 21 66 9 67 8 24 45 70 
26 27 74 19 69 10 55 79 
J1 30 75 22 71 11 6.3 
38 34 23 76 44 65 
43 35 2g 77 53 78 
52 36 29 54 

39 32 58 
41 33 59 
42 4 60 
46 

~ 62 
50 68 
51- 49 72. 

80 

73 
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b ut forty- tour per COtt (441)) of the teat ltcos shr-~d p-ss-per 

~onts b::t~ee'" sixty-one pcr c,ent (61:',) c:xi c1.ghty per cent (~) . .-.bottt 
t~enty-rivc per cent (25%) shor-cd pnsa-)Cr cants bot~QQn oighty-ono 

per cent (81.') and nindy per ce,lt (~--:) . Thera f'ns 11 def1$=loncy of 

l.tc'".S in th~ ?or cO!lt cc.t_gorios ot fifty p.er cent (50~ (lnd bc1o;:J yot 

~ 1ovc~ per cont (11%) ot tho ltons ~or~ in the category ninaty-oao per 

cer.t (91;') to one hundred per ce!t (100%) . 

~tt~ntlon ~ig~t ba drn~n to these itens .. ~re the pess- par coote 

ere nfty per ce'lt (50~) or loss . Clo"s scrutiny should be giver ~hi3 

group of ite~ '.:s th,,] ~.::J.:J' r ::vec,l student .. eak spots and indloota to 

the instru~tor he curricular sub- topics ~hore instructicn is nceded 

or ~hero su~~rlar instruction sh uld b~ effered 1n subsequant 1esso~ 

p~riods. 

4r?Qr.cnt EXQ~in1tion 

This eXOf:linctio'l consisted of Oig:lt;; (:'J) nultip1.:.. - choica itef:l9 

dcalg'led to ccns;]l'O studc!'lt kno-lcd~c of toc:'lllicr.l dctd1~ -00 thoir 

undorf: ''lding of pri~cir1cs usod i1 :.r-,c"'01t 7l:>rk . ~or this, a'l;llysi3) 

150 studc .. t ?~ <::rs "cre soper ... tc3d i -: oJ 5 abiUty groups, using total 

sc:>rc e3 th criterion. 

T"st itc-a .... _r" ar.o.lyzcd for th ir C:isori'1i'1!'ti:1g po"~r, thct is, 

thdr pcu:r t c diffcre tbte g ~cci stuCents rro~ poor studonts . Gord 

discrioino.ti'lg o-_r is incic..,t ·c by P siUve v:llici1ty coefficients nnd 

poor discrir:1ll:'.ting e· ...... r i8 i:tdic ted b:i n(;~otl.vc validity co·)fficionts . 

V~l1ditJ' eo fficients 'lD.y r'ln e fro:": - 1. 00 to 0 to 11.00. ~ valid 

test should contoin ite~ r.hosc validity coefficients orc at le~st . 25 

71. 
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er botter. Sixty-nine (69) of the aD ~te.1S :-:ccsure up to the standa.rd 

of .2~ l> o"tt ... r r r u t!hcri.:inat.i:lg it ... :1. r:t ... a· ..... r ._g~ vclidit;,' co::ffic-

icnt for 011 t est ite-~ ~es .45 co~orcd ~it~ ~~ index of .22 for 0 

si~i1~J test ~h!eh ~as adnlni~t(r ~ l~st yc~ •• Thi~ r~pr ' sents 0 c ns~dcr. 

ebb InprC'v'!-cnt in thO dlsC!'lclrut1:1g 'po'-cr ef the test. . 

Test ite~ -er Q olse ~nQ~zed fer dlfflcOlty. The over~gc diffi. 

c·.Jlty of it ·_~ on this t::st :· ... s 72 por cent ccrr ct c o~a.r~d '.· ith an 

avcrcgv difficulty of 67 p€r cent correct for ite~s of n sinilar tcst 

ad'11nlstcrcd 0:10 :;0.- :J o . T:,o :.vcr -::;_ ?~r cont diff1cult;,- is tho nv"r a ... 

0" t~c poss per c("nts of t :.c gO itc ~s. The O'.rbcr of it,,~s of c. so ... cified 

difficulty 15 n fo110-sl 

Diffi u_tj' (per cont ri ht) 
50 ' Jilc 3clo;' 51" t~ 7('" 91: to lOU ~ !:!~l Test 

. ·.r.:bcr of Ite:1!l 6 6, 12 aD 

T:st itc~.s -er~ Q'lo~ .. zed f or heir d' scri-in..'ltln" po-cr. bst of 

11 be r _pbccd b:; " ::Ire 

plnuslb1c distrectors. T"t.: f o 1 ;'1.'1" :, 1t r'~ ives sh::uld bv r erle cd, c 

~ ,.1 ::rn-tl.ve ~ ~rr.'ltivc ,-
11 E 40 A, C 
:3 ) 42 D 
36 D 56 '3 
37 E 6 ", C 

In order t o o!>tn i:l 'l :::ulck c'/~r'J ie~ as to rh ich Ite-s o;;cro e,:col1-

cnt , v~ry peed, grcd, f~ 1r ~1 poer , ~ cistributlL~ of £0 itciS ~cc~rding 

to the dogree of v~lidity c03ff ici.'t · n ~do cd is given in T~b1c J~A. 
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T~blc 371. 

Validity Co<!ff1~1ents of th·'" Eighty Ite"".S 
of the Ar -;n~jont ::xncin.1t1 ') 0 

Coefficients Cocfflcie:1ts Cocfficie:1tz Coefficients Coefficients 
. 14 cnd bo1or. . 15 to . 24 . 25 to . 34 . 35 to . 44 . 45 nnd cbo\'e 

{Poor 1 ~1tL- _(~cd) {VerI: !&~d l '~2ellont l 

Ite., No . Iter: No . Ite-: lie . !tor. . o . Ite"! ,';0 . 

19 33 3 4 1 32 
24 44 9 11 2 35 
41 46 37 E 5 42 

47 38 22 6 51 
4d 4J 2J 7 56 
50 49 26 8 58 
54 52 34 10 59 
57 53 35 12 61 

73 :9 14 62 
18 40 15 64 

45 16 68 
55 17 69 
60 IS 70 
63 20 71 
65 21 72 
66 25 74 
67 27 75 
8~ 28 76 

29 77 
3 79 
Jl 

The nu.ibcr n:1d the per cc~t ~f t~~ itc ~s 1n cac" of the five Cllte-

g"rios is IlS fo11cI7:; I 

=:Xc _l _nt 
Very Good 
G~:J' 

F'"ir 
Poor 

.. 1 
IB 
10 
8 
3 

51 ' 
2" . 

"-. 

IJ~ 
lY; 
4 

.. b-.ut fiftr-o"lc. p...r cent (51 ' ) ~ ! t !l': it~:s r,ro oxcellontj in all . 
nbout ~ ighty-six p::>r cont (P~~) of t~~ itc:s ~"\vc a r r ting ot good ::>r 

better . 

76 
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Tho analys i s of the ito~s ~5 to v~lid ity coefficient is an i~ertnnt 

one to '".llk" for the instructor r.S an cxc:1incr. ;IOl'uvcr, an equally si ni-

ficcnt analysis of the ito::JS fro - t 'le ooint of vic..-: ot tho instruct"r as 

a t eacher is the one that r eveals t:1C s?ecific strengths and " 'e-1cnesscs 

of t ;le students., The indic ted strengt:ls reflect areas poor e the 

instructor hl:s bocn successful 1:1 his :ri;'1O '1ission; tho indicated 

..-:oainusscs are the points ~hcro Qdd itic~l e~~hoel. and instructional 

tine should be focused . Tho rollo~ine analysis in Table 37B pinpoints 

the specific itons and tells he ... t !ley -ere passed or failed by ·~o stu-

d~nt:! 0:1 an ioir-Forco-wido basis. Ito:s g':lch aro failed by nan:r stu-

donts 'lnd t:hich i'l the opinion of t ::o instructor s reprosont ru.,da~ntal 

facts or concepts ~hich should bu understood by the o.vcr ~ gc . tudont , 

s~uld be tc~ht oore " rrectivol:r :lcxt yc~:r . 

100% 
to 

..ill-
Iter. 

No. 

• 5 
13 
19 
41 
44 
46 
47 
48 
50 . 
52 
73 
79 

Tabl~ J7a 

P~r cent of Stuecnts Passing E~ch of th~ 80 Ite~s 
on the .u- ~'1Cnt ::,:a .. in::- tion 

90;; 80;' 701, 60% 50,> 40S 30'6 20$ 
to to to to to t o to to 

w.... m- w.. .uL /all. llL~ U~n Ito" Iton Ito., Iten Iton ItOCl Ito, 
No. :Jo. ~o . tlo . Jo . Jo . No . No. 

9 1 2 59 16 21 · 42 60 
12 4 3 61 2J 40 
15 8 6 68 30 54 
17 l4 7 71. 31 67 
24. 20 10 80 35 
27 26 11 36 
34 33 18 56 
)a 37 22 63 
4J 51 25 70 
45 62 28 
49 64 29 
55 69 J2 
57 71 3,9 
65 72 53 
66 75 58 
78 76 

77 

10~ 
cr 
~ 
Ituo 

No . 
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.bout forty-six per cont (46~) of the test ite=s sh~~ed p~s3-per 

cents bet::een 61% and 80%. ..bout 20;, sho~cd !lD.Ss-por conts bokeen 81,' 

t o 90;:. 

Thera ~as a deficiency of Itcr~ i~ the p~r cent categories Lf 40; 

cnd b-:: lo'l1; yet 15:4 of the itecs "ere in t:w category 91% t o 100 •• 

.. ttontion :tight be drc"'1 tCl thoso itenG ~ll::cre tho pass-pcr cents 

or 50; or loss. elos.:! ecrutioy sh':luld b.; glvo:l this group of itens a 

~hoy f1I}Y roveal studont "oak spots and indic:::te to tha 1:1structor tho 

curricul~ sub-topics ~~ore instructl~n is needed or ,here superior 

inetructir n should be offered in subse~uent lesson pcricds. 

Cognunicgtio9S Exn,ingtion 

This exnnination \~s ,~de up of oighty (80) nultiple- choica itc~ 

designed t o ,eQsure studc:lt kno~led[.e of tcc~llcal co~,unicotions infor­

notion . The test pnpers of t~o hundred ~:ld ten (210) students ~er_ studied 

in this ~lysls . 

Test iter:lS v:cre analyzec f~r t :! ir discrininating po:-er, that is, 

their po ..... er to ditferentiato good students froo poor students. :Jood 

discri,in_ting 'po-,'er is it¥iicatcd by po~itive v:!lidlty coefficients ard 

poor discri!11nctlng pO';'or is indicctl.· by nc(;otive vnlidity c00rfici..:mts . 

Vc.l1dity co"fficiants ":1:ly rong .. trot! -1.00 to 0 to 11.00. .. vdid test 

should cont"!.1 itc~ ghooo validity co(,fficlents arc at 1ccst .25 or bett ... r. 

Sixty-onc (61) itcrs n0~sured up to thu standcrd of .25 or better for a 

dlscri~ir~ting it~'. Th~ ~ver~6c vn11~lty coefficient for all test itens 

1I1lS .35 cOr!pnrcd ilith P!l inde:, of .31 on <'. sL-::ll-r tast givc;n last y..:~. 

This represent ~ d~f1nlte inprovoocnt l!l the tost. 

78 
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• 15 a s f ollo' sl 

.lu-;ber of I ... "1S 

,Difficulty (P;)r Ca It Rl 'It) 
'Q ')..10' 51 ; t ~ 9) ; ~l , to 1]) ' 

12 61 7 
r "t 1 r ;st 

'30 

a st lldy of t '1 dc t iloC: -: ~l.7s is f t c. st itc - 05 ',1111 r .... v _ -:1 e>t:1 r ':<J.-:k 

<I1t ... r ,-:tlv, s. 

T:1 f ello' 1 ,,; itc-,s ~~c' -It r 1 tiV , 5 .. iC1 '"r " C'I~se '1 ,or 

It;:, ...!t -,r'~~ iv~ It" Alter - ttve 

1 ::. 51 C 10 D 56 14 3 5'} D 17 G 62 D 36 E 5 3 J3 C 6" G 39 77 3 42 d. 7::' 
4J ~ E ')'1 C , 

It 3 2, a, I, ) , 45 "1'.) '- , _ c: tr _'1t. 1y ~S'i '.'~ -'1 ;:lt be r " p1Ilc C'c 

by ~tLr It ·.:~s. '~ st of t, r 

I, oTr'::r t :)bt -;. i l ' 'I i c ' .· v~ \'L ' 5 t , I:ic~ it . ":S <;r l.. x~c. 1 1-
, at, v rl 0('( , goO<! , f~ ir 

r, - '~ l strL)'ti, f i· ' t~, (J) it . 'S 

ilccc.rdi 'lp, t t 'l "0'll" c of v .1. I '('it ' c C'd'ficiv It 
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'hl1dlty COJfficitnts of t'1t,; Ei/;'1t:r It;) 'S 
ot t !l':: Cr- r:u lic .. th' "lS ::~:' .bati· n 

Ccoffic i "" ltS CooCCicie :>ts en - iei.: ,ts Co· tfl i C:1ts Co rf icie Its 
.14 ::.", bdo-' .15 to .24 .25 t o .34 .35 tC" .44 .45 :l.1r' bcvc 

U!~~rl 'FlOir 1 (~'O(, )_ ~.Qo~ (~x,::c11':'.lQ 
IL . It:n :0 . It .3 ' o. Ito" ~1~ Ito::! !o . 

2 3 4 1 31 6 8 2J 9 5 35 7 4) 24 12 10 41 11 
45 4J 16 14 47 13 56 4': 2J 17 49 15 5a 62 36 18 61 27 58 57 3" 19 63 2 6'1 7) 39 21 64 32 

72 44 22 66 .33 70 52 25 71 .34 30 54 26 7 37 
60 29 70 42 
05 3J 4S 
73 50 • 5 51 76 S3 

55 
57 
5; 
77 

T'1<- "lu,,:bor tl,c t~c n..:r c ,-" t of t'l _ itL , ;: in oaeh of t :·~ £i'/o e ate-
r(rLs ar :. fl~ t ol ,)".·s i . 

:::<0.11 "It 
V r '.' Jed 
Gooe 
FJ ir 
f oor 

;> 25'; 
25 JL 
1: 21: 
11 14; 

J I,):; 

o·t (25) of t ' ..... it (,.~.s "I' exec 10 It; 1"1 '1 1 

"bout S(;v o..:"lty-six r:r eC"lt (76) c:f t ::, itc.-s h"lVO (l r o.t h , .... f' ~ocr Clr 

1:>cttcr. 
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~ l.!,nific'l.'lt ana17s1s cf th ... itt .5 frr ~ t',. ooint of vL" of t bstrLl tor 

CS 11 te('cher 15 til", 0,\,. t,-t r~"(.:als t'u 5 )ocinc stro'lgths '1'1(1 'cnk-

s!1oulc ,>u r cuscd . Th .. data 'r ~s(ntc<l i1 ''lole 39 pb;>obts t'1J S . cific 

itc":s "n" t,;,ll~ 'In' they 'cr~ -":lsd c~ foiled by the st· de 1tf on 11'1 

•• ir-For " - "ida b"sis . Ita 15 <lic" are f-ileG '.Jy n!l~ stU"o;ts n:1<'~ ':'11.ch 

1'1 t!19 cpinion 0: t'1'~ i:tstr"ctors re-rosa~t funda'1o'lt'll f:.:cts or conee. ts 

-::!1ich 3~oulc ~" understaoc 'J th..; war "0 student S:lO'Lllt: 00 tl! Elht. ,or 

"ffuctiv::!l:, Ilr:.xt Y3:IT . 

r"lbl. J 

l' ... r {;" 1t of Stuc'o 1L F-:;s11 3.:!cl: "If t 'l" '::1C;'l j' Itc- s (1r t 'l l) '~u;lic·ti· 'l,- E;'o; i"otlon 

100% 90~ eo..; 70s 60f 50~ ,,~ JO~ ~ 1~ to to t c \ 0 to to t to to c.r 
~ "1.- 7l~ ~ ll..:.... ~- l1- lll.. .u::.. Les Itc"l Ito ~ It ,~ " Ito It" Itu~ It .. n Itor'l It .... .., It::; ... ::C' • '0. :~ . o • :c. '0 . ,t, In . . . . . 

2 4 1 46 7 13 6 78 51 8 6 J 49 1') 15 17 
4') 23 5 50 11 I v 1q 
45 24 5S 21 27 31 
43 35 12 63 • 22 34 33 68 41 14 67 25 ,.,' 37 6, 52 2) 71 21 47 43 7,9 54 21, 74 44 57 55 6) 23 75 53 73 

62 30 58 77 
5 ]2 5' 

72 35 61 
75 3': 64 
.j') 39 S6 

I 7J 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE 

•• bout for -'-eight ocr C1:'·t (43~ ) of t l10 t <!s t itc"lS s!1c"ce ...... ss 

per Cv 'ltB bet'es'} Sixty-O:lO !)~r CI~ It (61,;) and eighty !)()r ce,t ( 1 y,; ) • 

.. b,~,:t b"te"1 per ca,t; (I? ,) !l'n 'a" ~~ss - oar <!~ ::Jts betreo'1 oi llty-o,u 

Cal) ... 1d '1:!lety 1'U" COlt ( J'). ':":orc; :'''15 :1 r' a rici -'1:;' of itc.,s in 

t h3 "cr cr''lt c3te ' ''ric' s of fort·, r·er co·,t (40-;) '1 x: !.l<; loqj yet ,lno 

r~ r co,t (9::;) of the U t) 1S 'c;ro i1 t 'le c'lto~ory nin_ty-one 'Jar co,t ( L) 

t o on" h.1.'ldred per cent (10<);1 ) • 

•• tt e ntion ,i"ht be dr;::~l t o t!IOSO it,ns ~'here t', . .! -",ss- 'cr CO'lts 

1r f ifty per cont (50~) or ' c~ s. Closu scruti,y s~ould be ive, 

t hi s i;r"up f it ... ':]5 '1S they '1e.:J r v","l studo'lt ' oolt S'pots and indic~te 
to t - i'lstr '\c t or t :1I.; curricul::r 5' . -tc:,ics "!1"r, instruction is 

n_~e.-c! or -h .. r - sup ... rLr i'lS r ' cti< s 'loul c ,offor j in suosc c'!o nt 

lesso, ') rLc' s. 

Lltr (It.!ct;,,, t o !.5 .. F .::x .. : ti .ll 

... i· Xll i .'It! n c(.1siet.;;( "f djt ;..· , ult iJla-choJc ,-, ita':'s 

cesi :lcd 0 "'oasuro !ltooe It O¥lcr~t!l ·db· of s.;;v r ' 1 topics bchlded 

b t his (.ur!lc . .• 5, r I o: :.:.r hu "r c' (4J J) StU£' C1t P!'l£..!'s 

. "r .~ ~cc in t ~c 'l'~'ll,;r:-ls . i"lese :1;Jors 'cr e s pnrat lJc i .\t C' five 

I1 bi ity T OUps, US11g t ot'll "c r .: -: s t 'w crit ,ric .,. 

:- ;;t It ;s ' 

is, t ' : ir pO' !' t C::irr .• p 'tiat (. .; 0" stu .. nts fr o'" poor studo:! s . 

G ;:xi dl:;~r l-i:\:tti" t" .r h: !c~ t Jy ('Is iti-l .. valicity <:00 ff ic-

hnts 'ld ~r·. r ":1s ri h:.. ''1 '::'. r i;~ic~t d bj' lrgl iv .... v ,lld ity 

c n.ff i c iu,ts . hl1c' t.r co "lcLltS ":. r'll~C fro- -1. 00 t o t o ~~YJ. 

E2 
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.. 'lillie t <.. st shoulC cent'li 1 i~ :-- : 

uf '; 

9 t o 11 

h,_ 

I t ) : 

J 
l~ 

:'3 
2 
/.5 
4, 
47 

3:> i ~ r~ , 

..., r C'1t of 

.i2.:- ,,-;r k. l o· 
!..) 

~.r . t r (\~ ~ ~ 

:10 st·tc: ~ it S . 

" it ... ' 5 

. r ant r i~"1 
..., , t l no 

" hic h tlQ%' ," :"'I~s5~d 

follO" i v i l' '5 hue ,, It r "l.::tiv . 5 ~'lich ··eT . C'!"" III ' I T ... 

.• 1t T'1r t. iv: lh..: .. ... t .T 13tivo 

.3 52 .:. 

D ' J. C 
D S5 D 

'6 :: 
D 63 .. 
" , D 73 ,. 
D 75. E 

by 
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t)xc_l~'"'~t , v ::ry gcoc' , gooc, r - 'r ':::0' poor , a "istri!>uti(O) (O f "i,,"ty 

Ite-s ~ccorC:i1g tt' t :l-'! c: ;:;rae of v . li0 it : co -ffiel\.: ,t "15 :adc 3"" 

"alioit.' Cocff cic-,t ~f t :),- 3i,'1tj' Ite~s 
on t h3 Introduction t o l.BJ' ~'1illllt1on 

~o ffi<::ie:nts Co fftcients Coefficionts Coeffici onts 
.14 '''': 0_10": .15 t o .24 . 25 t " .34 .35 t o .1.4 

't"i.ll:l 'F1Y: ~ ':;"0 1 ""~r', Good l Ito, ':0. It-;!,; '10 . Ite"! '. It'~1 :0. 
3S 1 3 9 

12 4 1 
30 17 16 

p 1 ": 
2'; 21 
31 22 
3 ' 24 
4 29 
1,7 34 
66 35 

37 
39 
45 
55 
58 
59 
61 
67 

Couffic L -lt s 
.45 :11" "Jova 
(Sxce U " ltl 
It .1 TO . 

2 51 
~ 52 
~ 53 
7 54 

56 
1 57 
11 :1 
13 >2 
15 S3 
20 64 
23 65 
26 63 
27 'e) 

28 70 
J2 71 
33 72 

J 73 
41 74 
42 75 
43 76 
44 77 
48 ... , 

,0 

49 7 
50 J 

... :::!:'! -..)i; r 

C~t t" l r -,r 
'1 th: r Ct,,;"1t o~~ it ~ 

'0 . of L ::; 
in , '\c .. c -. t . orJ• is's fol lO'·5 : 

f"r G...Jt of fot,l (3ol 
::;xc!311b:1t 
'ler:; '}cod 
Good 
F"lir 
Poor 

6O,~ 
23 ,: 
12 

4. 
1;; 
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•• bo'.Jt ~ ixt p r ee .lt of t;l-. itens ('.re ux~cl1cnt I i 1 ~ll ab ut 95 

Th~ n~alysi5 of thJ itc~ ~s to vn1icit· coarfici~lts is ~ l~or-

t~nt ant,; 0 -:'l;Cu for t~· i'1struct0r as 0'1 cx:ninor. :'Ionover . 03'1 c'.ua l,:,' 

si."7'l1fiCt1t '1~1\lysis of t:,~ P. ·s.fro' t~u oi'lt of vi ~" of t~_ instr:lctor 

1CSSuS 'Ir· t:' roint .. ~hor t!. itl '.1:11 ~ . 'lilsis u'ld i:\str ·ctio'l~J. t1.'10 

s ~ou1d be foou.sed. rh fa llo' i:1 

100' 
to 
~ 
It· -: 

:0. 
1 
4 
12 
)1 

36 
59 

rur C e,t of 51.""c'ts r '55 i:l :ach 0 f t 'v" ::;i::(ltj' Ite , 5 

0'1 tlJ. I,trrx'ucti ~ to is ,? :::;,:I"h~ti0' 

90;' 30~ 7:),; 60'; 501- 4')'~ 30 -:' 23' 
to to to to to to to t o 

y-;;- 1L il..:.- ll.:.. 4L.. lL.... ll!.. 11-< 

I ~n It" It.'" It.:' ·~ Ito; 1 Itc-: I \J, 
., 

o. ~.~ . (' . .' '10 • '10. ., 
• v . "~ I O • 

3 - 44 2 c.,0 11 5 5.5 10 45 
14 q 52 7 S 27 6 23 
17 15 55 2 '., .J~ )2 U 37 
1::1 19 's ' ":I 

.:>~ 4B IS 46 
?2 2::> " 33 S- 57 5') 64 :n 
25 26 ',3 34 70 S7 51 
) 26 73 J5 77 72 5) 
J' 29 74 P 7/ 76 
47 41 75 4) 
5'" 42 7i. 4 
71 43 54 

f15 

10: 
or 
L.,s;; 
It", .. 
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•• bout 51 or cent or t':. it .. -.5 ~ '10'~0(' l"''lSS p.:.r ce'lts of 

., t...", '1 1,1, 0 0-. One it ,! :1' c' p:;.~o-p~ r CO=lt be\. <.;'" I 31 ; tu 40: 

t.nO on'.} it,,"l :18.0 8 pass po3r CE:::t of ~ tl'E;O II to 20;' .. '10 ite'lS 

r ccuiv"G p'lss-por ce~t:; of 10 , or less; !lO' ,.vcr , t'1ero "er '3 six it{; r.lS 

th~t h~ ~ss~pvr ctlnts of IS, tc 10:) • 

•• tt mtion s!1ould be ora,l! to those ito"1S ::'13r o t'le P'lS8 pElr c(;nts 

is 50 or l"ss. Close scr~lti 1.:' s '~(luld :)0 Given to thi~ group of ite'1S 

cs th<-J' '1..V rcv"nl st cents ' C~~: spots :!one indicate t o t 'lO instructor 

he c'Jrric':l:u- su~aro s ~'hor", instru~tio'l is Meckd or .,:,erc f;upor ior 

'nrtr ctio:'! should 00 offer ,<1 1.1 su;'scc,l'ont l03S0 il per iocs. ' 

Stjttistical Control ::"niru:tLl 

T ,is ... x'l:1in-ticll ';"'5 -:':!CC '.1. of dg:'t~, \oJ) ;ul':.ip1~ -c1.oi~6 ite'lS 

dusi~n,-~ to Cl ... OSur,.; stw.:J:lt ,'.::r t,l1di n" of t :l,' principlcs a'l<' oroce­

GUrcs of St tistic'll Control, T:l_ ~~por' of t,· hundr ", t,irty-fivl; (235) 

st, c ts' "r us" C; f or ,t;,is I).lalysis a 

T",::t ite'5 "t.;l"C a'l11,;'z'C r;:or t , ir diccri'linati:l -'0' er, t'".~ t is, 

th",ir pO"or to cl lff"r untiat c: gJOC stueC'1t r fi'o- poor stude ItS. Gooo 

dl::cri.,in, ting 0 or is incicat,,( ~J' "ositive vl'lidity co.;;ffici". 5 Il!'ld 

poor dis~ininating po"ur is i'1 1c uC 'J;r '"gativ'J va1i<U.ty co·:}fficio'lts. 

"'h11 i y cocffiei ... nts "".JJ;j r' ", 1'; fro,' -1. ) to 'J to il, JO. :. '1l".lid 

t st s'holllc cont ::lin it ... ;s .10SC v· llC:ity CO·Lffl.civ n~s· r;..r .;) ,t l e 'st 

. 25 or b ... t ",r. TI, 'lV ra .... v-l ' it, c(l" ff1ci.::-:t for ell it .. n8 '-as .4J, 
" 10"-"r fieur~ hO:l t:l\J ~V_:'- • c:' .2') for " siii ;.r t ur.t eivcn l"st 

y <·r. 1.1 r .. -er ... t'irt.i·si;' (3':» it.".S " " ic ', 'let t'lc. st~ndard of .25 or 

bctt" r for '1 riscri'lin'lt'n~ i _ ~. 

6 
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i -:; of " s:'t..;cifi ,~d ~irficult:r is's ;' 0110'51 

Di!'licult;r (Per ce.t rright ) 
~5.;;;)..:;,-,~_"l_c-""Jc;;;;~,:;1~0.;.:.'. : 51 . t') <?oJ 91" tl' 10:) 

10 ,>; I Q 

1f t - 1 T"st 
3J 

'.7W'C scv ... r ,: Ltc 1S ( ,. ' t '1 "/ Ii<. it ' ~c· fficLltS loss t '1'1'1 .25) in ',1hi h 

1. corr.:ct alt .. r :utivcs or ':!" ,1' st·:d..!·t r S~O:1 s . TI1!:C a ltc.r lctiv s , 

pla (.. 

It .. --; •• lton}tiv9 lliLo .It ' r n: ttvu 

9 D 39 D 

1'} C, .:. 1.0 
,.. 

~ ", 
27 C J.':J .. , 3 

2c 47 S 

15 D, i:: S1 C 

J7 D 6? D 

3': ", D 

S 'J~r'.1 i u~s S 01 '.5 , ;;2, 23 , 25 , 2S, 34, 37, 3' , 1.) , 42 cae 
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Itc'll AltpT'lt'!tiye Ite'll L.lterna~ 

1 C, D 
)'1 C 

4 E 41 : .. 

S D 42 A, D 

7 3 4J 0 

8 A, E 45 3. D 

9 ~ 
49 E 

II C 51 £, 

12 C. D S2 D 

13 3 56 A 

15 A· 66 C 

16 ;:. 
68 3 

17 D 70 D 

].8 D 71, . ~, E 

21 3 72 C. D 

25 D, ::. 73 E 

26 D. E 74 ;., d 

29 E 7S E 

)). a, c 76 L 

34 :3 77 D 

35 C 80 D 

)7 E 

It is felt that this exa~i~?tiOB ~?s of appropriate difficulty 

bot 'ts discrioi~tin~ po~er uas 10' . T,e other seven (7) 9xamina-

tion~ had high (H!!crl':1i'18tino; !Jo"cr ":1d -erl? of approrpbte diffi-

cult:!. 
In or"er to obtain a cuick o"crvie!? as to which itp.'lIS ~ere 

excellent, very good, good . fair e.rY~ poor . a nistributlo
n 

of t,e 

eighty (~) ite~3 accordi~g to the cP. gree of validity coefficient 

was oad~ a~ ivon in Tab1~ 42 . 
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Table 2 

'validity Coefficient. : of t~Cj Ei 'tty Items 
of the Statistical Con~rol Examination 

\"ocf1ic ie ~t s Coefficient.s COl:Jrf ie tents Cot'frlcicPlts 
. 14 and ')e10" . 15 to . 24 . 25 to . 34 . 35 to . 44 

U~02rl ~lIk l ~,&odl ~Ver', 9!;!od 1 
Itc .~ :10 . Item :~o . It6.J .'0. Itelll .10 . 

7 1 51 S 66 3 
(-•• 07) 2 54 6 S7 4 

16 '9 56 12 ~9 17' 
22 10 73 13 71 20 
23 11 74 14 72 41 
24 15 75 18 30 55 
25 19 76 21 59 
26 27 77 20 62 
3J 28 3 ) 64 
34 32 36 7"2-
37 33 44 7") 
3d 35 L/j 
4') 39 53 
1.2 45 5:; 
43 46 SO 
48 47 S~ 
52 5 S3 
The nU!llber a...:l t'tc per ce,t 01 t:,e io'S in each of t "e five 

eategori~s 1& as follo' 51 

Coefficients 
. 45 and above 
'::Xc*ntl 
Ite" No. 

57 
65 

(5) 

CHtegorv ,bmo.:r of ;t,,'1.'l Per cent of Total ( '3 1 ) 

=::-callent 2 2~ 
Very Good 11 U~ 
Good 23 29~ 
Fair 27 34-: 
Poor 17 21% 
•• out t"O per cent (2;) of t'tc ite1lS are excellent; in all about 

fort~'-fh"t po- ~ e"nt (45 ) hnvc a !'8t1n~ or (oocI cr ~ttcr. 
Tho analysis of th-3 ite':lS as to validit: coefficient is a'l irtrportant 

one to make for th~ ins r ctor as an rxa~incr. ~owever, an'equally sig-

nific8nt ~.~lvsis of the iter.s fro~ t~c ioint of v1an of t ie instructor as 

a t eac her is tfuJ one that reveals t"e s, c :!'ic stre'l"'ths a:ld ~ea'([)esses of 

the stuec,ts . The 1ndic:lt t: str.:; ·, -t ~s r ~fl"ct QI"(as rhere the in!'tructor 

hos bee: s· ece'lsful 1n his -vi !Ie '::liss100' t"e i'ldieatec! T"ealcnesses are the 

po ints where add itional e-,;p:18s is n. c l.1Structional til!lC should be focused . 

The data of Tablc 43 pin;:>ai 1 S t'!C s")l;:ific ite"lS and tells ho" they were 

passed or failed by the students on a!l :'ir-For,-e -~ide Jasis . 
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:'~ )le 1.3 

PAr cent of Stueents r8ssi ~ac .'0; t~ Eie~ty Itf'O!l!l 

on the 5 ntistica1 CO'1tro1 :::Xa :baticn 

100~· JO~ ~;)"; 70; , 60" 50 ~. '40 J. 3 2O~ • 10~ 
to to to to to _' to ,. to to to or 

..1l..: ~ 71-; 61% 2J.1.. It1!. ll!. &. lli. las!: 

Item Ite"!! Item ItIe::l Item Ite".! Item Ite'J Ite.., Item 

:0 . ;0. :0. . , 
o. o. -"'0 . ':0 • ;10. !o . "0. 

2 1 3 13 23 4 J2 
1) 10 5 12 2S 39 25 
33 J7 6 14 40 ~4 75 
,.3 7 7 15 41 61 
41:J 50 9 IS 1.2 70 
48 57 11 17 1.5 
51 62 l' 2/. 55 
'i2 63 20 23 5f. 
56 73 21 44 '» 
67 76 22 4; 64 

77 27 6J 
. , 
,;):> 

79 29 65 72 
.)0 3J 69 

Jl 71., 
33 7d 
34 
35 
36 
53 
71 

Ito_ wbleh are faile'> '.;7 ~l,l:r stu~'e:1 :; nn-l ':'Ihic '; b t'e opinio'l 

be uncer:;too' :I t'1e wer' :e :1t'JC'e,:l\ s'~oul' oe taugh :'1 re erfe .ti-le1y 

1ext 'r ~r . 

Abo t forty - our Der ce ~-:; (4 .... ) of t.'3 tp.::, ite 1S s' .o"ed IJ,SS-

per cen ~ bet .. ec'1 3ixt:.· - O'lC t'I~!' ce't. ( <:'2; , 312 ei!?:' ty ~er 'nt (8" ; ). 

ce·t ( 1%) a ,0 ninet:r per e;.L ( --;) . 
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r~ere ~a~ a deficien,7 o' i e s i, t:e p~r ce~t ca c;_rips 0f 

fift·, ~r cent (501 a,' Jolo'" 'ret t"elve (12%) 0" t"" i':e~ ~'era il 

t~e ate gory ninety-one er e t ~~) c on~ hunered r er cent (1 ') . 

J.tt~ntion Clight be ;3rar- I t t:lOse i~e1'lS ~!1ere t:'e pass oer 

cents are fifty per ce 1t (50-;) or less . Close scrutiny shoulc ;,e 

::ive 1 t .is group of ite s "S t:~cy ::lay reveal stoce,t "ea'~ s;>ots and 

i'ld icate to t he instructor t:e c' rr icular sub-topics ~here instruc­

tio'l is needed or oihere superior l.lst:-tlctio!l should be offer~ in 

s .bse-lent lesson per io(' s. 

SupDly EXA~inotion 

This eu ination consist!?(: of eirhty ( " ) multi;:lle- choiee 

i te'1S ces ignee to ~a?ure stt!Ce It Q.,cersta,d ing of sup 1,y procodures . 

The test papers of t"o bunrrcrl a G sixty (2SJ) st e:1 s f'ere stud ied 

i'1 t:1is a:l81,ysis . 

Test ite~s 11ere B:llllyzec r :- t 1l0 ir d1.3crininati:'l£) o;'er, that 

i.s, t:l~ir j:O'7er to differc 'lt '"t. ·oor. st'l-:e'1 __ frO., poor stueen s . 

Goo iscr·::Ii.latin po"'~r i- 'n,oie "..: by positive vaE ltl 

eoe~'f ielents aoc poor discr i::li Ie tl. '1 . "o"cr is in<iic'ltecl y :1ei:~tive 

',al' ,:it:· cocffi .ie:1 s . 'J-' i 'it· cu.,f:: :'r:ltr ~' r lbe fro::! •• J) 

to J to II. JO. 4 ' va_i~ test s n,. ~ C ltaL ite-,s "':105e vali"it" 

coe:' >ien 5 'lI"~ at _'!st . 2; 0:' ) tt r. ... rty-eip,:,t ( ... 2) 0 t'1e 

eig!l j' (_J) i e-;s -C·S'..rt'L It t t 'l ~ta:'l':::.r" of .25 or etter for 

a cis':rill inat.:n,; i~e"l. r;l'~ v r t! v<,li it· "oe " if'lt for 811 t'lst 

it"";lS ;Jas . 31, sIi - ,tl.! !liC::le:- t' 

t .. st ad;::i'listere: las year . 

91 
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eree! hst year. 1'oe c! 11' ic,·lt: 0: t' ,e test was seve,tY-O;19 per 

ce1t (71'1,) corre t OllljJlU'ec'. "it:: e r'i ficuIt:, of fifty-seve 1 er 

culty is the avera~e of t e 'pas!'; - er e,.s of t'le eiC:'ltjr (JJ) e"1S. 

The number of ite":1S of a sp.cifir:c c'ifficalty is as follo"SI 

D! ~ficulty (Per ce't Rieht) 
~~.'lc' Jelo' 51-; to 90; 91~ to p, 

15 57 Totd Tes~ 
~O 

T st ite'1S "ere analyzed f r t::eir r!iscri':linatln? · o'er. T ere 

stuGe'lts tis'l J:J ponr ones, '1e'lC8 t:l ' hac ne ative v<,lic~it\T coefficie,ts. 

hase ite~ should J rrvie-e 

porer drew no res"o,::::e s.~' -re rec .,," n"~c' for rer' lece'1e:lt. 

Ite":! i .. l~.!!:.J.::~ I~e; t.\ ter 'ct"..,e 

D 35 D 11 A 55 A 12 :; 5j E J2 ::: 75 D, ~ 

floe~' ently "Jy 'ooe! st:.:de .. +,s t::;:'l oy poor one!) . 
"::e 3'tE'r~::tive!J 

which -ere ch e, !:lOre floe 'e :t:::, J:' oo:! st"ce It:o t 1:J.. "Jy poor ones 

:::: ouJC: :>e revie?'ec' a.t! rev:se,' or re:-Iacec . 

92 
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~ "lter"lative &2 41t ot29ti "e 

2 D, ;:, 34 A 
S D 40 .l 

11 D 41 !3 
12 0 5j ;. 
14 3 54 3 , S 
17 D 55 ~ 

18 E 5u 3 
24 D 59 D 
25 0 62 , J, D ... , 
2" C, 0 69 C 
2 C 72 D 
29 ;:, 74 D 
J2 D 7B D 
)) E 79 J 

In oreer t obta1.1 a r'.licv.: C'vervien a s t o :"hich itet'!S "~Te e:.ccl:-

ant . vcr :' good , cood , fair a,~ E'OOT , a distribution of 81<;h y ( :1,, ) ~ c. " 

8 ~OTdbg to the de:reo of v~lid1ty coefficient ~as .,,,de a d "'1'.'on in 

Table 44 . 

CoeUicio"lts 
. 14 and bolo .... 

,PO!2r ~ 
Item 10 . 

1 
2(-.05) 
9 

15 
24 
41 
4' 
4 
58 

Table 44 

Valid ity Coer:i ie!lts of t he Eig~ty Itc':!,S 
of t~c S pc17 SXa~i!lation 

Joe r 'iei "lt~ CoefficiO"lts Coe fficiOll 5 
. 15 t c. . 2i. . :::5 t o . )4 . J ,) t o . 4L. 

(F!i!.tl !Good~ ,Vf"T'£: ~~ l 
Ite '! .10 . Ito., "/0. Ito .J :10. 

45 3 56 4 
12 iiI II 59 7 
11. ';2 ~) 65 13 
21 54 17 7) 19 
22 55 ?.3 72 2 
25 69 2', 78 27 
21 71 33 79 r 
J2 73 35 4q 
)4 74 17 50 

62 (-. ')4 ) ) Eo 75 -~ 53 
33 43 57 
4) 41. 61 

t.~ 

76 

93 

Coefriciun':.s 
. 45 "1(' , ... O"/e 

' :':xe llent 1 
Ity, o. 

<; 

6 
11 
D 
23 
Jl 
/.2 
47 

63 
64 
56 
67 
77 
;1:1 
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catrgorics is as follows . 

C~tE',.orv .~um:'~r of Ite".S - PQr cent /). T,~;j:' (~ .. } 

-.xcellent 15 1o.~ ,,0 
Ver;, (Iooe 11. 17"; 
Good 19 24--; 
Fair 22 2 .,~ 
roo:' 10 12.; 

... bO:lt nin~teen ver cent (1"1;') of t'1' ito;n::: • ... -0 I"'xcellc:l t; in 

all eo ut sixty per cent {: ) ' ) of the itc:ns havEs a r .t hi;! of ['00:::: 

or ~ett"~ . 

The 8n&lysis or t~ 1' ... .-.-: r.s to va lie' ity coc,!'fici(nt is .;'\ 

vier! of :,e inotructor as , t &;::r.cr is t:10 ono that r,:,v2als the 

!lpec tfie strengths c.r.d .. i:: ..... ,.J s_s of t '1" st~10:1t~ . Th_ in:' ie t '1 

Clor" ':. .. ~ '.c ;:;(')1:.' n' xt .- :.r . 
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100-; 
t o 
91e: 

It:;; 
,10 . 

15 
21 
25 
31. 
35 
41 

43 
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p,,:!, CC'lt of Students P3~~b :'.ac I of t~c ::;ighty Tt,rs 
of th _ SU\)o 1," :.x~ .,Ll.'ltion 

9O~ sa;: 70% 6o-~ 5') ~ 401 3 ) 
to to t o t o t o to t u 
6H 7l~ 61~ 11-; !.lL & & ~ , 
It:= Itc rD Ite o I :l 1 Itc"J Ite" L ei 

!;0 . : o. ·':0. '0 . :0 . No. o. 

1 4 2 5 7 17 
3 9 6 1') a 53 

11 13 13 27 19 53 
12 14 Jl L.O 22 
_:> :>J 45 4~ 36 
2J 24 47 49 'i ,) 

22 33 5 6,) 54 
2" 43 6S 61 59 
2~ 56 S7 62 6J 
30 64 6q 7° 73 
32 68 80 
37 71 
30 73 
39 
44 
52 
<5 
57 
6S 
7'1 
72 
74 
75 
76 
77 

?'" ]" ~ oJ , 

!t ) cr 
l L 1 .. S3 

~ It;:;.; 
..0 . :;') . 

c.)nt (31 ~' ) to ni:l ty er cent PO) , T'..r -. S (h..ri~iC·lCY of it f in 

th ... p.:: r CC"lt c:..tt.:gori~s of forty p:r c·; t (4J~) a~~ b_lo,'; yu t ' . --r 

C3nt (1 .. ) of t~ .. it£1 r.'.5 rcr r . n t catrgory ninety- on" p r cc..t ( 7:~ ) 

to 0'1_ hundr <.d per cent (100.;) . 

95 
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.. tt"ntion .,1 h DC ::r~;j:l to those itc::lS ' . .tao t, _ ;,. s;;-p'cr e-:t:; v·_ 

fifty o€'r ee'lt C5 ~)"' ) or 1 5S . G 0"(; scr'Jtiny 5'1~iil'" !>~~ivp.. -<;',i:, r;rol:? 

of it::ms ,.s th.:;y na:! r '.'-::lsl st, 'c,t '.::ak ::;. ots n r. i "l~" ,!-, -, t. t:1. 

instr etcr th ... ccrrieulor s,~:;,-toriC5 "here in::trl'''tio!'\ i .:- 1:: C. d 'nr Rl:~r_ 

B"p·)r ior :"lstr eti"n should oc off"rcc '1 SU';)5C~U 'nt lc::; ::;C'n 'Jer io,j:; . 

TrpnsFort.tion Exp~inqtion 

T~is ,-xa inction consist l of c' ):t· (~~ ) rnult1:,.c- c;"oic fJ it ,:':::; ~'. ­

sipn::d t o "'l ~surc s uCot "no';";, -" ?roC. !:;)ort...,tio'1 pr C_ 4 ·'1'.5 . 

s[l,,:~l'_ of ... q.J stuc'':::lt papers' cr_ ~od in t'lis c'1:11·'si:: . Th-sC' r:l~.n: 

\'I"r SI)~J",t'::J'~ 'nto fi-:::J (~) a_i'ity ;;:-ot.;.~usi'lr, tc al sccr a::: t:l-

eri ~rion . T.st::: it",r:::; ..,cr. !l'~1,;.::"c' r"r '1,,;r di:;cri'"ll:1nti'lg 0' r, 

:v.t is , t'1'ir po"cr to ~iff~ro-tia c. good stueC:lts fr ... ., ;Joor s !! .. It::; . 

Good di. or bi'1-~tin~ t.o'~.Jr is indicr.t..:. \r pOJitiv_ valic tty co"frioL;)';!) 

an<' poor di:::cri.,in::tin& 'o""r !os h I;: eu by :1 Cltivc: va'i~t J' 00 ffLL .ts. 

Valid it· co rrici nts ,'r r&n-.. rro.~ - 1. 0J to ::> to fl . ". v;;.lid 

t · st s~()~Jd C"'1 "in it- '13 -;1ho:;c '/cl:~it .. ;:o_!,ficic:lts 1.l!' _ i't 10::: ~t . 2') 

or ?oJ t r . Sixty- tb,r c_ C.,» i (;::lS :1" , 'I!).licit-: ' o ... ff: io:nt of . 25 

(s anC!lI'r') cr e t .. r . ThE: llV r3~ . valicity offfici'nt ~ s . 40, _ 

coop"r .... d t, an .Jv..:r::"l: of . 25 for hst . "IT . 1'l-,r.;' it -:s (27, J' '1,' 7) 

h~~. n -~ 1 i'l 'mlidit:' co ft'i~i :1 <:, ,-:, i::, th;' -"!, A \nslCl'OJ -or- ct~:-· 

by. a gr- ,t'.r n'.llne r or :'locr 5-:'\1"0,1 s t':a:1 -~ y' S 'J"(;n s . 

st i ~:nr h:..r n I~V r " cliff' ul:: c,f :'irl;(- if?!" 

of' hu eight .. ( 3v ) it~':1s . ...: i! nu.,ipr of itC'TI5 of a :', cifi ., rl:. 'i-:u1ty 
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is as fel 0"'6: 

~. i ~:"'.:.. cIt:! (i'~~ '!c·t r :t:ht) 
SO% 8,c ',.;l::n 'iP tj 92'; 91 ~ t ::> 1,) "0t.,,1 '.:.'_s t 

11 6:> 3 cO 

Of : '..1 'c i~htY'(80) ite~ th~re "er c only four (4) it )"lS r'~ich 

-'l.r pass ,": '':Jy ninuty t , onj huneT ',d per CC :1t (90-10) ,) of 1li.:; st,!dc"lt:; . 

Th~ ~ltcrnativcs 1ictcd bo1::>~ ~i~1~c a dicpro.?rtionatc n~~hcr 

of th·_ bctt ... r students . :'he::e ~ lt .;r tivr s ~hou C b~ ~tudi~C! fer r, -

vision ~. f:: r _ thu ~cx ad~ini~tr,ticn ef this cxa~i~tion. 

~ !l:ltcrn,t iv..; to:: aU er nat i " c 

2 C 44 E 
5 c 1.5 D 

10 B 48 la, E 

-5 .3 49 
21 5 E 
25 :3 , E ')2 C, D 
27 C 51. D 
3) E ''i C 
31 B ')7 
35 B '3 
37 3 , £ : :1 ':: 
3Q E 72 D 

1 "I) 

42 D "'3 -', 'J 

In ere' te 0' in '" '; '.1i ~~: :r,,·'::: vi c''; .s t '.:lich it c~:; .. _rc. 

cxcQll~nt , very e;eod , lOoC, 'ir, '1' ":'Oor, n I~istrib tio!1 of "ighty 

~(r~·~" to th d rr.'; -:: ·:-:1i· it, co_fficlunt· •. s .-.... e. .. 

n'1d is givvn in T'lbl" I. .. . 

97 
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Co~fficionts 

. 14 ll"c Ot..lO:7 

(Poor 1 
Itc':; -;0 . 

21 
2'" (-. Jl) 
J (-. ) ) 
37 (-. 03 ) 
J9 
..4 
I.? 
72 
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'1 liCity Co ... fficie:lts cf th:; Eig~t..: I -~::l.1 

on he Transport"tit.:l E:xa ;iru..tion . .... ,_. . . 
~ocrficicnt::: .. oerridO·1ts Co}fficic .. t:; 
. 15 t o . 24 . 25 to . 34 . 35 to . 44 

,F:lir 1 'Go"<il !Vga Si.2~ 1 
Itee) ~!o . Itc ~ _,0 . Item .'0 . 

10 17 1 
15 10 8 
25 22 11 
41 2:" L. 
42 2: Ie 
4 J:) 31, 
57 40 52 
73 43 53 
73 47 5:! 

5) ,2 
50 67 
6 71 
'J 

~o f::'C10.1 S 
. 1.5 ~.Y .'1 -./': 

~,-::'...::.J....... 
t: .... ~ '-~ . _ 'J . 

2 5: 
.3 54 
4 5') 
5 5'1 , 

6 .) 

7 64 
65 

1;> 6:-
13 sa 
6 '') 

2J 7) 
23 ,... 

I .. 

2S "'j 

2" 76 
32 77 
.33 79 
35 <3) 
3' 
3! 
45 
I, 

r, r:u::!bc1' a'1 pCI' cont of t'1.) i'.c::1::: in C"C:1 of th fiv,~ (5) <":.It. 71'1.5 

is c.s fo ::'o"s : 

:'..! -ror ; ~qf-1.L.:E ser Co t or -bl lU 

Exc 11- nt 38 43*' 

1-1''' JQod 12 15:: 
God 13 16~ 
Fair 1'. - , 
iClor a 1 > 

bot .. r . 
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1'~'3 analysis of th';! i t ens s to valie itv co~rricic:1ts is n. i'-'ort ~t 

one to :o1:a for the instructor cs a, cx::,i:l';r. Ho ,ever, an C<i:u:::r 

signific~:1t nn:!l.ysis of th() itc~ fr '- 't::e ~oir:t or vic";! of th: i:,:~r :.::br :;s 

~ t eachcr is ons that r eveals t:1e s" .?c ific str "l~~s .:.ne -<oaK lor aes rf 

in:::tructvr has bee" succes s f 1 1 . hi::; )ri:::e missi!l . r~,: ::'n'1c .:. c.~ 

100'; 
to 
91-; 

Ite~ 

"~o • 

31 
1.4 
'1 

T'lbL 1.7 

fer C:ent of Studonts Passin :r.;' of t'le ::i ", ,- It,,-s 
on t h r:- "'1:po;-t "t':'C:1 ':::a-,in-t'o:1 

qo~ 30-; 70 60 ' ..... ~ ,. !.., . ~ 3 " . 

t o t o t o t o t c to to 
' 1-; 71:; 6p 51-; llL 31'~ 21<; 
~ ltv'"': It.,':! Itc-: It . ., I r.i t "r: 

Jo. 10 . ~o . !Io. :.0. ~ 

1 5 .... 2 ~ 5 3 22 54 
53 I ~J 6 7 32 .... 

1.) 62 .1 1') ,6 :2; ~ 

1 ':'2 12 2J 2J 34 63 

2 73 11. 3. 2~ a 7 

~5 17 '.5 ,)'1 

2 18 51 33 
.3 21 52 r,-

39 29 5 5~ 
~.J 35 5 63 
1.1 33 6' S 
42 43 67 6') 

46 6J 6 7 
4 75 7 74 
4'3 79 76 
56 80 

S9 

2' 
t 
1L 
1':" -

rr .. 

} ') ; 
nr 
L. S3 

.I. ,~ 

o . 
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,.bcut fU'ty- su per cent (55-;) of t.1C it~7.s :;:IC.- :: -~ -.- .,. ' " .... .o.J _ _ 

per CC'lt (~l~;) ')'lCl ninety ar ce~t ( , ~~) . There ":1",5 a dcficic~c:.r c~' it -5 

.• tt .. nt ion might b e: dr n to those itc:'ls ··h..!rc th:-: ass TlLr ~~;!.J 

[J') fifh per cc~t (5;) ;) or less . 20sc :';;"!ruti::y sho Ie b:) bivc ~ t::i::-

group of it,,~s ';.s they mo.:r r\.veal ::;tuc'e:1t -'cQ};: :;nots ",nc in·l.r: t) to 

th~ instr'lctor the ITr loul ".%' s b-to..,ics ~·hor.: in~tructi~n i:- 'I • ..:~cd 

or ~hcr~ sup"rior ins r 10ticn should b.; offered in sots('c,ucr.t ~~s:("In 

;:>.- ricds . 

1 0 
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C,.Ai' 'iI.n V -----

,"!. tUTC cn':! uscs cf tho I«>TC n -3 Test --- -- --- - -- --- --- ---
The itlTC ftQ -3 cxw.in::.ticn Is one of the ro71.:n '7brbul ty . ..: t,,:;to 

for tht! ",,,(.sUrEnCIlt of (,E:!H.rt.l leumiq; ubillty or of scnoL. tic '-',titu ;:: . 

Tr.is c'tc:-bc.ti.:n is dhi .",d into tv.o ports, Purt I . l..wl;Ul.:; WI ?!.rt II, 

• (1 thc-.:.. tics . 

ThE; ~-3 ex :nb:,.ti<.n ''' ~f' ucci .. isterea to t:uch r'i rEt I\: r tll.ric ... F 

Rele stuacnt 'uri;')" tr.c (';cc.jc::lic year l:;'oj - .. :. . !i£ 1-tst r ... sults error.:! 

c,n o"'t::mll (.sti: to , .... tJ:f' uen"rc.l lavel cf th_ lee r i. . C'~ ib r ;Jf 

te .. "o.ri~Wl AF ,IHC schoub. !ht.rc.; urc sevl.ral be .. 'fi t~ 

that accrue 1),6 Q result "'1 the ed:;:u:istru tiuD of ~-.s tellt, 

1. In ";:"1. rtll "'fly it ef1or;}!! un cbjt.. c ti vc !1nc scil!. tiflc 

l:\(' ns of '.:..kll.' 0. check, inventory of !l critic!.l r _qui rc-

::lent of 0.11 poUT.tiul of!'icers --Eupl-rior r€i1.to.l ability. 

2. e est -;:flY bo u tiliz a as or.o !;',cti.od Oi'1(;C.surinc .0 

course EX r.Ll ti ~IlS t. ... "roxi::l.tcly CO;"l.~,(::6l. ru , v'lth t! ... ir 

help to tl.!1IS1I'-e r th qu(;stlon us to tr.o c!.lH .. r of' 6tLd c 1.8 

thnt are ulecti:lC to te.ko tho Air fQ'IC COW'lh .• • 

101 
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of this tcst can t.e ulcd to ' •• SWf..r tlr C;UI.stic. all to 

wh thor bot.ter , uquu1l1 ~L) p1e or roorer a,tu:hr. ts 

at&y _ith the hOle pro"rw:! and Ul.ko ti;" IlcvWlee CC)'l rscs 

of ir.struetlCll when eonrared 1I<1th tre fr.:;sru.1011 , r oup 

of studUl te. 

The results of the ~-3 telit ives the inst.n.:ctDr!l. rout"! 

estir..lltc of the rnnt:c, t.nc! It.vtll of let.mir.,; b:)il1ty of 

his stud(Jlte und th<:rolbro;;, where ncet;;sst.ry hf. f'hOl;ld ro-

fleet these facts y aptlroprlQW nodlf1cr.ti':!,s L'l nf . r I.e", 

:-:o.ttlriQla , \"leud ids, cotl~-at1Ul, toachir.t; ;j th J s o.nd stu:::-

':Jur I of ex ected Qehluv6ncnt . 

5 . In ttJc ovont tmt einllf.&r type ot sohoL. tio bunin, o! i ity 

tl>st 1s o.cr.i'1ist..rec! at th i'ir~t udvw.ocu co urlic yc r, t.n 

<~c!equo.te ;-icturo of th& :'1t.ntt..l clllil:-<:r of potl>l.tit..l o1'fie r 

<-rsonnel can Le oL tai c:1 . 

6 . Th6 test ",suIts c.f tnE' :t\.-3 eJ{Il:!'.ir.~ti :l e!l= h; utiliz;e1 

10 oertain specir.l clrcucstt:n:o., for l,lfu,..t: 1" , in the .... ~t 

of U SUCl -:on eurtallot.:'lt in fund:; \".hen ~ ... nw",: t.r ;,f stt,j,:.ts 

rlu::t bo rE;: oed, th\: ~ett..r qual1fit;j 6tu Ell ts CO..l d be 

7. It is e nceiv" h ti:ut. tho nru lts of to /:,(;;)t.t. l bri l1-y 

tu;t c',::. c utJ.liE" IJ w ~ ._" ... 6 r". ~ cenjJnction ~ 

~, \\", ioh r.:uy !..tl u;ud ~i-[.rol rit.toly ir. c" l -cti:" the 

tYr e .of ir.itiul t.ssl!;n::x:n"t giv(I) the "r&dubtcc stuCl!,t 

ofne r :)r for s(.I' oti':':} at "J r- le e r ,:radulltus for ::<",-r1t.l 

ndv~,o~c training. 

102 
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8. The rcaults of tilE; i.Q-3 c lm ~ utilhe<! ill s"ttir:,.:; up (iceCoft. 

ul-le standarda of studen t attailll:X1nt on or.d. 01 th .. COUrt:e 

In aU:Jrl6ry. while ~e reaults of the w~C ~-3 'x' I LE ti n 

8tutC~ts nood tp til pOlltedl 

U . The results for br oupa sucn c:.s l:lOun 1lt<.JlHiard GCor~8 

for ct..ch saho.,)! are ='lore r c lu. bl" t..'lur. th.: 6Cor"a 

L . Bt::cuusc of th(J VLry nuture of a ahort ;:;r u~ ttst 

ot' the itQ-3 tr.£. the. score cf an ioetiv! vc.l st!J,!c t 

abUt ty. 

nt . 

of tile lr.C .tul C;.liubr or I!cl. c1ustio 

aptitudE.. of inconine it\.TC studc:ts . a aur" y type teet .J!' mt .. U4"c. c e . 

the ~TC tt\c-3 . wus !l.a-tinistl..rt.d t .J 19.660 3t.udUlts 1n 112 schoo ls thro l'C
h

_ 

out th .. Un ited Stu tea •. 'rho rt;sults ~'Y olr foroe tlJlj for all 'lir forcca 

c ocabillCd (ir" flvvr. in 'I<-L lo 48 . 

:i 'Ie -.8 --
RCBults 2!. ~ ~~ :-·t.,L,UYlIlij ~i:1E1tion 

.£:::.!: .!!! ~ .sCI. JIs .!.:i£-~ 
:lo . of · •. tUll !)twldt.ru 

Hrat Air roroe 
fourth air J'oroQ 
Ninth "lr J"orco 
Ten th "ir force 
Twelfth Air orce 
Fourteenth .. ir Force 
'fotc.l 

:It\! ents Lt;t.st.rct 

2218 
2d65 
.. ,,'sO 
5~20 
2205# 
1::148 

10) 

lZ5 
126 

27 
127 
123 
123 
127 

l.ll",tiv, rl:lnlc 

2!.~~~ 
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Th~ First .. ir FOlOO with WI ... v~-r0t:c seal"'- of 135· c • .lcv<;c t op ro:k . 

j()TC schoo ls nos r.lfldo . In addi tim. perct%: tile rbDk equiv ... lt..I.ts C'f tl.o 

I:lel-rl stondfird sccre. wore caloulo.ted . Pe rceatllc rBOI:S ure poi:. ts i.J 

0. s e ries of scoree be low whlch lie ·0 i, hoen pcroentul;1.. of U:e t:Jt c. l 

nu:.l:cr of sct.oo ls. ... p ... rcm tilc of fifty (00) means t:.ut the. f>ch c, 1 

attuin(' 0 score e1aw which u~ L rc.XiMll tA:1y 60~ of tlx. ichoo 1 [!locn 

ls the h i rhest or t.est ?l.. roUltile rankin;.: bod Ul firs" (1) - crOc:1tllc 

is the l CTfoost :>f' the pJO r"st pe r cen tl1 ... r!.nkUlt; . :'l'w... J.is trl uti .. D 

of meW} s tt.: c r d so orcs (.; I L rcu. . tilu ra:-lki •• t.:I5 for thl; 112 sch", 111 

(lr~ Clvot. 10 Tc.t1e .. 9 . in; kl't hell' i-Urt of h,~l e " shows thnt t ho 

school UVCrt.f.:C 6 on t;hc rt<:; -3 t ust rw GE; fr;Jr; 10 7 to h!J. 01 the 11? 6chO'ls, 

97 of then or 87% ... tt.c..in ::JOWl 0 e o",c ou n ,;:c:1 11("1 1,".0 1.3 • ',llth suc 

\Jide vnrintLn in s11ldc.t schokst i c a ptitude onl.. cu. r , (lG ~::lu\ ly l.: X;\ ~ct 

wide '1"\.1 .. '(; in IlchiEv,,:";(Lt , u.c. tnat i o (. v 1uo.tl.: :; stu:lt;I.t courso ~cl.it; ,,"e -

Deot at the -.t.ri cus schoo ls. ont: Lust 8"rious1y co: sider U.ls cl iff. r-

cn ti01 in 1 ... ur:: in .; a ::'111 ty. 

Dis tri UtiOD 

L.[ j .. t.;1tc t ... a 

Distri tu tlo:. of 4v"r Utjes 

lq3-145 
14u-1'.2 
137-13!:1 
13 .. -130 
131-133 
128-1 30 

'Iu . 10 49 
of ::.Cti'Q)'T ;'V(. r(l ,-t; ~~:1o .. r d ~COTtG 
!7rc.:::ntrrvll ~ ~ BOte io..-~--

t.Jt -_w:.. t1 vn 

~. 

1 
:3 

'* 7 
10 
17 

104 

114 

135 
1;)1 
12ti 

hrceli tile 
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lIistri~uti", 01' Avcr (08 »oore v" lut:l ..,1 ~ t,; rc .. !. tl .. s 

~Averar:e~ ~. Averatse ~cvrc . , rc ... "1 tlle 

126-127 2:5 127 60~'o 
126 ... J~ 
124 .. 0/. 

1<:2-12 .. 28 122 ~Ol. 
122 20,. 1 9-121 i!i 120 10", 

116-118 5 
113-11 5 2 
110-112 0 
lO7-10~ 1 107 l i. 
,;,,, tt.l 112 

T Ie 50 lists the .:.:. ':'''.11 .:1 st, od:lrd ::corell of '~ucr. ,.f b .. fichu.: 15 

l' rticip be in ti"l:; tucti :~ curvcy . No orne or r.(.tLn' 1 etr,nlr. rde 

· ... ide " Jiur: t)f 12 (J'OO) :- .. y 1,(, t uk 1. t r(: p r'L S ':. t tr.e nati r.:'o l r'.Or.1 . 

Tht it\(-3 tC:;tc r lI \.l t~ ~C CI01ll1 i:1 •· .. l e <) will s,r\'(. r-L lnl;r to ; iv<, 
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MSuLTS ~ ~ \&l .. lJ.H .... .; t.AA .n ' ATI ... ' "'-3-1~"9 

~JO'J'O ·Fre.tmIen--· J.ce-dan1c ~~-11 

Sch:)() 1& 

Fl iIS l' 0.1 ~ j{,I1CL 
Tri:1ity CJ ... lo(,;e 
tJlliv (. rsi ty <.f Conn. 
Yt.1c U; i'. rsity 
Deste :. L'nL ... • ri ty 
h£l rvur1 U.>:\., si vy 
blI.. SSl.C ' .\., 50,,1.5 I T t, 
of T~ch) 
{r.liVI rsi ty ")f ~.~BS • 
. 1lli •• :-.s Cdl· ~o 

Univbrsi ty of e-;; 

r.~:npsh i rv 
kut~crs U:liver&i ty 
Col '!.. ttl Un' vI;rsi t:; 
Ce>nlpll \ Div"r d ty 

i.;r h m Uni versi ty 
cw York Unlv·. rsi ty 

Syrl1cuso Ltliv ... rsi ty 

F0 ' itT!. AI ,- FO IICi:: 

..rir.JIUl ~t.I:.te Collei'"e 
tkivl.rsity of arh~!l 
l- rt. B1lC' Str. tu Coll . ..;o 
Loyo111 Unlv . of L ... 

r.z Jvs c St;:.. to. C 111:,1;1 
Stt.nford Univ"rslty 
r .iv· rcity of C ... Hf. 
u t L_. 
\;n i ·:o.;r s i t-.! of S ou thl 1":1 

C Ii!' row 
Uni '" rG i ty ,.1' 1 j.,ho 
•• ~U tt..DU ot:.: tc "'011 CV 
l:LivLrsity :; v j .. 

l'()~(%l Stutc College 
l:nivt;raity of Qr ~cn 
Ut6n St. 41....;. CoU. 
l~iv . of Utan 
State C· ll. of .QIIh. 
O:'lhcn;lty o f :1 6hi:. ·t;:n 
:Jaotlula StQto r!nivensity 

Stuc"nt. 
t.xcoined 

19.fCO 

2,216 
(j~ 

2 .. 7 
I S::! 
1.;6 
(,is 

1 ~ 

IJ4 
21 ' 
103 
271 
201 
1,,7 
63 

L, e6S 
o 

213 
;)1 

1~8 

101 

205 

37 
1":, 
111 

.11 
2..a 
2;13 
238 
ll€ 
251 
Zla 
131 

106 

L eolO 

otw:Jurd 
Ol"\:j 

127 

135 
l~ , 

1:0 
1:2 
110 
13~ 

111 
131 
1~8 

loSe 
I "", 
13 .. 
13& 
1~1 
13 .. 
13~ 

125 
121 
1<::8 
123 
123 
125 
13 .. 

126 
123 
~S 
12~ 

125 
125 
119 
128 
1<:2 
126 
128 

P .. rc .:n tll" 
hll::;'.z; of 
11_ S-:l. Is 

d ~ 

77 
J7 
77 
riO 

8:: 
8e 
8& 

15 
70 
~O 
30 
·~5 

88 

82 

::0 
30 
.. S 
.. 0 
'.15 
5 
9 

70 
20 
50 
70 
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Schools 

NIN n. aUt R:l RCI 
Univorsity of Kentucky 
.i Ii tb rn led uoley Stu tEl 
TatIre. 
.k>hn; hopkins Unbersi ty 
lLivt.reity of ~nrylllnd 
Ohio Stote Unl':cr.1ty 
<-hio Univc;rsity 
t:niv . of "kron 
Univ . of Cincinnnti 
Duquesne University 
L...hit:;h Ur.bcrsity 
Pc!)'') , Btl:. to ColI c.:;e 
t'niversi ty cr Penn •• 
University or Pitts ur gh 
Virginia ~1l1tc.ry Inst. 
lrglni ro1y, I n. t. 

:i. lr("inia University 
Gi.-orgetO',.!l lni '.rEi ty 
Ho~ard Ur-i versi ty 
G(;ttyst.urg 

No . ot: 
Students 
Euatned 

~,:·w 
347 

66 . 
120 
800 
940 
279 
175 
156 
1~3 
201 
.. 00 

12~ 

71 
17 
514 
N 
Q5 
57 

5,'120 
m T!, d1R FOnCE 

Colorado Sta to Coli. 
of &M~ 271 
Uni"('rsi ty or DOl Vt.r :'5 
Brndl(;y Uuiverd ty 107 
U:,b ... rei ty or Illinois 217 
Bt.ll St. Tchra.Coll. 102 
Butlc.r LnivC!'a1ty 57 
In"i(.nl1 Univenslty "*78 
Purdue Ur.iversi ty 266 
Univ rSity of No ro Dnno 110 
Ceo oll~Gu 79 
lown SU!te Colle.·o 32-1 
Su.. to Lniversi ty of 1011.11 301 
Kensas St. COllc:;o 223 
Unlv. of ~~.ns 59 
Univ. of .. iohita. 61 
';ash!.'Lrn ~l~ip 1 l.Jniv . 63 
Coll<.Ce of "t. ThC'::xle 1',.,,7 
lni\'ersi ty of linncsotn ~6 
Univer.ity of ;.100. Duluth 
Sr. ~8 
.,t. Louia inivew*1 ty 272 
P .rh College 50 
University of '!aBouri b-.l 

107 

e:.n 
~ttllldc.rd 
Sooro 

127 
123 

118 
13 
128 
123 
121 
1~ 
12P 
121 
1"~ 
12'.1 
1~7 
127 
l,~ 

124 
11~ 
12& 
117. 
130 

-127 

122 
122 
125 
130 
121 
123 
125 
133 
127 
125 
127 
127 
124 
127 
128 
124 
127 
132 

1026 
1'.i.l 
133 • 
123 

. j"'t.rcl:lti lu 
ltC.li'S of 
12 Sc: 1s ---
30 

. 1 

JV 

70 
~O 

15 
73 
70 
1~ 
9:.0 
73 
2 

00 
..0 
..0 
:. 

70 
8 

77 

20 
20 
.5 
77 
1 
30 
,is 
bF 

60 
'~5 
60 
'0 

.;0 

60 
70 
',0 
GO 
82 

50 
96 
86 
ZO 
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Schools 

.10. or 
~tudw t& 

, EJWr.oin oU 

1E: L AI i, r' rlCB (CO:l to d) 
Ur :sersi ty of .... t.rtlsk1l 

~ . Lukot .. "br. Colle 
{j1;i'I;;;r&itv of North 
L u<ou. .. 
Univ;;1'Ii ty of .1IIoon&ioo 
SutJ .. rior St;!. toe 7oflrs . 
Collc&o 
U"iV .. rfli ty cf -"YO;,I!n 
,.ictil,c.n Coll. of .~ 4: T 

I_ icr 1 ·!.t..l St. ColluiC 

of .. .:r. AS 
Or: i ",I .. rs 1. y cf .. lel. ig!Ul 
.. 'lyno O:li,crsi ty 
South IJ <oV. St. Coll. 

roELFrn .a rt FeliCE 
Universit;y of Ark .. nsus 
Louisit.o!1u &t. Univ . 
Tulc.:ll,j U!1ivtJrai ty 
Sou thwc S t..r.1 I..o. . I 113 t. .u· .... ~<. xico ColI. of 
;~.i .... 
Ckl.:.ho:"1,-, A « ... 
(Diversi ty of tklc.hE'. 
i. • ...: :. Co (; ,(; Qf lvXuO 

;::~ylor Cniv rsity 
So tr.· rn , .. th. Univ. 
1{;AUS lech . oll .. ~~ 
Univursity uf T xus 

FU rtTc.E.1l1 ..1 It iV!l::E 
.. In!. .. ''1/.. ? lye II.st. 
J:UCkLt ,,0 1:10 t;. 
Uni, . of Al_~ ~ 
Uni'J . of l-l rU 
Uni':'. "I ": 11>:"11 
G ... . Inc t . 0 ech o 
Uo1;'. 0 1' OI'bUo 
.:i .. 8. St. CoU .. fti 
Ur.iy . of .. ·iss . 

303 
ill 

£16 
2<'5 

2B2 
116 
112 
1~3 

2.26~ 

161 
222 

56 
220 

!:ill 
27':1 
307 
55:j 

07 
..7 

119 
83 

1, ... ~O 
112 
64 

1::.4 
5Q{ 
106 
100 

E. Cc.rol1nu 1chrs . CoIl. 
lie ':t.< r ul1:,u St. Coll. 

00 
h~ 

7~ 

38 

of til 
iv. of ~. Curoliou 

ChilSon C"llt;gtl 
Thtl Cit dul 
Uoiversit;;' of Tam. 

169 
77 

101 
61 
44 

lOS 

~.\!~ 

~to. .. 'lur 
::'0 0 r ... 

125 
122 

128 
121) 

119 
12~ 
127 

126 
1~5 

126 
131 

i,~ 
120 
12, 
126 
115 

l<'C 
12, 
-126 
12;) 
,121 
·lJ4 
120 
12-. 

122 
l~O 

107 
1::7 
123 
122 
131 
120 
124 
fro 
U6 

123 
12~ 

122 
122 
130 

,~rC€l~ 
l\fl.Dks cf 
ll? ScI le 

4b 
20 

70 
70 

9 
~O 

cO 

50 
010 
bO 
bO 

10 
20 
50 

7 

f:1J 
20 
50 
~:) 

15 
tod 
10 
.. 0 

1 
1 

60 
30 
20 
80 
10 
.. 0 
10 

B 

ro 
30 
20 
20 
11 
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Cli.del, VI 
JJ'~~_ .!£!!!f C:V • ..I.lhI u... ;-.i.b 

liS:' ilI.K:Tffi,-

.. n i:-fort'l 'lt I]uostion that rn y be r ised iI' Do t .le ··ir nvJ:C Gol la 

ac ieve r ·.nkinga on the eourae ex".,inatlon O(J:l'!;enst.roto .,.ith t.r., ir r 1 ti 

ranks 16 !lChlt ved on the ~ -3 test? 

amonf; the !li r foro'!. on the rt.(-3 teat. the Introduction to U",.IF nd th~ 

,'d.r:lirilitr_tion net l.ilitary ";s.:-:ago:::ent exa: in!l.tiuns ia presented in rable 

51. 

ilellOtlvo Hanlci:1.sra -'IIIong the ix ",ir 
Forcus I"n 1;he hare h~-3 rest. the Introduotion to U.-",F 
!Jnd .. d!:llnistration nd Ml,lit .. ry _nage:"'ent l:.XIlJ:.1L!1tlo'ls 

hi r Foroe 

First "ir torce 
I' o\lr'th no 1 r : oroe 
Wi nth nir torcs 
Tenth •• ir .. 0:':03 

Twelfth nir ~. oroe 
FO!.lrteonth ir rort)e 

ROTC n",-3 
:; at 

liel~tl e kank 

1 
4 
2.5 
2.5 
s .5 
!l.O 

Introjucti0T' to 
v. Hi _x',:.i btion 
ne l'lti'w Ronk 

1 
3 
2 
4.5 
6 
4\.5 

"dri'.istrntion 
de ":11 .: II'> 6o:r,e nt 
nol'ldvc rt!Jnk 

I 
2 
4 
:3 
6 
5 

In g;~I'1(;r'\l. t.he~ S~ -s to b sO" 9 ro3l'\tionship between tl'3 tr.r...1J seta 

of r nkin6s. .he, rirat nir "orce il S (l. r nkoin.; 01 1 on nIl thre .. t.:stsl 

the l'v.-",lfth "nd tourtJonth .... ir l'orces nro 10" or l " .... o-:> t on a ll thr".' testa. 

In ot.herAoroe, !; roups of students with bre'\ter nent ' ;, ., bllity als" tend 

to achieve, oth' r thing! boing equ 1, sUp"rior roeultf! ,In th6 coune 

8xatliGutions, Intro<MIction to U::;',F a.nd i\dr..inhtr'ltion and :lilihr:,' lA')n gemont. 
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In Ii I rev1o~ seotio!') of. ~~i. re ~r~_ a _brief. c llrveyof 1;h: o[, JI 

v( r'\~' " seJr 5 ~!C"\<3d' ';ide v3~iati:. i!'l t "'s t ; rfer", c r . 'J, r 1 ;)uS 

f'l.ot')rs sfleot studGr. t !p. rfor~noe on xl}~ln'\ti .s . 01.. t f v o.t 

oritiol11 of th:!' f·.oton , is th'! l"')nt~l e libel" of t.t" ~t:.a ·. nts c C I'd. 

Si r'oJ :,,·rtu l ... hilit , f ositt ly o.fC . cts stude: t oo c~' lis:-, , :; "vbi:-. ,ccor 

o inct.ruoti'~;l . it 15,mnnif'stlv un '1ir to Jr v c olusl s c 
r ... .. I.'. ~ 

£,1" ' ct i \. '0",, 5 01' 1.',';0 str·le\. r :: 0 t.,'" ",.sis ot' t, ir stud t rlilr , • '.0 ' 

0 :1 3', ae i." Vv ~(l! 1; t os t if th .. oI:.Iss of on() inst!"uctor is hr' ,; ";; , r 

" nt'lj ly t.:.",. tr. clar. of t'lc oc· " r Inrtructor. 
cr od 

'";ust bt: utilizrd wh. r l!oy du~ alloy. rCO? is ~.ad ... for ~t;u -":.t . o' li y 

i fl~ r utiul C,A:lstu;..; Lt" r. ti. t.v' cluu; r ,.1 .ct •• r t b 0 -r .r d . 

The ··tll ,,>rj l • 10'y d h r" ";1 ~ !.d- i :;' dly not to') r L j, .l .. r ... .rid 1 

is !l forw' rd stq: in th J dir ... oti o •• :-.1' I'o.ir r lr;~ .. r-t:ch"ol c ~r:.lrico. 

in th~ t !.LOOOU'lt ir t!.1ken l' tll I '.ot!' r ~ . :t'd '. Li 11 t~. or ~ C l 1 r ':ie 

0. , 'tit'.Idv Ji"! r _ .C"E' V.'lt 'I r e :. c r to xist fro- rct, ~ l t :<'0' ')01. 

::" r o\" r. it e.hO'lld b ~ 01. rll' ti.,d. r to d th' t cn i· v - rot " )',:r i n', -

ti ""s tho' l d n 'I r .bo ""':l" l"y d !.s t h !: ol~ 

e'lid [, 0 " r-urt "I) :lt l 1l : d. 

Zhu !;...I.e .~-.s ·.X'1IT.i uti"l 
1:; W" d to r.t' <C ur :-·~r.t :1:J. bili t:; or fOI'. O-

hstio 0 ti.tuda. ~his t ' rt ' .. '111 J r:i:u. t-~ r ,~ d t ~ r.Jt~ • tl!.l, .tr ",ur ., . t ! .i r 

l'r.sb:t, n y ..... r. ··hil" it .: uld "'~JU bt n but.t.r t h'\'~ .Ut: d rt ,-3 t . st 

r(lt ~!1g8 of thl. rtud :l~ ... 0 r<;~!l·. d .'1d took til.,: "d"L",c.d o')',U"( r. t"is 

co Id not be do) .t; btJo'1usc n(;nt d t ~ t _t i .f: s ot' t n.) .. d l c. d ~,tu' :;5 

Wur.:> not "v'lib.bIt' o !..cruov r. I; ,nc .'C' r n";; j, ,,1 .; .ith . o n I vis on 

110 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE 

:urtt "- r ,"s:o ;-r i 0 n' d. to X 

tritior: r :...c·~:- ~ rc n '.. f" c:: :<:1 to 

or t'" low . \' :",',' ,t u ' 

t ,0 C E i r ~ c \ ..... t! ..... u!) wi t~. t.-.-..; .1:.1-:.. \:: .! C') -;.. ~ . ~ ... • d 

:"C .d th.l.t It. rut r " r i.!jort s n t, f' ::~t. r· -, 

. ~ 1 0 i 7 r! t" " 

db;: tl . ~ c!'(>1)l 0 '1 ~" :.te '1 t 

r- til " ~rl \"... S I. 

til ~ i ... ji'.L ,. "t'..,. r siti ~ 

:.t or 0 , . ,i " i" ~ . 0 '1.0,1 

I llci S I.r to:- ~r '; .. r .i 3. '0 )1 , ''' r .~ t 'z ' )or' 

,; .. ti tr,. rc til ~n:;' -" d -: tt., t: ,t ). et t .• t 

0:. -1 to cr. : t" u ~ ... r. r~ :- t. " .l t i..t ro I.til" . ' "'J r 
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fer tho F.·,-3 t· ·s t 6 r7' S ~ Xr' ot' • ..,oy l'ldio'J S. th tiE. l' r'lit. 

i!.dic.t1 " f ISti-::.t,·d r ·l.tivu ro~iti ,. n OO'Jrs " X ··'-.ti r. . 

r .: .. ", 52 

listri uti')n of ,:,ch,'l . v;) r ,,£ S .lnd ~-l£'ot d 
t roo "l til !' 0:1 tr. t'.v . C;: -3 t.x ·,r-in'ltion 

tior: of •. v ," r li;. 8 

1;3-145 
1 ... 0 -1-.2 
lJ - 3J 
1.:. .. - 36 
U - 133 
~ ~-1 0 

125-127 

1 .. 2-1:.4 

11.1-121 
11 ' -ll b 
113-1 15 
11J-112 
107-10 :1 
:ot,l 

3 
4 
7 

1') 
17 
:;3 

cor 

• 35 
1~1 
29 
27 
26 

H4 
1 23 

.. 2 
12 ) 

lJ7 

r·~ .. t i 1 

.. 1 ')J' 

· I) •• 

O. 
7':) · ;) . 
~O • 
· ) 

oS ' • 

1 • 

ISc r, 11:. A.h· 1 ft h ·. lf r'l rt o f ~ IbI-> !.2 ~. 01.8 th.l tn. !:on 1 ,'; r~b' S 

on - ". :: -3 t ~ lSt r "l1g fro- 107 to US . Of th n 112 p'~rticlt .t ,; !cn h. 
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at: 10 53 sho;v~ tn.:. r rC t;ntil rod t.i ons for '~'.o!1 school or. :'ot.h 

-'roup. .:t 

r .. bLL 53 

. .ctu 1 ."ch Lv cnt School r reC', ~i1c ".ti-:!;s, 
cl. 1:' ::;"nt of 112 ::'chools on th" I.,tro<iuct! " t'J U .. ,F ;:.x ~-

dO. cf ~roup J~ 

Soha-l s J. to 20,; 

22 3 

',; r o pIC 
21" to 40,. 

2 

vr our Ie 
4 1/' to ~J" 

13 

-'roup l. ... " 

61 , to SO, 

4 

r our Ie 
, 1, tel D.-, 

1 

81,; t. 1));' 4~ 9. Z7,' l8ic 32,> 

..i r our lj, Zl 4 4 1 4 ~ 

6 
" 

t:l be,. 1~1" 13,. 5 ; 1., __ ,5~_, ___ 

.r o 1 II r.. 22 5 5 5 C 1 

; 1 .I :) "-0. 3,~ ~3/o 2'1 , 4 • 

u, I it', 1,;1 ... Ii G j 

21 • ".., i " I S"; 32 10 .. 
~- --. 

'7, 

. r 'Jf './" 20 a 1'1 7 oj • 

) , 
.~ 20. 2~ ; 2 4 ,.1 ? S/' It; 

I'uf.!. 12 23 ",- 21 " 4 

.,1 ~.' tl-- t op ot th to.·ll • . ,r rc"ntilc ,·.t r·.· . lc f 'l r tI...: ~O.lrs 

x - ti ' 1 .d .1 ,: C tho 1. f t h .. oj sid. o:-f t 'l. t o I r th '" it 

i·.t·r.·.l~for :, ct -3tFt •• h. r c .til s h'. -: b :'1 ,' r )'J f d t. " ti ft . II 

h. t .iro r I r .p r ,.r ts t:. t,,: i:'t '. , t :,.';; H' . r rc . t il s 81 t 1 )0 

TC ·.t t ' II:: .:.J t· low. 
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'; r o:.ar s II , II ~r.d Iv r~rres'-n t co r!" : s f" di .r l:'lt r - ~ i .r :, !'ifths. 

r or ~o sy I"t!r ~ r' nco ·.nd in crvos cd 01 , pity 6':JcCG~ ~· i "\..: f11'tLs 0:: r.e .. ~-3 t t) st 

!.I r o hb<. l .,; d " r oup lH. Gr our Un. J r cup III R. \.T r oup 1. 11 '!n1 r up ·/ f- . 

t he s ucc~ss i ve nftlls on tha cours u o xn~ in·.ti ':), " r " 1 :rc l · d r " clF I;; . 

liTOUP I C, ", r oup IIlC , r our lVC lnd ,r JU VC . 

or the 112 soqool! 22 of t'lc~ r 1 c ~ d i, r ou:, r~ ~ n t h ..... - 3 t s t • 21 

pI Cud in l. r ouF l In, 22 in r~ I ~ l it . lJ i. ... r o· ... 1. n >nd 26 i r. , r ,)':r I, .... 

l~cud 1n h~ bott - fifth r o up e) on t.h· c o ·n :..: . XU-Ln , t i 'n , ::: 1:: ... r 'I f 

I.OC , 6 in ~ ro\ 'r IUe , 4 in u r oup IC , ... nd 7 i n Jr .:>up LC. -h r" f o r , of 

the 22 v r ..... f: I h Eohoo l s .:! l.ch -:.y be e x;. c t e d t C!l c h i · v ·' in Jr .< j. 1'; o. 

t he c ours .,; ,, ]I; .'":l~. ti ')n only 7 or 32, • . otu l y c :i.·:v .. d :: I t s t . -: ::l ~.''; , -1 

o r 18; !lctu~ ll y ~c v· d 11 u r o.1F IIC r t ::'~ , 6 or 27 ; . ctu .lly .c r.h: ·; d 

r oup lIl C r ~t l::g, 2 or 9/.~ct ·.1 y 1c l. i v" d '} "' r ~·;~ llC r 'ltirn ", .• d 3 or 14,. 

c r.luv Ld ~ u r ' p <lC r '. t l'€,: . Un r:y ..... >1' (l'!vly C 1 lu:! t ;v:. t s c !~o I s ':hosv 

;\",- 3 gr oup l n. 1.' '> 1> 1\ ut \.ho .ctu"lly cr.i v· d in r oo"'l1 l_ I C, l/C ::d VC 

s h oul d !tr iv fo r b tltt '~ r r .. sults n·. xt y-" r • • ssw.1 !'l1!; of c o ur s t :.h .t 

t h{l pro ~ ' l.t utiliz ... t i on o f k.,- 3 r ' 5 1 II is 'l v 'l lid on., . f .,-... c · .vi::\) 

tt.c r" r c . ts for v r ::,Jps C (..:.d d C:: tO ",; .'j 8'. y th 'l t bout 50,. of Gr c'f S .. 

'il = r oxi:y. t " l y !c h i v •. ct XF cct", j o:.i V '~ " r.t . 

tt. _ "1 1 I'~ r uu ! I !\, 

t ..... . y be c ~c1udo th~ t s c hOl ls .. "lO SL -,,- 3 

gr o p i:.r; ~' •• dll ut \';h~ ~ct 'u lly .oh i·;- d in ' r ~p; iJ"; l.d i- s!. ; 1:1 

5trl\' ~ t o i -.p rry·,c t . ..: i r r. nk • . g I1<· xt y o r . lf 'Ii ':j c bl •• t r.r r !"c •. ts 

f or "rO lPS lIIC . II~ 'lDd ie lie !",.:J.",/ Ii yth.t b :ll.t ' 2,; Ol' - r ) t' J. " .c~l.·;(. d 

t ,, !1 o:J1d bl. "'l o t;. d t l.. t of t h" ur 'uF 
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01 tru 22 . c hoo l s r.h:n0 1\,,- 3 'Y !"J.g~ l'c . r ,'~c d til;· i' .. r ~\. r 

lIt{ " ',,1 0('0 ir, ... r -up It: , 27,. in ... r v.p II .... 23,_ in ' r J r . 1I"': , 11:.0 ::'3,. 

v r our IC . I 1) ~ly be c y.cl ';kd t_ ',t so , 0 ' Is v:ho!:c .. -~ -!" J i ir~.: 1 • • 6 III 

\"r Jllp IlIr.) but v./1o otu' :" '~Chl ve-l i'1 u r ou, ' C f'o,oul Sc'-i-;o"; ~ t r ovo 

Of th" 19 seh'ooh '~h05t; R,-3 _v.r,~~ sc"r ... rl cd tn.!1 ·r1" r p _ 1:(, 

37 < pl,oed i'n' '-' rcup ~ . 5. in ... r r IIC , l CI' in - r ::>u, In.;, 052, 1,\ - r ouj I"C 

.!'>d 16'; In v r ou .C . It:n y t. 0 ::> eluded th . t s on "'1.: ',\'hor~ 11 .. - 3 'rou~i.g 

~V:l.S I'i" but .':ho ',ct 11y .ohi v d in Jr ctlr' Ie snc Id c. r h- t o i . rtW 

tn. i r r . '1h '.g • :) shou d "":"~() '1-' I) of 1:hc ",ot ~h'l t 37" 0 

·1 chi . vod in " r cu: 1.; . 1 '1 CJth r '., rds , tl F r for 'd o. of ~o-r ot t~. Q 

50:' 01) 1s in J r UF 1, .. if' ' I/i C-,od r cutte r t ,'." th.t fo r ~O": o" -:' l'.c }"'ls 

in " roup l~ .. nd " r our lIn. f.;" e r ,bi::" t n rc )r. tS' f or J r ~u~ J:o I.e , 

. ~, ,'';1 s"y t.h. t , )' t 84/; ,,1' J r oup itt .oh • . J~·e .r Eu r j:"'ss c; xr . ot 

'J.oh h.v<)-;cnt. 

Jf th" 28 se '1.)l s \'.'hol'(' ···~-3 lV, r", ,~ ... l'oor ' ~ 1 'Ol.d th_~ in wrouF .:-., 

3/, r 1 .. c • d in ,' r our 1 ... . 14,; in ' r oul Ie. '2 ::' .. in , r oup III ' . 2<1,; in - r oup 

I. !nd a../o in v r atJj) " -8 

o -: In . x " t f r '" c tuti, nt s nt' lcr,,' r ~'_:l t.d .lib r. 

~IT 1r ,· .2!. r i ndi £is 

~h f i d1n~s n·.y b'3 list d ,s f l)llo'Ns: 

1. 7h. dif . r t:nt l'll tC t-N- ! 0 r l)., 'l oh i JY,:'l"nt • d X' e~ d .e. i. 7U ­

':'.·mt is I' r ' t · >t ~0r:<; Un t Of c , lib " r !'ell :: 15 . ;:.<; r v "fort 

11' 
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should b.:: mada t o utili&\;! s .. ~c.t tb., t 

rfomDnce cO'"I':!ennur",ta wi th thai r su,., r i or .~Lnt:; . 

2. .~ bout 50,: of th schools in he top fifth 0:. ~ .... ,' .• - 3 t ~ t 

a(.proxk:!ltely !1tt!li n·.d . x !"· ct"d ·~ c t.i vc" ·nt. 

3 . "bout 62;' of tho schools in th·. SuCO!1d tC'p fifth ir. th Iq-3 

tost r chud or Burp seed ~xI ~ cted !lc~i~vo~ _ nt . 

4 . ..tout 77/0 of tho schools in th t~.i rd fifth 0 th o:: 0;15i5 ')1' t. 

5. ..bout 84/0 of the 8cnooh in th·) 10':" r fourth fi t'th on t.r n <- 3 

t es t J ohiryv j or surp~ss~d . x r cted ~chi~ve~~nt . 

6. ··8 ... ~roup tho 1<r:·.; st group in t;1C R~-3 t .s t :.cr.i v d' '; ... 11 

:: -::-:.y b 

In ~u svqU';nt survo"S d. n. oath aD ,Clli 'J :. nt t ... ~t :lnd ~ cho-

tion of rt_ctiv,-nu'~ of !"!st.ructi·n , it is c ~t·-rl·.t c! t ,t Ino:, r 

forr of t!: . rl - 3 t .s t be d,ini:.t,r.d t ": nO·c d ~t· d· ats, {'or t, ~ 

J. ~t 1 tiro!; ('1' l\OTC junior stud ::tc ... ·:lU d furnish :..In .. ss"ss:c~:;t 'Jf 

th<l :-. !it •. c . ib· r of ;.ot",ntiul o!'t'lc:r l' rs(>r~1 1 'Jnd '0\"11 ut ~ 

t1r:J .fford . nt'll r'.ti"l~'" th .. r ·c· '.C·' or I • • cn .... o·;ld -::-.kf! for •. or 

Tn", ~n'llysis of t.h .• <.d'!'. ctl"Ln S5 of inrtructl~>; in !ltr o cticn 

Ino will b~ iv"n t') th ~tudc ts, c'l."'il u J.t ~ n of . chi '/,,0;- 'n t t ', 

othc·r co rs s '1.1.11 be r .... ort"d i r r Ol'u j t:.il. 
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F TC o::r.tlle L.n.k8 ot .. 11 .,1r rt07C Scho'ls on CUl"l'a t:.x'ri ti 8 ~'ld ,'O, C t\ -3 

C.ss . r " .otr •.• ·.Ul; I" ··t~st 
seor JB i l. tv 

lit.JU 1 tn thic .. I"O ..lP of d ;; •. t t e sts .1 rtUJ,-,. t opu! ti .C 1s t ho r r-

C~I.tll I"'\r ki '~ roe ... dur-. l'he ..!L tributl ... · of th . FC' J; l ~v I" c- ..J s 1'-.1" 

.;. eh x .--:i .• ti : 

!- .. rc~ tHo r , r.ke b.1S d 0" 1 ~BS th . t. . rt ::oh "ole .1"", :;) !r. I" • -'1.::1 

~8 '. ct ati:-: .. t od v.lu... , ho·.v 1", t · .... .. T . e lcul .t d 1.. )r d r t T w ~t 
C ~"~ l t c Fieturu 01 th." r"r.Kj r. I' -.f .. ll Fc h b: -:>t 11 c eurse \.,; X _! ti s. . bl" 5-i it! ;, au~ 1"/ t bl.J; t n. t'AO] '" . r .Js ..... ts tt F rC" '. tlL r rt--s 

0 '. t h c .... 'Jr~~ ~ x :..r:i ·. t1 ' B t""~ t.h· ' ... - 3 t ::t f r i ll :- cn , 18 1=1 t I pr) I" --: . 
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Vcr ton Jnh' .. rs it:' 
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. 
~ 

~ <: 
.'1 0 

.~ . >. 
f1 

., ..... .. t- o: L 0 :! -< 
+> .. :J 

0 I } 

l- 15 12 -. 
!' .:o le h vc 7.c 1 

JJ 
50 

.. 5 
20 

.,2 

·,1 

~7 

~'l 

35 
:t6 
66 
" 5 
58 
3 
7;) 

C .. 
'38 
21 
€3 
5C 

·:h .. s €: n<ol-3 r", rc ntil e s ~. y be c .nr r ud 0 Iv ",itl. t hos· of lntroductio •. t ., u .F ... x-in·. ti "ln . (~ u _Is o r . lla ) . 
·· I t E:hould b e not ::d tr-... t th C 01Jr~e r r- l.'ltilc n ' lr~ .. t Bcr.oo ls ..:h' r t~.:> r ~.ar curs s f. r . t'lU h t Cl:. ~r:ly 

eru " ly c ........ r t.d. "re. nti 10 r .. n~: lI for on ... CO\,lrs.. r oJ not stric tly c . .1 r ,t \J t .:> tt, ,, r . re ', :-.til r 1 1k:; in :.I !lot h. r 
c o urs._ bec'ulIO th" s t of tchools Involve d in th' t ... ··C) o ours..:; c :.c .:l r n.'d (.or r ' r e ly it' t. v .... r i d\,;t.tio d.. -n,· i r ":.1 t l: r ht 
j, a: r vv )f o.>v_ r1uf:pi"l of schonl s : ivi .. :; i ::struetion ,n t>oth C OUrs ~ lI t 'lt. '"-O ~(.; v:l1id I..-ill b. th l. i:1t ... r-cour sc .~re n­
t i'v e -.v,riIH,,'ns t ·.:; on: sch.:>vl . c,:-. rarab1e st nd~rd lIeor" s '1.'111 1:", .... ~.Floy~ d in fut:.l~ r .rorts . 
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·· n -ox=ir 'l. t1 on of the OCWlle r.;r"Cc!,ltil.., rJ.t· :.ls .itt. i .~d at ~!lch 

schoo l gl vcs onu typt.! of lndic .. tl uu ~ t il..; 1.:.Vtl 1 of lr'st ruotl ·:. r - .chcd 

y instruotor-p r f'omwl a t th:ll; soheol •• lru;tructor po. r sor1."1 .. l 0. t 0. 11 

sohocls should c·. rd'ull'y b X'll7li 0 thosc nl::lIcir.,;s, ~~ OI'T'".mo pn.ctic"' , 

thoubh r.o', t oo ocurat</ u r l:'c :r.;~nd ti o:";, f o ll Cl'Ned ,by p r lSom"l i: . .1 

sup rv1eor7 C :l'_'~city 111 t o aslln ' tint scnools in tn~ 10'''''1\1; t.:n, .t 7:cnty , 

o r t i rty per c t of thu scr<Xlls t :lkint; an Ucoitivor.~ nt <>r.r.lrpti J!: Cl r " 

doing "17. p oorly. rhia r..'lY . r ::'.:.1y nct, b6 t rue . If th~sc s tudJ'lts 

f r om IIchool; i r. t.'.v 1 cs t p reOI ti 1 s r o) s 'U U -ucn b.lO'.\' 

nv· r n e i ... ":ent!l1 • bll1t y , r sohol ' stio tit'.1de , th i r p r ,ae< n,i Vtl -

"lent .. '111 pr .! ba b1y be l e'l. 111 c ":p', r o<l to b"tt t r ',Ci • ~ tud ~.t s '" I: u th ... 

for:: ... r IStudilrts :nuy stull b ... uchi.vi .. g up tC' tht.;ir ,. r. t 'll l r.put . On 

th- oth", r hand , when school oI'ith v.ry EUP ri r Etud ,+;s is "lChi'/v· I1': ~r. 

,;lV ' r ' b O sc ore , th s" stud.:::ts s .;r qup.1r o not ,fu·.cti ::1 -i tU> to 

thc.i r m!l.JCi..1.II": capnci ty. lor tl-.e httc.r t: r ~up of ~ tu .• ts, c h .nL E .1 r:. 

m(! th ,ds of 1U! truc,ti on n.:;· 1 t o be n de :.l: '1 !";)'nJ " ftc r. t~~.:. ~.ot 0 ·:;t r 

v,:lYs of r.ct1va~i n ntll.d t bl) IT.rloycd . 
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In order to mOl" a d'1quntcly oons i de r !lchi oVlJl'l 'Jnt i '1 1"<.;1,ti on to intoll l-

gence, l'!lbl" 54 gt~us both the pCl r;cntile T'.lnks on tho COUl"of" ,- x ',-j . t i . s 

Jr. d the qu::.lifying L'xnnln'ltlon , ,"'IOTC 
ho colllnn hE~d . d "i 1"0 3 til e , 

~nks or. " il" hVrC Ii. -3, 1st YO '..I l' D!lsio Students" gives pJ rCl r tl l. r~',ki!1gs 

In "(nt:.. l r.. l ' rtooss . tor O!lch school :lnd 01 u ch ('Xlr..i. ,tLI. ~ ', kv~ .... t 

this school, tho} rce r,til" I" ... nkingf on the c oursu " x' !l11 r.-. ti , :.8 llt' y bo 

CO::!!, n 'd . Th" conpn rison of thv 0 ourso -: X :ll~.i'l> ti 0:1 po. z:ccntll" s : ,',d t :._ ;, .. -3 . " 
P~ I"c c..ntil",s ,: iv ~l. in r bL 54 ~ n not ufford to o sound ,. ~ . s _ UPO li ;"J .ich t J 

dr!lw d"finito c o clusion bt.cL.US C tn- rc R,,-3 t Cllt ... ' 15 ,' i-; "r. to f r _N'_"- II • 
stud., ntis , · .. h I" ~'\s the course ':>x~l:lim ti ns w" r e L1v, n t ,. junicr nd :; !.i or 

s tud"nts. do-,,_ vt'r, hints nr.d c Uvs .S t c th.. " ff· ctiv.::r. ss of il1str1.4oti or. 

m.y b" .l..barllSd fr 1", co'p'-' I"is o:u; of COUl"t e (' X'~,Gi ;t. ~1 n p r c";.til,,s. Ir.d r.':>: t 

. iil1 ty P ro ,r. til ... s for 'chorle ... ·ht, 1'C th", d iscu P'J!:cy b b,'l.!m th" ~<: two 

p"l"con tll " l"ll'ki ngr e r e 61'" t l st . 1'.10 rr.o::t !>d·~ qu~~t; c ""';PJrisc~, b t~ ., r. '.c h i J'/ t'. , 
ncnt r !'Ct.· tiln s ( COUl"s ,:; (. x lnir;:. i or.) r,nd !lbility (r,u'iCl\.,- 3) " re, ,tihs e~ :1 

be 1'01' th ·' c ours " . x 'I!':in t10n. I .. troJuctior. to US .. F, b~c "U~\.. the s.' r ut 

of f'ohools tJok tho b t r aod tt r:u.C r -::. for Bip'.il ·~ r c cT:1p-! l"i f! '.S 

r sults , r ;;; -rcnkin' I'n t t:<. n .. -3 t , st r "lICllts for I:chool:; t. i::E tho) ,' r ,.:-.l;,ts 

whilo' i :: pcrta!l~, CA.C bee- a d.t' rl'~d to .<"zt YUILl". r e port whe n ~ .:-rc !:.dequet~ 

of lr.6truction i the <Yth ... r CO:l r6 0 uX!lr.:i :ati n6 . 

Of the 112 sN100ls wt-.i h t oo k til\) I r,t roduotion to i ... ~, 51 6ch.:lO ls 

r ecoivod ehltlVGr'.unt Ftr('"ntlle a hiihl.r th!:..'1 th"i r ~.llr.t:.l"bi l1ty p .. r-

126 
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ce,r:tll ol, 9 schools h d identic 1 p. rce til" r' nl:1'l:1 in c~i vO;)r,-,~,t .-.d 

~tl!. t[l1 :lbility, ,\hilo 52 sohools Itt·, "Iu d 'C t. l i"V -: ,.ft re e" t11 c l l .• sf: th:'. l 

their l'1<=n t !a1 ', bi1ity p rccntllaL'. Or th ',; Ftl 50!- [ chools, 7, or 'lbcut 

td rty",tnrao p, r co nt ot thtll'l , h'.d :J.c nil.lvc'·, t i; rce til , II th. t ~ r" ~7 

p rc .:r. ti~" POir,tll or mbrl3 be10N th<lir bil1t · r· rc,, !.til · Ii. Ih~ r tor . , 

tl.~ .c i uvl: '":\..·.t ot . ohoo1s II no', .U g cr.i~vc:-cllt pt'rc<. .til,, 11 ' .• ch . r ~7 

or -.o r " p" rco ntll e t oi nts 1 ': 18 t ; 1 t h...i r • blilty P re t. til , IS ".y '.,"_ d 

t o ~() l: lt .::-i ,ud "lor " 0101l<lly, 11th :l. vio.v tCT'I:. rd ~cssibl ... ."o tic Iti ) e 1. 

.\ J istr buti .. of thv '.chi va: .ont ' •. d . bili ty P rc <. .tiL if. r ',C II 

r l..!! th , t h 

. i lit " r rc ... :.ti L II is "iv.:·. 1n . 1 1_ 55. 

! .uU 55 
.c l.1 v"-,,,,!:c v.tiol cr-;--r.. r ~ 1I _~ t rc ti 

---... to i2 .ir ~.v,J ~ 

~.~ -' --'-~-

-73 to -78 1 
- 67 t ~ -72 2 
- 61 t - ti6 - 55 tD -60 
- -." t ;) -5,. 3 
- .. 3 t ) -. .. - 37 t o .... 2 
- 31 to -36 2 - 2:1 t .., -3u ~ - 19 t o - 2, 

~ - 13 to -1 ~ 5 
7 t o - 12 8 
1 t ? - 6 7 
l ot 'I I ~ 

.t-~ dL,r \.· fici . noy .., If: U ut-20 . rc " tilo p ?i tf:. 
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On the otner hand. of th" 112 schooh w:1ioh ''i;oolt the <.: ll!lfi r:itl 'n:. 

Introduction to U',,,F, . 51 schooh rece ivod !lohieve-.G:lt PEJ !'ContHus high" r 

than thdr ":(;nta1 !l billty. "qi&tribution of. th" IO (loht-.lveme"nt and ability 

F·-rcenti~? dHfe r'J I':cus for the 51 lonooh whe re the aoh c. ois ·l~hi " 7'Jr.".~::"lt 

p<l'oentl1e s wero grv nter than thu ability ~rccntl1c. is b iv ,n i~ i~blu 56 • 

.. ntraduction ~ ~ r.xa"'in~t1 o!l 

Ir.torvr,ls of Aohiuvonont 
:~ i ~rc~ntile Dift , I' ~nou. ~. !2.r.~ 

.. 67 to +72 1 
~ 61 to ... 66 3 

55 to 160 2 
+ .. 9 to .. 54 6 
1 43 t o • ~a 0 
i 37 to I .. 2 3 
• 31 to ., 36 3 ., 25 to -1' 30 10 
f hi t o ~ 2 .. 2 
, 13 'to + 18 7 
f 7 to 1 12 5 
~ 1 to + 6 6 

Iot~1 si-

Of th.: IS '3 51 schools, 17. or 'l b ut thirt "- thl'"" ~ ... r c . '1(of th .... , l.l d 

pSI'O cntil " 5 tin t 'N" 1' 0 ,",out 38 po 1'0, ~. til e poi Its or" I'.~ , b vo t t- i r 

ability r I'c"n t i cs . l'h.! s··h.oti o'"1 o f th· to third 'of ,tho. r o"p . !:hilu 
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CHJT r:rt V II 

~U~......ay ~U) C .1CLUwIC:i 

ROW 9' lli_forcc-:jiOO 9§miMtioP' 

Air-force - 'dde COUI'f>e examinations DI8' be u il1zed t. ~ns'.l\lr a pr ir.e 

question, "Arn Jtir Force ROTC schools achi6Ving tho objectbes th:;t thr.y 

are supposed to reach?" These oll8lll1nat1ons can be used to guiu€ am t:\Otivate 

learning, to meaSUl'C how much, how well, and how rapidly each stuient luis 

progressed, to serve &8 a basis for the removal of individual anJ cl~ss Jiff!­

culties, to help evaluate the achieverrDnt of eecr. stulent in terrr." ,f Lis 

abUity and effort and to give the instructor one rending :15 to hO\l 11 his 

instruction is received by his students. »oreover, hen sUPFleL_ntcd ~j 

o her su~jective measure. , the results of objec~iv~ cours~ e~aminu i ns p c ­

vide a factual. basis for ree rnmendatione or changtJs in "r ... 011l',e1 , procE: ­

dures, and policies. 

A1r-f'l:rc t.:. - I/ide course cxsaUna';iofU; ': re de 611:e1 n"'c , ssary and th'.! l"efc ro 

will continue to be adminlo .red as part of tho instructional and evalua­

tion&! ph<:t.s s of t,.e ejuca tion6.1 p-ogram. ...ince man:! &nj div~r.,e 'y ~. ' f, cf 

schools C.re invcl':ed in the .. ir Force ..... TC rI'Orram , a cOIlll.cn s a :, .~rd· rd ­

stick far 1.0 .. v · lu don of instruction is vital f 0r "aHd aFpralsal and 

corr.parison of Ch00~S concerned. Fur hcrrnoro, ceor ra ion among teac~urB 

planning to COVEI' requirements previous to t 1 .OUTlot) uxamintotion, th~ dis-

cusaion of aims and the ~asis fer s._Jtlctinp ffiElt ri 1, t u :.cccpt~nc<: o f a 

djstlnctlve core of miniIIwD eason b:s for each til.it of study, unl tho 

equalization of stand~rds amo~ diff~rcnt teachers, arc amonr r( dufinite 

benefits that IDS" be derived from a rood eYtlluntion JTO[I'om • • ~uJl\,v. r, if 

uniform examinations arc to be utilized effectively, thLrc IllUst be '" rui.i1i­

sation both by thQ supervising officer am the instructor \hat hcs~ 5tand-

arcS course (;xamin... t~ons t10 • u:asure at least .1e miniJ:IuDI dssen iw 

l~ 
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for courso of st\.d~', urd th'lt an instructor's most veiluabl" s"rvicc: to + htl 

prograc ll~G in tho_ individual cuntribution that euch in~ ructor giv"t, 't.. hi::; 

clasG s in ad'lition to covering th.; cont~nt agrued upon. 

In th" futur~ , th course eX6l'IinlltiOnB .1:l+., be oor:;" &",;stpll\!!ti!ta1n. con-

structed with thu. plunned cooperation ot the instructors in t!1d £i·,ld . ,h" 

('xaminations \1ill henceforth be constructed 80 as to be as diagnostic aa i 

teasible . OIl<- " p rooch that ,,,,Ul be employod to make th,~ cour:>.:: exa::iil1i1"" one 

more diagnn:..tlc it u> group t\.:st items in topiccl .1Ub-ft'~11P'· · 

~hould coursc e:l(.1rnin&tiono be admini.;t .. rcd 'lnnuall , or t ... ~1Cl cl .... r7 

The advantage' 3r~ disadva~tageG tor oour~c o>ao1n8tio~~ice a y~~ r~ stil~ 
being ..cighcd ard no decision haG y"t'bt:cn roachod. 

It 1::: r~oor:mc:lded that those cxrun1nations te riven in 11eu or 1;ho .J-

of- t"I'CI eXIJt:lination, ani that th - ~ults of this ~xami.n'l~ ion con !'il.:lte to 

the stwent' s fiocl erm grade • 

. ihere schools have not ul!"\;ady don" fO, cour ·e ~,.<~tr.jr,(Jtion m~tki,; t.,.cul
d 

be entorcd on each :;tudpnt I a record C3rd Clt' fil 

COllT!!P ru;higycr;cnt of nir f'gr y n rG O)ghgols 

The Air ."OTC.", rl~ I'C ccur~. vxaoin tionP .jere admini~t<.r(;d to Civ"'92 stu­

dents in 112 c
0
l£.f"s rd univLrs1tic::; UU'oughout the "nitod ~tu o)l... . ':h ' 

ox. lI'.inatio~ crv"rcd tne arLue L"l J\dmlnistration and ... i.lHary wan:..e;vc ... nt , .. ir ­

cr&tt LLintcn'ncc Engin<. (;r'r:G, i\rmam n , Cor..:nunicotiO.1S, Introduc ti 0:-. to :'.:>.$, 

St~tlstlcal Con rol, ~upply Dnd -ransportutlon. The lutt .r oXu~in tio~ ~u 
"ch1"vomcn t,," e ';h:ch co .... "'r tb'l 1mpor l,ilnt r ue-t e

, krY.:' •• l cdgcz a:JCi '..1 '~rt ";.,,00-

inga in (; c cf the v1eht .. ir Fare .. KJ'C courses. 

Thu i'1\1Il:bc.r of sehoolo taking ...Joch COUTS ..lX_min .... ti':>Il v",ri.;d: 11.2 oak 

the IntroduCtJon to WAi" ox .... mination, .,hilE; only SOVl.:n to k h,>..r ..... 1. ,t 

eXllmin(.tlon. 
The results of each of hI,; "il,: t t.x-.uln.Jti.ons r"'v"' · ... l u '/IiJ r·:'ib!- "f 

student achlevoaent • 
lJJ 
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Tho oean or ~vorlllO scoros of th" eight test:. r.:mg",d 1'r0Cl 55 "il:crcft 

.u:llintenance} to 48 l'runavorta-t-iQD1, ,~ th ... reforo may indicate; unc.~ual to,;:;t 

difficulty. Th6 (.ucs tion of inter-test difficulty can not 00 «o_;;~ unless 

thr. mean mental obllitit!1i of, tnt: VariOUoli examination groups ..Ire. 1tn01U'); 

The v:u-iability in the achievement> of tho vur ious scha:ols ilk <)<1C., ox;..mi­

nation lias ;ide . ..on:. oite::! than not, schools \1ith tho Im • .:.s t m .. dlle Bchh.\' od 

roughly on t.. - v:::-cge only half BS III1ch as th school~ .. nich rdurnCd thu 

highee "xamin tion dvcr~gcl! . In Al"ma~l'nt , tht. school .. itL be 10 .• 0:: av,-r ­

age achieved rougr.,y about forty p r cent GS much ' S ·t!1C schoob .. ith tl hlfh ­

cst aVllr~gc!j. In "tr ti ... ical Co:1tr ol and ')upply, schools .;ith the 1:0'.w:;t t:.'- 113 

achieved about 66 ,:' r clmt as INch loS he schools Hi h th.:. hif,hf..st ::.v(!r~s. 

Thes intcr-sChoo1 ccomplishmcnt qUotifn ts arc cruJo OVCTL • t: v ... lu·+ions . 

AS un Jid in i:1tcrptot_ the 'school teet l":Su..Lt ~ , !1c lji~~rihJt101 of 

school avo.;r.::gu ocor"s for ellch vxrunin", t!on has boen livid'd into perc II i.r s. 

PLrcentllvs ... L IX illts in, dif.tri,. tion of schoo.ls b .. lo·,; ..h..i.oh 11 3 g:L\I\.n 

p, rcent gtJ of th tot"l nt1ILbor of schools. uchools tt"i~,inr {jVl; r :.r<cr: in t ~~ 

bot 0lIl JO r C"" ..,f hI' schools taking a pnrticulur cour~c ,",X.1 .. i:. t;on'I:~:r 

find it hi.-, lj' 1 ~b,.t;1E; to initiate ch:-'!1gC:s in IICthods of ins rue :'JI'I. to 

h ' ight.:n tud.:, 'trr<l:;t, and to . better lltiliae ourricular ~ ... t ri<.1 d. i.c"­

evur, in c'''' lu. :il1[ tIL chic.:v<..i:lcnt of he. 1:-. ter !!r'JU •. of schoo1~, ~t is 

neccs"al"y to t. .j{. in_o ccJn::id' r rlt ion !'t. l:1en :.1 

corned. 

ility of ttl\) ,jtud nt.:- c~n-

Cgpfiist nsr- of ochi v a nt on COUfc;C' Mbpipationr d£'Or,c Air t-·orcc.- ~v.C ,-cl;ools 

To ',~hQt degree do Air Force Ih .. TC schools r.IEIintdn their rank o!'lTorir 00 

1947-1948 am 1948-1949 courso examinations? The Jf..:8rC(; of corr Gpondc.nr.e or 

correIa ion co ween th~se t· .. o sets of school' rankinrs can l roUrhly.':Ief:crilx:d 

as high, marked or sub3tantial, 1c;/ or ncrl~iblo. TIlI1 cour:.e ... "a£:in", ions 
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"here high or sub ~ ntisl posit iv,' correlation::; ./ure found .. e r e thoJo r\ 

Jlrnament, Introduction to lB~. and Adminis tration and I.illit-.ry ·lalY.g,,~unt. 

The tt1l'\.;U course cXWJ1nations whore the corrcspornonce b.;t .. -co:; tho t'NO .. r_.UBl 

r!'.!nk~D ',yerc lowost were iUreratt .o.aintenonoe, Ma istica.l. Control, und 

Transportation. In tho latter instances, tho changos in ::C tus r.u:f b .. d;'. 

to ccveral factors as changos in inPtructor persoJl."ls1, r.tuJont bili:1 .Ixl 

notivation, ('our (. con ent and th", U.k.:. 

It should ~ n"ted hat f or som cx(j~J.notions, t;w nurr.bcr of ::c.,ool~ 

woe; 61:'011, 2n1 h':'I"ce th.· TvsultE ore merely slJgge s ive: . Can he scl .-. ,l:; 1x 

jl,ldfod lr.f the I!vcrogo scorefi on CourCf examin .. tion;; achieved by ~tud· :lL '/ 

Con~id(;rod f or B seri •• s of' CJ(:ll:lin~tions. thoro seems t ) 1::1,; a It-V 1 r. lir, t::dn­

r d by diff ur , .r· -~l.ools . ..hen th .. instructional objectiv .... s • ..ru hI.;' :>:.\,;, 

c nd t he abilit1.:.s (·f 1-)(; r.tudcnt:: (.1'C approxir.lutuly tlw ::Uf.:(.· , thi::: t. nchi:lg 

1"v.:1 rr..oy b.o c"n:..idt.;r l.d ind::'cativ_ of t t.; <ohool. 

Erlch of the (:ight course l.X':!!:.in ion:: contui lcd, ight:r itc::!:::. J:._ch 

item W',<' analy%c.d for t;.c in:portant Hs pects, '/ulidit~, ~r.1 1 tiiff i eul t... ~ 

va lid teGt of thc type emp1oy .. ·d in this annual &UTV(.y should cent .. in ,;. ... r r 

whoS va lidity coeffiCients (.1'(. Cl060 to .25 or butter. The t ,lr " ('curw 

e X8~J.n~ ion~ haVing ho high 

.25 or bPtv r ... r Introdu(' , ion to ':.sIlF , ArrltlJ:l .. mt, and lidl:liniGtratio!'. 11:1<.1 

.11it&ry I,aa,&o..:. ~. t. Cf ht dght ,,:xa::.in'ltion::, all I·XI' C ~t hot <;!: ": t, t!,::;ti ­

c n 1 Control rx>t ' cc(opt abl t'tcroards fr on tho point of vi.... of it.·r, v:llidity. 

Th Itt:1lO vaJid i.tif· ::; (' f the 1948-1949 ulC.:ll'linationc shO?_d ir.prov"I:.o..:nt of tho::l. 

for th 1947-1948 cours\.' xpminetions. The CXlll:'.ination in Intr tiC 10n to 

ffiAF ranked firet in both yoc.rs. As a group, th" 1948-1949 u::acinr' ion:: 

shoM a high ordl'- of' overall itel!: vplidity. 

Each test it(;o w .. ::; ana lyzed for ito difficu ty, th:lt i::, .... nur.bcr 
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or per c, Ilt ')f" ~ j uJ nt_ .. ho v. l'.. bl .. to pua:;·h i tl:C". . ,,11 I u-ht (: :-i -

"_t ion:- :;h \ d a d.fi i ... ncy of i --.-difficulty p..:r c .. ;, t .. i n Il\: i 1 I. T' L.:; 

fro •. , JO per c nt aoo ro low. 

in tho intcrv 1 61, 0 9~~. 
Th<' bul'( of til •. i "l:I-dlft'icul J po r CL .t: 

. l"t. 

00 r.lany u::J. ::y 1 I.:,:; (100,. 0 9 

difficulty) on i1 11 .. xl .J.nctions (.xc pt, p;,r h:,p:: , t h:..[. in : r n'. or",ll In 

ell e ight ,,:x;:;.nination::; th'J avc .-,,:(,c p;r c'_nt diffic~t:; for 194':: - ~';,~t) .; 

l;qUt:.l or higher thon thr G!.: for 1947-1948. Th e: ,"v,r ;e . f t '.t.. d;h . v .... r .. 

pur cwnt itcl:l-dirficultie ::; for 1947-1948 .;aD 63.6 .. , :.hUn tr,. ::I V r 'i o!" 

ho li i b
h 

aV"r lgc per cc:;t i C~-difficultiG ::; f or 1948-1tJ49 .7:1:: 70 . ~ . It i~ 
f ' l t tha t f or hi~ Y t- - of anr.U!.l .:Kat. ination , mi in vio .. of t:: .... t='.l.'PL, :; 

o Ihich i ie n iCi. ...-d th:..t it ;,Ll ~ put, th.: :JVLr g<. diff ic-l4ltj' d 

,:;.:1. ~ i n ::-houl i not go bv:;ond 65 to 70 p...r Cl;nt . 

'-Or - 1: t ~ v',lUi Y .0.... ·· fici .~r.t .:::.: an in p or- ,.::t C'n 

to ru.k for h" i:'l!;~ru>: or -;:.. (;11 o]xeni n 'r. HO'N- v .r , "~qu'!lly ,,1.- if~c.:1 
on:.: 1y::.1:: 'Jf rhe l' ::.r f r -n ".h pcint ("i f vj ,_* of til ' iXlruc or c l. , .. :. '. r 

i ~ th nn that:' v. :l1.:; tr. .... j:.cific l~v';:: 7!.ict. /" r o p.:;'"l lr f l · I. ~ t-

oot '.:." iJn r i"~i t b.,; dra :;n to ho. u,~ ! <:::' •• th pn,'. -r \' 

oa thl.;Y ":13Y r 'lull. t 1c.,t W'o. k I:pnb c.!ld i l.d ie · t to t ". in: ru tc r • 

currieu1-.r cuh-topicQ ./h" r " instruct1C'n I: n c . 1 C Y- .111 \ ::-u 'r! r j .. ~tr \(' _ 

I on .::houlti 
:>fr.;rud in : u :;, qU( n Ie,:,:: on rlod::: . ~.cr\J ov r, l ' n..:. .. i.ch 

" r o::! f :.l Ued by ,::<lny ~ ud ,,;Otc and ,Ihich, in th_ cp o ion of th<., iwtruct:JI", 

r ... prr:1'"n fund OC n ':11 f ,lC:3 or con'"cpt:, !li en 'hould h: u.")J ... r ':lJ r t .. 

av"rag .. ~ -t ud cn t .::h0uld 1:-" t 1U( ht I'l r 

ilitrulh of tl; Iv" " WtltlHf;'ing t.?i~nitl'tti 9n i, -1 __ 1949 . 

Th ... R<- 3 "';:'!l 'n., tion, . surw-:y typ, t 0Ct 0f l o r •. i.lf bi it:!, .. _ -d­

nini::;t(.rcd c:lll 19 ,660 .1r~t Ye c.r lX • .:::ic AF m.iTC atuck!1t:; ir. 12 ~choolf. 

during the f cad 17'.10 ytJ :r 1948-1949. 7h.Jrc:..To vuv .. r al b. oc"1t::: tndt ...toc:ru,_ 

as a rtJ:::u1t of t he adminl::;tr~tion of th ... R -3, 

Ij) 
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1 . It ~ ffor.j;; c. sei ... n ifie l:l,,:'!l f eh eking on h _ 1:_ 1 •• 1 

S_'.uct , drop out , or advanc£. hrough th\. A r Fore. ~,rc 

prci'T _n o .. eh.ck lnv.:;ntor:; or tilis typ:: i=. ~',::;ie 0 • 

prop r ly a il::inistcr _d pcr son:lcl s.l"ction, cla:; Hie.:. -

lon, c.d utiliza io~ ~ogram. 

2. Th<. R -3 CGt can be utiliz(;d to (;V'11u_ k ::- ud 'It 

aceo::1pli.j~nt in ro1atio:1 to th"ir 1- ntcl :..bili 't . 

3. Th... "st suppli ... s C'b,it:.ctiv ... p:.y hologiec.l d·"tc. • hich 

the L"lstructor :;hould r\.!lcc by ap;n-opri:J.i : .. odifi-

5 ,' .. -1 rj: If :.el'i",v ,. -" n f:)r 1 r ... grcur= cf :Jehocl::; 

5. Th tc::t r,,~ul :. :;ill _upply L::s",,,tid d'}t.. for futur w 

-tIC"r:', r_:: ~ rch, nj vllu:.. tim fT 5(' t!" . 

tur(; of a shar rr()Up t .. :::t ()f tho fI. .. -J :r , tiJu rcli::- bility f n. 

i:1dividual ::('cr.:- ,1111 !1 

of a :ehool . b vi..-a ef hi:: f_ct, i 1:":: ~ iu.tFi...d if 

IJ~ 
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a Ion cr and oore rcliable tcct b~ ~ubst:tutcd. 3ccnuse of certoin 

d ifficulti') s 'lttcnd'l'1t upon the ednlnist-ctio:'1 of a long-or "lCntal ability 

t est., it r.light b~ d:J::irable to ~e ~'l ()qubo!~Q R~J test at the frcsh­

~an y ear one the longer and mor~ r ~ liablc tcst in th~ ~evanced y~ars. 

The r csult~ 0:1 the RQ-J test s'1o"ed -'ice v..rict1.ona among the 

112 schoels . Tho ~an rtandard sc~ool score s ranged from 107 to 145. 

;,ith such -ide v..rhtion in l ear'lin&. 'l~ ility T'e can rG~sonably cxpect 

'1 r.ir:e r-nge 1n ach:'cvc~cnt ; a"ld t>-t !:l evaluating stuCiu-:t course 

achieve._ nt one r.lust seriously consi>:::cr t :!is differential in L-r'lin, 

:..b llit]. ~1o for!:!s for the ROTC R~3 t est :--r~ currc'1tly avaihble and 

f er the pr.sent th'J •• ir Forcc-~1de rlccian of 126 ~ be t o e'l t o r e ­

prcsent the natiohnl :; ~ !lnr::rd . Of t'l:: r i.:- _ir ?crces, thp :?ir:t ':'ir 

Forco, with an ll"Jer-r,'_ f,-:'~C of' 1.5, ,:' i.".~ to rc.:"lk. 

i. bric,r sarv y of t !l. ... SC.10 :. -v r" c~ r~~ scores sho cd a ~idc 

v~iction in cst p.rforr.~nce . S i nce ~c~tcl -bi1 ity of t~~ students 

concer'1;d positively aff'~cts stnx!ont IlCCO:1pJiSil.."lCnt, t: ,is f'Jctar 

sOO ld be c003idcred in any :lp'::JTaisal of instruction. .. r::et ':oo r-i1ich 

combi~0d the r esult- on the ROTC R.;-J t "'st !'I'ld t:10 courso cxc::ti :..,tion 

,:,::s utlliz(;c -her<:b:' duo '1110"(>:1cO -"s de for ncntal <lbility 

differ cnti:::.l ~xlsth~ bet-cc:! sci!o:)l~ . T'!e ':1cthoo c _ loycd "<lS to coo­

par .... t h'J t~;o percentile positions :lC i oved by 'l. ~c~ool , nen.:ly, the 

percentile ac'd8V·_d by the sc!lool on t ; 0 cours" or ~chiovel!lcnt oX(lr.l i'lat10n 

and t ':c porc ~ ntil() attai:1ed by t :l S:l .... school on t 1_ R"-3 test. 

Percentiles indicate rel:ltivc pocitions ar~nG " group of schools, 
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Schools s'Jould £;chi'O.lvC ap )Toxin"tel" to a t!cgrco t~t is cO::l':'ICnS1lr3tc \'ith 

the ~~nt~l cnliber of its stude~ts. If thc mc~tal cclibcr of the stu-

othcr thin-s being cquul, 

thG'i should us a group attain an ever, e score on the course or "lc'Jic',e-

dent exa::;in3tion. The fullest exploitation of this evaluation iathed 

coale not be ccco':lplish.:d b C3l~SC the R-;'-3 test r'~S given to stuccnts 

duri:1 their frcsMan y~r>r, thcreforo, it -·os t_mtativl3ly assWJed 

~bllity -~s ~bout the sac s the r3l,tivu staldlng of the S3i~ schools 

in t,l ... junicr j'cnr . In subsequent survcys, :1 lC3rning 'lbillt.v tc~t vlill 

bl.; ::.doinistercd to advr,.lced stl¥!l3nts . 

Thcr,"Corc, in \,lc1: of tho:! access"!"'" lL:!iting asstl":ptlons :7hlch 

h"d to b_ "l.. ... de, on ... cours.: cxanination, +llZlt of Introduction to l.5,.F, 

r.;ff ~ctivenoss of ins ructio:l i'1 I,tro{l.lction to l.5J.F Rho-'s th.:J.t I 

1. Thc diff ... rcoti 1 b"t-'ccn COUTS", aC~licvc:ncnt and exp"ct(;d 

achiev~ncnt Is gr"'3tcst among the tOD caliber schools. 

Ev~r] effort should be r.cdc to utilize stude~t ti~ to 

talc:1ts. ';'bo t 50% of til" sC!-lOols in t:1C top fifth on the 

2. ...bout 62{ of the schools in thl3 second fifth, about 711, of 

the schools in the third fif'th, and about B4; of tha schools 

1n tho fourth fifth, ~ttained or DUTp~sscd ~xp~ctcd 

Bchievc"lOnt. 
1 ; 6 
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3. hS n group, the lo~est 8r~UP on the R~-3 t~st cchiev~d as 

raIl as ~ be expeeted. , 

The co;:-,p..rison ot the courso eXa.'lI111<l~ion )ercantUas, a:1d t ''\C 

ROTC R~-J percent~les cannot ,atford too s~und c. !jase upon o::!1ich.to _ 

draw detinite conclu.sloaa, bccc.use the P.Q-3 test ':"ns g1l7eo to fr S~SQ 

stud:mts, nhcr(.llS the course cxaainations ere tc.:~er) by junior and scriior 

stud .. nts . Yet, suggestiv!:) clues as to t·.u etrcctlven~ss of Instrl: tion 

0lJ.Y be gle~r:ed froC! co:nparisons of course cX3Cination percantil.J s and , 
• • • '# . .l.. 

mcnt,.l ability percentiles tor schools ~h<ll'e t:1C discropancy b",t" ccn 

these two percentiles is greatest. 

The most adequate cO:'1parison of •. ch1cvc"k;nt :lrlC abilit:! pcrccntlks 

cun be de for 112 sch(l"ls ;;'lich t O~t t'"!" c ur~' C 1:1 Introduction t o tS,.F 

s:~rcentil.. points or more belo{~ th" 1r '::!Jilit:-' pcrclJntibs a'lG ther..:forc 

tho 7 Il:Il.V n,"cd to criticnll.Y ex[.'Ji'l~ t' Jir in::truction:)l progro.':lS . 

of intrr-s h nl-acco":plish~nts, its us~ ~,:-' oe ',O:lSf.:: .r ed .:l for-nrd 

stop in tho dir\,;ction of f:lir,-,r int..:r-school co::!"'<,r bon h th- t 0110 .... -

t:.oce is ::lade f or t 'n r,enta l -.bLit" c1 if 'c.rcnc£:s t\.'\t nre I:nc~:n to 

9xist troo school to scOOc 1. no-·e .... er, it s'loulc ~ r "lber d th.lt 

achIevement "xanill;ltions should ~ be o-ployed as tho:; solo means to 

.. vIlIIUt.e the instructor's toaching effcctivc'l:}ss . Oth·-r sup- looontll1"Y · 

and corrobor~t.iv, ~yidencc ,-"Vi):l thou,:!: S bj~ctivc . sllculd b~ ut1l1-zcd . 
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APPE.J)U 1 

In future course achievement 8U1'Yeyal when both mental abUity tes ts IIrd 
courae exaainationa lIill be given to all studentll, evaluation of achievement 
in the varlOWI courses will be more exact and , hence , will give a bettcr pic­
ture at the overall stooent attainment at each school . The evaluative state­
ments as to the effectiveness ot instruction in the tollowing seven cour~es 
apply only to sub- groups of schools since more c»t1nitive data tor evaluating 
instruction at any one school are not avaUable at this time. The data have 
been presented mostly for exploratory purposes. The latter purpose dll lee 
realized if thc inatruc ars come to underatard ard appreciate the concept ("If 
evaluating achievement in relation to differential levels at stooent a~ili+y. 
EnlYOtl'W InsttvStiorrJ.g 4dm'pj.trati0n AlII MUitary Mtnpge!!!Bnt 

In view of the fact tha the number of partiCipating schools which took 
the Administration a~.d liilitary Alanagement examination were too few to per-
mit intensive an analYbis of results .8S that for the course, Introduction 
to ~AF, 11 more I1bl re" iated ClQthod of eval'j9tion ill be employed. table 1 
presents he die "ibution ()f schools on the baSis of the resul 8 on he hc..-) 
test and the Course examination. 

Actual 
Achievement 

T .. hE 1 

~hieye;:ent goechrx;y Placepe"! of 5~ i~§ 
In the Upper Am Lower 5% of ~_ore' _n _ 3-3 lest 

10.; Porecnt 
0 

10.; ~"rce nt 
of ~chools in 
Lower HaIr 

,10.; Percent 
of .:.chools in 
pper Half 

... chools in 12-4.T,> 16- 50/", Placollllilt of 55 Upper Half 
. Schoob on the 
Admin. f.t. I.Ui. 
foianaplllBnt 16-57',., 1l-4lS Examination 

TOTAL 28 27 

o 01 
,)choo15 

28 

27 

55 

The 55 school!: re didded in 0 wo large grou,Js, the upper half "hich 
contained schools that plaoed i!l the tor h If of the distribution of scores 
on the RQ-) test, ard he lower half group y;trich contained schools that at­
tained scares i.1 t:l ' lo..cr hlllf of the distribution of scaros on tho R .. -) 
test. other things t:cing equal, schools in the top halt on a scholastic 
aptitute teat should OO~ ott n than not achive in the top half of BCorCS 
on 8 course uXs;!lination. or too 27 schoola which placed in the top hlJlf on 
the RQ-] test, 16 or ~> of them attained expected proficie~cy, that is, 59p 
allb plsced in the top -half on the courSf' OX8IIIL.,ation. Howevor, II ar 4l.i.> 
did not attain expuctcd proficioncy, that is, 4~ of the schools wIth abler 
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studentlt placed in the lo"ler flelt of the distribution of scores on the course 
examination. 

On the other harxt, of the 28 schools which placed in the lower half o[ 
the distribu ion or scores 00 the R -J tellt, 12 ar 4J.. 8Ul'p88scd their ex­
pected attainment, that is, achIeved· ..... -!It ~ UPpo!' half. of the d'is­
tributioo of acarcs on the course eX8lllinatlon, 1I0wever, 16 ar 57,0 renched 
the1r expected acni~velll6nt, that la, S'P'P at tbe scboOls in the low r ha1.f 
of the distribution of scoros on tho RQ-.3 test "a_so acJhieved in the lo· ... er 
half on the course examination. . -

EyallHltine Instpmtiop J,D Aircraft I4olntep'B EpdOOgrilW 

Table 2 presents the distribution at schools on the baaiB of the r _ 
sults on the a~-3 ust arxt tho courae examination. 

ochicyemspt EJpcctftncy Placement of 30 ~choola 
In ~~e Upper And Lo~;£r 5 s of .?Soros on the Rg-1 Test 

Actual ilo . J Percent 
Achiavomont of SChools in 
PloCl-r:;",n f 30 ppEtr Halt 
Schools on the 
~ircraft .. ,aint . ;'0.; Percent 
Engiroerlng of !;)chools in 
Examination LO'Rer i~alf 

TOTAL 

. . 

;~.; rccnt 
of .... chools in 
o .. "r I~lf 

7 - 47.' . 

8 - 5.3% 

15 

rio . J Perce nt ,"ot 1 
of Schools in o:>ehools 
1 pper Hal! 

8 - 5J~ 15 

7 - 47,.. 15 

15 )0 

The JO schools .. \iro divided into t.o groups -- tht; u'pper half ... hich . 
cortaincd schools h~ p+aced in the top half of the distribution of scores 
on the RQ-.3 test, &00 he lower half group .;hlch contoin·1d schools that at­
tained GCO~S on t.h lO;ler hal.! of the distribution of scores on tho .,-<--.3 
test. Oth r things bei~g ~qual, schools in the top half on a scholastic 
aptitude test should It.):-O of ton than not achievo in nctual p',rformance in 
the top half of Ii cours(. ,~ xamir,&t1on. uf hI) 1 ... Cichools .lhich pl cad in 
the top holf of the J - 3 test, 8 or 5.3",.., also pll:l~d in th top half on tho 
Ccm"sa eX8111n8t1on . lie. 'V(lr, 7 or 4"fi. did not attain o:xpcct.:xl profiCiency, 
that is, 47r. of he schols with abler stud~nts placed in thv lower half of 
the distribMtion ~f scores on th( course examination. 

On the 0 h ... r hnnd , of the 15 Schools which placc1 in the lOillCr half of 
the distribution of scores on the }{ -J test, 7 ar 4"fi, sur , asscd their ex­
pected attainment , het is, achieved ICDI'CS in the upper half of he 
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d1Btribution ot scores on the course examination. However, 8 or 5~ reach­
ed their expected achieve_nt, that is, 5~> ot the schools in the lo~er . 
half of the distribution ot scores on the RQ-) test also achioved 10 the 
10.lor half' on the course I::xaJlinatlon. 

Because the nuaber or schools wl)lch participated in the COlllllWlicotiona 
examination FosrBa were tow, less refined ana~18 or· the tost results -.m8 
pocsible. The evaluation procedure that wUl be eiaplo,oo involvcs the single 
computation or the cru!o percent ot 8chools achievinc the level of expected 
achievemcnt. ..>choo:}.a -...ilich place in the top halt ot the r8JllfJ of school 
mean 3cores on tho R~-} ·test should more otten than not also achI~vo in the 
top halt on t:;o COUJ'S6 examinationa. 

In all, 19 scho~ls took the Communications cxamina ion. vf the top 10 , 
thc.t is, top half or t.his brouP ot schools on the RQ-) examination, 4 or 4(J,.· 
attaiMd expected proficiency, that 18, 4Cfi, also plaCtld in the top hdlf on 
thE course exrunin&tionl 6a" of thom dId not. or tho lovest 9, tbE;.t is, tho 
10 cr h:llf of the cchools on tho RQ-) ~est, ) or )1 .... also placed in the 10-
lIer halt on the.: courSE: ',}< Blllinetion; the othor 6 or ~ achiE:vod 111 the top 
half on he cou: 5,' ,~xam:tnation. 

EYalwat ing Instruction 10 ~ 

The cvaluCltion rrocedure tha . .,Ul 1-0 I'r.' ploycd involves thl: simpl.· 
computation of he crudo poreent ~f school~ oehi0vjng the lLvvl cf Cypct­
£'d achievement. 5chools 'II'hlch place 'n he top half of tho rnngu of 
school moan scores on the RQ-J test chould rorc oft~n than n3t ~ 100 uc -
hit ve >lard the' top h~lf 0'1 th COUJ'SG xar .. inl. tin. 

In all, 18 schools took he !;)upp1:r cX-IIIi!1atton. - Cf tho or 9, th3t 
ie, the top half of this group of schools on t:. h ~ examination, 4 or 
441 attained expected proficiency, thot is, 44S> also }:la ccd i1'1 he top 
half on the course examination; ~> of thom did not. or tht; lOwest 9, J 
or J~ also placed in tha lO1ler half of the coureo oxamination; tht; other 
6 or 67,., achieved in the top half on t:~o coursu dxsmination. 

EyAluAt ing IllIItrnstiop iD ?tatMiticn1 ~, Transportqtion lW!i .ll"EJap[nt 

The et,aluat ion proc ... >duru that .. ill be urnp10;,rud for hese thNL ~ :Xi>ll1i­
nations invol ves the simpltl computation cf -he <:rud pereo:lt of school' 
acniovlng til 1. v .... ls 01 PJCP ,ctud !lchi~vement. &chools .. hieh pl.lC'v 1n ~htl 
top hal! of th ~''''!lgl of school lIIL: an scor" .. on th_ R~-J Lst .lhould mor ) 
of ton than not 'llso il chicv,J o·,ftjrd tht- tor hr.lf ·)f the llLan scoru on tn<3 
course oxao1nation. 

In all, 15 school:: took too ~tat1stlcal Control t;xamination. Of t?~ 
top 8, that is, tho top h&l! of this grouF or school::; on tho RQ-) exami­
nation, 6 or 6~. of thesv 8cho~ls attaln~~ oxpuctud proficioncy, that is 
67':' alBo placed in tho top holf on the course examination in Statistical 

Control. 
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TOO rrum~c' r of schools which took thc Transportation cxamination ,;as 12. 
or the top 6, that is, tho upper hal£ of tho group of !lchoole on t h .. R-c-J 
(~xruninat1on, J or 50; · 8180 plsood in the top holt of the course ommination 
mean SCOTee on Transportation. 

~oven schools took the Ar1IaI:Icnt oxamirotion. or tho top J on the h -J 
test, 1 or JJ: placed in tho top halt of lIICan scoree on th course exami­
nation, of the bottom 4 flchools on the HQ-J test, 2 or 50,. surpass(:d .h . ir 
oxpected achlwcment and plaCed in tht! top half of echools which t - ok t .1\.. 
Arm~nt oxnm1nation. 
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All Force ROTC T raon,"g. 

BY OMMAND Of LIEUTENANT G EN ERAL WHITEHEAD 
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TH I: lextbol,k hw lJt>l'n prepared pl'Cifically for thp 
c liege or uniwl":4lh tudl'nt who i, parti"ipatlllg in thp A,r Fore 
ROTC program . It i .. lInp vulume of a lIeripll I lIignl'd to qualify 
him a. an offi t'r , 1>t'Ciali. t in the l nite<! tat·~ Air Forcl'. 

The tl'xt iot planned tn II1dot:trll1att> he officer ,'j ndidate in 
tht, fundam('ntul prlJl illit'. uf Aerll(hnamil'. ant! PropuJ. 11111, 
W atht'r and. '1I\illniiun and Al'pht·.! Air I'o\\er. r; tht'r than tn 
I,re"ellt ! clt·tailt>d trt'lItl~t' of t'llch (II thes!' cum "I ~ field~. 

111 urdl'r (0 achw't' ma'<imum 'fficit'n \' and t'/Tt'('lIn'ne, 
in thl' [It'rlurmanrl' of hi' dutlt' , thl' Air Fon'l' oftirl'r mU'it !>t' 
c()n,.talltl~ a\\an' of 111'\\ oIl'\'t.'lol'mlllts in hi.. ppC'iult.l' allcl It. 
allit'd lie It!, A rl'.eptlvt' mllld, nurtured by . IIPIIt'mt.'nhlf" r' ear,'h 
anti I"('atimg. rail b u \ Ital for.,,, ill I he llt'rsOll81 and prof" "il>nul 
dl'velupment of thl' ,.flkt'r "1lt'\'lali t throughout hi care r. 
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CHAPTER I - AERONAUTICAL TERMS 
AND THE AIRCRAn 

IImOIl I - DEFIIIITION OF AERONAUTICAL TERMS 
1. IN'IODUC TI ON 

tl\JlI,Ii~)Il, 

;lIr raft; til nlt'lhit"~ UIIII IIl11ttll'Ulatl" ,,1' 
Jill IgatlOlI through the.1lI (,10'1"0 naulic .. ); 
lit! tha mo. t imllClrt.H1t of all Imutul l'no­

diti('II~.-the ... 'I&th r. ,\ Ih·t<lill'd 1111"\'. tl!ra­
tion vi th ,'te .. hnu:al matt .. r. is l'ertllllli.l 
lIot the purpo~ h,'r '. Ho\\ .. wr, lin intl'lltgt'1I1 
under. tanding IIf t he ba~ic pfll1l'ipll's .. t thiS 

,11,,1 IIbJ .... 1 III11s1 b.· Ih •• 1' •••• ,( 10.1 o·'t'1'.\ 
\'/111.'(\ :-I.ltt All' Fill,,· t.lth-l'r II i~ IIPl'l'~-
.Ir . h.·ft""I·. t .. 1Il,lk., ,I "',.Iu-rllI IInt'1 ,11 

I Ill' rllllil;tlnl 111/11 (lrllllll'l,·. II"'I'I"~I' an" 
III' 1'1,,,'1,1 01. \t 1"1'1111 lit, In th, ,'III ,I 
.1 r< ,1'11'111111 . 

2 . GLOSSARY OF AERONAUTICAL 
TERMS 

'I h~ . tud"llt \I III '·"II~tantl.l m",'1 110" 

It'rms ""11111',11'.1 I'lth ,llft'raft an.1 Il'r, 11\11 11-
lll'~ \\ hid. II III 11,', II dal'llh. Itllll. '1 h,' follo\\­
ill gl ... ,.a\"\ II. om.' lit th' mort' ,'oUll1l1tn 
t ... rm.· lik,·I .. ttl I,,· I'Il'Ollllt'·!'e..! 111 ·It nWlllar) 
wurk 111 al laltoll: 
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f 'SOlUTl CflllNG A.SOLUTE CEILING 

~ ~~~ I .;i~::I~l'lt~h':I:r: 
II!'" .,'1111 IImh. 

,I n,1 :lrl IIf 

12 

A.fOIL - Any ur­
fact', ilkI' a InJr, pm-
1',,1 Jto r, lit rudder, 
wllkh lCt.'t: u ' ... ru1 
,I n.lI'lI' n'm·tion frum 
th., all. IThl, ,.ctlOn 
n·. ult. wh.'n llll' alf 

"trik,' till' alrfllil t 
an ante\t-.) 

AI. KOOP ..\ de­
\ 1\ t' (or ".'" "11I0j[" IIlr 
antlt th,' am·raft. With 
n'ff'reot to) j"l lur­
.'I"ft it I: tht' ,'ar CuI-
1\'-dt>"lgTI ~1 aIr-intake 
"Iwlllng "hi h ducta 
tI ... all' tu lit' I!nll1n(', 

AI. SPlED- Th., , Ilt'('d 
"f till' IIlfLraf ro·lahve 
10 th., .UI 

ANGU Of AnACIC -
I'll I u\t, 8nglt' be­
".'t'n h. ,'hord ur an 
I rf. >I I (wmg) and t he 

n lativt' wmd, 
t 1 ott> that Ih ... lontri­
t lid mal a IS I not aI­
" y~ I rallt'l to the 
r ,Iallve wmd, ) 

THIS PAGE IS UNCLASSIFIE 
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ANGU OF INCIDINCI 
- Tht' a ngle at which 
the wings ar., in. tailed 
on an airplam', Th,'re­
fon· with ny giwn 
a lnraft, this IIl1glt' 
dll\.'· n.t tltallge, It I 
t he IInJrle I ~l WI'I'n I h 
cholll "r tit lurf"ll 
a nti th.· luulfllu,Itn 
aXI. IIf tI,,· :tIn 1.\11 

Bt'( aU:t' O)U l 

winJl; aI',' nOI n'lllhll­
ear, 11 I lC.'ol.'r'lll\ tal\. n 
a, "tllI.- I'lli .. ole thl 
quan' of h. -.,an I" 

lllkiiif •••• th" til ,t! ,Ir,'a "f III 
Irfutl " 

t"t'nt. I Ill' 

tilt I I erp. n 
(J th,' oth"1 

LAn.Al AXIS .An 
im jftn8ry hm' "hl·h 
run thruulfh th., "'11-

tt-r I.f "fil' it) 'lIld I. 

perpendllular tl' th~ 
Iongitud1l\al antI verti­
cal a I, UTili Ill' 
from wing tip to wing 
tip. 

LONGITUDINAL AJU$­
A n imaginary li n l' 
which ntn, throu~h 
the ,'ent.'r of gravity 
(rulll tht, n"St' tlf the 
am'raft ttl Ih,' tail. It 
III r 'q .. ndl ular ttl the 
lall'ral Inti "P'I 1<'141 
.. I • 

VI.TlCAl AXIS An 
1111 j(ina:- !tn 
flln" 

thn.ugh h •• 
v:r;l\ I )' nlltl i. • "'f(li'n­
.II. ul.1I Il' fill l"tNal 
IIlltl l'lllglllltirnal a I", 

.LADE ANGLI Th. 

.\ lit. II1KI,' i 'I \\ 1"'11 
tll( 1111/.1 flf \ pm. ,'1_ 
1,,/ hl..d.. IIti tl .. , ,lane 
thrltugh \\ hId, II tII­

attJ 

IOUNDA.Y LAn. 
A 1a.I,'r ur nm" (lUn­

s .. "'rmjf alr;~ a r1uhl) 
du, t' ttl th,' ,urfal' (If 
Ii IlIlI!) pla,'t>d 11\ a 1110\'­
InK ,tn·am. 11\ which 
lh., IlJIpad "re, , Uft' i 
redun.>d a: an', ult of 
th \'I 'Cu 'ity tlf t he 
flu id 
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POSITIVE CAMIR , 
t 

EGATlV£ "'MIR 

(HOllO 
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IURIU POINT - " 

CAMI.R - Tht' '\In -

tun' "I' .'11 ,lIrillli ,.1,,)\,1' 
Ind 11<:10\\ tilt' {'hurd 
lin 10 .111"1 .. ,( p. 

CENTER O F GRAVITY 

-\ 

CONTIIOL COLUMN-A 
fore and aft lel.'er with 
a rotat ble wheel at its 
upper end, used for 
o~ratl'lg the ailerons 
and el vator of moat 
air raf~, In fighter air­
craft thl column may 
ht! a " tick," uch a 
, tick cl'nlrol in modem 
fight<'rs i in Itself a 
verv advanced column, 
I,..c~use in addition to 
it, control function it 
al,o hecom the hClus­
JIIg f.,r uch other 
llIecnamsm Ill; the mi­
~wphon hu ton, gun 
hutton. trim tab con-
rv)", elC, 

CONTROL SUR'ACIS -
Alrfuil ectlons which 
Cl,n rul mm ement of 
hI' 'llreraft ahout its 

:. t', , Th .. , ain control 
_ urla. t' are allefolns 
I '1t'\(ln!o-), i!1~\'alOrs, 

ilnd rwld,-r 

D RAG The force 
t I h t nil, 

ESTRICTED 
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INDUCID DIlAO - Tha t 
drag which i creatt'l.i 
as a part of the dy­
namic react inn "hich 
creale 11ft. 

'AIAsm DIlAO AI! 
dl"dlC other thull III 

duCt'd drag I~ I urt.lI­
lence causeo.l h) :lU. h 
prlltuhel'anl'l" a land­
ing g .. ar. radlU ant.'n­
na. rll." I .. ;111 , .1.' 

.UYATOR 

('nil t ,-"I" 
alM1 It th., lat. I'll I " 

tPlt h) 

EMPENNAGI Th .. r '~Il 
I rt ,,( >l.n aI/craft, 
u ualh ,/In'l tllll/' of II 
ilTullll III tahili 1111/ 
plan ", IIr 'inl'. tl'" h,dl 
are aUadll',J I'('rtam 
conlrolllnj( ,urfal'" 
uch as .. 1~\'at'II", alld 

rudder .. 

'AI:ING-A st'Condary 1I!!!!!!!!l;!;!;~ 
memher of a tructural r 
part uf an Illrplane: its 
purp, •. I' i, to reduce " ........ 
Ilrag h~ ,m,xltllIng out 
the I\u" IIf air 11\1'1' the 
llal-t. IIf th .. IIn-aaft. 

AATNIRING A NOPl&.. 
LU ( 'au 'Ill It' lhe 
hlad Ilf th., I'rup.-lIl'r 
I .. tum .11 thlll the 
,'hurll uf t h., blade is 
Jlarallli with th., IlIle 
"f tt,!!ht. Thi, i. clune 
11thI'll an 1·I1)tin. ,If It 

multi "n)(lI\(' '';rcraft 
filii • tn "\"11' th,· I'ro-
1lt'lIl'r 1111 th., • d 'ad" 
,·njl'ln .. fmlll \\ md-mill­
IHI!' III t11j.\hl 

fiN 

(a .',1 JII'o /, 1'\1 11'11 of 
th,· I'lIdd.·!' 11111 10 
\' h, .. h the, Ilil.l,l' Is at­
t 'ldu,t1 , 

, lAP .·.·.11,,1.11'\· 
alrf"il tll:n I IlIlIlCf'i1 
to IIr pi\, ,,,·ct till I 1"-1-
'Ian 1I11'''.il \u'llall~ 
th,' Wlnl!'l. It I u'I'c1tn 
1m l"'a~, till .11"" 1\' 
ulllIl", ... 11\,1 !lu 10-
l'rl.l'l I lit h ft It i. 
II l) \I I'd tn 1111 I' ',I e 
(hI' HIIR'II' "I' al!ark and 
thu, 1Il1 r.'a:I' thl' cirag 
"I' thl' primary llrfoi l, 
(n, tI\t' purplJ, t' of In­

nl', .lOg thl' lfhding 
angle .lIId n'lhl"11l1t t he 
landlnlt s l>t'eti. 
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fUSlLAGI-The princi­
pal 'tructure of the 
aircraft to ..... hich the 
wmgs ami .. rnpennagl' 
art' nomla1l} attached. 
On large aircraft it us­
ually contain large 
compartnwllt., homb 
bay:. I'tC. 

Th 
understructure which 
supports the wight of 
an aircraft when 10 

contact with lhe 
gruund, ami whl h usu­
ally contain.' l1lt'cha­
nl m' til r .. dut·t> the 
• h lh' " ,,( I and I n g . 
(There arc ma.n\ type' 
nd U't':< ..... hich ..... 111 tw' 

(ilSl U:.I·O 10 il .I'dl"n 
on Ian 1 lOll !Cl'l r ) 

UADING IDOl - Thl' 
part of all .ur(0I1 Will It 
tnke ' lilt' If fir 

LIfT NAG aA no 

MACH ......... -A 
number detl'rmined by 
dividing the speed of 
the plane by the speed 
of "'lund. A Specific: 
type of alrnaft has a 
cert.ain "Mach" num­
I.lI'r ..... hlch it either can 
not: or can not safely 
t!Xceed. The speed of 
sound becomes impor­
tant in high speed 
ftight because it repr~ 
scnts the limit of com­
pressibility of the air. 
If this limit is exceed­
ed, WIthout sp«iaIly­
desilrlled airfoils. the 
drag increases so ra­
pidly tltat normal ftow 
rharact ristiC!! no 10111-
l'r apply. 

MAcau - A stream­
hned ('nclosure built up 
, round the engm ,and 
Its act·('ssories. 8Om~ 
lime induding land-
109 gear, di tingui hed 
fr 1m fu!lt'lage Ile\:allae 
It h;e no l'm,>I'nnal{e. 

PITCH ROUollOn of 
h,' a.lrplant' abllut the 

lall'ral aXI • nolll' down, 
no, up 

... ONwa - Any d&­
"I'" for propelling a 
r fl through a ftWd, 
u h ~ air or water; 

the pn>peU r IS an air­
foll, and moves forward 
lhrourh the air be­
CAUse as it rotates it 
creates "bft," the aame 

any ot.her airfoil 
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NOPILLla CONTaOl 
- The pit.ch of the 
modem propeller may 
be rl'guiaW from low 
pitch (high rpm) 
through high pitch 
(low rpm) to tht' 
(eath red (lltationarv) 
pOllition, 80m proJl~1 
ler. ma, I,., r,'n'r,' 
feath.'n.d 

IlLAnYi WIND - A I r 
movinlf pal t tht' r­
craft. It ill IIltrall,,1 tn 
but oppoai~Jo th" di­
rectIOn (If till' II igh I 
path , 

aOll MUH'mpnt 
ahout th/ lun).,"tudlllal 
aXIS l'rl';itt,,1 II) II .. , 
ailt-rons. 

IUDOIIl - A 1110\ t'ltblt> 
8lrfuII hlllj(I~1 tn thl 

re r /If lhe \ I'l"t II', I tin, 
IL l' .. nlm!. Y " . 

SKIN MICT',* _ The ~"'c"c-.,. __ c-.~_ ...... _ 
drag which rl' ult. '::".~~~ ...... .:;;::r. 
fn)m thp. VillCCI, it v of 
thl' ir 10, S InlC ~\'er 
a !lurfa("~ In mudem­
lugh - " "'1',1 IIln'raft. 
lIll, Il'l'nlllt' vI'ry 
great, anti II super­
,"Ill\ l'ft"!.' 1t',lt.. 80 

Illu,'h I ... at thaI the 
1'1..-1'1'11 musl 1l4' rt'fnlf­
,'I ,ll .. 1 

SlAT \ 1I1" .. alth' ux­
IIlary Irf .. II, attal'hed 
l" tilt' II ad IIlIC • IIC!' of 
a Willie Whl n II.Jkd. 
it fall: wlthi' Ih .. or­
IJCinal mntollr of the 
Illaln "Ing. \\ hen 
"j)('lll..-!, It forllls a . lot. 
(.' 'I' "1\1,,\" f,'r II, ,- ) 

SlOT Thl' dllt kit pas 
.Ig.· I hrough 1\ "'lIIg 

pltrall .. 1 to, ,llId n .. ar 
tI", h'lI.l1II1o( ,·tlgl'. I 
(Jurp- ,,' I" til III1P",)V 

Ihl' alrfl,," ,lltll.'rn 
u\,'r tht, "Ing 'It high 
angh fI( alta. k. 

SPAN Tllt'mll lInum 
til, t:IIH'I', ml' I ' ured 
par 111,1 ttl tht' lall'r81 
axi" freml tiP to tip of 
\0 irfml 
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5TAIILln-The ability 
of an ail plane wIth fret' 
cumru\. to rl'main in or 
return to It. n .. Tmal fly­
IO~ , ttl U.il', 

Th !'owl at 

'NIlIUUNCI - I 1Tt'(l­

ular flow of aIr pro­
dun'<i when air flows 
uVl'r an unen!n ,ur­
f,H\', (Ir when two cur­
rent,.. IIf a.r flow JllU t 
eal'h (I' her in dIfferent 
din' 'ti('n: or at differ­
t'ol ' I ~II, 

WING - Tht' la rv;e air­
ftlil ar~a whIch de \'pl­
l'P the major part of 
lhe hf IIf an airplane, 

WING LOADING 
\t ')0(\1\ cal'll 'q It. (If 
lh, \\ln~ . urLI'" WIll 
h Ii \' I \I , U !'11Urt. 
\\' I)!: II I u f a rlllam.' -
'ln~ ' In", \n P.I(Mtern 

,II \' I 'lIl till i lI~uall) 
qUI. ' hIgh 

YAW ,-\IlKulal ruta­
llUn of I h. "Imll' lhullt 
l hl' \ '1 rtl., I .• j o, h'fl (lr 
n ICht , 
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SEmON II - NOMENCLATURE OF THE AIRCRAn 
E,' n though mod,'rn :ur ' raft do not took modl'rn 

murh hk~' thl' earl) m<'1ll'l \\ h,('h \\t'r .. 110 \ II 
In Ih(, air battle' of World War I. \lr Ilk .. th. illu . lra-
Curti,,,, "('ondor", or likl' the, '\·4, mil", or 

h.> ba:<i(' "art. lx'ar tht' 'lime nam . Ihl'\ III II 
hen. Others, lM'cau, 'IIr thl'.'mlution Ilf.1I III 

II, utics,hav,' t'hllOj!'t't! Ih .. lr 1lIf'llnlllll' "" " 11 

\,'ntiunal landing Ifear" linn' II1t'all\ n 1.\ I' 
\ ilh t WII wht "', fUT\\a rti •• 1" h, ,','\I, I " I 

j!'Ta\'lIy, anti a tall \\ ht't'l '\ IId,I\ t I .. ", I !I\, II 

111\1\111" landing gl'ar i~ hI IlIt\ Ii' " • 11 , 

ID! VIE'" 

' ,g ure ,- , Alrcrah Nomenclature- Side View 
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~I'n had known ror 1" IIlurw" I ... ton tI .. , 
tirst !light tlf th,' WrIght urnthl'r. al .KIth 
Hawk in 190:i that ht'a\'iH-than lur nail 
\\nuld 11.1 . T .. y", I'allt.'r hag:! tilktl \\ ilh hilt all', 
mn(h'l ~htlt·r., t'wn mod I PO" ('r ... t jCliol"L-, 
\1 hich h;.d mud .. IIIlIg, sun·.·. 'CuI tlivht • hao! 
1."1'11 huill. Durlllg th,' lIinl'!1 'nth ("t'l1tun 
"x)ll'rlm('ntcr; had mad. ""'lIIl1,':;: brlt: 
liiJrht!< ill glu\l'r. But. l:u'kllljC ,Ill :ult~III,' • 
,-"urel' (,r J)uwl'r, 1It111 of Ih,'. m .. n h ... 1 I"~'II 
:,1.1" III mak.· a ~u"t/lilll'il !lIght. 

With th .. t1I'\t'lopmt'nt \lr lilt' 1111. IlIli"'''"1 

hu UIlJl pislun • IIgllll' I '("r.· 'h, I urll II( 111. , 
',ntur.I, thl. IW,,'S an pO\I,'r plall! I" ',II Il 

1\011'1'. Th' Wnll'ht urlltlll'r-, 11111.1'11 11,1\1011 

hllTt'I.,. h"". al.,ng With .. th,·r., IN ' rInlt'II1, r" 
II IIll'r tht.' worlt!, turlll'ti t, th,· HIlt rllal 

INERTIA 
,. lOOT A1 lIST TINDS TO If 

MAIN AT lIST AND II IOOY IN 

MOTION TfNDS TO IIM"IN 

('omhll 111111 '111('111. a II 1111':111 uC prlllj,lillg 

Ih, n"I'(' ,,,,'In' pow,'r t .. 'u,taill thlCht '-\ll'lad~ 
• "11 i.lt·ra"h, data,' i.11'1I III I h, h.'ltI oC 'ro. 
l1alltl" I mill tIll' "lIrllt'r t' II{ rim, nt. oe , Ill'll 
1111'11 a ' ,'trilll(lt'II,.\\. PII,'hl'r, HIlII nUll'r .. Rill 
thl' I'ruhl"m' ifl\lIh.d III tho h"un "C Ihl!'hl 
an m/.m. I',·rhll". n .. "tt ... r 1111(1., ti .. ld nf 
hum.iII ,nd ... 1\ or ha. h "II .. ('IlIll,," 
Iht1II'UIt to Ill. '.'r Th., al'rouaut mil, 01. ",'nol 
UI'''" Ih, \\hrk o( 11I.1,llr 11l1[111",'r , till( tor., 
"Itt IrolllC l.;j I It,.! 
1110'11. Yd If I 

Impl. 
~ 
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CONSTANT PRESSURE 

In""ur.' i un thu" t"o jluint~, If IHlt r i" 
wn pre:~un' through a pipe. ix 

t\'d 1,,1110: and hI (J in(' rw. In diamt'tt'r the 
'alt'r will m'" hrtllllCh th .. pip with cun­
-tant "peed und hl.'rt' I III II .. an t'(jual prt·"­
:ur,- ,ll all I".in .. un he Ilall~ of h,' pi 1'1'. 
If .. 0.:01 tm:ti"n. or throat. I maul' at Ii cer-

INCREASED VELOCITY 

nf thl" the ulameter at th .. 

RESTRICTED 

ONE SQ. INCH 
IN CROSS SECTION 

RESTRICTED 

fluid. A c.lJagram of thl' throat of tht' pipe 
would look like this: 

Tht' I'lIrt I hi' h w, Ir" int re.~t",1 ill. i: th~ 
11111 fr.11I1 .,," t ,"n'. We kn,.\\ that thl' part 
III th,· ,llnl"ft I\hllh "I'I'/lt, th .. lift i. th,' 

C o 
Wh 11 W drll\' It lin from th h'adin t·ug •• 
of th, \ IIlIC ", • t .. Ih, Irlllh'W""g, .If thl 
\dnlC "I>" \\! •• , ,I .Id III'" -IIU1I.lrill h..t\\tlll 
th ·un·,·! iii'" lilt, w Ih, Itl > <'0 and Iht 

PIPf 

origlnal!,I!,' throat .\ H Ih,> ,'un, t'"11I ( II 
I~ "(lH~IJ'I" 1,·tI for Ih,' :11111 1'"1 "", \ I'"f 
\l'h'nf"" mOllllj!l,ulI\l'",il.l. tit, \\111).' 

1'1" Ih'"I1).'h,.llIuslll,I\t!111I11" ,.,\1, 
till' ,'lin, I, th,·r,f"r,·. 111111 \ 11.,\,·1 III l,·,· 
lh, n 1\ ""ult! II till' lin" ""111 (' 1(1 II \\,'r. 1101 
" nt·d. R, ,·au. 1111 IIIr 11111 I 1110 It' la~'. 1'. 

it .... pn's: un' lh'~·r\·H.I~. 4 rt.itlllL! " .. n ."l l .'\. Itt 

... dun'd prt' Hlr, I partial I 'lIIiIlI I "II '''I' III 

th,' winl>! ,'lIIn Ihl' l.arllall.lt'llIlIlI I~ "II I"p 
til' til\' \\ III)..". I h.· .,11 IIl1d, r I h, \ 'II~. \\ tlldl 
\S "Iill ill 11.7 JI"ulld I't'r ",plar.' illd!. tru· 
t.1 Ill"'t' 1111\1 thl~ 1',ll'llal , HIIUIII. III It" ,1_ 
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WIND DIRECTION 

up"ard. on the 
lift. th(' winIC and 
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HIGH ~lOCITY O\I£R 
TOP SURFACE OF 
PAPER CAUSES LIFT 

natea. Since th propeller al80 ill an airfoil, 
about two-thirds o( its lift also arises (rom 
this principiI' Tht' other one· third of the 11ft 
'ID an airfoil com~ from the impact of thl' 
r lalive wmd lin lhe wing. If a flat rock is 
thrown aero ........ the tlurface uf a lake, It kip 
'llong thl' . urfac,' as long &8 it maintains 
I"DCmgh !lpt.oed. It..'! lift comes from the for 
uf iL ,mpact with the wawr. In like manner 
the wing of an aircraft mov,-", through thl' 
IlIr at a certain angle of attack : the anglt' 
of the "hort! of the winIC to the direction of 
thl' n·latl", wind. Th wing, thert'fore, fon't·. 
tht' air. "hl('h it trik. on It.· under- idt', 
dow I\W anI><; ID turn, it I. forct"t.i upward 
With an ''(lual and oI'P""ilt fon'" Tht':<e two 
(>mI'"IH'1I tI( hft. (II thai IIri~llIg through 
tht' ,co·allllll • f a purllal vacuum lIVer lht 
l'lIrHd t .. p f\f h.· \\ 1011". ant! t 2) th t amollnt 
an~ njl from 1\.·1\1' ling ,m, air dll\\.Jl\'srd 

mllkl' up the total II fl . upplif d h) all kir­
fIJI I ID lhl;l ca th Wlnll)_ 

So far, two of the four forCH on any air­
craft in flight have bl't>n e plained . Th 
I'ngine, through the propt'ller actIOn. provld,-. 
thrU8t, which pulla the plant· ahl'KcJ . Thi" 
forward motion buildll up the amount of air 
flow over the wing and creates I'noulfh lift I." 
raist> the aircraft. In dlrt'Ct oppo. .. ilion to 
these fo~ ttaeR are two othl'rlI--wl'lght 
and drag. Any aircraft has weight, "hich 
mUllt ~ ov rc:ome by lift. Drag is th~ forl'~ 
"hich i8 thl' greatest dt'terrent. to flight. I';ngi­
n r. have bl'en trying for y~ar8 to oVt'r 
come drag in one wa) or anotber. Becau~ 
air i. an invi ible lIubtltanee it i hard to 
villualize the I'fftoet of dra«. or to realizt> thllt 
lhe air could drag over th 8urfact' of an 
aircraft With so much ('fff'Ct that fi· · and six 
thoullAJ1d horsepuwl'r enginl's an nf't'e~r 
to move one fi«hwr airt'raft through th .. air. 
Hut thl i lcul'! Lt-t us u thl' um/)\e nf 
thl' l'ffel:t In waWr agam. 

A pt'rson standing ID watl'r, who 10wI'r. hilt 
hand from shoulder hf'l«ht 1IIIOwly to and into 
the wakr, ft'e\ little drag wh n ttw hand 
rea 'be8 the urface of the water and paMeII 

thrllu«h it. Howe\'er. if h lowl'", hi" hand 
"martly. he hits th 8urfac .. with a lid lap; 
the harder the hand i brought down. the 
harder the slap. Thill 18 du .. to the noDrom­
prl'8llibility of wawr at high 8pt>M . The 

mt' is true in th air. At peeds up to 100 
ml\t"8 per hour, dra. is not a major problem; 
but a ont' moves f ler and f&llter throuCh 
the air drag incrt'&!ll'll as thl' /!Quan of vel-

ity. TIll'n, wtwn the lIpt'ed of Mund, the 
comprl'8llibility hmit of air, ill I'ftIChed, a new 

t of problelDll arille and drag beromes the 
major problem of flight. ' 

There are many kindll of drag. "Profile" 
drq ia the reaiatanc:e. or akin friction. 

tg the vi8CQ81ty (; tickinellS) of the air as it 
passes any surface of the aircraft. ThiS al"o 
is in combinablln with a "form" drllj[ wJtich 
ill du \.0 the eddying and turoull'nt wltke 
lit air left behlOd. Profile drag i. )U. t pure 
n.' 11IUlnee to thl' movl'm .. nt of th .. aircraft 
thruugh a ,·ilO4.·ouJl medium. 

"lndu,...J" ,It K. 1i/lUlher lyPt'. i. the drag 
cODlllOn.'nt of the aerodynamic force whl('h 
1"('. ults Imm the downward velocity Im(lllrted 
t.(I Ih., air hy the wing &8 it R1t'eUs the relative 
111'10,1. It. l' I tomC't' I unavoidahle when the 

inlf I u~ t.u I'reate a lift (orCl·. Tbt' total 
drag IIf th .. wing ill thl' um "I th .. profile 
dr g and th .. IOduCt"t.i drag. 

I'rufilt' drag and indu.·('(j .Iralf art' (on'c 
which mUilt bP ace pt ~I III part, h''\'1<ul«- th '\ 
n.>Sult frum ultt'fu\ ('lIU".. " Hurt! tYlIt:. 
"paraaite" drag. i. ~ht'er wa.-.te. howt'\"('r 
unavoidable. PAnl!;lh' dra" I caul;t.'I! by 
('lemenUs of the, trul' turf' flf tht> mrt:rafl that 
do mIt contribute to lift. It I" mllclt' up of twn 
componenta : (I) .. kin fril"llnn. and (2) tur , 
bulence and l>dd,) ing n·~i. t.ann· Skin frlctwn 
III due to tht, 1.'0 Ity of tht' air. turhul"IICI' 
III eall8l'll h' any "t'parlurl' frum I<trt'l1l11ll111' 
fluw about tht· pllrt." or th, Iliralilt. l'ara~lh' 
drag III utlually .... JI. ldt·n"t.i til I~ th,' "urn or 
an thl' n> i tam'I', t·xc.·pt thll.' of th ...... ing .. 
It includt'8 not hilly tht· dral!' •• , th. , (11 .... 1;;1(, •• 

land 109 gl.'ar. tall 'Iurfan'!I, tail "h,·,'I, all" 
bracinJl. but in adduinn tht' lOt. rf. r~'lh.' ,lniloC 
txotw ...... n thl'l4t' parts of tht' ain·raft. Alraaft 
ellglOt'CrJl h&,·· don(' !'v('r} Ihllll/ (I""'illll.· t .. 
redUCt' paraaiw drag. l.an.hng 1(''''1" 1'1 fl 

traeW into the wing,. fir fll~I'lagt' II lira,' 
ing is Within tht' w inK fir I u ... ·I"I/I. It. ,II 
full cantill'v r. NaN'1I1't1 an' ,'nr. full~ ~trl'am­
lined, and l.'Owling i dt' ilCllt'tl t" rt'(lu('t' 

FORCES ON AN AIRPLANE IN FLIGHT 
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resistance to a minimum. All other protuber­
ance are eliminated or falred into thE' main 
structure. The modern hlgh-. p ~I sin'raft 
ha very littlE' para"ite clrag. 

In . ummari;ung th theur. Ilf tlijfht tu (hi" 

point tht' four furt'e" un an ulrl'raft III nwtinn 
haw 0t.'(' 11 di:l'u: t't! : (11 hft, (21 WClllht. 
(ill thru. t" 011 (I) clrall. An llnd.r-IarHlillll 
o f th .• •• t"UI' <on<iitlUnq of llight i till lir,! 
r. ,ulI,·nl"nl . 

SimON II - AIRCRAn STRUCTURI 
Having learned ho" an air 'raft u\ ITIIIIH' 

gravity, one mar prol't't'C1 til thl' tlhh ol f h"" 
an ai rcraft i. c(lnlltrul'lcd Thr Klf 'r: I t I 
proLably the must .. umpll: · <1,,\ In ' ,· .. n"trllft .\ 
by man. nt- n'asun r(ll thi~ c(lml'lt' It~ I 

that It mu. t Lt> Ludt to do . 0 mun~ tllIllll . 
Onl' t!ngin~r would lik. to huilcl th' pl.lllt 
fur PI~, sa 'ritidnll .. ther consllIl'ratioll', 
nother manuful' urt'r prt h·r. til hudd till' 

plant' fur luad-{:arn Ing ullllity ; it third \\ ant. 
~afet~ , and ~, on. Thl' tinal uir,'1 atl IIlU~t 

1. FUSELAGE 

'qulpml'nt, 

RESTRICTED 

null .. 
IlIrgf' 

2·7 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THI S PAGE I S UNCLASSIFIE 

ItESTRICTED 

craft (F-86 type). Tbe forward compartment 
is for the pilots, engineers. navip~rs. bom­
bardiers, radar operators, and theIr eqUIP­
ment. Connectinc the forward compartment 
and the center (fire-control) eec:tion is an 
85-(oot tunnel with a dolly for carry inc a 
crew member from one end to the otber. Far 
in the rear is the taillfUnncr'~ domain. Thi 
tremendous fuselace is the major bulk of the 
B-36. AerodynamicaUy it is one hu,e IIOUI"C 

of drac which muat be overcome by the 
encines. Deaianers do what they can to 
streamline and reduce the size of the fuse­
lace; but they can not exceed specified re­
quirements. 

2. WING 
If the details at fusel-.e construction seem 

limiting, study of wing character istics show 
that those problelM are relatively insianifi-
cant in comparison. The WriCht brothers 
found out that the wing mU8t do more than 
deftect air downward with its lower urface; 
so they ""arped the wing of their "flyer." 

-----~~~ 

WRIGHT "A" FLYER 

Through Yl'ar of e perim ntalion and de­
" lopment. WIDP became thicker and mor 
'urved. Early aircraft had 8t'veral parallel 

inp. There wer biplaneA, tripla.ne!I a.nd 
even quadriplan 8. Because of the lDablhty 
uf manufacturer to build internally-truSM"d 
WlDg!!, these multi winged aircraft ""ere held 
togeth r with wir and truU. 

..... ' ...... , .922. 

As speeda inereued i t became Imperative 
to cut down on this external constructl"n, 
which was cr atinlf considerahle drag. AI I, 

as IlpeedS increased, the air ftO\\ UHr (HIt' 

wing began to int rfere diJ"l'Ctly with th air 
ftow over another, and interfrrence drag 
bec&me an important concern. Thill ('lienlu ­
ally led to the monoplane with full cantilewr 
conlltruction. The roonoplan.' was the aM'll er 
to the elimination of ntOIIt of the interfer­
en .. drag, and the cantilever <'oMtrudi"n 
permitted clean urfac . But b, the time 
the airframe had reached this I!talre of de. 
velopment power-plant manufad.ureJ"ll Wt'rt' 
putting out enginetl which wl're capahl" nf 
driving the aircraft futer and faster Thl' 
detlill'11 of the Ringl wIDg itAt'lf had In hI' 
modified. 

WItttI ..... I.p ..... ' 
There were two ~n ral 'hBnn,'1 of dt .• 

velopment which could lit' pur uf'd In order 
to chance thl' pianlorm of the win.. The 

fir~ t ""as tu chllnge the "','tee' ret io " A:;'Pl"l' t 
ratw is thl.' ratio of thl' . pan to the mt'an 
I'hord, anti i determilll.'t.i mathl'mati( ally 1.1,' 
dl\' idlnlC thl! . pan Kquared h) thl' WillI!' ~rea , 

A 'ond 1I)lltem flf challglOg the plan 
f. r.m of th,' wing I. b) "Iapering" lh, W mg. 
Thl ha>l II'<I further tt) >luch inno\'ation~ a, 
.. ~ • ,,\,t. 1> ('k" 'ing , and " wcpt fnr ',Ird" 
\\ mg .. " Inn' r"," \"I>I.'rl'(l WlOg, Bnd " ,I Ita" 
\\ mg. 

nit- alrf,,1 1 ,'1"<' . -~\I"II of the wing Ill.elr 
h .. ~ ,hltlllC ... 1 " Ilh lh tncrt'aMe in IIIIt't'd At 
lir. t alrfoil~ We rt' c·un· .... 1 U/I top anti ,' n thl' 
h. ·ttum ( I'llellr 2 · \. I Lal('r the oottnm of 
th .. \\ InK wa kl'I'I , lralght an,1 th' ul'pt' r 
urfa\"l ·a. ' IIr , .. I hIgh r (FilCun' 2.2) 

Tht'n ;" alT< raft WI' rl' (·o/l.lrul'tt .. 1 largl'r llnd 
1urlC ... 1 (B:!4 for f' amp") , thl wlOg ,'un',' 
wa. III1:rt'a""od con. id .. rahly to :lUpJlllrt thl' 
h,,!t\'y load "n a relati\t' I~ .. mall \\ lOR a rt'a , 

High Speed Wings 

At th,' pr~nt tlml', 'ith tht' alllit'llt tlr 
J~t pow ret! aircraft, aircraft capabl.· of Iil"n 
high . p4'l'ti1l, WlnltM had to Ix> dt'llign~ which 
. lit th air dl'Jlnl) on the "laminar" fl eI \\ 

pattern (fo'ilOJrt' 2 .~). The ct'nter of lift \\8.> 

m'l\'ffl further ba('k, and thl! I('ading i'dll" (If 
thl' \\Inll" "a. mad<' kmfe Iikl'. Furth.'rmMe, 
WIth "re. ' /It .irt.:raft approal"hlOg th,' . 114'(-0 
II f . (lunll, and with th .. al'llI I alr. nnw "\I'r 
mall) alrrtllll'Urv, '.~ aln-ad) at "'"11l or 11111'1 r 
, lillI' 1Ipt't'dIl, t!\irn though tht' lrframl' illll.!f 
ma\ Ilt' "d,,\\" Mat'h I, wing tI .... 11C1t mu, 11)(' 
<"Oml' mure and mure ('riti,'al \ ",'r\' high 
l>t't'd winp are thlO, ulluall) WI' lit hll.l'k . 

and knife lik . 
Thill creates (,thl'r pr"blt'1lU4 in wIDg Cellt 

IItructlon . The Iandinar rear, fuel celli!, arma 
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ment, and engine nacelles were in the wings 
of most World War II aircraft. The new thm 
and :stubby design change thil! conventional 
plan. On llOm new plane, and undoubtedly 
on mo. t future one • the landing gear and 
armament will have to bE' fitted into the fUIle­
lage. Jet .. ngine lend tht'mselve readily to 
wing-r(Jot or fuselage mountmg. becauSt' 
they require no propt'llera. And. becau the 
wing are thin and "mall, ven the fuel cell>l 
mu. t be in the fU:ot'lage, with auxiliary tankR 
'n the wing tips. 

'leu" 2·2 
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'/ewe 2-3 

WI ... Loadl ... 
Throughout this ('volution of th... WIIIK 

another factor ha been changing-the wmll 
loading. Formerly the weight per !<Quare foot 
of wing surface was quite low-Ie!ll than 20 
pounds per square foot. Dnttln few ·YMr. ago 
a wingloading of 39 poundll per !<Quare font 
wa r('garded Itll maximum. Today, with the 
Ulle of high-lift d'vicell, wing Inad~ of I)\>,'r 
60 to 1 are not uncommon . 

3. CONTIIOL SU.FACES 
AII.ron. (1I."on. J 

The main part of thl' wing jlrll\ idt, II ft. 
but on pach wing there an' oth.'r ~lIrflin' 
control llurfac II. and lift/drag 11,,\ itt'''. Th{· 
principal ('untrol surfare. arp th,' . il. rml~ 
t·levalorl', anq rudlkr. The aill'rull I. ,I 
hmged. movable portion of h.· nullnll l'oIjI'. 

of tht> wing, u!1ually n aT thp wmgtll' . It. 
purpo>l i. to rhang' th., airr.,il ,;harad~r­
iRtic. of the wing to inert'Rl«', or d ••• ·rea .', 
lift in ureler to rilL· or Inw,'r Ih. .'t!ltllI "f 
w>mg to w hi h It ill attacht>d. Th t \\ " lIi1pn ,n 
are r1ggt>d to work in oppu. itp lhn,.'th'"~ 

When one rai~ the right wing. fhl' "th,'r 
lower" th ) 1t wing. Thl CIlUse. th in'rat' 
to bank whirh re uJt in a turn til th· left. 

It was . tat~ earlier that th grt'ater tht 

curve on th ... t'urface of the wmg th,· mor\.' 
hit thill "1111( \\ III ,' n 'utt' Thl·rl'fnrt'. \\ 11'11 
th,' ml"run I. IIl\\l'rt'd It in,'rt'u . th,' I'un> .... 
th'rt·floTt· 11ft. of that ,·d"tn uf th,' \\ inlC 
\\' hllt, 011,· adt'rlln I 11I\\I·n.I, thl' .. th"r i~ 
rill ,·d. 1 hi, nt!> ,~I aller"n 10 ,,"lIn,', II draK 
'\""1'" W hll'h > 1',"1" th,' 11ft "I thllt \\ IIlIC ~ 'e 

DECREASE LIFT 
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tlon CliU inlt 1\ t lower. In level flight th~ 
Ileron' trail, and fit into the normal wing 
'wn crt'litinl( ndth. r lift nor drag, In 

hll1:h-~l't.ed I\iJrht It I' neel', ><&ry that th 
\J( ndar.\ I nr of air flow. monthly over th 
t • Ire 1111/'. urfal'Po, On ,.om' wing,; the al· 
Ii'r n haw lltxn :<lilthtl. ·\'U. ped" to aid thl. 
!I'I\\ (If I lundary·layer air. Thi". ill turn. 
~Cla .: a ,;tr I1It pn "ure ar a which tend. to 
hold th •• all"ron In lhe "trailing" positIOn. 
Thl I'ro'.·"ure al limel' may he >w great that 
h., pilot 'ould 1)1' unable to actuate the all· 
'filII cHnl rol w Ilh an un81 "Il<ted lever .• orne 

mcorporatt'<i a . y. km of 
hanicsl bolO, t to alii th(' 

\ II" E!.'v1tn" IwrCHrm thf function of the 
Iler 1\ b,' tr allnl!' lirsil un lilt' ",1Il1t. rau 

t, drup III JlI!lIeraJ ... I .. vo ar .. ftat 
whll h r(' r ..... d or low('red (or 

h .. normal "urfare an's ()f tho 

force:! the tail to the right turniq the air­
craft to the left. In normal ftight it trails the 
stabilizer. 

4 . CONTROL 'AU 
Becaulle the forces of high speed flipt are 

80 great. and becauae IIOInt' modem ain-raft 
are 80 large. it requirea conaiderable force 
to actuate thelle controiaurfaftS. ,... reault 
greater UIIe I beiDI' mad .. of control tabla. A 
tab ill a small IIIlrfKe attached to the trailinc 
edge of the normal control surface. This 
,mall urfact> is moved by a fixed control which 
Met/! it at the desired angle with respect to 
th .. ('ontrol surface lteelf. When the tab. for 
example the rudder tab. is moved to the left, 
it will force the rudder to the right (by 
virtu of the dynamIC force of the impat"t of 

IlESTIICTED 

IlESTltCTED 

THI LOCATION Of HI", TAtl 

~~--------~)~~ 
t t t 

or .... lION 0' fl'''' Tl.t 

relltllve . WlIld O\'er the tall of the aIr raft). 
8\ (o~clng the rudder to the rIght, It eaulW 
the !lui of th airrraft til be moved to tht! 
left. When the empennag if! m""t'tl t. th,. 
Idt. the aircraft mo\'" lu thl' rJjlht Th. 
-.ame chain of event/! occur wIth rt.'. 1',,:1 hI 

tht' .. I,·\"at," tnh alit! tilt' allt'fOn tllb 
TIll i nut th.· unh II: IIf thl,' til!. It I~ 

perhal' not I v n it. prillt'il'al U~t-' Tah 
:~ro' prJmarih us.·,( III I rim I h. ain'r, ft III 

lrull(hl .lIltl 1·\, I" ~tUlllllll'd Iilghl, "hit Il 
\\tli h,· dl.·,·u,~,'d ill 1\ I:ltlt . "diull 

S. HIGH Lin DEVICES 
Tht' "lIIg ilIad In •. ,f 1Il,~h'rJI 1II1.-r,lft h .• 

Inl'rt'a."f'd t •• :111'11 ,.'ml thllt II .~. III ,.. ""., 

~a~t' . a~ hlt(h "" li5 ttl I Thi, ,',111 I .. '11"" 

.h IIl1ml(all~ "tllIliti ,I, 1"1111' I' ttlt' ,llh I HfI 

mallllaln>l hIgh "1', .•. " at all tlml· •. II"" 1'\ r 
the normlll :IlftT.lft III t ,'tlllfni III lu ,'urn ni 

• p .. nilltlnal 1<'(1"II"lIIutt or rllll W,I\ 1"lIglh 
IIl1d IlInch,,' . I' ".t!... A hlllh \I illl{ IlIad"ll{ 
m 'an. thaI Iurer. ft mil t l.tIlt! .11 \ ,'r\' IlIgh 
I'\t'tl unl • . .• mll'lhlll· I d"lI. U 1I!t' n a • 

hft Itt IU'\I'r "1 .. ·.·tI .. Thl' .1(101 \\Ith th. 
II. t' uf 11.11' lint! lot •.• 

Flap s 

. l'o''''C'n t ional Flaps, Fla\l.' art' .lIrf"ll ,' ,','. 
lIun at lhe tr~lhng 'ug(' <If til· \\ ilil/'. They 
add ttl 11ft In' IIICrl'a>llll&' thl' \\ InIC .. r. a ,i1111 
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I IIIl (nil ~lIn. The) aJ~o IIlcreal'e drag 
Ol;,lci. ralJlr, Flap,; haw lJrt-n \ ry u. clul 

'n (' lI\t'n Ulnal aircraft for thc jllIrpo. ' of 
r !llu~lng landing. peed, and In rcaslng the 
r. t of de. ' nt. 

• ,lit na,.. Conventional ~JIlaed flaps ""~re 
((lund to {'reate a hieher ratIo of drag .tu 11ft 
tnan W&II de ired un I!Ome type airfoil ; iIO 

.plit ftap wer devilM!d. The lo~er .secl~on of 
th Wtng I, the only part whlt'h 18 htnaed• 

RESTJlCTED 

RESTRICTED 

and the trailing edge plit. This type of Oap 
does not alter the upper airfotl curve of the 
wing; but it dot'. provide the same amount of 
drag as the cuO\'entional flap, 

Fowler Flaps. Some Alrcrait. e ppClally 
heavy aircraft. need to gain consid rable lift 
in order to slow dOlll'll before landing. Fowler 

naps have been con trueted to do thi. . They 
{'ombine the (t'atur ,. of normal tlap~ and 
. pht ftaps. Fowler tlap, art' II tyl't' IIf ~lIht 
flaps. Tht' flap (lower) portilln o( Ih,' .\lII!!' 
move. backwards 011 guidi' "ithout Iolwt'r. 
JIlg (rom tht' wing. Th rt'arwnrd mO\','nw' t 
n( thiS large. urfact', tir t IIf all, a.lds I" the 
wing area I If, Th .. n. itt!r thf' lIap ha-

gun to mo\'!' tll the real' it I. guidt:d .t,,\\ II 

~---
--- --

".-~ 
~ ............... ---

---- -- - - - ---- ----- -

wards and farther back. Fow l£'r 1I1l1'~ rna) be 
lowered a: mueh as 70 <It'grel' from th 
chord line; and. bt au~' th ~ im·r .. asc th£' 
area and airfoil cune "" mUl'h. Ih{T lIlerC,I .. 
tntal Ii ft (·nnsulcrahl) . Tht'y rt'l'r ~l'nt tho' 
mn, t u. ful high lift c1mg tlt'\ I~ ,lvail,lbl., 
at prl· ... ·nt. 

(·(·rtain ad\'aIlCl's In m"dl'rn tI"_~lgn ha\,' 
hUd an imp"1 tum dr • ..:t 011 flap lit'. ilm . Thl' 
"I.t. lumillar 1)('~1 «('-Iii use the :\pht flap .. 
T" lIlt'rt a the tlal' art·a. the :\t!I.·tion was 
\ '111 I Ill"'" I u,"II'r h· fu lagt' frum wing­
r""t ttl \\11I1{·r'"'t. I'hl. 1111111Valllln ga\ • tht, 
DI':~ I I"ng Ilap IirtS " h'llIfll1g IIl1hrokt'lI 
I n.m lIl"',1l tn alll'ron 

1 h. IJH Il'lb, In iz.· 811<1 1I111l11 ... r .. r "ngilll' 
118 1"111".' h . iliaci,· II nlll'~. an III ma",' 
Itll·g. lilr. raft tn hln~' Ih. I"\\l'r r.'nr !'wdi"l1 

of th .. 'Un II, .... 1 that it ma~ h" 1""I'f{'d '\llh 
ht' rI II 1','. a: III 1111 ,,!!',· .. I part .. I Ih.· /Inp. 

Furllwrmor', ilh t' lIap,. all """ II nCl 

"','an' f .. r high" 1111( I"ad lIirl'r,lft, till ' td.oI 
arl'LI ot lit' tlaJ). 111 u .. I I ' illl ft-,,,, .. !. Till ha .. 
1.,\ tu th .. d •• IOl'nll'lIt ul lIaps from w IIlg-ti l' 
t, \\ I n!!'-II p, \\III~h c"""'llIl'1I1Ir Iol" .. k .... \ out 

th. 'H" •• ,·o!l\.lltlunal" a'''I~1 (.I (" tI ... ail 
('rull 1'111. h, I .. , n .. "" h,'r I. ,. on whln" 
th., d.·. ,·Inpm, III I th ... 1,·\ 11 ,I' II I, tt'ral 
('nntre I Th., 1'1.,\ II "ork, Ii- 1'1 iCI~lItl) in 

8AS1C A1RFOIl(THIN,HIGH -SPEfO WING) 

DOTTED LINES SH EFFECTIVE GAM8ER 
WITH TRAILING EDGE FLAPS PARTIALLY DOWN 

DOTTED LINES SHOW EFFECTIVE CAMBER 
WITH 80TH LEADING EDGE AND TRAILING 
EDGE FLAPS PARTIALLY DOWN 

RESTRICTED 
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plane to roll over. Thi "balanc:ing" of flaps 
i~ now well regulated. 

Slots. Lt>ading-edge flap appear to be a 
rt'fint'mt'nt of an early devict' called the wing 
"~Iot." Tht' .Iot is built in the wing jUllt back 
~. It'auing ... dgt> a few inches, and 'x­
h'nu~ along tht' wing, u~ually in the outer 
st'ction. It b cut through thp wing from the 
luwer ;urfa"" tu tht' top. During normal 
Ilight It play no part in th o\'er-all alrl1O\\ 
fIatt rn; but a.~ tht' Wtng approachp the, tall 
anglt' It pt'rmIL~ air to 110w through behind 
tilt> leading "dg(", impr .ving thl' It,w·. (It't>d 
l harac:t,·ristlt:. tof tht' wing . 

• '!at. In. limp (';U ">', principally lin . mall h,w 
sPt"-u aIrcraft, a slat h Luilt int .. th,' Il·atltng 
"dgt' o f th~ \\ Inj(. whl"h automatll'all~ nWH'" 
flut In front of th., '" iug "hen th .. '\'lnK .. p_ 
I'ro.'lht!~ u ,tall B) mo\iug out aht'ad of tht' 
\\ it.,.. h 1;1t pt>rfurms th,' ~m funetlllll of 
a 'ilot 

6 . LANDING GEAR 
Evolution of the Landing Gear 

Th., \\ njrht bruth 'rs had f w pTflblt'm~ 
.\ h"n it ram tn devi. 109 a landing gear. For 
,. itght. Irm -~l'.·,·d airrrll.ft lI.1'Air of !lki.b wa. 
;, , ,tl~fat tory ~"Iuti 'II For t'Klay'" tift)-Iun 
Ii" mll.·-Pt·r huur b"rnl,,·r. \\ Ilh It -\\\'I.t­
I (. , thlll \\ inl{- tilt' l'mhh'm III .I,: IKninj( 
.j II/lltt, III I ronII'. lundlng g.-ar I' \ n 
C nIpl .... 

. ~ air'r.1I1 IW"cI anti wl'lghl inl'rell. ~ Ih,' 
lild \)en, mi' iml'l'actieal. It \\ a' rt ph", tI " 

• pall' 1)( whl't·I:: ... .L,la (·tI _,dl' hy If 1\, ah •• .t 
uj h, (l·nrt:r ...... { granty IIf Ih.,-•• i raaft. Fe r 
mll"~' \, aI'- th\!Tf'aft r tht· I'mI' '1IIMK" It a 
"JlI)I.rl .. 1I I,,' a t 111- kif!. \\hit-h in lurn \H'~ 

RESTRICiED 

rf'ph,,'e.1 b) a 3 I) degrt't· sw iwl till \\ hI' I 
Thi arrang'meHI became .. tanrlartl nn 
land-UIl!;t'(l Ireraf for ) mUII\ \'{'ar. tlli 
It l)t'Camp. kn ''''n . th,· "Ulll\"~" 1lI1" II p, 
of lallrllng gear (III thl . chaJl"r II "Ill 'nol 
be po ibl· til CO\l'r thl' dt>tail. of lalliling 
gear con. trurtiflll. The discu .. i .. n \I ill I", 
Iimitl'd to hI' "Ill' of gt'ar,) Th, lamlinjr I{' ar 

RESTRICTED 
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change WIlS th.· ,!t.\ ,·1. pmenl , !,,·trA II.h". 
landil1g .'Hr I hb \\ •• J11I1J"1 1"\ Itn., In 

lIin'Tilft "I,..ln"II'IIW, h, ,·au.,' II II 11,1"11 h 
... hllunat ... 1 th ''''I I", rllhl" tlr J{ , I, at. d 11\ 
tI,,· llllltlin,.. !C"lIr It \\., ., 1'1 \\ III", t' '11, 
1,,(,.1'. I II t,dl \I h,·" \\ nlll Ie rtl r Id.II,I. 
rhl •• -hmlnal",1 nil 1.IIllII!Ig·""OII d,;,Jor 

Ju t befl'r,· World War" III \\ air. raIl 
\Wrc t1t'~ignt'fl With th,' Illalll gl'<lr ""'lIlld Ih, 
l'''nll'r of gravity. alld With II mall \\ hlt I 
unuer the no, f' of lh planl'. Thl' 1';lrH,'r, 011-
\t'ntlllll 1 gear had .. mployed three wh 'I.; 
hut III spilt· of thi. , thl' 1It'\\ "y. ttlll I""'am,' 

In 1i.J 
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rently being met in three ways: wheels are 
being retracted into the fuselage; wheels 
ar!! being mad >!mall!!r, and in some in-
tances art' being placed in pairs and 

retracted into inverse, tapered wing-tip: 
(F-9I); a new sy tt-m of ~and out­
rigger I' ar has been devised. 

Tandem ,Ilear has been installed . on the 
8-47. A pair of wheel, ide by we, IS unoer 
the nfllle of the fUst'lage; and a imilar paIr 
iR under th rear section of the fuselage (like 
the wheels under a bicycle). For lateral sta­
bility this type of gear requires small, out-
rigg!!r whed under each wing. " 

Th re I, another gt'ar system whIch IS 
ulled, although It application on heavier­
than-aIr ('r ft I. Infrequent. Thi "i. th mono-

gar. A mall no ·wheel i used to aUlIOrb 
t hI! lanlimlC hock and the initial part of the 
I nding roll. Then a.~ the aircraft low down 
lind Iu. all dying speed the fuselage re!1t8 
on.. kid . Thitl I. adaptable M far only on 
hlCh t am·raft. WIth ~!!Ight and .. pac con. id­
'ratIon- 'Iml.ortant t ... da~· ill lIin'raft dt'­
-Ilfn, it I~ po. ilJlt, that hl'a\'ier aircraft 
might adopt lhl • Ylltt-m. Tht' nu -" heel 
" 01l1d u. tain tht' impact of landinlr and thf' 
a~tual lancling on a keel kid "ould nol be 
haLarduu . 

Thi. lea\e, th evolution of the land 109 
gt'ar where it [<ta.-ted, becau tht' mono-par 
I unly onct'-rt'moved from the kid it.ltelf. 
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7. AlaCUn STAIiLiTY 
Deftnltlon 

An acceptable aircraft must be tabl in 
flight. Thi fDAy be defined aa th tenden 'Y 
of an aircraft to return, without t.be aid. o( 
the pilot, to ~ tondiuOll of te.dl' fti,bt when 
It b been Wat.urbed.. There are two general 
('1 .. '\IIt'. of stability: static stab' it)' anct d~-
narnic stUallity. -- -

~ Ity 

An aircraft is tatically stablt' if, wht'n 
disturbed from a condition of t ad)" flight, 
an unbalanced force i automatically lIel up 
In the proper direction to r tu rn it toward 
Itl nriginal attitude of tead) flight. Tht' air­
plane ill statically unstable if the unbalanrl'd 
fnrces direct it still further from the nrig 
mal attitude. If no unbalanced forces are IIf't 
up, the aircraft ill said to have neutral ,.tatic 
-tability. 

Dynalftk ItabWty 
When a statlcally- tabl aIrcraft is dlll­

tu rbed from a condition of teady flight, It IS 
r".tored to its initial attitude by a built-in 
force Ordinarily, thiA force will rarr.,· th" 
plane ~yond It. urI«inal attitud . Tht'n, sm" .. 
it "' talleally stable, a force win be -.el up 
III til oppo ite direction, cau. Ing the air, r ft 
tn wing hark agalJl . Thi mliY I ' rq .. ' Ie.! 

'\crlil tim , the ain'raft I)sl'illlitinj(" JlH r 
he n"utral po.!ition with a mutHln "imllar In 

lhltl of a pt'ndulum. If thes.' 0, illlI ion Ih" 
Ut and the airplane return!! tn !t~ IItigmal 

I ()n.htion of Mtt-8d~ flight, It j .. uYllaml"alh 
allie. If the OIICillatlon increal«> in magnl­

ludl'. the nircrllft IS dynamkally un. tablt, 
lind if the OIICillation. rontinue unchang.'<l. 
thl' aircraft baa neutral d\'namic tabilit~ . 

It. houM be noted that dynamIC .lalllht., i. 
dependent upon tatic !!tllu!hl)"; that I .. if II 
I tatkall~' un. tabll' It will /1\11 hll'" h 
ppt.rtUDltr to d mon. lr II' "ht'th 'r IIr nnt 

It I t1vnamically . table, In e Iht' fClre •. nt't'­
. liry to produce th.· o"CiJl liun. "ill never 
'. I up in a tatically-unstabl 8ircrllft. An 

dlrl raft may be statrc II)' ~Iahl and dynam­
Ically staLle, or it may be • tatll'ally _ tan Ie and 
.I)'namirally unataul 

tabillty j I' ntial In any irl'raft. An 
'III. table plan may be flown all right; but 

it will require constant control. A stable air­
craft, however, will remain steady in level 
flight, ,without the necessity of con tant ('on­
trol; furthermore. if deflected from level 
IlIght by a gu, t of wind, a stable plane will 
return to level flight Itself without requIrIng 
that tht' pilot apply udden cor rection. 

A ••• of An Aircraft 
An alTl'raft h thret! axe , and 1111 motion 

of th alrrraft I around one or more of these 

axes. The lateral axi is long a hne (rom 
Wlng-tip to winlr-lip thrnulfh Ih center of 
gravih·. Mlltion about the lateral uxi. I. 
called "plll-h," and I. ronlr(.I1.", hy tilt t'1.," 
,'ator . Thi lat rill motinl1 ,'au. " he plant' 
to chmll or cit' end. 

Th., lun IIl1llinal a. i i. IIlonK 1\ lint' from 
the no"it' 10 (h .. tail Ihruujth thc cl'nler of 
gra, ih ,fotH II ahout the lonjtllwlinal lUill 

I. callt'd "roll," and i~ ,-unlroll,',1 It~ Ih •• ,,_ 
"rnn. or devlln .. Longitulllllal mol ill" ("IIU. t'~ 
the pl8nt, t(1 turn tlllht IIr I('fl. 

The verti"111 a"l~ i. alnng II lin cira" n 
\·t'rtkall~ through Ihe ,'l'nl ' r ,)f glln it.\" all,1 
(l<' rpenciicular to h(lth tht' lpngitmilnlll Dnd 
latt'ral alti!'. foti .. n about th wrtil'al a i. 
i~ called "~'a" ," and ,~ l'unlrull ... 1 11\ Ihl' 
rlltidC'r. 

•. PlOPILUIS 
WI' haH' aln-ad)" rn"lItlllll,'d Ihlll a prll-

1"11 r I 8n Irfuil, and II.· ~lIlh II ~"I "I' 
(01,'.' tht'. anw a 11\ olh,'r ;lIrC .. d . \\"h"11 

tI", \\ fight brlltht'rs "pr plalllllnlf their air. 
craft. they tnt ,i I" find '111 if allY. ' .... 11 Ilk 
dalu,' i~ted governing Iht' UM,' nf pr<lJ1l'lIt'f:' 
The.\· found that for air.'ruft Jlmrt·llt' r. tll"Ct, 
wa. n(l rehabll' dllta. They evcn tllrned C1 

51 i ntitic dllt nn slt'am. hip prnJ)(>II l'r.· and 
fuund that there ""as almost nothing on tIll: 
suhJt!Ct. Berau. of Ihi. lark of matl'nlll lin 

RESTlICTED 
2·19 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

ItfSTRICTED 

2 BLADE 

r~~=-_~..-J. 

3 B LAD E 

4 BLADE 

THIS PAGE IS UNCLASSIFI ED 

PADDLE 
PROPELLER 

RESTRICTED 

to rotatt' <It a con"ulIlt rpm r.'gartll". ~ uf (h,' 
:iI' ~t (It the linraft or tilt' I"" CI' "PI'II"I. 
fhl_ Itl\' th,' pilit rull"nntrlll O'lr til, pro­
pelll'r. He mal mUI" (h., I'rlll'..JI,'r Ir"OI Ih 

(lip rpm IlInll, ,.round :!~C) fi,m, til lull -
f. ,1!l1I rJllg 

1 " Ihilt \ of tht' mod'l'lI 1'1 !'I,I],or III 

"C"HtllI'r" I II. til "til "l'C. al~ It'a III'" , 1 hi 
,',Ill t' (il oll,d". (II turn \\ IIh th"lr 1"Hllml{ 

RESTRICTED 

FEATHERfO 
PROPEllER 

2,21 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THI S PAGE IS UNCLASSIFlEl: 

RESTRICTED 

I:eful for an lht.'r Pllr)(), . It can ~ uaed in 

Ihjlh to make It po ible for an aJrc~aft .to 
<1e.·e"lId nr~ rapidly. without increa. I~g It" 

Ir l' '!1 appre iauly. from a high ~Itltude . 
Wlttl la rjl aircraft t1~'mg at very high alu­
u,l", tl,,' tim' r qUlr I for 1I0rmai let-{}own 

I cun~)(lt.'rahle. B) rever. ing th propt'll r 
th' . amt.' aJrll"llft can Il!t down in a fracti n 
01 thi. Iml!. 

In ummary, it miilht be added that the 
rapid introduction of jet-propelled alrcraCt 
ha. brought up the qUl', tion of the future of 
the aircraft pmpeller. In certain URag., th 
Jlt-prol'elled . Ireraft uut-I rform. the pr~­
peller-dl iven aircraft . But for suI-wille 
"pI' d., at altitude below 50,000 feet, and for 
economical opE'ration the propeller driven 
aircraft is ~llll upenor to the Jet. 

RESTRICTED 

eHAPT.R 3 - alReRan POW.R 
PLANTS 

l.enON I • TYPiI 
Aircraft propul IOn ha. required th .. IIt­

mo t in engine performam: . • 'c' u. tam d 
Ihght had t-n malit' in an heavier thall-air 
la,'hlne until 8 pi. ton-driH'n, intl'mal­
'm"ll~tionenl{int' W8 hulit \\hlch l'umitin 'I I 

la J{l1 pOwer \\!tlt Inw \\t'lgitt. A \1'1'\ 1I.'arl. 
IC ... •• "ful !lIght had l ' II mlld~ \\ I h ,. It',UIl 

I IIII'llI(' I 'fore the flight of th.· Wrillht hi .. th-
I , Lut no wholly ~ucct'ssful I'ru to tYl't' \'''\' 

mad,., :In'e the time of tho Wnjrht ' rir 
hght all !IOrt!< of engint'. have I 

On. II1lCeniuu,. 1II\'l!ntor t'lIl"'rtml'n .'Ii "it h II 

rHlar~' englll . Thi<; I. not ttl I 'ronfu ",I nth 
II(' radial englnl'. All part,. hf the rotan 1I-

IfIlU r(ltatt'd Tllund a tixt'tt l'rill k"haft. Tho 
pr pt'lIl'r ""uld th n ht, dTI\'t'n h)' th ' IIICII!." 
I .t the h ft. Thi. 'nlllll{ mlllht haw h.TIl 

III f{' U('C . ful in th,· "lIrl~ <I." (It a\'latiol! 
II t Ilad nut u. ~I din'( l Cu.-I 111)1 t lOll, \\ hid. 
"I Ih.lt lim .. had I!ot I ~'n lll'rfl'd«l. 

LIQUID-COOLED ENGINES 
rht' 12-<,) lind .. r, it'IUld-"flnll"t Lit .rty "I! . 

JClllt' \\ as thl' out. ndlllg Al!wri. an :lin' raft 
'I'ginl' tit World War I and tht' Pt'rwd (ollllw-
1I11l. It WIiS Cflmpa t and Jl<l\\erful. Th rt' wl'rt' 

1Il1ln\' \arta I'm. of 11 IUI,I·,,".I ... 1 ~1!1C'lIt- . lIt·h 

I .Inlln , '-t~l't" In \.·rt.~1 "-tyl" ; " I'po. d­
t~'I" , fal\ ·t~ '" ; olnd X-t",. '_ I he huge AIII~"l1 
. 1111 RolI,-Ro\\,' .lIlCln." \dlldl I"'\\,,"~I 
mum' of tht ,,""rltl \\'al II /tln'rall ICo "lit 
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omJ"l·.U~t ,t-e .",. "'" .. hIre n'O 0 'ITIot! 100(1' Jut' 

~tn'e ."e e"d of' l ,H .. ~ ('I IPO'" "0", 0 .po'~ 

p 9 Q" t~l ••• '"., N t (e thot t_o of , ... " f''''''l'nt, 

oc. Wi dVI"Q ' ..... i ,ho,e 

pown SIIOKf 

• ". pn'or: ogo," 1"0"9.' h dl,.(hO" of ",of.on the 

... t "9 fuet '.n:J~ 10 fOHn a au., ... oJume of gal • 

• pte"utJ,e 'hUI ••• "ed MO .... ' the po,tOr"! Thll fJ 

• ,,0""'.' \t ollroe 

EXHAUST STROKE 
"0 of !"~ r rd ,tro~f' 'hf' • .t,oust 

ton 0' tt,f' p'l'on "'0_., ' if' f "It 

U Oll ,,10" of I .. eye. It PQ,t'liPt Ihe b""ned 

~o~c. 0,,- of I~r )ltnde, , if' cyt« now It ,eady 

d '0 beg" ago ..... 

fou, 5,,011. Cycle 0' Reclp,""'" , .... ,,.., C ..... .,., ........ , ... 

RESTRICTED 

F-SI 
INUNE ENGlN£ 
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with the claim that the liquitl-('uCl t'CI engine 
run/< . mOclther. 

It i. not n ce ary til take . ttl ill thl. 
1:~UI'. Both ty(l('. arf' out. tanding pmpu\. ion 
clnit. . 

AIR·CooLED ENGINES 

The /<Ir-('(I<.I d. radial "lIgnw i a I r .. dud 
of tht' adation indu. try. With a to\l • \~t:I" 
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PRATT-WHITNEY WASP "MAJOR" (4360) FOUR ROW RADIAL ENGINE. 

roda~ h. Pra f and Whl nt'y Wa p "Major" 
(R-' 0) (nr n. nSI'ts of four r WI< of 
.. r -It r' ... ne l>(>hmd th 11th r. 

REACTION-PROPULSION ENGINU 

:ummart&inr the \ariou!\ types of air­
craft nlflnell there are many otbers \\hich 
might be mentioned. Th turboprop u II 

th cf)m(lre~~r-lurblne combi nation to drive 
a propellt'r, and I. an l'ffieient enrin of great 
Important' . Th turbo-ramjet u an added 
ramjet tagt' In the after-burner of the 
turbojet. The rocket- ramjet combines tht' 
f'l\Ck t ami ramjet to provide the ramjet with 

RfSTlICTfD 

II!STIICTID 

CUTAWAY VIEW 

TURBINE (GUIDES) 

TURBINE --___ J 

COUPLING ------/ 

BUSTION 

tnt rnal thru"t from "t'St. R.dlal (,lIgtne.~ 
t a\ t' bt>en used as compre~r. coupled With 
a t~rbine . . In other CA1Iea the exhaust of the 
radial e .... ne ia IUed to auament the total 

--=,,------ AIR ADAPTERS 

COMPRESSOR STAGE 

'------ AIR INLETS 

~--------IMPEUER 

------ DifFUSER 

thru. , of th., power llni . Whnt .. , r lh,' ('nm 
lunatl."n. or in (·a~. wher.· thp ri'lll: ion II 

gme III u~ by Itllt'lf, lhl. new ramil\' of 
enainea haa no~' awuna the um t~ tht' 
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Engme. of 5,000 t. 7,0 C\ puund. thrul't are 
now in 't'rvic ; for { II utilizatlon th ... aWllit 

• ul r airfrllme • 

SECTION II - OPERA TlOIl 
1. PISTON-DRIVEN INnRNAL 

COMIUSTION 

engme has made great inroad. 10 the fi Id 
of IIlrcraft power units, most oblWner be­
lieve that th pist.un-drh·l'n. internal-combus· 
tlOn l'ngint will be used for varlou type" of 
aircraft for many years to comt'. 

2 . REACTION PROPUUIOH 
DefInition 

•• rt ,n II • y, "hilI "n'., ting 
'fIt' IIItall the lore the .,."t! onoy ,'. l'ftil 

on th fir t, Th refurl', it hould follow that 
:.11 .. ngm , op4'ratf' on the reaction principle: 
llnd furth.'r that dlTl!d-propulsion engi 
ar prlmaflly reaction propull'ion, and then 
uhdiwled Into jet propulsion and rocket 

"ropul ion, For thl! pUrpoMe8 of thi, COUCR 
, IKH'f' d"timtion will apply. 
R .. a, tlOn JI pul ion i. II fined a" "a pro­

u1 lOll . \ ,I. m In which II forward motion 
'f thfu I I )1NduC't'd b' th .. eXJluU n of 
pf pellcnt II/l thruull'h noule (.r ""nturl. 
iC' n rally I nl'ltudinally oppo1'ed to the in­
t .. n<it-d hnl' (If tfav"'!." Thi definition, in 
.-ffl'<'t, .tra . a lin lX"tween the reciprocating 
t'ngme and th pillton-drh·en. Int rnal-com-
1m tinn entrme. Actually the pi ton-drh'en 
l'nlme and the reaction engine are both in­
t rnal combu tion engines, 

RESTRICTED 
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J~t pr.opul ~on i~ defined as "rt'action pro­
pul!<lon 10 which the propul ion Unit obtain: 
0, nren (and m ) from tht' air !< dl tin. 
gUI ht'd ~ro,? rO<'ket propul ion in III' hl~h the 
Unit arnea It own rna Illld ('(Ill1hllr nt ma­

\t~f1al. In connectivn with airlrlltt I'rvPUl.ulO, 
hi' term Tt'fers to a Jet UDit which.lI hartre. 

h t gns throll hat II j,ipc IIno It nnul • lif­
fOl\llDg a thru t which I'ropt'l the alraaf .. 
Refore proceedin&, furth r llO dt'ftmti"11 w. 
should study ~he pnnciple undt'fl}'ing tht' 
theory (If ~8C.'tlOn propul. ion fur IIlft'rait 

PrInciple of Reaction Propu •• lon 
Although the idt'a nf r"arlinn prtll'ul ion 

I" ~'('ry (ll~, many 1"'\'1'1 .. do nol r kliM" how 
It I. ~', Ible for an ail't'raft tu Ih \\ Ithllllt 
. ·me vl.lble mean of propul. illn It i I,'m 
mon ~hef t~at the lIuper.<Uni.- ,.Iream of air 
which I. e,mlttt'd by thl' J\'t IlKin! (tor pur. 
pO 'I' of !llmplifil'atlon h., t.'rm .... t • IIll"iw'" 
',\ ~II. he UI't.'<I. a. lin t xampl., or II l\ pI'" o( 
rt adlCln t'ngmt'.) pUl\hc. again-t the uul 'ltl. 
Hlr and that thi. !<omehow pu"h. lh., ~tir 
('l'Ilft al,nnll. uch iOl'8, 8fe III' holl> "rr. nt'oU., 

If thll< 1<1(,1l ~ l'rt' trut'. a jet I lalli' would t"k 
,ff IIUlckrr If It wert' back ... 1 up agalll .1 

wall. If .thi. i!l not tru., th'-II, hilt I ' he 
e plallatJlln ~ 

Tht' jet ('ngin i m"\'l'd (or\\ani h\ Ill. 
'~(- ph),. It:al fadur "hll"h ('dll • lUI' ,th"1 

, n~IO" to mo"" (<lr\\ ar I -h\ n'ad lUI; tn t I, ' 
' .. tlon of th. . Th • 

I 
'ntr]n I' fl.lIll\\ Ill' e alnl,l 

\ I I hl-!I' tu .- 1)lal'n h th It" I( dl't'oll prin 
ell'1 "I '~atc •. If n 1'\ f. 111 \ t r. III It mill 
r,l hllat In th., midell uf \'lIln I. • h, \\ 
co II~ h(' m k hi. IK.JIlt m l\ \ 'thoul 'j II. 
arq. All that wHuht he n.~l tI ""uld I .. 
at r hUI keto 

H" euultl <lip the buck ... t in Ih., wall'f and 
thlln h 'ave lh. b.lt'k.·t·full of watl'r O\'l'r th .. 
t rn tlf th - Oollt. fh OI.at ""uld mn\ ' Ie r­

\\8rd. Wh)? 

If th' huat " 're loa. k d up IIgair t it \all. 

ItESTltCTED 37 
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buck"t of water wIll work In the oppo!<ile 
cim'diun. Ju~t a,: though he were pu. hing 
UjC:lln t ht' .... 1111 with th ... m,· amount of 
('r '. ami thO! b"a! \\ ill move. 

\ Jt' ,'ngln tf.. nut Ju:t throw one huc'kd 
,'f w,lt . r (1Ia,~) (]\ 'Ihoaro , It lhrow. a :leady 
~ln"anll,f air (ma,.,) To make the lx'at 0, r­
at hKt' , Jl'l airtl aft ti" ~I ,>UII Ih,... 'it."­
t'OIll \'" lh" t'nginc; he S 'oopll up water (air­
"m,. ') an.! hllrb it (acceleration of mass) 
0\ Hbv,l rd as fa . t and a!' forcefully all he can, 

mendou8 volume; yet this mass i accelerated 
by thl' engine every minute as a teady 
. tream. Thi m8l!!I, plu: the mails of the fuel 
consumed in a minute, i. the "wall" or "hucket 
of water" against which the Jet engin pu he!;. 
The Jel engine pUlihe thi, air out, and in re­
turn it is "u:hed fOT"ard wllh an CtIUal force. 

The dilferenc between the jet enfine and 
the rocket motor ill .Iight. The prlOcipll' i, 
the ""me. The jet engine n~d. air for the 
mal> which it pu he on (ace leratell), and 
to provid,> th,' 0 ygen which it need 10 sup­
port combll"lion. Tht, r,,<.k t motor carrie, 
it.. wn "ombun'nt agenl III ygen Ill' an ele­
ment Ilf gunpuw(\er. or liquid oxygen 8.'1 a 
part of itll pr,'pellant) whether it ill a ohd­
fuel rockd or II Iiquid-fut'l r,,~:ket, Thill dif­
f'r 'nc',' point. lIut h .. lulvantagl'l\ of ,'ach 
IY[lI'. Th Jt't t'nglne, becaul't' It dne. not have 
II rl'l) un rna,., and (\ Htl'n carri .. 'tl with the 

aIrcraft, (lpt.'rates mure tfi ientlr in the t-
mO!lphl'rt'; but of cour .... i .. Iinllt~ to opera­
tiun in the atmu~l'here. 

MeanWhIle. the rocket motor . bt-cau it i. 
:<t'lf- utliclent ('an op4'rate mQjOt efficiently b.'­
y.>nll the atmu~ph re in a vacuum. When on 
rt'alize, that the reaction-propul. ion Jlrin­
l'iple functions by th push applied to the 
mUll lOilide Ih.· engine. It I, t'~y to unller-
tand that a rocket wllrlu! bt' t in a vacuum. 

an " ample : The air hal' weight; it i a 
Ihud: It I. rl'lath'ely den . Th n'fure, "hE'n 
a Jt't engine III lit !>Ca level, it has to push 
the rna. of air out into that "den "air, A. 
a re ull.. it h&ll to work harder at IM'!II level 
than it dOt'll at hllh altitude. In a vacuum 
there would be no .preMure at all out"ide tht: 
tailpipe: 110 the enline could hurl Ill! malltl of 

RE$T1lICTED 

"Ir out ea i1y. Of cour th~ air at hIgh alti­
tude. though it is thin, is nol vacuum: but it 
approache a vacuum. 

When one throws a ba eball, one ha. 1111 

difficulty hurling it thruugh the aIr; but, If 
.. ne tries to throw a balleball underwat r, "nl' 
hnd· that the harder un trie to thn,\\' tht' 
Ie. it seems to mov . One would reahz that 
il ill mo t difficult to aecel rate a rna " in II 

tlen. fluid. Thi ill the prublem which a 
Jl't engine, or rock t motnr. I'nC()Untt'r at 
ea level: but the higher the ('nl(int, Il'>t's 

loth r thing belOg l'Quall th .. ('a~i r It H' 

fur the englOe t() operate. 
In thin air, at hIgh altItude. tht' .'nglllt 

mu. t move fa ter (travel farth r I tn ... ·o.,p 
up the sam volume nf air whllh it dId at 

a lev('I, And bt><'aullt' thi thin aIr cn'a 
It, drag owr the airframc t hIgh altItude, 
the enline does mO\'e th aircraft \ I'n fa"t. 
The f&ll~r the Jet engine gt ", tho' mu're elli­
d nt i ill! operation. Actuall) th ,.;amI' .J-:l3 
jd engine, which 0('\'1'101' 411 (I I'nund~ uf 
thrullt at. a 1 v('l, ill'velup!\ hut WOIl )1011 lid. 
at 35,O()O f(>Ct; but lOtIO puund .. at :I~"Clt)1I 
(el t tlnv the aircraft (a. h'r th/lll W,'II 
pound dl "lIt!<eB levI,1 

We hav mlW real'hl'd th .'('lIdu, iOIl III 
hIli OI!<CU, iun lit "aer,,(\ynamll' :ilia! "r"l'ul­
wn," WI' have onl~ _ ratch ~I thl -"r(a,·," ( 

thi very com,,1 x !<ullJt'Ct, In thi. l.rl'<I' nt 
• period, the pow r Illant h lOut trip, ·tI the 

airframe; but tepa are bemg taken til (') I' 

the gap. And thi i where the intere. ting 

part of the. ttlry Ires .• 'I'W ,lirfram : WIth 
"dl'ita" w inll., W Ilh ~w.'pt lind, \1 lIlg~ on 
II hleh the angle of , W I P ma, h., chl<ng,·,1 
in flight, ~uper:<OOlr bIplane .. , anti th(' u~> of 
Jlr"Il('III'r. for . uper. unie I1lrt'r,lft; ~ul'l'r­
. tlnk hcliwptl'1' , anti n n, .. Uwr d.>. ilCTl. 
an~ bt,'l11g tl'slfil. 

Furthermun, the \1 h .. I.· n'alnt of hIgh-alII . 
wi!' IlIght t·n'at. a II \1 n,11I1l \I ur)c) Tt'll1 

pO"rat urI'. a.- Itlw a, - 1 /(I tI"l(rl'"'' F n' 
"m'llll III I'rt'd , rntfilr r .. f",." to r'lIdi 11 a" 
l!rt·dld.~I, '~Iui"ml'nt 18 l11o",'rall\ .. h\-','all I' 

I r t h,' ~ul" , and ulh. r alhl'd plubh'll1, t'r\'IIIt> 
II"" il'III, to 1,<, I' "),,r"I!. nil, part IIf the 
iI. k CI1I1 nnt ht' \'''lIl'1l1d''d, It 1I11'1','h "01111'. 

t .. lin pnd at 0 rertain pallt' WIth ,I ilOlttle., 
,tory till pread and befort, It. 
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CHAPTER I - WIATHIR 

Amo. I • •• unO •• HIP OF WlATMI. TO THI 
AI. FOlIa 

1. INTIIODUCn ON 
In reading a Ii. t of flYing r<!gulation. pn-­

pared in 191 for lin • .' of thl' first lIa, t'~ P. tlih­
Ii!'lhetl In Alablima. it wa" nutl'd thaI the 
regulation. were a bit c·ruelt· and \'er~ brld. 
One point. howen-r. to<ld nut allO\t' th.· r(', t 
-th., I"m 'nt of w ·athl·r. On rt·gula ion 
r >ad. in part: "On cro. l' ctluntr) flying. rt'-
maUl w thl' tJp.!l.Q..r_l_ a dtnk 
find,) our way thrQlI.lththem a ain." Although 
I i, not nect'. "arv to lit' ljltitt' ,II n. iH' In mod­
,rn rf'gulatilln .• wt'athcr ~tiJI rt'malllS Ihe 
If"~('rning (actor in flight planning. whdh! r 
It ill fllr a ,'ro, !H(Juntrr tr'lIlling flil{ht Ily 
. ingle airplane or for a major wllkal up"r­
.• tlnll invillving thou,an,," 01 Iklmh.'r u/,d 
tighwrll. 

In 1934, th Im~)rtanc of mt'tL'ur"lngy 
and weather flying wa. or ught hnme Ilra­
maticall) and tragically to th~ Army AIr 
Corp. At thf' order of the Pre. ident, the AIr 
Corp agrf'ed to fly the mail. But ,-\rmy pilt.ts 
wt'r not trainf'd compett-ntly In l'ollt' "ilh 
flyin, through difficult wl'atht:r. and erll hc~ 
were all too frequent. The III." of mell all<l 
airplan'lI, howe"'er. had IIlIt- ,lIlutan .'If"l't. 
Realizing it "hortcoming., th. ir (C1r~' 
revamped itl' training progrlim. lint!. alnn 
\\ ith other chang ,mt'teornlojf) lind \\ ,'ath"r 
flying rt'(' i\'ed major t!mphlllli, 

Modern lICience ha made po NibIl' flight 
through almollt an} trJlf' of \\cather. but 
reo tricted visibility lind other weath r factor 

"tIll r -malll th grealt' t huzard", to flyinll. 
In IIlItlilioll to imprn\'lllJ( lIirt'fllft, f1i)lht in. 
"trumt·n'~. and l'ommlllli,'lItlOlI fB( illtrt· ... till' 
pr"lCr.·,,~ mll,l" ill uhtllining and cli~~ .. mi­
nalllll{ ml'l."rClIcljri<-aI infurmulitlll hB. bt "n 
IIr IIlmu I ill1l'<Jrtllnct' ill makllllC \\I'uthl'r th­
ing rt'latl\,t'ly ~fl. 

I't'rha,l" tho' gr"IIIt' t t'\'idt'n,' uf tilt' Im ­
!,"rtanl'! of 1lI..t'~H' .. I. , to llIilitlln 1l.\'Il1l1' 
\\a, ,I'n1ll11 tratl't! III World War II. The 
near-di~ trOUlt rellult of the "Battle of th 

",ure I-I ",.pa" .. ,o locl,..,._ 5y"'''' 
for 'ts "Ie'" ''''0 ,Ite Upper A''''OIplter. 
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plac~ from a topographic standpoint that 
airbllge~ can W 10000led. on the east and ,,~t't 
eoa~t. particularly. are In the fiords, Air hd­
ing down off the Greenland icecap to the a 
has n known to blow thro~h the fiords lit 
velocltie of more than 120 miles per hour. 
Winter winds up to 80 miles per hour have 
been recorded in the Canadian Arctic. Ob­
\'iou Iy, bluldinp in the far ~orth muat be 
"I'll in ulated to keep oat WInter tempera­
tures of 50 to 60 delfte88 below zero. ThiS 
insulatiun i. nt!<: l'sar)' from a fuel economy 
~tandpoint a, well a for personal comfort. 

A weather factor entering into the con-
trllction (\f runway i the diret"tion and 

\'doci y of thl' prevailing winds. ao.i1 and 
temperature (,llnl'ld rations alao are Impor­
tant, nnw cia), anel \"lIlcanic ash swell or 
"ht.an·" wh n they get w t. Thill "heaviq" 
adwn 1 much like thaltl.lch occurs whl'n onl' 
cook" rk with "ater. The whole mass end" 
lip \\llh a \'olume al'parentl)'lllrg~r ~ha.~ bot~ 
",Ium , comhined, A runway laId In hea\­
iug", il will not be a runway \"~ry lo~g. The 
cmpcrature range of the area In which th 

runWIl\' i, to be laid mu t be taken IOto ac­
c unto 'In the Arctk, ,ummt'r ~' imum te~­
p .. ratur', uftl'n go wt'1! up IOto the 90 • 
an,1 ~<Jmetime reach 81\ hip u 100-. In the 
"intl'r. h:mpt:ratun· may. \ide d~wn tn 81\ 

10" a..- 50 tu 60 \x>lo1ll. alld 80m times even 
Im~er for short (It·rlnd Thl. wide annual 
r n t! 10 t'mper tur impcwtea severe d -
malHI. 011 thl' I' !,anllion capabilities of a 
r 1II\\ar. IHII 0111' "f th problemll that m~t 
I..., nn lilt-red In planning halle. for Ar.~t~c 
01 'ratio\1,. Much of the g~ound in t~t' AJ'('tlc 
i undra Thi. fre..zell In tht' wlDter but 
l1llrw1l tn thl' lIummer for thl' flrat few feet 

.1 rl'malO, froz n deeper down. In um­
Int'r, h Ifround cannot drain eflectivt'ly dut' 
1 the frozen rround l~low it. MO a 110ft mUll 
r. un .. -'I 'flecti"e way of oVE'rcoming thi: 
III l'U\l yet h~ hf.t>n found. With our. pr a­

n h~ll\) air 'raft thi~ pre nt~ a dime lit 
problt'm t o\' rcome , 

rh . f .. ctHrll indlcatt: that the wE'ather 1 

an lm('tor nt fact.'r to be con iclcn'ti In cun­
lruction of air 1\ Id . The be. t that can be 

done to (1\' rrome the ~e th r faetlOr or prop-
..,rI . acenunt {or it in planning of air base 
It. mak" climatic lItuely (If thl' area and 
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aSlle the weather fal'tM from that. 

Influence of Weather on ottenslve 
Mllslonl 

If Ihe A-homb I" u",,·d. It mu-t be 

III planning n at'rial(lff·lI.h ,th \\lllth..,1 
f. c or a, umf'!I I h hI h ~t import, 1 I'. \\ hat 
type of aerial off n!<t' I ill be condud,·t\'/ \\ III 
It mhrat nighltilllt',ol day tim" .... 'I.ltl .. /I , 

or ilnth? How mam' of 0,,' 1111 '"inn IIllil I. 
rl'ftuired to utilize IDfltrunwnt bumbinl( tHh 
OlqUl'. and how mall,\ mal ht" I'ld, .. 1 10 t 
\,I"ual~ 

Tylk' of M ' . n. With It 'f 'cl t, 1111:1 
operation v r u dllytlmo! I'(·ratluul<. II I 

.,f thE' indWltrial lIM'a .. c the \\ urld he III 

arE'a under tht' IIllhlClin 

'hal i . air thlll ha- hlld 

Effect of Weather on Defensive 
Operation 
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ba.<,," and the ~ea. 
It i" ~nu nt, thl'r for , that w~ather hould 

h' I' n""ler ,i III air defense plan~ mainly 
(rorl th :tandi,ulnt uf ~"timating enem~ 

capabilities and in locating interceptor bases, 
Again, the climatic study i. the only mean 
a\'ailable for a, e "ing the inlluence of 
weathE'r in plan. for air dt'fenl't', 

SECTION II - CLOUDS AND SKY CONDmONS 

2. SKY CONDITIONS AND CEILING 

Definitions 

' .. Uti " .\ ,'r, mt'Il'Orololll!< . 
fl U 

Amount of Co ..... 
When Ih'e-tenths or 1.. o( th sky i. ub­

..cured by cloud" uut mor~ than one-tenth IS 
l'uvered, th . ky condltiun is referred to as 
,;catt~red clouds. If nltlre than ""e-tenths of 
the- . ky i. covered hut II porti"n is viSible, 
th ,k,' (/Jndition is then r ferred to a, 
broken clouds. Bruken cllluds conllutut a 

"ellinll i( morp than mne-lenth of the kr is 
CO\'E' red , If the, ky i complet I) hidden by 
II .. ud:, tt ..... ondition I~ known li, an o"~rca t. 
-\ piL,t Hymg through or over an u\'erca, t, or 
a IIr ,k,'n rnnlhti"n, I ~id to he Hying under 
III trum~nt ctlndltion becau!!t' he C nnot 
n mtain hi. lit' rinf or hi: cour!!t' by vi ual 
r ft' r nl"e to thl.' gf'luod 

Ceiling CIaSSiflcatlonl 
In lI'eoeral, c illngs are das.l" d ,'ording 

• the III nner in which lhe~ are olli. f\'1'I.1 nr 
\l a. url'd, and r repurt~u a c(lrdingl},. They 

'Ir' ,'"rrt'I'tl) rep',rled tu the near st 100 feet. 

\I.asured ('"ilin , M asured ceihnll are 
l'llm&, that are measured act'urately by IIOme 

I'" of mechanical de\ Ice or an ac 'urate ref­
.. renee, Some of the m thod. of mE'asurement 
,.re follows : 
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Cei~ter. The.. ilolMter is the moet mod­
ern ill8tnament develo~ for me..1lI'iD, Ceil­
in . A modlllated beuD of II t ia roJected 
to the t;iie of clouds. Some atance awav on 
a meaaurea 6Uii De is an "eye" eqUIPped 
with a photoelectric cell whlc:b acan. "'6e&iii 
of Ii,bt and locates ita Inte~ioD with the 
base Qf douda~ The aqle between the orl­
ZOD and the line bet 'eeJI the "Qe" and tht­
intersection of Ii,ht beam and base of c10uda 
is recorded automatically in the weather ta­
lion. The heirht f1l c:IQ equal to the 
lenlrth of the baseline multlpled by tht tan­
gent of the above An,le. 

("rilia U ht. Durin, th hours ue dark­
nt,. ,the hei&' t of the ba of th cloud. lIIa\ 
be determined hy the Ult' of a Ii&"ht kntllovn ~ 
Ihe "c('ilin&, Ii&"ht." By oheen'ing the point 
at which the light strikes the o\'ercast through 
a clinometer (a device \'ery "imil.r to tt1e 
common transit) llOme diatance away on a 
measured base line, and applying triangulll­
tinn, the hpiaht of the base of the cloud I\la~ 
he determined accuratel~', 

Balloon Ct'ilinl The ceilinar height D1a~ be 
calculated_from the raG! of a~nt and lime 
nf a:4Cent of a lu·drocen·i\lled talloon Into th 
overcaaL Thi" method IS IE''''' accuratf' than 

Ime of the other nwthud .. 

laclellnite ('eilUtg, In many in tanl'l.'. th~ 
bal<\' of the cloud i,' very ind flnit . Thl' bot­
tllm rna) be une"en or \E'r)' thin aliI I II I:> 

difficult to determill Ju:<t when Il h .. lhlll 
ent('r. mtl' tit 1)\·erI'Jl. t ur JUst ~ ht'I" th.' 
l,t'lling light IItrikt, tht! cluuu!!. Thl. t~11t' of 
tolling i knuwn ii, ' an "inripfilllte cE'lhnll • and 

I~ reported aa lIuch. 

ircrart C~i1inl. The't' are dt!tl'T11llnl'd 11\ 
"""lUI', tlng a 11I1 .. t Hying owr a w('ather , t~-

t;on to rE'port th hdght of the ba e uf thl' 
cloud" a read un the aircraft altimeter. The 
/>llot rnay radio t ' mformation I.f hi IIwn 
volitIOn. 

E tiMated CriJings. A" the naill' illlplll' , 
1111 e"hmated l'eihng ill unE' that I~ e, llmated 
Wlt/wut th U!4t' of mE'ChsDI alaicJ b,' a w a­
ther uUSf'nl r III the grounu. It ilt o~ of Ihe 
most ('tlmmUII m(,thl,u!l If d~t .. rmining l"eil­
inp. Tilt' in ('l'uracy (If this methud i Iluite 
"h\'lou . HI'''' ever, all I' periellcl-d Ilh><ern r 
Illuall' Will bt> I'Ilrrt't.'t to withlD 1\ il'w hun­

tirl'li ft't't. 

I'redpitatjon rpilinc, A 1"'t'I'lllIl:lll'lI \'t'll­
IDIC i nut nt't't'lWlrii. the ht'lght ,'f th .. ha.-.' 
nf the cI.)uti • but i~ tht' altitudl' al whll'h a 
pilot w .. uld n .. t lll' alii., 10 ha\t' vi. ual r..tE'r­
('111'1' til th(, Ilrllund tlu. tn thl' aml)Unt of 
preclilltatioll , Thi t I'" (I( " .. ilill!!' 1II1t" bo , 
d terminecl hv all} .. t I hI' ahll\l' lTI .. thllft.. 
e. ~clall)' pil,;t rl'p'lrt., Ih., U-t' of hnl"~.ns. 
or ,tim tHm" 

3. CLOUDS 
no Utili an' th., mv:<1 im~ •• rl~nt 'lIIile 

"','ath r ~ l·r.lt'nl vi,lult' to thl' ,1\ iatur, alHI 
flielr proJWr anatY!lI~ !I oul. >t' Ih., "oll~tanl 
goal v{ all pt'rl't>nnel illlt'rel:ll d III Iht' "P(,TIl 
tion "I aircraft, 

When It \"Ium' o( air b l'N,It· ... It h.l. II 

gft'alt'r mall pt'l ullit "olulII ,.f w at .. r 'ltl','r. 
,mer the Hlturation point I. r'lIrhl',I. I'llll­

den t.um may oc 'ur in ith r a Ii lill I'r 
>oolid (,'rm, depending Up'," whl.'ther th .. tem­
JWraturt' i. auove fir 11t'1"w the fr 't'ZIII!!, ,,,,int , 
, 'tlnd n:4ltitln .t. ... '" n .. t n«'U! throughout Itlt 
,'ntirl' ma~" (II th, hunud aIr, bllt ,ruund 
'mlll! l'lllld,·n .• Itilln IIUr!l'i, \'I1I"lh ~111"'" or 
du>!! atmo I,her', A duuI\ I" 1'11111"". I,d ,.t '1 

great number o( Itmall \\ alt r IIrop "I. . in' 
l'ry~tal!l, Ilr )".th, whIch IIr(' ~'lIIralt'" I rtllll 
I al'h:~ The dianlt'tl'r of the \I alo'r .1roop, 
I, I, \'E'rr mall, rallging frolll I tn ill 
mierl.n.. With the mu, t frequent dianlt'll'I 
1>elnlC 12 nlleron', Thl're art' al".ut :i(\ 10 1I0 •• f 
the t' lIart.de:! III ;~ .:uhl(· n'nllllll'll'l' .. t 
~llluUY air, Th rat .. (If (all of th .. "" dfOpll.t" 
I,. llmall, a ft'w millimeh'r. Iwr Sl'I'UIIII, that 
the lightl'. t a, 'endlllg air <'urn'lIt is "um­
ciE'nt to h.)ld thl'm alnft. Rllin .Irnl''', un Ihe 
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otber band, which are compoeed of an ac-

cumulation ot amaU droplets, are compara- t!~v~e!r~iai~Git~;:~~~ii~~jj~~~ 
lvely IarJre and fall with appreciable vt"­

U •. 

f'l.ud with Hrhcal 
dl'vt!lopment 

:!O,OOO--4U,OOtl ( t 
6,500-2U,OOO f t 

uri&(' 6.500 f.-el 

All Itltude" 
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'igur. ,-3 CICHHI./" V.rtfcal 0-", __ 

II rge area .. I 
{,nrealmt'nt pur 

Altu-

Flj{IIII' t·:!,) ,'Imho­
, .Iark, r 1l"1i rh.ud, , 

"mlllou lind fnrmle .' in appearance, Rain, 
nu.... (oJ uth"f pr 'ipitatioD nomlally is 1all­

inR' r'r(\m this type of cloud Even if the rain 
( mpor rllr ,tllPl', thl. cloud has a r~, 
r iny appt'arance and i • till called D1mbo-

t ratu:<, The un or moon i not villible 
'hr\lulCh it 'imho-stratu I, u ually at 
t'ast li,OOO to ,000 ft't't thick and often 
bit nd:! intI' the alto-. tratu!l aUtlVe. Base 
"m urn .. , rea h th :ourfat' of the grounll. 
Stratus. (See Figure 1-2,) :tratu I a /Jat. 

ha~lt!lc.·" ruth!'r umform lay r of cloud ap­
I aring dull gray and looking like fog whl.'n 
'·h· ...... d frum beww. Stratus-type cloudll are 
uften conful!ed With nimbo-lItratul but differ 
mainly In the amount of precipitation that il 
falling, , tratus never yields more than a low 
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drizzle, It ~ a low cloud whCLIe base may 
rea~ Dearly to the lIurface of the earth, 

·tra~.qJaa. (See Fi~re 1-2,) trato­
cumulull usually occurs aI' an eltten h'e and 
fairly level layer marked by thick roll and 
dark, rounded rnaaa of clouds. trat()-{'umulu. 
may (lr may not hit"" l&.rae breaks het n thl' 
roll and ma ,Viewed from ahovl.' it ha. 
a cumuliform appearance but duel! nut ha\e 
the same vertical developml.'nt , The thil'klw 
varieR from 600 to 4,000 feet Ilnd turbulel"'" 
may be light to mod rate, Occ&IIionall " lighl 
rain. or now may fall from trat,'-('umulu. 
cloud, , 

Cumu'lfonn C'oucI. 
CumulifQrm cloud are cloud with \·erti . 

~I development. They occur in un table air, 
nd the air within them and around them is 
urbulent. ('umuliform cloud. may be a rp­

'Iult of the heati~ ,of the earth·~ ,urfaee 
"ithin an air rna ,the, harp lilting of air 
by a l'old front. or some orograJlhkall!tr~t. 

Flyinlf Conditions iat~ with CUll'lu, 
liron. Clouds. In cumuhform doud the "att'r 
rJrops mu, t grow t(l ,'unllid rahl~ ~. 
Inercoma the. r I~tance of the vert it'll I aIr 
{urn'lIl!' tll' fl ' re 'ht'Y "ill fall as pr""II'ital ion 
The \','rtkal curn'lIt. are not OIl,..'.U1I, bul 
hav a lCusty charll('h'r, A. u r .. ~ult, ,'uOl'IIi­
form cloud ... Yield large.Jr .. ", :h,,\\ i'n pr ,_ 
l'iPliatiOtl. Bt'cau, of tht, wrtl.'/tl fllrrellt, 
th re i, large amount n( turbul'II,'t', and 
\\ hen icing ,)(','u r it may bt.' of th., "'('lIr IIr 
glaze type. Clt'ar ice. a the name Imlr.'lIlt' , i" 
a clt!&r form of ice that follow tht' mntuur 
(,f the wing. and i diIYit'u!t to remo\"(,. It f., 
therf(ore, ('UII. idl.'red to be the m" ... , (1lInKI'r­
(. 110 tYl~ I)f ict'. 

T,pt'lt 01 CUll'luliforll'l Ooud Ther .. an 
thr g'lIeraJ l\ pe of cluud... wit It ~k' I 
development: 

CUll'lul .... (. J'i~re 1-3.) Cumulu. cluud" 
are denICe, d tached "'()ud havinll' a ltat UDl­
form ba.'Ie. Th }' are dome·shaped and api oar 

rounded, bulbous, or cauliflower.lik, The 
vertical d velopment i, u>!ually !.It'tw 't'll 1,000 
and ",000 feet, With ba. , at 2,lHI0 III 5,OOH 
feet, ('umulu 'loud1l art· orten tt'rmt I fair 
wl'ather cloud. 

;;- ~ f"iaur 1-3.) Tnw-
1 ill (CullJulus ar merely large cUDlulu: WIth 

'I'rtl\'ltl II \elul'mt'nt up tt> 1 ,000 ft't't, I"lng 
mil' I ... n,,"It'ratl' to even' and i IIf tht' dear 
1\,1'" Th" 10.1,"' u. uall, run (rum 2,000 to 
5,(lI).., fl'f'l I'r ... ·IJlltatlon duel< not fall fwm 
('umulu l'I,,"tI·, hut dl '. fall (n'llI well­
de\ .. lu,lt'd ("w,'nng lumulu,. 

('u ulo-ni_bu8., (Set, Figur 1-:1,) '1IIIIUI,~ 
lllmhu cI(IUd .• 1 .. v~lop frnm low,'r illg ~umu­
lu.. Th,'~ haH'! 'l'rti" I 111'nolol'm lit III' 10 
ao,ooo (" t or high r. Th top i a ht'a\"\' 
. " .. Ihng l1la",. of ('Ie ud!' that u.llally "Il relllil< 
nut ant,) 'h., ~hllilt "f an all \"I I. Thi1l anvil 
portllln i. "oml>o:,'" of i,'" .·n'. tal~ .11111 ha~ a 
tibrou,. h',lllrl', ('lImlll" nimhll" <1ft' thulI,I.'r-
torm .. Iowb and, 1111. tllult, th~ mn"t hlll.llnl­

/lU t,\"J'" of !lying \\",'lIth\:l'. ' . ,~'illl.'ti \\ ith 
th.,·, ·lllud. art' \ i .. lt'llt Ill' and c1, ..... n draft , 
h"II\·.\" raill, III ~1I0\\, hail, !Cu-I\ .... incl,. at 
th., 'IIrf,\I:', 1111.1 Ulun",'r :tIld Ifglif II I IIJ{, 

rhlllld, ' r 'fOrm Ita\(' <ailsI'd nH11lI ainTuft 
(re, til'. and -hollld t .. , III Ollie .. ' \ I" I, 1''' 11,1 .. 

nit', I'Il)lId nUI\' b. (IIlInd <11IJ{h, 1.1 .' 0 11 1\ 

hilt 'UIII!llt'r aftl'l"n,><,", 01' .. ft. II III I hIli' 
atolliC II n.ld (rullt. IIr III ... I \'illl'" of _" ,11,,1 
(rullt II. ;«1110111. Tht'.I!l1 II lila, II( f .. rllll,1 
IIIIIlIiC Il warm frollt hidd"11 all1nll~ Ih., \\al III 
( ront '''h m tlf d,,"d. 

4. VIS.I.L1n 

\ 'j, hllit \ I I hI' eli t.lIln II "1I,,t ,.111 e'. 

horlz/lllt;III,) mcal<ur d III lilli" IIr 1r:1C'1101I~ 
th. r .f. Whl'n till' \ I IIJlllt\' I" nll'n' than 
tifft'cll IW~ it I 'u to I", 1I1llill11h'cl. \\ I"'n 
it il< Il'SS than thrt'C mill'" i' I: J{,rh lalh ,'011_ 

"hlt'n'd to be a cI,'nlllll.' halard .Ind "tII';".1 

instrumt'lll tlYlllg "OllllitIOIl. , 'I h,' mil 1 '''DI. 

mon reo trldioll. til vi:ibility an' fUj(, pre. 
clpltation, mukt', ,'101111., hill .. , nd dllst. 

RESTRICTED 
1-9 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFI~ 

RESTRICTED 

limON III - AIR .. 1111 AN. 'ROII'I' 

---~ ----- ~ 
~ 

1. INTRODUCTION 

Ai r Mall Weather 
turn l'r "ted h\ th~ 
all air ma . In the 

I IIIIrtr.\\lInl componcJlt tn thl: mflvellwnt 
alld It l~' lei air ma uririnatinll nl'ar the 
11.1. will . ,\J a "'Iuthward cumpelUfont , It ill 

III gcneral trt'nc.i of air m mOYl'ml'nta 
that a~'I~t, for Ca> !t'r, III prt'tIl.,tinR futur 
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",.111<'1' :-;., 1\\1' air ma,:>l', ar~ t'xal'tly alikt, 
1111 .\ 1,lry;' nUOlhl'r <II t~ I>t': art' '''',: Ihll'. 

1 hi Is t \ ull nll'11 lor hl' fa t that pillar air 
10.1) It' ul elthH n1.lritinv' "r I' nltn 'Iltal 
'1'1':111 .11111 mar Ul' furth!'r da~~ili .. t1It" \\,Irm 
'I'll' oi II \I"Vl'r, tnt.\, ure "('rtam gelll'ral 

I Io.lr, .. t, rt-tk ,'ommon t.1 "arm air Ill:t.<~': 

dill th r,' ,Ih' th()~1 that arl' I·"mnwn ttl (. ,ltI 
• If Ina ll~. 

Cold \ ir ~a " W~thfr. :\. stat",1 ,,/"t'­
\ I u·" •. , lilid air mli~S is on,· that h (·.,,)I .. r 

hI ·urfa ... · ,w,'r whit:h it Is pas. iny;. 
Th£' IlIl" I'n·llmnillant ('harac:tl'r1"tic of sUI'h 
.111 • Ir IIJ.I"~ i~ hat it un,;talJlt.:. i.u..1hl!....lI1··r 
h \, b. Th,' 1·, .. ,1 'r aIr I a,.. inlf (I\,'r a \\arm 
-'1".1'1' h h" .. tt'd ullll "III /"t·ad mtlll' "anw 
111 •• ' IIcr il a liquid planil lin a "tll\('. TIll' air 
" OIl lit, -\Ir!'m:~. wh"1\ hl'att·11. \\ III Il{'c'lml' 
.. _ ,1"1,-" h, n rh, :lIr at",\" it. and ,\ill "n<l 
! \" it ri.l·". i, \\ III l \1'.11111 • lid ,.,",1. 
Ttl a (·"ndi jlln KIlO\\ II 1\" un:ta1.l .. 

night. In y; neral, Wllrm aiJ Il\a.""t'~ arl' rel­
atively "tau Ie and humid. B~au th air I. 

. t"b!c', tht' t'lements whit-h rl'. tri t \ i Ihillt\', 
slI('n a. dust, !lmol( • nnd hllZl", 'ill rt'nUIIIl 
II , .. r th' . "rface and \'1 ibility \\ ill I .. , PHOI·. 

If thi. air ill lifted and c()(>I~.! eltht'1' hy \t'r­
ralll or lJy uv~rrunning col,1 air, ''"It-. "n·a.! 
II. udill ,," illld pr ..ipitation will r --ult "1 
tlying through a warm air mass, Ih~' •• Ir 
will I~' rclatin'll' mouth, \ ISll.lllih· will he 
p'.,(lf, and thert' i. alway. tht' proh;llJihty of 
~tfllti{~DD clo .. d~~. 

Air rna l«'" do not alway,. rt'laill tlll'ir 
~anw chl. ... ill.'ation .• taritime air \\ hit-h orig­
malt'. u\'er the Nurth Paclfk wll! h,' !tftt>d 
llnel ('ooll'c1 Ill< it pa"l<t!!< o\'('r the cunt:n,'ntal 
,livid.,. ('oll"ill,'rahll' IlTt'Cipilatiun n'. ult" on 
tht' \\ t' tern ,,1,,1'1' "f t h., mounhll n" allll till' 
air may dt'''l'I'nd IOn tllP "tht'r "jell' a~ dry 
nlllt lIlt'ntli I air. In the' ><llml' munn 'r. a 1\lIrm 

air ma"'" 0111\ \ilK ()\'~r 'hI' I·()(.I wlItl'r. (If 'ht' 
tll'can ma~ r"ach the much 1\ armt'" ~lIrflh't' 
til' tht· (·oa.'1. The warm all' ma,," th,'n Ilt'­
""111\'" a ('old aIr l11a,... , anll. a" a rt'sult, tlwn 
\\ III bt, a Ifr, .It I hunY;1 of wl'alht'r 'II a \'t'n 

~h(.rt di"lan,·,' ~lIt h a -lllIation i comrn"11 
c\urlllY; t 11l' lImm.'r mUlit h" illuny; till' •• 1,.1 
('I';'. t (.1 Tt'xa awl th,' Florid>! 1"'11111- 11,1. 
Th" muj-\ 1\ Itl'm air m"\'Inll .. 1f I ... (;lIlf 
IId,te'n" l)t· ·um. , (·"ol.'r than thl -urlall' .. 1 

th,' land 0\ ,.,. \\ hich II I,.. I a~'lnlf ,111.1 ,I \ t'n 

lin taill all is I rndu·.<1 rt ,ullll'!! III I.II'~' 

.lImlllu, d .. :rtl nlld Ihllllll""-'''I'III 

3. FIIONTS 

RESTRICTED 
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'ieure , -5 Cold " ... , 

\I.lrlll all to "lid .. III' 11\ t'1' It. whdht'l .. , n,' 
thl' culd IIII' I. ,lIhanl'lng 1I1'!'t tl(>ltln~ Thll'o 
tht' frontal "urLI' 'I~ n,·\ 1'1" ('llIl.II. "lIt 1,,(1," 
"" r tilt' ('old aIr. 

Cold Fronts 

tUn" ~·,·,.t:lllll·"nlnlf'll ,,'It.il'lt'" n .... th· 
.\ 11lt11l ,I "t! In f IlI'llI', 
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l'rt·clpitation 111 thE' form of rain, snow, 
\lr .ln1,.il' is common both in advanc!" of and 
\;. hi:lIl tht' front. 

1..<)" ct'lhng:i and fOi art' common 111 ad­
a nll' tlf th., front . 

It i at tht! point whE'rt' til cold front 
Ir< c'\ "rtak"" thE' warm front that weatht'r 
\ III I>t' mn~t ""vt'r' ·. 

Ocelu. Inn. In' .ir:'" II on a W<'8th r map 
III .Ili purl'l. hnt·. 

Stationary Frontl 
There are times when the atmospher.ic 

prell. ur ... ill . uch that a front apparently will 
cea. to move. uch a front i known 88 a 
.~. front." Tht' warm air 111 • ueh a 
front 1:1 IiftE'd very gradually and a a result 
the \\eath r a.~ot·iated wilh It i not S('vere. 
This tyIW of front ill indicated on a map 
b~ II brok('n rt'ti nd blue lint'. 

SECTION IV THE WEATHla IlaVlal 
1. HISTORY 

11 

gram and report:l for bt>nE'fit of eommE'.rce." 
During th next forty-five year , t~e SI&'Jlal 
Corp!!, all the nahonal Weather Service, oper­
ted ovt'r 225 of the observll1l' tattons. In 

1 90 th W ather Bureau was crE'.ated a.~ 
a part of the Department of AI'fic:ulture and 
all meteorological functions except tho~ ~or 
military u were tranllft'rred to that elnha.n 
<)ftkt'. The advent of World War I mad!" It 
nel'e!oOo8&ry fur the 'ignal Corp. to takE' ex­
per from the W ath r Bureau to form a 
nuc1eull for a mt'trorologlcal service for war­
time use. The Sil'llal ('orp continued to 
operate thlll aeth'lty after World War I and 
prOVided thl r\"lCE' for the Air Corps \\ hleh 

RfSTRtCTfO 

RESTRICTED 

had become by far the largest user of the 
Signal Corp weather 8ervice. On 1 July 
1937 the War Department General ,talr 
tran ferred the weather !lervice from th 
Sil'llal ('orps to the A ir Corps. 

Air Corps Control 
With this k'an fer, the Air ('orr I"'''am .. 

responSible for providing such WE'llthl'r stir. 
\;ces as it mil'ht need and for furl1l hing 
weather forecast. to arm) hl'adqullrt .. r lit 
thvision le\'eI8 lind high"r, All oth r \\calh"r 
n,'t'dll for the Army wcrt' the rt'~pull. Iltlht \ 
of thl' arms and !l('n-i t'll con.'ernt'tl 

The re ponl'ibility for th,· .11'\ .'I"pmo'llt. 
proeuremE'nt, stowa/( , and i. !.lUI' of ml't ... ,rtI­
logical t'quipml'nt r;>malnt'(1 \\ lth th • .:hlt ( 
Signal officer. HI' wa. al"o mad •• r .... !lflll Ihlo' 
for pro\liding t .. l .. tnle mat'hlnt,. lind an) 
othE'r I'ommunicalions t'tlulpm nl Whldl 
Imght be rE'quired for variou' \\ atht'r '4a 
ions. 

With th I'ntr~' of thl' l nitt't/ .. 1.1 t .. " inlo 
the war in 1941, thE' prohl .. m of prunding 
an adE'quat(' \\ athl'r. f\'ic tit the \uri"u., 
u rll e ceeded any prennus .. stimatl" . Few 
weather obRen'ation w r avallahl ... til ,'ur 

fo;'eca ter'lI for air op ratIOn In . Irica, 
South Am('rica. Ala ka, anti th.. Pacific 
I lands. It be<-amt' 11(' ·e. ~r.· (nr tht' AAF 
to E'stabl!. h it. 0)\\ n weat ht'r. n In' in tho. ' 
art·aR. 

By th,' II) ~ III 19-12., the .\rlJl.} Air 
For'" W('ather efVu:e bad &row n ~o II ... a 
",JIlt! "Id .. ur OIzation. It I'ulll! het! Inf"r. 
malioll f"r 11 I ll'h I tnllning, air tran"port, 
traIl trll alld t l"Ill'al air operation ... and 

l(;>n(,I •• 1 1111 II tl\l ." pI 1111111(. It cIJotlnut't1 III 

1(1<1" thrllUllho.tl II .. \\ ar. rt·arhlnll II ,,!:uk 
~I .. 'I1Ktl. III !It arl I (I,(ltlll pt rS<ln~ manlllng 
111'1'10 1m '1'1.\ ,I'" WO'II h", . tat IOns. llIort' 

Ihllll !"".third .1 "I'udl "0 rt' Ill" fnrt"ign 
,·uulllri ... 

Extonllon of Servico to Non-Air 
COrpl Troopi 

In tIlt' fall nf 1!"2, Ih. Arm\' ..\Ir For'(t' 
\\'l'lIlhl'r ''''rno'" 'xt .. 'JllI·" It· ~en Il'l'~ to 
"rm\ ,:rIl1l1l1l and :('nll'" Fllr ... · .. ,with'r 

"f \\ hith \\ liS 'i\lIiPI'I'cI to furni II (.,tt'""i\ • 
"t'ath,'r 1I1furlll tio" for It •• If 

In .111\ 1!I.J5. Arm\ Rt'lwlatlol195 1;;0 Wa!; 

r,'V! .10 rna&.: 1h1: ('"urn man ing Generul, 
AAF, rowpuwu.blt; r r furnl:lhllli "lat"ii;rin_ 
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Figure' - , 3 Headquarter. AI, Wea'''', Service 

2 ORGANIZATION OF THE AIR 
WEATHER SERVICE 

,Irt'd!'- t t tht~ Olt-'all. auti Ill' t.·ilP~. 

Primary Functions 
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AddhionalfuncHons 
Tht! Air Weather Service all'O formulates 

thl\ requirE'men~ of tht! Air Force for re­
..earch and developmert in iDatJ:umental 
methods of securln, me rolorical and al· 
lied (eOphyslcal data that will add to the 
knowlqe of lbe workinp of the earth'8 
almo. ph rl! upon whi h military applica­
tion mu t be baaed. 

'igu,. 1-15 loc'.' ",,". lit WII'" 5oncl •• N. M. 
Roel,." a,. bei". uNd '0 _fai" w..,"', 

i"'o,mo,ia,, ',alii •• ,,."'. a/tit.,.. 
i" ,,.. 0'1110.11., •. 

3. THE U.S. WEATHER aUREAU 

III rmall~' rE' 

quired in their operatioDA. The meteorolorical 
facilitie operated and the meteorolorical in­
formation provided by the Air Weather Ser­
vice augments that which is furnillhf'd by 
thE' U. S. Weather Bureau. 

4. WOIHB RIPOIITS 
Reporta..&re made in the continental United 

State , Alas~ and 8urroundi~ waters by 
five main qencie . 

(AWDS) Air Weather Service (USAF 
aue.). 

tAW) U. S. Weather Bureau. 
Army. 
Navy. 
Coast Guard and individual merchaut 

8hipt!. 
TeletypE' reports made by A WUS and A W 

are of primary intere t to aircrew members, 
They are made every hour on the half hour. 
Figures 1·16 and 1-17 are exampl 1\ of these 
reports, 

S. CODES AND STMIOLS usa ON 
WEATHER REPORTS 

Sky Conditions 
If \' ral layen I,f IICattert'd ('Ioud~ are 

prE', nl, Ihl ceilinlf will be the lowf'l't hE'ight 
at whIch tht' clOUd. at or below that level 
cover mor than fiv -ll'nth. of Ih sky. For 
xample, If tht'rt' ar thrl'f' laYl'r. IIf cloud!! 

in Ih ... ~ky, th lowE'. l IIIYI'r l'overing three­
tenth (If the . k~ . lh .. mIddle layt'r cover. 
Ing ((lur·l 'nth. of the .ky, and the t"player 
I rng ;1 t'ompl te o\'crc t, lh .. ceiling WIll 
be ill Ihe levt'l of Ih middlE' layt'r atl the 
(').)ud /If Ihi la~' rand tht' onE' below it 
(·(l\· .. r. v n-h'nth of tht' . kyo Had th middle 
I y r cowrl-d onlv une·tenth of thf' kr, the 
l'"ilrng ,,"oulll han' t n lit thl' uppE'r o'·er­
(a~t la\ r. as th total cloudint' al any 
It \i I ,I"", whuld hAY n 1('.1\ Ih n fivf'-
t .. nth . (: Figure 1-1 ) 

If! ,.lu. t, blo",ing no"'. bluwlOl du t, 
b!Il'" In~. nd, or other ob!!tructiiln prt'\· nt 
01 ~ r\"stioll nf th .. ~ky and rl'duu' the \ i I. 

Ihty If' than nn ·fifth of II milt:'. the 
ceiling I r J'lO~ z roo 

C iling i rep'!)rted 10 hundred of fet't 
In tht' teletyIW' weath r report Ir ttlP c iI-
109 ill ,500 feet. th r J'lOrt will carry the 
nun,\)t'r 85. If the cE'lling III 50 f\.'t't or letI8, 

ItfSnlCTEO 

nLETYPE REPORTS 

0930 

f 91J'. I 16,., W afh , Se'.'c r le'~p R 

0930 

F'flUr• , '7 U S WeOlh", 4u,eau T "',,type Report 
IC A A C"cu,' I 

" 
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11 will be re or 1-0 a~ zern and lh,- Ie t: 

If h h illi. I. ...s_ 
I"Her 

1'22 

~ Ovf'rcAllt; more than nlllf'-t nth!\ of sky 
CO\ f'rE'< II)" doul!. . 

The. ubI' nation alway are taken at a 
point from which th entin' ky ma~ Iw 
vi.,,,..,l. ami th n the numlx-r of tenth. of 
k~' ,·, 'wrtd t, tilt' cloudR i. repl rted in un 

or the 81,.,~ ... t"rm a. lutl!f'<! on th t'nhr 
,10m ... of the !lk~·. 

Complet. Cloud I.port 
With th above . ymbol, t~pllratc 
'. r. of duuds may be reporWd in thill 1.'8C­

ti"n of the-!!,porl If there 19 a layer of 
·.iltered l'illud below the ceiling. the heiaht 
I that layer will he IIldlcated before the 

.. <:att rt'l' " "ymbol In hundrt'd. of fl't:t ex-
'l-pt when h 're art' two layer of Il<'attererl 
loud, in which c I!C unly th height of the 

I "t'r I vt'r \\ ill be hown. Th following 
~ amples Will illustrate the method ot rt'­
IlOrhng \'ariou8 tyJlt'8 of cloud deck : 

,10 ~ ~ report a 3,OOO-(oot ~ilina with 
a higher layer of broken clouds. 30 indicate 
that the ceilina IS the base of tht' lower layer 

of broken clouds. The word "broken" means 
that the layer covers more than five-tenths 
of the kyo The upper layer of broken cloud 
I at a heiaht mewhere llbove 8,000 teet. 

30 ED ~ reports a 8,OOO-foot ceiling and 
lower broken cloudll, with a hiaher over­
ca t deck. The overcaat layer i above 3,000 
feet and the broken layer which determllle 
the cellina ill at 8,000 feet. 

30 ED 15 CD report. a 3,ooo-foot llina. 
O\'erca t, and with lower tlCatt rl'tl duu'l. 
at 1,600 feet. Th overca. t layer i at 3.llO(l 
feet. 

YI.lblllty 
VilibiJity the mean araateat di tanr 

toward the horizon that prominent oLJt!<'t 
. uch 88 mountain, huildinp. tower. etc., 
c..m be !leen and identified by th normal 
eye, unaided b~' optical de\ ice ; thi identi ­
fication mu t be po ible ov r a rang of 
more than half the horizon. 

Vi Ibility i measured by ,·isual b rva­
hon, noting thf' di tance at which ohJect!l 
bl nd into their urroundin« . . Each ohM-r­
\'aUon Atation has on hand a table of l'ht't:k­
ing pomtA huwina the di tance of (lbjel'ts 
lIurrounding the station. At night, unfucu tl 
lights are ublMorved &8 well promlllent (,h­
Jecll< against the kyo 

Vwbility i re~rt irl!Ctl In nd 
fraction of miles. A lIudllAUna \'i ILihh I 
IIldlcat.ed by enterina th I tter ' Imm 
dlately afkr the report. Tht>se uampll·. il 
IWltrate the reporting of \·isibilit) . 

5 indicate a 6-mile vi ibllit~. 
It. indicate a 11 I-mile vi Ibiltt .. 
II V indicate a "I-mile VI ibiJlty. fluctuat ­

IIlg about thill value. 
X It F indicah- "I urt>d ky, vi. Ihlht~ 

I :i-mile with fog. 

•• SPECIAL WEATHEI CONDITIONS 
Thi aroup includ reports of all thunder 

tormA, !!Qualls. precipitation and N:ltrk­
tiona to vi ibllity. De8crlptlOn ,.f al'h ('<In. 
dltion and the rode for reporting ar., giVt.'n 
below. 

n1llMlentGna (,.....,rtH T). A thunder­
storm ia reported whenever thund r can be 
heard. If the storm is perially Mvert', 
with wind peed of ovt'r forty nlll an 

ho"r and ince nt loud thunder, the storm 
is classified as heavy (reported T ) , 

Rain i a fall ot liquid drops of water hanng 
a greater diam ter than 1/50 inch. Ham may 
be cia ified 88 liaht, moderate, or heav) 
(r ported R., R. R re pt'l'tivt'ly), (lept!lld­
ing upun tht' rate of accumulation of water 
In inche or {raction. of inche. in a given 
time 

.. . .-..a... In (reperted ZR-, ZR, ZR · ) 
Jo'I't't'ZIO, rain i ram which fl't!t'zes instant! . 
II",," triklllg lIbJl ... ·t.\ in thl' open. It i cia 1_ 

'il'd III the me m nn\!r rllm. 
Dri~ (rt'pOrlH 1." I •• l. ). Onzzle 

IS a fall of \'l'r\ tint' dr( 1'. of liquill water_ 
The. drop. m to 'luat in the air. Their 
diameter I. Ie than I 50th inch and fall 
. 10" l'r than Iell f~ per l4 .... ·ond. Drtzzl il4 
da: ifil'ti a light, mOllerat ... or hean bl' 
thl' dt'gr~ to \\ hieh it limit. th.· \ i~li)Jltt; 
apt! 1I0t by he rat .. of III: 'umuilltion ,,' "liter 
011 the grounll. 

t'l'ffZin« IJrizzlt> (nportrd ZL-. ZL, ZL· ). 
Drizzl" whkh fr zes Ill . tantly UPOIl Impact 
with obJl'Ct. 10 the 0l~n i a freezing (trizzl .. 
It i "Ialll lfied in th Mame manner Ill< tlrlZzk 

Snow (reportrd -. S, ~ .. ). , no" i . a fall 
(If whit nr tn'n luct'nt kf' nv. tal. in hram-h­
,-..t ht' a onlll shape ,'n .. " I' IlL ... itlt'd a. 
light, mud.-ratf', or hean . hy th.- dt'ICII'!' 

to \Iohlch It alone limIts Ih" Ii It.ili \ \Iohll 
flllllllil. 

-·I ... t (r ported E-, E. E ). 'I~"t i. a 
fall of tran. rarl'nt, globular gr III" n( il .... 
rlillging from 1 25 to 4/ 25 lIJeh 11\ diam t'r, 
It I. formt>d by th .. (r~ 1111 of rain drup. 

-furt· th r I f'ach the grollnt! leet is cl." i 
tit'ti light, m .. dl'rate, or hea v, (1l'llenllillR 
1111<," th ratl' of art:umulalJon ,," thl- gmund 

Hail (reported -, , I'. Hall j. thl­
t II of Ie haill'. or . tone. . "Ith dillmett'rR 
ranglllll from I I) Int'h lu 2 lIll:h' ur mur . 
1 h .. y m )' lit, t'lth r \luit" trall!lpan'nt IIr 

l'umpOIM'ti of alternate layer. (If "I,-ar a 1111 
npaqul' 11:1.'. Hail ol."Cur. almo. t ' c:ill iwl.1 III 

\ inl .. nt and prolonged thundl'r~torr I . It I 
cl itied Il:! light, m.o(lerat.e, or h.'an, ile­
II ndlll&' upon tho.' rate of itll aCt:ulllullltlOlI 
on the around. 

Snow P.11e (rl'pOrted SP., ' P, SP ). 
Snow JX'IIet are white opaque grain .• having 
a I'nowlikt' tructure. They are IIsua Iy t:rIlIP 
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and easjly compressed, They rebound and 
often burllt when triking hard ground, now 
pellets fall almost exclusively in shower., 

• 'mall Hail (reported p" AP, AP ). 
'mall hall is a fall of . mi.tranllparent 

grain nf frtlzen water, u, ually with a 110ft 
.. ~nt r and a thin, wet layer of ice around 
he out: ide, which gi\·e. a glazed appearance. 

It i. c1a.~"ifi d in the same manner all hail. 
,hu""r. (ft'ported RW.. RW, RW ). 

snow reported (SW" SW, W ). howers 
of eIther rain or . now occur when the pre. 
Clpltation i. of a highly variable character , 
alternately lItarting and stopping within 15 
minut .. interval~. They are clasllified in the 
. ame man ncr a~ ram or now, re, pt'Ctively. 

Dry Hau (nporteci "H"). Hue ill a IIU _ 
pen. inn in the air of extremely flne par. 
IIcll'~ of dust or other particle. which may 
r'du .... thp \'i. Ihillty quite appredably. (t 

~I\t', a ('harllct ri.·tically dirty apP<'arance 
1I "hJ.'cb at di. tan('P. 

Fog (rel>Urtt'd " P'). Fog is a su pelUlion 
III h,' ail' of water partlcle~ condenlled from 
th .. 'Hl'or statp It ill ('Ia" ified in intenl'ity 
t.. ,hl' dqrret> tn "'hich it limIts vi luility. 

Ice F'utt' (reportf'd " IF"). Ice fog (I('cun; 
\\ ht'll th., p&rticle. are ice in tead of liqUId 

I.round Foe (nportt'd "(a~·). r:round f.,g 
l'lIr nnly in a . hl'lIl1w layer, II that the 

,1\\ I- \'I ·i!.lt' frum the grl unt!o II i. r lortl'd 
. n h.·. anw W a~ as fflV. 

~mokt' I. n I",r f'jj a: "1\" when It rl'(i u ('I'. 
\ l'lbiht). 

Du .. t i. fl'Il<)rtl'd ' . "11" wh!:n It i. di;. 
t nhut.,cI III thp at mo. pherc 

BIo,.inl{ Dust ("'ported " HD"). When du t 

I 1'1, k,'" up frum h . urface and blown 
,.ho It In dllud. or shet-Ill at low le\'ell, abo\·e 
b f .. d. It I~ n'p"r ed m the ><am way as dUllt, 

Blowlnlr: nd (I"f'ported " ON"). When sand 
I IIrked up 1''''KII~' \,~. hI' wind and blown 
,.\'ou In Ihlck • lI1c{'ntralt to". it i.. cIa ilied 

7. NOPDnu OF All 

General 

Air propertie, may be easily identified 
in the repo. t by three groupS of fl~res 
. flaraUod by slant marks uch lUI 0il/1iI/46. 
The firs .ilL t.bcIwUa Ute bf,rometric preaaure 
at 9('& level in millibars. the 8eCond is the 
temJ)el.&1.ur~.ot...tbe.Alr. and the third ill the 
dew PUIQL 

larometrk Pressure 

Pretl8ure may be defined as force exerted 
on uW1 "rell of surface by a fluid under 
co~n. At 9('& level. the atmosphere 
exerts a preuure of about ftfteen .,pounds 
per .IIII1J.Ue....illdl. The atmosp ere may be 
thou,ht of as a sea of ai r with the land and 
ocean 8urfaces at its bottom. In the same 
way that a sea of water exert. an increas­
ing pre sure With depth, the preuure exer­
ted by the atmosphere i greater at low ele­
\'ations than in the upper atmOllphere. The 
pr 88ure of the atmosphere is a result of the 
\l\,t>i,ht of the air above that point. With in. 
crea8ing l'levation, the wei,ht of atmo phere 
above a pecified point wiIJ decrease. and, 
thl'rt'fore, the pre81 ure in the atmosphere 
consistently dt"crease with incre&IIing hei,ht. 

The pre sure e E'rted by the atmosphere 
at sea 11.'\'1.'1 does not remain constant. It 
hall been found that variations of as much 
a. 4 per ('ent above th" avera,e and 5 per 
n·nt b4>1c;w (I('ca lonally will be found. Cere 
ain charactE'ri ti(' of haromt'tric preaauft' 

ha,l' bet>n found to an'ompany special typetl 
M weather phl'nomena. For this re&lIOn, 
w ther fol't'("uwrll requir a knowledre of 
the pre. ure that e i t over Iarre areas on 
th .. map Barometric prE' ure is included in 
pra 'til all) l'\'ery type of weather report 
. 'nt (lilt. 

T (ac-i1itate their calculation , weather 
m n lor l!everal yean have ulled a unit called 
tht' " millibar" 111 wad of inches of mercury 
'0 Indicate atmO/lpherlC pre ure. Normal at. 
nI!> "heric pressurE' at sea level i 29,92 
in, ht". of ml'r('urr, or 1,013.2 millibar. Thi 
pre, ure I. gIven in un ita and tenth of a 
millibar. but in repom, only th ... last thl'et> 
diglta of the ,:omplete pl'e8llure number are 
""nt. I-or example, a pre&lUft' of 1,008.8 
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millibars would be reported 0 . There will 
be no ('onfusion 83 to whether the pre8lJure 
is above or below 1,000 if one rememw that 
the pressure p'ra tically nt:\'U drop below 
950 or rise!! above 1,050 millibars. A report 
of 751 couW not melln a prell.! Uft, uf 1,075.1 
(this would be an improbable hIgh value) 
but would IIldkate pre,lIure of 975.1 milli . 
bars. 

T .... peratu ... 

Temperature of the ~urfa .. aIr I nil II. 
ured by mean!! of an onlinaf) th, rmoll1 1 .. 1 

kept in the hade. Temperatllft' r~l'"rlj; 
are made directly in degrt'e. Fahr"lIh"lt 111 

Engli h'lIpt'aking ('uuntril' , ..JS4,.\\ h. fI' ill 41.,­
grees ('entigrade. 

Dew Point 

Uew point IS an indicatIOn of th 0 nl 
of ;at r \'a r in the air. It ;~ delint.'d a. 
thllf. telllPt'ratur" () W'fiich thl' atmo~h .. r" 
must be cooled before water vlI~lr wure(ln . 
tlenae !rom the air. The d .. w point i .. a ''Pry 
Important fador in I'rl'(lktJng Ih,. (,'m"l. 
tion of !2& d oud'4.,and prenpilatiun. IS 1111 

of the form bv condenl'latinn of wat.·r fm 
thp air 

Complete leport of Properties of Air 

The follow 109 e amp"· .. illu t rat.· I,,· tI,·" I 
ing of thi~ group : 

REPORT 
R91 44/ .., 

091 '957fi 

452:·20,·35 

TEMPER n'Rfo: 
.a,a F 
96 F 

·20 F 

e. MISCELLANEOUS DATA 

Winds 

PHE: THE 
If; 1 mb. 

U)(l9,1 mb 

I.H~I;:! mh 

()EW I'OI.·T 
U F 

76 F 

·35 F 

Wind may be defint>d a al r mll\ I JIll hone 
£Ontalh' acrOBl tht' .'arth'. urface. Wind. 
art' f()~nd throu,hout tht' tmll. ph .. re, both 
at the urface lind at uJlper Ic\,el:l . R port. 
of wind include all indication of buth direc. 
tion and pet>d of the aIr mo\·ement. 

The direction of a wlOd is that frum whIch 
it is blowing, For inlltan('e. air mo\ement 
fr.;m th north~t toward th .. <,,,uthw lit 
would be II n(.rtheast wind. 'i t I'n points 
of the c-ompa may lit, lI:'t"tI-lIflrth, Jlorth. 
nurtheast, I\orthell: t, east·north a t, ell: t, 
l ll'. AI"" a) telt't~llt' repurls indiclitt! W lOti 

.Iir~ti,," b) rn.'an~ ,.f small arrow which 
Ilia) \I, thouKh, ,.f a It) 109 with thp \\ lOti . 
""I) t'llIht rrol\\:) mhol art' fuund nn tt'It'. 
1'1" ma.-hlll ~ ,.., If i~ n,'('t'lI,.af)· tu U!Oe tWfl 
an (lW I. 1IIt/1t'lIt" IIIt.'rm, tliate dir~tlnlls. 
I'ht' (,.11",\ illlC l 11 III (ll.,. 11I1l~trate th melhfld 

.. ( rl'l"'llInlC \\ I din th'n : 

\H . () R":I'ORT 

~ .. rtlr • 

:o.: .. r h-.· .. nllt'a t 1(" 'nlhlllali'1I1) +11 
~('rth,'a_t ,/ 

Ea. t·. "'1 tJlt'a.< (l flllIlllnn 11111) 

\\' 111\1 'I" ~·tI I" mt' ur.'c1 and fI'pul'tt'd U} 
lIrWa, ",'ath"r .latilln. In knlll" .. nut her 
'Y'h'~l lit rqlolrtlng \\111.1 I'I.;J.' , Ih., n"au­
t" .. 'lal, L, Sl,,:twn \ ') .,. 1I . .t Ity \\'t'lIthl'r 
Bur,'au <Iatl"'" III thl' 6·h"url) 1"'1'''1'111 u:<rtl 
fur fllft'''' tillg pur"..,,,,, Tht' \\ illtl l' ~.J 
III 1\1101 I. t'ult'fl'd IlIn'. tl I. r Ill' \\11111 
din',lh'lI arf! II, II! IIrr,";~ III Ih, ·\11 \\al' 
It'I, h'I'" r"IItII·!. I( IIr II 111<1 i of a gu,h 
.'hara h I, it ma~' I ' IIIdicah-d II, tht' acldi. 
tion of a I'III~ nr millll. ign Imml'llIatel~ 
af"'r tlw W Inti . pt.~-d If thl' pt'ak p"etl of 
tht'se guo t.. I. h "fnty-fh·" milt'>! pn hour 
(twt'nt,'· two knol ) (lr gr",ll,'r, th.· gll~t. 
an'. Id tel I ...... tn JIg" lind are lIl,h~lt,.t hI 
1 (liu. slglI, If the (leak . ,,,, d I~ fr .. nt II I Ill' 

,,,, n "t,."nly·four mil pt'r hour. th.,.\ art' 
aid til III' "(rt'. h" lind art' mtlk"hod by a 

minu: ·Ign. Th II .'nl' "f a "Ill. III nllnu' 
ign IIltll<at .. ", th ' wlnt! II' .. tpalil .. If tI • all' 

I .-allll the Idft'r 'T" I. • I'llt . 

Wind ShiftK., If th .. r.. ha. hl·,-n pili 

nuunc,-d . hlft in the WIl\(l .flrt'dll1l1 \\ hlch 
rna) have "pedal , igmlkan.'e, It HI r"r"lrtt"tl 
Immediately follllw ing th othl'r willil datil . 
Thi rt"purt can, i. t. of a w in.l arww (tu 
sixteen pomt.'! of the compa.~) qhowmg the 
former .lirectinn and th tim.' that Ihe ,h ift 
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occurreli. Intt'n, ill' or the. hifl may lit' in­
rilr,lttd It,· h additinn f a plu. or m:nul' 

in.llcatmlf a mile! hift, no IjZlJ 
-hI f • Ilnd II plu Ign a f"'rr 

REPORT 

A. 5 

't' ~ 25-

rt'p<>rt· 

T e (oll(.wtnj.! ;{­
"di nlf of \I md dllta 

Ir[sn DAT.-\ 

outh wind. 5 mile. per 
hour. 

:'\01' honor he. - wlIld, 
25 mile. per hr. 
~ ronjr gu '\ 

-4 15 - 1 -34C ~ • 'orthw l't wind. 45 

" 
Altimeter Setting. 

I 

mile" p r hour, • trong 
gu~ ~,wind hifted 
~e\'er Iy from the 
.ou h at 134 P~l 
Cenlr I tandard 
Time 

\I md I calm) 

average about 29.92 All with barometric 
pre ure, only the last three digit of the 
complete numbt-r are ent. the decimal point 
hetng left 'Jut. The foll"wlhg e ample iIIu,­
trale how to de<'f>dt' altimeter setting report : 

.'ETI1NG REPORT 
990 

95 
'Ol5 

2990 inch of mercury 
!! .95 in.:hes of mercury 
3().45 Inches of mercury 

A'ddit ionol l emarles 
Often ther' i .omt' lIpecial weather 111-

formation which the wt'ather obsen-er wi. he 
to ~end in he report in addition to that pro­
\'id.,<! for in lht' rt-gular code, In thiS en , 
r!'mark" an mad at the end of the report 
in ~Iane!ard allbrt'yiatwn" and . ymUt)ls A 
fe\\ or Iht ml·"t Important common abbrf'­
\'ilitlons arc Ii. h·d bl'lo\\: 

AL T Altitude 
AR\, Arrive 
BIN'O\'C Break in O\CreaMt 
BRK Break 
BRO. '0 Brnadcal'lt not uperatinll' 
BROOK Broadca!\t operating normally 
' lit: Chang~' 

1~1l~ ('(·i1ing 
eLI> (-I .. ud 
rLR ('I ar 
Cl ('umulu~ (cloud) 
ORZI. Drizzl 
ET A E tIOlal<c1 11m,· arrh al 
FA. 'OT .'an Iq)' markl'r not opt'ratn', 
F( • T Furt'ea",1 
(;. 'OF" I;nund f"K 
HZY Hazy 
[( I, Inrig 
IFR In~lrumt'''t /lIght rul 
10\ I' In u >; rC8JIt 
11'\' Improv 

I \' 

OVR 
p(,p, 
PIRA]' 

Lightning 
. foot'ratt, 
:\f .. an 'a It,\ ,·1 
:'tfi take 
• 'ot r:p r 11\ 
Ull ellre 
On tup 
OVf'rca"t 
Over 
Prt'Cipltation 
Pilot balloon "t'Quenre rE-portll 

(upper wind) 
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PPI. R 

RAGOK 
RAOBS 
RANOT 

RGO 
RNWY 
RTE 
SCTO 

N'\\' 
QAL 
TM 

STN 
THO 
THDR 
THK 
THN 
TLTP 
TMP 
TOV 
TSTM 
TURBT 
UNSTDY 
\'FR 
VSB 
VSBY 
\\', '0 
WB 
XLNT 
XTSV 
ZONOT 

No personnel to operate rallar 
set 

Radio range ollt'rating normall)' 
Radio III teorl/loglcal . undllJgs 
Radio rang" reported a. II n rr _ 

liable 
Rane<i 
Runway 
Rout 

attered 
Snow 
Squall 

torm 
tation 

Thunderhl'ad 
Thund r 
Thick 
Thin 
T .. letype 
TE'mllt'raturE' 
Tnp of 0\lE're8",t 
Thunderstorm 
Turbulent 
UnKtead_ 
\'illual flight rule 
Vi illl 
\'UIIllllity 
Wind 
Weather Bureau 
E cE'UE'nt 
E. t nsive 
.'tation Inl:alion markt·r. ultra 

hIgh fr~ucnl'\" n(lt operating 

The HLMwe hort II t incJlld. OIany of 
thoMe abbreviation tommonly fnuJlcl In 
"eather rcporta, Many nth I' an' sed. hut 
the}· art' usually m('rt' lIbnoul' and ran !>t' 
tranKlatt'd at . Ight. Thl' filII"" 109". ample 
illu tra~ the u. o( abbrt'\ lation til "I Ii he, 
rt'RUlrke: 

"PIREP. ICG J5·7fi N F\\' 55· 11M:"" . 
Pilot rl'pMt 1('lng 1'i to 75 mil., n, rth of 

Fort WaynE' at 5,500 to ,1I00 ft't!t ah"\ mt'an 
~a level. 

9. nlM IN AL FORECAST CODE 
GIOUP 

Till. group of ~) mUt,ls i.< (llae.oJ lit I h,' pnel 
n! elt h A \\ t';~ :It.'<IU nel' and IIIdkat,·, tht, 
fort',- t (.)r a pt!11U11 01 tw('h'p hour frum 
Ill ... timp (II the. '<IlIenl'l'. 

St... 1It'I,l\\ t hi' "h ",i ("1'< 'a:t for !-nll-; 
I "10~ .\ FA. 

10 . DECODIN G M COMPLETE 
I EPOIl TS 

Solved Example. 
Tht' (1I11"wlnlC tclt'(1 II n'lM'n hatt· Ilt'ell 

dt'eoded III ". II III pl. , 
(J, RMI-: oj.) <D I;, :!07 1i .> .4 1111 . 

RAREP prJ . 'R, :J:i940 ;\:i!ll:l IJ!HJ 10 
r: l'mt' A.F.B. 4000 . ('atter .. d d"lIds. \i.lblltl~ 
U\l'I' 1:; .1Ies. barunll'ttl(· ptt· 'sur'" In n1llh. 
bar.; 1020.7. tl'nli raturp Ij F. (I.,w IK'lIlt 
3 F. wlOli Wt' t, t knot·. ,llIrm .. lt'l s tting 
:\11. 11 10, of ml'r('urr. Ill' 1"'-1')\'<1111,·1 til u~lf'rat, 
radar set. ~ hr. fro 101 1O", .. f hl.ur/\· furel'ad 
• cilillg "III 1'(' ~;.oo. \ I. Ilult} !I milt-. no 
\H"llhcr III;' tWllr: frum illle "f hnurl~' fllre 
1'.1 I cl'ihlljC will lit' 3;~l(}. VI.lhili} 9 alii 
.tnll ~trl)nlC. gu~t\', SUlfa "lIltl. III !I h"llJ" 
th .. " 1111111' willi unlilllltl·rl. \ Isillillt) !J nlll •.. 
11(' w<'athl'r, 

• ·"·h~rp III' numb':'r !l i. u"l'll ill plsl'I' IIr 
the {'E'lhng hI ight Ihl. indirat,. ,t "('Ihlll/' 
owr 9.750 ft! t 

I!!) ,'WI-' \VO )( I 2F U9 2:! :!l 
1999:,: 

Sll'wart AFB IlIlkfillltt Ct ihng, . k, nit", ur,.1 
III fog. ,i Ihlht~ I ~ mil.·, In~, "8"01111 t rll 

pro.'1< urI' 111 mlllihar~. III I I 9, It'I11J'''r:,lllrt 
!!2 "', dew !-millt 2J F." Illo! IIl11'lh II II I! h.'a l. 
ninett't'll kll .. !~ . fr' h ICU I', l!tund"r l'I illK, 
.!!l9fo III h.· tlf lilt I..-un 

IlenON Y - THI WIATHI. MAP 
1. INTlOOUCTION 

In any ty~ of • tudy, thl're i. u. ually nne 
r port, chart, dIagram, or ROme other "evict! 

that JOlileatt-. the "Hr',11I n' 'ulb "f It.. 
study, a culmlOahun <If ctfort. so t .. spt'ak. 

The . tudent tllking a ma~lt'r'!< d~gn \\ rite" 
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a thesis; the ' 
report of its Im'e t1lfation 
draw8 a flndlDgs board mak fl araph d ' ' and tht'· ' e a WUI'M In eplcting th statl. titian 
1"If thi flna~eather reportm t' rt.~lIultll of hi 

a "weather ,:.ep?,rt appearsllin
and 

fort'Cast. ~ weather p, , the form of 

which indi map 18 a rna cate. aU of th p of a 1'1\" e weather n Mr a condltionll 

In thllt ar a . 
prE'. nt . mt'iuclillg th "catht' t' pa,.t ,,' I'<lrtln~ ~tallOn r l:Ollrl~tlUn, at IX htlur. and 
prE'Clpltati(ln ,IOI:atlnn IUIII 1111 IIf thc· reo 
slIrfa,'t' wi J and rt'<trlctl t) 1)(' rof frollt. 
Th /J{ ~ an I '11 In . ' , e~ wE'ath' {lItm(l"ph \'1>111 .. 111\' 
tht' "Am ~ r con,lititln t'rll' pr, .• ur: ' 
tHIn manner th . art', ho" II • ~ 

art' huwn I' at Ifll ,"graph • III milch 
2 . NIPAR II .\ n -li('f mil Ital ('IIlldi . 

. ATiON p. 

\\ t'AthE'r III 
liall). ClIICI' I' IIIJ· IIrt· pr"'11 rE'fC'rr I \ r) . IX I I r.·d ;"ur t I ttl liS th lOUr); , and 11111' • 

. peelal ,'"d I I .h\lur 11ftI' ll ~tat l't rt'po t \\t'alh" r> . IOn III Ih r 1. gath r map. A 
Includl'd t' Sorth A ,r'tI fmm t' h lin th mt'rlC8 a, ' 
: uch a m IIn

a 

t' mal' alld r 1\ un'lt III 11., 
"aw' a ( ~r a tu all Ii .. IrlI,uJ ., a 'Oml)lE'le 0" I'llch II 111 

f rC' thE'n plCJt!.t'd I't of rt'lk.rt~ 1'1 lallOl1 t .. 
orec8llter wii on a Itlank ' I". I' I C'pnrt ~ 

~r()nt., high. ~ add nlhl'r dl'~"p, alld Ihc-
I know n ,no Inw. 1'h • ail. lIudl F a a (- tilJl~h 1 R 

d lifurp 1. 19. la yn ptll' mill' ' I ,'I pr, "h,,-! 
raw II rn p n) tllll ' ' """ 11 i as h f In whl,'h h .1 rnf"c'a t n 

e l'rt'Ca t' "IIt'IIil'! tl ~ er \\ III 
• uch ' . II I II' II a map i. call-" or t\\l'ln' h II Itl"" 

3 

"" a UtiI' h 
. WEATN pr. gnc. t ,,,,,1'1'. IR MA ' I,' 111;.1' 

Ai' prev' P INfOR . 
dl'pids IOU Iy tated MA TlON 
in th moat of th . ' the weltth e weather oft! e mformatiun ,'r map StatIon CI ce, galh"h-d 

T 
rei. 

he stat ' Ion eirel Itf e . hc)w~ STItCTEO ' "('ath r IIlf,'r · 
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mation pa t and present &8 it is plotted on 
'he map. Thi informatIon is plotted by means 
of certam symbols all indicated in Figure 
1·20. 

It will be noticed that the wind ill indicated 
by a ymbol similar to a . mall flag. This i8 
known a. the Beaufort scale of wind and 
i. l'XplainPrl In F igll rp 1-?1. 

Isobars 
I. obars arl' hne on a weather map con­

nl'Cting pomt!! of !'Qual lM'a level pressure. 
An Il'Obar is drawn for each three millibars 
of prl'lI urI' and indicate!! pre ure levelll m 
th game manner that contour line!! indicate 
altitudt' on a relief map, 

Highs and Laws 
It will be notl'd on thl' map that the isobar 

indIcati ng the highe t pressure completely 
>\urrounds the point having a relatively high 
pr !I.! urI'. This point would be the center of 
n air mass and is known &8 a "hiCh." The 
Ir flow around these highs in circular c1ock­

wi::oe manner and they are olten referred to 
a "anticyclones. M Because the air tends to 
Ie. cl'nd and move outward from a hich, 

the air IS relathely stable and good ftymg 
wt'ather prevail . 

It al. will be noted that th i!l()bar indl­
l'atlOg the I"we t pre. "ur ... in a y em rom­
plet .. ly iurround. an arl'll of r lath'ely low 
pre. ~ure fhls area is known lUI a "low." A!I 

'uuld be t'lt(ll'Cted in . uch a dilfen'nhal of 
pre. surl', air tend to roo\' toward the centt'r 
l'{ a low and dO('. 80 in a counter-clock"",,1M' 
(,Ircular manner. ThIs circulation of aIr i. 
known a a C}'l lone, or a cyclonic storm. and 
hould nnt be ('(.nfused with thl' IImaller 

twi tE'1'l' properl)' termt'd tornadoes. Cyclone 
r u uall~ hundred of miles in diametoPr 

Bt'CaulM' th(' aIr iUun a low i &lK't!nding 
lightly, it III relatively unstable aDd poor 

HYing wl'ather prevail . Low are indicated 
(\n weathl'r map by a largE' "L." If poMible. 
hi. "I." IlIl'ntt'rl>O 10 red. High are mdlcated 

h\ a larg " U" In blu . 
.-\" mfilcatt'<i \ he wlOtI at 'arious plac , 

along I. bar. lIn th IIlu~lrated map, thl' wind 
t • no !Jlv ... dirt·,t1) 'rll lh i!l()bar!l 

fr m th., Il1'h t .. th low, but more or It' 
II... I'Krallel tn thl'm Thl!I apin i due to 
th Crull! {on· ... t 'or hill re&!lOn, a (If'r n 
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on the northern hemisph'!re standing with 
hi" back to the wind will have the area of 
hIgh preflSure to hi right and the area of 
low preal!ure to hi left. This ill knO\\'O &1\ 

BIl) !.'-BalloU' law. 

Frants 
Front are plotted on the w9ther map by 

the forecaster after he has observed the map. 
Fronts are located along a low preal!ure 
trou~ and their identification &II to wht>ther 
they are a warm or cold froDt is determined 
by the dew point and temperature behind 
them. It wiU be noted that in the weatber 
map Illustrated in Ficure 1-19. front!l are 
not drawn in color. but ('old fronts (Ire in­
dicated by : 

A A A 6A and warm fronts by : 

. On such 8 map 

occlullion are indicated by a line : 

A A A and stationary fronl!l by : 0 0 
I\QI\r)I\ . Such indications of 

front!! are neretltlllry whenever rolor print­
ing is impossible or impradicable and ill 
the way they usually appear in daily papers. 
It also will be not~ that the cold front!! 
elttend south and we t from the IoWII and the 
warm fronl! extend l!Outh and east from the 
low &II indicatl'd in Section III. Furtbermore, 
a wave or occlusion i beginning to form in 
north rn Oklahoma and Kan8&ll. 

Other Data 
Other infurmatlon included on a we-ather 

map I indicatt'd in FilfUre 1-22. When po!! 

Ible, ar~ of predpitation are indicated in 
Crt"l'n. 'teady prl'Cipitation is indicated in 
solid ~n and ahowery precipitation in 
hatcht'd green. F areu a~ indicated in 
)·(>lIow. 

4 . SUMMAIY 
The weather map ill one of the mOilt valu­

able aid to filcht planning availabl in the 
eather atatlOn. It ill a11-imp.>rtant ID plan­

nlnr lactical operations. It ill true that the 
latest weather is found on thE' sequence. and 
final ftitrht deci ions mullt be made from 
them, but it ill from the w_ther map that 
one may vWualize at a trlance ftyintr conch­
tions over a IartrP ..... 

G" UN 

D·LUE 
"EO 

."O.N 

YELLOW. 
PURPLE . 

RAIN 
NfEIc.,.· 'fN 

• ••• • • • • • • • • • • • • • • • •• • ••• 
SNOW 

CONTINUOUS INlU .... ,lItNI 

DRIZZLE 

THUNDER T 
+ 

LIGHTNING --

lit lit •• 
•• lit •••• lit •• 

- lit • • •• lit 

THUNDERSTORM 

SHOWERS FOG 

IIfSTItCTED 

lOW PRESSURE AREA 

\ . 
SA ... 

HIGH PRESSURE AREA 

POLAR AIR MASS 

T TROPICAL AIR MASS 

ST" TIONAIIY 
FRONT ...... -

DUST AND SANDSTORMS-5-
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SAMPLE ANALYSIS of HOURLY SEQUENCE WEATHER 
REPORTS 

AWU5 
® ®® 

9891-3 161430Z 

TIK 57 M 3VeO, 1'/2V L FK 146 '66 65 ·3 997/ E7eCIGVRBL2T04 05164/ 10332 
I 2 .3 4-5 6 ., 8 9 10 /I 12 1.3 14 15 16 

o 
® 
® 
@ 

Air Weather Umted State,> 

The Military CirCUit utlhzcs 9891 . 2, 3. 4 as Identification. 

16th Day ofthe month 

1430 Zone time (Greenwich) In this case MItchel A. F B. Hempstead N. Y is the station, 
making the time of the report 0930 ES'l 

I. TI K · STATION IDENTIFICATION symbol for Tinker AFB. Each AFB and CAA station has an 
Identification symbol listed Ul CAA publtcanons. 

2. 57 

.3. M 

4. 3V 

SPECIA L REPORT, Identified by the letter 'S '. The '7' Indicates the 7th special ob­
servatiOn for the day . 

CEILING CLA&<:;IFIED as measured. A letter Immediately preceding a numerIcal value for 
ceIlIng classIfies the value as follows: 

A - AIrcraft E - EstImated P • PrecIpitatIOn 
B • Balloon M· Measured W . Indefintte 

CEILING IS 300 ft . vanable. Celhng is expressed In hundreds of feet. 
The letter 'V' mdlcates a variable cellmg. 

5. e GD SKY CONDITION IS overcast, lower broken. Dark and thm clouds are represented by 
symbols ( . ) and i .' respectively preceding the sky condmon to which they apply. 

6. 11/2V ' VISIBILITY is 1' . statute miles variable. 

7. L 

8. FK 

9. 146 

10. 66 
II. 65 

12 --3 

1.3. 997 

WEATHER IS !Jght dl izzle Weather IS reported as follows: 
T· Thunderstorms L . Dnzzle S • Snow 
A - Had R • Rain SW· Snow showers 
AP· Small Hall 0 - Squalls ZL • Freezmg dnzzle 
E • Sleet R W . Rain showers ZR • FreeZing ram 

FOG AND SMOKE. The follOWing symbols indIcate obstructions to vision: 
BD - Blowmg dust 0 . Dust H • Haze 
BN • Blowmg sand F • Fog K • Smoke 
BS . Blowmg snow GF - Groung fog 

SEA LEVEL PRESSURE IS 1014.6 mtllibars. 

TEMPERATURE IS 60 ' F. 

DEW POINT IS 65 F 

WIND IS from the West at 3 knots (CAA & WB stations report mph). 

AL TIMETER settmg IS 299i inches. 

14. E7eCIGVRBL2T04· Estimated 700 ft. overcast. Celltng is variable 200 to 400 ft 

15816. TERMINAL FORECAST Code Groups, mcluded only in reports from Air Force Bases. 
See Termmal Forecast poster for explanation. 

. ~~i.:n~ c.nly ..... . : 

0®@ (.i) 
AW 3 16 o 930E 

CD A Irway. \\·~ath.r 

® 
® 
® 

r"port 

'ie"re 1..23 Hou,ly Secr"o"co Woa'''', Itoporl 

! 

I 

li 
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CIl .... . .., 
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CHAPTI. 2 - NAYIGAnON 

1. GENEUL 
ThE' (lnrlX'S(' (,f the n8\ iltatilln p8rt 1>' thi' 

hook ill tn acqu Int th pro fl4'ctl\" Air Fort' 
officer \\ ith !Iom ul thf' tundamf'ntal prln . 
ciplE', Ilf navigatiun In onlt'r that t'l' will 
better appr~late thl' prllt,)t'm. im'oh ... 1 "hl'n 
an airplane i fluwn from plBCI (., plart', 
He will, thu • be bt-ttf'r pr\'pal't'd t .. 8t'('I,m . 

ph, h hi, own. pec:ial a ignm, 'nt :4ml h relty 
con ('Ibutf' mor' to th., "nOlan nil", Ion of 
th Air Fnrrf'. 
~u attempt \\ 111 bf.' n til' ttl tin "Inl' lJo 

practical navigator The ;:0111' • In na\ igatiun 
I~ dt'14lgT1t'<'i to bt- purely orlPntatlOnal, 

ir navir-lion the art of dir~tlna an 
al~ro. OM ~ io a_llfr and of 
a.k .... rn ... f .... tron It AD t 

In it." simpl .. , t form. air navigaUon I, thl 

follo\\ ing rI\'er" an,1 nuh 
Inlt fill' p('('manent to\\ n, no I 'Ilk. IIIUI II 

moton. t tind hi, wa\' h~ ,.,11,,\\ 111)( lh •• 
Ingh\\8r an,ll .... tunnll!!' Itt th \ Ilia t ' c:h Irl h 
or thl' rt'tl b.irn, 

metho I of na\ I · 
gath'n n,' Inngt'r Willi aol. '1 II a t .. ; II had t .. Ix; 

RESTRICTED 2 I 
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repla~cd by newer and mure precise tech­
niques. 

In hi .. attempt to Improve the methoda and 
Ill'trum"nl~ uf air na\ igatlOn. the airman 
I 'Il'allv urm'<i to he long-eslabli hed 

i n,' " f marill!' nangation. There he found 
murh to burro" .• orne of the precise equip­
IOl'nt oi the marlne navigator. however. Will 

t hl'a\'\' and bulky for thc airplane. Like­
WI't', ~oml' of th mann na\'lgator' tech­
n"lUE', Wl'rl' too cumberjOOme and "I~w for ~se 
in a fa,t,mm'lIlg airplane. Thu., It was Im­
p ratiw for the airman to design hghter, 
more compact equipment and simpler, qUick­
er method .. Of course, ><ome of the problems 
II[ .\If navigation had no clo!'le parallel in 
tna rlllt' navigation. The.' problem. had to 
II.. "01\ cd ind pendl'ntly. Air navigatIOn, 
th"r(>["n" progres.'Ied II} th impro\'ement .of 
"Id In~ rument. lind method. and thl' In-

gator with a thorou&h knowledge of the ~ic 
principles of his craft can 80Ive the special 
problem!l of any mi ion he may be required 
to fly. 

Th. Naylgator's Method 
The navigator haa three major problem 

He must be able to determine the poIIi~ 
of the airplane afiuy £Tme, the tl_ at which 
the airplane will reach any position, I!n . e 
way to head the airplane to reach any de I 
destination. 

The basic method u by the na\iptor 
to solve these three problems i called"~ 
reckonin,," a term borrowed from th~ mari­
ner and which means deduced reckOning. To 
,oh'e each problem, the navigator mu t know 
tertain facta. TbIll..k.1!DsltA. pGlition oLau 
airpl~.by dead ~0!!iY, he mu t knoy.· 
the poeitiOil of the poill\ Of departUre, !he 
diredioa of flight, the .... of the airplane 
and the le"rth of ti..e It haa been ftyiq. Once 
these facta are knoWD, Ole 8OIution of the 
problem i very imple. For example, if an 
airplane hatl been ftying due west from point 
"X" at a peed of ISO miles per hour for 20 
mi!lute , Its position ob"ioWlly ill 60 miles 
WI .. t of point "X." Finding the time an air­
plant> will reach a given position is a varia­
lIun of the Kamt> problem. The difficulty is not 
in llvlllg thl.'~ problems but in obtsining 
ne·1.' ary fl\(·t. as til peed and direction of 
Hight. 

Thl' CH!r-prt·, -nt and np-v r-prf'llictabl 
wind makt'~ it dltfi, ult tIl detl'rmin the facts 
a to iI(> a1fJllane'. pet'd and dire(:tion of 
flight. Thl' airplane dUl's not crawl along the 
I'srth·· su rface; rather, It tiles through the 
air. wh l~h i~ ,I f i. moving acroll/! tht' arth. 
Tht' navigator's imltruments tell him how 
fa,.1 he i mO\'ing in relation to th air; but 
h may be Hying faster or slower in relation 
t ht' earth, dependlllg on whether h i 
ft:ang WIth or again t the wind . The wind 

b nut (lnly the peed ni fllllht but allO 
I hr ·tllm Wind caut\es an airplane to 
draf' a"ar from the direction in which It 
I h adt>d: JUllt as a fiver carries a rowboat 
down_ trelim all the boat cr088e . The navi­
gator' cumplLM tell" him the direction in 
which the airpl~e i headed but not the 
directIOn il\, which it moves over the earth. 

The navitator' thjrd problem i to de-

2 '2 aeSTI'CTtD 

termine which way to he.d the airpl&De in 
order to ruch a cleaired destillation. Thi .. 
too, is ~cated bx the wiDd. It i, not 
enoqb to the airplane in the direction 
of the deatlDatioD, for the wiDd will blow it 
in a direction different 1l'0III that In hich 
it is be.ded. The wiDd', eft'ect mllllt be pre­
dicted and a110 IUICe8 made. 

Clearly, a kno Iedp of the wind is very 
important to the naviptor. The perform­
ance of his duties ordinarily demand that 
he keep tydr Of the p P' of the airplant' 
and at the same time cont.iDuallv .dd.ermine 
the wiDd. 

¥ DaVar i small 
errore m boaUId to jl(Cur, and theae mall 
errora evWuaJbo ..tel up to Iarp erron. 
From time to time, therefore. the naviptor 
must correct his reckoni ... by definitely 
locatilll' his position blllolaUoq to the earth ; 
he does tbi, by USing one of the aidll to dead 
reckoning. Most simply, he may locate hill 
position on a map by rec:apiaiq SOble land­
mark oyez w.bich Jaa..ia ft¥ju, If the around 
is not vilible, he may be able to find hi 
poIIition by the use of radio or by obeervation 
of, tile ceJeaiaI boclie.. Since the UCCe8l\ of a 
mi ion may depend on anyone of thE'se aid~, 
a sldllful navigator mu t master the u of 
all of them lUI well lUI dead reckoning. 

2. POSITION, DlIICTION, AND 
DlSTANCI 

GeneroI 
P-tM..IUrect_ and d' tuft nQ the sur­

face- Of f1te errtJi are tlle very ubstancE' of 
naviplion. 'naerefore, aa a fir. t IItep. th 
naviptor must learn in what terms posi. 
tion, direction and distance are e"pre8!'led 
To make lIure that they are all under toud, 
a definition will be Jiven. 

The earth is a spinning ball. The imagi­
nary line about which the earth apina ill 
called the axis of the earth. The enda of the 
axis are callt!d the north poie and the 80uth 
pole. 

The earth ill not a perfect sphere. A IIpher 
ill a body hoee urface is everywhere equi­
di tant from a point Within, called the center. 

n lin which paue. from one lide of a 
phere throurh the center to the other lIide 

il a diameter of thl' phere. Obviously, one 
dialnt'ter ia equal to e\'ery other diameter. 

The rth ill IIli htly ftatt ned at the poles ; 
its axil ill about tWtnty- i mill' horler than 
its IP'U t diameter Thill difference, how­
ever, ill only alx.ul 0.3 llt'r (,t'nt elf the 
diameter. For the purpose of naviption, 
therefore, the earth may be thought of a a 
perfed sphere. 

Pealtlon 
It ia nece ry that. me 'y tt>m be dl'\"ised 
that any poaition on the lurface of the 

earth can be identified readily. Sometimell It 
may utileI' to say that the airplane ill ten 
mile e&llt of Pittaburgh or that th de tina­
tion i the Chi!'a.1I MuniciplIl Airport. That 
rna be cI ar enollgh And Impl enourh. But 
how w uld thl' "osition of the airplane be 
designated lin a tran. -Atlantic ftight? It 
would not be sufficient for th "i1ot to send 
in a potIition report I'8Ylllg that ht' was in the 
middle of tht' AtlantiC or ten mlleR Mouth of 
an il'eberg. It i apparent that 8OmE' univer­
ql method of t"pre ing poIIitilln without 
~rd to nE'arby gt'OlTaphic featurell ie 
needed. 

If one were to t II a IItranrer UIE' locatIOn 
of Pete', rvice Station ill JonI' ville, h~ 
would say it i at the l'orner of St'rond • tn't'! 
and Third Avenu . Thi definitely It'll tho 
~tranfl!r the location, for thl're ill onl)' on(' 
place in all Jon \,ill., "here ond Ir , 
and Third Avenu cro . Or he ma} 1t·1l him 
that Pte' • I'\'ir. StstlOn I two hhl('k~ 
north of Main treel and three block , a. t 
of Broadway. This i ju t a definit . Quanti. 
tie. which rive position with re8pt'Ct to two 
rderenee linea are called coordinates. Thu., 
"two block north" and "three block. I' ' " 
are tbe coordinates of Pt>t 's Service Station 
relative to Main Street and Broadwa),. 

POAitions on the earth may be giwn by 

IfSTltCTfO 2·J 
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a imilar. \'stem of coordinates. However, 
there ar no natural lines on th E'arth to 

(Jr(~It'1! on a :pht're, If a s{lhf'n' I. cuI 
traljlh tilr .ugh, lhl' ,'ul ,,1/(1'. Irt! clrd, 
rhu. hI.' illter .... 'lIOn nf .1 plane with 
phere I~ a Circle. If the plane p&88e1l through 

~ 

the center of the sphere, dividina It in half, 
the cirele formed is a areat circle. A areat 
circle is the r at circle which can be 
drawn on a j[iVeD .IP1iUe. Any other circle, 
no matU!r what SIZe, is called a small circle. 
The plane of a mall circle of COUrtle, doe 
not pa through the centt'r of the sphel't' 
lind hf:,nce doe not divide it in half. 

.~t'gment. of circle, or arClI, are measurl'd 
III d,·grt>e., minute and lM!(·onds. A degr,* 
( I I" J 360 of thl' circumf renr of a circle, 
TIIlI., If an) eirel i, divided into 860 equal 
rl'~, t!ach rc I 1 in I n,.th, nil matter what 

lht It of th clrele. A minute (') i J 60 of 
I ; nd a -=ond (") ill 1 60 of 1'. 

If a IOtraill'ht line ill drawn trom t'ach end 
II! nan' 0 the center of the circle, th_ two 
lint' m t to fnrm an angle at the center. 
1 i~ i th(· angle ubtended at the center of 

In'lt' b\' th arl' Angle. like arC8. art' 
m ,~r III dt·gret>ll. minute. and ond". 

ngl, t tht' ll'nlRr uf II circl alwa' 
/I th 0(8~ numllt'r of dewree . min 
md lIel'!llId~ .,. th arc which "ubtend .. 

l . ing d Itret.', , minutt's, and 8e('ond elf thl' 
ar,', thl! Ipngth of an~ ar can be I' preMed; 

,'11', tht.' dl lancl' tWl't'n any two point 
lIll 1\ Circle ran be eJ(('Iresserl. Thi i not 
iiI' r ril~tanc . !Jut angular dl lance, The 

~STlIICTfD 
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a~lar diatance between two point" depend 
on what proportion of the eirel IIeparatell 
them; the linear di lance between them d _ 
penda allO on the aile of the circle, 

Reference u... _ the Barth. Circles makt' 
th be t refprence IinM for delllgnating ,,0 i­
lion on a pher, The que tion i. where to 
tlraw the drcJelC. A . phere i~ a continuuu, 
urfare without 'It!gmning or end. lind ont' 

pnint on it I JUlIt 11k anotht'r. 
The only di hnethe natural geom -trk lint' 

of the earth is itl! axi , which I. ditTerpnt 
from evpry otht'r diamelt.'r. Thu • th pole~ 
are tli tinetiv(' jJ(.in fin tht.' earth. Tht. 
rw>IP are u.I'(1 a. tht' \:t'ntral pvmt 
,et of r fl'rt'nce drde~, Tht' . 
l'ir('le Qf thi. t i he equator. 

Th,- rquator i th great tirel halfw:l~ 
hdwl't.'11 thl' ptlle .. :inee th polt'~ n' J 0 
or hal! a circle a('lart. ~\ en pomt on th, 
t'qulttor j 90 ir 1m l'at'h "nil'. Thl' phme 0 

the !!quator I pcqlt'ntlil.'ular to he .'urth'. 
axi~, The ('Quat r dl\'idt- th ,·utth illt. o' 

ortht'rI anti a !\(,uthern ht>ml phl·tl> JU. 
sa MaIn Street dividell Jon vTIle IIIW a 

northern anti a southern half. It .l'rH'. a. a 
referen I' line on the I'arth ju t a. ;\lll\fi 
:tr t might rv as a rt'fer 11('1' lill" ill 

JOlle. ville. 

, mall drclt> who~e plane I, parall.>1 
with the jilan of fh e uator t. a parallel 
f latitude or impll a Il&ral1el. Each parall I 

." l \"t.'')' \\ h .. re I'quit.li. tant rom the \101 ". 
(film thl' equator and from e\ery uth{'r Jlar­
:Illd Thu • the parall I anti thl' equlltor are 
,'\lnH'nlrl,' a'H'ut lh p"lar axi . 

E\t'rr pninl lin the 'arlh ha. a ,arallel 
I'll. IIIg through It. ()nl~ a fl'\\ I'lIr8l1el" ar 
. ho\\ n lin a glob(·, fur the gin\>{' wouln II(' 

01111 hhu~k II thl') ",'rt' all :<ho\\/I A parlllll'l 
i d.· Illllah'" 10\' 11" Ilngulltr ell tnnl' n(lr h 
Clr KtJuth (If Ihe equah.r. that i.. to\\ard the 
I ,"ih or ,ollth pole. 

A gnat eirel thtllugh th. · lwlt." 
I. a meridian of longitude or ill!J.ll\' a mend­
IIUI. Ml.'ritlian:. corre:lpond to the nortIH'(juth 
.. tr~ of JOI\l' nllt.', But on,' lilt r lllllm j,. 

ian; 
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meridian!! are hown on a ,lobe. A meridian 
ill de ipated by ita an,ular distance east or 
we t o( the Greenwich meridian, that is, 
right or left all one (ace north. 

Latitude and Loarltuck. The parallel and 
meridians intersect at ri,ht &neil'S to (onn 
a grid ystem comparable to the streets o( 
Jone \'ille. A p08ition In Jone ville can be 
designated by naming the streets which pass 
through It. Thus the 40 0 N parallel and the 
7:; 10 W meridian torethu desirnate Phila. 
delphia. Or a position in Jonesville can be 
de ignated by living its coordinates relative 
to the t"o principal intersecting streets. Like­
Wise, any point on the earth can be deairnated 
by II"ing its coordinate relative to the 
equator and the Greenwich meridian. -DIMe. 
coordinate are called latitude and ~tade. 

The latitude of a point Ia I ue!ar dIa­
tanee north or aoutfl of"Oii-equafOr, -euured 
in the plane 01 tJae _ridian. Latitude ranrea 
from O' at the equator to 90 0 N and 9O'S at 

1·6 

the poles. The Ioqit_ 01 a .... t Ia It. u. 
gular dlatanft ... 01' w. 01 tile Grtenwidl 
meridian, -euured Ia tile .... eI the ~_. 
tor or eI a paraJW. Lonrltude raqes from 
O' at the Greenwich meridian to 180 E and 
180· W. In giving the coordinates of a point, 
latitude is given first, then lonrltude. For 
example, 29 OS'S, 104'!l6'W 

SlDce eacb parallel &lid meridian is named 
according to its angular distance from the 
equator or the prime meridian, naming the 
parallel and meridian which pa.III through 
a point i essentially Ute Mme as gi"in, its 
coordinates. Note, however, that a meridian 
of longitude is a line; whereaa longitude is 
an an,le. Likewise, a parallel of latitude is 
a line; where&ll latitude ill an an,le. 

Direction 
To walk 8('r088 the treet to the Jackson's 

house, a person would ju t ,lance at the 
house and lltart walking in that direction. 
He would seldom mi or get 10 1. But to tty 
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to Miami (rom Houston, hl' cannot lI. thill 
. imple method ~au8l' hl' cannot Miami 
(rom Houllton. He would ,et the directIOn in 
some other way, u8ually from a map Then 
he has the problem of keepin, the airplant' 
headed in the right direction. ObviolJ"ly, di 
rection ill important in naviption A sY!ltem 
I. needed (or expre in, the ,Iirt'<'tion of an\' 
pOint from any oth r point. 

North is the direction of the north pol 
from any point on th I.'arth, and :<outh i!< 
the direction of thl.' south pole And It · on., 
face north, east i 10 hi ri,ht and WI' I i 
to his left. There are only (our of an in­
definite number o( poll8ible direl'linn . 'omt 
interme<hate dU'ection all\O ha,· nam ,!luch 
as northeaat, north· northeast, and northea t 
by north. But th number of named dlrec. 
tiona ill mall. and tbt' naml.' ar cumher. 
some. 

The Ylltem of direction IIiit'd in navlglt­
lion III much Impler, and it permit! morl' 
t'xact dl'sipation of dlrt'etlon. Dlrectu>n i. 
expressed aa an nil measured clockwCi .... 
from north. At any po itlon, on may im­
Cain a circlt' "'hi ' circumfert'nCt' i di­
vided into 860 pqual units. If th di\,1 lonll 
are numbered c1ock"'i from north, tht'~ 
Indicate tru direction from the ct'ntral 
point. Tho! direction of north ill 000 or S60 ' ; 
Eut is 090' ; IOUth is 180·, and we till 270' . 

The direction of Q and M III the an~l' (rom 
north clockwise to the line MQ. In other 

word., it i Ihe angle between tht' meridian 
and MQ The direclion of Q III 025 . Like­
wise. the dirl'(·tion of R trom M I. JOO And 
the dirt'etinn of P from ~, I~ 260 

A na\'igator mUll! learn to think o! direc­
tlun a. anglell and pract.c!' elltimatlnlC Iht' 
c1lrc lionll I)f line . t nil' ~ tht'rl ' IS om dt, 
VIC" ~1I('h a~ an arro\\ hrad to ~h,,\\ "hieh 
wa~ a lin IWlnt. , thl' hne h .. ~ two .tir 'rtlon .. 
lfilt' rlOg II\' 181) . Later, \\hl'n hI' i mca. llf 
109 (!Jrl'rtlun .~, hl' mlllll IJt. \t'n cart ful 11,,1 tn 
mak .. a 1 (l c'rrnr ThIs iR It . rlrHI mi . 18kp 
\\ hi h I. it ~ to make. HI' In. llr agllin!'lt 
this mi. takt' by Itarnmg til !'lIt imat.' direc­
tion. Then he can rh "k mt'a un'ml'ntl< by 
common senlM'. He can . al a gl nct' that 
V 'lIId , ""',/ Iln't"d" r lt . /I f,-<a f lfHI " 

. '<·rlh and 1-:11. I UIlO to 090 
2 Ea.'!t and, tluth 090 0 to 1 (I 

3 'outh and We I I II n270 
4 Wr~t and. 'urth 270 to :160 

I ... 
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tht· dlr .. ·tlon of 0 from ;\1 i: about 025 . If 
It \a. ml'a;ur 'd a~ 205 • It \\vuld be fll,ar­
cllt 0 hIm that thl.' nw, ,",urcment \\ 3. In fOrr"r 
IJ .. ). 0 • 

rtl'r ur qu.ld· 
Call into each 

part!ntly. there i. nIl good re&!lOn wh' the 
mIl .. "hould have thi parti 'ular number (If 
feet, Lut that's the wa~' It i 
Th~ nau cal _ile In.a.) whith tontaillM 

.0 fftL will tll~ ret a u~-
m~nt of diaW.utc:e ill th~ ir FOIft. Tlii _irht 
appnr to be an ~uaJty.r trary Iencth; but 
it is not. Th~ nautical aile is ~aaI to _ 
minut~ of arc on tb~ ~uator. ~iJIft th~ earth 
i . COIUIId~rtd a perfect 8ph~~. tla~ mnidiana 
and th~ equator .~ CGIl8id~rtd .. creat cir. 
ties and all the e size. H~nee. for practical 
pul"polW8. a aainu~ 0( latit ...... equals a 
nautical mile TIw paraDe'" how Y~r. are 
maD circa... ainate of arc 011 a parallel i 

a "'I~r liaear dilIluift than a minutf' of 
arc: on a Kreal cird~; rurtMr_~ jll; l~nKth 
\ rif'. " 'jth latitud~. Thf'refor~. a minul4' of 
art" on a parall~1 i. not a nauti I mile. 

Thue I no abeolutf' rule that nautical 
mill'!; mw I be u~ to na\i«ate. U uall) 
nauhc:al mil ar~ more c:on\·~nif'nt. and thi 
i. e8peCiall)' tru~ in c:~Il'Shal navixation. 
~mf'times. ho"e\·u. there i a good reason 
for u InJ{ ,tatute mil .. JIIMt be ure not to 
mi'\ the 1"0 ) t m. of measurement; that 
I courtinK c:onfusion. In thi. lion nautical 
mila ar~ uaed ala ~nti"ly. 

ItESTItICTEO 

IIfSTItCTED 

other circle which c.n be drawn on the earth 
~tween thelle pointe. 

Through two point "A" OIl "B," draw 
twu elrel of different izes. OLviuu Iy. the 
hort r ar of the larger clrd i more nearly 

traight hne than the arc of tht! mallt'r 
.:ir, I . The larger the eirel ,th more nearl;\ 
III arr WIll api rval'h a ~traight Ian , and 

hence the horter the dlstaDt'*! along it t 
tw n" A" and "B," Rem mber that a ir at 
circ1t'i the largt! t circle which can be dr \\ 1\ 

on the earth. 

Becau the hortest distance bf't\\~11 t\\11 

longer than the IT at-eirele cour, . Com­
promise ill made by flymg a. rie of rhumh. 
line whlch.appro imat a gr ... t rif(·II'. 

3. MAPS AND CHAR'S 

Genera. 
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thing actually ten miles long i shown one 
inch Jong on the map. On aeronautical chart., 
the scale III indicatA..-d in one of two ways. 

R.pr.s.ntatlv. fractlan 

The scale may be given as a representative 
fraction, uch ab, 1 :;)()(),OOO or 1/500,000. 
Thi means that one of any unit on the chart 
r"prcQ nts 500,000 of the same unit on the 
earth. For example, 1 inch on the chart rep· 
re.ent 500,000 inehe on the earth. 

A representative fraction can be e88i1) 
cunverted into a statement of miles to the 
inch. Thus, if the cale is 1 :1,000,000, 1 inch 
on the chart stands for 1,000,000 inche or 

!O~~'OOC:2 nautical miles -, about 13.7 n.m . 

Imilarly, If the scale is 1 :500,000, 1 inch 
on the chart representll about 6.85 n .m. Thu., 
the larger the denommator of the represen· 
tative fraction, the maller the scale. 

- - - - .'" 
'-v--- .. 
I" T r "" \'0 N • .-•• • • y te A .. 

Graphic Scal. 

The . call' ma\' bt! hown by u graduated 
hne, This i. ml'~eh' 8 di. tance 8~ it 8ppearR 
un the mar lalx-Ied in term" IIf thl- aelual 
di. tancl' it rl'prl' 'nt. on he arth. 

The !il.tan(' between paull Is of latitude 
I. ,I convt'nient graphk . , .. Ie, for It I~ know n 
th t 1· !If latitude al\\'a\'~ eq at fiO n.m. 
Oftl'n the mendllm i dl\'iderl mto mlnutel' 
"f latttudt, which <If • tJUr l'Qual nautical 
mil iI. 

4. MAP MAKING AND PROJECTION 

G.n.ral 
The urfa'e of the I'lirth may l>t' truli rep­

relW!nted lIlIl} on a l! ll.!. Bl'Cau. c the- glllht' 
ha.'! the arne-. hape- 8. thl l'arlh, dlredion , 
dl"tan('e., ,hapel<, and area. all ma) be l'ho ... -n 
faithfully 

For m' purpu. II. I{lo~ IS th mn!!t 
, ful repr· ntatlOn of the larth' urfaee. 
r{'r nth r purp,l.el'. howe\er, a globe I in. 
"nv nit'nt t>t'Cau 'of it . hapt' and ill' bulk. 

To be useful in navigatIOn, a globe muat be 
of large lIe.ale in order to show detail. How­
ev~r, a large globe c.annot be carried con· 
veniently; nor would section of a globe be 
t!&sy to handle. Consequl'ntl), na\'igational 
chart are alway printed on nat sheets of 
paper. 

Distortion 
A spherical surface cannot be spread out 

on a plane; it is said to be nondevelopable. 
A comple~ orange peel cannot be ftattened 
without tearing, stretching, or wrinkling it. 
Likewise, the surface of the earth cannot be 
represented perfectly on a ftat urface. There 
I bound to be distortion. DiatGrtioa ill ... 
repre.ntaticJa of 1Iineti., ...... and reIa· 
tive IDe fII tIae f ..... fII the eartII' ... rface. 

Note that a small piece of oranp peel can 
be ftattened with comparatively little tearing, 
stretching or wrinkling; for it ill nearly nat 
to begin with. Likewi8e, a small area of the 
earth, which ill nearly ftat, can be repre­
sented on a flat surface with little distortion. 
Diatortioll becomea a serioua problem in the 
mapping of large areaa, in which the curva­
ture of the e.artb is pronounced. 

Ditdortion cannot be avoided entirely, but 
it can be controlled somewbat and ystema· 
tlzed in the drawing of a map. Maps have 
many uses. If a map i drawn for a particular 
purJll'" , it can be draw n til minimize the type 
of dilltortion which i m t d trimental to 
that purp<IAe 

Bt'fort' ('Oil. Ide-ring how map ar mad, 
('nn ider what character! hc are de- Irable 
in a map. 

Th ......... p 
There are Mveral requirement. which a 

map . hould met't. Theee might be called the 
l'haracterl tiC of a perfect (but impollSlble) 
mal' 

Th · .. Ie hould be con tant over the whole-
map. 

Angle hould be truly hown. If thi i. 
rion ,.hape will be portrayed accurateTy, 

t lea3t in small areas. 
Great circles mould be hown .. etraipt 

hnl!l'- A mat circleT the abon.t ~ 
between two point. on a apben. .ADd a 
,lraight line i. the ahorteet distance bettreaa 
two point. on the map. 
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A rhumb line, or line of constant direction, 
IIhould be apow as a strai t liiie.This i. 
the IiDe which an airplane !.end to follow 
when teered by compaae. 

Certain additional charade-rI. til'll, though 
less important, al!lO are de irable: 

The coordinates f points hould be e ... ), 
to find from th map: Ilnd a point "houlcl be 
plotted l!a8ily on the map when itJJ C()(lrth. 
nates are known. 

Maps of adjacent areas Jrawn, I., Iht' ~nw 
scale, hould be jOined e_ i1y. 

Each cardinal direchon 3lwa) S ~hnuI.t 
point tht' t'8me way on e\'l'ry part uf th.· mHJl 
Thu a north'south line- on nne part tiC Iht' 
map should (»Irallel A north':louth 11Ill' 'HI 

any other part of the map. 
The map hould be imple and a. II)' I'(HI. 

trueted. 
Equal areas 'hould be hown lUI equal. If 

the scale wert> con tant over th~ whole map. 
art>~ necell88rily would be hown ('(lrrl'Ctiy 
However, area. may be h,m n corn'dl\' 
\\ hen the scale i. nut cvnlltant 

ince the )'It'rfect map i Impo. Ible. 1111 
these d ,Irault' character!. tiel> l'annot ht> l·um . 
bined in one map. In fact. it is 011\' IOU, th I 
certallt of these characteristic are mutualJ\ 
eXclUlll\·I'. It i. po ibll'. howl'wr, til con. trur't 
II map met'ting onl' nf the. rl'qUlrement. 
\\ hkh ", e. pecially Iml>l'rtant for the I'lIr 
po~ of the particular map And, It III po ~Ible 
to conlltruct a map which fulfills. v.'ral of 
the!<t' requir ment.~, or which, hy compromis(', 
app!"uache the fulfillment tlf . ev ral .,f th. 111 

Map Maid ... 
The I.' act ('O(Jrdina~8 of ny poant on th, 

earth may be found by a tronomiral mean . . 
Then, with r ferencl' to contrlll poln~ e!llab. 
h. hed in thi way. thl' location of nearb~ (ea­
ture. may be found by lOun-eying or by aerial 
photography. A mal' i made bv drawlII 
the geographiC feature. lin a (ram w .. rk l.f 
me-ridlan and parallel know'n 1\ a grlllil'lIle, 
One thl' grattcule i. drawn, feature. rna\ l~' 
1,lotted in th ir ('orrect po. ition with r 'f,'r. 
ence to the m rid ian. and parallel~ . 

The con. truction of th gratlcule I. a wr\' 
<'rltical tep an map maklhg. Th form nf 
the vatieule dt'termin the INneral char, 
acteri tic and apI_ranee of the map; and, 
of ('our . itll _ ize lietermin thE' !!Cale, Since-

the meridian and parallels cannot be sh()w n 
on a plane lIurface I' actly a~ the) would 
apl)l'ar on a sphere, tht're ill no m.. {'urred 
way of ,'(In. tructing th gratll'uk In fal't, 
there III no limit to tht' numl .. 'r of WilYS in 
which tht' graticul may hI' drawn . For 
ampll'. the nWrldian,. and parallel" rna) be 
IU'l'n a" ~tr Ill'ht hne .... a, "arlou"ly "lIr\eU 

IIIit' , nr ",mit "tral,ht and SHOll' a. eun-E'd 
11Ill'. , th!'\ 111;1\' I • pal' ~I in \,anou way. : 
lid Ih.,.\ ilia \ IDtt'I'l'<t'( t al \ ri,lU nglell. 

\, IUIlII" Ih,' gratH'ul., alw v. I dnt"'n lit 

Clml' ) telllll'" "anll"I. 

Prolectlon 

The or CGUUIICtia& the '"'ti('ul. 
raIIH projection. isn. fa('h I) ~ of J(rati. 

cult! i allied a projedion. In actual pral'llrl'. 
the gralleull' i. drawn on n plan .. sht'et flf 
paper In arl'llrdanre with ,'ertaln math!' 
mati,al Jlrllll'ipl"" whkh Ihff .. r with th .. hl'I' 
flf I'rojt"Ctifln 

Wilh cl'rtain map pr<ljl,(·tiun., it ." ""'SibI" 
til \ I. uahze Iht' gratlcule al·tuall~· pruJf'(.It.tI 
IInto thl' I'apl'r ~ If h\ a Dla ". lantt'rn. 1'1~­
lurt' a . I'hert' l'Iln, I tlng (If a h •• llo\\ fraDle 
work flf oP:ttlUI' D1 ndwn ,111.1 I aralll'l,. 'a) 

,It:lu inh'r\'al. Th n )lit tun a Ilgl t hllih 
at ~Im(' point of I'nljt'('tlOn Within th., '1'IlI'l'" 
Sow the ~hadow, o( Ihe Dll'ricliall. alld pilr 
all Is ,In' l'asl on 1111)' st ... t't n£ pllpl'l h.ld 
0111 ule th" . pher '. In 1,lh"r \\ ort! . tl" Ion ati. 
,IIII' I. p-"JI'Ilt-d (lilt" thl' pal 'r. 

The I', ii,·t I'att.'rll of thl' grlillrlllt, dl'I"'lId 
.. n thl' 1'0~ltiun IIf th"l ,11111 of IlrOj .-IlI'n anti 
he pn"itlun III th .. ' ho'pl lIr papl'r, ~1I1 ' thai 

thl' -urCal'O' "/I which th., prlljt'l'llllll I mad" 
1I.'t't1 IIl1l lit- plant' It l'an I,., a l"lIh Ill' 1'\ I 
inder. whlt'h can I ... unrolled IIlto a plltno 
afl(>r Ihl' pr"Jt~'ti,," IS matll' <""110' til 
l') lindl.'r i, It t1t'vl,I0l'ahlt' .lIrf n In • ontl.o t 
ttl Ihe nUllllevelopllhl.. urfan- lIf Ihl' . 1,111'1" , 

If th' map \. \ I uahzt.'t1 s, allllal" pro 
I'rojl'CIt'd "nl .. a d(',,'lupahl.· ~urf .. l'I- fr"llI 
..... nw 1"'"lt w It hill tht' pht'I'l', 'lIlt' ,'all Kalil 

n umlt'r tanding (If thl' prinCiple .• "'- th. 
proJection. )fuwcn'r, II I. impurtant n"t tn 
(urge! thltl Ih~ proJl.'Ction aduall)' 18 drawn 
un Il plant' l'het.'t of I'al't r. 

Sum' map projl.'Ction callnut he cAplllllll',1 
a, proJ tlon!! from a point onto II devt'lop. 
able • urface. Other prOJt'Ctions can bt' x­
plained III thi manne-r only with thl' ail. 
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DEVELOPABLE SURFACES 
ONE ANO -n • E~ MAl 

al CUI AND lAID OU' I AI 

Sf>HER~ (" ANNOJ 8[ 

UI 50 IT .... 'l 
.I f Fl ... , 

It tion arl' nm (urmal. Th~. alt' tht· Lambert 
"/Onfvrlllli l • Unit' I'r"Jt"dlOn and th .. Mercatur 
pr IJ .· twn. Llk "b'. til st'll'tIRraplut IIr,,­
J" tl/O" I. lln[m mai. 

I'rr"pt'Ctin' ['roJKtion. '. In pt.''''' l'ti\"(' Prt~ 
JH tllm. t){t'''Ill''lrllal ,.ruJI'('tiun, I, th. PI lilt 
• ( "r"J...,t •• n I~ Ii ... 1, "'uall) th., I'fIIJI'<:tiun 
I triad.· "II ,\ pia II., tanR"nt tu th.. 'IIrth, 
E .111111 Iii t' Uti' gnomonlt' ano . tl'll'ugraphi,' 
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Connnti_1 Pl"ojectiOll8. These are certain 
arbitrary projectiODa. They ordinarily are 
not uaed in navigation. 

Pl"ojediOlUl a.ed in navicatlon. Chartll are 
llaed in naviption principally for two pur­
poses; map reading and plotting and mea.~ur­
II1g. Map l'ftldiq is location or pcl8ition by the 
indentUlaatioa or land rIut by IMan!I or a 
('hart. PIottiq i the establlsh. ent or point 
and lines on a d,art ; and measurement ht.'rt, 
mean the measurement oe direction and dlq 
tance on the chart. 

The charts mQSt uaed [or III 1l rcaolll ar .. 
on the Lamhert t'unfQrmal onic llroj£dion. 
Thotle moat used for plottmg and mt'1I8Urtnjf 
are on the Mercator projection. The _ tert'\~ 
graphic projection and the gnomonic pmjt'C­
tion have special U8(' in navigation. Other 
projections also may he ul\l'd: hut the. t' four 
are the mo. t important. 

5. UMIUT CONfORMAL CONIC 

PIIOJECTION 

General 

Charts of the Lambert l'onfurmal conil' 
projectiun may tit' called simply "Lambert 
charts," AlthouA'h other pmJec.'tions alllO hear 
the name of the cartoarrapht'r Lambert, they 
are nut 1181'(\ in naviptilln. 

The l.ambert lOll formal conic proJcctton IS 

lI"t " true JX'f8Jl1'Ctive projection, but it ('an 
I .. , ulldel'1lt .. "d I t b thlllking of It as one. 
One ma\ Ullnk of it as projected on thl' ur­
faee (.f a COIlt' which Illlerset.'t8 the earth 

lOll&' t wu ,l8ra1Jels of Illtitude. The a i of 
the con coincide!! with thl' alll. of the l'arth, 
The apell of the cone thus lies on an (' ten-
ion of tht, t'arth' axil!, aoovt' th .. north pole 

if the area to be l1Iapped is in th northern 
hemisphere. The J)t)int of projertion is vn 
the earth'. ",us. but it does not remalll in the 

"u •• o. II . t 
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..arne po Ition for all pam of the map. 
The parallel alonl' which the cone inter­

"ds the earth are called the '1tandard par­
II Is. Their. election depends on the latitude 

of the area to mapJ>i'd. They are sbout one-
Ixth of the distanl'e frtlm the tup and bottom 

of the proJection. 

Appearance of the Gratlcul. 
hne, 

per cent. The maximum ch&n&'e of scale for 
the whole chart i 212 pet cent in southern 
F1onda. 

VAIlATIOH Of SCAlI ON A ~T 
PIIOJICTlOfj 

A Iarl'e-scale Lambert chart of a portion 
of the United States is JU t a section of a 
larre chart of the whole area. Thu • the 
tandard paraUeb of the sectional chart are 

the same as thOle of the chart of the whole 
area, Thoul'h there i 80mI' change of scale 
over the whole area. the change i nel'hglble 
over any mall portIOn of it. Therefore. for 
practical purpoae , on a large-scale Lambert 
chart of a mall area, th 'al I. c()JI·tan!. 

The mendiana appear a radII of he l'lr­
cle which represent the pal allel . Therefore 
the meridiana and parallel mter ecl at right 
an«le on the chart jU t Il5 on the earth. 
LikeWise, 11 other angle are hown correctly 
on the chart. A a result, thl! I4hape. of areA. 
are !lhown correctly, 

Ince the scale III uniform in all direction 
a!,out any point, and since an«ll's are shown 
correctly, tht' Lambert projection is l'on­
formal. 
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AREA S RETAIN TRUE 
SHAPE 

Any strai«ht line on a Lambert rhart i 
very near ly a wreat circle. In the di Lance of 
2.672 statute miles between an FrancillCo 
and New Yor k, the ITl'at circle and tht' 
strai«M line connectin. them on a Lambert 
chart a re only 91 11 miles apart at thl' mid . 
longitude. For shorter di lance ,th departure 
ill Ie than proportional. Thu , for all pra _ 
tical purposes, if it i only a few hundred 
mil Ion •• a slrai ht line I a great cin'le, 
Thi is convenient since it enables the, hurt­
I' t line bet.'een two POlDt to be drawn With 
a ruler . 

A r humb lin is a curvedl.ille4Aal.ambert 
chart, The more nearly i direction I NIIl 

• t, the more a rhumb hn II part from a 
. trai,ht linf', Over !Ii tanct' of ont' Ilr I wo 
hundred mile in the latitude of Ihl' United 
'tate, a rhumb line departll httl frvm a 
traieht hm·: but o\'er Ion I' dl"tance thl' 

departure i laral', Between : n FranciAl'o 
and New York, the rhumb line d ... parts about 
170 miles from the trai,ht line, An accurate 
rhumb line cannot be drawn easily on a 

-~ -. ---

Lambert chart. but it can be approximated 
by a ries of straight line". 

U .. 
Scale uri at ion IOcr al'ell with thl' \ idth 

of latitude covcred by the Laml>t'rt projec­
tion. Tht'refort:' Ihi~ projection ill mOllt ,",uit­
abte for romparatl\'ely narrow latitude 
bands; It 1 It I al (or tht' nited ,'tate. How­
evt'r, th r .. i. M hmit to th width of longi­
tud whirh ma~ be rU\'ered with no elTect 
on 'al; Ihl:' I'rtljedwn may t'"tt'nd around 
th, e rth 

The enn t nl. III and th l'nnformahty of 
l..ambfort chart plac .. them among tht' very 
bt'at na\'i,ational ('hartl'. (o'or problem in­
\ol\'i n di tam'!'. and tru(' tli rect Ion. , th'~ ' 
re ,uperior tn M('fI'lItor ('hart, Thl'Y arc 

. uitahl!' Cur Ul'e with long-cti>llanct' radlO­
l)tOaring . For plotting po, itinn.- lind m .. al4ur-
109 rhumb-line dirt>ctwn>t, tht'y art:' "olnt'what 
inf riOt to Mt:'n'atnr C'hartl ; but the diffl'r. 
('net' L nol n ·C,. II rll.\ great ur I mp"rtant. 

• . ME.CATOII PlOJECTION 
O.n .... 1 

rh,' !'tft'r 'atur ptoJt>t tilm I~ nnl a tru ' I'er. 
,pt'dhe projl"'tilln . It lit' I CIUI hI Ilnrtl'r"tno.1 
h) follOWIng thf' I I that on., might milk!' 
in making a ~"'I atilt dlart h om a "en' 
('I IIUI' wnrlrl Iflnh! Fir t, Ih" IItf:w(' nf Ih~ 
glullt' III cut along th,' m .. ndilill I .. C"rm II 

'«'ries of gilt!'. Tht'n th" . IIrf.H"- "f th .. 
glnbe I p('el('(1 and hilt! flal on a tllhlt·. It is 
nnw a goud mal'l' ('1'1" ttlr It fl' ('milianl' 
t() a picket (t'ncl" Iht' glltC,. art· ('onll''t· I,d 
alon, the equator but pllrah~1 al"l\ I' 811d 
below, lea\'ing llank pal"'J<, Tu till thl'" 
gap, a('h goff' i. "lrett-hl,,1 "hll'\\lir,1. Th( 
higher tht' latltud .. , thl' mun' h .. ga,,~ ar .. 
tr tcht'd to makt' th,·O\ Illt ... t .• 't.w II map 

haM ht't,n made with no nurth '''(luth ,h~lflr­
tion hut with east-we,t th"t"rtlOn which In­

crt'a. e. with lalilud A. a la~t ; tel', il i. 
01'\' !lary tn mak the .calt· uilifurm 10 II 

north-south and an PII-t-WE'"t dirt' '1"' 11 at 
t'\'l'ry pOint on tht' map_ Thert?fuf\' Ih' m p 
is t'tr trhed in a north-~uth dirt'etllln ,It. 
that at each latitude the IImount of north­
south tretchin« ill thl' • amI' a Ih amuunt 
of east-we t stretrhing. 
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Appearance of the Gratlcule 

TI.., 1Il,·rlllt.llI,. apIit''' r ,I 'trlltal ~tra i lCht 

IIIW "hkh ar .~I lidl"tallt ,11111 I arallt'l. The 
I' .r •• l1ll uf III I uti., ;'1'1''',lr a" hurizontal 
t r.IIICht IlIw \\ III h II! .. art parall,'1 to o n .. 

III Ih. r .In.1 I' rl" nd llular uti,,' 01 'nd"tn . 
\\'Ith lat itude. 

Characteristics 

IA 
rc E 

~ 
-T-T-T-T-
STIETCH AWAY FIOM 
fOUATOII TO KU' rIOI'OITION 

~~~~-r-+------- E 

di. ance apart in,'rea, l''' progrl'l'llivt'ly with 
their di~tanct' from the pqualor, A~ It re ult. 
the ~al at an~ POint IS tOn. tant In all di ­
r. 'cthln,. 

The mt'rHiiall: and pl\Talld. ar' ~ho\\ n &8 

Int.-r"edinll lit right angl . I)n the chart JU!lt 
all (In lh,' earth, Likt'wi!Ct', all other anglell 
are hI'" 11 C'Orrl'CUy TIlL mean that shape 
Ir' .'hown t,'flrr.-ctly within small arelUl, 

IhoUllh tht' I' panriin(l ~ale caull(' di t"rhon 
"f ,hit I ~ (I \'I' r IBrgl- arelUl. 

:~in t ""'alt- i" Uniform in all directiOM at 
am pHlnt. and , IDee anglett art' correctly 
h.)\\ n. tho M"rrator projectIOn i conformal , 

..\. rhumb line or line 0( con, titnt dirt'dion 
t'wrv mpridian at the !lAme angle, 

njl'l .: are ('()rrel'lly ,hown on a Mer­
h,tr • a rhumb hOI i IIbown eMJl\lIing 

,"r, mf'rililan at the !lAme angl , 8f>cause 
h, mt'rltllRn appear a "arallel lint'. , any 

hnt· cr"."lnK th.'m at a ('nstant angle mu, t 
- /I tr Ighl hne. On a Ml'reator rhart. there­

r .rl'. t.'wry line appear/l lUI a traight line. 
,Inli PH'rv traight line, cOMtitnt In di­
rt tl n, Th Mercator projection i!'l unique 

116 RESTRICTED 
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DISTORTION ON MERCATOR 
AREAS RfT AIN CHARACTERISTIC SHAPE 
aUT NOT THEIIt PROPORTIONATE SIZE 

among all projection in having thiR l'har­
actt-ri , h(. Inc th airplant' tt.'nd to follow 
Il rhumb lint', it i Il Ilrt.'at ad\antagc to ~ 
able to dra\li a rhumb hne a. .. It • trRllCht lilll 

The t>quator and the meridian, art tht' 
unl) II'r at (, Irl'l.. which appear a~ Ir'light 
li nt'~ ,'n a M,'r.'atllr ,'hart. Th ". lit "lIur, , 
art' th' only gr -at "Ircil's Whldl fI' al. I 

IJne~ of conlltitnt dir,'dlt'n, ,\11 otht'r great 

-Iot----;----~----~--~--~~'~-~--·I 

IlHUMlIINf IS SHOwN 
- , AS A SnAIGHT liNE 

eirel.. apr ar a \ ur\'t'(1 lin .. ", \\ hit'h t'l4nnut 
10, dra\\ II .'11, II}. 

Use 

Th.· "",.'atur dll.rl I till' :lIId,ml 1111\'1-

jl'at lOrt.t1 ,hart \)( nJ!lrlO! r • it ai, ' I lq 11:1. I 
,,11111' In .il na'I)!"llo" 'II" ICr. at t Illh .111. 
I!lK" pI II !\I,-r,at flr dlllll I Ih., t.1 1 Ih;ll .1 

1 humh hill' 1 a, I r/llll'ht hll •• r'lt'n' II. r t h, I 
<II1\'anlag " 

Plutting i. \'a"i.'r 011 ,I Mt'r,ator th ilion 
any "ther na\' ig..ltillnal ,hart }wnw I th 
jl'ra Icule ill rt'ddngullir I'h., I,U ;1111111 .111'1. 
II<III~ arl' th4' <IIlmt' "/I • I.'n· part (I t th., .'hllrl 
Thu a north ·, '11th Illh' I, •• 1\, .11. 1 .r 111.-1 
til the id, (If Ihl \'h.lrl. alii I a/l ,'a I \ I' t 
li nt' i, al\\ay,. parall 1 t., Ih - hoHnln .\11 
)fen'atur ,'hart. rtn' '1III1Iar: ,hnrl' \.1 IIII}I\' 
,t'nt n'giun, drill' n t.) tho sam~. 1')11)(111111, 
,cal., Will fit lOllf'tll'r .' IIdl, L t. tl,. th 
,'hllrl I, a, ill' ,'on-trud ... 1 

L l ng. rang4' radi.) I,,· rlnjC ,'annnl h. pl .. l_ 
ted on a Mercator l'hart "ithnllt p .. -illl l'IJr. 
rection" In thi rellpl~1 !\fl"rl'at<>r l'hart. art' 
inferior to Lambert. polar, letcI'lI'ra,,11I , and 
gnomoOlC charts, 

The t'xpanding ,cale of Iht, !\it' rmltlr "hart 
i. a great di!IAd\'antitlle in na, iglitlOlI Thi, 
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can u uvercome by uSIng a scale which i 
an a\'erage for the latitude band in which the 
m a. uring is done. 

Th ,CMle of a Mercator chart expandlt 
.lo"ly in the vicinity of th equator and 
rapIdly in polar latitude .. The Mercator pro­
jedlOn I. be. t ,uited (or use within 15· or 
90 IIr Ih" "'llUlt"r M latitudc I1bo\'c 70· 
or '0· it hall IIttl value. 

7. POLAR S"IIOGIAPHIC 

PIO.lEcnON 

General 
The polar . tereulfraphic prtlj tion a 

trill' p rspec iv\' proJl'Ction. It i. mad lin a 
}I n langt'nt tll th.' earth at th pol The 
pOIDt o( projt-<. ttun I~ the nppo. I~ poll'. ~t 'r-

.graphH' pr"jf'l't\lInli nft .. n ar.· made "ilh 
I) h .. r I'('mt. !If langenc~. bllt th.... n' not 
milch u ell In na\ IgatlOn. 

Appearance of the Gratlcule 
Th., pole appt'ars at the c nler of the prll­

j.'(lltIn, The mertdian apJlf'ar 8A traight 
line radIating frnm tht' pole. The angle be­
, t't'n am Iwo merIdian. IS equal to th ir 

(111f .. r IIC~ of longItude Th parallels appt'ar 
.I~ Clrclc:! cun. 'nlrl(' abuut th' pol , Th(,lr 
til. lance apurt Inc rea~(' umf'whllt with heIr 
IIi tllnt'" fr')m tht' polf' . 

Characteristics 

portion8 of a hemisphere map, 
Since the IDterval between parallel. in-

a slightly with their di tance from the 
pole. the north-!IOuth scale alllO increase 
Itwa, from the pole. The east-Wellt scale in­
cre&llell ID the 88me proportion, 80 that at 
any point the scale is constant in all direc­
tivM. Willllll the IilUita of Ule WI~illlltiuual 
chart, the tlCale chaniell little. In fact, for 
all practical purposes, the scale i. constant. 

inre the meridians appear as radii of 
th(· clTcle reJlrf'senting the parallels, the mer­
Idian~ and parallel. Inter!l(>('t at 90 on the 
chart ju. t WI on the eBrth, It is al80 tru 
that all otht'r Itngll'lI are correrlly .hown. 

Becau8t' th ,&1 i umform in all direc-
tion. about any POlOt. and becau an.le 
re c'lrrf'Ctly IIhown, the polar .te~raphic 

projectIOn iM conformal. Another character­
Illti ' o( th projedion i that a circle on the 
.. arth alway~ aPlldr 8A a circle on the chart. 

M"rtdllllll! which are wreat circle. appear 
traight line, Hence. any great circle 
ing through the cenler of the chart ap­

a tralght line. Other wreat circles 
lightl)' curved: but the clOAer 

the) aT to the center. the more nearly 
. tralght they appear. Within the limits of a 
na\'lgational chart, for all practical purpot!ea. 
a lrTeat eirel i shown as a straiPt line. 

Rhumb lines appear as curved lines, 
The characteri tica of a polar stereorraphic 

chart are very imilar to tho.e of a Lambert 

RESTRICTED 

chart, Thi IS not surprJ lOR', (or the polar 
tereographic projection rna)' lie thought o( 

a the extreme case of the Lambert prtljer­
tion. with the cone ftaUened out into plan 

U .. 

The polllr tereographic <,hllrt i p rhap. 
he br t rhart for na\'igution in p lar r, jl'ivn. 

Thf' Mercator chart. of coul'lIe. is l'oml'lt'h'I.\· 
useleSll in these latitudeto. 

I. GNOMONIC PlO.lKTION 
General 

The gnomODlc proJt'Ction I. 8 trll per. pec. 
tive projection made on a plant' tanllent t •• 
the earth, The point IIf prllJet'tlOn I. at Ih(' 
center o( the ellrth and th reCore lie, In tht' 
1·lane o( I'veI'}' great cirelf' on the earth A~ 
art'. ult, every great ('In'le I. I'roj4!l'tt'<l a!\ a 
~traight Iinf'. Thill i~ tht' mOllt important fa,'t 
concern 109 the gnllmunlr projl'<'tinn, 

Appearance of the Grotlcule 
The <'Quator and the merlliian!<. t ing gr.'ltt 

circles. always appear a~ IItralght line . The 

PlANE 
f ANOINf 
AfTHa 
IQUAfOi 

parallel.. not tx-ing grcat circle" uh\ay~ ap­
pear a, curvct! line. (ellll'''' or ('ITt'It, I. 

Th., (ft'IIt'rul appenrllnr~ of th gratkule 
tl"l't'nu, UII the pnint uf tangt'IIl') . II eltilt'r 
pul i. tht' 1'0lllt of tallg.'ncy. the grilli, ul., 
IclOk. . lime \ hltt like that (If a pllh,r ,.t,'reo­
graphlr. The mHidll,". IIl1pear ;u . trllllCht 
hnt·. radl tInt( frllm the pole at th.· It'lIh r 
flf tilt' (hllrt, The pardlll'ls 1I\lIlt'ar II, l'Ird,·. 
('OI .... ·lIlrl<· alJout the 1'1I11'; but Ihl'lT distan"e 
("fili I th., ~l'II" I "I r. It «~ rapldl~', Th., toqua­
lur \\<luld I ... llItiml ,1.1 far from Iht· n'nt.'r, 

If Ih,' 1'''''11 Ilt Illl /C,'I n I. 1111 Ihl' t'(luIII"r, 
the nwrHliall. "PI "lIr ••. \I, 11l"luIJI~tant. pur-

11('1 lflUght IIIit' The r,' (1. rl'('ndll'ular 
I) lhe I'qllatur, II hH'h I, al. fI a -trii'ght hnt,. 
Tht' pllrltll I II"~'" r a !In 'lualh. pan'd 
nllllparall,'1 un". \\ 11l'h an 0,1\\"" 10\\111'.1 

Ih., <"IUa!"r at thl' Hut.'r 01 th .. "n'.!'·l·l" n. 
If th .. polin "I tanlr' ney i.' I .. t" ""\1 Ih.' 

'1 1101 1< r Inti Ihl! pole. th., I1Wr"lIall.- "PI' 'ar 
a l'\llI\t'rgent lrail'{h! hn(','. Th.· pamll .1" 
al'l" ar a~ 1I11I",lIall\ -"p .... ·d. "'lIl'ar:.II.'1 
"\In l' II hi' h ,In 1"1\\. II to" nl t 11(' "'1l1l1lur 
al"ng thl' c ntral mertdlan , Tl t' ('l'lIl1al 1\100r-
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allan Illlcr~t:ct::. lh\' l'qu.ltur and !,arall b 
a right angle:'. 

Characteristics and Use 
rhl' ~al 

iu 01':t. un'. kn arlla~' an not .. hf,\\ n l'( r. 
n' t!\ . 'h'lJoe~ and anglt·,. al,.o ar mi. r 1'_ 
r'-<('101,''' 1'101 ing (.f POlOt i~ clitfkult 1)(.­
"HI .,' 0 Ill' Irrt>gularity of th grat leu I ... 
Tn ... hor. he gnVm(ll1lC chart ha. ... few merit .. 
On a l;1lnmonic chart, very ~tralght lint, IS 
.1 1(1' -at rircle Tht'r for' thl' shorte. t lint' 
l. t \\(,<'n hI" point" can Iw found hy lay 109 
fI rlllt'r ht't\'""n the t\\O puints and ('onnl'l't­
inl( th m \I I h a lill{'. Tht' pnnl"ipal 1I'" Ilf th .. 
)! 1101110 III ( t haI t I In planning In'l'at-clrdt' 
ruu tl'~. 

9 , AERONAUTICAL CHARTS • 

General 

Sect ianals and Re g ianal' 
F,-r" ,1'111 
r\ \ tl f \I 

r t h.· f "3. t , lid (; tit til 
l . [l llirtm. nt of ( r 1-

merce ha published aerunautlcal charu of 
thl' t:nited tates. ThGee 011 a Kale 01 1 ::)00,-
000 art! known as Sectioaal Charta.. 'I'hoR on 
a scaJ. 01 I : 1,000,000 .ft known RegiOlUlI 
Chart . Tht'se reaional chart are no longel' 
puhli'hed, their placE" ha b"t'n kim hy the 
World Aeronautical Charts on tht' same calt'. 

:inct' nn other :ultable tem1. exi ted, the 
t m1 .. "dinnal" and "regional" "'ert> ex­
tt'nded tu includ imilllr charts pUblt:;ht!d 
by uther agencie •. Thu , a . -ctional dlart 
Ill' a :"ctlonal i an aeronautical chart on Ii 

. cal .. of 1.;;00,000 de iped eSJWCially fflr map 
n admg Imilarly, a reg-lUna! chart or a re­
jfHlnal I an aeronautical chart on a scale 
of 1: l,(lOO.HOO de ignNi ~pecll'"Y fllr map 
r admg. 

Charts of the Warld 

The folluwlng II t gl\e: the mo:;t Imfl<,rtant 
aemnautlcal charts whIch art' IIvailahll' for 
all part. of the world. A fe~ uther "en~~ re 
listed m th(' Catalog uf At'rfJnautJ(1I1 Charts 
an,l rl'late<l puhli atiun .. 

~ t: " l'lannin, Charl nt' fllr the L'nned 
, ~tate (frum a COOlI)lete world. erie ) _. al(' 

I ~,,()OO,OOO . Lamtlt'rt pro)ei'tlon. F'I VO! culors. 

Workt .ronaUtical harta.. Complete world 
Cf/\I'r ge planned, chartll h8\'t' IlI't'n puhli hed 
of mo t land areas. Scale 1 :1,000,000. Pro­
Jet·tion : Mercator 0 to .. N.ft. ; Lambert 4 
to 7zoN&.-' : . tl'rt'<'jrraphlc at"wl' 72, .ft. 
:1 color 

(If l'S F eronautical ('~ (I: F~­
tionala). Partial world coverage; thu far only 
I ru of A ia Scale I ;ilOO,OOO. Pro)Ktu n: 
thu far Lambert. Rill: colon. 

n; F .rouutical Appn.ch Charta. 
HIghly d('\eioped indu trial Ct'nten and COD­

gt' ted or trateaic areas. Scale 1 :2IW),OOO. 
I'roJKtion. Mercator 0" to 4"N&'S; Lambert 
" [0 i2 . 'AS; ltereotrraphic above 72°,.,&S . 
.'1 colors. 

Tb. U:; F ReaionaJ. ~tieul, and .,.. 
proacb Charta conltltute the USAF World 
,\ n utlcal Chart (WAC) or reaional 8eri . 
Earh reaional co\'en the same area as .. 
~t ·twnals and 16 approach charta, thouch all 
r n t nf'CEaaarily published. The regionala 
re numbered conaecutively from 1 to about 
l~. Each sectional and approach chart i. 
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glVl'n the numher of the regIOnal, part (If 
"II, ,. area It ,ho\I,', Th '~<:ll(>nal' anrl sp .. 
1m ~Il h rhart. cu't"nng th' area tlf 01lC r .. 
)(1 n,l art III lInJrul,hld fn.rn one anothl'r II: 
, 1111\\ n 111 a ,IJagl"IIII, On • hI' h.ICh of 'adl d,art 
I •• \\(1)""1 II ap h iel, ,l n e a:.tO md. 

1 I t"rho ... 

l.' \fo .. Ii ' hl ( har t ... ,'trip, "holl'my cpr .. 
• r. i rill' ,rtHlit air r"ut :', : .. Ic 111(1, t1y 1: I,,, 

POII,III1H, I'rnJt>lIlOn, )len:atol () ttl I ,'&:, 
Lalli) 'I' I tn j~ ,'&S, stl'r .. "graphlc aho\e 
j.! :\.\,', '1:1. .. "I .. r. (an'ragt") 

( ': \ ... !'Iolting ('ha rts 70 .' tf> 70 , , . ('al 
::'111111,11110 at ~j :'\ !lr :, I'rolel' ion )Ier, 

• ". "I' On.· ( .Iur, j.!,.alll'ull' "nl~, 

LS,\'" PloUin~ (ha rt.... I j ["I' the I Illtl-d 
:tat. -, :"llt 1 1 ,I Illil,tlPI ) ll'rl'a or \11'1')""" 
'I r, FI\'_), niOrL' 

l.~ Ra dio Uirt'C'lion "'ind i n~ ('hart.. 
I:J)~ n .• rt '), h flo,. lit {',II ... 1: atl' ,'t'al .. 

I :! 11110,0110 I an,ill'rl p',qPltilln '/'\'('11 ('<.10r' 

Chart Interpretatian 

the terPain as one look at t he chart. 
The :"mbols used on one :et of charts may 

differ f;um those u, ed tin another: hut on 
all\' on .. ~ t such a;; the . ecllOnal. of the 
l'~lt~ :tat~s, tht'y arc fairly umforlll. t'su .. 
all" un tht, margin or back of a chart t1wre 
i, '8 "'gend or kl'Y to the . ~ mool'. If one 
I 'am, til r ad sectional.' anrl TPflonal., onl' 
will find It ea:;), to chal ge, if n l' , arr, tu 
anotht'r type of chart, 

The ymhol5 u, ed on aeronaut ical \:hart. 
fall roughiy into t wo classes: topocraphi(' and 
a eronautical , Topography i the configuration 
or the earth' surfa«. including the poSitIOn 
of :uch featu,.. a" cities. lakes, forest., and 
1lI·'Untam., Topographi,' feat ure.. fall into 
f .. ur ria:, ... : ('ulturl'. wa ter. forest. and 
rl'lier. 

CultuT',,1 ,') mbolJ rf'pr s 'nt man'llIade f,'a .. 
'Ult'~ uth :t., t.,wn:, roarl .• and railroads 
('Itip nd t(1\\ n, 1Ir l'hu\\ II ,Il'(unhng to 'iz 
ltv ,.. '\I.·ral svnlh.,1. , :\ (In: (Ir ~I\uar denot~. 
,I' . l11all l"~n. hut it III nllt indkatt> the 
tll\\ n'" . hap;. Tlrl' town .-an) n'("gmz .. 1 
[rum th\.' air 1'1111 I)" ib lIo"itlCln r latl\'I' til 
nearh\' fealule,', ~ul'h • ' ruad, , railroad", and 
'trea~~. One must learn by xperil'nce Just 

cu lURAt "'AN MADf FEA TUllES 

I AGE @] TOWN 

~CIT. 

BI r--I ----,. I 

PPO'-'lINfNT 

t1!CHWAY 

SINGlE TRACK 
RAil 1101.0 

I" .. .. I 
1 OR MOllE IRACI( 

" ... 111101.0 

- --11 .. 1 .............. 1 
HIGHw ... r TROllEY liNES 

I--------j 
UNI IoI PROVEO 1101.0 
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MISCELLANEOUS CUl ruRAL 
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uu.. f,'atures, uch III smoke slacks, water 
111\\"1' , monUmt'nls, and prominent huilding!<, 
Tht', e IIften an' indkalt'rl hy brief de.'crlpt"'e 
ne.le,. e,lch \\ Ith an anlw and JlNhap. a dot 
h .. \\ ing th!.' localilln 

Wa~r and .'oresl S" m bols.. I~.ole" of" al 'I' 
an' valuahle tv the IJa\/gatur Il(>tau the) 
,Ill n lallv 1)- permanent; tho yare :Cl'n l,.\,,'al) 
I.) d.l}' and oftt'n hy night. C .. a .... tIines may I~ 
sl",\\ n ,It ('uri'tel)" even though IIlland art'a.~ 

an' httlt' " pltlrt'd and pourl) malliled , Cun ­
,,'nllnnally. water I" .. ho\\n In hlup. hut lllll; 
01,.·' n"1 mean that it 1'lOk. "lUI' from the air. 
In ;;rlel n')!,/"n", I'Vt'n the nwst Impo/tant 
1'I,,'rs ma~' havp Itttlt> waler ahu\'" ground: 
hut thl'lr ('OUbt'S may 1Jt' llIark ... 1 hy tlllllpara­
II ely dense vegetatlCll'! . 

EUI'OIl(>an ('har s "ho\\ furl', t arl'fu:; in 
)!,n't'n . The.;e for.:"ls "ftl'n ' ',In he u ed as 
lanollllarl.." I>t'UIUl>" lh,·., an' slllall anti dis­
till" In' In shap+, .lIltl do no ('han)!,I' rapidly. 
III Ihl. t·lI lIlIl~\. hO\\I'H'r, th,') lin' "lit .ho\\11 
lilt te (hilt't. 

Rl'llt'i. ~!f'"n' .lIn '"" IIl1p<lrlal1t til Illmien 
f ( r ~\\" re .• sun,, ; I";" art' g'HId landmar k: 

and they are hazards to /tying, cnsequently, 
aeronautical charts make some attempt to 
sho\\' elevalilms and int'tjuahtie uf the earth' 
surface, which are known collectively lC rt'­
lief. '\t'runaulical l'har'ti; oftt'n glw' el{'vation 
of the hlght' t peak and tither spot eleva­
tinns, In additIOn, mu t of thf'm repn'sent 
relief In mean of cnntours 

A rontour i a lint' ronn«tinl[ aU points or 
:I gi\'t'n t'1t>\-1ltion abo t' _ 1t>,.t>I . The hore­
li ne of Ihe sea migh t be t hought uf ItS the 
u-ft . contour, smce ever;.v POlllt on it i .. a t 
an ele\'ati,)n ()f zt'ro ft"et aho\' .ea level. The 
l ,ll()(l-ft. l'on tour is tht' hne ... h rt' the ~ll\Irl' 

would ht' If the tlcit' ('arne up l.04l0 ft. On a 
,I t>p !llope wntours ar .. dose tog .. ther : un 
a gentle s l"p(' they are farth .. r allart. To an 
e perlt'nct'rl 4'yt'. a n'nt(lur map i· just the 
same a. a rt'Ii('f map, and it i. po lull:' to 
\ Isuahze thl:' terram frum them, On !le(,ti.mal. 
and rt'xiunals, ('ontllur are hru\\n lines, each 
InlM.'lt'rl \\ ith t he el{'vation it rt' llresl:'nls , Th 
1"",l'r line" art' drawn for in ten'als of 1,0(10-
ft. dl'vatu,n : Ihl' lIPllt'r nn,', for inh'f\'als of 
2,000 fL 

.... - ......... -
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The relief hOWD by contours i further 
emphasized on wctional and rejfional charts 
by a gradient 8)'stem of colorinl'. The area 
hetween lea level and the l.000-ft. t'tmtHur 
i dark green; that between the 1.(414)· ft . and 
2,OOO-ft. contoun< is light green. Tht' art>a. 
ix't"'een uCl'essive highl'r mntHun< are 10 

ditf~rent hades of brown, from light to dark . 
The darker-colored mountain peak tand out 
con picuoualy. even to someone who I not 
experienced at reading contoun<. Other erie~ 
of aeronautical charts have different color 
schemel. and 8till others have onl~' thl' ('on­
tours. 

On chart of poorly known art>Il!l. moun­
tain may be indicated by ha hurf'S or "had­
ing lines, 'nth the ele\'ationa of peak" given 
as accuratel), All they are known . Hachurp. 
may Ix> used on contour chart.! to. how pruml. 
nent hill • or hutt tHO amall t("l how up 
\.therwi!!f' hecau!le of the larg l"Ontnur in­
terval. 

Aeronautical l\y.boIH. Al'nmautical infor­
matilln i print.ed an red (lr purple (In ~tlonal 
and n>gional charts. C\a~ ,.f alrpHrt an> 
distinguished by ditfl'rent symhol:;. nd the 
elevation of each airport is riven. Light bea-

",9" 0 't . . . 

con art' hown with their code lignal . Also 
hown I'\' tht' IOt'atinn of radio lations," Ith 

lldl It'U .. r and frt'qul'ncy. and the J)06llaun of 
to ch rattlll Iwarn. Airway, dangt'r areas, and 
i. "IeOntl' hn.. It' c I .. arly marked. 

10. IASIC NAVIGATION .. IOCEDUIE 
AND INSTRUMENTS 

PIottfn8 and M_surl ... 
f'.eneral. Plotting and meaauring an' hasle 

operations in navigatic)n. l'lottine i tbe e . 
tablhtlaaeat of point and lin on a ~hart 
",Ith referen« to the meridians and parallel 
MeMUreml'nt hl're mean. thl' m .. asul"\'nwnl 
Ilf Idirection and iil"tam't' on a chart. 

Pencil. ('ra 1', di\"ldpr., an(1 pluth'l" an' 
u. I'd in pillt taug and nwa. uring . . '''nll tlllWli 
:1 lung rul r and a tnangle ar .. fnuno tn IH' 
uS('(ul A nangatur musl I,'am to U ." the t' 
In. trUntl'nt . automat ica II , 

Measurt'Dlenl of Dhit.an~f'. The oI"t,u,,· .. hI! 
l"'toen tw" puinls (In It chart is 1I.lIalb Ilwa. 
IIretl hy U Ilf <11\ Ider". 11.,\\"('\1'". :I nall'l. 
!ltring, or nmt' other di\lder " III tlf' Ju.t 1\1' 

"ell. 
It I Intportant lo rt'menal>t'r "h .. n 1II1'a.! ur-
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WEEMS PLOTTER 

Ing dl ·tan~ that di lance :~ale v ry with 
'a, h tYfI IIf PNJ(>(·Unn. The dlstanrt' . cale 
on a Laml)('rt lunform I 1l".)t'(·tlllD III cun-

t.1I1t and :;huuld lei\" \"r) httl .. dlllJ~ulty. 
Btl tltt Iii tan~1' seal,. \'aries with latitude 

th. ",. !,OlD!. 1 ... ·t\\<'1'11 "h\('h th~ ii. tann, I. 
I o'llig III a:un·d. Thi,., 'ale 1.- (all .... 1 th .. !lllli­

I . tllud. ~e<,I,· Tit .. Illld-latitud 
.. ,c' I~ "qual t .. tilt' . I\·c-rilj(e . l I.,. .u 

, ,In .' I'noul<l' for "radII al pu 111(' ... 
If 1If' "tal di Inn ,. n h.· . pannt~i 

h.., cll\·icl,·r ., tllO'n llI .. rel~· /lll'.'!.! un' tIlt 
tal"., 'HI lit I(ra.lu<lt ... 1 mendlan I.) ,larllllC 
till' 1"'IOt. .. f tht' <in ill r lin tt: m rid ian 
at equal dl tance from the mid-latitude. For 

a longer distance, set the dj"'iders at lOme 
c<mventent di lance such u 100' (100 n m.), 
again hy placing th POlO at equal di tances 
fronl the mid-latitude. Step ,.ff thl! di tam.'e, 
('uuntlnl!' the tepa. A fter the last ,tRp, naSE't 
the cil\'lder: at the rt'maining 1Ih(lrter dis­
tanel'. and rl'ad this cll:tanct' from the grad­
uat~'<l Olt!raciian at mid-Iatitudt'. 

Thl' nlld-Iatitude M'ale IS aCl'urste enough 
If the cour. \. doe not ('O\'er more than about 
;. uf latitude. If the C\lUf'l!(' does not ext nd 
oVt'r mClre than i) of latItude, diVide it into 
It!g: and mell.~Ule th length u( each leg with 
It. .. w n mid-latitude calt'. 

1'loHn, TI,,· plotter IS an inlltrunlt'nt (or 
draWing ami ml'a Urtn~ COlIn and meaaur-
109 iiI tllDce un aeronautical chart, . It i. made 
If ranllpal'f'n pilL! tIC with hnes and sfale 
prin eO In hlack. Th[ r tangular part of the 
plo er has a . traigh edge for drawing linea 
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and haa seales tor meaauring di tance . The 
semicircular P'lrt of the plotter haa two cir­
cular scales tor meaauring directiOll8. 

The circular scales are calibrated in degreetl . 
The outer seale, reading from O' to ISO • is 
for directions in the tint and second quad­
rants. Since theae directions are to the right 
on the chart. the outer acaIe haa an arrow 
pointing to the rirht. The inner seale, naad­
ing from ISO ' to 360", is for dinactillllll In 

the third and fourth quadrants. Since th 
directions are to the I ft, this scale h&ll an 
arrow pointiq to the left. The center uf .-ur­
vature of these scales is markt'd t.y a . mall 
hole. 

The. traight ed,e of the plotter I placed 
parallel to a line on the chart. with the CE'nter 
hole over a meridian, and the directi('n of the 
hne j read on th circular call'. over the 
!lame mendian. The line h&.! two din.'t'tion. 
180 apart, one of which i givl'D by each 
scale. But it must be namembt>red that a T(' 
has only one direction. Henc . only Hn~ ,call' 
i. read. The armw. on th plott r ar an 
aid In rem ml.ering which ale i.- useO. 
110111' ver, each re8(itng hould bt' cht>Ck",1 In 
common sen . 

To me&.! ure TC, the C4'nter hllie Hf the 
plotter III placed on a ml'ndian while th 
traight Mgl' of the plotter I parallt'l with 

the TC line. Thi require a little Juggling 

unless dividers or a ruler is used. If a ruler 
I laid along the TC ltnt' and the plottt'r i 
mo\ed a,am tit, th :traight edge lIf the 
plotler WIll remain (ISrall I with th TC line 
III hill' the h"le is hemg centered tl\t'r til 
meridian. 

It is mlportant to renlt'mher that tht' Ol r­
leilan art' hown differently lIl1 diff rent 
lit rlJI. Tht' M 'I . to projt'("tion pre. en~ little 
dllfi~ulty Ullllu.sw'U1lf TC :sull:e 11.) rneridWl 
that is chullt!n tht' nurth refl'rtm e line Will 
gl t' the sam Te. ID all th .. mt'rtdianll ~ 
p3nlliel. Hut on h L31l10ert cnnfonn I 1'ro­
jel·tit'n. tit· meridian' cOD\'~r~e ulllard tI\l' 
1M.)le~ . Ttll'ref('re. eadl uw ... dl I alonj( a 
~t', wh /I u. ed as tIlt' north n'll'lt'un 

hnt'. will &1\ e co ulfferent TC. The ~lllI<>n fur 
tIll I. h .. t tllt! Une represent. a ~r ':It {in'le. 
anti w~ a..tc intere tt'l! In a rhum!' lin . Tht 
llold-nll:rldian I or the ('VU\'t' mu t!Jc ChOliell 
" th" north n'f ... rl'lIl·t' hnt', .\IIet till. Will 

'i'j.roxlmatt th .. rhull,h·hnl l'uur,,' 

I'rt'parinl( .. Rlank Mer~tor ( hart. : "III _ 

time it I~ /I tte: ,;ary til· ... nl eDlt'nt til dr " 
tht' TC (.n , hlank ~I t!n'a t tl l l hllrt Th 
expandtng IlItltw/( 'cal" 11/111\ it" .\h· rclltor 
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chart to use in those latitudes for which it is 
constructed. Howe\'er, a given chart may be 
useO eJther in north or In south latitude. For 
north latitude. tum tI e 'chart so that lati­
tude Increase from oottom to top; and for 
(luth latitude, turn It 0 that latitude in-

(rt'a e from top tu hottum. 
A hlank Mercst r (,hart may he u. ed for 

an\' longitlld .. ,.. t r west. To prepar the 
chart. meridian are nUIl,"-red according to 
the longitudes in "'hkh the flight i to be 
made. For flights in e t longitude, the num­
ht>~ mu t increase (rom left to right: and 
for we t longitude, they must increase from 
right to left. The numbering mu I be checked 
to!~ ure that the numhers Increase in the 
correct dlrertion and that a number hill not 
been kipped or one number written twice. 

'lt4e eue tit 

~ 1/ku4e41f4 

WEST l 

11. TIME 

General 

Tim .. I' or pnTrlar:> I/Ilpurtann' tl) the na\ 1_ 

gator. B . It! UlW' he lan .:akulate the rli. tanct' 
tra · .. IM along hI. \"Urse, or In c .. l"stial na\l­
galiun he can cakulatt' his IClnlCitude. In gen­
.. ral, I rna\ ht' said that lim is determ tid 
by the n. t~tlOn of th earth. Thl' earth ro-

In one hour, the sun travels 15' of longi­
tude. 

In four minutes, the sun travels 1· of longi­
tude. 

In on minute the sun travels 15' of 100&1-
tUde. 

It is not difficult to reason that time differs 
at every meridian on the earth's urface. 
Whell lhe sun is 0 er the mendian of ew 
York City, It i noon at" ew York City. At 
Boston, it i put noon, and at Waahinarton, 
D.C., it is before noon.t!!ie time of places east 
of us is later. while the time of places to the 
we t of u must be earlier,:J 

Much confu ion would l'e!\ult If each place 
on the earth kept its own time, For con­
H'nience the world haa been divided into 24 
time zones of approximately 15" longitude 
in width. Each time zone carrie the time of 
the central meridian In that lOne. 
Kind. of nme 

Mran or Civil Tt.e i based on the travel 
of the Dlt'an un about the earth. At the same 
III tanto point of differ('nt longitude ne\er 
have thl' same civil time. 

Standard or Zeae. Time '- the time kept 
hy watch It I based on the civil time of a 
"t-I('('lt'l'! merrdian witJun the time zone. tan­
dard time zones are not all exactly l!l longi­
tud" In Width. The boundarie of t&ndard 
lillle zune aTe bent ,\I they wiU not J)38ls 

thnJugh prinCIpal cl·,ie. and rail,.'a} JlInc­
llUn~. In the nited 'tatl', the civil time of 
thl' follOWing meridian I tht' tandart! time 
'If h standard zunes. 

( 1) 7'j -Eastenl Standard Time (E T) 
en 90 -Central ,t&ndard Time (C T) 
('l) Hl5 -MountainSlandardTlme (MST) 
( I) 120 - Pacific ~ tand rd Time ( PST) 

24-Hour System 
I>u',ng the War, th .. Army adopted the 

.! I-h ur Ylltem of time to eliminate the con­
(u:, >n rr th" abbreVIations A.M. and P.M. 
n .t' \ III of A M. tlmt' are unch nged u­

I.it r""r tigurl' are alway u8t!d. The 
lu ,f P ~1. lim i in('rea;;t'ii fly 1200. For 

P • mple: 
.OH A I III'{'0me 0800 hou rs 

a : I~, AM IJeeomes 0315 hours 
1: l:i PM I)e('omes 1815 hour 
7 :42 PM IleComes 1942 h urs 

It 19 PM bet'umes 2319 hours 
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Haele Watch 

A na\'iptor need an accurate "at.:!! "JlIrh 
has a .ynchnmiz€d se ond hand Fur mo t 
uf hi. purpvses he nec>d. to know th.· 1I11t' 

ccurately to the half minute, hut III l"le, tj. I 
navigation hI.' . hould know tht- tIme "ithin 
two or three IIerond . Th Air Furet' ha. de-
Vt'lflped a watch pecially (or hi" purl''' 
(type A-Ul. 

12. nMi. SPIED AND DISTANCE 
G .... raI 

The most imporumt and fundament.J proh­
lema of naviption are thOIt' involVing th" 
familiar fonnula of ti-.e. !!pHd and d tan~. 
Dietance ill naviption is expreued in nauti­
cal milM or .tatute miles. Th(' uni of time 
UMd in naviption are th famihar hourtl, 
rrunute., and eeoood.. peed i rate of motion, 
or the diJrtance traveled per unit time. Thus, 
it i. a ratio bet eeD diatan~ flown and time 
of ftiPt. The uaib of apeed ueed in navip­
tiOll are statute miJee per hour, which are 
c:aIJed .imply miles per hour (mph) and nau-

the 1-" Computer 
The Air Force has elel' Iflpeel II • pc(')al CUOl­

puter to solve air 1Ul\;gatlOn "ruhl"m railed 
the E-68 Computer. It is affectionately 
known &II th .. "wife" of the navigator. 

RESTRICTED 
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OttPOSITf 
OISTANC£ 
ON"MIL£S 
SCAL£ "£AO 
TlM£ ON 
·MINUT£S" 
0 .. " HOU"S' 
SCALE 1:35 

"i.p~ Proportiaa. The slide- rule face of 
the E-6B i con tructt'd that an}' rela-
IOn hip bet '~n two numbers. one (>0 the 
, tlunary slale and ()n~ on th mm'abl call', 

"'III hold tru fnr all uthl'r number!\ on tb 
tw .. 1)('811'>1 , If th .. t" II 10': ar plael'<l opp< It 
ach oth r, II other number, willIX' idtontkal 
round the whole clrel If 20 on thl' Inner 
ale Iii placed OppoSlle III on th outer seal • 

II numlX'r (.n the mner seale .... 111 be douhll' 
tl ~ lin th~ out r call'. If 12 un the out r 
salt i pllu'ed OPP' 'ite 16 on the inner cale. 
all numbl>r "ill be m a hret>-t..,-four relation­
'hlp Thill featur of the 'lide rule permit 

o t> to 'upllly the f urth t rm (If any math ..... 
maural prl bIen 10 l)r"llllrtwn. The impll'. t 
and mo. t u,eful apphcaul.n of thl, featurl' of 
the mpu "r I. 10 th .• Iu Iflrl of tim - pPed­
dl. tIm t' pru ,11'01 

13, THE MAGNfTIC COMPASS 
General 

o I IItat"'lI • dir~tlt\!l c ·me. !rno t utv­
rru I. Il~ I'n th .. IP' un.1 rllr III( t r~lpk! he-

EUMPL£" 'IV£N: 'ItOUNO SP££0-17411.,TS 
-- T IM£ -40 MINUTES 

UAMPL£- 'IY£N : OISTAIIC( TltAY£LLEO, 

2"N,II. TIIiI TO 'L'I', I HOUIt 
AND IS MINUTIS 

!!!!!.: UOUIIO SPUD 

cause they are alway Dear familiar land­
marb. But he airman would bf.come hope­
Il' Iy lost in a short timl' in the air without 
.oml' m chanical mean of onentation as to 
rlirl'etion. This m ~hanica1 m an of orienta­
tion to dirl'Ctilln III provldt>d by the magnetic 
('omrl&8S, lh a-yro indicator. the astrocom­
pa, , and the radiO compu , Of these. only 
the magn .. tic c"mpass ill north- kina-. 

Earth' .............. and .... C .......... 
,IDee a f~ly upended magnet every­

wherl' nn the earth alway tt'n" to .. urnI' 
a l'rtain direction reiative to the earth. it 
I clt'ar that th earth it.elf acta &II a maa-net. 
Th maametlc poles f the earth do not roin-

d .Ith the reovaphic poles. The north 
magnetic poll' i. on the Bothia Peninsula, 
north.·est of Hudaon Bay. at about 71- • 
6 W; and the IIOUth mqnetic pole is in 

Antarctica at about 73'S, 156·E. 
I f the whole earth ere a mqnet, one 

would expect a tremendous force of attrac­
tIOn and repuiaJon to occur at the ~ 
magnetic poles of the earth. Actu.Jly. attrac-
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tion and repulaion at these poles i ml'what 
leas than at some othl'r poinla on tht' earth', 
. urfan'. It j aa if th l'arth', maametic fil'ld 
i due to a short tuhby maamet at Lt,e t't'ntt'r 
of thl' earth. 

A magnetized needle, free t., rutate UII a 
horizvntal plan • i. a mAll'JIf'tlc cuml ,,111 

ita simpleat (orm. If thl' north- eekin&, pol~ 
I dlffpr~ntlatt'd from the outh-~kinll pol • 
!lay by hbl' paint, tht' nHdIl' will .·en·p a a 
crudt' cilrt'Cti(ll1 find r. From m. t Il(lmt; fill 

the l'arth, the nt'(>(lle "ill point 10 hl' lCI'Dt'ral 
dlrt'cllon of tit nurth magnPllC pol ... lIut II 

dot' 'n't net· .. alily POll1l lltr .... ·tI.~ h'''lInl It. 
Aetuall). till' n dl., ,"till·lltt'. the lhr"l·tl"n 01/ 
the ""rth',, ma~tl( field . ,'m th .. nflrth 
nd outh magnl:'tl(' r~'II:" ar., n"t ,ltr th 

oppo It', It I; Impo Ihle at mv t pial ,- ll;1 
th .... arth f(lr one t'nd fir It..· nl't..J1 tll llOint t" 
on,' maarnetK putt, "llIl. tht· lith I .'n" J!'lInh' 
to thl' other. 

Yarfatlan 
Wh .. n a contpa.!', n ~I(' I mtlueOll'ti nnl\' 

by the l'alth' mal'lletle ftl'kt, thl' dlrl't'u,,;, 
In which it POint i 'allt>d the aaqnetil' 
north, In l'OntradlstinetJnn. th direction" 
thll north &'l'Oa-raphic pole may be call1'd Irllf' 
north, thoua-b u ually it i, l'allt'd simply nurth. 
Ju t as tru~ directions ar m &.l urt'd from 
true north. 80 magnl'til dir ,tinn may I>t, 
meaaurt'd frllD! map tic nurth The anc~ 
bet NIl .... tic IIOt"tlI and "'- north 
.. riat_. Thu variation is the ana-II.' be­
twe.n the meridian and thE' nl'l'dle of a com-

J)8l' infiul'nced only by the l'Mth' maarnf't­
i m. ,'&nation ditrl'r at different point un 
the earth, If the neMle point to tm" flurth. 
h n III arnetic north anil tru nflrth l'oiIH'lde: 

and vari tilln I ze",. If the fla.J1e IlI)int. l'a t 
()( nllrth. Vanation I f'a. t; and if it point.· 
"I: t nf nurth, \ariatlOn III we t . 

In till' ar.·.. Iw,U ('ith r m j(lIetll' 1'011.', 
\ rUHlO1l .... lIlle~ thn)ugh 1\ romplet. clrd~. 
rhu n"rtit of thl' north mal'lletil- poll:' and 

of tilt "11th JllIIlCIll'tl" VOI~ then' art' 
It .. \' rt linn I, it maximum of 

DeylaHan 

A ('!III 1)111., nO'f'(jh' I. alfl'ctt'd h .thl'r 01811'-

Ill'tit- heh\' h •. ide that of the o'ar h pi.,c 
of Ir"n tI. I' to th., nl'l.'tfle tend til d fleet it 
frllill IlUil(flPlil- nort' A maarndu' fi.,I,1 I. set 
III' ,.l~.ut a \\ irl III "hi, h . n t'lt'cll it' ('urrl'n! 
1\ '"' Thu .• 'Il'dri,'alcl) Il'lIwnt Ilt'ar a ,"m 
pa. alii" lall Jellt'd th., lIeedle ,'tn. I' an a,r­
plall., II hoth Irnn and ell'drkal t'IIUI)Hllf'nt . 
the nf'rol.· llf n In'raft 1IIl1lpas; "f','n I 
dt'ftectt,d (n.m magnt'tll' north 

ellm 118 n",·.II .. 
points I call1'd ('0111 north. (',"111.1. oil 
rc,tilln" OIa~ I",\:. pl'" 1 .. 1 .. 'Iatl\,' t ••• 111111' '. 

lIurth Just ,I. trut' .11I·I'"t j,.n" aI',' "'III t" "I 
rt'lati\t' til It lit' nc/nh and 11111lfn\'l i oill"l 
tilln. at t t' 1'1'1'. t'd n-Iat"·,, til Ill,IICI" t I< 
north 

Thf' angle iwl"f' n maKnelil' north and 
l'OmJlllSli north i. df'\'ia lion. Thlls III'\'llItillll IS 
the :lngl bet'" I't'll till' l'Ull1pa... III' .11" ,1Il,1 
thl' dllectlOn thl' nf't'dle would l'oIDt If It 
" re affl'Ctt'd by no magnetil' intlu~nre .• ,thf''' 
than that of the toarth, If th~ n~11' i .. d _ 
ftet'ted to the I'ast of nI8arnt'ti( north, rll'\'ia-
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THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIEV 

HSTJICTfD 

TN MN 

Heading 

The dir~tion in whlth an airplane I 

pointf'd i its heading. ThiS dm!dlon m y 1)(> 
e Ilrt.'< ed w;th r .. latlOn to tru .. north, mag­
nl'tlc nnrth . or l'omp n rth Hpadmg mt'atI, 

• ..0 "I t It n·la'iOn t tru, nur h I. tru 
heading (TH). Thu~ TH I.,. tilt' angl(' m a. ur('(i 
from true n .. rth t1 ·k"I,·" "the furward ('nel 
"f lh.· alnll n.··. lunjCltudinal an lik('wi 
h ... ui llljC moa. II,..~I with fl·latlOn lI> rnagrwti 
II It I "m.tlit'n .. lIr h adlnlit' (\IH) And ht.'ad 

t 11m 1':'-. nllrl 

TN 

CN 

.. fiI' 

amount of deviation. If deviation is east, MH 
is Irl'eater: if deviation is weat, MU is Ie . 

It must be remembered that heading i the 
same direction with relation to the earth. 
wheth .. r it is expressed as TH, MIl or CU. 

f inding Variation and Deviation 
Thl' vanation for different point m the 

('arth i fairly weU-known. Variation i . hown 
lin aeronautical chart. by mean of lines ron­
IlPl'ting point of equal "ariation. Such a line 
I. an iqonlC: line. The illOxonlc line labeled 
loot=: pa lh,..,u,h all poin on the chart 
wher the \ riatlon ill IO"E. ote that the 
compatl. nt'E'dle will not nN"l'aaarily tl(> par-

111'1 with tht' IlIOfQnic hne. An iSOJOnic lint' 
(or 0 vallalion is called an .... Ic: liM. In 
er m r Ilb. vanatlon i very erratic. Some­

as much u SO· in leu than 

, 3 IIESTRICTfO 

a mile, thou&'h this is unu uaI. uch areas 
are marked on charta. The variation i. .nore 
nearly nonnal at hi,her .a1titude . 

The variation at any on(' (lOinl cnan,el! 
from year tt, year in a IIOmt'what rh. thmical 
fuhion. The extremes of the chan, . may ex-

TN 

TO 

CH .--
I 

CH 

n 'r and 

DEV ~H -------1 0.3 

ceed 50· over a long pertod. The ye r for 
which the illOlronic hne are drawn I. mdi· 
caled on aeronautIcal charts. Sumt'tilllc the 

nnual chan,e also is mdicated. L' ually, h "_ 
ever. the aeronautical chart I Hb:ioll'lt' fur 
ther reason lon, before the chance in \ art-

Of VIAl 

VAil 

C'i- ~~~ ·· .... :. 1 ......... ~ -. 

TIl 

053 

~ .. 
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atlOn i: great enough to cause difficulty. 
C:ually mriation offer" no problem It is 

. Imply read from the chart. If vanation 
chanS!' : nnly 2 or 3· In the length I)f a flight, 
th avprage (If th", variation at departure and 
lhat at de. tinahon i~ u. ed. If the change i. 
mono than anout 4 . the flight i. divided into 
Ipgo and th· < vera t fOI I'a II I Ii-I u~1. 

Uenation i . not qUite :>lIl1imple since devia­
tion varie with heading. Generally. deviatIOn 
Iii d"termlOed for headings oi interval of IS' . 
Thi informatIOn i' entered on a deviation 
ard. Th navigatvr consults this card for thl' 

deviati)n ror an~ particular heading. 
DeViatIOn may change with any change in 

electncal equipment or Iron in the airplane. 
For example, dev·jalioll may change when 
hombll are dropped or ammunition ill ex­
pI·lId ... ,- It may e\ <'n chang.- With the jult of 
.1 It rll landing. And. i change: .omewhat 
"Ith latltudt'. TIlt' dl'\'mt Inn ('ard . houltl 1 
<I\lPfI'. IIlIatel) em rect ilut I 1<: not nt'l'e, <:arily 
•• act l)t>\'iat',>n from thl' card I. u t'<l whpn 
IItl 1 tt r ir:llIrmaIH.n i: avallahle: Itut w hpn 
1',,~.lhlt' . .ll'natH'1I IS chf'('k.'(j in flight hy the 
I.... IIf thl' a~lr"-Chl1lpa:" (lr dnftmpter. 

Applying Variatian and Deviation 
T'I lall I ... found h~ appl~'ing .11'\·latlOn and 

,(n Itlltn III '\I Thill opt'ratlOn I SImply 
,. 1II.lttt-r of addltl.n IIIfI ~uhtra(·tl"n 

Whell \.Hlatlon h I. "t. l11agnt'til' nur h I. 
";1. or true lIurt! ~ll1, III ;lSur",1 d,..:kwbl' 
fr '01 mag-nt'1I1 n"rth. i. 1<",. hll TH mpa .. 
III't"l .1 .... kwlSP fn.m tru" north . Tlwre(ttrt> In 
"rrl .. r ttl hnd TH from ~nf... I ~analll1n I: 
,uldl'<i tn ~tH ThUll if ,IH 11' (J:,(I IIn.( \ana-
Ion I" 111 E. Til i: 060 . 
:lnlllarl~, w hl'n IIIIt1(ln I~ ""'" t. mag-

ncth n"rth I .. Wl'~l f trul' n rth nd Mil I~ 
I.Hll r than 111 Therl'(ore. in ordl'r to find 
III fWIIl • 1I1. W :l vllrlation I~ . uhtra(·tt'd 
(rllm Mil. Thu. If Mil I. (liO and vanati! n 
I . III \\, TH i. OW • 

TIle rule l.j arllitl<ln i1pphe f .. r dpvlati n. 
To lind ~1l1 ilUIII til a"t IIl'\ IlitlOlI I. lidded 
Ind WI'. t np\ 1"""11 ,: \lltlradecl 

14 . ALTITUDE AND THE ALTIMlTDI 

the altitude of the airplane and the elevation 
of the surroundinl' terrain at all times. Thi 
is e pecially important when visibility i. poor 
and one must fly hil'h enoul'h to clear the 
highest terrain or obatructions in the area 
one I'stimates himself to be. 

Often a certain altitude is flown to takl' ad­
\lillLage uf favulaLle Willl) IiIld weather con­
ditions. F urthermor • a ltitude is u ed in the 
calculation of certam data. such as true air ­
sJ)t'ed. 

Altitude may be defined a vertical distance 
above some point or lrorizontal plane u$ed 
as a reference. 

SCALE 

1 S. AI.SPlED AND THE AI.SPUD 

INDICATOR 

G ...... I 

:~'d I rate of motion or the distance 
tra\pll"(t per umt of time. A knowledge of 
pet'<i t mdl penaable to navigation. Primary 

Interl' t ~ in th ... peed flf the airplane be­
tWl"C'n Ptlinu on the earth' urface; uch 
:<pet'd r latlve to the earth i known 811 

I(roundllPHd (G '). 

The pei'dul1leter of an automobile reads 
ciir.-ctiy in ground peed. ince it meaaurea the 
number of revolutions per minute of a wheel 
IIf knnwn circumference, it can be conatructed 
to . how accurate speed without oorrectiolUl 
txomg applied. There is no such limple inatruc­
lIlent to give the fI'TOund peed of an airplane 

'138 RESTRICTED 

MOllON Of THE AI 
........... _ CAUSES GS TO DIHE~ 
~ FROM TAS 

directly. GroundApeed may bt' found in van­
OUII way., but each way imol\'es ca1culatl(lIIs 

It i possible to mpssure hy 1II11truOlpni 
the. peed uf an alrplsn ' through thp IlIr. ThL 
is known as tr ... air~ (TA~) If th,· lllr 
werl' still with relatIOn Lu the .. arth, grllund­
speed would equal TA~. Hut, the air i~ aIm ... I 
con tantly in motion. This mc)tloll "f thl' Ir 
rplatiw 10 the arth i I'alll'd w md. If th .. 
allvlanl' fli , with thp wllld. grllunci. r>t>eO I 

K"'atpr than TA. , if I flit'. all' 111. t tit \\'lIId, 

DIAGIIAM 
OF 

AIRSPEED INDICATOR 

J'I'Ound peed i Ie than T . HO\l'e\'er if the 
wind, the T AS, and the true heading are 
known. the GS can be found. 

The Airspeed Indkator 

The in trument which me8.!urell ailbl~1 
I an ail'llpHd indicator, 

Computing True Airspeed 

1 hI' readinll: IIf thl' air peed mdicatllr de­
pt'n.b! not ,'nl l.11 tt ... TAS of lh alrplan 
hut al I lin thl' dl'lI Ity of the aIr throulI:h 

'hl('h th.· alrp\I\O(, I ,I) ing. Pre ~ure diff r­
pn,'e l/Ier .. a. e. WI II TAS. If .tenslt) i. twic' 
aa grt·at. thllr ft' tWI('" &1\ m,IIIY particle 
(,f air in It 11'''1'11 ,olunll'. At tilt· /lOll' TA " 
thl'l't'f'r",811 Ifpl n ..... ,11111 .. , With twin' ,I. 
many IlIlrtltiel\ Ilf 81r. and thl' pr ... .'url' (hf 
ferenCt' IIItrl'a~ s Sln(' thp If!lpe d incillatuf 
melUlure pre. urp Iliff ·r .. n. 1'. It!; H'81hllg m. 
erpMI'. With den. It~ (If lUI a~ Wl·1I ,t. \\ itll 
TAS. 

ThO' IlINI~t'<t mdll'stur I d"~lgnl'<1 10 read 
TAR undt'r .. land rd ea-I \.-1 rlln,tltwn .• that 
i when I)!'t'~url' I 29.92" snd t IIII't'ratur, 
i. la·C. Air !lpn It,\' deer 11_ . "Ith altitullp. 

10 Al1tMfUl 

t 
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therefore at higher altitudes the airplane hu 
to fly faster to CAuse the same pressure dif­
(ert!nc . Thus for a given TAS, lA ' decreases 
with altitude. Or to put it another way, for a 
given lAS, TA increast' with altitude. 

lAS is rorrected for temperature and pres­
surl' by mean of the airspeed correction scale 
On Ih .. F.-flR NlnJput r. This scale ia oppoait 
the altitud correction . cale. In the window 
I a scale of pre ure altitude readings from 
appro Imately -1,000 flo to "' 34,000 ft. 
Abo\'(' it IS an air temJ)l'rature cale readlDg 
from 8Pllrf )Xlmately ~')O" to ;,0. 

16 . WIND AND DRln 

General 

If t ht: a ll' in which airplanes fly wert! air 
solutd y "t ill, at!nal n'l\'lgation would b..> very 
• Impll·. In f.let thelt' \\\Iuld he httl need for 
• penally-tram"" navIgator, an,llhi " chapter 
\\ oulrl lIut IX' IIl'C ssary. Th pil" l, ntl'/'t'ly by 
'lint' 'ling fUI \"ariatiun and dl:\ iativn, easily 

c uld ' t: t t l1l' Irplane on an) de:Hrlod course. 
If coull'! ca k ulate e. tlllla tl'd tllne uf arn\ al 

nel d~t rn1l 1lt' \lO"lt IO" en rout by u. !IIg tht' 

Wind Speed (WS) Or Wind force 

II, , l .. "I 1ll"" 'n1l'Itt 1)( lh,' Ir 
ll rf ' c ~I t"" I' h'J(l,t uti 

navigators expreaa WS in !rnots to conform 
with their other measurements. 

Wind direction and wind peed together 
con tilUte wind velocity (W\'). It is IDcorrect 
to u~e the word "velocity" to mean speed 
alone. "WV, lSO"j2SK" meana that the wind 
is fn,m the outh and that ita peed is 25 
knots. 

Eflect of Wind 
Con idl'r first the effect of wind on an 

<lbJect which has no motion of ita own. At 
0900 a balloon is launched into the air at 
pomt A. If the wind is from 270' at 20K 
(WV, 270 ;2OK) , where i the balloon at 
1000? The balloon may be thought of u 
floating in a body of air which mov from 
270 to 90 at 2OK. In ODe hour the hody of 
aIr nU)\'es 20 n.rn., and the balloon with it . 
Thus at tOOO the balloon i at point B, 20 
n.m. from point A in a direction of 90 . A 
balloonist never feel any wind. He ill ;;us­
pended in the bod)' of air and moves with it. 
• ' 0 IUr move pasl him. A balloon In the air 
15 JU t like an empty bottle floating down a 
river. 

Any free ohJect in the aIr moVI' du"'n­
wmd with the J)l'ed of the wind. Thi.· i 
Jll. t a: rul' of an airplane Ill! It I of a ballnon . 
If an al T .. 1 ne I!; flying in a 2011: wmrl . tht' 
body , ,1 alf m which It i., flying mo\'l' 20 n.m. 

n huur. Th. rt' f l' TI'. thl" airplane 81110 n~ ,ve. 
:!t n.1Il Il. wnward In an tu)ur. This mOH'nll'n! 

Drift 
Th plane in the next figure departs from 

PlilDt X on a headlDg of 360' and flies for 
ont' hour in a wind of 270' /2OK. Thl' alrplanl' 

'2 ItESTRlCTED 
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is headed toward poiDt M, directly north of X, 
80 ita TH is repreaented by the line XM. If 
there were no wind, the airplane would Ill' 
at point M at the eDd of the hour. Howevl'I, 
there is wind. The body of air in which the 
airplane is ftyi ng mO\'ell 20 n.m. in the hour 
and the airplane moves it. COnsequenti.\. 
at the end oC the hour the airplane i at 
point N, 20 n.m. downwind from M. Thu . . 
the liDe XM is the path of the ailllIane 

ItEmlcrED 

through thl' body of air; the line M ' hollo' 
the motion of the body of air; and the lin(' 
XN i the actual path of the airplane over 
h earth . The actual path of the aill)lane IS 

the t!'Uk (TR). Track hould he distillll'U lshl'd 
fr)m true t:11ur .... (TC) whIch i. the illtent/ed 
I th ot th(' all'Jllan . 

The IdewliN dt. 1,la('l'nI('nl n( the airltlaD(' 
bl the wm.! I ,'allM drift , flrlft is m .... ured 

- WIND fliOM '270 • 

M 20 MILES N 
• ••••••••••••• 

PLANE TIIA ElS TOWAIID N 

BUT IS HEADfD TOWAIID M 

:1 .. , 
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b\ th~ angle 1 ... 1 WP"n TH ami TR; thil> is th .. 
d~lIt angl ... In th .. exampll', th .. drIft angl i 
.IX.·, th(' angl,> l)O;'t" 'n the head 109 X)! and 
th.. rack X, . Tit plant· ha. ,lnfted ttl th .. 
rig>' : thi i' knuwn a light ,Irift. 

A giwn "inn muse a ,hfft'rt'nt dnft on 
f'<lel! dlfferl'n h.'ading. I also aff .t. thl' 
.II t,Wl" tl" It'tl ill" h n tIm •. Thercfor('. 
"Ith a gi "n "md the (;: \'ari " on differ!'nl 
h .. ading:. 

Drift Correction 
Supp<.~e .1 pi]./t "ant. t" Ry (rum POint X 

to I)llint A, a I u tour of 360 , when th~ 
wmd i- 27U· 2OK. What :hnuld be the T~ 
Ob\'lou.I~'. If he tlll'. a I'll IIf 360 , he WIll 
~nd up, nllt at A, hut at 'nnll' IK.int downwmd 
(rom .0\, Ra I .. 'r, lit' mu ·t head {fir. (1m pmn 
UP" lOll frum A nd \t,t rIght drift hring hinl 
tot A II lne mrplan(' is In 11<' 10 the :ur for 
onl' houl', it w,lI drift 20 11.01, duwllwJnd. 
TI,.'n·f"n·, he must ht'ad fpr a 1~lInl 20 n.m 
up"lnd fr.·.11 A. Flying thl' h ·ading XH, h .. 
"III real'll A HI fine IlUur: hI Tn (If the ;ur· 
plane "III II<' XA .. 

Ilt'ading lin alrplan • upwind frum cI,' ·tma· 
! "n III "rd"1 to maintalll tt.l' rut' 1'{JUI'll" I" 

all ... i lI>rn' lOll for drift. Th.. angle A X H 
I ClIlI",1 tht' onft .... rrt'Cti,," angle (·r, morl' 
in lilly, lhl' d If l"rn'di"n, Drift rorrt"<tion 

( 1)(") I. hI' (,orr l' illn "hich mu!;! I", appll..o 
I' i T(, tn illd I, Til n~"ded II m 1k .. g'~MI 
hat n' -\XIlI I Ipft dnf wrrelllllll. 

Til" "mnUII tlf ,Inft cnn"dilln IIIU·t I", 
JII ,'[I •• ugh It. 1'''I1II,·n. at, fur thl' 'Illoun uf 
.tnf on tht \llrr.. hl'a,hng Tht'r ftlre, If 
the irplanl' I. nn /I h""4illllC If XH. the dnf 
lorr('{'tu,n angl" must 1)< <'fIUal til the dnft 
'nglf' Hut. If .inf I. tt, h(' rIght. dnft cor­
rt"ctiun mll:t I", tu lh .. 1 .. ( • Thl'r fore the 
drif corre liun .mgl I, m .. a. ured in the or­
PUSI' dir l' 1I.n "th orift. 

Remember that after a navigator has cor· 
lectl'd for drift, the airplane will till drift. 
All he has don h! to head the 81rplane off 
t:<lur. e .'0 that the Wind WIll CAUse It to drIft 
I t:k on C.IUI'lIe. ('hanging th ht.adtng of the 
alrvlane WIll not tum off the wind 

Dnft correction 13 usually found in the aIr 
IH ')l1e \If tI ... fullvlA-illl! lIIt.'tiluU . 

- a) Reading the drift correction directly 
from the driftmeter. The di advantages of 
the driftmE'tE'r are that the ground must be 
\'1 Ible and that actura e drift i difficult to 
ubtaln If th airplan i~ 9,000 ft. ahov the 
terrain \lr O\'er 4,000 ft, above the watE'r, or 
If the water i .• mooth. 

iI) The orift correction u ually is (nund 
hy :(llving th wind triangl , whIch WIll he 
discu eO later. 

17. DEAD RKKONING AND AIDS 

'0 DEAD RKKONING 

Preclalon Dead Reckoning 
The na\ Igator ha, three hasir pruhl III : 

14>eatlllg hi po Ition at any tIme, rakulatlllg 
the time at whl 'h h .. will rt.ach any poinl, and 
t:akulating a 111 to 11IIIIg th airplanE' tn any 
dE'. ired de. tinatlllll. 

Dead reckoning IS tt methnd IIf soh'ing 
lhe~e thr prr.blem. Ity mean of mea.sure· 
ment, an,1 calculatlun lII\"olvtng time, a 
nown rlOl!ltlon, and line or ll10r "f the three 

\"el<><:ltle.; TR- S, TH·TM, and WIl-W . 
The, I' l'al 'ulatltlll are made with th lim 

,oet'd-dl. \JUIce formula nd the Wind tnangle. 
Dead rt'('k"llInll' I th .. n vi gator' hasic melh· 
,Id hecau. It I the only means of solving all 
thn!t' of th I' I it- naviptional problema. 
In a !>en. 1", then, dead rerkonm, i, the equiva· 
len .f navigation. 

2 ~2 RESTRICTED 
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location of JtuJtIon 
There are three method of locating posi. 

tion durinC flight. One depends on external 
mf'ana, and the other two are form of dE'ad 
reckoninc. 

Fill By map reading. radio or c leatlal 
mean . the navi~r ran I ... ·ate th J't'II i<'n 
of the airplane without the u of dead ret'k­
oning, When he finds on a chart th. poeltlon 
of a landmark which i dIrectly hen ath th 
airplane, he has located htl positIOn by mal' 
reading. Similarly, by radio and ('1'1 tial, h" 
locates position by xtemal mt'an •. Thl I 
called flxin, tJae airplane' poaltlOn: and the 
posjtion h. flnda ia a I •. 

Baaic D.ad Reck-iac. If th. location ot 
the departure point is known. the tim of 
departul't', the TR and G of the airplane, and 
the position of the airplane for any time can 
be found. The departure point i plottl'd on a 
('hart. Subtracting the time of departul't' from 
the time of the deSIred position. the time on 
;:ourse can be fuund, By means of the time. 

pPed-di tance formula. the distant: Ro" n 
in thi time at the known (;, can be found 
f'ntm the departure pallll (In the l'hart, thi" 
di tanr!' I laid oft' in th. dIrection IIf the 
kno\\-n TR. Thu , the de irt-d po it ion Ie. 
tahh hed. TIll. I' a dead r rk .. mng JlV ition 
rtr DR poeilion a.. di tllllrtH hed fnlm a Ox, 

ThL pr,l('1' i: ,,,,rhap. the Int). t (untl • 
menial applicatIOn of tho e!eacl.rt'ck"nlllg 
nlethll(i. Thel't'for!', it i often railed lIallll 

d ad r {kuning. Thu , in I NUt 1(' tlead rl'l'kon. 
mg, known po. ltion, the .1aI)!!('(1 tllll . ane! th •• 
TH·r;. v{'('tor are knuwn, Thl' Ind h nul 
known. 

l"red8ioa D.ad Rftkoai .... If tht' I"calllln 
of the departur pornt, the timt' of departur • 
th TH and T A. of he airvlan, nd th "ind 
\'eloclty are knuwn, the positilln IIf he air. 
plan.. for ny tnn.' can be found. 

Cakulatlon af , ..... of Arrival 

Th re i only line method of tlndlllg the 
time t whIch an aIrplane ",11 reach an~ giH'n 
puint. A navigator mu t know the time uf 
departure fnm jme position, th d;:tancl' 
to the gi\'en p< Int. and the GS which th aIr. 
plane wiJ make un the TC to the point. By 
meana of th. time-speed-distance formula, 

he can find the time required to fly thi dis. 
tance at thi G •. He adds tbis lime to the 
time of departur .. in order to find h time 
of arrl\'al .. t tbe given p<)inl. 

Dead Reckonl,.. 

The methvds d enbed are the on i) lIlt!th. 
uU 01 solvlIlg th. lhree basil' na\igational 
prohl m., Ret'au th IIeCOnd and third proh-
1 .. 01 t'an 1)(> " .. heel only hy d. d rt'l.'k'lIIng, 
d"8Il r 'kunln, i t'lIIIt'ntlal to navigation. Map 
lE'adin,. r dlo. and lei tial nll8ervation (an 
"I" only th. pmltl m uf 100'atiun; the) can. 

not ll\'e the oth r two, ThE'rl'ful't.', th .. )' are 
nllt di tinct m thud ofna\ilptiun cOll1palabl1' 
to dead rec:konUll'. However, II) (lIving the 
pro.,1 m of location, they gi\"e IJ)fllrrnatiun 
which helPII to solw th lither tWII pr Ihlem . 
Thu, , they are a . oUr<' .. f dl, .. d.r ',·k nilll( 
data, Th ref(lle, map readlDlf. radlll ami, de .. 
tial alt' ('ailed aid" to d.ad rl'ck(llling. 

1'I't"'i Ion dead rE'ekllnillg I tht' onl) ~ingh' 
method of ,'01\,1111 all Ihrt'«.' .. I' the lIa. H proh. 
lem , Rasil' dead f('tkOIllIl/l will soh" only 
the fir t and !\e('Ond prohl m ,and It WIll ,,,I\l' 
the. onl), und .. r RIlf'c:ial (~," .. hll(>n. B""au ,. 
prt'('i it'n dt'acl rPl konlDlr IS Ih,· Itnh ,'nlllplet,. 
nll'thnd, prpl'i.11I1I ,I.ad r.','k,'nillj!' '" l'arrrPti 
'Ill "'IIItmuvuRly durllljl' R,ght. 

Procedure of Precision Deod 
Reckoning 

l'n'u~lon d ad.tt'dwllIng pI"",,',III1" 111-

\,ol\·e. mor .. than the math('mali al · .. Iutllln 
of the tI,rl'e h8l;i4' IIIi' ij!'atltln,1 "r"hlt'1I1 II 
indud,': al!l() tht' ,11'11, l'dur.. h) Wllldl til<' 
II \'Igator plan Ill. ",Irk and rtllJtmuall) s"t, 
lht' I.' plohlell1" fur hml. dr, It IIIdlltl.. rIlU,·" 
of th methtld II), whil'h ht· "htalll the mt'.r 
mation IH.'(t'SlIAry rur thl'lI' olutJol1, II., .. 1.­
lain" till: IJIformatiun fl'lIlII twn .ourlt',. tht 
flight 10. (rum .. nl the '''lIlpa,., Ihlli".t! 111_ 

dieattlr, t1nftllU't ... dock, fr" .. aIr t .. lllpl'ra 
tur' gauge, anll alUm ter - and th .. wI. ttl 

Ii ad r ... :kllnlll&'. Thu , prKI. inn dead n 'cklln 
1011' lIIl'luoes the I't'ading of the III truments 
It btl mclud .. · the det rmlDatllln uf "llId, 
TH, alld (; from the fius !p\"n b) tht, .uds 
tl) de8li reckoninl': but It d, nol IIIdudt' 
th actual U'(' of the ald· tll uhtain th~" 
fixe, Thu , pl't'Cislon dead.reckoning Ilmn,d. 
ure inv ve. praetically all the na\'igatwnal 
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acti\;tie ' except the calibration of in'ltru­
ment..> and the actual u'e of ",IlP railing, 
raeilo and cele tlal. 

If hI' navigator can Tead drift, he can 
do pT"l'i IUn dead reckunmg by the flIght in­
:trunwnt ' alune, H{)wewr, If the ground i: 
oil Tured :0 that he cannot read drift, h 
mll~t ,....Iy cn one of the (lid to dcad reckoning 
(or informatIOn both as to his position and as 
til th " ;nd. :\lort><I\'er, ven when he can 
n 'ad dnft. the I' ·tabli 'hm('nt of po. ilion. !,y 
i n~trunt nt dead r!'cknning alon(' is subjed 
tit ~nlall error •. A hI.' tra\'l'ls CarthE'r from a 
knflwn \)Ilsition. thl'l' ('rror may accumulatl' 
into larg(' E'rrnrs. Ht-nce. in order to {"orrl'ct 
hi. dl'ad r kilning. he mu·t t'stahli. h deR­
nit!'ly hi. 1)(1. itJon frllm tIme to tim hy onl' 
fl f thl' aids. 

18. MAP READING 

General 
!\lalJ rt'ad ing i ' the IdentJliLatinn uf land· 

mark. "llit til"lr rl'pre.entallun: un a I·hart . 
~Iap rel.d ing (:all 1Jt! th mel. t accurate of th 
alo. to dt'ad recknmng The accurat'Y of a 
(I" t' . tial "r radIO fix I: UtiU Ih ill douht. hut 
'.\ 111m an o\')ect on th" ,,"lund hit. I_II Jdt'n-
l'lt,c1 ,.n ,n 8l:CUr t hart thl' e 'act locathlD 

or l h l ' planl' I~ kn"" n. Tht' aprllllau I{"al (hart" 
' 11Il h ·Ift· u~l'rl in th .. {jnitE'd:t 1('. ar n!la-
1\ dy lilt urah' and lompl 1' : uut In other 

I In " th' \\ orld ae urat(' mforma 1011 I 

mil. ;\Vllll .. hl t'. Ol.viuu. l) Iltal ' rl'lIdlflg Uillnot 
, n un: iH,ur t .. tl.all th hart l>t',nlt u .! 

19 . OTHER AIDS TO DEAD 
RECKONING 

The Autamatle Radio Compass 

ill be headed approximab>ly toward the 
ralil() station. The relative beariq between 
the airplane and the radio ltation il thl'n 
zero. When the pointer Iwm,. 1I!0' the atr­
plan _ i passing over the radio tation. ThIs 
i the mOlit common use of thl' radio compaa . 

Rad60 t'ixn. Since the azimuth pointer 
points toward the radio tat ion, the number 
of devee that the pomter dlfferl from th .. 
lonwitudlDaJ axis of the airplane can be de­
termmed by readin, the radio compua, Thil 
I known as a relati e bnriq (RB). If thi 
relativl' bearing i added to the true headin, 
of the airplane. the trae blariq (anplar 
distanCl' fnlm true north) of tbe atrplane 
fnlm the station can be found. Thia II don 
mechanically by settin, the true head in, at 
thl' trianplar mdl'X hy rotatlD, the azimuth 
cale with the variatIOn knob. To the true 

hearmg, 180 i addt'd to get the true beanng 
(If the radio station from the plane incl' the 
rarlw tation' position i known . Thi can I 
a{"(Onlpit ht'd nlf'Chamcally hy Impl)' n!ad­
ing the azimuth call' at th tail of the 
pOlOter .• -ow If thi true bearing i plotted 
(rtlm the /adlll staion, the I ition of the air­
Illan{' ~i11 IX' un the iin drawn (WP): II ... 
of pGIIition . If thl procedure I relleatt'd for 
another radw tatlOn and it: true lJ4>anng 
drawn, th.- two lines "III mtt'( ct .h(J~ing 
th~ apprUl(lm tt' ,,,,slt1On IIf thl' all'J!lane. TIll 
I kw," II i'" a tadlll fix. 

Cele.tlal Navigation 

to 
hI' 

or IOgul, r di tant al}(,v th h rilllD II( any 
\J ~ l bl.· eel tilll flndy <."&n 1J4> founo (nr any 
I'al'tlc'ular mom nt in th day for any ,MI i-
1011 on the earth. Th navigator ha.a a t' -

tnt, mt.r cut ....... Uy call d an "octant," "hich 
I <tn optical in rum!'nt fnr ttl!' ,l!'tt'rminlltion 

244 IIfSTtICTED M it 0 tI • 

RESTlltCTED 

IlfSTIItCTED 

AZIMUTH 
INDICATOR 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE I S UNCLASSIFI~ 

RESTRICTED 

of h~ a)tltud above the hunzon uf an> \'1 Ible 
r It'. lIal budy 

Th .. n. \ igalor ., n Ii .. t 'mllne a 110 of IK si. 
II >n frHIlI Polan , lh€' !':orth ~tar. by: 

) !\faking an I h 't>n'aIUID of Polaris WIth 
hI exl<lnt and nlltmg the tIme .. f th~ ~ 
~~r\'atlO" 

h) Detemlllllng a DR 1X'.llIon (or the 
",101 lIme a, ht' lll).~. rvatiun. 

d 1\lnsultllljC hI table til lind the alti­
I urle uf P -Ian. fur thi tIme at thi lIR po i-
IOn 

J) TII,'n h~ companng th altitude of 
Pulan" 'hat hi' ,.btamed from th extant 
WIth 'h. Iltltll,io> of Polan he found f r his 
Ill: IW)sllInn, lhf na\ IE tor ran e ·tahh~h It lin,. 

.. f "" It n. 
'"~ If to rer at! thl operatIOn for two 

'n .r .. . 1.lr., ,\ Italr nli I~neh. hf' '4ill ohtain 

PLOT LOP FROM STATION 
IN DIRECTION OF 255 

two more lines of poeition. The place where 
the e three LOP' c:rou is called a celestial 
fix and I hi approximate po8ition. 

ladar 
The na\'i,ator it interested primarily in 

the radar set made lor installations in air­
rraft. B)' readin, the ICOpe of the radar set. 
the tTluned operator can determine the air­
plan's pu ition in a manner SImilar t.o lindm, 
IX thIn t>y map r ading, 

Loran 

LOTan i a tf'rm denved by rombmin, the 
fir tW(1 letters of LOn .. , the first two of 
RAn,e, and the first letter of Naviption, It 
wa developed .. a naviptional aid, The ac­
curacy with which poejtioaa may be obtained 
by Loran varies with the location of the ai r-

ItfSTRICTED 

craft relative to ,round tations, an:\ WIth 
oth~r conditions of tranami. Ion and r 'f', 
tion, 

The effective range (If Luran OVf'T !It'll water 
is about 600 to 700 nautical nlll 10 th 
daytim~, and 1200 to 1400 at ni,ht. 101 
arreat ran .. ~ i achieved by the usc (If rela­
tively low radio frl'quenci ,JU t abcl\'e the 
standard broadcasting band, which ('All Prtl'~ 
a,ate over the curvature (I( the earth. 

Briefty, here are the prmclple,' (If Loran 
operation: 

a) Radio signal l:nn isting Clf hurt rlUll'e 
ar!! broadca.st from a pair IIf gl nund-ll38t'd 
transmitting statIons, 

b) These ignals n' rfft'lwII un a ~ 
cially-<ie igned Loran rani" lel:I'i"'r I",' tPlt 
in the aircraft, 

c) Tht' difference in tillle vf arrIval of th. 
igna!. from the t~o radiI! tatrnn. I, nw", ­

ured on the Loran Indi tur . 
d) Thil measured time ulfferelll:e I utll-

l&t!t.I to) II tf'rmln .. lilre til' (rum Luran chart 
1111 of ,"N<!tlun fin the arth' IIrface. 
l') Twu hIt or ,IC>O;ltion, .tetprmined frum 

t"o palfll.IC Iran milting tatiuns, are erotISM 
to secure a Luran ft 

Thu • IA.ran i~ I'ntrr~l} dlffcTt'nt frlllll radiu 
diredion-lindln,. for Loran mea, un'" th 
tIme of arrIval of ralil" ~R\'f'l', rather lhan 
the directlUn o( rn\aI, 

l.oran III different from radar in that th .. re 
I. no tran mission from the aircraft. Loran 
hAl. hOWl v!'r. I~.rm~t>d from rarlar (l1lI (If 
the raliar tt><'hnlllut': (IIr m a.'\IIt1nlC tim In 
Illlllionths of lIt'("ollll, lind tl hmqu.'~ for 
\ i u lIy nh. "n'mll ' 1lCnal .. nn I nlth •• I .. ray 
lull!'. 

20. RDiIAL AIDS TO NAVIGATION 
Introduction 

(~"\,f'rnm .. nt·t·, at.II,,11t II alld 
alr",a) in the rnited Stf4t 11, 

f11l\lIIttllnt'(l 

""11 II, In 
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oUl"r c.:nuntrie • are of great h4'lp to the pil t 
and navigator. In effect. the airways are air 
hI h~ay .. They form a network linking all 
Important points In the ('ountry. They reduce 
Ilrublem. "f navigation til standardizE'<t meth. 
M: wlueh \\lJrk a' any ime and place anri In 

III W e.ltllf'r nriitwn .. Travpling on the air. 
\\.I} , a pil"t c:.n go virtually anywhere in 
thl. .un I, , alld at 110 lime will he be ml're 
Inn tifty mil,' frllnt an airport. In hlnl)'· 

I)<·"ula .-<1 an'a . \\ h"n' tht'rl' otltt'rwi' would 
l>e IHI ,'I 'purt , ht' (~ rJ\ eI'll ml'nt m intain~ In. 

t. n \l'dlat,· landing fi .. ld at Interval!; of al.ou 
IiI) 1111 It· alllnjt tht' aIrwayI'. 

HI ldl'~ h landmg ti",ld., airway aId .. in· 
e1IU!.· fll.li" run!!' .. . tlltlUn~. rotating hearon 
I·h '. null, II ,II' k .. r I 'acun:. anc! weatht'r 

III fbrrnnt illn. 
I: IIfill nnd II~h mg alIt are marked in r 0 

nr I urpl.~ (> 1 •. '" ,. na!. and rt'jflonals, and 
• h\'r h.lr. . hll" mil a I'(IOaull0.:,1I data. The 

. ~·Il1I~.I.· fllr til .. ,!' "Id. all' ,'ho\\n in "ara· 
~raph 1(' •• f , ... 'tion \', chapt!'r 00. 

Radio Range Stations 
tilt.' L' nlled State" 

Rotating aeacon Light. 

ftashed in an identifying code letter which 
shows Its distance from the origin of the air· 
way. Beacoll8 are numbered from west to 
ast and from uth to north between ter-

minal "Itie •. The number of the beacon, multi. 
plied by ten. gives its approximate distance 
In mil . from the origin of the airway. For 
example. hearon '0. 1 i ten miles (rom the 
origin of the airway, and beacon Nv. !) I 

fifty mile, 
The ht'aeon number i identified by a letter 

flashed In International Morse code. The first 
It'tter of aeh word in the following sentence 
rorre ponds to the number gi \'en with it: 

(1) When (2) l'ndertaking (3) Very (4) 
liard (5) Route (6) Kt't'p (7) Directior. 
( ) By (9) GclOd (10) Methods. 

Because only tpn lett4'rs are used, It i. nec­
e sary that the samt' letter, represent beacon 
numbers of beacon. that are more than 100 
nlll~ from the (lrigin of the Ilirway, The 
nllmher pf a beacon more than 100 mile. and 
Ie.: than 1,000 mile: from the origin (If an 
.lirwlI.I' j a two-dIgit number: the code letter 
fla. hed by the bearon rt'pre. ent. only the 
I .,t rilllit. Thu "W" i.. the coot' letter for 
I,..al'on numl ... r I 1, 11 Ilno 21, which are 
re f dlvel)' 10 mllt'.. JIO mile and 2W 
nnlcs from the "rigm. Llke"j!l('. "t'" i. the 
.u.te lettf'r fur heat'ODs numllt'red 2, 12, 22, 
(. (', Thu. till> . f'rie of codc lett!'rR i.. reo 
""atl'd for .. Reh HIO-mlll' . ('<'lion (If the air. 
\\a till. 1IIt'''"nt. no prohlem ht'('au-e th" 
nU\Jgatflr :h. ulri know whIch lOO·ml!p l'ctinn 
tif tit alr\\a. · h I" on 

.-\iN'3) heacOfl, h.,,, SI dt'ar fla ht'. 
JoE'r minule Thl' identifYing cod£' lettf'r, 01 •• 
pi red 1 £'('n tlash(' , i •• vi, lolt' unly to air. 
plane nn eour e, Th It'Her I fta. hed in green 
If h Jlt'au n I. hlCalt'O Ht an aIrport; if not, 
It 1-.11. hM In red. The number of the bea('on, 
\;. \\ ,·11 he ('lIrre"pondinll cooe ~if!TIaJ. i 
l.fUlt 1 h .. 'I.ll' th .. hea~1I1 lIymhol tin ll('ro­
nUl ,I harw. The numl r al. II I l'alntt'fl 

th. rt If of h. Il£'anlO pow,,!, . h,,1 fll 
,1n,'11I'" Idt'ntlfkatinn. 

Radio Marke r Beacon s 
nj~ malll purp" of mark('r beat'on IS to 

,I "bl hI' nll\'llfalor or pilot in obtaining fix 
It th,' range tatlon And al.lng thE' airway 

,It Inll rmediatt' PfliJ.t betw .... n rang!' sta. 
tl nTh .. pnnclpal type. (If marker are tht' 
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~l-t) l marker beawn', u. ually placed at 
th .. Intt>r,l't·tilln vf twu range courses, indi­
l';lt' "Iwn to tun to th .. nl: t !ltatllln. The 
eharal tHI. tl\: 'Ignab a .... transmItted on the 

anI" fr"4ul·nci .. s a~ thl: adjacent radin 
rang ': thu th marker .ignals can be heard 
If tht' ree .. 1 \'er I tun d ttl either range. 
llarker l.eal'ons also may be placed on or 
near ~nmc obstruction, such ~ a radio tower 
.r at unit.' particular pomt along the airway. 

The ~I-t>l'" beacun due not operate continu­
"u~ly It 18 turned on wht'n the local ceiling 
IS mor .. than one-tenth over(:ast, when the 
\i. ibllity is Ie than five mIl s, or at any 
tIme lin request. 

Z-Ty.-. Marbr Beacon, Becau the cone 
1)[ Ilene' d~~ not alway provide a po itive 
bnd rellahle mean. of detemlining the exact 
p". lImn nf a radII. rangt' ' talion, Z-type mark­
t'r~ art' Installed at mut;t radlU rang ... tatton 
fur thl, pulll ....... A l'pedal receiver mu t be 
m"lall .. ti m the alllliane to rerei"e th Ignal. 
"hich are \"an"mi tt'd on a high frequ ncy­
• .> megatydl'); Th .. Z·mark .. r antenna local­
IL th .. :ignal zone wi hm a teardrop- haped 
~Pil' t> immt·tiiah'ly <11)(1\1' tht> . tatlOn , Thl' 
"')01al may hi, rt>C!'i\"ed vi. ually or aurally. 
d ndlng '10 lit' n't'!'I\" r; hut \ I~U I r el~ 
IIln IInly I. pro"id..d hy l':AF r .. c: i\'er', The 
n rk .. r I ,c'"n IJJ(ht, ,n till' pilot'., in. trument 
"Mll'I, fla h. ~ "11 iI" th .. airplane enl r, tht' 
'I>n,' of "llpnl ' MIt! n'llI:un: flll until II", lur­
.,Ian .. nH.'rj{l'" I fIIlll h .. C.'IIt' Th durntlon 
t f h,' Z-Illark,'r Ij{l\al In. n·,I."· "I h in-

r!!:!, in flil(h altltud.· 
"'an-t) ~ 'larbr Bfoaron. f a mark nl art' 

IIIl/h frl''1IWI,l'\ (7-, n't'jCac~de.) radit. tran. 
11111 t r. u.llally 10 ·Iallt·d I w, nty to thirty 
mil ',' frolll th rluh ranKI' acn, S line IIr mon' 
of It IIrH"lllr t' ,Ijrnah .. , Thl'~ art' not t'quipJl"(l 
r,lr ""Il'" tr n. mi,slOn. Th,' ,mtl'nna (If th .. 

pn.oul' • a high mt,'n it.\ .Ignal in a 
h,tl .. i Ii" a 'hit k fan, Immediatt'ly 

,1".\, ht tr.tlll'lIl1lt .. 1 1111 ,lltllal may I 
ref!! I \ t"i ,'Itht'r \ ually .r IlU ra 11) , depending 
lin lit' r, 1'1\ ,'r, In l" AI-' ,lin:! ft. It I. r-

course leg directly true north from the sta­
tion or to the fint on-course in a clockwise 
din ction from true north. The groupe of two, 
three or four duhes are aaaianed respectively 
to the second, third and fourth courses clock­
wise from the sin,.le-daah beacon, 
W ......... Information 

The federal airways 8't't weather informa­
tion from the U, S. Weather Bureau and the 
Civil Aeronautic:a Board. Thia infonnation is 
sent in hourly teletype sequence reports to 
weather-reportilll' stations alon,. the airways, 
• uch station include .host radio ran,.e ta­
tions, U AF Airways Communications Sta­
tions, airport traffic control towers and CAB 
radio l.'tlmmunication stations. Besides &"iv­
ing we~ther infonnation on request for any 
\;cinity, the stations transmit regular local 
weather broadcasts on the twenty-ninth min­
ute of e\'ery hour, 
Radio facility Chart 

The Air Force Radio Facility ('hart, T.O. 
No. 08-1f,.l, is a manual of important data 
on airports, radio ranjC'" stations, marker 
beacons, and airways in the United 'tates 
and f;Quthem Canada, In the mam section are 
thirty-fiV(' chal"U;, ea('h covermg (lne section 
of the Unrted 'tate. The code ymOOls, defi­
nitwn and rule used on the. charu are 
t'xplained lin Pagt' 2 and :I of lhe manual. 
An mdl'x map Itn the back cClver how which 
chart til u!\t' (or a K'iven area 

Each chart !;huws: 
(1) Airway -eulor, minimum fe altitude 

.. fly m ~ach dlredion, the control area they 
lie Within, 

(2) Rat'hc, range ·tatlOns-eallletters, fr 
'IU n,'y, healll direction, A and • quadrants. 

(:I) Airpor1.8-tower frequencie , 
\") Marker beacon name, l'ode, • i~al, 

dl, tanl!' fmm radio range. 
,",) . 'ondiredional hc)ming beacon. tran -

mlttmg .... ntmuou Iy, 
Fanng t'liCh chart I a tahle whi('h lilll.!!: 
III il'}lOrt nam, frequ nc)' gur.rded, 

fr luenC) brnadcast and elevation. 
(~) Radi •• range -namt', caJlletters, code, 

d 'f tat ion, Iii tance, and direction (rom 
rang to airport (if any). 

The additional ('hart. are in the back of 
the manual: (1) Geocraphical coordinates of 
all radio nav'iptional aid in the llnited 

IESTllCTED 

State . 
(2) Li t of radIo aid" tt) na\'lption-(' II 

letter~ and frequen ~. 
(3) ;bart. howmg tlalllC.-r areas, lram­

ing area" lind obstructiun .. 
In the center of th \'"lulIlI' I tht> planning 

chart whit-h huws lhl' !'nlln' l'n/h,od • tate, 
all radio rangl' statlun" and t}wir cli, tan<'f' 
apart alllng th ainu),. 

irway Tralle' ('OIItrol 
Every military pilot i' r<'qUJnod tu obtain 

approval of hi flJlI'ht plan befor h .. depart 

f Of 
SllfNCf 

,m any thJrhl ,.tlwr than 1\ 1(K'.i1 rhjChl In 
g'\ll.d ",'ath,',·, \~hl'n th. :lIr"I,ll1l' I. till , i"ual 
.'Iight Ru", (' .'R), Ih till' at llill f th., F r \ 

\In .. 1 fn>lll Iht' point IIf ,It'pal'll/h' t .. II,'s­
tiniltllln. 

Airway Trallk Control ( ,-\ Tf) I: Ih(> ill>!' III \ 

in chargt> of \lor)' fllllht in had ".'ath .. l'. 
When am'raft re on IlllItrument .'Ught Rul 
(IFR). ATC appruw tht>ir flight plan in 
re peel to known air tralli' conditIOns. flt'f 
suth approval, pilot mUllt ('omply ,trld!) 
with the approved flight plan, eM' 'pt III ,'m 'r-
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,ency, Before any cha~e i made en route, 
the chan,e must be appro\'ed by ATC. 

All calla to ATe from the air are relayed 
throu,h ra~e station, operated by t', AI-" 
Airwa)' CommunicatioDII stations IIr ntr,,1 
tow r , ATC cannot be contacted from the 
air, While en rout , the pilot mu t rellOrt the 
prorreaa of hi fli,ht to ATC. At ATC L't'nt r , 
this information is rcwrd d on ploHin, 
boards hich show the alhtude anel tmll' 
aration of variou instrument fli,h 
the airways. 

Airway Traffic Control I:entt'f , 1,1( 
junction points along the Alrwa} , r 
on the radio facility ch It" All'lll lie 1I11 III 

atruments mu t contact the ATt' !'nh r I 
fore cl"068in, or enterln, an furway, 

Each of the f(lur alrwa~ Ii tl'ti on lh. 
facility charts hAl a de.IJrflatt'd cul"r (;n't'n 
and red airway run east an,l we 't: 81l11.1t'r 
and blue airway run north and uth. Air­
plane flyin, north or eatlt mu t fly .It an odd 
altitude (that i , 1,000 ( " 3,000 ft ., ;',111111 f ., 
etc.) ; lh~e flyin, uth (lr W' ,t mu, t ft~ al 
an ev n altitude (that i,., :!,flOc' ft, -l.(l(" , (t, 
6,000 (t. etc.), While un Illrwa)., all'l,l<tn,,· 
alway mu t he flown ttl thl' nll'ht of tI t' 
beam. Th alt.tud htlwn IOn "ach 81rwlt 11\ 

the radio (acll! Y l'hart i. tht- mIDimum (t 

altitude for that ~tion tlf th IIlrwllY, 
Each lIirwa) ha.~ a pnunty r ting I;, l'1I 

hili pro .rity o\'er amher, IO' ... r Ilver r I 11.1 
red o\'er blue. Th nallll' I;·A·~:·H·() \\111 h I" 
In r.!mem\)enn, this .. rdt'r of I'n,'ntl , At 
airway IDtersection. th airl'lan w I,!l'h i 
flyin, on the rirht·(lf·wa~· airw ~ w.1I main­
tain it.!! altitude; the llil'l.1 ne lin the nth r 
airwa)' must climb 500 ft , The "0" in (.al'ht. 
meana off th airway no priority. 

Airport traffic <-'(lntrol tllw'el'll ar m ID­
tatned at m L Ifll<.rt Ilurinl! \'FI{ ",n,1t 
tionl, the t4lwt'r "llt'r tor h \ ".nlr,,1 nn'r 
air traffil in th VI IDlt~ f h· all'purl, hr t 
in, takt'-<Jtr., I ndlDj( I rl Tit I 
maneu\'t'r , 

Other Radio id!l 
riM . Tilt· p ,l n 

small radIO tran, mlttlDjt ,tat lun " USl ,II~ r· 
:anreeJ in rruup. elf thr '''nil' II .. II l"-a. .. t. 
Tranamittins on the aame frequene)'. the), 
make it pouible for the DA\;ptor t.o tak 
three bearinp with a minimum of tunin,. 

tYoll tat inn (ullo in 
repe t",1 thre tim ' 

in cI ar "'t'lIlh r two 
u 'ually Lran nnUt'd; 
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to the time when a stron~ air fon:e will make 
costly surface warf&l'l' unnecessary. 

With the advent of the heavier-than-air 
craft, the way was open to really develop the 
air weapon. The airplane was used to consid-
rable extent in World War I and, by 1920, 

had really bt>gun to prove itself. It .aa DO 

10nJr('r merelv the e~'eK of the Army. Britiah 
lighters had fought off Zeppelill1l on their 
way to London. The German ~ter had, for 
a time, been ~ ill Uiii[ PiiOibil 
because it mounted machine fUDS which Ired 
through the proRel1er. Aenil 'bom~ent 
had raised t re8tiLe~f the air weapon. 
Planes had Hown several hunar...crriiiJealn£o 
.. nemy territory to bomb selected t.arrets and 
"th r mi. IOns had been as Igned to aid the 
armie in the field. 

Th be. t hea\;er-than-air bombardment 
am~raft of World War I were able to drop but 
a half a tvn of explosives on a tar~t't and most 
bombt>r5 were r:apable of rarryin~ only a ft'w 
hundred pounds for short distances. The num­
",rou homllDg raid. which were fluwn during 
the conflict had httlt' plred upon the outCOIM. 

Tt>e Vnited State had been caught almoet 
tl)taliy unpre,18red ror air artion In W rid 
W r I Am!'rican-huilt alrrraft did n<lt . tart 
til reaeh thl' cum hat ~on" in any large num­
I r until th t'nd (If thp war, and thpn thp}' 
wert' an adaptat .. 'n of a European de Ign . 
The great ·t aChlt!~4N~ III &HAtlon Ilmdu('· 
lion ttrll.Juted to Lhi. cvunt!:}' wa., the 
Liberty engm . Thl t'ngin, er~atf'd jointly 
by ~e\'eral de.lgner., urnl-d out tn Ix· a h!p 
~\' r rolr the lIedghnJr aircraft IIIdu~try. By 
hI' t'nd .. f the w r. thl' LII"'rly engine was 

ing pruduet'd at th r t' \If -16.000 ps:r rear. 
When th .. tir~t World War nded, we had 

om Brill h·det'lgned [It- Havilands and the 
.. Id ('urtl Jt'nn~ nl'ltht'r If which had mueh 
ranJrt' r. pwd Durmg thp . ul.'{'t't'dmg year, 
lilt' .J,. 19T1 anti ,.ahlilllt'· uf th airplane 
.. h WI II lit' hl ... 1 prulrrt • . In 1923. a cuast­
',"ella t, nnn top III h Wll: ntallt' A grollP III 
-\r ly (,tlk .. r h" lI"w n arc,unel the wllrld . 
. hmnn Iluuhttl .. Hnd 0 h,'r .. re Jlushln~ tlw 

I I hOUf and npw 

~~~t. When the 8-15 Mel the 8-J9 
wert' built, thpy were tht' ~t \and planes 
ever constructed. Yet neither ever became 
more than an eJtl)UimenYJ plane, princiPlD¥ 
becau no enaine had been developed 1rith 
tht' power reqUired to ajve tIieairp~ 
beat performance. Thia ..... true 0 many of 
the aircraft of thill pPriM 

A constant argument had been lOin&' on 
for many years concemiD~ the relative IMrits 
of the in-IiUC.J~i -cooled, red rocatin en­
aine and the radial, air , feclprocataq 
eoaine. The in-line e~De was nitillli 
lent itaelf to a more streamlined configura­
tion as in the F-51 . The radial en&'ine ..... 
lil'hter per honepower and more po ... erful, 
but had a JTeater frontal area .. in the F-47. 
The in-lint' enaine required a liquid coolant 
which added weight and made it much more 
vulnerable t(1 enemy fire. Althou&'h thi con­
trovt'rsy was still bt'ing waged at the beain­
ning of World War II, most American fight­
ers and all bombers and tran port planes were 
desl~ed for the radial enaine. 

1 :2 ItfS TltCTfD 
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Duriq the late 1930's and early 1940's, vari­
OUi authorities were quoted .. sayinr that 
the limit of aircraft apeeda had been reached. 
Many stated that 600 miles per hour would 
never be eueedecl and moet of them "proved" 
that no aircraft or human beiD&' could ever 
exceed the speed of sound. Today. no real au­
thority ould attempt t.u t t! "II lheoretlcal 
limits on the speed of aircraft. Tbi i an 
amazlD&' commentary upon the pott>ntial of 
the jet power plant. The X-I, a rocket- rG­
~I --. h read . 
exce«led the I,ted '" II MIIAL 

In li&'ht of theae developmenta, it ia f 
to say that the air weapon baa come of qe. 
The. .u,jn...."t 01 !Ill desired .... it no 
IQ.Dpr ap nppredict'Ne DmbIem. The attain­
ment gf. 4ejred m"imyT rang it ttfU PAt 
entil:!!l 110 ; ho ever, piaton-driven air-

craft in current \lie &I'l' capable of rani" up 
to 10,000 miles. Jet aircraft have remained 
aloft for over ~ h~ and more efficient 
enainea and new -riJeIa will increase their 
ranl'e. MeuwhiJe, is bt>1O& made in 
the field of nuc:lear eDerQ .ain:ralt-.pro-
pulaion. 

Th aituatl0:!l. II· 1 . IoII1JK...o.uo~ ...... ..I.!!£' 

plant baa outdi lanced ir-
craft manufadurera are q elr utmo.t 
to sta ah t of naine developments. Ne er 
were I many deaipa bein&' teated. Today, 
aircraft I~ i no d ten-ent to speed. Already 
plan the si~ nf the 8-29 have /town as fut 

all hut a fey,· of tht' more radie&l fighters. 
Romht>r With J'X'('d elf 100 mile. per hour 
are "" longer hmited to the drafting board 
and u'h air raft ar hemJr !tight te ted daily. 

Today, Jet bomllt'1'l! Ilr It-ek, high, d 
plan ,m "me m lan t' III fast a. th firht­
er which might accumpany thl'OI The gr 'at 
I'ov.llr of th Jet engTne has mowd thp h"mh . 
pr Into tht' high . pef'd tla ... 

L unnl' th w r 8t'\",ral t~ II;.·S "e alraaft 
were modlllt,.! for u 1.'. oth r than lhat fur 
which tht'}' wt'r de~lIgned "'or e ample, thp 
P·'il fight r wa equiJlped til carry homh. in 
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Light Iombers 
TIlt' hl(ht homl,,'r ha. ta' n hI' plac of 

th old tt ck "Ian . It I light, II"" a [ 1 -
tJvely high spelo'd, and I pow red with two 
nglO ..... 11 oPt'rate" tactically wIth ail<Jul a 

.tOO to .-.011 mile raehu' of adlOn. In addition 
CI It Ix.mllload carriM in the bomb bay. these 

planes mal <:<trry rocket ancf ire equ~ 
"Ith mach~ IJUW:; for their ow rotection . 
'.,m nu><it'l can he tittt'd with a no" " .... tion 
in \\ hlch nr .. In ta1lt'l\ i).!ht.iO cnliu...r !nIn .. or 
p...ihl~· ,·annon. an.1 are u;l'd for. trafing. 

Medium Bombers 

Incorporating all of the latest all-weather 
fiying and hombtng equipment, the heavy 
bomber i a veritable fiyin, electronics Ia~ 
oratory. At the preat'nt time, the heavy 
homo<!r 10 operational use in the Air For~ 
i the B-36. Powered by aix reciprocatin, 
engine . "ilh -i-auxiliary Jet ('nrine . the R-36 
has proven it ability to carry Il laJTe load a 
great distance. Ju t recently a B-S6 fiew 9,600 
mile with IO,OOO'Tbs. ofbombe. 

\.lurin, the early days of World War II, 
there was controversy over the type of heavy 
lx.mbardment aircraft the .~ir Force should 
employ. One sc~1 of thought, backed \arrely 
by the xample 0 -nie RAY, CBttl!I! TOr a 
m{'(fium I'JIIn. ) r e-<'apacity-&irriaft. Since 
It W811 planned that the bOriilli uld be 
prutected hy a large fI,hter escort, defensive 
armam ... nt was kept to a minimum. Thi 
cho<)1 of thought, con.loering the il<Jmber a 

mamly It cargo carrier, had .ome \'slidity, 
particularly for the RAF ince their pro -
pectlH~ target:! would be within fia'hter range. 
Also, it w~ plllnn{'(f tu attack at night for 
further pro ~11(>n 

The uthl.'r schuol of thou,ht c<lIulldered the 
h ... avy bomber to .be .aomething of an aerial 
battlesbip It was to be able to r "JUt mia-

iun' with(Jut fighter c:over, and capable of 
deflmlfin, I rr WJ1li:TIA own armampnt. ThL 
\\ d! the. m ri( .llS!l4.lt pru\ed U('ces. ful 
' .... ·all ellrl~ in lht> \\ r, I 'I.' in Fr nt'!' 
\\ r ... 10 t, I a\ ing England a- tit> only hll. l' 
" operatIOn. Thi~ IJIl most of th t r~ t~ 
kfl r,l'rmany hl.'},ond nl' rang!.' "f prot ling 
fig},tl'r . The ILO\F. 'll.lth Its ht>a\')' homll<'rs 
I,u'king protedl\'1,' tire IX.wer, n~)('ratl'd under 
('m er .. darkne whll. the l :AAF, \\ Ith It 
It 17' Ind B-24', hl'av11), arml'd. was able til 
/" d Int., m,lll tr 11.1 f':l.'rman)· in dllylill'h , 

In Il.,· I'., lti, hi' 
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bomber' lJl4Y be set down with little trouble. 
In regard to rJUl&.e, the radiu needed tQ hit 

the majority of the ta.rpta {ltfered b our 
potential enernie ia about 4000 nautical 
mile , If operation ar to be conducted from 
(Jur present OUUYID& baae m Alaska • 'ew­
foundland. and Greenland. If operation are 
to originate from the U~te the mini­
mum radius needed is about 5:® . al 
miles. Even then, il may be neceasary to 
re ort to range exten ion by refueling on 
\'Ital targets. 

The peed obviously should be as hi h as 
~i ble ,IDee. ~ .itMl!.J&...IQDlC. Jll!'..tec­
tlOn agam t forma of opOO8itiOD. The 
degree of protection i , of courae, propor ion­
ate to the peed which can be atlalned. 

The lx.mb load hould be as high ~ po.-
ible becau.e (onvenlional bomhl unduubtedly 

will he u.ed on ('ertam targets to aVOid the ac­
tical a. well thE' economic and political com­
phcatil n that might result from the use of the 
atomiC unmb. The minimwn &ati facton' 
bomb loall . hould l>t! ont' i~mic bomb. . 

Abilit) to hit the nder anv condi-
tion. of vi lbility ....- eIlUolI th o! VI ual 
lx-mbing. Thi I. a. Important with the 
:.tomic bomb a with any oth r, e\t'n ('on­
,"lerlllg h rplaln'ely hIgh d rudlve a­
padty n( thi ... homb The fact . till r mltill~ 
hat :trategie I .. mh .. r· mu~t be capa ... l .. o( 

hit mil' ." citie ar p ., '1" \1'11 a. I!'l'nE'ral 
3rt'a..~ . 

/lights, unfamiliar .t~rrain, IIllhta.ovu polar 
area , and other factora, Our bombers, there­
fore, shoulaDe equipped with all the feasible 
d,evice aV,aiIable for quick and accurate DO!i­
tlOn plottm . These deVices should include 
ra ~r, ~, automatic poeitjop plottina, 
ra eele'!'" obMn','iop "'''iP'MDt.. and 
any nther helpful nevi .... that may be devel­
oped, Thi i important in UIIurina that the 
aircraft reaches the tarpt and return . 

The requirement for ail· weather aircraft is 
obvioull and neceNlBry. Bomber development 
VIrtually ha reached that point now. 

Whatever the detpjl, may he it II certain 
that the bomber {If the tutu"" will have a 
very hi.h opeed' it will be well aniied;i'f 
,,·1" De ~ble Of carqri •• the ,tom bgmb· 

ana it will probably be able to iLADy 
~~f1!IpO~11f1Jle ortham Hem­
lip ere trom hOUle basea. 

2 .. 'IGHTDS 
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unnece 
erallc:e 2"hi prod""' drag on tbe &iIu&t!: 
Guu and rocket. necessarily do thi" 140 at­
tempta are beillf,. Diide to shj(>1() or stream-
line them aa much aa Ible-. ---

;.::- AJl-w_tMr ",hier. The all-w ather fil(ht­
er i. a fllfhter equipped with t'le<'ln)nic ap­
paratus which will enahl it to detect and 
a .. ~~ the ttnemy at nilfbt andUiidn all. 
verae weather OOnditiODII. t pft' nt, lht' 
F:.82. J4 1M. ~ • lher fi h 

,.,r E8can ....... r. The prlmar) diff'~ 
between the eacort fI ter and the inteneptor 
.1 the lonl( raDl(t' of t E' t'scort fighter hleh 
enables it to accompany )Om It'r. (In Tong 
r&n&!..-nYYi9 U>lIr agll , an 'F-82" e" 
nonatop from Hawaii to. E'W York,:l (Ia tan\:<, 
of close to s.ooo rru . With tht' JE'l fllthter' 
eurrenUy available, thl distant t l'IIUld nut 
be equaled. However ... one JE't tighlt'r, thtl 
F-85~ baa been de~ to tit into the bumh 
bal of _a Iarj't' bomber. ('Ou ('!'mecT 
b,t Y1e.JDOtber ~~ the. ll1at lone and 
tbere releasee: for 0 ratwllal u~". ThE' para­
aite ft.n,ier can ftCOveffi'J in fllght and 
returned to the bomb bay uf the CarTlt'1 
plane. Some aw:h soY lein 1118 "1'1\ I th 
an wer to the problem of fij'hter rangt' t')(­
tension. Towm& and mid-air ~fu 109 I 'U 

are helD, tealed 
DurlD. th lau-r tal[', IIf W(Irld War I I. 

th efICort ft,htt!rs actually \'cwert,d the IItlre 
route of the bomber and are l'rt'liltec\ \\ ith 
a good share of the uece. of th., 10llg rangl', 
daylilfht mi ion!! of the Air Force Th"lr 

/ 

. 
plI 'chQIuaiW dfett wall anoth!!r futor. It 
was said that when t.oeru. saw American 
fighters ov r Berlin he admitted that the 
war waa an '6ut over. I eWI-;'ftf!\U'1' over 
Japan had a demvraliling elf ct un that 
country. 

Ther 

i"irepowt'r lin a fi,htt'l ruu~t bt' h .. It\~ 
t'nuu,h til brin&, the I:nem)' bcmwr or-tiarhtt'r 
down or to da~ It !levere\)' in the shortt' t 
po ,ibl tim!:. The U8t' of armnr mak." It 
lit'\: lII\ary that the weapon ullt'll hI.' ·lIpat.It, 
IIf pent'tratm& and damagin, the unarm.,ft.! 
part of th .. tIn my piline to lIu,'h all l' 1.'111 It 

will be> ,I.,. tnl~ \.'it IIr al l4:a t n'Il(It'TI',1 III 
t'1f~tiVt' . 

Abllati lIr ml'IUll! III hit tht· taqcet I. a 

mu!!t for tho,: fil(h\ r Then.' hUllld Ilf' an alll,)· 
matac rang!! and J It ctiQn calculator whkh 
will \\nrk \\ Ith mmimum h II' frUIT! th .. I'llnt . 
In the high. peed tight r, hit I tllll,' \\ 111 h" 
a\ < dablt' fu ... ightmg and lirilll!'. It mu., I .. 
u~etl to ,lI' cI Illhantal'l'''' 

That the. tidatcr nlU:!t be JlliU I I,' \I \ ,'raht,· 
n~ ~:I hUll' t·lah"rallUn. Pilot blal'knut mu. t 
lit' pn~tpulII·d a. Innll II. pu qlhl". )ranl'u\'l'f-
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abilit) mu t be a.'l good or betto!r than that of 
the defendini in~rceptor:, 

3. IPOItIS AND G 
Another ty}K' of mIlitary aircraft 

tranllport plAnt!, TIUiType i. u uall~ d ' ilCnl't1 
for a specIfic purpo ,Th~ ver) larll'e tran,,­
ports of the C -99 claM will he u~d fur lung 
haulll with vital loa !I, They \\ ill lit' 111.11, ­

pensable in area. where water trall 'llilrl I 

too slow or impossihl(' Much of th.· ~1I11.­
ment of th Army today I!I ll4'lIIg d., 'IInlt'.1 

with a vif.'w to\\ard air.transportaluhh h" 
troop movements, trail IlOrt. nt't!C\ 110\ h(' ,,'n 
larlrl.', Blocau it i" to be ~ I'nte.l that m II 

troop tran!lportil will ht· rl'lIUlrt'!I til land ill 
forwarrl arf.'8.'1 upon ,mall ami uml~\'t'I(}1 I 
balle/!, vera I medium tran, port haH' 1lfi'1\ 

df', igned . peclfically for that tYlli' tI( tlp~rll­
tion. The C-119 "Packet" j a fine t' ampl 
of a tr~ - tal.K2..runer, ~t'nt y, 
p anI.' wall \lil2~ with b:& k·tl nl mg 
gear to enable It to ollt'rate from ulldelelop.'Ii 
It Jd .' Another VwUWl of thtd.:J.IJ J lHilfiif 
l"ifi!<truett'd with a detaeha I "1Od" r r a 
fUllf'lage, A fully-loadt'd "pod" cuuld be at­
tach~ to t:,;,> air framf' and ItO\\ n til giWII 
area, Thert· it could he d~tach~l qUlt'kh' an.1 
anothl'r fully Inadt't\ "pod" ('ould t ... • 110\\ II 

hack. 
Tran port lIirt·raft. l( m'rall~ •• lrI· '1IIrd~, 

r Habit' type" hu..!!l- or thili rn I jl 'a 
p city, Thl')' rt' nut . (&lit as oth~r tl lit 
and art' ,t'nt'rally II"t armt 1. lbnl ('arllll 
pleln .. m nufadul,'r" &It' I""kll\lr Lu Ihl. J'" 
prupul. Ion ficld for ICrl'at r I'" oIllllti 1'0\1 l'r 

To lIulf111t'nt thl' tran. pt.rt • jFholt'r ", '" 
ust'd l')(l nl'lnl)' <lurilll,( W urlti \\ ar II. Th,,) 
u ullll,· ar hUllt along ~trlt tI) utliltarlllll 
lines, The, may in tht' futurt· 1)(' 1ll'l'lalllo'd 
br mall tran port. \\ hleh mill b.· u ...... i tll,'r 
.md over again, (;lidl'r, 1I1 Ii tualllpt!l'atl,m 
u, ually makl' a one '81 triP 
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reconnaissance or pboto~apbic plane. Witb 
one exception, no airplane bas been developed 
by the Air Force for tbe specific purpose oC 
rtcollllai >lance. The planes bave been basic 
)'pe.. trlppt'd oC all armor and armament, 

with camera. .. In. tailed. Tb y are ~PtJldent 
upun ~uperlOr speed for protectIOn. Tbe one 
elH'eption i the nRainbow", a four-engine 
airer ft dt'~igned for higli -speed, bigh-alti­
tude. phc)tographic reconnaissance. Just re­
u'ntl)", thill plane flew from California to 
.' w York making a strip map u it flew . 
It .. uk a continuous picture of its flight path 
all the way aero the United States from an 
altitude of about 40.000 feet. 

Ordi.na¥ily spE'Cial aircraft are not built 
.<olely for experimentsl and service test func­
tlOn~. Howevl'r. at till1ell it becomes necesaary 
o test l'ome new de ign or power plant with 

an .. xpt'rimental modd. Today, tbe Air Force 
cla<~lfie~ th I\(' plane with the de8ignation 
··X··,. Ignifying those purely for experimental 
pllrpo~ .. Thl: X-I i the be. t known of thi 

type. It wu desiwued to explore the speed 
range around the speed of aound. From lea­
sons learned with thi. plane, future aircratt 
can be constructed directly a operational 
types. Some new model. are not experimental. 
They have been tested but not yet accepted 
for operational use. Theee are clUaitled aa 
!l4!rvp test aircr~t. The clauiflcation doea 
not coveraiiY'P&rticular type u all newair­
craft desiwns ~ tbroqh the llervice teat 
stage before beiq accepted. 

A drone ia any conventional aircraft modi­
fted to be flown by remote contrOl witliOut a 
crew aboareJ. DUriJii Ole Bikini atom bomb 
teita, drone aircraft flew throqh the radio­
active cloud takilll' pictures and amp" of 
the air above the blaat. Later three of theR 
drone 8-17'8 flew. in formation, from Hawaii 
to MUrae, California, to dl'molUltrate the 
capabilities of radio controlled aircraft. 
Drone ftghters, F -80's, have been teated with 
the object in mind of u ina a similar IIYlltem 
oC remote control in fighter action. 

SEntON III .- DES .. NAnoN OF USAF alIIalAn' 
The pa rticular tartkal and operational 

·:npluyment (If an airplane determines ita 
(".'AF cia. sificatlOn. By "tactical and opera-
iunal mplu) ment" i. meant its use for 

homnardrnent. tralDing, etc. When an airplane 
p .. rform.~ mor than on .. function, tht' !4e<'on­
dan' fUllcti(ln 1-=-<1 ':<ignated by the firllt I tt ... r 
md he pmnar), fun tion oy the ~'ond I tter. 

... g .. an F- 0 fighter used III a trainer would 
I>t' d ~ig-nated TF- 0 )f the !<Arne fighter were 
ullt'd a. II r~ailll4anc plant' it would be 
Ii ignatt>d a RF- 0 The model of a particu­
lar CIIl'llllticatlOn i tit ~ignated by a number, 
e g, B·29. F urtht'rmore. there may be a 

Reriell of a particular model on which minor 
modificatioDII have been made. Such a lleries 
is d ignated by a letter followilll' the model 
number, e.g., 8-298. 

A few USAF ain:raft de ignation are llet 
forth in the following list : 

'Bombardment 8 (8-86) 
ar,o (' «('-64) 

Fl,hter F (F-86) 
Rotary Wing .. R (R-&) 
Trainer .T (T-6) 
So much for the airplanes thel1Ulelves. The 

next ('hapter will deal with aome of the equip­
ment with which these aireratt fqht. 

CHAPTIR 2 - AIRCRAn FIGNnNG 
EQUIP •• NT 

IlenON I - RADAR 
1. lANa PltINCIPLU 
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rectioD of the cliff from the peraoD as well as 
the heirl\t of the cliff. 

All radar seta work 011 l1riw:lP.1 \" ry 
much like that deacribed for BOund waves. 
III nIoIl!r lelt!. however, a radio wave of ex­
tremely high frequency ia uaed instead of a 
sound wave. TilE iffi@ijj lent out by a raCJir 
IIt't il similar to that IeDt out by an ordi­
nary radio transmitter . The radar eel, ho -
ever, baa ODe outatand iDg difference in lTiat 
it picks up ita ow~ sipale. It tralUlmi~ Ii 

l'hort pulee and receivee ita ech, ... ". thell 
t ransmita another pulee and r ~ive i 
echoes. This out and back cycle i rt'peated 
from 60 to 4,000 times peor ond dependlnlt 
upon the deflip of the eet. If th outgoing 
wave hits no object in lpace It limply traVl·1. 
on out into space aDd i not reftectf'd . 

[f, however. the wave strike an object 
~urh 88 an airplane. Ii ship, a building. a hill, 
ur a cloud some of the enerlO' i~ returnl'd all a 
retlectl'd wave. If the ubject i. a good rOIl­

.tudor of electricity Ilr ill largl" a "tronlC .. '{"htl 
will result. If thP object i a poor condul·tor 
or ill mall. the reftectf'd enl'rgy I. . mall and 
th~ echo i weak. 

. l'uding of the puillt' anrl the reef'ption of It" 
·dw. It i pOSllhle to m~81 Ure thf' inlt'nal of 

l'lapllt'd time bt'tw~n th tran. mittt'<1 and re­
C'IVOO pul with IT at accurlU'Y - 'WII tu 
\Jnl' IAIn-mi llionth of S l\eCond. 

f 

2. RADAR "PES 
The di cussion vf the typea of radar eeta 

that have bt>t>n de\'eluped for speciftc uaea 
will be in general t rms. 

l( the Air Fllrr I,. to accomplish ita mia­
Ion nn an around-the-clock and all-weather 

basi • ~uipmenl i needed to make such op­
ratioll \·ff .... ·ti\ .... Therl' muat be Daviption 

deV'('l'S whkh mak potI.lble precision Davi­
.alllln .JurinlC ill. trument fll,ht conditions 

'ht>lI IIt.'llhl'r IIruuncl ob rvations nor celee­
tlal"b. rVIiII,'",. cIOn be obtllJned There muat 
tw. a tll'\'ll to I~rnllt Be 'urate bombing of 
targetJ< wht'n .. moke. haZI" clouds, or dual 
till cure!! th • tarlft'l Thl'rl mu. t he wamin, 
and idt'ntlticllt't1n tll'\ 1('1'. to warn an air­
craft of tht' I !,nlMh vf a,l\Ilher air('raft and 
to uientif~ it And h,,,tly. there mu t be a 
~r. tem to aid aircraft In landing at ba!lell 
when l, ... i1ing and d~i1l1l1ty are tw.low /lafe 
landing CIlIIliitillll . . 

Tht' nl<\ igatlunal and b('mhing require­
menb ,,'el"l' m .. t t)\ tht' II .. of e. !It'ntlally the 
. me typ'-o or raetar ~l'I". In ortl r that th 
airh{Jrne ratlar ,t"! l"ultl I~ u.l·d for nanga­
tlllnal pur!'" I' •• II \\ It ,' IW('t'S!I8rv to rli. play 
tht' rel·t!i ,,,"1 ,iJrlml III "1Ill' \\8) that would 
I wwful I .. th,' " 1" '1 "Iur B,I.u·ally. thl' 
..tw. ell ml'lheH I 'ur Illspill} inll Ih,' n'cel\,cd 
• il!"l1 I. \lIh.1 f'11!ll1' mon .l.ru1ic'ntnr (1'1'1) 

.... ·oJlC .. Thl ('Ill'\' -",,' 'S the Ignal. ~p,'ts 
or "l'ip .. of hllh t 011 Ihe fan' IIf the MCllpC. 
Thl' r .. ul IIIIl tHrlll't .1i"l'lu.l Hlell l'Ihu":-t the 
rdhtionl'h1J1 nJ lh,' tarll"''' r"dlally for n'la­
tl\'C bearlllll. anll b,· 1I1i'1I"uring thl'ir di .. tlllll'e 
Crom th ('\'nh'r tlf Ih .. ~1'nl'l the rangl' til 
the large l'an I .... tll·!t·mllul'(l. (Figurl' 2-2) To 

111\1 thl' radar lwmlllO JlIuWem. a nu:Uwd 
·sllt.'fI "ra.J,lr III hruutlu. I lW" · ... 
""'H' "pI'e\. Tili n ... t1" II l'llll'loy~ s \'omplIlt'r 
illln whl,'" n. I ~~i1n !>nmu relt'a"l' IIlforma­
tllln Is ... ·1 "h .... nlJlllh'r Ill",. ha!! a Ilnnnll 
m",'halll"m 1Il1lhll til thlll (If the Nordl'n 
h"mh ighl \\'llh tilt. I'C1mpnh'r, the ra(lal' 
II I r.l t r ,\lIl·h r'H1 17.· th,' ratl' (If thl' IIri\'\! 
nWl"hanl"m \\ It h thl' mtt' (If l'lo~UI till th 
largl'l. Th,' hom\l n"l!a~I' time i" ddf'rminl'{l 
b~ thl cQmputl'r and th, homb. sr r ... le:::<cd 
Illitumatica\l\". Thi. hllm!.lIlg-ti vice I. u~·d 
in conjunction With the t) pc of n8\'iglltional 
raeiar IIt't dl'S('riiJt>(1 ahon'. 
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Tail''IIarnilii radar L u, ~I to ght ilhh 

l'ation of anothE'r III rrraft apllroaching I rnm 
thl' rl'ar , Th illn.1 I~ trallllmitho.1 frllm Lhl 
tir t aircraft lind rl'llo'dt'tl fr,1m IIw IIlra.11t 
in the rl'lIr , Returninll t" the r,',' ',,'..,r, thl 
r lI{'Ct~1 iinal adivat". hulh a bUll rand 
a ,ight ,ln th in, trum nt panll R, :. "IIrtllllll' 
to the pil(lt, 

IIt:t wa .. u 1', tl'nslvl'ly dUrtniC thE' pa~t 'liar 
to identify llircraCt to gruund radar tatwn 

A Ijround tran mltter lIl'nd, II iglllli tu II 
receiwr in the lIirer ft, \\'hl'n thl" ignlll i. 
r 'l'iwd it arltvatl'lI It trail mitt.'r ill thl' 
aIrcraft Which automatklll!y 'OIl ",Ii I 
I 11111 to the ground ,tatlon 

The llll-wcathcr lighl..er 11t'l1"n41 ulI .. 11 raJar 
ttlllct'ompli:h It mil' IOn. Th mal1~ .1I1f. n'nl 
r .Iar .. ..t: in tht, air raft I'nahlt, it tll ,,'an'lI 
r .. r an" find It targt"t. utflmatirall\' wm· 
put., thl' rlllllll' 1111.1 flrl' till' uns wlthuut I'\',-r 
, "nlf tilt' • n '1111 lllr raft, 

Al! llf th., ,lIl"horll' radar 1"lulpment 
",,111.1 h,' ... hUI \alul' 'Io all \I-WI alhl'r air 

tlnll"u, int"rnll,li"lI n·llllr.!1II1l Iht" IU.'atuIII 
fll Iht, incllnllllg Rlraatt i pr', 'nt~tl tll Ihe 
ICrouml opt-ratol' 111 thl fOI m of fllll8't, IIll­

Illuth. and "l.,\ .11011 tlata I,~ the raw "ortlHI\ 
,i th .. \, h'm 1'hi, lIl(ormnllnll i. intu-

1'1 t.el 1\\ tl1elll't'ratllr, lahrlll lid "'Itltl., 
.1", litl 'III frllm till' g)II(,'path II 1 ,flm 
11111/11 ,It,,1 ,'th,' IlIiI., h" r .hll III th. ft'flll 

IIf In. trlll'tlOlI' n l(<lniIn th,' COllr e II, I1lU~t 

Ilr 1\ IIrd .. r til IlInk,' II -af .. ul'Plo •• l'h "till 
, UJl'llIl~'. 

Th.. 'ar .. !Jut II few toe Lh., nlual ,~~h-rn' 
that r U t,oI lIolh ill airaaft all.! In ground 
I .. ntml uf IIlrendt lIu" I"'er. th(') III IIf 
fit I' tu IC" ~ I IC Ih'ra) bllt kjfrllllllol .. f tI,.. t\ I"'" 
<lilt! .1I1'"hilo It" {If rlldal I'! , 

SlmOlil1 GUliS AIID ROCKETS 
1. GUNS 

Th priman 'lifO pon '\Ith Whllh t.',\f' 
am'raft I. l'quippE't1 il< th ;0.. 'ahbt>r air 
cooled machine .un, It may I mour. (i(i In 

fixed po!'itionll and fired by the pilot al< in 
the fI.ht.er. or it may be m untoo in turnot 
and fired by individual I{1Jnn "' a in th 

1.01111 'r lilt' Ir ntt III th,' I tt,-r i to'ol.lIrt! 
,ntr I lirl' l'IlOtrlll, "h.'n' a numh .. r lit IlIr ­

ret ilia) be fin·tJ h,v a llulllIf'r "ho, .. IlChtlllll' 
Jl<'~ltIOIl IS rt'mol .. frum thl' turn·t: thl'm. 

h'l' , The rat uf fin' of the 50 talillt'r mil . 
rhin gun iM ab(lut~,~_~_ ....... ~--c--' 
With the gr"ally incrl'.al'l'd 
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modern aircraft reo ulting in an extremely 
high rate of clo. ure between fightt'r and 
bomber and an extr mely . hort time for 
aiming and firing. lltel' art' lJei~ to 
increase the rate of fire. 

A to future trends In a rial gunn ry. wt' 
find that while turrets, gun. and radar 
computer combinations are fairly accurate 
at range~ closer than a thousand yard., the 
rate of clollure increase the errors of opera­
tion in direct ratio to the distance invalved. 
Becau.t' of these error and .limitation in 
equipmt'nt. attention has been concentrated 
ullOn: a) hea\'ll~r guns having 10o&ej-i!ln.n!L 
b) improvement" in automatlLradar ran -
IIlK aod_ firing device, ; c) improvemen in 
electr nie ballistic computer. (for Ul'e with 
radar gun equipmpnl) : (J) a heavier con~en­
tration of firt: power for aircraft ba\ inK de­
fensi\' Wt!eJ!'O'l!O. i.f'., an pan Tiir heav~' 
bombers call for nothing Ie" than 20 milli­
meter cannon: e) i ,n'm n. in remott' 
control turrets. 

All th, e dc\·clopmellt .. indicate that most 
major cit' Ig,u'r,' are w(,rking on th ba. ic 
pr 'mil'(' that as supt'r.onic pt't'ds are more 
clo. I~ approached. the humall 1'1 mt'nt i. Ie. s 
capabl· of d aling with th increa. inlfly 
'omplex problems of lienal gunnt'ry 

2 . AIRCRAn ROCKnS 

It i h"pnl that tht' pruhlt'm of gunnt'ry 
at super ollie l't'f'~ls ~ I.e l!olved In lu~rt. 
by th· ;!~() nf tht, alreraf ,t 
fnr the caliber 50 mal hIDe ll'lD. he militar. 
II of pr l«'nt day r ·k.·t~ I weil known. Air· 
craft rocket!< ha\l' thl':;am ·tT the action 
II proJectJit'l< frllm 155 millim ·ter gun. and 
are mo. I u. ·ful againsl mllitarv targets such 
;hl I l}('omn!i\'f.'''. tank., vI·hid.... building. 
t .... ,ab. gun (·mplatt'm.·nl. . "ntl harbor in-

SEmON III - BOMBS 
1. GENERAL 

A th. 0 oJ 
n'ahzt<1 to .. n.. .. tilt 

i','rlsnl't· "f Ih{, a irlliallo ami Iht' high" . 

lallation as well &8 apinst enemy aircraft 
both in the air and on the &Tound. 

The Ul'e of aircraft rocket8 has expanded 
at an incredible rate. In 1945. the Navy 
alone was sp"ndsng B.'J much a!l $100.000 a 
month for rocket ammunition. The use of 
rockets became axiomatic for amphibious 
landing after just a few trials. The reason 
for this sudden expan ion was due to the 
fundamental advantages of the rocket over 
artillery. _ ~ _ 

r;:P.n the airplane. the ai rcraft rocket has 
far &Teater ranj'e than the heaviest IrUn that 
sircraft could carry without major modifi­
cations. The trajectory is flatter for aircraft 
rockets than ground rockets because the 
s~ of the plane i added to the initial 
velocity of the rocket. Consequently. the 

1-~ accuracy i exceptionally good. It ~u foUDd 
"that aircraft rockets fly traiw t tq.tbL1ar­

get instead of fOlJQwiDg & cunecl t.aJectory 
Hie that of ground rockets. The pr~le of 

>- r!!ACtion by which rock&ta &R..~ for­
ward, briDp about a thi rd deftlliU a,lvan­
taj'e, namely lack of recoil of the mount r 
(If the I&wk:her. --rJius, ~ I I' of the 
shock of firing acting upon the airplane 80 

that very light launching apparatu may 
be u!<ed . A. a direct re ult the load and train 
on the airplane i. mu.-h 1t'!I. than if a ht'av)' 
gun mount had to )4! carried. Although. at 
pre.ent. IInly a ff'w siz II of rllckets art' in 
u. • a \\; Idt' range of rock('t size I tea ible 
for ain'raft. The ntle take oft" allows high 
powered, but more n itive. expJOIIh'e to 
i)t> u. >d in th rockets. 

".. The pnncipal rocket used today hy air- / 
craft I. the 5.0" high velocity aircraft rocket I 
(H \' AR) which IS launched f rom rach. 
undt'r th(' plane' win~. 

1'10 Ive bomb &II an oft"ensive weapon. Dun~ 
th ) ears followinw the war. there was &Teat 
activity in bomb and bomb fUIe development 
a. well in the fi Id of bomb ballistic.. Wb&D-
btlmbs were fil'llt used. the were suspended 
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General Purpo .. lomb. 
General puroolC 'K.mtw, an' lie IIOINI til 

meet th requi rements of th great majorat) 
of bombinw mi ion . Tht' uriuu. modt'l 
ran from 100 to "000 III .. and the pt.'I _ 
centages 0 e . t ' 
per ce . 

-c:eneral purJ)Otle bomb. may be ul't'd for bla. t. 
fragmentation or minin, e1fec.ot. 

Light eo.. ........ 
The Ji,ht-C'¥ 4 QQQ Ib '",mb i. biwbtr 

etft'Ctive as a b1aat bomb for taru" ["Quir . 

.iu no s;netr!f,lPn. It mu [ &; fuzed to e . 
plode be ore th C&IIe break. up lin impad 
and, th refore. should be t mployt'fl (In" nil 

thOl'e tarpta aaain t whu:h urfMc hlast I 
('!lectin. In other rt'lIl til thi~ IVlle of t."rnl, 
r mblt'8 tht' Ift'neral purpul'(' bomh <It ­
!lCrll.ed abov('. 

Depth Bombs 

\\ h.'n "1111'1 \ l',t 111 U!fl"lt'tlt 1\ Jmiwrs hI t:lIVl'r 
larKI' ar II . I Il'r fnom high .lltitu.Jt· in 
, 111 It'r ur frum llllnlDlum altitudt' Wllh pllrli ­
.. hule , fragmentats 11 lIumb, will eft" 'tl\d~ 
damag light malt'nal (rlft·t urh a radar 
t'quil'm"nt. lairl·raft. \ t'hiclt • antiaircraf 
!Cun ,light rtillt'ry, t'k .. and will prtlduc 
~ I 'n. h'e nt. ualtle, amo"lf t· p ... '(I I't'f 

.·"nn .. 1. 

Ch .... lcal lomb. 

Ih,· II 0' .. 1 111\. n.h -

3 . ATOMIC IOMI. 

Th.· adwnt of Iht' atumlt' lx,mh ha~ put 
HIICI ht haml" oC air p"wI'r the m .. " .f,', lrlll' 
II t ' W ap"n lIlan hM" '\"r known. 111 th 
I' "III. iun tlf an atl.mit- btlmb. math'r i Irllll­
ftlnllt'd lilt .. ('Dt-rICY hy nudt'lu ft .• IIll1 1111 
"Iwrg}. which I relt'" 'II. I of . uI'h 01"11'111 
lUll, :Inti from ~ .. t'ClI1l'.'nlrlll.'t!1I flU I< , Ihul 
1\ t t 11(' ntlr·I.\· 1I0'\\ problem III II U. I' 

IIlhl 111 I'rlllt··( 1"" "gRill, I 1\ Tht 1'lIt rgy 
t8kt'. thr formM. IIlId all,·tf. ·tM on ell(ln11r 

tt t') 

may 
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elT,'cb, of h .. uomh \\ n' on a new 'al 
Ut.~.IU'... h' duration of th~ ula:t wa~ lung 
C' rnp.lr II to that IIf a high xplo;in bomb. 
To tak~ 'lI\l~ (>11" 'x ample : At • 'lI.l!'8AAki. 
hril'k Luikhng. "uffl'r'ti tructural damaJ(e 
\ Ithm a radiu. ;lwraglO Ii 00 ft. from th 
Impact pomt. Comparahl!! dumagl' "/luhl 
h'" I' h" 'n ,I"n .. II: " ,fit! lh hil!'h ,'xl'lo~i\'" 
bomlJ inr a radlU, of 55 ft.; by a 1,000 Ih. 
hum" fill' 0 ft., IJr a 2,000 lb. Utlmb for 110 
ft .. and hy a oj,OOO lb. bomb for 200 ft. The 
ar .. a of 'ff~tin'lle." of tht: air bur. t of the 
atnmlc Ut.mb agam"t brick buildings hu. 
wa, 15,000 time~ a,-; great a" that for a 500 
lb. conventional bomb. 

.\. for thl' ca~ualtie, re ult1ng from the 
atuml,' bomio. a cnml'an. on i .. affordl .. 1 be· 
twel'lI Biro hlma and Tokyo At Hiroshima. 
(lnt B·29 ,'arr.\'Inl{ o Ill' atomiC bomb UM·d 

'iO,noo to ,0,000 t<, b.:, kill,-d or mlS~II\It , At 
Tok\ 0, in Oil,.. rUld 279 B·29'. carrying 1,1~t)7 
ton, (If hon h. "au"cll 3,O{)11 to be kllll'J or 
mi,.,-lOjl Thl' \ ' lIIh'oi :tll cs ,'trat gic BHOlh· 

ing urny pamphlet, "The Effects of Atomic 
Bomb on Hiro hima and Nqasaki," eeti­
mate~ that, balled upon re ult obtained at 
tho!'e two tarll'ets, in order to equal the ef­
flctivene, of one 8-29 with one atomic 
bomb, an attack with conventional hirb ex-
1'10 I\'e bombs would have to be carried out 
bv a total Jl1....b:2m 210 to 270 8 -29" each 
carrYT.\iten ton of bomb . 

"0 one i certainwhat the future holds 
in the way of the employment of the atomi(' 
bomb. General Spaatl wrote the follo ... ine 
In Llfl' magazine: "More than 40,000 people 
w ric' kil1~ in the 8ritil'h attacks upon Ham­
burg in July and Augu t, 1943, In the rreat 
March, 1945, attack on Tokyo, 125,000 people 
peri. ht>d and 76,000 more were rendered 
homelO' in a single night by Rome 3,000 men 
in only 279 airplanes. Thret! attacks within 
fifteen hourll wiped out Dretlden and buried 
perhaps 60,000 in Itl! ruins, These tel'!ifying 
magnitudes of de truction were brought 
about by air !luwer with only thl' cOIJ\'en­
tional high explo ivlc' bomb. 

"The de tru('ti\ce power of the preaent 
atomic bomb, measured by military stand­
aniB, hu llE'f'n exaggerated by laymen. Yel 
the fact remain, that it injt'Cts a multipher 
of de!4tru('hon into the effectivene of each 
bomber on th order of hundreds to one. 
Wars that mlllht Ilthf'rwi. hut year" may 
he elllieli in w~b, Pf'rha!J~ da~'s, Anti ('am· 
I'll i Jl"n , that wtluld .. theI"Wl1<e "0 t the liv s 
of hundrPlllt (If th.,u.alHl. (If ~oldiprR and 
,;ailnr~ mll\' nll\\ ht: th \\ ~.rk of a f w hours 
b\ Ii fO'w m n. Mu h that 'flUld ha\'\! bHon 
impo, >libl" bt>come, lit. "ible With the atomiC 
bomb:' 

SECTION IV - AIRIAL CAMERAl 

phn.. I ,'pr. I.'r. t h,' l'!tolollrlim.> r1~t, and 
th,' Inl.,lhiCt'HlI 'n h I~t, jli\" the prf' ... ·/Il 
mlh . n l'unmllUld,' r Il mltJlIr pI'l'tJon of tht, 
r'\(\IIr..J no\\I.'tilCl' Th·alhantag.'Sof rial 
ph t gra! h. \\. r,' rt'\','jllllzt><! lill tar ha 'k &II 

ar, Photographer. \Hth wet 

plat . 't'Ht up In ('apt" I alloonll, JU t be­
hind thO' fromt hne • and 1'''lk plcturell of the 
lIP!'''' ing fol'C' .. De pile crude equipment 
and Iimltfd range the I'ellult had military 
Iialue. 

From the early Civil War efforta, aerial 
ph.ltotfJ'aphy has evolv~ IOto an t'uet 

18 IIESTlIICTEO 
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The _ntill of an aerial camera 
are : the !ell! c:o.oe. the_ ~m bod I and the 
film mapzine. ('one vary from the 6" with 
wid a~ len, to the 4U" WIth tel Jlhl to 
lena, The trtandard work hor>'t' in th,' a rial 
camera field i the 12" ('on "'rom thi {'ont' 
ar obtaIn photograph, \\ ho, ' :<l'al(' IS 11m' 

over tht' altlludl' (If ti,l' mrcrllft, I", at 
10,000 feet th !\Call' Qf the photograph 18 

1: 10,000. ('ontmllinll' th entire Opt'ratllln 
or tlle camera I, the camera botIv, H('n- lin' 
houlled the windlllC and tripping ~t'challl~m, 

(lPl'ratt't1 cilh'l' manually or el ·tricaJly, the 
frame, whi('h varie. from a oj". 5" opening 
t(l 9" lS": the film tran!<porting a ~ -mbl) ; 
and mi!<Cellanl'Ou8 ace Sl'ori , u('h a~ le\' I, 
film 1'(lUnlt-r, manual ~hulh'r r!'I('a~" etc. 
Within tht' 1llllICIlZIOe III huu ,.1 Ihl' lilm, 
.-\I'rial filnt I'(lml' In roll. wh(\,,' \\ Idth ill 
I ilhl r /l", i", til' 9", and whollt' IcnJ(th \'arle~ 
I rlm!!U t" ~!I\I . t1-lllurt> ~-a), 

('am.-rll hll" n in Figure 2-3 rail lit' u!<ed 
III ,I \ uri, h "f .'nmlllnlltiun>l . (IntI' of Ihese 

ft·: 
tI .. , II' mal'. , 1\-17 

_=_=>: Any \,'rtllal nlDlt'ra. The tnN' 
,Ituation and the 

Spllt,,,t'rtiea : Tw 
7 · frllm lh .. \'l'rtlcal. nrmalty fhl' K 22, with 
_I • 1(111 'I uKed for this purl 

HI and 1..0 Oblique: 1\ 3H, 1\-17. 1l11<1 1\ 22 
,' umcra, with 12" cones a", tJlt~l Hi from 
th horiztlntal Cor hi&h obliques, antI 30 for 
1(l1ll" (lbli'lue., 

Didn~: Ihgh ohllllue" tllk II frum th(- nOlle 
nf the aircraft at milllmlllll altitude, This 
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USAF AERIAL CAMERAS IN CURRENT USE 

K·ll K· 7C K·1S K.1SA K·17 K·l1 -K·l91 K·2Q 

Oblique Camera I( x x x x 

"'e"l(al Camera x x x x x x 

Manual • x x I( x 

Electrical x x x II • 
Neilative 9119 9xl1 SlI7 S.7 9119 9xl1 9x9 4xS 

6 Cone II I( 

6% Cone • 
1'/. Cone • 
12 Cone x • x 

20 Cone • 
24 Cone • x • x 

40 Cone I( 

Lo Altitude x • • • x 

Meet Altitude • • x • 
Hi Altitude • • • 

-Tall .. night photograph, with photoflash bom .... 

' ... ,. 2-1 USAf Aeritd c __ • I. Cu""" U. 

P~o'o-novlgotot , (0"""01 pane: 
Ah bo"tb bay 'on~' 
Ca'go platform 
Co"'.('1 VU(UUrrt line 

Comeraman', tonl'oI panel 
APO '3 Rodo. 
,,' fttticol narlon 

K 178 0" 11" , 2~ ', 40· A 9 
rnogo.Lu"ft 

K 27 t " 12", 24" ~I)" ,.9 
mogol1ne 

~ , 18 ,. ,8 ,"ogolln. 
I( 1? I .. "," photoc: .. U ,n 'pr., 

... tutrcol _indo ... ) 
A·8 Of • ,~ mov"! 

Sp:l~ "ttrll(o l station 
1( .1 7812", 40 

Figure 2-4 Type "·13 '''ofotIrap''ic: Itec:OfI_i_IIc:e AI'". ... 

K·21 

x 

I( 

S.7 

• 
• 
• 

K·22 

x 

• 

• 
9119 

• 

• I 
• 
• 
• 
• 
• 

I 

'] , "0 
I( 171 o. K·22 12", 2~ 

40" A·9 Ift09CIIiM 

I K 18 A. magal,ne 
1 .0.8 or A.l1 "-Inl 
1 W,~ ... replcxeable With 

pIoo"".11 un" 
o. '!'" ~~ogot"t dation 

3.a " · 1711 6" <omero ... ,t+. 
J",·9 ma'JOline 

11 "'ago.,n •• o< k S A9 and I A·8 

rNJ9CI Z1
'" 12. Film .to.age rocl. 6 rolh 390 

.ach 
13 Spore ... ,"do ... gla .. and K·22 

spor • .hut-." 
I ~ , H·2X au'omo", .,",ord",,~ ,a_a 
IS ap.rcrtor. ,,:It 

,. ... ;; 
(Ii ... 
I!l 

11 
>-i 
:: 

~ 
.... 
CIl 

~ 
C"l 
P:I 

.... 
CIl 
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CIl 
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tyJX' lOf ph .tojCraphy i~ al called a forward 
:h'lOtlllg uhh'lu . (Fljrur 2-1.) 

A. mt"util'lwc.I in tho intr Kiuctory chaptt"r. 
a"rlal ("amt"ra~ hll\'e bt,t!n illl.talled 111 almo, t 
t"\'t"rr t~'I'I' of llreraf!. Twu trp " of photo­
lITapll1(' .lir .. raf IT .. l'urr .. ntly in u_ . For 
hort rangl', t ctical rt!Connalssnce the AIr 

Force u • th RF O. which i a modified 
f'- 0 All camer8.! art" l'arrled in a specially­
ron!ltwttec.l nOlle !<t!Ction , Fur lung rang' . tra­
tt'gie rl'Connaisaance. th AIr Force u 8 II 

modifi I B-29. (. • Figur 2-4.) Thl air­
aaf i~ known a. thl' F -1:l. 

RESTRICTED 

CHAPrIR 3 - GUIDID .... ILIS 

CIIOIII • G.N.RAL 
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si e.-JUId-tb ... RecODe! JeHn de i"nates the 
",bj ct.iv . This combination of two leUer 
i follo't\:2d..b¥ IbM Jetter "M."· . ilJL!!ll8-
.lille. Each baaic designation is followed by a 
!lervice letter: A (Air Force), G (Army). 
...-:rrn' t¥Y) '-and a model number which. in 
turn. iii followed by a modification lettA!r. . •.• 
S M-A-3b i urface-to-Surface Mi i1e. Air 
Force. TJ..rd Model, ond Modification; 
AUM-N-2d i, Air-to-Und rwater MiMite. 
Navy, ~rth Modificat~~n. 

With proper approval a popular name may 
be a .. igned a miKSile juzst as type!' of aircraft 
arc given popular namel!. 

limON. - TYPI. Of ... IDID MISSILIS 

With Ihe f. fl'lroing mf"rmatlon as a back­
ground ,,,n,ul, ""tUI!1 mil) ill gin n tn 0111 

I f tI .. · tn "" III )CUI",,!l ml~~il,'~ de\'dop .. d 
olurlllg and llb~l ;Iwnt I,) \\'"rld War II 
\\'hil~ It I nt i'h, r 1,41, lillI' n," til'"irilhl,' m 
a pr '''~''L'ltilin .f till nat If' II lngsgl' ill 
lengthy ,h",U"II'II' f 'B,h Illt"t" .It>,d"I"'ct. 
it I. felt hat a ~Impl, d.,,,, 11)\llOn ( f th 
n"lur )'1'1' \\11 11101111\' tho 1''',,,,,,\ tlll' 
'U dt,oI 1\11 ,J.., I ,rt 

1. UNITED STATES GUIDED MISSILES 
l r.ilt,o ~I.;tl,'~ n I. Ill: dc,t>ln,'l1wnl d .. nlljf 

h,' ," Ir t' III \\ "rltl Wal' " \, I dlrt'd.',1 

operation of four 
air-to-surface and 

II r", .. -to-, urfal'e hpt', ",T~h~e~".-:;~~ __ _ 
l.B, ~ Wl'arr Willi!; am! Bat. 

Aaon 
.",zoo t a frt' .... falhng, conventional 1,000 

I . :lomb \\ Ith a ,pedal tail that enabl It to 
U ,.l 'rl'd hI th,- It!ft Ilr right on receipt of 
r1ldlll i&nal. from th 1'1 nl.' droppirur 1t , 
Thi I accompli hed by a mall radio re­
,"'I\er in th tail which activates a !lervo 
mutt,r connE'Ct..d to the rudders in the bomb 
l;ul fin' All\() packed in the tail are a IYro 

1 RESTRICTED 
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and _"Mjd. fA cbenp.tba pildL ill &mall 
ailerona in the tip. to paveD! 1111 ()f thl' 
bomb white in fthrht. The bombardi r tra,'k 
the bomb by mean of. Hare In thl' tall and 
makes correction 111 it tli,ht h) u II1tr a I'on 
trol box in the airplane. Azon WIUI Wled qUite 
luceeufully in Burma and it accuracy "a 
estimated as beine tt-n times er ater than 
that of a conventional bomb against lon, 
narrow taqeta. It doe • however. have thrH 
major ~ (I) It· dependent ijpon 
clear w er because the ~wer mu t 
be able to aee the bomb duri~ i fall. (2) 
The-~ of releal( i. !tmlted t" about 
12.000 feet bec:Auae aLAv~ illtilJide it 
becomes difficult for the bombarru r t foil,," 
the bomb_ (8) In order te, _ and ,'lin t f<l1 
the bomb. the airplane mll~t Ill: a ~!Jautht 
aQ.d level course aft [ r~ Thl pr \ en 
eva ive action d makt" thl UciuUIC 
plane v r vulnl'raule. 

Ga.. 
GO-

The control urfacea i1r actuated by radlo 
ipala tr.D.mitted ~ lK!mbIr4i r of 

the launch in, airplane. The bombardier 
traeke lba bomb by meana of a televiSion set 
in the nOlle of the bomb which enal»e8liim 

to view the area toward which the bomb is 
headinl. The GB-8 w used to lme dent 
agam"t tarleUi in Eurol but h re ult 
were not ufficiently !'Ali factor . Th bomb 
i, tt!Q dlillltnd n( upon.ftO<1 I Ibihty for 
control; Ita low peed. (250 mile, per hour), 
rnakee it vulnerable to antiairt'raft tire. Rnd 
th ('I that it i carried e. ternally . low~ 
''\OWII th laullchiwl ai~raft. 

W .. ry Willie 

lat 

loaon 
:lIlll' lh, , n.! of til war. th -\Ir For ... hit 

t",,'n .1"\"11"111111( ,t'\er lOllS II,' ,Ollt' nl tiles. 
Itazon. I. sinlliar t..l Azun, Ihl' "nnn!,al 101-

"r"\I'lllt'llt 11t'lIlg thp ad.lt!J ahilit \. to clllltr,)1 
tht, iKlmb ill rangt' &II well III azimuth . It 1M 

a hi,hly a I'urat .. weapon and is believed to 
provide u\'er twenl1 times the normal prob­
ability oI hittiuaJ pIn-point targel8; it i. 
thirty timt' a. effedive for maneuvering 
targets. It. mam drawback" art' the neeel'-
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/Iity for n, ual control nu the fllct that It II' 

P" .Ill .. tn c!lntrol nnl} nn bomb pl'r radio 
channd, 

.'eli I:; II lIt.andllrd l.OOO lb. bomb for al· 
tack ailllnMl lIlrlle18 which "ve a differential 
heat radiation from the IWrmJlIIMIl!IYL!~ 

VB-6 
HEAT SEEKING 
BOMB 

Heat-homm'lUidance I obtained by a heat­
_ker a, mbly In ' the nm which 111'1'11 
propt'r correction!! In ranre and AZimuth to 
Ii ,pel' lal tail tlSKt'mhl\', The mi ill' Ia cu­
r t but IImllt'<i to Ut;t' in clt.'llr wf'llthf'r. 

Navy MI •• lle. 

mi88ile 

r/tollif ' 
KIIII r I."mll Inw",1 10 th laun('blnl 

l'''lnl, "Ith t 'It\ ,~i"" IntelhKt.'n,t' and radIO 
f"nt rol 

A heat homlni v rticle b.)mb. 
A ilidt wrjiedo. 

Anny Mllilie. 
The Department of the Army hall thr • 

proJt!C\.8 now under way in the Iruided mil­
>!ile field. Two Ilre concerned with the develop­
ment of one or mor ly~ of abort rance, 
tactical, gUided mi88ilel!, while the other il 
concerned with etltabli hinlr a knowledre of 
luperlOnic ftilrht. Jet propullion. and the 
makeup of the extreme upper atmoephere. 
It ia in thil latter project that the Army ia 
firi", th. captured V-2a and the Army de­
\'eloped WAC aeries. 

'/fill,. J-' Stlm.c." AI, O,,1fIefI ....".. 

2, GDMAN GUIDID MIIIIUI 
Tht'rt' ill no doubt that th' Germanll were 

rar heau of tht' field in th deVt'lopment of 
gllldM ml 11t'8. They built a few air·to-air 
and air·to- urfact.' mJ88iles but th ir main 
anrl mo t uc f' ful effort wall with 8urface-
0-. urlac mi88llel. the lwet known beintr the 

V-I and V-2. 
\' -1 

The V·) w ~.aia:r&fL propelled 
by a pl£l let t'gJD&. It was about 26 leet 
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lonl, had a winllpan of 17 fet!t. Ilnd weilrhed 
.J,~ LaunChed either from an airplane 
or~und. It had a ranle of about 160 
rnilea, a lpeed of about 400 miles r hour, 
ah(J normaUy opt'rated at or below 3, 
feet. The V-I wu not controlled from an 
external 10 ha\'lng an IDternal 'ro (or 
II abilization and a comllas!! for directIon 

The V -2 w one llf a ~rie of 1 .. 1\ r .. ~ .. kl'b 
which had been unuer d \' IOilment by tho 
GermanI inee 1929. It was a uJK'r 1m " 
ci .. r-eha~ rocket, about 46 fe.!l long Ann 
6 TeetTn wnetff. It tt'achea a \'t'klcity of 
about §600 mil.. r hour, had a rangf' of 
2 a a ma Imum altitud of 50 
~~. he total wellrht Ilf the rocket ,,~ 
about 14 tou. Th mi itt' wa launched ver· 
~Je ibd combined the action of a t't.lntn,ned 

with that o( a fft'e objecllle, u ing 
all of ita nine tou of f . the apt Nl&)' 

In four M!COncia It reached 
au altitude 0 when a time Iwitch 
actuated a pitch control IYltem which tilted 

the rocket to lin anile lit H derre.! with th 
hun1iJn , It then cnntillued ID . trailfht tlight 
alung thl path UIIIII it had real'ht'll th. pn'­
C"l1I\llltt't1 \'..to':lt~ rC'luin'd fur It tn hit Ihl' 

rlfl't .\ thi~ PUlnt th., fu.,! \\a 1'111 ntf !lnd 
It t>Cl·llm.· a frt,,, arul um'untr,,11 II holl III 

~pact Wht'n the r .... kl'l r turn .. d tn th., d n el 
alm""ph.·ft· It YiU. Ivw·tt ,!n" II to :.llIIul 
2,f,O() l1ull'. pa hour bv IIlr fnrti"l1 

Abuut 'J '-,2' \l;1IU JU-AMi lU. Luw.l II, 

M which 1060 hit thl: W&l:l u.r' Th" " 
'IIracy of tht' rocket ha" 1)t'('11 e, tlmat " al 
about 1 per ("ent of II. ralli", 1.1 , lit ~ 
mile" rAnat" it would dink\" ith, .. I"" 1II11~ 
nf i t.aratt. Thl limitation, hI'''' t'r, """ 
I'r()babl~ nnt nearly a Iml'"rtlllli a~ 11 ... l;lrgt 
amuunt He effort rt'ltUlr~'(1 t .. tI .. liv 'r un~ tun 
n( pi .. ,,·e. Ih 'we\ er. w h"n um' I'"n~ltlt'r' 
that the \ '·2 Willi one uf a prujlr ... I\·e t'CI,' 
nf rockt't "ith the ultimat d '. Ign, lh,' A·IO, 
plant'd for launching against Nt'" 't' ork III 

1946, it~ potentiahtie are Cl'rtalnl.l' wurth 
,'nnllideration, pe<'lally ~inCl' th'rt' I. 'VI ­

dence that the GermanI lilt nded til u. e an 
atllmic warhead in the A·lO, 
Fritz· 

Th Fritz·X "1lII a 8,000 lb. armor-plerc· 
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Ir.g. air-launched, high-angle, guided bomb 
De igned for either wire or radio control. 
it wa u!llt'd in he Mediterranean where it 
sank the Italian battle hip "Roma." 

H -293 
The H8-293 was an air-launched, rQCket­

a, I~ted. radTo.eontrollec:r.iiTde bomb It at­
tained a speed of 375 miles per }jour and had 
a range of 5~ ~ mile. mt' , ucce. S '" a~ ex­
penenced wHfi th oomb avain~t "hipping in 
the McditerraDt'an. 

Ir. addition to the mi ~Jlel< m ntionM 
al,ove. ther w r,· thr~ \'('apon. which w rt 

o 
W ... rfaD 

ile, eomewhat imilar to e 
smaller, WI Tour control in... It was 
guided fo Oae boriiDer lormatioD8 by radar 
traekinc· 
Enda. 

The Enzian wy a urface-to-ai . ile, 
Iiquld-rocJtei ~ropelled, and ~~llId. 
It baa mll,m". ,pea 0 Moftrli: pcr 
hour. aDd. 'I'nt reDp Q( bout 16 miles. 

Many people have refernd~n 
. clenti ts &8 visionaries. However, they aetu­
ally produced lipificant developments which 
placed German milllilefl yean ahead of the 
relit of the world. That they were forward 
thinking i evidenced by the faet that lOme 
of them were actually planning luch thinp 
all II&tellite rockets and !lpace obll4!rvation 
platf,.rmll. 

SEmON III - MISSIU GUIDANC. 
1. GENEIAl 
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in "hlch 
th 

prl'lIent position of both the tarret and the 
ml~ile, Then l'lgnal are tran mltted to tne 
ml, . ill' tn guitip it alonr the d ired cour. 
to the target. Command Guidance i the mo~t 
ttl' ible uf all guiding . y tems ince it pro­
\ Ide. dir~th' control of the mi ile along 
thE: de. ired COUrll4!. Iu di..advantages ar i~ 
• u:iCeptibllity to jamming and its limited 
traffic-handlinr capacity ~e ac mi.-l!e 
mu t be tracked and cQntrolled PJU:lkly 
from the contr.,,1 tat ion. 

~ _Ho.ing or Targd Sftker Guidance. All 
~ethod. of mi;silt' gIlldan . han' tit,· char­

ac I'rt. tIC uf "ecornmg I ... "" accural!' as th .. 
missile mon' 3\\ay from the S(lurce of 
control information. Tht' ultimate In If\lld­
anc accurar\, would be r(,lIlized if the ,qJurce 
of • uch CIJllt ~ol information were locaterl at 
th targ,'l itsdf. A homing . yswm i. mle 
which makl:, uS(' of ~)me fealure of th tar­
get to cau th mi~ ill' to Ill' directt'd tOward 
that larget, I~adar. r' diu apsmiuion. and 
infrared have b;;'n prol'"l!('(l for u in hom­
illg guidanc . (The Crt-rman,. wl're dl.'ve)oping 
a '<unie mt'an. at th ... end of the ~ar.) .Three 
typt', of target Reektng devices are built in 
to he mlSllile to incr alit' the accuracy in 
the lut talr(!tI of flilfht. 

The automatic RUu SeeIwr ia merely an 
xtension of the fire control radar with the 

controla uteDded to tile miau controla. 
B«.auae avod radar deftnitioll ia requind, a 
radar Beeker is aati.f&etory for iaolated tar-

uch as hips and aircraft, but it is not 
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much use against normal ground tar d . 
UKbt and heat _ken are dependent upon 

the Iilfht or heat ditff'r fltlal I tv. een th 
target and the urroundang area. The. 
be t tor target (If oppurtunity. 
.-eker in thi same cal vory I!( 

ker ..... hll:11 I ,t:n 11I\'t' lu n UIOU. 11\ t' t r­

Il'el' ,uel a. tit mtll l'lle. and .tlllli homo 
plant. 

CTION IV - 0 GUIUTIO 
1. GENERAL 

Evidence of th great imlIQrlalil' attlll'ht!l! 
to the lrlIid('(l ml lie program hy our natJllnal 
planners ma.v be found an th "tud) uf til 
organization !let up to control the df' ('101" 
ment of the prollram. 

"I'"ralt' :tl/ - I"·IIII 111111 

air-to- urfal" trUld .. d ml . II" 
A ',·.'nd urIC 0\711111111111 OJ I- ItlP !. ia 

limON Y - SUMMAR Y 
GINERAL 

This chap t'r 011 gUIII. tl n1l 11. can I. 
be ummariu'Il h:\, ,I brwf re un\l .,( \11' 

Force r('qUlrt'nwnt" fllr KlIlIlt~1 1111 11. 

. inC(' rl"tluir ment. "ren'll,> {\ ,·I,'plt,,·nl .. 

11I('lud ... 1 
J.' il II:; 
I t·,j III I 
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Of high priority on all Ii t!! are accw:.ac)' and 
; I'et'<i , We mu. t have accuracy or guidl.>d 
mi . ~i1 will n v r be u~ operatic.nally be­
e u,e of their mherent high co, t in money, 
material, and manpower pel>ti i~ "ery im­
portant because it is In ~rl,,'d that I(uitled 
missiles Will liml he im uln .. raUdlty \\ hleh 
1:< ~/I promH,ing. 

In th .. air-til. air cat gory, h o!,erational 
rl'</ulr ment. for aJl'</uat .. defl'n .... uf bom· 
lIardm .. nt aircraft and for mcrea,· in fin', 
P"\\'T for fighter airaaft ha\e incht'ated a 
high place (.n thl! h. t f'lr alr-to·air mi. ill''' 
Ag inst a ir larg tll, aecura.:y and warhead 
rt'<luirementll arl' ir,terdepend .. nt In gt'nt'ral, 
I i" ftlt that one nut of IWII ml ~i1e~ mu I 
he plact'll 1'10>'<' to th target anti th \\ arhead 
mu~t makl' Ii Pl'. III ~e kill when lIO po.ltionl'd. 

Th tlemal,,1 (Ir improved accuracy and 
,·If,· In air-to-:uda 'e bombing. plu. th · 
,I" in to kt't'1' the homb"r out'lide the ranll!' 
flf ground dl'f'·n"l·~. has I d tl) th!' . tabllsh ­
m.'nl lit r qUlrl'm 'II. for ,ur-tc -. urfan' 
j!'uul.·,j n1t.~II" n ul'pl.'m"nl, and I ""slbly 
rl'"pJa l', ,IIn\ t ntlllnal bum!. 

Th, Tl IUlr m n for Ih. Jef .. n • nf both 
nlllltan and IIUIU:<trllll 11\. t Ihuh,". again. t 
){111>1 ,I rOl ""I I.' and hom lanlm nl aircraft 

has re ulted in the formulation of military 
charad ristics for ~urface-to-air guided mis­
ill' . 

The desirability of Increasing the offen­
. IVt' bombardment power of the Air Force 
hw made full inve tJgatJon of urface-to­
surface mlllllileR ad\·isable. The ability of the 

urface-t(\- urface miMi Ie to opera~ equally 
as wt'll under all conditions of weather, 
defenl'e. and ranlle makes it the "ideal weap­
lm," thl' weapon which military leade hav 
de ired~in I'theda}I'uftht' hnl'andthehow. 
It ultimately repre ents all that could be re­
Quirt>d in rangt' and d truction. 

Wht'n the requiremenUi are tudied in 
rt'lation W accomplishment!!, one finds that 
thl' art of tht' de ign and operation of guided 
m1 Ill' i still in ill! early staaa· It may 

tated With confidence that a war fought 
prlmllril} with guided mi i1es i not a 
t hnkal po. Ibllity within the next few 
'ar whetht>r it be carried on by the United 
' tates or by any other great power, Ameri­

l'jI,n echniclan!! feel that America i a . far 
advanced. If nol further. than any other 
natIOn. But, in spi~ of lhl • pushbutton war­
far i not Just around tht' rornt'r III man} 
pt'Oplt' ,t't'm to bellt've. 
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CHAPT.R • - AIR DOCTRIN • 

•• m_ I - DIV.LO ..... '" Of AI. DOCT •• N. 
1. HIITOIlY 

The militAry doctrine of tht, U>I" lIf lht, 
airplane &8 a weapon ha: Ut.-en underllnll1g iI 
~adual evulutlon ,unIt' tIlP lIay. hI.' 
firat h aVler-lhan-all ,·raft. It h . 
uphill fight all tht, wa ', charad 'I'IZ,'I! IJ~ 
pubh'ity, bitternct'tl, and r!( nmlllatl,,". Th., 
~eat debate over air 1"1\" ,'r 9lt, r,·\ ulvt'\J 
around the aCCt!ptantt' f a (fundamt'lital 
doctrine 1 thltJ .1ht_JllI1!1aru: ,lOdY'!!"") :.1It h 
fte ibi'\ a ' ~ I 0111.1 

altitude to tmahlM it ~ ~ ~ 
lna~~. 

U the a("Curaev of thltt dOClflllt' I. (nn­
cMed, the prl'do.:oinanct' (If th rulo oj th · 
Air Force in the national mihtan t tllhh. h­
menl and the nt'C !IIty (.f plllnnlng ,.11 ,-am 
pall'Jl to tn. \lr th nm t alh',lDl 1f.· .. U 
rondlll(11l for our air ,,,.w ," '/11' 1"111('111. 
The protrach"(l C(lntn'\I'r 't·. 0' 'r tht' rt'l 
tion hlp of the air fon'e In . urfa " 1(11 't' in 
I1Ulitary or,an1ution ha t n rdl .. d''11 in 
the atruftle of the ad ocale" of air 1""H'r 
to free it from th orpnizatlonal and (lper 
ationa! conftnl' of surface c mmand. The 

dilft'rl'lll'" (If "pill1lli I -lw'l'n lhl' 1l1l."1 zl'lIl. 
u adh,'r. nt 'f nlr [,ow .. r nllli th .. mllllt 
tuhl~I"11 ,11)11 JlljCmat .. IIf th.· \.".Ih, ha, 

llI' '_n (I\er he ....... "f ,t",It'KIt n,' I· 

al "ml'luymtll\ IIf till' \lttlaltlp \1 1'111" n~, 
II ha. ft"OIH'" "Uti I tlli' tumlUlllf ntal '" \\t'l 

f I'arllt'ular \\t-ap .. n. 
I hl' lilt. ro(' t." uf Ir JI~' " r ~ III 1'1'1 ""1111 

lIant III trum .. nt of ,ar 1(11111"" I II tUlll' \\ I .. 'n 
It ,mw fr"m m.'n \\ h .. hll.! 1 .... ·1\ ,Uhll'(·I .. .t 
I .. the It·, t. of IH·tual \\arfllrt'. \\ url,\ Wal I 
brnught to Ih., fur .. tWII "It'll \\ hI' I t'Ill;lInt <i 
lh.· 'l'Q,11I11l prlltJ\J(nlll I .. f tI ... d, 'Irll'" ,.1 
thl' upro'mlu", 'If ir,'1 aft. For ,I dlll" 11 O'lItll 

'h.,,,· (tt'r thl'lr "ntll111 1'1 .Io·t! a IItll(t' 1'1l1'! 
ill th, ' • \', .Iullllll "IIRI II 11111.11. faith III that 
' I .. drlll' '" II (/I tI\I' loa HI fur' h' 'U 1 i.,. 

t"CI III n. \;11111 .. H""It,,, anrl \\ Ilharn 
\fllrhcll. I I It\ . that \\t' I'I' . InkillJlh I r 
11It'1. Buth entt'Yl'<1 th~ rm, III ) lIuth. Both 
1'(1:1. " ~'d an 1m gllllltinn w h'l'h Il·d t hIm 
til ~{'t!k "011'111\ m .. nt in (,IlIll1ectlllll with tht' 
promotwn of other mt'challlcal nuvl'ltie, in 
the military !lervice hfofort' th'~ w.'re at-
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tracted to aviation. Both became severely 
cri ical of the military leadership of their 
time and suffered puni hment in military 
courts {or their critiCism and the manner 
of its expre ion. Both wer .. ftuent and ap­
pealini wrilers; Mitchell addre ed himself. 
in his published writings. primarily to per­
suading the public. whill' Douhet wrote more 
specifically for Ii ptofe ional. military audi­
ence. 

Douhet. Guilio Douhet waa born in 1~9 and 
died in 1930. He entered the Italian Anny as an 
artillery officer and fir t wrote of the im­
portance of air power in 1909. By 1916. he 
had alreadv concei\"t'd the Image of total 
war and of 'that shattering of civilian morale 
by air attack which played a large part in 
the lat('r evolution o{ hill thought. ~~'-IIO 
advocated the "destructIOn of nation'" from 
the air as a mihtary measure. In 1916. 
after he had 8t>nt to a member (If the Italian 
cabinet certain memoranda highly Critical 
of th(' exi~ting policy of th(' I alian ,taft'. he 
was court-martialed and sent('nced to a y ar 
of imprisonment. The deci ion of the court 
was fornlall), repudiated in ]920. In the 
meantime. he had bet>n recalled to service 
and placed at the h('ad of the Central Aero­
nautical Bureau. DOuJie a ined We rank 
,f General 10 192]. the y .. ar (rom which hi 
first sen(lU writingll on air phW r date. He 
Wall de. Ignatet! commi, iun r of a\'lation im­
mediately aft r h,' Fa 'I~t march on Rome. 
but he wlthdr w from th governm nt to 
:oncentrate on th literary advocacy or hi 

Ii "ur II adequ h natIOnal d fenAt', 
It i ('C .. ~,..n lind . ufficlent til b(, in po 1-

lIun I lam l'~mlllll.Dd uf the &lI'. 

rh(' prlmar, .. bJ ·tl\e of aerial attark 
. hvuld not I the military 10 tallatwn. alon • 

but industries and renten of pop,,',tjon re­
mote from the contact of urface annie. 

An enemy air {orce, in particular. :lhould 
not be dealt with by I:OIDbai in the. air. but 
primarily by de truction of the (rOund in­
tallatioru and of the factories frl>m which 

ita 8upplies come.. 
The role of urI e forces should be a 

d fe ive one. de iped to hold a front and 
to prevent an enemy advanre along the ur­
face. and In particular, an enemy lMlizure by 
surface action of one' own communication • 
indulltriea, and air forcseatabli hment . The 
development of one' own aerial offen iv('. 
meanwhile. is proceeding with ita paraly i 
of the enemy'. capacity to maintain an army 
and the enemy people's will to endure. 

Of the correc:tneee of the ftrst of these 
conclusions there can be little doubt. if the 
phrase "command of the air" i to be in­
terpreted in a very strict sense, If a bellig­
erent state ill able to attark the ('nemy from 
the air at will, all defen,... having been liqui. 
dated. the \'idory of the nation having the 
free UIMl of air power i. inevitable. 'llILaID­
clu ion i !IOund but he RrimIn' difficulty 
ari in obtalnirwJhull:!:! ~~d of 
th air. 

It w in his in i tence upon the econd 
of hi ha: ic ronclu ion, the preference of the 
indulltrial o\-er the military objective. that 
Douhet mo t clo, h' antiCipated future strat­
egy. Th(' Importance of the industrial ob­
Jecli\ has grown with the paau.p of time. 

Perhap" Qne or Douh ' more faulty rea­
, nlOp WILl hi belief in the effect aerial 
bombard men .·oula nave u n HVt1fI1{ mor­
alt'. The ev nfi 0 llIe pa. t war av not 
borne out hill rontention hat the people 
wo ld break under !luch an attack. However. 
I . hould be remembered that he waa think­
Ing In terma (If a satura' ion attack ~ 
fter all nppollitlon had been reduced Per­

h p" with the atomk bomb, hi ideaa along 
thl. line ventually may be prmred to be 
,·orrect. 

Although Douhet's Wfltinp wive ~urface 
force1\ an uplicit function in defenai\'ely 
holdini a surface line, (a corr pondina role 
w contemplated for naval forces), the im­
phcation i stron, that, with proper develop­
ment in the Ulle of air power. the progreaA 
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of eveDte would be 10 swift that only a com­
paratively abort delaYlna action would be 
needed before the wue had been otherwlIM! 
decided. 

In addition to hi peclfic cOllclu Ion 
to how a campaip should be ronductt'd 80 

aa to make use of the overwh lmilli pow r 
of aD air force, Douhet had ideu on mihtan 
orpnilatlon and general IlOlk , He Willi all 
UIlI'eIentina advocate of the uniftcation ,If th 
military, naval, and air organizatiull., H, 
stated that th re were theories of land ar, 
naval war, and air war; that the tht'tlrll' 
uiat, evolve. and develop, but lhat a tht Ir~ 
of war-total war-wa almo t unkll"'" n 
Therefore, he advocated the orgamUllion II( 
national defense through a central nllm Ir) . 
and in 1927, lIuch an orianizallon wa crpated 
in Rome. 

The inftuenc of Douhet's "riling ha .. 
been far-reachilli. Much of what he llAill ha 
been supported by I' (It'rience. Mut·h. on the 
other hand. baa proven either over-optiml til' 
or specifically erroneous. Some of hi hell fll 
were proved unllOund durini th past war ; 
yet the t d in development has. In mI' t 
reepecte, been in the direction that Uouh t 
foresaw. He went far !Ultray in hi pet'ltka­
tiona aa to Ih characteri tic of the aircraft 
that would be used in ruture watl!. Ho" C\ I·t. 
his judiffient of the way 10 wtflrh the)' 
hould be used is murt nNItI} valid now than 

it could have been undl'r condlt .. ,n I' dill 
durin, hill lifetime. Furth r d wlol'rntnt i" 
likely to bring the IItrat Y lid tactic If 
air power till c1011t'r to the pradicI'. alh'" 
c~ted by Douhet. 

Micltel. General Wilham Mitchell . al·ti~1 
tiea wereconlempor nellu With llouhet ' . T 
conventional &alignment of Douhet' Mill 

rather than Mitchell' t(. much of th Ir ('nm­
mon belief 18 due in part to .. ham·e, in l.art ' 
Douhet's clearer and more. y tematic lit~r 
ary development of hi. conclullion, anti 
partly to th liveher IDtert't'1 m mlhtaQ 
tudiea in Europe &II ('t)mpared \\ Ilh that III 

the United Stale 
Mitchell shared ID .m c\('gree. although 

without Doubt't' l'Omplet 
conVIction of Ole pru.a. .~lieii&lli~~~~~ 
upon en 
sfiUcfure. He hared 

til t w ntllllC .• tfh·r 191 • he 
ga\ mu,'11 IItt .. ntiun I I lh,· .,,,\1 boratinn oC 
air \\ Ith urfal:t' {('rl't·~ But. at< lim I'a>l:led, 
,ur{;lce Curn' rt'l:,'u Ii morc and mutt· illto 
1I ... • ... mdsn po. illun in hi t'.llmll lUll allu 
III cuntid .. n,·c in lhl' to'I'hOll'al capacltll'S lie 
the air!,la.w grcw Il .. ("ontlnu"d, hU\\I'\t'r, to 
att.1 h Ir!' 'al II11Vl'rtancl' til tlw us lIC air 
V"Wt!r (lIr th, dt·. trul'lllln I C pn .. m~ "urfal,' 
Curn' In Ihls r. ~,.:t, he tliff.'r .. d I ... m 
U 1l1hd w h" \ irluall\' a..~ willing \ .. ill'llnrt' 
Ih,' .1111 ... ·, Curn. \\hlll' dlslrming th na 
tl<'n anti tht n (llirt' ht'hlOd tlwm Thl 
.lllr r,'lh. \, a.- (lartl.< ., n'll '<'11111\ .. I th. Iilt­
[ch'nc'I' III lIatltln • .iih a 110 I In th I/.· .. gntplll .. al 
Qutll) ,k .. I th t\\u 01,'1\ 

Man) JlI. ric II ,1\ .... : Ir 0 11111 I U""I t 

lh,' prlmliry 1'1"m(,lIt ill ulll IIl1hlal") " II' Ill· 
1 h,m h.t\·" "rath'lI uf thl ,t. f.'ns(> "f lit 
cuntinental L nit.'tI • tah'~ a .. ur pfllllllr.\ 
nlllitar~ I'fln ,'rn. Mitthl'll n. \. ' r a"u:ph'tl an\ 
u,·h hmitatioll. lI .. \\3 Ih,' tir~1 to IhSlU'<J 

lur rUllh·. bt't\\.·.·n tht' ,'c'lIl I III II!.. 11. ti",ll 
I'n Il. ,,1\ UI)OIl ttw \"Iu(> uf Ir.lIl -.-\tlalltil 
\'('ute h~ \\01) flf (;n"'nland ,lilt! \teil.lIll and 
It. f.. lluht) fur mliltan u ; hi pOllltul til 
lh,' ,'urr,'. pun,lillir value anti f,'a Ibilit.1 01 
ltlraafl mm .. "wnt lwtwl'I'n th' l'llllt·rl, lat. 
and A~ia t..\ wa, of Alaska anti SI1"'na, tlr 
b~ th" All'utian anti Kuril .. I. lan/Il·halll. Y"r) 
.. arl) In hi. mllilary cart'cr ht' marked Alaska 
a th .. k('.\· I .. military . IIl'rt mary of thl' 
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Pacific. 
A~ a military pilot per mally t''Cperienced 

in thl' actual command of air force. in bllttl£'. 
lien ... ral Mitchell wa. much mort.' inti mat Iy 
at'tluainted than Douh ... t with tactkal prob­
I£'m:. HI' ... mpln)'t'd hi. talent to tht' full in 
the impron'ment of t'xi~ting tadl al methoets. 
Ont' of his mo",t <trikingly far:lighted pro­
posal!; wac a plan (or using parachut£' troop" 
behind ht· £'nemy lines in 191 . 

In matt£'r. n'llIting to the technical char­
acteri,.tic~ (If aircraft and to the dt'tail", of 
thell opt'ratinn. Mikh ... 11 W8;; incomparably 
mort' exp('rt than D(\uh('t. Tht' intt'n. ity of hi. 
t'nthu:<iasm. how\'\,t'r. It'<l him on occasIOn to 
owr.'. timate J(r£'atl)' the rate at which tet'h­
nit'al progn'''' ",,,uld be mad., in the nt'ar 
Cutur '. 

:\fitchell.811 Douht't, favored the ('mam'lpli­
tion of the air forl't' frllm the gruund armi('", 
H" ft'lt hat only through an Inrl~pendent Hlr 
forc(, • .:ont roll",1 and op"ratt.'d hy airmt'n, 
e"uld thl' t 'mt d ~~'1t., realize the full po­
t!'ntlal r, f air ruw .. r In th., .. ontliet whieh 
charp., t .. rl7. I tht' honK trugp:1 of ht· 1r 
C'r ',' 0 IIl'hl!'\" Indl'l)('ncl"nt ,ta 11>1 •• filt'hell 

ro t' and "rokp a. an in "n:e l'artiAAn. he­
roming mllr.' ,11111 mor' Iml'a it'llt with I'PflI'­
'1 It·n nd incrt':! Ingl: ,II. pos i .. d n IIlne 
I a :<tlll,,<I" r. a{ inn"r), Ilmd.,,J h\ '"If 
in ,n' ,an,l di.hnn." ~ 

A~ a re lilt flf 'h. m.llln. r In whHh h" 1'1"1'-
t'n til III~ ", \\', II, "a", \\ Poluh ... 

churt·martlal('.1 an,1 ~"llh'nl'('d tit n-,I h' 1111 

III ra lk ["r tilt' \'t'lIr, .'t,ortl , h .. rt'aft~r, he 
rl'siJ{I\l'd f rum tll'.\ rnn 

M.leh,1I' 

untenable. Armies themselve can be dIsre­
garded by air power if a rapid rike is made 
against the op~inll' center ." 

Many of hi. predIction have ('oml.' true, 
Othu. WIll be realizt>d tn year, to come. How­
eVt.'r, man~' of tht' techmcal dt'velupmt'nt 
which _med to him to be on the horizon 
art' ~till far from being in practical use. 
r.eneral Mitcht'll was immt'n ell imagina­
tive, both in technical matter and in tactical 
on . It wa. t'vt'n morl' trut' of him than of 
Douhet that he ehar8ctt'ri~tically foreuw the 
direction in which progre~lI would be made, 
lIut W8~ uftt'n over"llnguim.' about its 
rapidity. 

Senrsily, Alexander de Seversky wa' a 
Russian military rilot during the tlr t World 
War and, uhsequently, an in\·t'ntor, all"])lane 
dl' 'Igo .. r, and author. He h3.!o consolidated hi 
views on air I){)" er, its ""tentialitit' • and th .. 
defed in its prt'~nt \I I' in hiS hook. "\'Ictory 
Through Air Power." 

Although his \ I ''''''. ill large part, fflllu" 
th ..... of :\tikhell, th~ nut tanding f .. atur', 
which ehllractcrjze~ him abo\'c all the oth r 
.. tudent of the ull)('Ct, ill th in. i~tenet' upon 
th,' vital importan of a. !&rgL ... r ............. _ 
a(' inn H "mancll'ah's th air forn .,C thp 
futllr. from cnnn rll \\ ith pxt.'n~i\'e ground 
u[ll' rting orKalllza iOIl. and frum d"I" nll­
II .. UI nn h., ,.tr a. ~ of th Ardi<' rOil ... 

111 th' \ Ian I a 1111 Pacitit- to whirh :\lit.:l1CIl 
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Air power has be4?n deftnt>d b~' tht.' Air 

University .. the "total aviatlaa capa~ity 01 
a nation~i iliaa ~y, (OIaalerdai and 
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private, potential as weD as ni tine." An air 
force, then, may be considered 88 the military 
component of air power. This section deals 
with the application and employment of an 
air force in a s rategic role 

Prior to World War Ii. tht'rt' werl' two 
type of dl'cisi,e military action. First, a 
"lUulld dl In; UJuld defe t a hu tile KI uund 
anny and, ubsequently. defeat the enemy 
nation.,' nnd, a navy could strangle an en­
em}' nation by controlling the sea lanes of 
communication and. thereby. cause capitula­
tion of thl' I'n my. During World War II, a 
third category of deci 'ive military action W31' 

dl'wloped. That category IS air action. It W31 

hown during the ... sr that air power apillied 
directly again!'t the vital point of the en­
emy' . national stm 't ure can eau, the Ii fl'at 
of that natIOn . 

Ilurmg the Ilt'rinJ 1939-19-12 thl' Germans 
Wl're U\'errunnmg EUI npt': their SUlTt'sse. 
Wl're dazzlinlf and omin()us. The llUl'sli,m m 

\'I'rvnnl"" minli wa:. "H'IW can we 5t p the 
(;e~lIl;t hhukrit'g?" The an wt'r wa not 
rearl;l) apparent. It \\~ arn\'etl at thn,ugh 
tl,e lM'rSeH'ranee and fOrt'5lght lIf the Allied 
lir I ader". Thev saw the trategk possihili­
'il' of air warfa're It \\a not eh!'\' fllr our air 
leaders til support a . tr teglr ,'C>IIcer on he 
usc of air pc,wer when the r., nllan. were 
1 hi .. nnjt ou . landing surl'l'<. wllh lh.>ir air 
rm tied t" surfa flllll. 

I wa. not un II 19·1:\. at he' Ca.' hlall"a 
('on (er"nce. thaI lhl' .·Irategll' ('1'Ill'ellt (.f Ihe 
USI' of Rlr powl'r w·. giwlI all "melal hle~~IlIp: 
Thi~ (Ilnferenn- r :-ultt>d m hI' definitllln (If 
·trateglc air " .. cratlOn. ILl we thmk elf it 
today Strat~it alf opt'ratiea are air opera­
tiona aim" at th. d trudioa and dillloaation 
01 u.. eM.y· .iJita ,indll!trial. econo.it 
and ~tical . lite .. and th. aader.inintr Ol 
the mora" of the en_y', pt'Op" to the point 
.. her. hi apedl), for armed reai taMt' i 
fatall) .abn.d. Thl_ definitiCln ill the Vt'r) 

cor· ,.( th. pr 't'nt JIIV .J l(' rlne o( tratep:l 
Ir 1")\\l'r 

2. MISSIONS OF A STIAnGIC 

All fOICE 
The I'nmar~ 1111 !II >n tlf a ~tr t ·!tll air (on'" 

I. thl' Implt>lJ)f'll ti"n of th cun "pt that IIlr 

power effectively employP.d against the vital 
points of an enemy's national structure can be 
derisive in a war. More pecifically. the pri­
mary mi. ion of a trategic air force is the 
dest··u.·tlOn and/ or neutralization of L'I8igned 
objectives within an enemy controlled area. 
ThiS mean" that the strategic air force will 
train and prcpare to delltroy or neutral;., .. 
industrial targets. transportation target8, 
armament targeu, or any . ystem of specific 
target8 which permit an enemy to conduct 
war. 

It should be realized ,that in the future it 
may be highly desirable to deny certain areu 
to the enemy without de troying those areas. 
in order that exillting inlltallationll may be 
u!<eel again . Under uch circumstances the 
mission becomes neutralization rather than 
destruction, e.g., aerial mining of a harbor 
rathl'r than the destruction of port faciliti . 

In World War II, the accomplishment of 
this primary mi ion wa not possible unlll 
the att&eking tratelric air foreet! had rained 
air superiority in their areas of operation. 'I 
to such a degree that penetration to Irtratea'ic 
tarpta could be made within the limits of 
acceptable losse •. Thus, the raininlr of air 
uperiority was a prerequisite miuion which 

was actually a part of the primary miaaion. 
It Ilhould lw emphasized that thill prerequi­
!lltt" millllion wa>l the ml'an!! to an end. The 
end wa!l lhe capllbility o( penetration. In 
future war WI' ma~ achieve penetration by 
. urpri!ll', ,pee'd, the cover o( darkne88. or 
had weather. llr by pecial technolOgical ad­
\"ance . Thus, in a future war, we may be 
'\AU lied to attain momentary air uperiority 
b\" th means rather than fighting for the 
c;>ntrol of the sky as we did in World War II. 

The 8trategic air force ,........ of course, 
lit> igned other mi88ion8 than the primary 
nne. If and when the ituation warrants it. 
One mi ion in this category ill direct co-

pf'ration with the lIurface for . In thi 
aRe. tbe trateaic air force reverts to th 

role of a tactical air force. Two outstandin, 
enmplee of thill type of miuion were th(' 
utilization of the Eighth Air Force in direct 
upport of the Normandy invasion and the 

diversion of the Twentieth Air Force to bomb 
airfields in KYWlhu in support of the Okinawa 
invasion. The IItratea'ic air fo~e milrht alao 
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oe aiven lIuch miaaions as air supply, search 
and rescue, or simply trainiq for a future 
mi ion. All Utese miuions, however, are 
lIubaidiary to the primary miuion of a IItra­
teaic air force. 

There should ~ little doubt 38 to th 
normal priority of the mi ions a. i/O, d ttl 
a strateaic air force. Jt we truly advo,ltt, 
the concept tbat air power properly emplllJetl 
again t the vital point of an en .. m:·~ na, 
tional structure can IX' deci. h 'e, then rel .. nt 
leu prosecution of the primlU) mi. I,'n 
should be the obJectivl' of the trlltl'trlr air 
foJ'Ct. It is de igned as a tool to be u t"(1 tn 
desti61 or neutralize an enemy' meanA Rnd 
will to carry on a ar. A strategic air (,)r.1' 
wins wars by protrreaaivf' dt'tltruction or lit u. 
tralization of an enemy' vital targt't , there­
by, denying to an enemy the IIbiht\ In 
maintain an armed force. It I .. thl'ft:ftlr ... 
the objectiv(' of a stratetr\c air ("reI.' to Win 

warll, not battles. Sucb a ('onrt'vt call. for 
extreme caulJon before any attempt i. mach, 
to divert a trategic air (orce from it. pri ­
mary mi. ion. to ~undary one . 

3. TYPIS Of STRAnGIC All 

OPERAnONS 

The accompli . hment "f the' prim f.l III" 
ubaidlary mi Illn of a 'Irlltt'lri( .ur lur,'" 

requirt' the employmt'nt "f rnlln\' dlfT.>r.'nt 
tyPes of strat .. gl(· air opt'ratlon:- Till', hUlfl 
of the types to IX' t'mplu.\.-d 111 1\0\ Irl\ ('II 

place at any gwen time will. nt ,',m r . tI,­
pend upon the naturt' of III - Itll 11"11 I1l1d th( 
current objectlvt' .. 

.... lanlaIftit. The main tn>e 1)( air 
tion performed by a stratejlic air (.r. t' I. 
bardment. Bombardment inc'lude I ml r Ilnd 
fighter operations, the pur"Cl .• - o( whlrh I t, 
deatroy or n('utraJize The LMm,l r am'raft I 

today the main carrier of de. trueti\" rurn t'1ll 

ployed by the strategIc aIr (or"" and will 
probably continue to be until bi'tt r air. n 
are d('\'eloped . Thi~ i. true dt'. pllt' th., dls-

advanta«e of bomber aIrcraft. Th lDclolde 
its vulnerabIlity to antillircraft fir , It.! nt't'd 
(or fighter ('scort for deep da~ light penetra­
tionR, and th fact that it i ,till !<omewhat 
ub!M'nrient to wf'ather. The I' • rt fighter is 

majur probll'm at present bet:ause of its 
rang '. ('I'rtainly. the escort fighter i. Olanda­
ton t pr ~lIt If he mher operation!! ar' to 
1)0> " 1l.lu led ID daylight. Bomhardm nt op­
t-rat illll , "mph,) in" both bombt'r and fill'htt'f 
Illf., ft, ar .. ('on ul'ntly thl' mo t important 
t Ilt' rtf faklfl4 aIr upt'ratton . 

In. l..a ... A :oDd tYTIf' of stra-
tt'll"ll' air ('peratlon UI aerial mine Iaymg. This 
tyJ>t! of (!perahon proud very efrectivl' agamst 
Britain, Japan. and to a I r d gr c against 
I;f'rmany in World War II. It is a highl) effec­
tive and amazingly efficient mean, of throt­
thng waterborne t:ommerce. It hould he 
lOll. idl'red as a weapon in an)' aJr attack 
gam I a natIon which relie upon "IIt('r 

tr, n portation to UPPtlrt an im(lOl tant 11Ilrt 
"f i ' economy. 

ceo A ,"t'rr Important 

RESTRICTED 4-7 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

- - - ---"'=--

THIS PAGE IS UNCLASSIFIEl: 

I • 
I 
~ .. 
J .. 
i 
I 
! 
! 

1. _AL 
Until World War 11, mllit.&ry aviatIOn haJ 

been uaed almoat entirely for tactical opera 
tiOGa, As liaMer-than-air hallovna were d 
veloped and, much later, airplanes, profes, 
aioul ftPtlq men rolUlidered their,*, in 
the Iiabt of bow they miaht beneftt the army 
or , .. .,., Altt.v hair operatiolUl brou,hl 
8OIDI! irmovatioDll in detaila of warfare, 
neither the pnerala nor the admirala altered 
their opiniolUl of how to conduct a campalm 
uutil a1moat 150 yean had elapsed aft r tht' 
ftrat balloons were used by a military Con't.', 

o rvatio ' Ion uf mlh 
aimMIn, re-mained the rinci 
ma~ ~ n, n tIll' ml t.' (., the Illnt'teenth 
century IAn attempt wa mad to bomh an 
enemy with xploaivea rarrit'd br a balloon, 
aDd durin .. th~ Civil War artillen spotting 
w .. done from balloon ThE' airplan I'n~rt'd 

the picture at the turn of th nturv and 
saw conaiderabl service in World War 'I. The 
pattern of ir operation chanl\'d but lattl , 
however, and observln, tit enemy r main~'t.I 
aviation'a major rol , The aU mpt to I'rt'n,m 
obeervation from airplan~' IIItrv<iul"t.'() air 
combat. Aircraft weallOllJI anli antialrl·ralt 
weapons w re IIOOn dewlopt!d and inevltabl) 
attacb wert' made ulKln ffnlund pt'r!!Onnel. 

In ~nt an, th theory of tactical op­
eratiOll8 baa p~ eomewhat. Th Ru 
iaDa, Germane, aad Italian8 who partid-

pated in the. paniah Civil War made !!Ome 
mall (fBin!', but thl' prinaary purp<>se of air 

opt'ratilln wa!'! till to pavt' the way fur the 
Infantrv lillli t int.'rfl'r .. with !'lIpph and 
r"infor em .. nt _ fl1 Wurld War II Gt>rmam 
mil<&ppht!d h r Ir power an a ay that ha', 

om(' .lmoM' a rlall Ie xampll', Alrf'adr 
po Ill, thl' \\orlli', grl.'ale .. t aIr forl:e aud 
Il high dl'l!"h"t" of aar uJ)l'rlllrity, l;l'rnuun 
Ilt'rmlttl'd IIlI air unit. In n'malll tlt'd til It 
ground Ilrmi " Th nl"\· .. tt!litl of ntlliJllllilllll1C 
air III riuraty \\a I,nurl'd .o\lthOlu,h (;I'r ­
mallY llitellt.'d Wurlfl Wllr 11 in II m .... 1 logll'al 
mllllllt.'r hy Inlllll'llillt('ly tI .. IrnllllK fhl' 1',,1i~" 

ir Furt, , the thInking flf th~ (; .. rman hi h 
~ommantl ~hl'l'I'J h .:k to th~ Jlrlll~IJlI nf 
suhurdin hng air to grnund (nfl'p. , 

Thu , fur n\l.'r a "t'lltun thl' ObVIOURh al' 
parent n{,I'd rur flk ... nt ta.-tlral air up'rll 
IOn. hat! I n ml.-unflt'rllt", ... l Ithuugh ftlr 

torrl'. ha,l, III tht, main I .. n u ,tt in a tacta 
,'al rol ... fh' l'arl~ Ilhlls., If W"rld'War /I 

h.,weJ 1111 cit ar cut l'unn'l't tlf tadieal all'" 
lIl~ rata"t ,Jlllr "t'rt th air IIIl1I M urIC1UlIZPc.i, 
t~lllil'l 'II, or Ir 'lIth II fur Ih., . II l'lalan'!! tartl , 
CAl laRk. 

fh(' "urr nl ('Onl'('pt IIf ladl!"al air power 
wa t'volved durin, thO' urth ACral'an !"am­
paign (,e 1940 1942. In June 1940, thl.' RAJ.' 
oppotlt'd a larlft', powerful, and modern Ital­
ian air foTt'1.' in LIbya. Italian air units were 
di periled among local army commanderll and 
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op~rat~ under the direct command of the 
Italian ground fore .. The R F, 0 erating 
en ma.:~ ail an md~p ndent air command 
not f1nl~' held it.~ own but ev ntuallr e troyed 
thl! lIumerically ;<up~rior Italian alrloree. 

Th German air forte replaced Oil!m Ian. 
and th fight for, 'orth Africa continued for 
l\\(l 1Il,lIe.' <II • l'uib uf tlte t: AAF Jujllcd 
thl' RAF in 1942 and the Allie~ gained air 
~up .. riority and held it. The Allied Sorthwe t 
African Tactical Air Force, formed from 
Briti~h and American units, was placed 
under one commander. The organization of 
thi!' air furce, which gained iu victory in 
Sor h ACrica, became the prototrpe of a 
tac ical air force orgalllution. 

Thl' throrie!'. for mploring air force in 
Joint warfar ... which evolved from the North 
Afriran campaign became accepted prin, 
elple,.:. In ,'/)rth Africa Wag reahzed tht> car­
dinal fac oC ta('tical air power; that the air 
fllrct> ' avail,,!>11' hould be concentrated und r 
on" air c mmander who will work ~ith the 
ground commander ~ward the same objec-

I ·e~. The. ' thenriell were publi hed in 1943 
ll'I F~ 100-20 "Command and Employment 
• f Air Power." This FM e tabli. hed thret' 
pha. 11 of adical air operation al' offidal 
cI,'('trine. By the time World War II had 
I'nd .. d. many modification. in technique, and 
Ilrganizatlon had impro\'ed tactical aIr o~ra 
tinll .. but he. - jfl'neral rules uniwd and 

rl' apl'hcabl toda\ : a) a ta t.i.c&J air Coree 
. hould he organiz d pecificaU,) for tactical 
1lp<'ratiI.iDl'; b) n lnaled air and ground 
cllmmancl'r mu talmo. t Iiterafly live, cat. 

nd work tVlFether: c) air . uperlority ill a 
I r requi!!ite hefor tactical air force can 
np rate with unace Corce . 

2. MISSION OF A TACTICAL AI. 

FORCE 

f The operations of a tactics I air force con­
si. t of three phase. in tht> following order 

( oC priority: 1) El!t~bli~h and mainta1l1 local 
air superiorit . 2) IlIOlak the battle ar a by 
rf' ·tncting movements of enemy troops and 
!<uppltes into, within, or from the combat 
area, 3) De~troy t>nt>my ground fnrces within 
the zone of contact in conjunction with 
friendly ground forcea. Depending upon the 
local tactical . ituation. lIOme or all of theae 
mi ions may be performed concurrently. 

Counter-alr Operatl ... 
Counter-air operations need little justifi­

cation, particularly to an airman, Attaini:'lg 
air uperiority can secure the "three free­
cJDma" Of warlare.' freedQDl of the. air 1m air 
oJ)t'ration~. freedom of movement for 8urCace 
force., and freedom of 4Q}\' of USI.Pliea. When 
one. Ide hall all three freedom. and th t'nemy 
hag none. the tage is ~ for victory. 

Air uperiortty i that degree of capability 
of one air force over another which permit 
It to t.'onduct operation at a g\\'en time and 
place, without prohibitive interference [film 
the oPJlOSing air force_ 

Ir IJUpreBIBCy I that degree of air uperi­
ority held when an air force can maintain aI-
1ll0l t c(lntinuoull air 'U(lt'riurtty in all comhat 
an>..a., &>curing air . uprt>macy i a gradual 
proce ... It canno I~ ohtall1~ in a inglp en­
gagement But onl ul.lail1~, tit vi tor lIhnuld 
enl\1I,'~' hi air force' that ir uprem cy i' 
ne\"r r linqui, hed. 

Th trut' goal of counter-air operation i 
,lir upremacy and not merely air uperiority 
',r aIr dt!fense in local areu. Securinlf air 
~uprt'macy is probably beyond th capability 
of th. ta -tical air arm be<-aulOe It requireR not 
on y that the enemy air force be permanently 
I' r lyzeO but allll) that the !'nemy' air power 
t ' r duceO through attacb upon itll support-
111(1' • tructur(', Effort expended in atk-mpting 
to anmhilak- an en my air Coree may not be 
t!Conumkal in t rms of resulb obtained. 

Cflunk-r-air operations may be divided into 
1"0 ph~ ; offenaive and defen ive. en-
ive operations COlUliat of attacks on air craft 

"'0 RESTItCltD 

on the JI'Ound or in the-.!!!..-airdrome .•. up!,l,}' 
dump!!, and any facilit); which directly ~ul'­
ports the air arm. Air tiell'n i nit' effort 
de irned to oppolle an en mv air attarll. In 
ita role of air defenae in iiP r{ iiI 1fT! r 
!ltrat~ic air for 'e or unsee (nrc .... th 
first ~uirement uf the tactical air lor.. I 
to pr vent. If po Ibll', and III am' "Il Intt'r 
fere with the accuracy (If ent'my air aturk 
a,ain t per80nnel and llI!11t&nation 

._aUCIa of tht' haUI .. fiel4. ,'alI I In 
te.rdiction, di rupt. the enc . lin 
munication. Forcel' in an area are cut I ff h~' 
interdictin •• or dl ruptinr, their me u( 

traffic with other forct' ,Thi Impli. thaI 
nothing ,'an m \·c IlIt". out of, or withm lht' 
isolated ar a . Althoulrh 111 actusl practin 
isolation i rarely total. "nmpl t" lIt'(laratilln 
hould be thl' goal. Adltln lIh uld bt' tak n 

again. t all lraffic . ilrlllfi"ant to tht> nt'my'!\ 

of l.I'rmany'. uul lan,hnll ,'tim· 
mander. state. that lh· gn'al(o~t illICIt· 
factor 111 th d (I!al tiC (;erman~ \\H. th, 

In pr.,\ltill1lf ol ... ..,nl\ I II IIld ad,1 11",1111 fir .. -
p" .( r 1\ h n I'flllI'alh nl', .\,,,1 hI h. ta"k 
rommantler. 

II nll- (~I'r ... 

tn.iII "'IM'rh'n," IJlIlC .. ~1 that "\1'11 a tlrl'i 
,'Ills" mliital ~ 1I"\\\'r- rll )It II lilld n' 'i li,'nt 
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as Germany was--cannot live long under 
full-scalE' and free exploitatJon of air weapons 
over the heart of it territory. By the begin­
ning of 1945, beforE' invasion of th home­
land itself, Germany was reaching a state 
of helpJe~snesa. Her armament produ tion 
was falling irretrievably, orderliMU in effort 

was disappearin" and total di",UclD and 
di integration were well alon,. Her armiea 
were till in the field. But with the impending 
collapHe of the upporting economy, the in­
dicat:oDll are convincing that they would 
have had to cease fightina-any effective 
fightin,-witbin a few montha." 
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. midi .1'" ,11 n til t1~ ..• had \, .... ·UOll ; ml'til­
"hUT tul' thl' im .... "i"J.· DurioI' thi,: IIt!Til.t1 
t} t'nl '. rt l nlt'n. chi.nn~ ,tllIl ~"I iuu'" 'l'it'nti t..:. 
,ho T' f'j,t~\ to "i>alle\OI\ th.· id." oi rt~ 1111-'. 
rh. I' 0 ,11,1. ,.il-'n·.1 p. ",·r ,Irn.·o mo,lt I, lind 
n,l1 ':lrn III)! )!li,J. r" III Ill' ,·I .. ,")! I"~ 1"\' I 
,If Iii' 11111t1UIl h ,·.ntun. thl't''' 01<'11 "cr.' 
". ,,,"l'Inwl1 IOj! \\Ith ,h' ''' 'r ;.in lalll· ... Th.·"" 
thn'l own Iwad~ "un,,·llt·d. 

Aviators 
Orvi11.' anti \\ tlhur \\ rill}' :tarh·.! tltl'lr 

111 \ !IIH. B.·t \\ ,·to \ !I(IH 

tOI"'1UI' 

\11. \'1(1, that til. 

Fir t World War 
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Supply Catalogs (Stack Lilts) 

[,h, purl''' 1"·,lOl,·nl ,and 11-... 1 \ " ("""U' 

-lIfll'l~ , .. I tI.g \\'1111/1 ell" II- ,-d lit 1111 .,1"'1\ 
1111,·,1 ... .\.I"01.I01.'nl • u"pl~ .. 

7. SPECIAL PUBLICATIONS 

General 

Principal Typel 

Ot \\' I,/"inli'd !lnl\\ IIlK hooks ancl r.·vl. ion~ 
th 'r"'" b '10 11l1lj;:. r I"'illll' mad". 

.\ F ~Iainlt'nan,·t' Charts. Mainlenanl'<' in. 
.-trudlllll l'Il,lrt ' .Intl 1'/lVIlIl' limit. lind luLri. 
l;r 1 i"n ,. harl an' ~ hllrt~ 2~ x ;\-1 1O,'h sand 
:.'11 '\ :10 10.-111'" rt'~p.,,·t in·ly. for lIs~ hy main­
It /1.11. " I"'r ·on" .. 1 ill the' O1ainlt'Il.llIn' (If AF 
t"IUII'"" nl .llltl (or ill,lrlll'llltnal purpu" .... 
1'1"'1 1111 ;1\.';I.,ItI .. Upolt r"'llIisltion only. Pro­

, lIn nl< r of lit-II "fJl!'in,' Irmit,.: ancllllhri"alion 
(t,.tl~. ) flU IOIlj!,.ar I,. InJ( nlHt!I' 

Changes to Publicatianl 

\I(·/hod .. t:mplt •. It·d. l·hang.·s t" t''-htin!: 
'I, .... 11 ,,,I (l,d, I .md .,It'I,d pultli<:alitlns ar,o 
IIl,hf. ;'11 hflr h} nll'"I)'" c.f J'C\ i: .. ;j()rt·. 1 ('is.:-.ut.'s. 

,lippi, nl' III . ""pt·n.1! ', ... ('r ad!l~'l(la. t"c of 
It." , 1,.11 t'"rmal p" 011 .. I tfidl'nt. ~('''Ihl",­
I al. :tne! '''''',h '1'\1-1011 .. , nwol II·p. 0' 
1t·,hllh·al,lIhIiC'ltu>l1 \\llhin till' ;;."sl, Ill . H.,­
lII,nal of 1'111,,":, 111/1 I .. olll adi\'1' st~ltu-; is 
Ii' '·,·n "Ii h.'.1 '.1 .... ~ •. , .. ""1 Clr r.,,,I,,. I'm"nl. 

Indexing and Numbering 

(ndt', in\: C;t'nt'ral. ClIh,I,,1 It 1 Ill/! .. , lit 11\\' 

t 1 .. ,1. 

r. \ "," 10 d, "·It h~1 Ill's tlf I,,, 1I"lo-d ",. r. 
p"'n·tI Jlllhlt, .. I",," and t" 111'"1'1"/1',,1 .. ,),1 a 
'·UII •• rrllll~ 1111'.1" iI'o/l III. 1'11," "d """,, till' 

1'" ""'1 , II. ,·f, h.· loa I indl' . 

sUPlllt'mt'n ..... SlIppl,'nlt'fll .. I'I h.· 1111111' I'lt .11 
.lId, \ ""flla)n lt~t, .. 1 fl""" ,-;,",·d. "'\1 •• 01. 
n', sllt·d. 'lIp,'f' I d,·d. n ·"la" d. and " • ind"d 
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1/ 

1."0"'" '" II:.· ~\I'ph~ahl~ ain'raft T.ochnical 
IIr 11-1' ,'rlt', Th., nllOlh.'r t() 1>(' .. ,.".,.m .t will 
/lllrm,llll' Il. IIII' ".6": f.,r " .100ple. {h.· in-
I~" t •• 11 and 11.:11111'11011<' n·'1UI ... ·OI .. nt ... hand 

t ... , ' luI' th.· H '~ t; .rlraft .... n\lnlht,rt~1 "T O. 
tt!.;.Fl·,\ ,;" 

. .\F \lalftlenance ('harts. )Ia intenam't' 
I' .Ir .1'(' II 100I'.'r,'" III a mann" .. iOl.la r In 
T.·. h,li. ttl ('nkr-, ""I'pt that till' pn·Ii" "\ .. 
J:-. 1:--, d In,tt-ad uf"T () . 'u:-

'nd.·,,, ... IIf \Iirrnhl m I)ra .. in"",. :\I 'l'rtlfilm 
flr.l\\lJJ~ .JIlIt-, ...... u.' 1l1l0lh .. n·,1 .n till' ~ame 
n alii "r" T""hlll<'al Onkr .... t'" ·pt that thl' 
pr"/. "'IF" I I. ,'d til .11 tlllj.!'lI.~h thi", t~ II<' 
of III.lth •• .t I' II 11',,11\ 'talldard Tt 'h,lleal Or­

.1. I' 

Security Classification 

I 1(0 

RESTRICTED 

CHAPTER 3-ADMINISTRATIYE DUTIES 
OF ARMAMENT OFFICER 

SECIION I-ARMAMENI OFFICER'S DUllES 

1. GENERAL 

\ t • 'I \, III.l1Ut. t .tll,- " t r\ " t 
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Ill' hall.llllll!. 1'. ,'kill).', II an, I rt. ,m.! " (>1', 

'~" (".1 10rm WI h curn'n rt'j!'ulatiun, ;tn.1 
,".w"ar I prOt til' ~.I 

III nJ.l ,'ri"l uml f tht!lr 
.IIJ1l~ • mu"t u.., in\' I· 

f'rE>\,'ntltln ul "I,u" of matl!rit!1 18 one of 
Lt' Ill.,,,t impe'rtant rt'''Pt.nsibiliti ': of th,' 

.1l'mam"lIt •• lfi·I'r. ,".me of the more <:tlmmon 
,Iou 1''' h.· m st l!'uard al!ain"l are: 

Improper. carele",., IIr negligent use or op' 
"rati(ln of materiel. 

Lid. nf luhril'ation. 11\ erlubricatiun. or u .. e 
IIf unauthori/ed luhri~anl .. , 

Ltc:!'; of In,.pecliuns. 

Beferred maintenance. includin..: lac!. IIC 
limper ,en i inl: and adJu,.tment .... 

I he dttemplin)( uf repair ... h~ unclualified 
pt'r.connel IIr h~ u.. IIf improper III' inadequatt' 
..... 1 • parI ... , and equipment. 

2 DUTIES OF AN ARMAMENT 
OFFICER 

:o-.. n I .. alllii \ .Ii armanlt'ut. 

P,·d. rm.tn,·,· III Uflllamt'nl IIIHI I' \'arymj.!' 
.-IlOloIlI. I mditi"!I' 

• lalU ..... ",1 .t\31Iabilr \' t}i ,rmaml'nt t'(jIllP' 
m"n .mt! ~Ullph .. 

I."I!I i. al ,1.lta "onct'rninv: armanll'nt t'quip­
nwnL 

Prubablt' t'rn'r" III l"'mbarrlment amI lCun-

c) ;\Iaintain" proper and accurate rt!Cords 
"f t'xpt'lllh un' .. f ammunition. tlare~. oombs. 
anel othl'r t1rdnnn('(' "uppli,',;; .,f statu, of 
t'ttUIl'nll'nt, :lI1el "I' homhinl( a:lll gunnery 
,<:nrt'S. (In ,.mw units. the"t' rl'Cord:< may be 
k. pt f"r th .. armanlt'nt IIl1icer by tht' nnlnance 
"','lrul1, bUI III 1'1 her ,'iI," tlW\' IlTe c1o.ely cn­
, rdinatt'ti with th,tS" IIi Ih" IIIlt'rlltion:< officer. 
. IIc'h T\'t:urois an' Ilt>rindit'ally forwarded 

hrlluJ.!h Chanlll'l.. "hight'r hl'aoquartl'rll: 
thl'ir Imp'Jrtancl' Ii " in thl' fact that the 
Illillntcnam't' Iti ,\ I nd"quat" ammunition r ' 
't'n I' \\ ill dt·pt'fHI upon thO' a,eurll'·y wi h 
'h'" hI \' ar .. k .. p and lilt' prttmptne', with 
\l "I h h. \ .tn· f' r\\ar<!,·t! I 

tI) ,",,, I' .\ ,1 .. \". I .... nlHr d.art ,h •• \ilw 
tlI' .. n \\ h 1<" In lit'( I i,,"~ 

"'llIll'n,,"t 11,,\ .. h"\'11 

trll snit nl '11111'11., an 

Illft.-! ane! d Inl 

1111.1. I. 'mhardlll,·nl . 

ESTRICfED 
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3. DUTIES OF A UNIT GAS OFFICE. 
'" .r 1°. • Hi"f m L 

r. quirt d mU1i1 r III • 1"1111 .11 
mil 

I. I nl.l~k cll Ill. 

I to, III .1111 
'1!tJlt 

4 DUTIES OF AN ORDNANCE 
OFFICER 

lu hI 
l~l II' 

IrU.ll n 
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SECTION II - MAINTENANCE 

1 i, \ ,I, III I" OJ .ll". - Ih.lt .111 \ •• I" 1I111h'i 1"\" 

.. "1\' sU!l1l h'U l·\'htlllal tral1UlIj! tll.pt1rf,lrnl 
l" 1r 1)'1 ... t,'nl,t,d IIl"tllit. nan (. I un,'t Inn~ ,UHI 

I h •• 1 all 1I-)!.11II1.11I<ln- '"' PI', \ 1.,,".1 \\ 1 h -tllh 

"It'll' Jh ,'ullt l·1 t<qu'l,rUt lit. tfUI} • It· ... t t'qUIl' 

Ill, I ,-111'1'11", 011101 pari .. \ .. a",',"l1ph,h h.,,, 

2, USAF SYSTEM OF 
ORGANIZATIONAL MAINTENANCE 

3 . USAF SYSTEM OF FIELD 
MAINTENANCE 

RfS'R1Cl£D 

4 . USAf SYSTEM Of DEPOT 
MAINTENANCE 

i, 

RESTRICTED 

I ~~ II t IP ... ltltt'II.lIh ,II n101\ bl' 

II ." .1" .111.', I • .I I" 11l~ 1,1 

I 'II dh I "I I 001"11 It'd i\ I ,,' 

SEmON III - FACTORS AFFECTING MAINTENANCE 

1. GENERAL 
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vt'n,'r:ti 
(' mb.1 (Ir :tlr 

4 . PHYSICAL PLANT OF THE BASE 

IIEST tClEO 
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SECTION IV - AIRCRAn MAINTENANCE 

2. PREVENTIVE MAINTENANCE 

I" 
.111.1 

3. DUTIES AND RESPONSIBILIT IES 
Intil\ldu.tf,. 111\ .ill 01 I""'. \\'.""'1 (.1 

'11 Itlll nl".,IIII1Hnt tn r. pOI II,ft 11'1'111" 

l' rl"rn,,"I<" I I .111 In \, IllI\, IItWIIl< 11,111, \ 
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6. INSPECTION AND MAINTENANCE 
GUIDES 
Th.·~,· l'uidl' ,"utalll I't'rliJll'lIt ill~I~"'II"" 

.1 d maintllldlll'" data "Ill" :;ul'plt'nll'lItary 
tnfornHjtlt~n fear in~ptc"Ctor"'~ l rt' I l'h it-' ( .... nlt.'· 
,ham,'';. and .. t hpr illt.·r .... ll ... 1 (wr"on nd. The 
II ("IIII •• t luU III tilt' (~lIill.- ,lImman7.I.\ t hl' 
III"Tt. ,h'laill,d In"trlllliull" illl,.>rpurall·d in tht' 
'1' •.• hllil'al Ordl' r . T hl'';I' )!uid"", HrI' )n'adually 
11t'1I1).!' n'I'I"n'd Io~ ., r.·.·hlll«.1 ()rd~'r tltll .. 1 
"Alrllalt In~I*,\'lI"n and )1 •• inlt·lIant .· H ' 
'I'llI" Ill' nt_ l"l'illlil'lt! ()r""'r~ " 

7 . PERIODIC INSPECTIONS 
1'1... Pll'I' <Ii, III p •.•. illll' r"'1tlll'l'cI rll. all 

I :-,xF all"l'atl an' prl'1h).!'ht. dalb. 2!)'~"'tll' 
In Ill' II' I , ;,0 hUIII lm:ljllrl. 111I1·hulir (maJllr). 
~tII. h,nll ,,1111 -Ill 1'1",'0 tlll"JI.,-) .0\ n~" ,\',. 

I III lit II -1"'" '''II I" 1'1".1,. Ita ... ".·.·n l''' a),11 "h ... I 
"~lid \\.1 VI ,,"" • .JI~ \ • ., 1101 .plt·d a 1 h., Ill'" .~ Ir 
I' .If hI"" " 1"11 .'Ild "I.lln "nam,' H"lllIln'­
" • lit-- I,', hllll •• 1 Ord"r an' i",u.·ti. Th .. allo\\' 
\ • I' lit 0'1'" UIII \ III I,,' Ihsn-\!arul'd lind 

, I ,,,.11. n , IIIMI- III tl •• · Ih'\\ T''l'hlllllli 

\ II I .. fulln "." 
•• qu.lht \ lit' 111_1",\'111111 ami 

"-'ftl 1 Hh"t! I' .ifit\llu.l.h'. U 

1I1l ,,,:11 t' • Ilia lin 01 th­
l' IIti "t. I 

8 . TYPES OF AIRCRAFT 
MAINTfNANCE 

I •• h!t·r m .. lh .. .t 
"r .. <lIIl'1 .1/1 hn. m"'II,,d. 
c .. n ,,11.1.11, Ii III pilI IItn 101'1 h ... 1. 

1)I.lllu.·,IIII'l'tt 11110 nil t h ... 1 

Q. CREW CHIEF METHOD 

Dfsr C . 0 

10. PRODUCTION LINE MnHOD 

1 I CONSOLtDA TED INSPECTION 
METHOD 

RESTRICTED 

a \"'rman"I,lh .1 

'111'1'nlft m.·, hauh 

1111 p.It' .... nllIW 

1 '2 . SprCIALtZED INSPECTION 
MrTHOD 

[STille £0 
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SECTION V-UNSATISFACTORY REPORTS AND 
INSPECTIONS 

ott" \1t'"lHtllll 'tr IJIP<i1ht';,tioll 

I In. 1\ ma\ 11111 1.1' nll"i., '" "II III .... n IIh­
I ,.' willi III all hl/rl1.,~1 U"Millil;! 1'"1 \\ .. r~ 

Irlol'''' I :',\FTp,-hll lr,I!()llkr . 

~fSTRICTfD 

I I", .. f 
II .. 01 hy 

l.tI'·n,-1. .'''lkmilO-

"r "!,pl\' 

RESTRICTED 

'In:ll pnlllrJal, ,· .. molt 111 tu t111 ~ ,.tf,l I mil t h, 
inl'luol." ill lit. In 1I11,t'.1l tnn H, po .. t 

2 . INSPECTIONS 

1111 hi.· .,,,,i "I • 

l . FORMAL INSPECTIONS 

4 , INFORMAL INSPECTIONS 

REST leTED 
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CHAPTER 4 - ARMAMENT SUPPLY 

SECTION I-INTRODUCTION 
ARMAMENT SUPPL Y- GENERAL 
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SECTION II 
1. AIR FORCE TECHNICAL SUPPLY 

SYSTEM 

RESTIIICTED 

THIS PAGE IS UNCLASSIFIE~ 

, .111111", .111" 'raft main. 
• ud \I .", [I I 1\." 1,\ 
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DE'AUMUT DF THE AIR FDRCE 
HUDQUARTEIIS. UNITED STATES AIR fORCE 

WASHINGTON 

f C)II iii cat R I A: 

0 0 

CHNICAL SUPPLY CLASSIFICATION OF UNITED suns AIR FORCES EQUIPMENT 
AND surrms 

It I ,lfh' .lIht ("'", ''''(.fHl'ila inn ". 'l t 11)11 ThiS 
• It II 1:0 ... tUII • .1 Ill.' Fh ld ;-.,.ni. :.·t 

1.f1 

\11 ( 01"1" \\.1- I _ta llh 11< d In II llllt.'·. ! !I:.'ti . 
I t }'\ hi .. I r It. t • \'( ttl It lUll all ' 00," I) It ... 

11111 

1 . USAF PROPERTY CLASSES 

II S RICT£D 

H'" II 

PH' II' CO t 

I a' I r I ' II' t 

l'tlott 

\1 ~1I111t Ii 11 I 

ESTRICTED 
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3 . THE AIR FORCE STOCK 
NUMBERING SYSTEM 

THI S PAGE IS UNCLASSI FU ... • 

. .. \ ~ 

. ", .... -
H5TRiCTED 

Fpl l'cu"h • par,llt· Jllt 't"" (If \lr F', IH:l· l'tlUip-

,no J' tit n' \\ II h.· .1 . I .... " 1\ 1011 ... 1 ,'.- l).tnll!. 

-\ "1'''1' •• \,' -I""" nllml ... r \\ 1111 ... a~-il!neit fill 
,'adl I ,01 III " ... 10-1'\11 •• \ till' 1'~AF a.ti\iti ..... 
I all .... OI1lI'It,h I~J-II 1\ • 1Iunll'n,'al II \I'nt ItI,'a ­

t .,,11 "f t:-:A F "'luil'lIl1'nt all,1 ,up,,111'~ , 

In •• 11 ,a_" a .. t .... " lIuml ... r I'tlll,j. h of two 
"\'-lIll III ~ I'h. tir~ is a Inllr·dij!'11 I 1il-"jfl('I\' 

.Oll ,,,d. IIIlItllo"r that ._ ... ·f. rr<'lt to:l.' ,'itlwl' 
Ih,' ,'1 .• ,- ,'0(1., numh.·!, Ilr th.· da~ .. iliclltjon 
... d, 1111011" I Th, ,,'nnd I'\. nlt'llt I~ ('allt'll the 
,.) al 11111111... It \.11. on I, t III :t IIUOIlwr nf 

II. t Ill..... han 1111""1\ l~J_lIj"JI" 

E .1'1.11 lit a rnnl}lltl, ' ~Io(" uurnl •• 1r' 

;; 11:!·:!6fij'l l 

fh' lIf:--. t"f11t'1.:;II..!,'" ht,\' la':o-.lth.tltlnn 

, ... It. 1111011 .' I h,' "''''"nd "k'III·IIt. :WGi!l l. i 
til. ,·rr .• 1 un.l .. , Th, tir"( '''I ,It -it .. "f hi 
• I .• 'Iti. a'I"" • OIl. !1IHl I .. r a" lI;rll~' f .. rm tl.e 

.,"'I!. (I ..... IItlt I f 1''* I'" •• , IH tttJ 

Four-digit Classification Code 
Number 

Rl 5T~1 lED 

Serial Number Partion 
of the Stacie Number 

I 

RESTRICTED 

Rl51 'Cl(o 

.t .• 171 I \1It.,.ll"II'I\\" 

('I .... I.; 1t.'O\ . J h. " ••• a!, III. I • r I 01'1 ... " 

\\ 1111., tho I. 111111 Ill'" d. , " lOll .. r. h, 111.11.
" I .11. '". ",ml .. r ... r th, 

, 1111 .. , • 
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Part Number Filing System 

I) 'f rl\ neil. ,t'HI tn 't' () 
I" 111,,1 .llId .0Illl" .. lI,·d I,,' ,I par 

\\ ill .,Him', 

~ fl ,lntt ,L.lul.: ,'S In t h, ..... - {1.l ... t!"ii Il. 

"1'.11"1 I rlml ... r lilillV' ,~ ... I III 

''''~l''t.. <i 1,,·1.1\\. 

I'rrn,,'pl,' 1·.ll"l r I 1111,..,' an allV"m"nl ~hall 
• ~ Il • II 1<. 11'111'" I. II hall,l p .. i i,'11 :\1111 

1.<'1 !t'r, .\ t hrouc h I 
'\unwml. fI Ihrnuf.!h !I 
' .. I,. I .-tt,·r "(r' nlll u ... et\ 

"'IIi" t' • IIlanl. ( IIlumnl 

Ihal!lIn,tI I I.,nl I ,(. 11'n.11 l "'I" un. 
!.,'r .. IInh. \ . ,·tI.1 I I •• " 1h J I 

1'.01111 (1·,·r."II) C (lcn .• 1 I "rJ" IImht·r .. 

lin". I ... 1'1 ( II ' Iti I , 

II .• -h I 

11'11 ...... \ th'\I"~t. I • "nllll.nc "\1'1 

urn. r.d .. " I hrllllch " 

II ... pit: I 11111111','1 liltnv ,y ... tt'm. TIlt' n~·\(t pnrt 
,,( this ,·,'Iinn \llIlh-a[ \\ ilh thl (Juhlicatinn.' 
II al Ii I all th.· .... parah·'" ms, Thl· .• ·\lu\,II.·u-
11"11 an" . .1[,." I .' \ F Suppl~ (alahlg'" Th, 
\\, •• , rUI"IIl"l"h ,·,,[\0-.1 s .,..k I.ht. 

\ \1 '11\1\'h •.•• :II .. V' 1.lllolil·atlnll' an' I'l'adl" 
101, ","i,'.! 11\ Ih, ,,\'1111>,,1 ...... t'mplc.\,·t! as it 

1""(1 In til' :t .... I~III·d l'uhli,atwl1 numL,'r 
Th.· ""Wilt'.! I'lIhlit'a iOIl l1um!.,·r j" Ih,' prop 
, I 1\ ,·I.t. - ',111(,,,1 Th,I',' is pultli,h,·t\ an 111-

.Ii, idllal Jlllhht'a 1"11 tnr .',II'h A F Jll'op .. rty 
,'Ia ~ .wd suI" lass For.' aml'l,' The das. 
'\ nIh, I '"" lUlnlhul)!, t'4uil,nlt-'nt. al'l"\ ,...:.urit"" 

.1I,t! r..!:tI.·" .ads '" l1A. TIll' ~ul'''h ~alal"~ 
!'uhLr,.t "'11 1 h.,t Itt a\l t h,' ,h'm" ill t hi.- 1'1'111' 
'1" \', [,,~, ,,",,141 I .. , id,·.l\lliI'd ilS ",'-11 A ." 

A 1'- _"1'1'1\ , 11.i1,.~' I lint alii part number'. 
... "ncl,nhlt·d J1unh'lh lat urt'. n·).(ulatt.·t.t )ll"lI 

IlIf, 1"111:011"" -talll" alii I "I"'mlallllrt .. "I.". 
IIl1t'lIl I .. \II. "'"1 ,II ~,allll ,.1 .. ..1, lIumb"r 

.. t \ F 1'1 "I" "' In .. lf~·I.. \lr in pr ..... '.. ..f pro 
\un nt, n •. 1wllt,f.,rnl.ltJII1I un It. 01..; ttll \\hil'h 
1"1"" • .1 .'.-(1"11 Ira I ..... n .1,,"" I.·.\. 

\} plh.1 1f'IL}..' Ollt-J.d sllp"b .iltitlll "I'tilthll 

"II tllh.· "hr .. '" .11,,1 :tlllhll,.th·" rur I, ':.1 
f1l.1UlIl (I t1tH 01 If"-"IIH.n·ha " .UUI.lh:h u lu') 

(, r 

Ih,' ,til, I • .! 11.-1' 

t nl tor ht , ... n14' purplI"',' .. t~ 
"'I,t (h.. .uld'·II,I .. an i~~II,·,1 

.. t I h,' (,"'11' IIIIhllt'1I1 III' 

4 6 RlSll1lCnO 

RESTRICTED 

I 'II 'riP" Indu.-i"n of an add 'ndulll in '1 

I Ie (WII Is 1'" tl, ... ·Il1 on the "A" 1111", 10 I 

nn r Inlll.lr to that ,'mp),,)',·.! (or f' \ Ish"l 

Supply Catalog (Stock list ) 
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I F 'I' dl'llllllh , .. (If ·1:n'ltI.I!t,f" .. ,' .\\. :'II, 
I,·rltl.\;. ,n" ... P,,',·,' "I I;. ~111 

l::'p,·romt'nt.1! 
", :--.. nlt~ 1 .... 1 
I I' I IItI;tll1 l'rll':lIf 'nlt'nl 

" 1 inri Ird 
..... 1 ... '11 ... ,· .... I.lntfolld 

I "' - I Im",',1 t.IIlII.Hel 
t I . .I \, 

n, (, 

\ - '''n,·,II ·nrl .... \t· 
/{ Itt'< '" .', :lltl,· 

I( 

\t 

1'1 'I 

\ \ 
• \ t It, . 

1,1\-:11.11 .. tl .. 

" \ l! ,,-,.1 -! 1 l 

I l.lIIVt '11 

HE I-' \ . I .. " ,jll, I", slldl ,I • ( It •• llp 

" e 'I'· .1101 .• 11' '"".", I 

Tfl·.llr.UJ~'llnttlt ... t'II.Ulh,l.dlu\t I I"r 
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Classificat ion 
,.·.II,II •• lllrd.·, U" '~~ •. \ , 1111 .. .1 "( la~HliGI­

II' II .. I I 11110'<1 :<1"1,',,.. ,\Ir Forn'" E'IUilllllt'uL 
allli , upplll' " IS I Ill' pultllralilln to u. ", An ­
ull,. r l'ul>la,lt"II' l hat I all Ill' u. ,'d is thl' 
"I ',\ F ,'UIIIII'II al Part ~ o 111(,.· r ""It- fOl ' 

"1'1'1"'1' ~. I I •• "llilall""" \1 hl< h 1\ till .. , o. ,><\ to 

tilt Ihlat" .1t-l,·rl11l1l.lllllll as ., th., proper 
,','A'" 'lIl ph .aLtlol! III 1I111,h part Illlmh.-rl·t\ 
JlIIII~ :111' Jlu .. lbl,,·" 

, .... 

.. ... .,.... ~ .•.•. .. ,I,., " ... , ........ . 
. .... , ••• II " • 

• 0 •••• , . , 

.0 •..•••••. ,. ',. 
••••• 0"_., 

••• • •• , . "'0 .... . ..... . 
Procuring ... , ... 

n, lit' f f,p I. \., oltl.lIl1 Ih,' "'1I"1l1~ • ata'" 
I,,).!' \I;tt Ih., 110 III " li~"'d In nl\' 1'1It.llt'ulillll 
\ III 1.\ lI'm' ... ·n·d II if hall ",'" I ... f"r.· Ih., II.,,,, 

-\ nol" I F"I'" anol'l. A ""mb-Ilthl I" slllrt·d 
"' 1I.·I'SAf 1'1'''1',11 dOl" "B'.mhilll! F'luip 
n C'n • l\n I ~ .... orh'''' ,ll1d Hdatt·(f Pall ... ·' Tht· 
.1,. s \ 11'1 •• 1 fol' 11,,- 1'1'''1'1'1'1 \ • la- I~ II ,\ 
f'I. ~1I 1 1'1\ ,utal" ... pub", all.HI fill' 1111, I'rt 11-

"II li, 1I11111 ... ·r\'l! ~ 11 ,-\ 

Location 

\\ III I.· 
Ilunlt-'ri­
.lIT"nl 

6 USAF SUPPLY CATALOG SECTIONS 
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F'our.4 4 PorI Numb ,i Clou .,( 

SECTION III - DEPARTMENT OF THE ARMY SUPPL Y 
DfPART MEN T OF THE ARM Y 
SUPPLY CA TALOG 

R~srR enD 

I • ' 1, 

oJ(1I 

( '" 
.,; .... t. 

\11 . 11 
(PI 

II. 
Il 

1I,.hl.lIlI., 

I h"m" II 
r'II!'IH'('r 

\I.·d,,· ... 

-I -

l/u.1I ••. , m.,'h" 

"'1I!n,,1 
I 1.1 "'1)111 l.,Ii",. 
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E,,, h" 1"1"" I j" It,d 10 "0''''' til.· mat.,n.d 
n(lrm.d" I •• ndl. d II) • a, h • Ia 1111 ,.1 ,'r'lIl 

~t>dion I' Inlrndu('liun and Ind£'\ , Thi, I 

~ ellut, to .t~l !"t"( 'I-'ll ot tIlt' \.l aloJ! :.;.\" .... tpm 
• 1 , f·r I).!JlYat If.).! :--, r\"j, 1~. \\ lth ,'. planatJun 

,'t'('lion 9: 1.i .. 1 of all I'art .. or I.i .. t of all 

I' -'" ,mol 1101 r"r ... ·.IUI'III"nll\~ Jlurll/l~":, 

:('c:lilln In : '-,'l'lillll 11l.,ml ,t1I .. thl·r ".·clinn ... 
.. , 1111 t' 11·,,·01 .. th., 1·.'hlli<~t1 ,'t'r\ i.'l· d.· .. ire", 

Th ... tI .. ". Illlml,,·r,·.! ",.,' illn,. \, ill hI' lilt·" 
1III,tI It, '1,,' It· I .. r .. ,m/."I III Ih.· lo-dllli"al 

, .. ruu· 1-" .. ,·,.Imph-' ~,'l'Il<ll1 I I" th.· illlr() 
d'l..t Illn :til" 1I1.1.·x, It ttll' l'am)lhlt·t i" )Ill!. 

h~I.-" I" Ia. tlrtlnalllt' Ikl'arlnlt'nt II \\illl~ 

print "of .. OI{II I If II ... I'aml'hlt-I I (tl h .. th. 
II I r",Iu. lull •• 1ll1 inti." .. f l'llt'ntl,',d \\'"rblr, 
,', " I, ", It \\ 1111 .. • n', ")[111/' ,I 11\ I h.·"( ' :\\ L 1 .. 

:IIH" II \\111 I ... imp .. ,.,,,,!.- t .. ,1I','h" flllh 

all I I.· "t n," Ihal t "ll1l'n~t' tilt' 1I,'parl Illt'nl OIl 

Ih,' ,\rnl' "'I'I~ 'H1.d,,)[, ,',' ,Ill "'pl,lIn h. 
111'<111 •• 11(," IMIlI!,hl"1 All tl... ,·n .. , \\ ill ,., 
-an d •• r III ",.tlln·, '"~ Ill~,t, ,-Ialldlll\" "", \\111 

" ioI t 11111'1,1111111111>' ,til til h"r" 

1 ORDNANCE PROPERTY 
CLASSIFICATION 

(,rUult 

4.ruu(1 It 

l.fOlUIl I 

R[ T~I T[ 

I,roup I) ; IIt,,,,,y lil·hl arlllh'ry 

I,rllup t-:: n.II"':!\' al'liII.'r) 

RESTRICTED 

r,lIlJ,:' 1111 I 
III' ('111111'1,1 a/lll oil "'n"tll,n "f lill 

C.rllup (, ' .-\/ nIHI',·'1. halt I r ••• J.. •• tII,! •• flUt 
rn ,tor 4. an laVt.t.,_ 

l.mUIl II : ~I,IIl"llrd hal'll 1 •• 1'1' 

C, r .. up J (1011111 till 1" .. 1, I I ... I."" ,11101 1, .. ,1 
Jl ~, ILa.nc'", 

,,/I.up 1\ ; .\I,tI"rinl "''1'"1',,1 III III .1. 
J.! tlltllt.) 'l\allollotunl'J,ttH( .,.t.iI 

111(1 "n.llllllllt"'1! 

(.rllup I.' 1.11 ", , ,Ind t..r~. I ft •• tI,,, 
·,1"111' '\\ : FI .. I. /. ,.I al',,;,r,. II II IIi 111.1 
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,al •• l .. ' ,.,"qlh "1. OUII Ii ~:-';I. 
("nlpClI'.'f\ .... 

Ilia .Ir. \I, ,I (.~ tl,' 

OR!) t:;-{'ru,., Rdt>ren.:t> Li!'I", These 
".I01 I.h (,.l" prll\ In, a ern. s rcf.·n·nce of ord­
I!.IIII' .tlltl malluf;1I tUrI'r . part i\(u\ dra\\lng 
lun!..r "II,·" wnl.) 1.,.;knuOIbr,:, 

On!) lfl-.( aplur~ ForellCn :\Ialeriel. Thi.­
'I' 11"1 11,1.- I h.' I 0'01" tlf CilP un'<l \.'nt'my ma­
,n •. 1 \\ hwh nta" I .. • II" <I for Irainini! ur f r 

.1 .. 11" Hili, 

III IInll I IlItr"dlldi .. n :11111 Iml.·" all pam­
phld- lha I,a\l' h," n ehstribUlt'el an! ~I,;led 
IH.lh alphatlt'ti,' ami nunwri ... 1 Any llUhh"hc.1 
paml hl"l ,'an lot' I(.untllf Ih,' l.r"",,·"·lre I ... I~\\ 
I" r .. llo" .. <1 F"I' Ill .. 1IIln-. In d,'I"rnllll<' \\ hlch 
l'ulolll •• lI11n 1i>1' I", "'I'a ... • par s :111.1 '~lu,I" 
nwnl lor h,- 1'1"\"1. automatic, "a l .\:).)11 !111 
lu .... t .. qlliHh- t In. 

OhWtn : (l1{\I \11,,".llId.,," ,lilt! \nd.·" . 

\.'I{·a tt' : )..I<:tl I., n"nwlldalu ... · ,.1' Ih. 
Ill, •• rill. 1\ \\ hi.-h a l'a01l'hl"1 I" d. ·,in·d ill I h, 
:t!ph"i .• 11,.1 II, .Hlel ,,!'t.,in th., }lallll'hl.'1 
1.°:-';1.) II lIIll.,· ... 

ESHIIC EO 

RESTRICTED 

SECTION IV-SUPPLY PUBLICATION CHANNELS 
AND AUTHORIZATION 

SUPPL Y PUBLICA'IONS 

Th. l'II,Iit-lilian. di"cus"l'd up tel thi~ P"tn! 
, th, "mellli Ill'pillolml'nt fit hI' ·\nll,. aud 
, \I"I',.rtmPllluf tIlt' Air Fore,· Jlll!.h •• 1 ... 11 
I' JIll,· llsl'd (jllly for il"1Il ich'ntillt'al'tln 

I , • '"lipl\" (atlllnll'~ do not ,~ "Iaill ,)r, , 10 
·h tho' sy~h'm Ihl'd for stlxk "lilt ... ,I , 11"1" I, 

t \ " rhlln th,' ~tanclardllt'tf I" II( ,'dill I' tOI 

, 1l"ljui.'itH'n. I'ur .. ha,,', .... " .• 1'1. ~ .'.a~, 
hlpnu·n t , alit! 111"'''lIl1tlO).' IlIr ""pplie 

" -\ir F,of"l" haH I'uhh h.-I .\F \1"1111,. 
-; I, "l':AF Sltpl'h' )fall llal" nhil-h ". ah 

'2 DISTRIBUTION 

:--,'1\,' th., {"I.mhal f"r,,'" '\'1'1 .. 1'''''1111' 
,tI.,II\, \\11111 Ih.\ ,II" I, ... eI to '''llIl>al 
It\t\l • tilt 01.1._ 1\ fllllo,tll.\ Inilc\t';;uh­

q1l;111 qUail lUi 11 ·~ttt·tl III llu",' t'." •• "11lUI \ to 

RESTRICTED 15 
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Tabl of Orgonil:atlon and 
EqUlpm nt 
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stn'''~1 i,. and um iUII. (If \ lill~h arr not ~uh­
jl'I't ,f'-"'1I1"1I1 dl.tII ..... •• 

A h., tm,' I ''IUltd .. "n i~ Ih'li\att'll, (h. 
a,li\l\ 1111 ItI., .. s 'l'<I'lf, Ih,- T 0 ,~. IInd,-r 
\\ Ilch till' "Iu.lliron ,>< I" I,. r .... llntl.rd allli 
l'IIIIII't'.1. TIll- T 0&1-; tlwlI IIt:I" m.'· th .. au 
tilt I Il~ flll ,,.,. .. ttl tl.1 '11.1 Irun of .. 11 th, 
It.'n:- of "llulpnwlII It Ii.-I", TIll' l'luipml'n 
li.lcd in h., laltl .. i .. all t' ~"ntial ,'quipnwnt 
alit! i tllIt',' nnl IIIdud UI1\ itt'm, that mi!{ht 
II .. I'all,'d "Iuxun'" I .. m,., [)"~". Ii,ten lin' til'l,1 
l!t"k,.: d air, •• n' f .. ldin)! t:hair~, WIII!t, til" 
"'llwdrllll I' in l!arri,'Oln, tho' ""mm.wllt'r will 
prnbably .Ira\\' frum hal'" ,ul'"I~, lin I1W III I 

Tandurn rl'l dl' , ar ii'll" .urh a" d" .'k.', ,'hllir , 
m.,,, o'lhlpn • nt .• ' ,', Thl" "'IUIIIII1 .. n( whldl 
tht. ~Illadr{." ha~ IM.rn.wHI from the h.I.'1 I 
"now n a:< p"'1. I anlp, allti ,.(atilln prol",rt \ 
'int", 11 I'; allihurtzt'li fr" hi' I'll I' loy a T.lhlt 
III' All ,\, an,',' . H. flirt, I h"-,tll:,,lrllll mil' ". , i 
mu I lurll III all I 1- I",'t . ,.lIl1l', a,,,1 latiul 

I nil"'), ~ 

rhe 1'1,1, f of. 1.,tT. I'mlt ,I: .,It Ail Fun • 
• rathln ot 

PfSTRICTED 

SECTION V- DEPOTS 
USAF DEPOTS 
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"'r,,' lind ('I', 111.11":1 I 1111.· 111- (,I' I h" '.11'1 

"l ., hnle.tI t r\ hoc 

1 t ,II, I • I. I dll't .ltH !I". 
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" lit ).!'('nt·I',d (hrl'CtIH' from thl' ,Joint Chit'f" 
.. I' . 'tatf " t,t' t', :, All' F.'r,' '. Tht' ~1'''''lIld IS 
I.t' I' IIi,' dll,,' 1\" Ironl th. Chit'! .,f ,'talf, 
(': AII'Fore ,Th., hll'dl-th .. t1in'di\· .. fr"nI 
'h., . "(I', tar.'" () AIr" 'I"" I,dl~ rl'!:lti\<' ttl 
mat • - .. e rm\( 111'1 nI,'nt .1I1t1 1lI,IU-lrl.t1 ,,1.1II. 
11II1).!' 

Th.· /I,-PlIt \ ( luI'! ,,( ~tatf. )lat,·ri,·1. 0111..;1 

tran .... lat.· th~·,'-) dlft, .. , i\'t'~ intu loJ.!i~tic ... rt:­

.jllr. m.n "a .1 uutirn.' "thl' "I.'ratin~ 3j.!'t'll. 
• H'- \\ hit h.,ir ""1'1.. mu-t Itl, Th., prinl'ipal 
"1"'r.llln).!' iI).!'I'n," f •• r h .. A II' Fnrn! ill the ti t'll! 
r,f I ).!'I" It'" I- ! I (' Air 'Ialeriel Command, Th .. 

TIll' tYlw" of A F lit'J"lts fou nd in a theater 
(If "I rati"n,.; art" 

Ras .. air (it-po :, 
,\ir d,'p<lt.', 
lilt ransit 1I .. "ot", 

In I IllS dl'pot "y II nI, t"I'hnital : r\ in' 
Itlliltioll_ an' handl.'<1 in Iht' allpropriatl' 't'O;­

(lUllS of ht, al~I\'I' Ii 1t,<I A F dt'Il"(!', 

The Ba."4' Air J)t>pol. \\' It h ill th., t heatt' r, 
tbt, ba.· .. a ll'lI.'pot i< a l;.r~t'lix l·rllIl"tal!:l tion 
ntlrmall~ located 111 the \ icini l y elf a P()rt , It 
j" d "h!'llt'd "rrmanl~ t .. handlt' bulk quantt-
i.'~ Ilf "uPI,li," and Spl'I'laliz('" ac:th itie~ not 

n'luil' ... 1 f"r I lit' imm,'dia l l', du:.' "upport li t' 
.'umb:.t .'Il'ml'nts, W llhlll Ihl' \ ' I"om t y of th t' 

t."Sl' aIr d,'I''' nla~' I,.. 1 ... :.",,11 fa('ilitil':"; fur 
:ur,'rall a-",'mll,,·, "O).!'IIIl' o\,'rhaul, mrl'raft 
1111,,1111 :,tlllll. I'\t', TIll' " a.l,1I1j"I1<11 adi,'iti,'" 
,\Ill \11 \ ,I .'11 t. ... 1'0111 of llll' ha:.' air devol. 
T}n 1,!I"',' Hlr 41 .... l'ot r. ,"1\ p ....... tfl" t ~.·. i:tnd i::-'Ul' ." 

:.11 AI-' I.·.hllh al -lIl'pli.,,,, It IIld\ld,·~ fariliti : 
I I I t .ll'" I IllaU.tutHill' 111 .... ,.1'\ IH,.thlc ,'ufl­

ll'III",III .. ftllt 'quIlII.1l11 U. ,,1I.1Ia 

I'. ''1111'!'' I! "III, upp!r. - \ IIi. II I h,wdl." 

I h~ \ ir J)t'pu\. \\ II hill ft.· 11,,'at.'r, I hl' air 
d I' Inllffl~ r,I'I"1I and [a('il,. 

RE RIcrfO 
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stalJ li~lll'd \\ ilhin th.· thl" 

ft._., air II. pu\. it 1'1 , 111>1 nll.\" 11".1. tl It I 

nlln\ ,f Ih,' th"all'r ail Ollil. 1'1.,1 ,,,11111 lid 

T lI'\ ,f rH', !'ul 1\11 11.11 1(' Hlla",1 I h. ill •• 

\JOI uf I h., I h.'a ,·r 

,I gut'\ II It I J 01 t r i't' IIh' 1 

• t I" ~.I 'Ii/l,nlt'll IIpl'lh dll' 

0.,1 ntll'lllall'~. IlIt'llI Ir"llI II" kl ... til 
.I\-pnl. 

Th,' I.a '" '11 ""P" II III h ,,"l! "Ill ',r 
Forll' I. I III It al u""II, 

2. ARMY DE~OTS 

RESTRICTED 9 
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11"11~ l"n' and jlt'n rally in tht- I'rll:>'­

prlrts "I' dt'I>arkatioll, Int~rmt'dlatt' 
1\ tht /I,InW imJllie~. ,rt' tho',- Arn1\' 

... t Ich h., in [11l' ,lr".1 I. h\l"'n ht' h .• ". 

F.II., .. tiq' ,I .• "to rl' 11<'.b.lol. f"r "t,,,I"lIi ... llIl!~ 
111'pli.·' iiI" II •• 'I Ill' 1 I r, 11I .... It .1, Pllt • 

d,lS IIi.d ill ,H"'I'nl.llln \\llh lh.'.r 
a .... , ~'I • till'T. k. \ • .tI101 

SECTION VI - CUSSES- SALVAGE AND 
DI SCIPLINE OF SUPPLY 

CLASSES OF SUPPLY 

RESTRICHD 

I h h t 
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.1 .' I 
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nlil"hin"'lI'un an,l ,'anrHlIl Itmmllnitillll. 

Th.· aINI\<' I,hw ,I:., "s ill t h,· .• tl'r flf "" ... ra· 
tioll' 01,1\ 1,.1\',· d'l'0t~ th.,t llalldl" nllh' that 
I "'wldil .'. F" 1,1 (>1 d"I'" \\ 1I11l1.lk.· rl'll·n·II ... • 

\11\'1'1 

2 . SALVAGE AND RECLAMATION 

.-aha"t' " I r"""rt\' that i .. In ~uch \\orn. 
danH:)..".·'!. dd"rlllra • d. or Illlom"I., ,. ,·ondi· 
ItllI. lOr I, •• 1 ~udl a "I""'",liz.'d lIaturt' that it 

• "., \ h· .. ~,hll' 

, " .... t·J \.t ,".lhh· ,10,1 r' palr,tt-h· 
I 11 .... ·n" .... III ... ,",11 .. \lInd ,,,p.llr 

are r!,,'un'n'd or '" a,·ulIt .. tI h,' other unit~. 
.-\ ft .. r "lIh'a)!,,, "a~ h ·,'n " .. 11." It'd and in"J)ech'o. 
Imm!'diat" ·t.·, ~. I .... ".1 up. n h .. "IIPp\.'· "tatus 
allli ,·ol1,lit,ttn .. f "11\ h it'·m. nlll,t 10(' Ink .. n tn' 

H.'"I" ... · .. t)nolll.nlll~ . 1'1' pal ralth' i ,'nI' t .. 
. !'rvin·alol.· fnll lit illn \ ithin th.' . "'11''' lind 
,al',h'ih of t h ' IIni. 

E\iu·uat,· ",'n in·"blt· itt'lIls t" III\' prllper 
"'Uf pl~ e laLh ... hml'nt. 

E"a, uatl' un .... n it ,·a\'!.· I"'()n"mi"a"~ · re· 
pairahl,' ,t"llIs til th .. prtljJI'r llIaint~nann) ur 
)!,allizatilln fnr fI'p;lIr and rt'lurl1 tn "t,~k. 

r.';\l'ual.· irrl'l'air'lltlt· lout n,,·laimal.l(' .t,'m" 
OJ hl' I'r",,"1' malntt·.lan.·.· tll')!,anizat inn I, ... 

n·"'amatwll. 

E'H' U.I ,. IIn'·.· .. n.Hlli. alh ""(I:lIralll,' ih'm ... 
• md ""'rap to ell. iJ.':nal\,.1 <I"Pltts IIr "th,·.' ",,1 
1,·,·tl'lII "otnt . 

Ht'damlltiun i, II ... IlInn" III ... ·'tllrinJ.': tt) 
'I. ,·(,.In,·" t '1IIt1, nllll'd. tll",·., ... I," .• ,h'"hllllll'd. 
Ilr ftct.ftl:-tJ,!td n, .. tttirifil. Ot· p,lrt~ ur \Octtnp«ml'nt'O 
11 ........ t'. 10\ rt 1"'11'. noful,ri,·at. 'II ... r n'nn"" 
II 'II •• t,ltl rl"lIrlllllJ.': "" It lIt 111- It -11"1'1\ dian 
",1< • 

3. SUPPLY DISCIPLINE 

- .. "' -uPIIIII-- ,nd t"luipm, nl f,'r I h .. ir in 
l .. n,l .. rt purp" (' .. IInh. 

I',"p,',. L., . pr( ... t'.\:tlifln. ,Ind t.mt'l~ "t' 
pa.r. 

RESTPICTED 
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t IIn ... t'naliun h~ usingonh th .. amounl nt>i.·· 
,In til a('('nmpli .. h th .. de .. in'd r('..;ult, 

·.I rt'!:'uarding against los ... 

)""'t'nlilln lOr mt'r ... uppl~ lind hnartlin~. 

Use of Supplies and Equipment 
fo,. Their Intended Purposes Only 

p,.ope,. Care, Preservation, and 
Timely Repair 

Conservation 

I/ld - lI'I.It., 
1'1'111 1'1, ,.t 

t·t:tlIH'n.~ lall~ fir tI ... jll~ filth 1h, tlW4.t Ilt'tt 

-an to till till ) .. 11 ,·II'Li,·"th, 

Prevention of Oversupply ond 
Hoarding 
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II .. ).. '., tI"l u' Ih'm~ 11011 r I!~I 'h'(. ,In" 

'hl' llll'lir lIin)!' ,,1 I, lIuli\)(iu.tI ,r I t lItli 

al',,11I II IJllh I, 
II lid IIppli. It 

dafllaJ!fI. UntH't ,·:-; ... ar' 10 ~ •. -. or "run:"l" (,n tht' 
'''pph nlln ", lite ~upph av.-nci ... , mu I pur­
,I , • ;u"htltl rllllil. III .. I h., I.I~t minul." I I 

'11 

\\ 1 ... 11 '111'1 I .. S ,II' 1.11 !-,I1V. ~lIm. "'It mu I 

Pf5 /I ( fD 
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CHAPTER 5-BASIC ELECTRICITY 

SECTION I- DIRECT CURRENT AND THE NATURE OF 
ELECTRICITY 
1. INTRODUCTION 
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1·lt·drt, it:. "., h (hlllg.' • ." Jly air 'raft, aim 
Kun .. :\IId IIrrd,... ~j\(, at:t'ura[(' ranKe data. 
(·ompuI,· t.aliistl".<. and tin' Klln~ It .~ !'s. "n­
t.al. th.·rd"r.·. that th.· :trmam 'nt tt'chnki,lIl 
IIl1d,·! ,..tllllli th.· lmlll.rtallt • IIl1n'ph "'lIlt.lin •. " 
.n hi C (IIII' t· "f "I., ·tl'l,·ily and •. I .. ctron,,'s 

2. CONSTITUTION OF MATTER 

.\Iatt, 1'" ;"1,1" uh ·1.tnl'l' hi1\illl{ \\!'Ijlht and 
roU' II 1 " Ill).!' "1';"',' TIll' air a 11('1''',1/1 hn'atht '. 
the \\, •• t, I' I •• , drll1k". th,' hus .n \\II/dl ht' rid, •. , 
hi.' 0\1 n /'0.1", .tll ''\In,tltul .. matt"r, Ali mat 
!t'r ,,.. n,.ult 11,. "I' "lit' III' mon' of nil1t't\ _1\\ u 
f ,,,dam'lllal ''''" litm'nl,;. uch a' ' 

/--~ , . 
,/ : 

" @ : , -' 
I " 

" /". -.-- '-.!J 
E> PIIOTON e ElECTION (fI)NEUTIION 

"gu,~ 5- 1 Hydrogen Atom, Helium Atom. 

II t ht~ at(,nl i~ ('Onsl''1Ut utl~ lt~n I, Th prt'oSt'flC t1 

"t th.· lH'IIlI'''I1~ In th .. null,'us nwn'''' add~ to 
1 h., m.I"" "I' I Ill' nud"lh it-.,It, "\ttlll1~ IIf "tht'r 
d,·m .. nts ar .. mort· "001,,1. '\ Ihan h,' tllU "im­
pl.· '''iampl.. tlll\\ n h,·r,· 11011\1'\('1'. th "111\ 

diff, r,·m,· am 'IIK 1111' at. m,.. .. 1' thl'. <'I ,'ral ,.1, •• 
01"/11-- It.,.. in h .. l1uml..,r and arranV"ml'lit ot 
h., lWO ('h, .-1,·,· ""11 and 11"lItl'on" •• f \\ hi"h 

I'a, I " U1l1 (II ilh I III "X"'pllf1J1 ,,' Ih,- impl, 
III tll'O"" II •• I"ml I~ (' .. m,,,,,... ,I ,\11 alllnh 011,. 

,',,\ tnt -II flP 1 n,J .Itln' (f, IHHlihi r i'( pel. ItJ\t. 

,h.II)!' ,,11\,1\ '·qlablil. """11,,1111 nq.:al.\" 
tl .. u·,.:t. .... 'UH\ .. 111 Ill.d t I' h' l'nlpfJ!"l'd ul" al, tlJo.. 

.1111 :"1.1"11 

3. CONDUCTORS AND INSULATORS 
I, 

l.t't .. ul tl lUt 

• " II" "11)."h 

RESTRICTED 

II .1.,,1 til tI.t' two ..,nu~ of a l'(IPllI.-r wire. th .. 
I IlId'lI1 nJlltion Ill' the frc,-,'I.'t.trun i" dir ..... t'.tI 
1, • I'll t h., I""it il l' t 'rmil1l1ll.y tilt' aft nit tum 
f tl, Ik' itil,. n.llaK'·. Althllll/o!h lh, ,.} •. ,. 

th. r>1 d\l' do I1l1t 01<.\",' thrullKh tho 
'II' It a /ri).!h ~1' .. t'(I. Ih(' cli'lllrl~III('" tliat 
'II "sthll11tndriftaloll).!lhl'\,il'\'pT"!.!r,,,., 

Ilil ii, I' ... ·d!lf iI!.!ill. TII~ a"'I(l1l 111:1\ I .. 
<lmpa ... ·" I" knN·klll).! dill' n a ,'"Iunlll ,,1 I III 
J'th r ... : I ht' <o;uldi,"r!'. tin not Hln\.· \ t t \ t.lI 

I I Ih. in,tml Ilistllrhann (1'111 .. 1 d,l\\l tilt 

tt l • 1 

f,,·,- 1'10','1 1'''11" 10 tlnft 1','''111 al,"" I" Iltlllll 

t Ut POt n !11"t 

tro'" 'IHlI'nl II"". 

RESISTANCE 

6 , UECTRICAL PRESSURE 

I 11.,· .. h 1I1!"~ "I .-1.·. I ri, II, fI"'..! ,',II h til h.'" 

f.. I .... I 1111 1, tn llI .. t I .. n. I h, nlll' ,'n"'nl III 
"It' •• r'.n .... 

t un'" .. , ........ hi"" ntln, tlt\ tl,',llon tlH' 

,111,-" ,I,.,. nil" lit .ur!t'nl 

'n"'lIl .ttl ..... h,t\ t It \\ I {'to t'l" frun .... Ifltl tt'lltf 

• It 11/.1 Ih. tI"" "I. 1I1/t',l1. 

(UTI "' III 111,,,,,, .. 1 11"11 "I II .. " I' 1 h. 1.11 • 
III tI .. " .. ( .1"""11, 

tl, .......... ( •• n4 t' In tlhnl ..... t Unl1 .. I r~ ....... t.tn~ •. ) 1 .... 

Ih, .. "".",111'" "h •• h r .... :llh .. · .. th" n .. " "I 
..Itt I run ... 

EI.'II lUm,,(1\ , f .... t'( (10:"1) in \I,It .. i .. tht' 
" ... \I"C I .. , \t' "hit h I'au .... 1 lit' fl"" "f .. 1\'(,. _ 
IrltI" • 

RESTRICTED 
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SECTION II-ELECTROMOTIVE FORCE, CURRENT AND 
RESISTANCE 

1. GENERAL 

TI· 1' •. ", ,n-I il' I ·1\\.·.·11 h, d,'\.' rom"tl\' 
'f,r,<,', ll,rn',·. and 1"I' .... htHlllt· '\\ a: th .... ,·o\ 'n·d 
\.\ •• ( •• 1'111:\11 -"i, nIl t. I ;1'''r~1 . 'iOllln Ohm. at 
'ill 1"·)."llIllilllo! .. t Ill' nind"pnth ,'4.'01111"'. TI1l' 

0'5 

F u ~ '1 mp E ""w' C nu • 

3 . OHM' S LAW 

()hm'~ 1<1\\ yi\~s t h,' rt:lal ion-hIp "eh\'t'~n 

\ .. lta)."I', ,·urrpnl. :lnd n'-i .. tann' III a n t'lpctrs ­
,al"i r,'ult (lhm' la\\. ~lIl1Jllr t'x p re".I'.I j~ as 
f"lInw . For an~' eircult or part of a drcuit 
under con.;ideration, the I"urrenl in ampere< 
I .. t'flual to the (E"F ) in \ lilt-.. dhided hl the 
rt' .. i .. l a nce in (Ihm .... TIll' 1',,110\\ In)." 1·'1l1atlon .. x 
1'1" -,1'- Ihl ""I;,II"II-hi,,: 

I urrl'II1 
' ''nlt,t)!t-

It, ,,(.,11,,· 
11. I. I .• loll I"", I'r,'~ ,." III III ,worn'r UIIII, 

I: 

B tnntUlUl ,.'th f.lI"\IIlJ.!""nJ.ol at .. 
II •• , 

I· \ ".W' 
I (,,'r. II 
H 1'1*1 ..... 1". 

III , 1.1\\ In.,\ I I' \\ t If 

I-
It H 

Apphca,jon of Ohm's Law 

I-

Fe, PIC fD 
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F 9u1e 5 J • f' • R ) 

II" n·I.,II·'"-lip'· ' 1'11' .·.lI,,· ( lhlll 1.1\1 I 
I II 11"d III th. r·II"""I/:! pr .. Ioh-1lI 11111)' 

1. 1I " "'1 ·s a~ .tI . t·xcHupll'4 

I'r "It m 1 F 1101 Iw "urn III ,,111'11 I III .'1' 
I I \ It·,).".· I~ I:! ,01 llltl Itl> II' l~t.\Ih' I­

I nt' 

1::,,1 ~ 11':1\'111\ ,,,lln,,I"I) 
H .; ohnl 

H 

t.! 

I.,,, 

1 Ir t .11111' n" 

I .. 

" • II 111 
I 

ECTION III - CIRCUITS 
£NERAL 

.-\ I'plytn)! Ohm',' la\\ : 

E lit 
L '{ II I:! \1I1t~ 

4 , SUMMARY 

111.11',,1< 1/:1' Olln. la\\ 111:1 <ill 1111. If !""ur 
lIlt' ,alt ... - .,n' lill\'\\ n. t h,' I It"·,, ,',\11 h.· tI,-
1,1111111,·" t., 'b'l1g tl,,· r'·IOlIII., III ""l' "t lh,. 
t. r •• tl" III 

Current 

II .• ''', t .... 11. 'I'll. d E\lF 111\1,1,,111, 
t t " ..... ) t .. u". 'I HI It t \ t'4)'I.d \ ult til .. 

,.d,d'" III I 01 

I 

H 

Resistance 

n .. n·, t.lI11. "I.d I, IIlt.,~. 01" .. 1,,1 
1,111"""'\.01' .hlll-."·,,,1 \.It dl,ltlto! 

, .tu IH" nr. 

/. 

Voltage 

2 . RESISTANCE IN SERIES 

I. ,. 11 

In ,nlhtttd 

In 
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10 

f£ J 
Figule 5 4 Selles Crrcuit 

, a I 1;1/'1 ,,' ,I I' .'11" 'Ii' • hll III I h,' 1II"'l 1'11111-

11IUIIIIITIII "".h",II.UI ,h"\\nlnFi~\ln,;:;-, I , 

II' <'In'lIil • .11 lh" ,Uri'. lit "hit-h 1"<In', 
11,,\\ I hrllulI'h H land U2 ancl 

In;t ,erit' ... ,in'uil tht' (otal re .. i"lanct' i,. Ihe 
... um of I he indi\ idual re ... i,.tanC'e", 

In a 't·ri...,. dr('uit Ihe .... lmt' ('urrt'nl 110"" 
in (,iH'h PMt Clf tht'l'Ircuil. 

In a ""'rle" dn'ult tht' ... um of 'ht' \oltnges 
aero .. the indi\idual rt',btllr:-. ;, "Iual 10 tht' 
applit'd \ .. It,I/.:'t'. 

3, PARAllEL CIRCUITS 

In t/,., "'rI", l'iH'lil ,. "Ialll".! ill lilt 1Ir< 
(.'".hl1 r I ar;li!rotph. unf.\- fll1t~ plt h \\ a. pru 

nfl."! tltr""J.:'h \\ IIIi'll till' tun"'n! miJ.:'ht IIm\ , 

ThaI- I'. aI, II a '~[)t. Hr "i'-"uit \\ hit-h \\.11 pm­
dd,' m'm than o nt, palh thrnu):'h whil'h ,'ur­
fl'lIt m;" !I"" Th",,· ,'In'llIt,· an' kllu\\ n a" 
".11 and <'In'UI! "1'.,r"II,'I. ir,'llIt ." "IW .n 
\\ III('h on. to' .. millal (,I' .'a, h .. I 'nwn! i" .-lIn 
".'.'Il" I" .•• I 111 II n, II, 11111111 III IIIrm """ Il'l­
miJJ:.I "I tilt' '\ ,. '111. IIlld I h. "II1I'r I,·rmillal .. ! 
I .. h. h t'lt-rtlt-,., i '!fllth'et .. rt "H .... t·\~flntl {'unlnlun 

p.llnl ,,1"1'111 Ii.· "Ih •• ' "'ll11l1lal "I th,. y, 
1"01. 

01 

F'9'"'' 5 5 Voltog" "e/otlonship in Series 
C.,c~" 

, E. 

HSTI( CTEO 
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If 111 ;ultlillllnal pal h lhr.,ulI'h \\ hi"h ttll' 

rn'nt ma~' now I.' I'roVilh-ti ill a l'Il'< uit. th,' 
II currt nl III tl1l' t'ln lilt mll-I h,· th • nri!!· 

I I(liu I h.lt "f the atldI'd pat h , III Figur., 'i '. 
.nlt HI i' ('''nn,d,-.! 1" tl slllIn.· it Is 

\ I', h, t Ihm', la\\ (I E It I That ,'ur 
r lit I. tj' ;1 !! aml~'n" \\'Iwn H!! 1< atl.(,·,I. 

nlt· "lIlt.llo!" i .. <lppht:d tn it .1" \\,1' ;1I.ph.·oI 
It HI Th. "UI'I' nl t 11I'''UKli It:! mll,t 1'lllIal Ii 

..: :ll1m(l.rp~ TIll' ",tall'lIr"·I.t tlII\\illJ« 
II .' In uil 's 'h'\\:! :1 -. 11111" n'" \\ 1\1 II 
HI ••• t1t1It1, .hl' tll'al.un"lIt f .... m th. b •• t 
It. \ \\ JlI I I' lilt 1" a .• ,,1. a,,,,, ""1 :t ,Itllpo'r,' III 

maktl1l: I" \"t.II.II'· 
,1011"'1'1 FJ(,flI II " • 

r,a1. rnl " parall..t .'It 

.. 11,·1 ('1ft'U" i"'I'llual In Ihl' ,urn (If th"l'urrent 
II .... III/.: III th.· indl\ tduillltr:ln<·h ...... I'''' F'I'III"-
.) " 

II 12 II. 

F !lur~ ~ 6 POlo"el CifCU;t 

The Three laws of a Parallel Circuit 
Should Be Memarized 

In a parallel ('in'uit the .... Im!' \lIlt.t~t' i, .. 
a('ro... .. ~ach t'1t'mt'nl. 

Tht' InIal ,urrt'nl in a parallel drcui! i, 
('yual tilth ..... um IIf tht· t'lIrrenl .. III1" inl{ In the 
tn ,l it idual hrnn.'he-.. 

Th.· J,"nt rt',i"""n"t' of a parallt'l I'ir(,lIil "­
.. qllal In th .. ,tpplu·d \I.lla!!'\: di\ided It\ thl' 
t .. t II I urr.·II' 

flgurr 5 , POIOII .. / ""s;stOIi 'u nequol, 

4 . COMBINING PARALLEL 
RESIST ANCES 

t1l1 .. 1 II .... j I 

h. 

1,,11111 , 
1'1 ..... 1/1 1.llall.1 

.! .. 1111 ',1,.1 lui. I h. 
)U1111 I,' .... l •• n. t· t,f '-'1'1.11 n· ......... "" t • "110f'( It,d 
"' 11.11 all'" I, (tilld It,. "110' ..... 1 1.111'" 111\ "It',1 
h\ th,'nu"'It .. ', tllnlHlllei 

II 
I' 

H.I 

:!I 

J.! 
:! an'I" ft'S 

RfSTRlClED 5 7 
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Tht 'UI r III Ihfllu;!h n'~islur B "Ilule! ht' 

III E 
Hh 

:!I 

rh.· I. lal <,urn'II1 I !"t.rn tb. h.III.·r.\· i_ "',lIal 
10 1. ,um "f hI' urr'II In tho loran. h.· ... "I , 

It 6 . ~ 

(Ihm',lal' \lJII~"\'·It. .. olaln- i'lan,·,oi­
(,,1 .. 01 ,,~ I \I' tln'UII 

Itt E 
II 

:1 "hnt. 

()l.\ IIIU,"· h,' 1'111 .. 1111' "'1 lal n'-I~l"r" in 
! .•• rall .. ! (",,"I" 1111 I", 1\ ·.·.1 fur Ihl' "in Int a~ 
III 1I\(!t\ ItI' :01 rl·~I,.tllr .-\ alld Hart' n"t • 'IUili 

III \ allll' 

1'1 ><lUt 

• III' 

I~ 

I..! 

"III 11,. h. '~II1, .. H1 \lU f tmel \\hcn II"HI 
Iltd\ .. t.'Jf,·""tll\ld.~1 • I. ' .. ,d,'urn,,: 

AIIPb inj( thl' rull! I1r I 10 Band C: 

Ht Produd 6 
2 ohm. ,'um :{ I) 

(·(,ml'iIl., Ihi rt ~Illt (~"hlll.) \lilh Ih., n'­
n aillill)! n·,islnnlf' (..\) IIf:! .. 11m. 

Rr Prtldud 2 2 
I"hm 

:UOl 2:? oj 

Thl, n,·,ult ( 1 ohm) j~ till' total n,.j"tanl' flf 
thf' thn '.' rl'~i. IlIr • B. alld (' In parallel. ThIll 
0111.\ I", proH'ti 11.\· l,lkula mg th .. total l'ur­
rt·nt.'. and from thiS. Iht· 1 .. la! n·"j,tllll(·l' i" 
".kulat,·" "" ()h",'~ UI \\. 

50 

-=- 10 VOL TS IOu c 
IOu 

Figu re 5 9 Ser iet "arallel elr,ui' 

S. SERIES PARALLEL CIRCUITS 
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'Pt rt' of l'urn'nl di\'id s t''1u,'''~ l'l'l" t'l'lI 
l\\(,. 

I ~ HI ," ~. 

Ill, IIr !l \ "It, 
Ih.III'a h .1, 

r, f 1\ parall'l l'l r l'llit I. al'rfl" thl' ""nil' 
.I!' '. III fllllo\\'\111( (lilt' [11mI'll'll' path 

'r' lit th' '·lruJlI. II ,'lIn hI' ~h"l\n that tilt· 
1m of lht' \"llllalH' ,Ir""" ... '~llIal til tIlt' al' 

tl otta)!'l ~ arllnl( frllOl tho· 1lt·~.111\1 ~Itl. 

SECTIOII IY-MAGIIETISM 
I. NATURAL MAGNETS 

of Ih .. halt.·r} Ih ..... · i~ a .-, \ lilt .11""1' 11l1.·,i,I •. r 
_-\ . aJllIlh.'r :; \ul dr"l1 III rt'.i.lur H h.·f"n 
rca hlllil Ih, II" 111\1' .... t.' of til!' 1.1t\t'n', Fol-
111\\ \/Ig a I'alh Ihrtlul!'h n'-I-l"r I '11I .. h lIill 

t t, ,lilli' n' lilt ('art' mu I I t 1.lki'1l (J (, lin" 
""" .'lH' 1~llh ,It.1 Inlt III Ir,u'Hlg a ,'1ft lilt 

It i 10.,\ 01,,1 Ih., ,,'01" of lhi~ manu. I to In' 
•• ntl uh. a ,ompitnllt'.1 "t'np, par.tll.-I \"Ir 
t Hil I II • .lIl unh b\· dOfu' h\ .t ~t nt". ollt'(·­
tUI' ~ tlIlI d.I1'o" Irlll',,"~ 

3. MAGNETIC POLES 

ESTRICHD 
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anc! " •• lIlh 1><.1,· I 1'1.1\ ha\,' 111<.", 1',lII 011.'" 

"i ht'r hind .,t 1',,1. hilI II 11111 h,l\ " al "' •• , 
n,' 111' t;ill h, 

4. MAGNETIC FORCE 

.'"H. 't, III .... 01 II',·" n1.1\ I.t '.f t.1 In 4t r1111!1I.' 

hl n1 • .".:,,1' nll! t I.'\t.'rt .1 f"n't· upon th. lrUII 

Tlli~ (, r"'.t< 1- Itl Ii .h~I.IIH'i'."' his fad OJ,l\ lit 

.1 n)·'Vllt- II( Ill.t h .it ,i!LI"';'~ J 1.1 '" nn \' hit'h an 

(lrlllhi t! 'JIll rilllW', \ s tIlt' m:wr I't i~ llJ'I\I'd, 

tilt \ t·nl ... ·nt ot t ht' 'ibn,!.. ...... i..; ,,.JI'('\II" if,Jt, -\ 1 ... (,. 
il ;.n I .. sh.,\\) Ihal h,' f, rn i, IfIlIlual. 1"1" 
•• lllill-:IIl't lI,n I", alt 1' .... 1 .. " I" a rirmh" hl'ld 
IHtl't of Irnu • J... .1'" t "I n,..·h ;1-'; t lip Ill," I 
.l tratf,'d In 'It' f1..t rn~ t 

T E3 1 E:3 

"9'''~ 5 /0 M"g" IIC Polar 'y 

10 
IUS ~ creD 

p"I,'" p'I~"1 (a. h .. 11"'f: .mllk. llJa)!l1t' it' I."I.,~ 
., I:h, t ,'at h fI h,·r. 

5 . MAGNETIC FiElDS 

.' Ul't ., nla~nt It I" I •• ,\ I .... d. :t dj... •. tnu' 

UI'~",,1 iJth, r IMtI,·. h. n' mu .... t bt' "\ "')lill'-

"r"UII,! ,,\ 'r) m"~n. Ih 1'111., ill \\ itldl II", mal-! 
net Il fun',' ht",.,nl., .. 1'\ Hit 1I a ...... ~tn as ti.nnth.'r 
ma)!lldlC m.lh'rilll I' pla,,',j <111\ \\ Iwn \\ ith­
ill I h.. ~P"l"I' . '1'111 "pa.', ." 'Hut :l mal-!nl't. in 
\\ lill It IIII' m")!,,.'1 It' jnr<'t' " t" itf"lIt, i, .'all,'" 
I h,- ti.,lel III' II! • ma)!",'1 or maj.!'nt'tJl' lil,ltl. 

III III , ' "Ils,', a ma)!)wti.· li.'lti i~ Ilk., :1 
"'"IIIHn10 \\if fr. Tht, ',\alt·r I','rt: flO pn .... 

un 111111.., "I. . '("1,,, "I,h""" 1II1"lh,'ln'am, 
~·l\il!J.!" -"OI"lllIn)! .l)!,.in,{ \\hil'h it l'an !,lIsh 

\I't thl fon ... t ... tJ t'r. iI":lltinJ.!' .Hl f.h]l-•• t 
"1'"11 \hi. h U "I" 

.\ ma)!II' It 'h,ld m,,\ I" ,"Il-ltll''''''' a< a 
101("1' :\ tor ·t' ha dln·c:tlr'tl. aut! :"'Ill ,tUt' ;1 

01.')..'11. til 1 .. ld, :\ nla)!lh'li.' 1',,10, pla.,.,,, ill th, ' 
li.ld \I "til" 1110\, III I h. Itn'd 11111 of Ih., f"rc'" 

- -/'--:':' = =~ = :--=--=. ==':=:-", 
f~---- _______ _ ~~ 
S--::=,-:"ii __ :'::__ - _ N 

('.--- - - . \\ 

:::::~ ----=-:: -= -= = -::: ~:/ 
~IIIUr .s /, ,;"~. of Fo"e of ° Mog" .. , 
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Flgur" 5 13 /III09n,,' i,in9 by Inducr,on 

\\ 1 I •• I)·av,.. f"I1.,\\ ":)! h ""m.' ,)Ih" I JIJB 

tr, kill!.' ":u'" tlOW f FIJ.!llft· ;-1;\), Th .. 

[Jill" . [J[[m~'~ .. ~. -.;" - -:::-
,.;' ..... ... -: 

*." _0. __ --f ,. ____ _ 

t!i ~ TEO 

\\ Iwn i i, '>CI"lpit-1i lo) air. is call1'd tlw p .. r­
nll •• ltih ~ .,1 Ih .. ,ulo,taIlL" For all ,uh 'illnn' 
• 'l.1l'J'1 m.IJ.!ll'Ik uh,lam .. " this r.ltin i :111-

III' Till' p,'rm. ,.hill.\ III' mal!. 
/llIm.·rlt'.tlh· nh\u\ 

10'1' mal I", III 

.. 'Ill'" t' iI Ill"t" , ., ., "lIll pfoilu I Inn III .... ' 
<If I .. n·,' hr"uVh all'. ami \\ulIlll prudul'l' I.nnn 
hll'" "I fll' ,.,' ,h"/I a ,"f Iron har \\a pl:1! ,',i 
III II,,' Ii. I') Tlh' III rm".dlllit) Itf 1111' '"ft Irull 

\\ould I." 1,111111 • IlItI 0, ltl. I','nntahiht) i 
" I It''''11 t'd I" II, 'ymlo,,1 {(;,,' J.. It· kr) mil 

F'gule 5 '5 Compound /IIIognet 

10, GENERAL 
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"gul .. 5 16 Rinll /IIIognel. 

'h'" 1)1'" "r 11111.' fIl"~'II"~ l'IJlu 
01, Ii \I FlJ.!IIf1 ." IIi 

SECTION V-ELECTROMAGNETISM 

I, DEFINITION AND EFFECTS 

,"I III, tr. 11"11. h, ,)11 .. 

"I ,·urr. III 11 '" :<lHI I, •• 11 ... ·, 1"11 ,.1 tl,' 
VI':' II II. Id ):,'/1,., .111\ .11,' I:.",,, In I',} "" 

Figu, .. 5 17 /IIIogn"'1< ',,,Id A,ounu " 
(ondu(to, 
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3 . EFFECT OF BENDING WIRE 
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F,gv,~.s J 0 Elec',omoQ"~"c I"duct,on 
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" a r1)!lll all)!I.· 10 th ti/l)!,'r~. Iltl'll Ih,' Ihuml. 
\\ III pHlnl Inwart! Ibl' n, rllt poll'. If tl ... CIII". 

r III I~ rl·\l·r,,·,1 Ill\' Ik.I,· \,ill r"" 'I" , 

5. ELECTROMAGNETS 

.\" ;",'tr"IIl,')!IU 01.11 I .. d,·lil,..,J 11" :rlllrtlll 

• '1" IIH"lllIlit rI ., .1, "il "I \\ In' lilt Irull 111 
I .• l IIr. I~ u,,·d I '/"I·tlun Ill' !'f·lld .111.· .... 1' I h •. 

nI4l1"1lt'lit· t.ln"UII. Clnd tit d,·\t l }" .. a ).'rl1att r till 

• h.. ".,td 1 I,.. ,f •• \ "I"I'l'd 11' /I .. n,r.· \\t .... II ...... !. 
'111' I rll,· I ... : 11,.· h. Iwrnwal,ilih .. I i .... !! 
I .... ~lJll'ffl tft1;dt h 1\\ .. Ihftu and IUUt~s J!r 'ater 
hall :lIr '1 h .. \\ nnl flu, I' "lIl'/I lh.·d in t hl 

I. llIall 01, I' (I: I. ,""I .illli II "-lml,l~ Ill. nil' 
ll.lJ.!l1t th litH fI' {tl",\. 

I lit l fur.1 .llt 11(1111. 
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an' \\.,und 111 tl",. alllt' til 

tilt' "III'n nt, 11 ul:,I.>, ('''II 
allw tllr ',' Ion <11,'11001 III 

OIl' tI •• Ilia)! III'! 1111 10 .. IIIl 

6. LOSSES IN ELECTROMAGNETS 

\\ h.·1. tilt' iliaI'lli'll. III ,.1 .iIl .1.·\ II "II •• III I 

II ", .. rt".i,. \\ hi It 1< a )'11,,1 "I 111.1, I ill ... 
in IH'''llitfll uf 
\\ hi. It in'lI I 

t .lld, ,·urr"nl .. , \ ilill .11·.·. IIr .. 'III"II ... J,,, •• 1 
I E)IF IIhl,,,,'" III 1111 1 •• 1 \. I" Ii th.· '11t 1.11 

7. INDUCED ELECTROMOTIVE FORCE 

th.· prt'~"1I1 ,.dinn. h/l\\I·\,·r. Ih .. Illd.llt II.·.·.! 
'''"In'rn him .. If /lllh \\ II h • 1t"'1 1'''l11a~II<'III' III 
.Jlldl,·II. "hid. lIIa\ 1.1' .11'11111'" .1" 11.lt ph. 
IlItnlt nuu ,11,1','1., HII 11"t.'troltloti\p forI"(- t 

Inlllltt·.111I ;111\ "Olldllt1}r h~Lt tut;,;. ttro,· III 

I' .11111\ .1 lIIaJ,!11< II< till • "I th,,1 i Irnk. " I., 
•• III til "' til Ih·loI \\ III, hi. han 'In~r in int"11 

III 1,",/, III· J.!. n'"I'alo·.1 It\ .,I",·I .. "II1:II.'n.·t,,· 
11111". I •• II 111.1\ I .. • "1,,1,, .. I.·" fu .. t IH'r :I, 1',,1 
1 •• \\.., I'll. I, 'I~·,. 'lIitllW Ir"m I"I·Iall\. nl/lli .. 1 

PIRMANENl 
MAGNET 

trl1}J, tUflt lhtnl I ,II. 

ORICtt-lAl 
I>OSITlO 

ftNA 
pu~rrlON 

f;!ju,e 5 10 E/~ct,oma9"~'1( '"audio" 

8. ELECTROMAGNETIC INDUCTION 
DUE TO RELATIVE MOTION 
BETWEEN CONDUCTOR AND 
MAGNETIC FIELD OF FORCE 

\\ ,. a r, ~ ,,~ t .I ' ! I . • ' ~ 

In 1 .",1Ut' .. ) I!t 11 lUI \'Iwhh tpl' IS 010\"" 

t ,It J.. .UlIi tUI ,II h. t\\"11i th. pol.- I:~. to so 1l1;t1 

I ' f11111 I'll I 1.11 .dlt! I II I .. " II •• ""11 .. t I Ill' 
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Figu,~ 5 2' Muluol 'nduc/ion 

an F~H rill- .u'ti,," i, !o'l'llh'" motor ul'llun 
,.nrl i. lI1a. I,· II." IIf III I h, Ill'" iOl! ""ii. of 
nit ll'r: alHi I,rn t rh.' nlul u l .. 

9 . MUTUAL INDUCTION 
\1 '11.1:11 l!ldU.II.1\I I- th,· prodlll'lioll1 of .In 

F \I F ill .1 "lr"'11 1 II II n -'II .. f th, •• 'In·lI 11 lit' 
.nl! "ut "r t hn·"d,·d 10\ a \ arr,.hl" lIu . from a 
1II"I!Io1H.rill\." dl"'llIt. In Fll!urt, ;):!l. d r,'llI! 
A ha-- ,III E'\I F ,muilln'd III II 1,\' mlllLlal in,ill<-
11"'1, I"" alh,' th., , ' IHUII I" 1"'111)( ,'II hy Ih,' 
\ar.' III)! ma)(n, til' h,'ltl "1' lit" .'urrllunolil1).!' 
• In 111 1 II II, "'I'll I' Il I,., "!ld,I , nl.\ ('loon,',· ",I to 
• , I." 1,,1'\, I hl' (,lIn"nl II. \\ IIl~r t hnlu)(h H WIll 

'all ',' . , mit!:1 I'Ih' fi,'I" til I rid ,"rt\\;Jro! and 
Ih., ,lh'l \\ 11'.' .\ .\n E'\IF ",0 

II. \, 10 ,t '1.> 100ro,'" ~:~'F d.".'nd" 
I,,,,, h. 11m I, r I I rIO .\ tr'I~. l'ul, h" 

ST lI lUfD 
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I 11"'r ,.f turn .•• f \\ Ir,' "'IN .·.·d (0 th. twl,l 
I h. ,\ In' I, I" lit lllto It p~ •• alld I h.' "w.·.1 

I' 'Iml' rat., at \\hkh II .. • 111 ' " un' "111 I I" 

I PI arf'nl that Ih" ",01.' "ml.kll\ Ih • 
• It Ie lit'ld I ,h,tlw 01, II .' l'l. HI. I 11111 II, 
rndun .. l E~IF 

I,.uli"n .\ .. tud.'nl .. houlrt h.· ' .. n co .. rlain 
n I I .. c .. nfu .... m:.u(n~lJ ... m • nd .. 1""'(11<"11, " .. 

Ih~\ ,\1' .. \a .. tI~ differ"nl (url·t' ... . 
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fig"re 5 22 Olrection of Induced EMF 

I.,'n • 1: \\ lh ... t~\ 1:- \t r\ IInl'l'" Hnt III ,'It, 
'nt'a! \lurk alld I t, .II I,., 'lh 11100/"1/.,.1. It I all 
f,,· 10

1ft.: ., .... "nll\\ \\ h .. ·ne\l'r a (o.,ndUl" 'ur 
I ut, :./TU" to mallnt'IJ.' fit'hf. "r \\ ht'nt" t'r Iht' 
m~J,[nl'l iI' fi..ld Iinl..lOJ,[ ,I ('"ndul'lur t'hanu-t", 
:t ,,,It lIn' j, lO~uI, .. d in I ht' l'unduC'lnr in ,u('h ,I 
dir('('\ IItn I hal , I' thl'!'in uil i ... d(t"l.'d,:I ,'urrenl 
",II nit" "nd prltdlll't' a tlu, I., "ppu't' Iht' 
.han):!' In ma!!nl'II,' h(,.tI 

"('aling I.'lI'ee\. \\'ht'IIt'\'t'r a ('urrent fluw" 
t hrltlwh a pat h 'Iff'rin): con"luerable opp()~i. 
11.,11 (rt', j~IIlII(t') h",lt I" produ('ell. Thi. hl'llt 
mll\ r"Jlr"l'nl a 11".,1.",,, !,,"~ .. f "Iwr).!\', or it 
01:" 1., I,. d ,,;uh anla).!,' for Ii 'hI in).!, conk. 
Ill).! ,,,Itt.'rIlW, ,I. , 

EleN ruma!{nelt(' ell'l.'(,\. A ,ul'n'111 pruduCl's 
It rn;t)'n.·t1, ".·Id i ) ItM '. h:lnit.".:t, l.tn Iw ~Il"" n 
In Ih .. altradltln Itr rt'pul"iun or another mall' ­
Ill' i.' lidd Th" an' .. atT.'lIt'd 111 thl~ ntann,'r i~ 
,alit," I h,' "'t'LI rt.ma/l'lIl'lil' neld ,,' I hI' cUlldu.,-
Ill' 

f 'hl.'mical 1'11'1.'.:1. lurrt'nt. in J as illl' I hroll)!h 
.. l'h,'mical ""Iull"n, "III 1':1 II se "t'rtam ch.'ml, 
I al :lI'li.1II ttl al..t> pla,'t', ThL.' 'ff"1 t j .. u, I'll 10 
t'I"I'lr'IJlblin/l' and I'I .. drntYPIIl).!, 

"h~ "i"I"gical ell'l'('t. Tltt' I'h~ slIIlo)rit-al "/Tt'l'l 
I" ,Ii .. " 11 In I h., n', .. lion of th.' human I",.h' I" 
.tll t,ll'I'lnn" 1'I1rr '111 I',h~ill)! I hrtlu)!h il ' 

Use in Measurement 

III t h., 1'''111' "'f," h IIwnlinll .. d Ih., /irs I hn-,> 
lan ht" U,t'd 1,., tl. , IlH·a .... Urt'nh nt a. \\\.11 a ... 

Ih., 1t·1.'! II"n III ,·r.,. tn! Itl '1'111' lourlh ..trl'" 
I' ,. Jlh) "h',t! fl', •• I i. "' 01 I h., IUll1all 1 .. 011\ alld 
I' Inlp'".H th"al t.·,. IlI"t"'''''· flU';"'llI"t-nh'lIt ... fit 
.1. 1'1.11\ 

13, STANDARD MEASUREMENT 

-lilli' il .. "11 trt'h IIi­
,I. pt IUIt,,,· ,1 t 11 JJf~' ahu j • l'I.' ·\In. mt'., han,. 
(Hlt'III, .. h •.• "1 Cli ph .llal,'uU"'141t..'rdtl I 1F1. 

lit' t IIId.lI I 1\ II h II t II' til d,'hllt 
I,. ur II'J • ,.n t" All h,,"~h liS"" 11, " ,.,taml • 

... d 'I.,.. I I "Illlt .d 11 '" h .. d I,., 11.,1 al "II "lIitahl,' 
I H nnilJ ;,r\ Uh·,j .... un·ult'nt ... a .... it L.,,-,·s tUtH' 

Hut nA'lIltt' \. J"\ t dt I ntt·a"'un'Oh nts ftf 
" , 'hl 1111 I I II", 
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h.· ... ,.lus,· IIf 
t Ir InJl'ral' i ... hlltl) It'a \ I'S 0111\' til\' I h"11I1al 
II t'" t rtlm;wn..t iI' dr".,!>., ,'1111"1' 'Ith.'r nl 

., 111,'1 h",l, j!'1\I'S ;1101" I Illst ,lilt 1111'/1'1 

II flt·U· ... ·,u·, f,U t h., Ila, t fit t tit flll'cISU,..'1. 

r 1."1\ all III till' • IIllIllIc.1I m,',,"urin ' 111,11"11 

.. I tltt" 1\111 1111'\ It .. d III 

' 4, D' ARSONVAl GALVANOMETER 

I It. 1)',\"""II\al l'ah,lllltlll"(.'r 11" ", 

t t J .11 nt . l'ulbl t s uS .it I'flil ttt ',lr,' U pt nil. d 
t\\t'tIU tilt- t"I' .,ulp:"- tlr .4 'It'rnl.lrh." Ina ..... 

,·t \ a ,llrHIII I. l'a c,d IIt""ul:h tit, , .. d." 
It'll' II. lil'ld I,., .• ,1 Ill' al't.tllld lit., 1,.11 ,11101 

'in· ..... hut ill 11111 t nh-t,I, a .. :10 ...... ·" .. :~"hlllc .. t lIHt 

111111', 'hll,dl~ t It" I ram.' Oil dill'll I It., I "t! j, 

\ountl. al'ts a .1 .l.uull' r .. \ ~ th, ("Cll1 nhl\'· ... 
III I"c' ,1",,", II' lei '" tt .. l.tTnlallf III llI,lgrlt t, 

_.n F~IF j ... l11dlll·'" III Itlt·"III'llilllll1l Irallh 
r.' lilt III~ "lIrn lit 1'1 cult" .'~ .1 1lI,1).;'" til lit 1.1 ,It,. "P1H"" lh. m .. " 1ll"111 III tI", IlIl1n' ."t! 

1111"111'<', lilt ,,1.\ at'llll~.1 II I rak., III k"'11 
Ih., 1'01111. I 11ll1l",.I'l.ttlll~' \\'h,'lIlh. 1'''1111'1 

I .d 't' t, Iht I. 1:-0 lin t.111 1 tit IfllllH t 11 ,n LI 

,dulllllllln il I h 

IS . AMMETERS 

( ... 1. tlt l ll.,111111 

ttf ~, I.p ,lh.fllfrlltl, HoI\ I,t 1111rnUOOOI I' 
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I 
~TIMONY I BISMUTH 

Figure 5 28 Thermocouple 

"lh t·t! In a, ttrrt'u pa ~U1V t hrou}.,"h .1 It';--,=, _ 

.,",,- "Ire "h,,-h. "'"'I! III '''lIt,lIl "ith thl' 
llo"rIlln ""1'1.· .11 II,,· Jillll'llOlIlI( tI ... ("" Old 

al-. h"at It .111<1 h. n I •. ,· J!,-Iwral 's all E)I F. 
Th,' 1-,)11' j!1·lh·ral,·,1 al' ual. ~ •• lI1l't"r or tic" 
nlo\ IllV' nd t~ Pt l

• FiVllrt' ') 2!t, 

Ihl' tl"·rm.,,:uu,,I.- nWI"1 I :i'Turall' \" •• ". 
pr .. Illlil i'I\' I 1" r ,,-nl Th,·\ .In' m')n' '-"pIn. 
s,,-. h,." I I.· h"l,wlrf< 1.,"1" .• tIId J!I\ - nHIt h 
ltd It r rc' -ull, H"th Ih,· I "I \\11'1' m,'h'r ill.d 
ht· Ou'rnu", ) Ipl_1 lit tt'r 111:1\ ht n ...... 1 It 11.1.t 

'Irt .1t.'Jt,1 'I).' JrttB "r .lit', till nnt 

IUS.MUTH t---__ .... 

I 
CONU.CT 

"NTiMONY 

"QUI 5 19 flo ,mocovpl Me'e r 
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II .. I" USl'" in o·onntc·tion with II mCl\,illj.!-l'o:!, 
tiN' m .. ll'r, Th,' \'a~uum tul, ad:- Ii>- an am. 

hll,· r. clrawlng 1\ \t'r) ' mall amount "f CUI'. 

'lit fr m IIc", irfllit all,llncn'a illl! th. '·lIr. 
11\ a ,utlkil·nl .Imount to Itduall tlw m. t,·I. 

'"' r thl~ rl'a,"n. hl'lIh'I"ru""'I( III lh,' HIC'tllllll 
I., n.ltmt'l,·I' nl·,·cI,,"t ho' a: sen.ltc,,· a th,. 

rohllary mdl'!' ancl IIIn'''III''lIlly c'all 10 .. nil II , 
r 11!j!"cll\, ,o,,"trurtl·'\. 

rh.· 'IH·uum, luh· ,,,It"1l'lt'I ma~ I .. · \I "" 

f '··III1l'rA(',.r IH' nwa"ur,'ml'lt!s \I ,all,"~" 
I . ilih,pl!·t! Ic" u ,- ill m'·IIH1I'I1l1." 'tin. III .• 1 I 
rt"l tiUh .. 'l- a .... \\ til., .... \ Hl1a.,rl 

21, POWER AND WORK 

l'''''''r i. all Imlw'rtant f,II '\"I tll,·"·,,iI.1 
(', alii! I artillliarh' III h. '·"lI1mllllll'al I"" 

f.tI An uncl"1 sland" I! "t h. flllltlilnll'lIlal 
"I 'al la\\ - 01 •. , ..... ..,. Is hl)(hly I III p .. rt. 111 I 

(IItI"'ll In ',,11 II.j! I r •• blo-m 111,·1.·.·' flt.tI 

Energy 

c·nt·rIO h, lilt' il"·,II1.Il's", III 1.llllp . Till .... · al'. 
(lilly a fl'\\ " amph·,.. .. f th,· !ralhlurm.llh.II .. \ 
• 1It'!'I!' III I" .... ~ cia.' II ft', 

Force 

Flln.· 1:< tllat ,Ii,h 1"IIlb 10 1""dll"'1ll1l 

11 •• 11. a, hlllll!.·,,1 Illotl"n, """hall¥c' III ,h,.p ... I 
nl,ll" I' 1' .. 1'. t' I" "1.11 h ,'1' "pull." II II 1"'" tin 
PII tu ~ ,t~UIl' 1 a h. '\ .1 " •• ~ 411- ftla\ nl,t rllo\t. 

d. ('\' l,tI n !<!al" ,· .. 1 I, 111.1111 III I I I IIIc 

tlttll,lf.l" It\ll\ I .hlt t"t-iutth.ll "'Ht 

Work 

"I' ..J,·c· I'll ai, 
1.111 It • '1'1'" "d III f"tlt Ihlll/itl \\'U I k I- 111 
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tlep"'llcit'n IIf 1111". :tnd "h,·th"1 th,' ""I'I. i, 
11 "',mpli,hl'd in or..' h .. Ir .. r ,)fit' ' ... rr. I I,' 
am,I'llI fO 'ork i, no ,'h.tll!!.'d, 

'Power 

I'''\'~I' I h' rali " "llIdl '"rk I d"I., '1'" 
cll'llllgUI" 

r,'qlllrl' ,'un iclt'ral,lt' ""rk (lH'1' a Iwri,ul 01 
, n.,' I ' I',,,~I' hl' \\"ij.!hl :UPI~'"'I' the ma~hint 
\\ as tI,--igllt-'d to rll"" t hI' \I t'ij.!hl in III 'I'I·on.I.-, 
ant! hell i I, ',am.' IlPI','ssan' tn t'ha ngl' Ih,' 
o ... I inl ". tba '},I' " ... i}{ht l'.)uld he r. iSt'd in 
:i -",UI<I" II "IOlild l'Il.juirp I\\in' as milch 
p ~\\ fir 0 r.ii,t h· \\ t'lJ.!h in.j ... \j1.·ontl~o Puwt.1r 
I "'rk .11\ HI. ,110\' lOll'. Th\' unr of I'll"'trit-aI 
lInr i- h .. JuulE'. aile! (h., IInil of 1'1 .... In al 
I~' 'el I~ "'", "alt. A, ., ,'ollll':lrls, n. 7.tG lIalt­
"r· l~'llli\'al~n 0 I ml'l'halli";1i 11IIr,. PI w.'I' 

Tilt d, • ; -1011 " I~)\"'r •• Ild 'tll'k 111.1\ I" 
Hl n •• i r ,1.i d." :011.)\\ : 

FlwrJ:' '"nll II I .. ,j,. ,. "d. bllt 'III t. 
''I' ,r '11, r 
5 AMPS 

F '9u'~ 5 30 C"(ull lor M eaSUring "a"'~r 
The Watt 

Power Losses 

Th.· m .... C'umnltl '1":-- 01 plI\\t"r iTI t'lt,\ rind 
",l/'k is lira \\hlt'h i tllIl't .. h, Ilt'a! d,.,.'I. 

"p.'d ""h,,, ,'urr.,nt i.·llu" Itll{ Ihl'''Ullh a I' •• -i I 
,n,'" Thi.' hl'ltI I. II lI.dh· <li'''il :tllli Illln I} , 
,tlr Hnd lu:--t fur t .... ptul JlIlrp ...... (' ..... p, t pt \h"n 
Ihl' /'I' i. t.\I1(1' ." 11-"" f"r h,'alin!!. EI .. , rlt' 
""'11,. ""I<lt'nn)!: in" ". ant! lil.,m"111 III' '.Il' 
Ulln IJh\':-.:tft)'·,anlplt':-Oflf:hi Iht ttl hp::tlillt. 

SUlt'lo :iJJ ('nluitl('t,W:'\ h;l\ t' ~onlp rf' .... l, lane •. 
(1':III'nll<s,,,,, lint,,, and "In 1111 ' ,hlluld h" til', 
si~rh'd tu minin.izt' h."" los:'">.' .. \ra I' anlplt 
"I' "'lllIpml'llt \\ tH'r<' I!rl'a 10 ~"" ar,' tol,'ralt'tI 
to .u.Tonlph ... h it ..,.j\ t·n IHtrpt.st· i ... a hOHI .. r .. ullfJ 
}'.'('l,j\ I'r Tht- n".'t~l\ PI nla~ lOf} .... U'llt rr1 ("-,' 1 h:ln 

JOI1 II alt ' "I' , It·, I I i.-:.t pOll "I, ,1'\ fl.Hr.' han 
'. watt of '(lulul Ik'" ,'r fr<lm h, Ih',lk"r 
"""1",,, illltlltla""·.)r .. ,ttlflh,'lo., i'lIIll1':.t1 
I'n rv~ , <1/1<1 It I~ f'lI" hi, I'('a-'III h,' I'atllt! Sf' : 

an' \\ .·11 \ .'nrrlal.,,, Ell·, 11 i., m"tc.r~ h,", 
h.~ p ..... cJup t o tnctlon .intl n'~i ..... in °t' or \\Ind. 
III).!, I .. n'l II., Ih,' nr"'ll:ill";;I IOutl"11 (;11 
n,'\ ,'r "'Iual I h,' .,1. ,·11'1.· •• 1 illl I TI .. , filiI I'lit 01 
.1n\ p •• \\ •• ", nn"'unll, )! .1. 0

\ h t' cll\ IIIi'd h' h. 
1J1"It, ,llId nllll Iplli'.} h\ ifill \\111 C'I\" if < 

I~ 'tl ,'hu"/I<, '11 n 1("111. ',III I. 1111'1 I~' 
(,n .. ,!' It n 

Resistance losses 

It 
I' 

1: 
Thl j' 

I. I'" ,/ . III I n .IC,' ('111111"1111 , •• 1 
24 
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Iiour "I' kilt"" t tit" s, IIlIlt 

1"0 II It 

1111 I, 

I:.> 'vOll 
I, t. ~I r,lfJlt ' j, In i,hrll!oO rt .. PO\\ll 

lilt h", I" t., " ,i., "rr 1I1I,t! 1'1" 1"'" I. I 
31 Vocuum Tub .. F,Inm .. nt C;fCu,t I It flf II", 1.'1111' I ,', .11111 

I' I f{ 

H 

:.! ,unlt"1 

I 

III "hili 
Itl III ',I I 

,: \, I 
" I. '/, 

I' 
I, 

l' :ti 
I ~ '" I, ., 

11. SUMMARY 

1.1 • 1101 
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WATTMETER 

LOAD 

"gur., 5 33 Wo"meler 

CURRENT 
TERM' ALS 

.. If'II nll.t"'lirlfl ... dl·n.~u 01 'lit \\,tltnHt,r 

11 t " ,\td,~. (uri S 'IUIIII'\ I't. in p. r.d),) 
llitl. (.III.lrJdth,·r,f"t, (,tn)., \nn"'ldt,t'ld 

SECTION YI-GENERATORS 

1. GENERAL 

.1' tilt' ,","tm,·t.-,- d"ml-1I1 "f Ih, in"trunlt'lit. 
Th.· ddlt-d,nn IIf rh.· '''"nl,'r .Itladh'" til Ih,' 
"'"\-,11.1,' n.d ,,. "r,." .. ,.I,ollal III th,· \:oIu., "f 
th,· \ .. hap' IIIW~ th" ,-urn nl, 111< ,. t hi rlln-,' 

... t,nl! 11'''11 t h,> 1-",1 is I h., n -lilt (I till' ma/-: 
nd" ,i,.,,,, tlf I,,,lh '''',-/i" .. " illl" mm,,""'.-I. 
ml'lIl, FII.'tll-,':.:1:I ,1111_ 'ral,-- 'IH' arran". 
n1. r I ut ht·" uIJ ... ,In(1 t hl t ulUH't t ion, Ut" t ....... 

.... tr\ 

\\ lit II 11.!lln)..' ., \\,. tn, ., 'lit" a nil lil t _ 
'art' mil-I b" (.,1.1'11 hal I h. fllllf t"fminals 
an· ' ..... p.·rl) ,-'11111'-, I ·Ii. ~II r milll~. till- IIIlII 
"llIrhlll! 1'" .. (" art' rI. 'Wlla "11 as •• nll _ nll'­
rt'nl '11'11111 I.lmnll-l. II """I"W , •• _-t,,_ alld 
anrl ,1<'·'-"'I.dlll-'1I1t !\ .. ltnll l ,,1 ItjllllllW 
,,,. I 

F'gu,,, S 34 DC Grne'olo, 

RfSrqlCTED 

RESTRICTED 

I I.,!t- _ ,,-,' Fi/-:III".,;; :11 n .-1,· 1I11"t al".,\-" 
r, 4tll t'\ "fJ II11nlh t 11' flf 1'411" ph'\ , ..... 

Ih \\ "ltllll ' I Ii.· II,-hl, 1111 ,III tilt' I~'''' " ... , "'. 
Ih IN rl1 .t,l1t III 01.1 .... 11t .... U" I h.,U\'l dill .. ,·1,·, 

111'.11''''''''. Ih. I"t III ~I"t .,1/ I'" n .• III' Ih. 
It! In'lI).:lh \\,11""1 111.".' nil! 11.,· i.l<' "I 

hI' I'nit· Plt. t' Ih prllil '- t Itl)! I tu pnl., pH'n 

Inlm Ih, \,,1-.,. III 1"'1ll /It., ,- 1,,1< 11Ial!IId 
h- .~If ~:tP 111 I tlt nl.u.' It tit, t1 \ uti l' ,ju'''1 .. ,-,-.t 

to lit· IHlllln litH ,Ita,..ll" t 1\ \, .... tr\ till tht 
I !t.IlIUIl'if th,· III rll.lturl' t\ s .111 1.ltll~ nun II 
nIHIl' rdlll'r."lql til ,tHO IlI.I)..'I\I'1t I t·ld thtiH 

1/,,11. Ill' .111 yap 11",,101 I., ,.- ItI •• 1I • till 
II' ~ haul(.1I t (III .dt r.d Ion \\ III .1110 \. 

I h. :nf1 •• d lUt t nO"'it 's III I hi .n eU.tlUI , 

IIlb. 1:lIn. an(1 roU. t lUI nn." 'I .t t lItllUll1 

l.l',ft" ~Jl1\I' tLt' 11''''1.', a\ tS.l _\11 uun If It _ 

,h" II' I III a III.WI,,'III" 11,1.1_ II I 1.1111111.11,.1 t" 
I h. 

3_ DC GENERATORS 

Th,· til 111-1'·11-/"..- Illltltllnllh.1I 01,. 
I "t.t IH Vtnl'l.lt.-. I' tlu· t 1111 rnllttl • I 1"1" 

f 'gure S 35 

"11 .It I 

t tf fll. \ Illlnl 
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I/(SI IClEO 

ill th.· ,.·lli ... 1 pia Ill', ur IIllh.· ,hifh'd neutral 

II •• In lilt. " .... 1\'·11 H..toY·, 1111 F, ,,',' F'i!lIrt. 

" .. ' . ... "" h.,.1 I I,,· ,hif ... " II"UI rOIl "lane It i,' 
IInd.,y tl, 1111111'·11 ... • III th.· n .. r,h 1".1(. anlllht, 
",rt, IllIn til' rh .. I lIrn nt I" ,Is ~h(l\\ II h~ rh •• 
.. rr.", h.,,,oJ \\'111 1I'"IIlUlII\at"Y 'I')'nll'1I1 I allci 
Lt' l'ln,nluta or f.~~n1t·nt I:! art ' holh in nUl­

" .. I ,.1 I III Iorll-II,. 11.1 F j, ~h"rl • In' lIi'I'I': 

,j 1'..):"11.11 1, ;1\ (urr"n tltIIlS 'hrou~h th •. 
• In 1111 «.II-i- IIII' •• 1' ,' .. tI 1- , I h., !"u ,ullllllll­

',""r '~nll II I .1IIt! I:!, ,11.01 th .. hru_h, IIl1tll 
"I I " .'1 0'1111 I "." ." • II rOll)lh lI,f' :hilt,." 
Ilf 1I'I.d 11.11.· '1'1.·, ".' 0' h" ,hili' <'in'ull 

... ·d It.tI,"., IIltnlllllllll III a 1.( ' V. II. 

I. lI-' 'If .. ari'''11 h .. lI,h.·" wh'l'h 
IlId,. r than nlt.tall., 

III 
tIlt' 

RESTRICTED 

f I. r. . a' \;11"1 • IIi! all~I.·" a It I'" •• 1.' 
.h'''II).:h tIll' ti.·lt! 1'101 It -ht ,an.tllc'lI ill 
, .lth· .. t th .. ~:.\lF 1.')...·11 1'''"111 .1 /Ie 1"'1\. I Ittll 

.' •• cli.·" '11'1'1,· rho m"rt' ... il- III th., '.11.1111' 

.. f h"illm:clllrt'.lh. : n\;cI Il-I , .111, •• hl nl'l'l ••. 
.1" nllmJ,"r "I l"It', o'ut I., 1/11' II 1.;\ •. ,J 

InJh . r uf t,:(li)~ \\ 111 rt n',lIft n •• t" t 'In~tctltt 

II.· 1:,\11-' fllrlllsh .. d III I I ... "h'rnal • ir, Ill. 
1 tiP )tt nt"l':t or IIf 1-1 'U' t ~ .;..:~:) \\uul.' h.t\, a 

~:l\dul'nl .1, It .. \\ II III "'1[111'1 ~. :1'. 

4. TYPES OF DC GENERATORS 
IH' )(t"n,lra 111'"" .In' J. .. ptwrallv kl.o \"0 a ... 

hlll1l ",·ri. ,iii'. '1llIfWulld.\\Ollllt! .. 'Ill r.ltur', 
'1'1", ,ic'_')!lIal . , ".lIff r III .~ 1'1" tit' )1,'1..'1-

u'"r 111 r.,I1I'",n 10 h.· .111 rll '11'11 01 t"',y 
11.,101 \\ m'!lIw- ., t Fi)!tlr,' ;;:~7 

TO lOAD 

~'gu,~ 5 37 Shun. Gen~'"'''' 

The Shunt Generator 

r It,· ,It II t I!' I ".11 .. \ ,,' ,lilt·" I" • HII. I 
h. 1.1 \\ mtillW I l'IIIIIlHI"d" 1';11';011.·1 hltllll I 

\ \1 It llit """, ,,,II, II. III • 

t.", d\ r)" \ flit ,lJ!t 01 .1 ... llUlll J..'t·nt I.ltltr nl.t 

h. ,. ulr,,11111 \\ht It IHlt'S!(;tr\ i \ th. t Uo,;;4 Id.l 
,I •• , ••• 1 III s. n.·~ \lltlt ht' -lill i l l " .. 1. 1 
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The Series Generator 

r,. . ..... - J.." n'·r;. Ill', 111,,· t h,· -hullt ).!""II"r 
:itrf. ),!'.' ..... it tla Itl ft"Onl tl't' nh'thuti t .... e.1 ill 
(', JlIJI'f, 'Int.' tlH' til,ld l'uil." 

I,' tli.wram Hr 

The Compound-wound Generator 
I, 

SERIES FiElD 

F;9u,~ 5 39 Compound Ge"",ato, . 

SHUNT 
FiElD 

cr"a",'" alld Ih., E;\IF "I' tht' ~"n"rat"r in­
l'I. a -.'" \\ It h an IneT"a"inl! Iliad. 1ft h,· "l'rll" 
lipId ,'IIIII.tlll_ Ih.· pr"I"'" num!'. I' til lurn",. 
h .. E;\IF tlf th.· ','n"ralnr 01;1\'1'<.' mael" t., ri,,' 

"ullidt'1l1 I.,' ttl •· .. nlllt'll. <ttl' f"r tltt ill"I,.lt,in~: 
oI""p"" tht IMlll'llIlall1l th., armalUrt.IH dlop. 
\\ h"11 h,· lUI n.' ill th,· ,,·ri., ti.·ler .tn· J"-I 
,nlluv-h II k.·,·1' tho' t'l'/nirlill \ "Ita!! ' .. f t h. 
m.l< hllit" "'''I.lIlt. Ih,· J.r,·n,·rOitur i, !lid to I .. , 
tlat ,'omlkHlnd. ,I WI1\'11 tit.' "'rminal \tllt.wc' 
ri ," \\ nh .111 Ill! p.;! " ill Inad. I It" !!"ll' r;lt",' 
I tI\"r • "1ll,"llInd. d, a 1111 II tit.· ft'rminal \"It­
il)!f' dt·\ nt.l...;t', \\ II h fl illl H :"'l' In load, ht' 
J.rt' It ratm' I- II H'. I, .I/IlIM,I/Il",.,1. 

Ilgu,~ 5 40 G .. n~,oto' Voltoll~ Cont,ol 

o liES 11 ClED 

RESTRICTED 

SECTION VII-SHUNT, SERIES, AND COMPOUND 
MOTORS 

I, MOTOR PRINCIPLES 

't.,t"J .. 1'~1 )!I'JWI llltil • ,It, ~tllIJlh ., IIlt'.tn'" 

,1 tran~fornlUlJ! \'Ill·rj!\ or PO" l'r .. "otot '011 

\ .'rt d." ri".r po,,,'" Int .. Illl', It.tllI. ,.1 '" \ I I 
TI" •. \'I,ttal I".tllln'~ ;tilt! P;t" fit 111111''''''1' 

F'gu,e 5 41 Conductors in 0 MOII"~'"C FI~ld 

[I Nf TON 01 R f 
Ukk[I'<1 I 

'''JU,I: S 42 Moto, Action 

2 . SHUNT MOTOR 

ESTRICTED 11 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

I E,\1F 
I'A 

AI'f'IIt:H 

THIS PAGE IS UNCLASSIFlF.~' 

RESTRICTED 

E .lppht',I- ( E~IF 
I ',,,'nin).' th,' !lIrqll.· anti ,au~lnl! th,. motor!o 

"10,, Oil" Il unIt! th.· l'u rn.>m im:rea."I'~ ~u"i­
'It'll I~ til ~'i\ • th,· rO"llIir!''' tOl~IUI'. Add ill)..'" 
n',i, an." III ,"n. "II II I hi' lit'ld \\ Indnw 
r ,01 lin' I h.· /I,·It! I n'nj!1 h. d"CI,"."jllg t hI' 
('E.\IF. h"reb, p"rn II till).' mon' ,'urr, nt " 
II, \\ III I •. ,rmallln·, TI1l' n, !'t""",1 ,urn'! I 
:-.p -,.-el ... fit- nluror tlu "th., Inert'a t'fl torqlil 
un II Iii, Ill"/"'a II'I! I 'E~IF r,~IIt,,· ht' ,'ur­
n'n! .1 ""I1i'1t lit amOIl! to j!1\,' thl' n"llltrl'd 
"nlt/·. A rh',),lat III ',·rlt·, \lith I Il" ti.'leI 

HA 

11111 H.II, a 111011 rJ m 
I',hm 
10:; n.lt, 

111-'-1114' 
;) (till} ..... t 1,111'" 

rlln, 

EST 1(1 0 

\\lfldln)!" I .... lIn f,lTah', I .. a rh",''''IHt 111 t'r) •• ' 
\\lIh h., .Irma II ... •. I",.'ll',· Ih.· 111'1,1 ,'Urn'lll 
I, nlllC'h ,m.dl,r han II,· ;ormalil/',. "lIrrl'/l1 

.. lid Ih, tH' ',.,. 1 .. " Il1lh, Ii.·ld rt.'·""'a ! \lllll .. , 
n Ih"f I,· hHn lLt 1'11\\ t! Ju .... In ;an to'lllal Ult' 
ttlt'f' .a 

A t ht t lin, nf rl4t\\ hr!'Il),,d.1 rUlitor cll"nlit­

Illn' "('Jllk 'lit' I" h. ,'II,-r"/Il thnJlll!h •• )..'""11 

RESTRICTED 

IOn. If tilt' motor I, tlflt'rah d tin .11 I rn.lti.;)..'" 
'urn'nl. th.· IIru"h" an' ""I In Ih, ','rtll·,.! 

4. COMPOUND MOTOR 
S . SUMMARY OF CHARACTERISTICS 

The Cumulative Campound 
I, h'llIm'I,I!," 

\\ollnd 111011 lilt·, 'Jr' 
h.1 t Ilw 11.1)1' 11 lI 1(' 

RESTRICTED 
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PHASE 1 

F'9,ut" 5 .:3 P'oducllotl of Rotot.ng F,~/d 

Compound 

6 . INDUCTION , SYNCHRONOUS, 
AND REPULSION MOTORS 

RtSTRIC EO 

THI S PAGE IS UNCLASSIFIE~ 

RESTRICTED 

\ aluE'" !)(I dt'~!Tl'"'' apart. II hill' in a threE'­
phasE' sy"tpm, th,·y r 'al' h tI\(>ir maximum 
\.llul''' I;!O dl'Kn't!' ap,lrt. Th 't' planatIOn of 
lIlultll.ha.", AC ",,,'ration Whll h £,,1111\\ ~ 1, ill­
It'lHl",u fllr purp", ", "r r 'h'l ,"WI' on I) , 

Principles of Multi-phose AC Motors 
,tultipha,,' AC mot"rs IIpp"lId t"r t h..ir nil 

,'ration UpOII Ihl' print 1 .. 11' nl a n.lallll)l' ma" 
IlI'Iil 1i('1" , As a ",mp'" i1lu, I, al ion "t tlw 111111 
111'1." He a r .. latinK ma)(nl'lll' /i"ltl !01.lc,n., ,I 
htlr, ""h"l' md~n.'t Iwld ul l'r ' j I' 11\1':1 I, .,.11, 
Th,' np"IIIl' \1 ill I 111 l1lt'dialt II lah. "I'" 1',,'1 

lIun p:lralh:1 IIjl" th., l11a,...I1, It Iltl 1',1" III' 
I film unt' poll' "I I h. , 1111111'''''' I,. I h .. lIt hl'r, I I 
I h,' mal!"I'I " rul: ! •. " Ih,' 10nll',1 " 11"",11 .. will 
I II II m\ 

,-\ rolatllll! m"l.'III'llt 11.,111 ,'.111 I •• , 1'1(001111"'" 
II)' n ultlpha,,"' ,'unuII rl"" Ill)!' Ihruul!lt t,," 

in "(til" Band W. phas .. ~, hn, illl'rt'ast'tI TIlt' 
four 1',,1.. <In' lIu\\ "quall,\ ma~/l..t 171"1. ""11_ 
,entralinl! tI", str"IlI!Ih "f tilt, 1i,'Ili nllt!\\a\ 
ht'\\\l'Hl II ... pol", alld ,au III)!, Ih., /l1.',II,' to 
lak" thl' 1~"lt l" lI 'h"\\11 ,:1) Thl' IH''l:t 111_ 
tanl, d IFi~'lIn' ,-.1:1>. till' ,'un"lIt III "ha t' 

I Is 1I'I'Il "lid, "ib .\ and \ hal I' no m:wnt't ­
I- II' , "htl,' till' ,'IIrrt'II1 I hrlluvh "011,, Ii :Ind 
II' I" at .1 ilia Imllm: h"I1\'", ttH' lif'ld "I rt'll 10: I h 
I ,II.J ma "11111111 ,nd I h., n"I',II,· IS 11<1\\ i!l a 

"""LOIII II I~"I I 11111 (., I'h, ' ,I""'" :'111"11 I" 

It I"~ .1. ,I dllnll~ Uti, "'II,. In,'tanl" IIf tht' 
tl. lit, r!laill.)! l'IIITl'llls, ali.! th,' 

'til U"li \'~". \\ HUitt \\Ilh '''JlJ'' I tnlulth·t,,' .... 
:l'con,l:o \ t IIITt'U ~ \\ tit I,. Itl d lh" ,-tI .. till' t' 

,"n,it" 1,,1" 1' .. ,,1111111110: ,I l1Ia~·II..t" 11.,1.1 \1 hi,'l1 
I III n'm 1 "II lilt· r .. 1.. '1Ilg 1lI,!)!11I II' lill,1 ,111.1 

ta J'.' I .1:dlOlI "I Ih. 11' 1\ 1'''1'1' rh., .hll' 111111 
.·1 .. nt.tlil J nl.l~ 1 .• ,. \ \t I ... nlln ,'llottl ring tht­
t ullnl tlf)Jl~ til (Ill • t l't' pi a I' 

Induction Motor 

.1 t Iitt 

111'"1111 I i ,"ld,1 11"".,11101 IIllh 11." urn III tI.,,\ 
till r."lfuld Ih ' llllll1tl'I,ictluli \\nh Ih •• tll j!il)' 

'Ill\. .Illd lIt Ih t lin to''111t' 

A II' ill'I.h.t .' Il1Ihll'III111 m.,t"r I' '.' 1'1 ' 'I 

I 'fll'" \1 h"11 at .. ' I . Ih",.,f"I,. II II III "hi 

RESTRICTED 
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I ",11' "h"11 th.· tll ot " I 1-::'.IF i:< in pre .. "t'u on 
hi' lalor. :m.dl Indu,lJun motor' mH" !'t­

,onlh', t.·d <l1 ... ·III~· .ll'r .. ~ th., "u r,·.' uf E)IF. 

flo rllt.ltlll~ nt.tJ.!II,·t· I.t·r .. fnrtJ nq 

1" .. IIIl)! I"rtll" .'IHrlllll.!' I' :tlllllllplr,h.'(l. 
)!tilj_ I :tlb. by .'11 ~'·r IIIIt flf t \\ II nlt all". a ' a 

rt PlJl~lnn .... an IIHtUt' 1111 nHtlur. IU \\hkh ("a". 
t h .. nl:u'hlflP 'l.u'L a ... a n'pub,lflll mfl I rand 

't"-II n';uIIIIW a ,·,·r l .111I pr""""'rmlll .. d • " •••. " 
fUIII t 1111 a- all 11,,1'11'1"'11 /1Iotor. (JI. _ a'l'llt. 
1'1;, ,- w<i IJI' I 1011 I ,,,I,, .. ill ., hilI: ,., • th." • tr.' 

"9 UIP S 4..1 AC .. pu/~,o" Motor 

Repul~ion Motor 

I 

Ii,rn of th., rE'pul,i, n mot'lr may he II scrilleu 
\\ Jlh thl' at.1 of Fil{ur .. fi-44. 

Thl' mitj!'lh-ti,' "..II! oC th ... t.ltor i" a .. ,umt'cI 
o It .. illl'rt'astllj/' III I h.· ,hr.'l·tion hu\\ n. Thl. 

udd Illtilln" an E"I-'III th ;lIrn"ture contlu,'-
Ir .11111, .,11 t·, a .'urn'lIt to I", ,t·t Ull in the 

,hn"'llnn 11"\\11 IJ~ Ih,' aH"" h,'ad,... By plac­
fill{ th., hru,lIb al thl' allgl,· hun n, th,' 'ur­
n'lIt IIJ IIw al'mlilurO' l·(.ntiuc or- wrll pn),lucl' 
a ma)!lll'li<: lit·11I ahnut th!' arma un- whi,-h 
\\ III ha", ct..tilll ' :\ alld : \101(,'. Th '.<1 IK'IO'~ 
.1Tt r"t,,·II,·oI h,· thl' Ik,It·" III' th . ta(nr ti .. ili. 
.·au ill)! Ih., n'''IIIr I" .. " all' III a ""unt rdn<:k­
"I .... dlr.,,·('''II. II i' ,d .. n from Ihi, Cad thai 
h., ",,,1,,1' tl\·r/\t·< Ilo< nalll.'. 

TIlt' ro,,,';I'ioll lIIotor IInn'IIIII' linel,. It~ 
)!It'at. ~I "!'l'llt'il Illn \,t "1\ 1.,.<\ t" pru\,ld .. 
-tar illl!' "1'11'/1" Cur "n)!I.· !lha ,. IlIIlnl'titln 
tll·tllt 

7. SUMMARY OF MOTOR 
CHARACTERISTICS 

n. ,h.ITII, I,'rr '11<" "I' It,,· \,.nun- t\ p •. " 
\(. rHo II,. ... tit nL, .. 1 II t h. , l,n "it I,~:-t "(.tl 

, , 1/11\'11.1111.·01 •• s ,II'J' 

Induction Motor 

RESTRICTED 

\\ hl,'h ~h')lJld lit· "J.~I'T\ I,d f,,, th~ prlll",r oper­
.1 jnn "C motur" and )!""". 1':1 I III'" :-;"'" III' 

n"lrul I ion" an )!"",·n.11I I'ub\r tu'" It\' th, 
11111 II n 1'11('\ un'" or rna\' I "bl.III1" t (11m 

1'.111111111' mallll,d 

Bearings 

I II ·1lt'"rIlW "I I h., llIa,'hlllt , }II>"loI h. lub'l 
.. alt·" "il h th., pr"p, r )11 ;111.- "I "II 'II .. 'I. 
IU,·II,·,\ "f IIlhn, .111,," \I III .1, 1-" lId III'''' I I. 
"artinllar llIadlll .. • III 'lilt "11"11 •• ,," It 
ttlt.l oil re t'''\ III' ;P' .... 'k lal"d 

Commutator 

DIRECTION 
OF CURRENT 

'I')!melll,. ",'arllll!' a\\a\ :d It f.l, I, I' ".1, Ih .• ,' 
th.- 1II1,'a rn"lIlalloll 1"" ',1. "II Ih"1II 

Brushes 

IIru~h It'n 

DIRECTION 
OF FIELD 

lid It, ud 11.,1 11111 

\t Ilk h'I,' f' C fa 

• It .ll'l'lrlll •• It 

RIGHT· HAND THUMB RULE 

ESTR C to 
S J 
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CHAPTER 6-EXPLOSIVES, 
AMMUNITION AND BALLISTICS 

SECTION I- EXPLOSIVES 
1. MILITARY EXPLOSIVES 

General 

Definition 

A/I\ /'" "It. II/' • "IIlIHIIiI cI \\ It .. 11.111 tI I lh. 

RESlR'CTED 
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St"n ... il i\il~ II' ... hod., or impad .• '.,n:lt!\lty 
I" . t. .... " IIr impad ",·;pr ... to tht' l'as~ with 
\\ t I h .111 .' ,,1""1\,' ,.,11 '" lit '''natl'd II} th., 
'lIdd.'1l /.""htll jllil .)f 01,. h:mi.al furn'. 

S"n'lli\ 11\ Itl rlt"IIIoitllun b\ m~In" of mi. 
tlarnr ..... I t. I s .lnd.tr.j t'ft ... 1 J\It~ tit ct.-toU.l-

11'/1 11\ Iflll/.Illnj! .Ij!.'nt IIth.'r than m",·h;;lII. 
• .tllO'Il,I' t I "'l>rt,,,~t',1 in I ,'rm ... IIf Ih" am,lu nt 
• I 1I1111a inl! .. ,,10 1\.'. ("I ",.lm"lI.. th. 
:,01"111 ' "I m. nilI''' IlIlminah' r"lllIired to pf. 
.,' • "I 'I>ll·t~, tI.'I", .. t14"1 tlf a 1.'1\. n w'ij.!hl Clf 

t 'I I,,· y., III,cI"I' a j!1\ "II ".-I "I 1 'H1,hti()n~ , 

"rl"n('(", HI'I,,<lI1.· .. I Ill' .. lIihh or a ,I ...... 
n:. III).". "I",i\ p t" -h.tlll'r matt'n.t1 .-It,,!' to II 
ntl~ 1'1'<1'"'1''' I" <ltlf,· ..... nt fr"m th.· putt"lIlial 

111':11 "Iwr)."\ IIf I ..... pi, '1\". ~lImt'lim('" r. 
t"rn,d '. ,.1 1"""1 til, r'·IWlh. \thlh ,ltlt·r. 

:o-m,dl.llm, \mIIlIlOlllltn. III 11.,11,,111 

F.lSl IC to 

RESTRICTED 

,artr lllj(t's "here th,' prolwllinj! charj.!" j, rd. 
ativ\'I~' smull, th., IUmptllIPlIls 111 till' train art' 
a ",,,n'u'<siun pnmpr and a pro" .. lhnlr "'Iar}!"". 
rh,· hrinj( pm t' "I.-..fls tI.l' !,f1nll'r .Iltl th .. 
tlllm.· Pit, '. throllj!" I h. "pili It .111111)' tI II • 
p""·.h'r I'haml" r alld WillI., Iii., JlI'( pdlrn).: 
(' har)!. ,. 1 h "'IMIl"lt1n of lilt 1'1 1111:1111 )!a l" 

fon'." th .. build tlU (hrol vh (h. ',,'r, .. I tI. 
.. l·",I~)(ln 

lIur. linl( .eharlC !::,pl .... I,... rr ,I III". \ 1 
Ih"Ullh h"r., an· 1'1., "'P"'~I\" I.tlll It.. 
"

r0 l' .. lImll'l harj!' "'1'1",1\, I I'IlIlI "111 h, 
hur-tln)!'lhar}!"." I'I"~I\' Ir.IIIl .lh. 1,'1/1 l 

I,I"~II.· Irall," ",.. ,·(,ll/flIt/1l1t 1\ .. I I 1111 .1.1. I 
"OIl',tII (h., bur. 11111." ,h.'lj!l; .·\pl .. 1\1 II.lIl1 

Bur, ill)! ... h·lrVt t·,,,lo 1\. Ir.1II BlI\ 1, .. ,l.t 
tt ... d a~ hill'h .• "1,,,1 , 11','"1' 01 I"". "I 

"'1\(- tran, ' 

ESTl1lCTfD 
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• BURNING GRA.N 

Figure 6 3 Progressive /Surnin" 0' Powder 
Groin. 

Burning Action 

(;('nl'r .. 1. t 1ll'f'lIlinn.'" , m .. I",II·. ~ ,H""I"r 
1'lIrn~ \\ I h lit! It a h .. r ,milk., (,11', ~ h .. n '·CIlI. 

flllI'd, It,. ral, ' .,1 I,,"ninv .nl·n-a,.,'< \\ Ith h'm. 
,,..r;llur,, and I'n',. IIrt'. In unlt'r nut 10 ,·x.· ..... 1 
th. , ,,,,rml<"II.].- ..tlamb,'r ,,,.,,.,un' .. I' tIlt' 
\\.'a'~111 III whidl II I' lit lit' u-,''', th .. ralt' of 
IlIrllIllV,,1 I h., ,. .. ", ... IIt'nl ha,. 1"lov "unt rullt'd, 
AI ,'IIn<lant I'"'' lIr,'. lit" ral" "I hurnlllK I" 
"r","'rll'lIlal I" 11·,- IH,\\ct"r "ud" .... !'n' .. til 
Io"n II ... rd"n', IH' \(Ilr I" ma.lt· intI) IiI'l:U­

r.I' I. • ... .1 .rdillllt' I;"... Fivun' Ii :~ IlIu­
Ira ,., lit· IIn.v" 1\. '. hllnIJII)! til ., 1'<1\1 tll'r 

[STI1ICTEO 

RESTRICTED 

r,.... .. 'itnwl·IIIII",,· "mllk"I.", ' ..... 1',11 ... 11_ 
;\1". 1l~I·d as th· prop-II,lIlt I'.r ,-lIlall.II'1I1 IIlld 
largt'r-I:alil,..r ammuuitilln, Th,. ,"'rforalt't1 
furm of Krllin i' thl' 0111' 010 t commonl) II, t''] 

III l',"I,'d :-;t"lt" milll:.r,\ 111)\'.1, r •• Ill}: 1,­
lovrfurall'O vraili s <In U','" 1 .. 1' ,111,111 _Htn , 

millur·cali",'r WI','I'IlIl-. :lilt! "'r .lin hm' I Z" I 

Pond'r, \\ itll , \''''11 ",'rf. ralilln, an' I ",1 luI' 
lar),!f 1 r ('aliht·r \\ .'aput) 

Double-base Powder (Balliltite) 

Halli",lill' i, a ,'''IlII'lI1atiun III 11I1 .. ,,~h, "11 11 

alld nltro",'lIul .. , ... '"111 ""11111:' .11'1'1 " XI tlif t. h 
1:1 Ii) t .I 1:I,:!,i ,,,'r ""111 1111'"1"" .. 101'1111 .. 1 !O, 
ml IIlg p~'r" I'OI\(I.-r (,:! H I"~ , ,. /II lilt , "~'-111 
"ilh Vlln,'ott'UI tl:,:I~) to). 1\"1' '''11 IIllr. 

V,'1I1 Thl' natr"v" ""1 III "1'\. (l illl'r •• I' Ih. 
"""'1I11a1 .'m,dl 1"'I,,'nlh" 
• <lIt- an' "ft"11 atl" 
inert'.' 'to thl' t'~1 , fli 

III ,hot gun 1..11-. 

n)qrt' "I·"~tftfl tn t }~ t \\ ".IJl(HI h:i rrt I hilt .lr, 
b" lu~ II fotl iller-flU IIlJ!h h. t 4tll I' 01 I h, 11l~"ht r 

lIIuzzl,,\..Jo.lll. l'IIIIII:.It. I., 1l:,lru. 

Standard Smak.l.ss and 
Flashless Powders 

~i~'n "I II,,' ''''''1'''( .'nl ,,,,\\11., .. FI.I 1,1, _~ an,1 
~nulk .. h'",,,, .lr,~ 1"t l.~t1\l' It UH ollitl htl\I' I", II 

.1,-Ii'h.1 .1" 1'"11,,1\,, , 11. hI".,. allimllnlll' II d.", 

Gunc:otton 

Ie Smokeless Pawder 
1-:(' 

Small-arms Propellants 

RESTRICTED 
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J 1",·,'11 t ~ I,,· .. t ,m .. II.:trm~ I'ro",j,'r h In Ih,· 
, rm ,,' -mall ph,·r .... <1 vr:'l'hlt.·-('u:ttt·,11 .tll< 
.1I.I"u 1,llIla/bll' .IIIIICl.1 I:lUnlnltlllltil1l. 

Black Powder 

4 . HIGH EXPLOSIVES 

Gen eral 

tlf mL I ure·-. I h,· 1'.,11,1\1 l/1~ unl.'r uf li,tillg tlf 
C flmlltllll'nl . to~.·tht'r WIth th .. ir proportions. 
ha- [""'11 d"l'ld,'CluJltln: illurll'anir mlrat .. s ,'x-
1'1" J\t' "I "r hall T 'T T.·T nlt'ta!. lIIt'rt 
II (ItTIltI \\'1 hillllfl\ of Iii,' Jlr ",,·,ltlllo( ).!ruu,,~. 
II, ("nllll.'n, lit" ar,' li ... I,t! alphau, Hall 

hOlil" b, I,' IH' mon' h:.11 •• 11,' "f that par 
Ii 111;" d. "llil,' i',II. 

Primer Mixtures 

(;t'nt' ral. A prilll"r nl! 'ur,' \" all t' .. 1" .. \\'" 
"'11-\111, II, l.llIl\ "'lh h 'I'< that ifllpartt'd h~ a 
linn~ 11I1l. I I.' "-"d ,. tran'ml ~h,,('k tlr a 
!tanH ttl 1111"11,, r ,·,,,I,, ... i\ C. 11 tim" ,'I,·nwnt ... I' 
,t d. t"fl.tt. r. 

( IImp ..... ilion. 111 .1 1.11 ~" Illlrnh"I- (If mix 
Hit t· ..... t ~ t" Jlllnh'r nu nrt) 4,'11 ft!" i t of nlt'n:ln-\ 
IlIInlllla f', I" ;,'-Illlll. hl"ral,. "nd .H1tlllltlllY 
-!lIlith" II II hill' \ i h .. 11 ).!rllllnd ~Ia<s and fir 

"Iollld"r 110\"\'1' tilt 1'1"'11111,11- an.1 ma\t.'-

.. 1 I tHlll' . 

Mercu r y Fulm inate 

III SI ICTtD 
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lead Azide 

l"'ad a7.id,· " an jllltiatlllj.! {'UnIl"IIII" II • cI 
\(1 tld"'),lt.· hl~h I' pIO.I\', '. It I a lillc' 
).'ralnt'd. I r am-I 111111.·01 C 0111/1<'111,,1 It I t II I 

tl\,' til It.m.· , 1"1 I III II;Il I hlft "I lull, "1 tuill 
'0 tI"I, nat., h\ tl,,· n. ti,," .. , ,. linll)!' 1"11 It 
clot" not t~., ,h' ~ltl('Clnlpf):-'1 dUIIIIJ{ Inn.., f ,uti 
!101ft·,) ,toral.'" /I nIud'·I,.t.'I~ ,.!t. at,·tI Ic' I 
pt'ratUrt',' It II .. I"" at a much hwlll r 1"1 I 
p,'r,lllIn tllan ml'fl'lIn '1IImn.a" .\ 111,.11 •• 
\\,·I).'h I I )"ad a ItI,· I hall ut Ill, It III 1 11111111 
n,,'" I.' /'. '/1111'1 d III d. tllllatc all 11(1111 I"" 1111 
lit '1':\'1'. 1,'ln t. tI, J.,· ... I I 1.1. I ",.I.,,",~' 

Idu'~ In f ' .... 1 ... 

Ilhl In dl tUIi t HI 1 .... rt 

Tetryl 
(' harad ,·ri .. 1 ic- .... 

[STRlCfED 

Il'tr,\ I IWIn)! 1'1'1' ,~I 111111 ,I", \, .. 11, III III ,I, 
tll'tunal"r ,-h"11 al1.1 11,,'11 ,'11\ .r. d \ It II Ii 111 •• 11 
I'rim,"~ Ih,II).'.· 1111111· ... 111\ 1111111111:.1., 1t'.111 
,17.1.1,. tlr 1111 ... 1 "'Itial", 

TNT (Trinitrotoluene) 

6 7 
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III \\ ,Irm dimatl'" 

41 ( ."rt.llt 

Ammonium Picrate ( Expla~iye D) 

Picrotol 
(;t'nl'ra l. I'IlT,lt,,1 " a Ol.xlllrt· "f ~,~ per \:cnt 

, III",,, I II .111<1 I I·r n'III 'L,,\T. It l'all II." 
I~'"n·d Ithl' ,tralcht r:-;T allal Ita. appr". 1_ 
matl,h Ih,' 'anti' r '~I lann' lu . h" .. k as that 
". stn:lcht • ,,,I., II. LJ Th. brio .tl1n ,,! l""ra 
til! i. lod'\"l'n tl,at ot .' "III~i'l' 11,11111 T. ·T. 
I'h I atul b IIflnh~ )!rO~UII'H. 

, ....... I'wral,,) " a ,1 •• n.Lard loll.' fpr all 
,Arm\ and t'fllianuo"'I'It''-llns: lJC"n"~ 

Tritonol 
Tnt""al 

( Iliitaltllnv 

ht" l'alltlld 

.t .·(·t tli,1II 
1 .. 1", III 
IH"'P b.·rlll, .. 

RDX 

t~ a )!t'JH:ri,,' t".'111 t.,f l·xpln~l \ t·, 

"' ''' '1 alld alumillum. v,·n .. rall\ In 

" ~II It I'ruolul'l'''' a vrpat"r Iola ... t 
r 'T ·.r ,'"mp""ili"n R oI.·,..· rt l .... 1 

I ,01 ill hJ!hl l'a'I' and J!1·Iwr ,.I,plII-

RII:\ i ai,,, 1.11"" n ,I " \, t, nit,·" II.\'< I .. 
rilllf' h.II'llI'tl'lIIl1ranlllll'I.t 1 :'tI l '" (Ii. hi"" 

,.., II 1';"1'111;1111 •• 1I1.! 1'1 (11.,11111.1 It I II \lhlfl' 
(n·,I,IIIII1f "ltol 1,;1, lit).!' ,I n1l'1I1I1101 pOint fit 

I h", ah" It till 'anlt 1''' \ "1' and t.rt 
. ,n"',, 1'1-:'1. It I- 11." ... a 1\1 11lI11a1,,1 hI 

Torpex 
1 

f alllllllat.· 111,111 I' If'\ n I It h,1 .1 

1.lhlhl, 1/1 .1, r,lt.!" Itl)), I 

'ith "tl"I' 

RESTRICTED 

SEmON II-AMMUNITION 

1. SMAlL-ARMS AMMUNITION 

Definitio ns 

Small-arm,. a mmuniliun i 11 .'allll \\1 .,p .. /1 

":i"in)! a !tore' U1, iol( ,f h,lrn I lIf n 1;0 10,,'" "1' 
It·s· in (han1l'1t'r . (I "lrlmw lI:ltI Ill< h. 1'1,1, I 
- II If, int'll" 'ulomat hlnl" ,lin n 1-, till It 1,1 
dlln., ';UIl - lI.r,tlllIl·h I 

PlIMU 
PI/OPEl "N' 

CARTRIDGE CASE BUllfT 

Figll,e 6 4 Compl.'e Round 

( 'ompl"I" ('arlridgt' ( ltuund) a ''''''1 10 • 
1I11t IfllI"."II1,.. "I all th., parI 1,,'1" ,In I" 

fln- t ht· \\papufl UIW(' Th.· f'Jllr nHlJo" p .. 1t t III' 

.1 ~nl.t1l d r f)IS t.Hrtndg-p :tn l th,' }"IIt1t'r. Sir .. 
1'<,1 t.-Il t pmlllo-r (III"I"II,,~' ,h,11'I" I. Ion II. 
fpr"J''l'ld . , ,til.! I a rid,... 1 ,I I' . f I>!UI I " II 

I'riml'r_ r..~ at .. d I" I,, ' rt "I' tIll ... 11 "I t,,, 

I .r rtdp. allol II I,d 'to .' .. t th,' 1'1""0111,, 
powd"r It ("II. I t - .. t : 

.\ "111' ma I, .·1,. f 1l •• 11 FltUI'" ',I 

JIll I II'. I 

1\, .' I 1, 

.ils( nl,ld, of ,I" 11'1 ~ •• I In II 1,1 ,." ' I 

\ II 0111\ II 111 ... 10,.,. 1'1',1" 

1"l/lIt'rUIl)I!,,,.II"'III'I,t\\,,,, fh, (UP .11,,1 tl .. 
0111\ II. I hl'rd,) "anlll~.1 11.111'" 

l'rHpl' lIl'nII'II" dt'r.1 "".11., •• lilt III th"',I/-

1111 Composition 8 I , 

N 

Figu •• 6 5 ,.,ime, Assembly . 

IIESll1lCTlD 

hI,. 

, 11',111.11 

I" I 1"1 .. " 

I '''lilt IIi< r 1.,.111, alii 'n' "' " ... 1. fir III 
"'"dr,\I , 

REST RICTED 
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5" ror .. SU III DIA'-IETEII 

Figllr~ 6 6 Suller Oiameter 

RI" ',Ikr II".,. , .. ;ti) ~tilllll,," JlI'l.d, 
tra', r COl nlpfhlllf J. r St.nlP fI hf'r fil:t'r. 

t jll\ t 

Ie 

Ill' 

bas IIf th" <"<lrtri(l)!l' 1.I~e Ihat pnl\idt' a 
,,101\'" I .. r Ih,' t' tra I ill)! ~n'''\l', pl'jnlt'r Il<>.;kl'l 
an.! pnnl"r \ 1"11 , 

I'rin1l'r IHH \" I-a I'(K'kl'l I.Ulldl,'" In Ih. 
I, .. ad In h"loI I" 1'1 Inlt'r 

Prim"1 \, nt a pa. a~,' /,ullthe<i frum Iht' 
"rlOl,·!" 11,~·\','t III 'j I hi' 1Ir1.,','Il,'nl ,'a"I,· I .. al-
10\, I hi Ilalll'''r p:!I'k .. f I h .. pnmer mixlun' 
I .. 1)!1lIt. til, 1'1'111'1,11<1111 

.. : I ... 11'1 III)! )!fI" 1\ I -I h, g'1'I"'\ t' at the hl',,,1 
"f lilt' \'.Ir riolg'" lil~, I hat ,,11,,\\ I hi' remu, al 
IIf Ih, '1"'1,1 "I ',' In'lI1 till' <'I,aml,,'r hy a 
/II' 'ba ni".11 ".,trill'l, r, 

I'n'pllllfil ,:1\1 \ 

h ,ltI~ I h,' prill , ,11.11, 
Ilsidl' 'If 1111' '<I e that 

I.' .,. FI)!urt I;,,) 

I ht .. ar "tel)!'t l a~f' h Inatfl" frum a l'in'ui.,r 
.Ii,), III Ior'l" \, hl"h '" plInl'hed 1111 .. Ih,' fllrm 
III' ,I \ III' 1 h,' , II' Is Ihl'n oIrit .. JI thrflllj.!'h IIi, .... 
IInlll It' 1'1'''1'''1' .. h.II'" i I .. rnlt'd TIt.,.-I .. l't! 
,·n.ll' ltlt II pn' -,,01 1111 .. liall<' rtw milllufa.­
IlIn'r'" 11111 lab allli Jll'lnlt'r 1'''(: ,,' "n' JIll IH' h.,,!. 
Th, .·xlr ... · 11 ... ,.,.-r .... ' , 1. 'It,," m.ll·tllllt'd 

F.,ute 6 1 Cor'ttdge Case, 

II[S R ClEO 

RESTRICTED 

Color of ~.II.t II, 

~- . 

Classification 

.'n;tll trfl .I'lIlIl1l1l_n.s ,1.t!"o.lltil d 

• ~chJw' 111'J.qW'I., .... " .. ,t hun".t 
1'1'I.tI \, .• , ,U Hl11lJUt,.111 

In" lI,h,'l I., ,I., .. III. " I"~ l.tI \ 

T ,. of Clf t,. 'd9 

-r 

,lI,lIn t ,II" raIl Identification of Ammunition Types 
'\nnor 1'1 1 1{lnl.' U ttl H'ttln""t.lrnlo(.,I,-u.· 

,r.tt 

Spl'fial,hpt' <l mmunl/ill" 111111 1\ It. ,I 
,r tralillflLt purp ..... ·.... II. h a 1 ... tdllH.:r ,lutl 

'"l1oaolll1)..' , f \\t "1'(lI1S (. 111111'1, ," 111., .. 1 I 

Range 

RESTRICTED 6 II 
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. ... 0 , 

a.t..,!,) t 1 

-70 !. 

'. II 

.. o ' . 
'I. 

... .. "or T" 

oJ7 

, I 

!" 

, . 
, ! 

'15 

fl nr~ I .. 11. 

T t . \. 
It 

I,r,ul ... " {ur r •• 1. .. III ,· •• rhine a mm unilton. 
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10. COMPONENTS-BOMBS 
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111,11 I"~ r nlf" .',1 ( .d,\· I. r in~p,,<, ion or fl.r fuz ­
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nw\ I d ... ,d f. fllz.· h"l. pili/!' rt'pla"t'd. 

liES RICTED 

SECTION II-FUZES 

1. GENERAL 

A (U? • i a Illt't hallH.d d 

Arming 

Tail Fu&es 

RESTRICTED 

2 . CLASSIFICATION OF FUZES 

Po~ition 

Arming 

Action 

Primer Detonators 

It c" ,'t" ~ .t ," \ \ .In.,lloll or It t ,II bt\ a 

, ,/I III ,"I tU1.,· "1/11, I <1,.1\ .1. lilt III •• 111<1 

RESTRICTED 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

12 

THI S PAGE IS UNCLASSIFIEL 

RESTRICTED 

Figure 7-6 Nose Fuz>, Vane Type. 

4 . FUZE EXTENSION 

II li"lI. but d.­
ill ~) art' .11,,· 

It~ h., It'nltt h 

n. " " . , 'I, "" ,',. , .. Ira~rnlnl.1 i .• 1l aud 

S. NOSE ADAPTER-BOOSTER 
.• f.'. l ,n ;tll.'I,\,t1 f"r lal ),"l.,li.lIl 

, I' \' h 'I h I~ 

1·1·, lal 1'11-

6 . PRECAUTIONS 
1-11:., ar.' I"" hl'tI H1 "al",01 1l1"':tu ... ·-pr.M1 f 

•• ]11 .1111"1' , not \ mil t ""t I.. ,n, 'l,tI ," lIIII,1 

RESTRICTED 

RESTRICTED 

rl'!Iuirerl fnr u.'t,>; fuz{',~ ullplH'k.,tI for II, cant! 
not u'<etl art' r's :tI,'d anti ro I"rlll'" III t1wir 
ori"dnal pal'kinj.!'s "hidl mu '( (,1' I'If.·, I 1\ t·" 
, .. "It'd" tth lap .. , ' 

FuzI'; Inll,t lo.> pr"l.d.·t1 frtonl (', .', :1\.' 
hl'at. 

FUZI'S mu, I h.· hantllt·.\ \\ II h •• Ir. ..1 .111 
limt'" R .. "I', :h,,"1t111ol I", tlrOlPP".!' IlImh"''' 
.lraggI'lJ. nr Ih"",, II , I1nr ma,\' Ih.·, It. 1111.1, 

wit h a hamn1t'r !lr slnular ("01 • It h, I' til , ''''II 
th.· h .. " nr .. IWII in a ,lao k . 

Fuzt'" hhultl l1 .. t I", IInl'''' k",1 til 1';" k. " 
"ithil1 "IW hu,,,h.," fh I .. , a I 1lI1' •• I.II1. ,,,"_ 

l .. t.inIJlJ[ ('Xpltl"'l \ t". 

Wht'll Ih .. f '71' I~ 1II1I':I,'k. tI 11 h"lIld b., • 
amin't! In In IIr.' I hal 1111'1'1111' "II • r. ill 
a('(, t al 'afdv Itl.~'" .. r .lrmllW 1'111 :11,. 111 

I'lal't' and I h.t! h.· "rn1lll1' "'nl I "01 1111 
~('rt,,,p,1. 

.'af"1\ .,,11"1 I'lIls"lll'p",g \\11"".,111.1 .,tI 
mu,,' h. Idl III plait' 11111 II I h.· ,,,'1111'11' "il.' i 
ii,- ',·mbl.,,1 I" I h., (II fl. 

(,\.n ' hould I,,· f· fottl • ,I U(i u l tlild III" 

(iJ...:turt \c1nt a ...... , trlhh.· ... 

I) n 1\' prilL. r 011'10"" 0' .. ,. h "", I I. r II • 
",lit tlot l'al'll,"I: I fll • 111.1\ I,. II .tI 
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'I,ll lit' 

IlIrth" 
\rm' 

Oata, F,r. 0', I"'mlt, A' 'Iltl:l HI" ,,) i 
cI .. tttnalt.r ... at •.• lflH n r 'ant. t\'l't~ot ll" l' Ju~t' 

\\hit-h rt'qll,n' ~:\tI n", .. IIII'"II,; .. f lit. 'a' ... " 
arm fllr 111'1;1\' ad ,,," alltl :II'; 1'0' 11111 '''liS I" 
arn, IClr in~t .. tntallt·"u~ i"'thlll It I d.· icu, d 'tl 
d t .. llat., th., htllllit 'HI ITnpa. I •• '11 h. I '" 1.111 

tallt."tlU Iy. 01' \\Ith tl I "'l'o"d tI. lay, D. I"" 1.'111 

111)(111 Ihl> ~t'lli,1I' tIt a .It-Ia, "ill. n .. III 0' I.,. 
,til II,,,r,,III""lo:lh .. f 7.1 wdlt_. and \\',r.:bs a .. 
"m'"o1 FII]'· . 10"0111. :\ , .~1I ,,:1 (no" I, I ,II. 

thuri:".1 fur lI't' lit til., I'" tI. moth ,,,", , .. "I 
, ,' I' 10.,,,,1. \ II, II t It .. I. .. I IlIz,· " • d 1.1 .\ 

Th. 'Irn"n~" I." ••• " ,I ,I II. ,II I II 'I!' 
\ant' (~". ,I. J.!lt· ullt 411 Ih' itlflJt 11 .11 .. 11., 

tlun). \HIU I lUI' ... dhtilifl t't'oIl t'1111111~' 

.,n'\\, alit I ,.Ifll\ Itl .... k 'lit, """'''Il' 1."1' 
rt~du tlnn)!t .U":'. nld .lnllln~' l 1'1 '\\ .In .1 ....... ·,11 

hh'd ill Illll IUIII "I h lilt \ .I". ,III'. til' ,d 1'( \ 
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III)! '" d jll' "t \\ il'\ , 'II "IH'r 1..1111\,'<1 nor 
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l,uml'llIg ,Ill. nlltflr Hj!lIln I I"'mlt h ... I~ On. 
~hflllld s. n'" 10 hau.1t Il!hl .llId IlI'\"pr ti.rhlt·n 
\1 it h \ r<'lH'h \ r ;'"\ oth'l 1 til lInl,' N • JI" III 

l'all~ dlr''''l''.! to .11l '" 

, \nllIlW \ In III lI,n iI,ktllllllO pIa. ,. and pUI 

t II \ .. til" 

,'"fd, .. lip I- JlIII 1111'" Ilillll ju I lnul'hing 
,.,11,' 1-: .. l.l'l1l1lll! \< Ira' I' l'lIt "If "11:1, tu 
all.,,, 11,,1, :!I ~ to :1 il1('hl'~ til .. ,t,'ml. It must 
h" fre'," f ~ 1111., and hurr-. 

'('rldl'nlaI\rmm~, !-'h"uld Ihi: (IIII' 11('­
., '1..' "rnl<" :I,'. Ioll-ntalh, a, ,;hll"n hy til/' 
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III)." 101 Ih, ~ "I' 1"'" .• " ,It,,,,. nilI'd ahnve, Ilw 
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111'1 "11''''.1 

If I ... 1 

)', II • 1 .. 1 I r I r ,I., , tI 

1'.,IIi • .I \, nlllll!. 

n1l1l, ., 

'1\1 ,Ir'll 

• ht Ih', 

111.1' I"'r 

\'11 •• 110,,"11 \1111'1 \ I fli ~I'"\I nj,1\ I,· 
".rll.clh ,IPIl' d ,I ,,1,", II III, I "ml,. ,,10,· 
',lrn •• I, II Ill', IU.u 1.1 

RES RICTED 

ANE LOCKING PIN 

LOO: WASHER 

RESTRICTED 

_--------1/1""" 

W' H LV 

----aOOSTER 

F'gure 7 'J R,"g'~p VT 80mb FUle 

RESTRICIED 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE 

RESTRICTED 

'1'1 .. 'IIVtl , I, • I' I''{ I 1111" In Ii.II 
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\\lr.· I- III lI!a ... · Itlll 1""IIn' all.II'hilll! "rOlinl! 
'.tllt' H. 1'1. ".' I'll I .. ,[ .. r,· n·rnllnll)r urmin~r 
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Ih'·II1;ttl.lI1l!~. t111~ '"l" I tI"'"Wllhl,,''{ [rum 
II.· :III I:! .• ttlll ;\II:!'I, a "lIo'h: ,h., .\:\ 
'II flfl,\:! /i"s ;t !;\lX" ,'l'l11lnl!" h. ad and h. 
1'11'110'1 ""'ullal"r h:. , 1IIj!I,'. \\ 101". I.lIl1rl,·d 
I al,,1 Til, \III:! 1 . .".1 nl:1l1.lrOlIlIl(' 1", ... 1.11101 

II", III illll' " dd"nal,,!" 1111- t "" II/IITII" knurl,,1 
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Ins,!' drl\t. 
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h,,'kinj.! arm (I'" pill), JI"l'nllttin~ th(' ?rmmg 
I 'lOl' "n Iht fuz, In ..-pill. From th,lt ()nmt. the 
r:,ZI' b '~II" n ,Irm ,i~ ., plaint·.~ al~l\'!' ami 
ilannj.! t'ompl.·t",f It,. arm III).". "III tlr.' upon 

Released Safe 

\\ I "n ., \'T "I '"d hornb i < r,I",h,,1 .'af •• t h. 
armill).! win' i" Ij,,·nj.!a).!l·d frum the l>llmh 
,h'lt·klt· and r.d' .. \\ IIh th .. IH.mlo ~,n'l' th,' 
;n';ninJ.!' \\ ire tlo,', nlll ".·It'ase "ith," r I he I-a~~ 
'It th., ,II min~ d"'al I If the arming tlda~ I" 

all"c1",t!I, or th .. lant' '"ddll~ a:m (or }"n) . 
tilt' fill' c1 ...... lIut arm .• 11111 1\llIlIllpatl m~n 
IIllal'n ,." ""luli j"ll An Inarnlf'll "T fuze \\111 
IIllt "1'1. lJat. IIIM'/l 1011':11 1 , ,1/111 may' .' drtll'llt'c1 
"at.· 111101.,' all\ ".ndl I .. n .. p"rnllt ,'d loy th,· 
1,.11'1 I. iliaI' I ... mlt ill \ hlt'h II I" .I~-,·mlole", 

4. TESTING IN THE FiElD 

Field Testing 

Test Conditions 

S. ASSEMBLING VT FUZES TO 
BOMBS 

General 

REST ICTED 

~--------------~ 
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hi dulfkit'ntly t i)(ht \\ itholl ('au~i ng dam­
ag.· tn th homlt, hadd,·,:, \\'h .. rf> 11 ~emh'" in 
tht oumb Inl)' i~ impoq,jl.lt,. or Inl'IIII\f'ni"lI , 
an" rl'lCulatlon' I 'rmit. th· 1\ "m"l~ mal'I". 
pt'rforml'd II il h "11ft I,' b fur,. t h • homh' .Ir, 
Inad{'o, 

Inspection 

In in~Jlt'dll\f.! II I Ioomlo.. t '"hh. nn 1"'lllh 
hal'inl{ I .. 'nt .. r llama!!"" 1111 .It t ' II "oj 1'111 • 
s('mlo!i"s mu~t l,,· a,' tl).:'''t •• po" '1101. Ih. Ill', 
"I'll mU~1 I", 1'1' ... nf .Iin, I'll I. cor lithe r f". 
"ij.!'11 mal,'nal. 011' al,o nlll I 111., •• t t h, 111 • 
til in Un' Ihal ,h., • dll,· and, .111< 1,,( king arlll 

for pili) I~"" ""lllil)! ... 1 If ,·ahnj.!' Ilr. I 
"H,kl'lI IIr nlls il/f.!, I h, f1l7 .. mu n I h •• U:< • .1 
It mlhl I,I' handlt ,I I a,' fully 1111111 <I.", ron'oI 
Ill' 'afl' Ihslkllllcon ,'all 1.1' dllt'rlllll"" 

To Assemble Fuze 

Ont .. r'nl41\' ..... I, ',titt\ 1'111.1 'tl, j"'''Uf. 
frllm th., 1'1170' I" ( •. -t"r. 

Th" fUll 1-, 1','11 til II.'.. I. II. " I'll 0' "'11 
lit, bumb. fl, I"'J" '11,'1." k'l; .. I. "'"11 I I" 

ill plan' 

To Assemble Arming Delay to Fuze 

'I> "I' I, III1IlIIW dll", oil \I n, 
I hI' 'h.oI h 1III"I,,·tllI'lI II I "I' I' IJ. 11111 \I JI" I, t 
III ,lJal 1" It •• r I lo I, as. oj "aI', lul1, I. 1\(11 I 
1111'11 \ 1"""1 prill),." ,I< I< II 

A .... " mhb , Thl' h"" lid .,1' I hi' ,'I'mjll),:' 
WiTt' j, Ihn-atlt'd tlll'''lwh hi' rI'll 111 -u " /I t," 
IUK Ihr('llgh th,·. m."1 h .. I" ill tilt' tr"I' .. n hi 
Hille ('n., (If thl' ill'nll/lj.!' "1'1.11 oIIHI I hl'l lI~h I It, 
holt· in Ih.· l:tn' lu, klllj.!'.11 III (or JIIIII \I lit I't 
Ih., .eill \lIn' \la' 

11,,· .nmlllj.:' .I, (;.\ i /.1..,-"" II II h it" 1;1111' 

""'Iu\\ I'd ".'1""11" !'1I1. '" th"l th •• "h"lIlIo'l 

I h, I"r 1"1'11,'01 h. I kill ,1.Il! II r. II~"I II., 
10111111. ililol 

II.. I Jd I /'11·, ... 1 II ... 1",(,.,. , .tlld I I. ,h.d 
1111'10'" I" h.,.1t 1,,'<1 .. lull' 

'it I :1I1lI1I1i' ""-,. " ad I. I,d ",ll'nll'U'(., 
r\\u or I,"j,t' Jth:h~ in frunt uf fL,. fUlt. Uoo,;;t 
\ 101, \ It:I!:II.,· ... i.;) ill I 1,.\.·1' I • .! lilt' 

fut-n It th. SPIll" •• tlt.'t" tltt' lotr"r ,1I1l fl .. 
''''''11 ro" fl'. d. i, .11i 10'/11 I •• h .. loI Ih •• ,'I'n '").' 
\\ 1/. lit IIlh III pl •• , 

I h, ... 11., III I ,','11 ".,1. 

To Assemble Arming Wire (When 
Arming Delay Is Nat Used) 

Tail Fuze 

Caution 

( .UI HId, I I 1'1 ',tl \\, '1 1"tI t\l
l1

) 

fUll ,rU.lht (t" I."n J ... lill. 1111 fL. ht~I'urll 
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.'tati,," h:t\, ',ar~ nrilmteu hllrizolltally, 
(lthl'r\. i~l', III som m,tallu·". th.· fuze" will 
i •• damaVlu \'. h"11 I Lt' b"nll. Ioa~' d,.ur art' 

6. TO REMOVE VT FUZES FROM 
BOMBS 

Gene,.al 

II th., I'lall" r,'I11rn \\lIh I- Io"ml,s, and 
\\ h,'n 11" of th,' fI17 .. <1 '".mlt" Willllil f"rt ~ 
"Igh ",.ur j, ulllik"ly, h, fI17." "hould h· n. 
Illl.\, .," fro.m I hI' 1'0mb", rd l1r1I,·" 'p h"lr ,'Oil· 

.tln,·r'. :llld ... t.-al.oft a IJl Iy a ... po ... ~ihlt, 

To Remove Fuze 

l 'ft h'r I'll. i!'o rt·, ;u I,d III I hp \ :UIt Iv\' 11''' 

PII' «('1 Irll J, 

dt'la~' is rl'l"<I,,'d loy ~lidlllg it bal'k alnng the 
arming \'. in, 

Armin$! \\ in i' Jllllll,t! from \'all' lex kinv 
arm IIII' JllII). 

• ('alin)! "In' ins'l'led through hllll- \a, 
nih'" loy arrrllljl' \\ In', amI I'nlh ar t \\ islt'd 
arllund rJlIl! , r hal''''''''' strap, 

Th.· 1117" Is I''''''- ''Ill'd \\Ith fl1l. .. wn'nl'h T 4 
Ulltt! it ma~ 1 .. , n-m,,\' .. 11 hy hand, If thl' fllz .. 
h:., lI"t " ' ,-n a",.'mhl,·1i II~hll~, fl''ll'' al "I 
Ih,- fllZt' rna.' b, fa"ilital.·d hy fil'~t lIatit'ning 
10, k\\ a-h.-r i,~ fur l hpr I ighlt'nillV nf lh., fU7\'. 

Fuz.· I_ n'mo\'l-d f .. um ful. ... \\t-II. Lo.:k, 
\\.1 Iwr mu ... 1 not 1.,'111.'1 .tII<I is )",pt \\ith fuz(', 

.'af.· • 1"11 I' r. 1'1;1l"1I thrll11)!h Ito" t"r 'up 
I 1111." \\'1.' ".,1111'1"'" With 'afl·t, pill , 

Fu,' rq,I" ... ·d in ,·"nl:oilll'r, ('''flf;otn.'r i-
., •• 01.,,,.1. IlVhl'" ;,,, 1JI'~'lhl,-, 

Disassembly of Fuzes 

\ T I,,,ml. f. ," n' 1'1 n,,1 I,,· ,10-"""lllhlt'd 
fU)ih·r ~In~ (',llIdll '01 • 

SECTION IV-ROCKETS & RELATED FUZES 

1. HISTORICAL HIGHLIGHTS IN 
ROCKET DEVElOPMENT 

\\lc 1."."(·d.·11 in l}frt'·ltlll).." t\tr:d totk .. l~ 
111 "hI. f.r ·llltt.,n 01 'noll"'" 

Bntl_h ,10,,,.11< ht11 '1'1', 1 • .1 
th,' }ort 1I"'h t'jhPa"" 

Rl S TlII(TED 
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~torell could not produc(' i<uth 1III'ont'pit'ahle 
luck of injury and 10 s nf lift', if ro.'kel, had 
any military Yalue, 

DurinI<' the ),1'81': 1939 I" 1941. th .. Brit i~h 
proc!ul' II ~oml' $!ond anliairl'J'lIft rll,·k. t., The 
Rrili~h rotk t,; . timulatl'd inl ... re~t in thi,. 
('()untr\' and Hur rllckl't. w re pattt'rned al h'r 
! ho, of the En .... lI,h. ~1 t'anwllJlt'. thl' (;1 rman' 
hacl cHIlt-dl'lI p, ll'n-i\ I' nUlt.-rial 011 r,,, III t /"I' 

.I'al'('h \\hich hat! hl'l'n Ink"" ,)v"r 10\ Ih., '; .. r 
mlln Arm.\' In 19:15, B~ till' -tart III Ih •. \l,lr. 
th('\' had dl'\"'I"jll'd mallt t\'I'I' "t tlfrf'1J 1\" 

anti Ih'f"n, it l' nll'kt'I.'. 'I I" U~(' 1'( (lh'l a It 
rU('kers lo. (; .. rman ain'rnft ":I- fill.lIlt r"SPOlt 
SibIl' fnr th .. ,II', "nllllu8Ih'" ,,( ,1;1\ h~ht '""mlo 
In$! withuut tight"r ""'111'1 rrt1nwallt-. mu.'h IIf 
Ihl'l'ar" inf"rmatilln "hkh "tartt'd Ihl' I;"r_ 
man" ()n Ih('ir 1I1t .. n".· r,,,'k"1 r t'ar,·h. cam, 
from lhl' ,'xlit riml Itt. and :Whll'\'I'nWtlt,· of 
an Aml'rit'nn in""III"r and ,,'i!-n i~t, Ilr Huh 
.. rl "uldlin~s (;"ddanl. \\h."" j!'rt'at \\,,,1'1, 

"I'nt 1II1r",1l1!'1I17,.d h,·ro· III hi' l'nitt·oI '(;11. 

III th .. p'."a, "/Id ,I. ar hlt Inllll" , d \\ \\ I 

2. USES 01 ROCKETS IN MODERN 
WARFARE 

"i:<ibl .. to planl'" al l'(ln~itlt'rllhll' di"Ialll'l' from 
the air Ii -It!. fly f"lJm~ ing I hI.' Ii~ht of t hr linn'" 
nr rllc·k,·t lour t", ,llIch I,en', 'n Ul' at rl.'gu­
lar int€'rval.', In!ll pialit" r .. ultl ""IOn "~'al .. th,' 
lIlrport. At ))r""\·l1t. I hi. 1I~1.' IIf r''Il'kl'l" I.' 

pradi"all,' IIhs"l .. t .. dUt' In a.!"am' .. , mad.' ill 
11,1\ iy,a I"n :111,1 in '!rum. nl lall"ill~'" 

1'111I :l1h.th,·r U'" (If ...... kC'ts wa,; al "I'a " 
• "11\ 1", .\ 11m or "'Pt' fr"l11 land til a (,'lUll, loT, 
111~ I·'al "I' from "Ill hnal til an •• lhl-r A Ii~dll 
11111' 'IO"lf 10 .. :0I1a1'l1l0l to Ih .. ro,'ket IIhi"'l 
\\ 1'111d 1,4' .lIad .. II pH 'S In\\ p\'t:'r th •• lou n<ltlrlll)! 

h"at \\ lit IIlh,' I',,, k.-I dr .. p .... d ill th .. S"a. Ih,. 
"I<'ltl lIT'" .lr""l't·,I,,, ro', Ill' (h, .. k "I I h,. \"','S\ I 
.lIIff \\.1, 11 .," II' 1·,,11111., hl'a, \ 1'''1'' fill' "". 
I/II! I'u""'''<' "rIll pull III ,I ,'.1101· for I nHl • 

it'rrin)! pas., JI~t'r.· 11\ 'fit :t'I:"I. '-'f a t,rf't .tlt',:.;. 
1.11",. 

Th. IlltllL,n 11,. 01 fir' "11 "'1\ 1",'k,1s I 

\\,,11 I. nil" n Ait lalt r •• kll, lit .. Ih. '''"11' 
dr". 1\,. a. 110'11 •• ' pn'.I,',·I,I,' 11'''/11 I;,:; mm 
'1111 .mol ar.' \t'1'\ Ih' ("I :llrailhl mlll\ milt 

II", J!rtllilld 

3. ADVANTAGES OF AIRCRAFT 
ROCKETS 

Th. 11 " "' air ral' "'0, k, , ' ha" " I'an,I," 
.11 all 111 r."""", I'al,' In h.· ,\ ,'.,,' I!II;). I h,. 
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,,'ar of Il'rcatl·.-t prndudion, the . ';l\~ .. lll,lt' 
.... as .'pt'ndinll' as mll"h II" I nO.OOIl,OOIl a lIlunt h 
for rl"'k,,t ammunition, Thl' u~ or r,~kl'l 
ammunrtinn h «1011' autuma k for amphihl­
I,U. Illlldinll's. I l'r jU"t a fl'\\ trial.', The ro a. 
lin f'Jr thb ~1I"d"n vxpan"ion "Il" clut' to th, 

tunrJaml'ntal .utnllllal.!(''' of th n\( .. kl·t iI'''r 
art iller". 

In th alrpla.w, he airaaft r.,,'kt'l had tar 
lI'fl'ltter ranll't' thull th,' hl'u\·i .. "t J,"un that 11ll' 
ainraft ,'mild I.'arr~' without nlilj"r m"oIiti 
l'atlOlI" Thl' trajt·\'tnry "a~ tialtt'r for .. in'raft 
r· 'kt'l, than l/'rClllnd n'l'k"ts dill' 10 the "Pl'l'.! 
(,f hl' plan" :.ddt'd tn th .. initial I .... ·d of th,' 
"u.:kl'l. (""n"""II.'nth', th,' an'uran \\as ,''0(­

I'l'pli .. nall~ )!<l"d. Thl' Prllll'lpll' of rl'It('tlnn h~ 
\\ h"'h rocl..l·\' ;11'\' iml'l'lIl'd, "rin),"" alll'lIt II 

hird d .. lmit .. ;tlh ,Inlaj[" lIamdy I;,,'k "I r .. 
('orl Itt" t" muunt or lall.)('h 'r, TIll' ,',m" 
1'1t'1l"t' \.) thi- i, 11" . h." I.. of linllll' \ .. t Ill' all' 
plalh' .111.1 ., \'t'1'\ lrJ!h 1.,1111, hin).[ apl •. I/-alll 
II"~ I .. u-, d As;( cllr« t n ',,"I. h.· 1 .. , .. 1 ,r! 

11<' "'''1,1..11. I !lIII, hi .. " 11.111 If " 1"',1\ \' ).!IJU 

111'1'(1 1111 I '. !.. c •• n it·'l. ,\IrIl"II).!h. a pn "11 

0-,):. a (t·\' 

4. LIMIT A nONS OF AIRCRAFT 
ROCknS 

Temperature limitations 

t. • \1 \ rtl( I." I •• , 
~ lit( 1,,-. F (J 

.lIld It tllli 

-III F t .. \:!I) F. H,lwe\' .. r, II\' "I>t!ciul proc.'l'dllre 
and IId\l.,,, saf\!t~· ml'<I>1UI'('." it 1:< pOll"ihI tn 
tirr' h('lwel'n limit", -IU F !tnt I 1-10 F, B Inw 
lind "11<1\l' th .. st· t 'ml','raturt'" pre .• ,·n! Illlli­
hrr "r"I·,!lalll . nlll 1111\ h.· [H.'d with dl'f>t IId­
ahili " or ,afl't~. Certain fl'. t r ... :I..t't" an' l.e­
inl.! de. I)!nt'd fur ~'Tt'all'r tt'ml'l'rafun' rallj!'l' 

Accuracy Limitations 

Roc'kets U.l nnf ha\'l' tht' accuracy at Io,nj!'l'r 
ralll!'e~ of art iller\' where (I('strud illn caf II 

. Ilt'l'lfk tarl!'l'\ is rt'llUlrl'l1. Howe\'l'r, th('y an' 
i.!t'al a)!ainst an'a tl\rl!'et~ 1I1'('l\u,,£, mall\' 
laun,'h£'r, tan l>t! as""mhll'lI rapidl~ at '111.' 
pllint allcllin'd at a hiVh ra (' of lin' Wit h )!'rl'at 
dl'.trudi\., rl'"ult. \\'hen al·,'ura,". l'all IN' 
~;Il'rifil·.'tI for trme, that IS" 111'11 ahihty fn tin' 
an~' ammunitioll i. mlll'l' imp"rtant than the 
a,','ural'Y, ur w h"n tin'" al rr'lat1\I'I~' l'hnrt 
rallg't's, n,,'k,'ts art' th Ull':.1 nlllrtar.\ "";!pun 
for hi)!h r1t·~t rUl'lI\'(' I "" "r. 

Efficiency Limitations 
}{'\t'kl' mis, Ill'" an' 1101 a~ ,·lIi"I,'1l1 ,IS ar II 

I"n I'rllJ .. dlll''' 1>t",IlI'" tht'~ an' h,'al'lt'r than 
a lwl! Ill' .. "u. I l'x"I"'I\'" \\. ivht "WIIW to 
•• 11'1' (11).[ I h., PI'< 1'.·11. I I I har)!.· alul bUI'II.',I,1I1I 

rIl,,1 ./' tui .. • I hi' '11).'1 h.' Hlr a .. oI.'ad \t wIlt, 
a III I Ira):tl11 II 11ll/' I al Ih •• lr~1'l lI.m, \"1', 

Hazards of Manufacture, Transpor­
tation, and Storage 

In 
,/1,1 

39 RESTRICTED 

RESTRICTED 

to manufadllr .. , ~'\llitl I'nlp.,IIl'1l , ,,1''''11 IHI\,., 
til he mad .. b.t' f h .. ",1\ I'nll.,,,", prcl('.' . <lr "n 
method "hidl I m(lrt' Ilan).'l'rIlU· Ihan \h: 
<lJ\'j'nt nl! 111<111 u. l'" IlIr makllll.! t h,. ( ... lrll n 

'mokl'It:. ' IN)I\ ,It-r "1'111"'11, lit I r.ill'I'1II t. 
tlun und . tur:. ',,, tin" HI." n1or,' tfaflVI.t'nll .1u, 
t\) thl' til" halilrd and ",'11"111\, 11""111 "I 
n)('k, t iu,'I, II hIi'll • ;III1IOJI II II h.1 'lid I h, !lfl( I. 
"e rllu/I'h h,""fllIl)! .·111.· .. IIh,n' "11 I 1\, 1 

pIO"I\'I'" ('an I", us,," inlh., \\;or h, ,101 I I ro hf t 
t(Jr;,gt' of t "t· ..... I 'nun 4t.'11~ t till 'tltih, !" 

Ihl,.llljUIIIIII,'ls, II. 11., h'llIlIl JI~,h .. '" 11101 
\ 11 1'1 ClII, 11\ ,ft·o. ;11 1"lIIs II I 01, I'" ,11 I I I 1.11 
t"ragl' I'rllr.I.·m~ (huil IIW ,IL'. III 

iiflllid f>l\.\~'·11 lIlId I I d'"}!l II II'"'' III .. 
~t'r .. u t o I mIdI .. ;tlld , .. t I I 111'111' .If, 1\, /11., : 
III (h,'"., ,'V'"I- .ill 11.1\ 11 t',f II. ,lIn.I.1t 
rll,·k .... , 

5. BASIC PRINCIPUS Of 
ROCKET fLIGHT 

Newton's Third law of Motion 

6 . IDEAL PROPEllANTS AND GEN­
ERAL REQUIREMENTS OF ROCkn 
PROPEllANTS 

tht' pO\l d,'r, h;" f' nf )!'I'ain, ,11111 r. , ( t 10:1111. 

illl-' a, ,,",ll .1 III th •• nlt'l... t d. ,i)!11 
IlIlIrd'l' "j[II111 .' 1< cI( Iro11.I,· I. ult • an 
"'t'al prup .. llanl fur 1'111'1.<'1 ... "Hu/(1 h.l\{' \h., 
r"I1"" in&:' rhar •• h'ri,!il''': 

7. FUNCTION OF PROPElLANT 
COMPONENTS 

RESTRICTED 
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nlcket ... bf' I{rains are I ~ linlincal. I 'rforated 
a the ,"nt"r til pn""nt dt'gr ""i\, ilurning 
• lOcI ," I h:ll they can I,,· ~uJl .. ortl'd on wire.' 
:hn·ad.·,j hrnugh h,' ('l'fI lal hili·. The sUII 

port for I .. grdllh I. I..IIU\\ II ", a I{rJd IIr tral' 
a <t·ml.l, 

8 . EFFECTS AND ADJUSTMENTS FOR 
TEMPERATURE 

lllgh ambit'1l1 It·nlJ>I'l"alun', lI1<'ft'<ls" th .. 
I, Irninl{ ratl', In l·,·rt:lln rl>ll..t'b. th .. I,,"'tlt'r 
l·harjt .. I" redul'l~d \\ hl'n II!'. urnJundinll 1.'111-
I"'ratuf(' I' 00 hlJ!h. Th,,, adju.-tnwn n.dun. •.. 
11.,· ran).!". hUI Iio .. s n"t al'''I" ... ·,<1b'' .lffl' I Ih •. 
n'IOI 11.\ of thl' r ... k"1 dllrrnl{ hurllifl ' tim •. , I" 
"Ih"r n"'kt'l . an addttwnal n·nlral Ilnul,' 1 

plu).:).!, I \\ I h a Ihlll nlt-t.t1 «ii,.' \\ III. II "low' 
(1111 at IUllh I,·ml',·r •• 11 ... ·, .Intl pr, "'Uft·. 1'<111'­

IIIII' a n·dllc "'" 111 1lI1 ... rllal I.r.·"ur.· .• dl .. 'Ill .... 
th .. r .... 1..,. ttl fun. ion 'I h01l1 h"l rn at hl)!h 

loJ" .1001:j I'JI 1"ml ... r1l 

9. STABILITY OF ROCKET FLIGHT 
AND ACCURACY 

Rototion 

,'uch ro • .'k('ls art! call ·d. pill·,tllbiliZl·" r<)<'ht", 
Fin-stallllizlHl rockl'(" might rulatt' ~Itl\\ Iv 1)(>­
lau,,(' of . om" irrtgularilil'" "I' I h.· lin ,',,11 . 
"truction hl.1 I1U inliu ... ·d fill at tun I' intI nd"rI 
,'rill .. lalllliZI'" nJ<.·kt'ls an' mllrt' Uleuratl' th.1Il 
tin ~tltl"h/'I'lI rtI,:k~ts h ~<!u,' mal. li)!nnh'rcl 
(If Ih~ 1('1 i" Unimportant ~lIlo',· the rapid 'Pill 
tllld" 10 <!n'ra)!l' out it,; df 'Ch and !h •• ~Io, 
"'III't' of till" l·llminat.·. <Ira).! A tiIH'tat.llil .. d 
ro,ket til 4.:' indll's. ~1I('h It" !ht> ~I~ t~ IW. h.l­
I I ~ llm,'s Ill, dl"lwr,ion til' the spinllt!r t., pt­
m"ht )116 of oj:) int'h sizt'. R,x'kels tin'll fr"lll 
.. iraafl WII h inl'rt'a""d linl'nr ,c1" -it \. r"'llIlr . 
al.-., an illl're'as"',1 :tllj!ular q'I,l('il) Oi- stailiht~ 
,.ill he redun·d. 

Effect of Wind 

Til.· a ... uran Col' I'(){'k"h i IIb\ Inlhll 11lI­

prll,·.·d ,,~ firl/l).: th"m fl'um alftntft III tilt 
, .. m.· ·11 ... ·<11<111 II" th., planl"" tli)!,hl. ""l'au-., 
Ih.· ffll·k,·1 h1l- thl' :ldd,·d \'t'lo<'lh .. t th,' plililt. 
a- It ,',IIlJp"llt'n . Furt IIl·rm" ... ·• Ihl'rt. j" a It ntl 
'·n.·~· 'If th .. r,,,'k'" t" lurll inln Ih,· 'lind. ('"n 
s, '/lIl'ntl~' thi" .hould I,,· fir-'ll It I t'r .1).!:II11 t 
Iht· wmd or 'II h Ih,> \\ indo "ul nul ,·r .. '" \\ lilt! 
(.r fr"1ll tl. .. planl' durllW a 1111'11, \\ III"h h.h 
I h,· :lfn,' "If ... ·1 lin hI r,J<. k,·' a,','1I! an 

Iwht \\ III" III' 10 t I Ifly Illilt·,. lot'r hOllr nla.~· 
hI' .... 1111"·lbal .. d fllr h· 'linda)!t· ad u,lm"nts 
un ht t ~I;.rht \\ Ithl)ut dl>('rt\a \1 in a. (Uri-h. 

R"k. ';/III·tlfrom:ur rat h"\· .. f,,,nJ,,n,'.hlth 
to ."1t hn'd II" lisl"'!' jon of .. odlt·t lin~I'1/I 
I h,· VI'Clun". d, lit I"hnl! 1111 lilt , I,,· .. d III' I h •. 111' 

'1'.11 I r· 1/1 ;, hi. h 1.1" 1,1'" lir,·.1 I mU~1 I .. 

R£5T ICHD 

SHEll 
fl~IN(; 

PlANE 

ZERO liME 
Of IGHT 

IRA. 'E( 10 Of MI 

IIA.VtT ['ROP 
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Figure 7 23 Typical Reck..., Tra, .. "ory Vs T,o/ec'o,; .. s of SI. .. II ond Bomb 

o OIH 

Figurt' 7 24 fffec' of Dive on r ro/t'Clory Drop 
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. Figur" 7 2S E",," of Launcllinll Speed on Roclt"t T,a;ectory 

10. ROCKET TRAJECTORIES 

Rocket Traiectories Versus Shell and 
Bomb Trajectories 

Effect of DiYe Angle on Traiectory 
Drop of Rockets (For 0 ·, 20 ,40 ,60 
and 80 DiYes I 

Effect of launching Speed on Rocket 
Trajectary 

, 11I1·t,. ... 1 t il II I' ,'I •• ' fl· in",. al"" :ur 1'" tI 
III .tltt' I I ... I II' Ill" nlft (F, 'Ill' ;- ~-., 

l!>TI!ICTEQ 
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FIgure 7 26 E"C'ct 0/ rf!mp"rolu,e on Roc ", T,olecrol~ 

Figurf! 7 27 E"IK' 0# Rang" M""51i mot;on 
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+F;;;.~ ~ FLIGHT Of PLANE 

' ig u, .. 1 28 E"ee' 01 " ig'" Line on Roelle' 

Effect of Temperature on Rocket 
Trajectory 

I h,· "'I'-Tllth' 'I'll< .II,d '011-"'1110'111 hlll"llll( 

clt:-- ~llln pI _I ru .. kt t (kllt-Jul \t'ry vn"a I~ ltp~IJI 

h. ,nq":'.·.1 In- ~I ttt 11,' t' IJ.lh,Jlan t 

ICIII I .. " 1l"Ill< -III,,· I h., lr"J."'tl"'~ clfl.p I 

'rt',ltt r tor lIh n'a t,(1 bIAr'II"~ t Jnl~. I 1:-- c,I, 

\lOU~ tl "I Ih nlll ,h"" I I'n'ah'r flOr ,'0101 
11.111 II c h .. r"u .. 1 \\'1 '1 "m,' r.,,·k"I.,. till 

cn.l\ rut ... V. 1\ l!lIPO" .tllT «nrr., ' ~f\n r c,r tht 
'i I, • J/\ A J' . I II • .• tll .. \ .111,. I :.t'"Ut 1 ifill ,r 
",,,·h III F It.r tlrPI)!.l 11 Itt \ till t.lnJ,..r , II d, 

Effect of Ronge Misestimotion on 
Rocket Trojectories 

It I~ import .lIlt tl, jlHlvt, rall)!« l'orn't t1~ I '­
("alJ .',! twlarv,·,unalun·ofth fl. kettra­
Jt"l tl,l rth' t'll u'!"'o that.' u, anJ.!t." nH!'o .. ~~ttrna­
I 'on an apt I) h.· tl1l' Jarve,.., (If th~),'t' Ol'('ur­
nil)! III for\\.II·,1 liriJlIl link,,, ran~1II1l 1'<t~'I1 -
nwnt 1 hlallahl· F\lr h.·;) 0" 11 \ AR at It) 
F lin·d III a:!II .11\1' a alto kn"t~, thp mil ,'r: 
r .. r fn,. ., ... ·h lun yafll, •• f rail)!" ,'rror I. 1 G 
nllb. TIll . iV'If(' in,·rta,,·- fllr ~hall""~'~>~1\ 
'If,,1 -111\\ ,',. all I.JiIlW 'I't"t·d~ . 11-1>'11,. ... -_.) 

Effect of flight Line on Rocket, or 
Tendency of Rocket to Turn Into 
flight Line Due to Malalignment of 
launcher 

J(,~ I., . "1101 10 til! 11 illt .. /lwhl hlw "h"n 
1..IIIlI'h,·r I- ":llllt,oI Ir .. m a.' I- "f lIIyplanl' rht" 
af~'" ill- \ III.h • r, "011'1", .,01 In hlf-~talllhz"d 
f'~ 1. .. 1 ,11-.. 111.11,. Ill' ru, k,· ,",,1 1\"1' tn tht· 
IlIn-..II'1 01 Ill' _I" -II. ,1111 1'" I II,' illfef •• ft 

HEAVY lOADED P.ANE 
OR 5(OW 5PHD PLANE 
OR ~HAllOW 01 E 
ANGLf OF AnAC 
I ARGf OR P05 Hilt 

LIGHTLY LOADED PLANE Ot 
HIGH SPEED OR STEEP DIVE 

Hft TI\I~ 
II E 

.... C. E ARGE 

.. NGLE Of ATTA.( SIoVolL 
OR NEGA lYE 

NEGATI E ANGLE Of ATTACK 

ACTUAL LINE Of SIG .. T 

ROC ET TRAJfCTOIIY 

F'9U' .. 1 19 EIf"el 01 Angl" 01 Allae" on A,m,ng 

IHSII1 CTW 
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.\ rough rul is thaI fin-stllhllilt'd airnaft 
YI>t:kl'b launched (rllm Zl!ru or po. I laundll:r' 

["II .. " thl' 1m I)f III~ht IIf th« IlIr,'raft ratlll'Y 
I han t hI' hn • "f I"un h f·~t hli Ill'd h\ t ht. 1''' t 
I.,I'l1t hl'r' . Laulh tlt'r m.llahl-"nt,.1 n much .11' 
111 «l"vf"t" "all~f" thi' r''{'kt'l tn turn t.,. 
JlIl'td~ int .. Ih .. hnt· "f tI"'ht \1.,J,tll).!'nm'l1l 
,,"l'r HI ,1!·Vrt·I'. I .... " ~ "Ppf. im.tll h . OJ I" .. 
I'l'f n'nl ,'umpl.." lurnlllj.!' lilt .. II .. hIlt "1 
IIlghl lFivlIII.' ; ~ \ 

Effect of Plane AHltude or Angle of 
AHack on Aiming 

• , II WI' thl' ·WI.III,' ,1111.'1' I 1111, •. IIful In'l1 

•• Ii , .. d hnl' .11 till' aly"l.fll' r CIIIo'IItIh- I h, 'I~ .n' 

. I~ht ,tatum IlIlI' H. ·lll.l. 11111 Ii till-!' • III .. ri,'" 

Il-!'htlJl).' atll-"h'. ,'IIJldltluIIS 
"hi"h tt'nd tu IIh'rl'a 11.1' ,11111'1 •• 01 •• tlw'k 
(.lIId Ihll. h, h.III, \\ 

11. SIGHTING AND AIMING 

figur. 7 30. E" .. et 01 Wa nd.,ing Sig'" Line 

Iltt:lI·k dl\l'. i t il v"t th .. pip nn tilt' 

.lIIf Ih·fI'., .... 1111 
IJ.:hllllJ.!' III I rill 11"" 

I, 01. ,IIIit'd h"f It 1'01 ttll I \ I I (. r n .. "I,·1 til" .lf r 

,,1.1111 a \. 11.1 II .. , I q,. " I I·... ,'f I"'lrll-! ti,.. ,.! 
nit • rn.1\ I, I <lUlltlIII I,"Ii Ihlll flrd., 1'" 

rh." II" 1 •• 11 .,11.1 III n,. ~II fi II III 

12_ ClASSIFICA liON OF AIRCRAFT 
ROCkETS 

1.n It lit I't'f 

According to Se rvice Use : 

sl 

II 

. 'I'n 1(-.. r .. d,t'f ;0", I" oJ f<ir I" rl"rlllllW •• 
, I" I~ II nt I tap hr ....... • 1.t't"all'i:tO t h,'\ an' lin d 
3ii".lfll t I I t II~ 111\ 

RESTRICTED 
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• 5 INCH ROCKETS 

F'9'''~ 7 J, Sec, ions 01 Unlu l "d Rockers 

n'\:kt'l. an' t ' h .. mil'al r" .. k .. t, 111\, 1l1,.J Illad,·.J" I It 
• 1"1', t .- rnh"tl ... 

Urill n.d ... , ... d.' I • t! I. r raillln).'. According to Method of Stabilization: 

Fan -.. tahilil .. d rock .. t,. an' "'IUlllllt'd ",1 t: 
(.r r·.jd.lll1' tin, According to Tactical Use: 

...... 1 

Target Rocke ts: 
I- '1 

t tit 

• t t U 

Rf5HIICTfD 
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13. ROCKET COMPONENTS 

Heod (Payload) 

Th" fundi"n of ht, I,,'aol I I, fI, 11'/1,) Ih. 
t"rJ!t·t I,,· hla I, fravnwnt,,!r,," . (lr oll ... r \ i. t' 
Itt,,·k .. t h .. ad an' 1'I1I~"ili<,.t :I" hl~h I pi, 1\, 

(fifo:" high.I· ,\pl" .. i" alilit 10k (h"IIl, "011 

armnr-plt'rclllj.' (:.\1', . rh,'ml''.,!. lIaro'. l,h '(n 
Ilash. in,fnlllll'lIt I .•• "t. d, p.u', .. 'llU lt .lIlioI 1".1 
11(1'. TIlt' \ \>" "I' till .. r I III hI' ,,1"11 Hit" 1\ 
markilW,. t·n I III h. ad "1'1" h, "I rtHl ". 

",I h .. r (II' h .. 1 h II" " and I •. , I' I II '0 "II"'h Ir,' 
fhn'ad,'" inl,' adal''' r. Ho,,-Il i. III "., "I", 
(,IIIIIall1<''' III h· h. at! t .. 111'111, dl I, lIall"lI "' 
Iht'" pl""I\, '(II,II" ' _ IrWIIr> I :~I, 

Motor 

Th,' plIr" "I' .. I ti", n"""1 IS '" j.!1\, tilt' 
1"'" kl'l It II'IIJ1l1i ",ul IIr 11111 1\., JI .. \1'1' It 
prrll<'ll'aip:tl'l_ ,II •• 1 t .. IJ. ,," 

" "I(Or Tuh .. , nil,. , 

liE TRIOLO 

mt'n ir,l 1"'1'(, I'alt·d ~I,III\ II. Itlll" .1/', sir 1111 ' 

otJ "I't
l trap .. ilh.rlt· ),!r.lIJ Hit n~ltlltltl ont .. 

'h, Ir.11' (nllllt' 
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ROC ET SAP 4 5 • T78 

",\0. 

ROC Fl HE 4 ~ T83 

F'gur" 7 32 4 5 Inch Fia"cJ Fin Roc",,'. 
"0 a \ III~ ... I,,,,, "f t h. ~.r"J'·ll.1 --I'II1.;.;lall •• 
Jlb'tl r ...... k.~t . tU'''t''\,·r. ani nlon cU'l'u rat 
t .011 tit. Ii" I .. Io.h71 d \ I" 

14. AIReRA" ROCKET TYPES, 
MODElS, AND DATA 

Principal Types 

l',d\~1. \ H. hn · ~tah,III"'t. I ., 
1 .. ·.11 'Hanlll ... 1111. d III 

II,, '., 

RESTRICTED 

lET CliP 

INlET ~C fIN 

SHEAR WI f 

FIRING PIN 80DY ___ _ 

FIRING P N GUI ~ 

HUTTER IOC 

i ' RING PIN - ____ _ 
r I 

SHliTTf 

t1N . t- f' -.I 

Figure 7 33 80.e Fuze. MK 157 PIIl I 
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:1.:," aircraft nod,et mHiolr "ilh ,-.,n · head. 

h. fla III " impli .. , I' 
nil' or lou"hO'.t to n'­
\H r" kl't h .. ad Th,' 

;;.11 hll!h · \t·ludt, alrc:raft rocket "\,AR­
lin Inl.ihH I. 1'1 .. ;. 0' I .... 1.<'1 I ... ad. '\IK!l alld 

IPIl .... t· ... "', tl a lh .1I ·t~ t tit "'arne' ~Xl"~pt fur dtt. 
• I- '" I'., ", •• " .,. IZI' a. ~.·mhly, TIlt' 5.U-' 

r .. d", III' '1' diIT"r I'rtlll'il'ally ill th,' tin a~ ­
",'rnl,'- ,,\11\ I alld .\II\:! :11 .. 11 II harllin~ " .. ltI .. d 
t .. I h. Ill!> I r. ,\11\ .! :\I "d ::! had tin atlal'h .. d 
t .. a I., \, \ IIII' It i< 1\ ~,'m"'l'd 10 t hI' mu!(tJ" a~ 
1--llId, ,lid "I\:! " id :l h", tilll.~Ut'd "l'pa­
I'a •. 1\ 

,-"tI ,II n ra fl n ... 1. .. 1. \It f n ,,,tahililt'd , ThO' 

Statistical and Identification Data 
on Aircraft Rockets 

, .. 11\ \I( I' Il 3[, \R !! ~:; AH . I'th .; ... . ! In hiJ In 5~ ; In. .!'.! If \\, ."t .• I III/,. 561b :)~ l Ib II " It H.IO " I "a~ E . I "11 ~,1. :! OU ,\11 ~,oO "I !II\ (I) I \ '(,1 '11 
I ~Ia , • 13-50 FP~ ,I'll F'I',' 116" F'PS J 1,1' ~' I'S T.mJ •. (I tu J!!u If tu l.!u It CO I:!O U (II J.!n 
101mJl dill F'. dt'l! F rq~ !-', .t.,.., • Bun ~ II1" ft .! ' , ... ~ I t o 'I.til t,) Ii 3 ~ In 
Tanl4:' 1 , ~ t-<', I - . '''''''''\' . It '" . I'r\'Ht-lian t 
\\ .n. .2 .. , II., r. It. ~ ~ II 1 -:!IIII. 
• I •• Fut.· 
,\I,~ld ll" 1 1'1 ~I" 14" "'" 1 1:1 ~"IJ' \':o .. t- t- uz ,~ 
T)Jw \ " ~'J A ll ~ . 'I \ j. ~'I' 1\ t Flit, 
" ,,,1..1 \1'" 157 '0\ If.; '" Sa I' fi'U 1 1 

T\'lk' 
~I\(· rn.t.' 

Plf till! 1' , HO..!t} 

Aa I \I" Ir'",!f 
"" I·.·· r. 

hlz \1c 1.1 
\ 1. ",""t. 
F /( P rr lit " Pu (I tlJ ~ or. 
T~,,(· ~.(' tllla ... ,It I.I~ 

Data (4.5 Inch Rockets) 
In r '-\ I' ; 

,f, ~ tr -; 9 If 
," H, ·"'Ih 
I ~,f n 4" 1 .) ... , ... 

(,h~mlC·. tI (mn'ntll,rn), I'illllh'd hh"'rlt.~ 
',', dr,"., 11.11'1.1 oJ III 1"'1',,10', 

I',..\'IIH·, I ' ,lilt, 

Int'rL "1 1 ' .. 11 , 

1 S. ROCKET FUZES 

RESHI CTEO 

PROPElLER ___ _ 

PROPEllER 
---..... L-

LOCKING PIN ---Ri'iiiiIlII"",'o::! 
ClAMP PIN ""'I=rr-........ 

CLAMP BUSHING 

SAFETY WIRE ---~I 

SHUTTER 
LOCKING PEllET ---1.,....--

FIRING PIN ----,,......~~~~...Iif 

SHUnER 
LOCKING PIN --........... 

SHUTTER 

LEAD IN (TETRYl 

800STER ( TETRYl) -----,,....... ...... IIW' 

FIRING PIN 

SHunER 
UNARMED 

DETENT - _______ ...,.._-.:~ 
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:------- CAP 

~---,-AP SPRING 

HUB RI E1 

ICING Pfllfl 

SPRING 

~'7'?.".;;.;.:r-- FIRING PIN GUIDf 

;-----MAGAlI~.~ 

,,-ro-O""';---~IIUTHR PRINt; 
r; ........... -f---DI T NAJOR 

Figu rl') 34 ~., 8 FULl' 

RESTRI(lfD 
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~~S~~~~~;:=====::=-=-~~:-~:~:STRIKER ~ WIRE 
P~IMEII 

M CI( PIN 

CHARGE 
PIN 

~;7;tj~~"lHr-------- aoo~IER 

F'g"'. 7 35 PO FII •• 1144 .. 2 Sc".",o' ,c Se<l,on 

Base Fuzes 

(ST RICTED 

~~~K I lC)O C::lil1C 

SET lACK 
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inl{ ,lin atta('h,'d 10 th(' I'np.llt·r I()l'klll~ pll­
It'!. rhl' "'1' .. n Ih.· ""," tl I!., {1l "I 1 .. 1. 
Ill(hU\" in pllll'P (\n thl' jo!a kt·t II~ a clamp a~ 
~('m"ly held tog ·thl'r 1.\' a "aft.t~ ,\in'. 

Wltl'n th,- round i_ fin·d. th arming '\In 
(JulI, Crt' • n''''a, inl( tht' dam" a ','t'mhlv \,IIIt'l1 
f .11, apart TIll I' •• i' "pllI.lo!' 111rt," ~ I1IT Ih.,. aJl 
• , 10'"11{ Ih.· l'r .. "..!It·r At Ih,' 'am,· timt', :\c­
• ..ttlatl .. n nl ad~ tilt' '11ol"'Ilt-r I .. ,~klllj.!' I'd 
I. I r"lt li'lI1)1 tI,,· I 'I ",~'Ikr. 

PI. 

". 

Storage 

I 1 I, h .. "leI It "',,1. I r •• , I, .. " II, 
) h" r ,'urn,"'n.'nt,. III flr\ i,,,lnl'l stntttC'ft It! .1 
\\,·II-\','nll'al,·d n a~' •• I."It'. (,rot., tl'eI llllallls 

II ... dlr .. "t r:t\ 'f h. 

<1 •• 1,·" ('ltd\l/l~ 1,111 11111 I , .. 

'I • 1/1 of II Jf t III II C 

16. INSPECTION OF ROCKETS AND 
GENERAL PREPARATIONS FOR 
FIRING ROCKETS 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE I S UNCLASSIFIEl 

p~OPHHI1 

F OPE .EII 

Cl ..... P 

RESTRICTED 

r------ CAP 
SPRING 

__ PR()PI'lll'R HUe RIVET 

( A"P ."" .. "N(';----j"I~ 

EXTEIIN ... l 
SECTION 

Fig .. re '-31 Nos .. Rocle .. , F ..... M IC 149. 

',1' ... 1:, pro -( 1'111. fl 
II 1',Ir j. ular IlIl.· 

lIOII 1.llln('hiJl~ 

f':I. of \\ Itb 

mati., prior ., r Inadin~ f(K:k"l~ on la Il('hl>r~, 

1 8 . MAINTENANCE OF ROCKETS 

TI., 'h r'lIl):' hi I' r.'ml1",'d I rom f I'" 
tftl r r l( .t· I' n:ltie d un .1 Hwi.,·r 

Hot t' '" and ('ompont'nl" mu I It' ft'gularly 
II, 'I ",' .,<1 "lid mainlainl'd in ",'n k.-ahl' cfln· 
tli Inll a all 11m,''';, Prnlk'r "alnl "hfluld be ap· 
!,Iit·d, ru, ~,n \ 1'1 atin' ",r .. a,,' all 1h01'1 zt'\1 for 
\I .... h'll1lti!-t, "',1. ~I<ltllr: ..;houl!! n('\ I!r bt' A 

17, PRECAUTIONS 
l( r, ,I \\ i h h,"111 P""I','r r Tnrll" ~1\f1uld I .. , 

"'1111 ;tin " 011 In,lImllll!' allfl \Jut)!.,inl!' ~hip, 
ft'f'hrtl..; mil, t r('t\f~t a('cur. 1 .. 1\ 

/)11 hand 

.... ttl, 
\ I It .ill • I lr 

PESTill( ED 
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SEmON Y-GLosSaRY OF TERMS 

Acreleration. Ra ,'0 illn, a In ,',I""llr, 
ml'asur,'d in (;'8, 

Airfoil, A thin . I reamllllt'J urflle II ",I 
for \\ iny"', Tudd"r • "I' ll .. p. 

Air Ret;islllnre, Th" 1','. l"IIIIlt'" Jll'(l,hlreoi " 
Ihe almosph('r,' tn" urd all\ ,,10),,( I Inll\ til)' 
rapidly thrOUKh 1I 

Air Sounding, ~"'a III '-lIh'lI ,I ,UI • ",til 

I Ion,. nt hiKh altltutl." 1" a I ,,110 '1111.1 
"Hmila r l'<luipm,'nt. 

Air. trram EnlCln~. A n ,1\' i('n 1lI1l1,,1' 1 hal 
dPIlt'JI(I,. Oil lhl' atm .. , IIht'n' tl> UI'I" rt (0111 -
bu;tion fIr mer ;,<" Ih, ma" flf Ih, ). I 

Ambient T mp rat urf'. ,Url'o 1IIt11f1' If!r 
lI'mp,'ralure, 

Ammunition. ;\llIIlIl illll alit! th Ir 11",. 
"ici.r.\ {~oml'0Jlt'nt."'i, \\hllh .. · t1 .IIU ~ltI t ·pl,.",,,'.1 

"" .-h,'mlt: • .r tillt r 01"'1):11<" till' U " HI ("I1I1oa! 

\nl(lt' (I( .\IIM!.. , .\1 I uri. th.tI ,IiI' 1,Ift a, 
1101"":11 tlil!'11 

\ ,K. Alrn" t R Ii, 

\rea Kahil rh,' I -j. n' >I I 
10, 

rmCII ' plt'rl'lnl!, Pro •. t It \I I ,I .f! 01 

('1.'01 -If"1 t I,· 1t III d, w, .. 01 "lIlt II. 'TlII'1 

I,lal" III \ .-1111' (lr 1'1,,", 

.\thud_d . C' nlill. 'II " f 1 .1I1!'1I1 

<\tmo,'phl'rl' AI! I III I. 
f, .'! t I I II", 

"'Ullmen,.,r, 11,.\." •• 1 .... I' II 
pn In- ,·1111 _t~ II t I U 

Blaek 1'0" df'r. A In \, 1'1 1\. m. d,' lle ul 
phur, charl· .. :lI. :11101 "alq. \, 1', l' .' I wl,l, 1.\' :I' 
a pm!'I·II. nt {harll'" 

Bla. ... ' ( 'h mher. Th,' ,'haml",,. 111 \\ hll It a 
II I' I! 01.', hili'" ,1", • I." '" 1lI,1l'1 ,I J. I 
t-U fint 

11. ..... 'n n .. d, .... \1\ all Iltan I .. hi d, ", 
\\llh. lar'"tI II. I.HItII'rJ'(!:/IIlJ.!' 111111' f.d 
I" 10, ;11,' 1'- "". t l'r 111'1"n(1 III' II 11\ ilw I ,'01 

Horf' . 'Ij( ht Inj( £11' .. , .. 1 n. III ,lIwlIIIW II 

.-f 1."1',' \\1111 • I~hl 

,·,.h",. ' 
,\lalll 

( t'nlt r fir t:r,l\ it \ 
II. " 'I' I 01 \ I \ II • I 

,"111\,,1 

P;tUC't' ltlllll" 

dunn'lll'lIl!:, 

RfSTRICTED 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE~ 

RESTRICTED 

Chemical Fuel \Iotor. A trut' rock!>t motor 
u 'InR" prul'l,lIanls ~UI'JI" In~ their own (ixyg!'n 
(;1. "1'11(1 l'U (I air tn'am I'n~ine, or ram jt'!, 
\\ hi('h obt.lin lI,..ir ()XHrl'n from the air). 

( hultgin~. Irn'gu)ar ,'omhu, tion uue to in­
•· .. rn· t m!.' tun ,r I lor d' amlH'r de!<il(n. 

( hute Hoot. Th. par;1( hutl' container of a 
"',n"I.,~ II I-d, 

Clinoml'lt'r. Instrun1l'nt us .. c! for mt'a"ur­
JII~ \l'rtll'a) :In,,d s allCur"tt'ly. 

('Io. in l!' Plug. A part of many tylX' . (If am­
mumtlc.n that is addl'd after the hod)' ha. 
bt'tli Ii II.·" "it h a high t'xpl .. ~i\(', It is al:<o 
II, •. cj {II 1"'" l( 1'1 7.c' l." J! It', IIllul I <' t JOll th .. 
1117.,'1 .• Illllall~ In"'1 • 01 fc'r "",. 

t'ombU",lIon Chamber. An alit-rna\(' l'lml' 
lur bla-t I hambc'r. 

( '"mprl"-. .. iluhh lIurhil' . .\n un,..tt'ad} In' 
of ;lIrll" l alulfld all ilIr foil "I 'ra ing' rio,.., 
n h.· 1"" tI oi 01111 I mar ,'d 10,' rt'tllln'ti II. , _ 

ful lif· .1111 II. rl' .• d dr 1:. 

I on(,l'nl ri(, Tank ... FII. I Ilr prol"'I.1I1 OInk .. 
!w' l·d HI t \ I' Jlt II. ot t'r \\ It a \'ummon 
It IItral a 1<. 

('"n"'ru('li'In \\ t'I!I'h!. Th.· '(ll!ill IIf t.IIII\<. 

(urciih' \ til 111. II" • P' wei. I' 

(, \j,..ra(, ( •• r, • I IH r'!t' .lIn ... Ift tlf ,. r 
t.lIl: I ;" 

Deprt'!'Sor .• ullstanc!' u.'!'d to deprell. /lash 
of propt'lIanl~. 

f>etonation. Th,' rapio t' 'plo, ion of a high 
ex[>IO"I\\' (.1' an explll'l\P truin. 

Helonalur. ..\. hiJ,rhh·.-I·n:iti\, I'xplo:ivt' 
us(·d 111 an I'xplosi\'t' trllln. 11 i u ually ini­
ti<lt(·cI hy a finnv pin "1' "Irikt·r. AZide is (\ft<'n 
u"'I'O for this. 

))ipropellanl. A ('umbinatiun of two sub­
:tanl'!'~ uilt,,1 a~ a rock.,! fuel . 

Ilisplacement. , w inl(: rtlc'I-.·t from ~arril'cI 
position intu tirinp: position. 

DiAAOCiation. Tl"I'ompol'ilion of the burm'd 
j.!1I-'t'.' in Ii cnmhu, tlfll1 l·hamh,·r at I:ip:h t!'m­
perat Urt' pro<iutinl( a 10:,. of ht'at ,'11 I' rJ.!Y . 

D'iT. Omit rottthlPllt' \\ 1I,,'h i: a n('u ral 
-"licl u",'Ii prJmarll~ ii' a ,..t,lhJllwr "''('all-,· It 
rt'du{t·,.. hYl!ros('lIl'l<'ily 

I>." ."\'. J)ipht'n~'lilmln,·. H -talllliz.'r whIch 
,"l, ,,~ ,'(.mi>lIllnj.! \\Ith IlIln'I .. ' fum.,s (\r,' . 
iti." of nllrtll(l n "\'"In'd III dplPrJllrat ion of 
III r", .. lIul. ' .. , 

Drag C'oeffi ien!. A i.l( or r"l'r .. "!It in/.! lh. 
nlla h f~ air rt" ... '" ant'. f:t pcuot h ular hapt: u 
.ur(,.II. 

Ilrnp l ·nil . A II ...... I;!' r",l..,t 'hidl Ian bf' 
J. I" I .. d al 'r. hall-II"II ',f Its I''''II.,lIan . 

'1' dl.lIlIl·,11 illlllllLJlJi 
fI t"Jt tl4 fI uluft.,'lInrrntt1 

III \\1" h rllll ' 
n,·t)..·\ 1'" t nil 
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E plosion. The. udd .. 11 g.'n ration of a larv<, 
\'olu nw of highly ht'at .. !! va,!,!>' \\ ith the r _ 
...ultllnt pr!'Sl:'ure. , and the fral:nJ,·nt'l illn. 

E'pJo, i\ e. Any m"turl', fir "l1hsl, lin I h •• 1 

UP"" application of h!:lIt Ill' hll"I\. lIddt 1111 
ulldt'rI(OI'" a ch~ml('al"hanl!l' (front II ~lIh" • 
II P:8"). thai product's II I(rt'at I(Ullllli1\ (1\ Itt .. 
.1I1I.! a large \'tJlulTI ' of j.!a, ,', 

r. ploo;h'e Filler. Th .. lour IIIW Ii I ~ ••• I 
a 11,\ I) II(' tlf /I m nlUlIJ ti .. n 

E,lernal (or Hallisli(' t:ffidl'nn I I h. I'll I" 
llet"ef'n tht ~1l"rI!Y I"efllih "1111'1,,\. 1\111 1 .... 

pul",ion IIIltI I hI' kllll'l i,' ,"h "V' .1 \ I 1../ " I" 
thl' j!'!; ~lInw as nll'chanu:.1 .·tll·" 111.\ 

fo'iller. C"nll'nt~ '.In I " III an .,IlIIl' trll'i"" 
<'ontaim-r. Th"r rna' h,' , pi" 1\'" I h, nth .tI, 
nr in~rt 

FiIIltol!'.Th onlill tht'''I~1i \\11I1'1t h'l J1.t 
fll\·!. ar,' lou,h,tI ,nto a ...... 1-" tunk 

Final \la", ... Th ' ma , (,I' H ... rnl!.;. I :11 II 
"nll tlf tli),'ht 

rin .. , A <'lIml",n. III "ar (I 'nn .' ,'l1Imll" 
Inn adcl,·,j Itl git c' slal'lhl) III tlll!1i , 1'1','\'. 'I _ 

illl( rpl.llioIJ . H,'m"_. ,.., 1."\ •• lI,.d III ". I 

l"I\'t'lins 

Fin .... ~ •• ·tI ru,h"'I,_ ,I .1 r ,I... ,I. Ii '1\' 
it ,lirt·diun. 

Iltl ro .Ia .' III llig-ht "I \ 

01 " ,'d 1m r'lI1lc' 

Flap", )11\:.1.1" 1I1<!' I, I" 

th· fin .. 'I "Iar, d III ;to 
dll.' I tI,,'lli),'hl. 

I "It .. t 
FI;lrt' \nl:lt'.:,. r If' 

\\ II" II d •• 
d 10, '11' 111 

Free Flight. Th!' portlc n rof a ro(:k. I'" rlivht 
\\ hidl f,.I1",,: th .. ,'tll1Ihll lion til till' ru,'l "r 
tht' tllrll;' J.! .. If Ilf Iht 1' .... 1-. I lllulllr. 

Free-Right \n.!tII'. TI c· allj.!ul.lr !lin', \ 11111 ( I 

a r o{'k .. t "i h n 1"'1 110 II "ar\h al tl1t' hl­
KIllninl! elf fr •• llwhl. 

1';1 l~t t IIlh 

t; ,' ro Cllntrol 
d, \ It ( 

\ ,.o,!.;,·t "lUi'll Ih'" nn~'lIill-
01.\ 1\'[" ,.Ih, .. I hall Ii III 

'flll1pm PI I of ,\ 
Illdudl ': Ihl' ,,,j 
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Harmonizalhln. Pr""",lur,' •• f ;\h~ninj:( ;,r 
~,.·t <If I'roj",·til,' \\ i h ,I "ll..'hl al '1""'llk raIlV •. 

liE . 1Ii)!h E 1'11\ •. 

lI t'ad, Th.1 par 0 rIO, KPt • QIII,.inlll~ I a.\. 
I.,tel. 

lI i~h E'plu'I\t'. An ",,,1,,.1\1' fUlll tl"rJln~ 
',\ I h )lIj:(h <'Hlt-r ,I. "'la JUII. 

UI.:-h·urder 1>.'l unatiun. A ("0'"1101,·", and In­

tantarU:t"l: (it"'(Jnatll1f\. 

lIuli. Tl. !lllt,r c., 1111..' <It a larg-. I n'h'. III" . 

11\' \1{. " vh-\/·h ... ,jl~· IIlraaft rud,,,1. 

Ideal Hu('k"l. A rod"'1 ""II, rUl'Il'" tl) "Udl 
" I tI. 1.\1, IV! I r:l II. h.1l II \\ III !"t'd,'h thl' \ l'I,)\'­
I:~ III I ,. \'11 Jt III 'pan'. TIll, ra if! "<mid 
It. I III l.':!, h,' 1.lr,:-,·r 1111011 .. r <.1 n.f"rnnv 
" I" 1"1.,1 

Il!nll,'r. \ I. \ll. ,; 
,l t"ltl kt·' n ( tor. 

Inl"l P'lr .... Th.·oJ nilw"or IIMzle" tI ruu~h 
"hid 111111',,11.101. .,n· mj." 1."11111,, th. ro 'k ,>t 
111')1(11', 

ph,ln 

"'.(11111 f." I < r 
In :.!oo mll,'~ 

l.' I.e.-)"\\ ion,,-

Japt>e. ,\ J. 1.'1 vin,' r.\II :lirtTafl drh.n h: 
• t I'r,'),ul I"n. 

Jato. \ p"al •• Ilh for prod,l. inl{ J.-t li,.-i"h'(\ 
loth,·", ',r ,Ill a,·r"plan., ,It t''1UiPI'I'd , 

Jt't. Th,· ,tn'an " I Va" dT"I'h·.1 II.' a n':I.·-
111ll! nw ur 

Jel ·a, .. j,t"d Takt'-I)tr. An a'rpl,lIl' ak. -(ItT 
:1<, .I.'ral<'d It~ t h.· II , ,I ,. :hrll t or "'It·K,. 
" .. l.t () 

,h ' I En~i",' .• -\n HII In 1111 • IWilll : ,. "",11 
loll n10(01' • qUII'P4,tl .. lh.\ II YJ!t'l1 "f thl :ur 

,. :til "'1111 , ... 1.1"'" r 1/11 j" • turlt" JI't. illl' 

JIll I ,. J .... III'nnnJ"', and '''11111111011'' d, ... II . 
,II.· I, nil" 11 1 ".11 "tI~d 

I II).'U t' 

1 ,lUnd"n!! \nt.:I .. . II,., , •• ,)..'1, n t.1 Ir.oI 
.t 1"111. "1 I 

I .un, htnt.: HII'!. II •• 1 r " ~. I Intll" h." 
1. lIIn. hlllL! H,II I" I: II III' 1,II.IIr1I11W tIl 

pil. 1\." 
I .. tit •• , I,ut Ill)! 1111 

[SI~ICTED 
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J. 0 Ratio. Th ratio IJr It'nj!'th tu ,Iiamet.'r 
of Ii rockt't-mntor comhustwlI "hllmlll'r 

Liquid-ru"l Propt'llant. Liquid ml tun' II 11_ 
ally hydrlJl'llrbun- ,m'" a, kl'm '110' ,tI". ul. 
va,ohll" hljllld bydrnj.."1 II. 

to:. Lint' of SI)!ht. 

Lo,,' fo; plc)O\ht'. ,\ r.·t'l II'" 10\\ I HI II'~ 
/'xpICl.,hp "hl~h dllt,~ not ,.r,lllu.nh 11'11111,,1. 

ror "xamlJle F~ II 1'0 \\ .1.·,. 

I",) or l..cnt~Kt'n. 1.1<1111" (I \ r •. " 

til tlf 
a r'>l'k.·ttlr Jt'lt. Il.at .. t "'II11d II II. nt. Jiunl 
1"'1111{ .... n. 1tll'I ,.,J 

~laJ Rati". Till' r. I., I. 1\1." }" >t.d 
fila' II h., r .. , Ii.·t n'".!\ lo,hro I lId h., II' ,II 
ntd, "flf th .• mp \ n, d 

"1'1 

)"11 

\Iulnr. I h. 
l't~ I.d, ,tilt 11,,11\, • 

thlll,,1 m .. III". rl':\l I ittn lilt ...... : II1dlld," pro'I"'1 
It III eh .... gt' anti ""I'I'''rt. ('; bll' and I,hllo:'. m"I .... 
I "It., .111.1 noz21", 

""tur Head, Ill" 1I1'1"'r 1"''''''"' til a "''''\'' t 
Ill' I .. r. 1~lIall~ '"Iltnlllml.': lla. 111 "1,,11"111 IIIJI" 

I I< IJ part. IIlti tI .. • 11..'1111 t'r 

\t fltnr 1 uh .. ...: .Il llt.' thl nd •• 1 t t l.nt1 • ltd 
It r""O'I\t. tilt htl.ttl 

""ut h i!. 1.If" • ".I ,f I. ,. """ 1"11 
I. 

\1 "111 h \,,',1 II. r" 
I f Itt 

\11I1t 1 " .. ult· 'I"",r ,\ /I"h", Ill' I , \lIIh 

II .' I" U1, I, " I It, 

.1 
1'1I.IIIt·j I.lnl. I{ .. d •• , \ I • kd \ II, l.tI 

hll", hi, I • I" 

1',1\ I".lfl h, 
r .1.11 III .,01.1111 '11 I III,' 11,.1 
\l) .,nll,.1. 
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Prntolitr. A hiJrh I'xl>losi\"t~ IIf an in~en~iti\"t> 
natur.· U,,(·.[ a~ II fillpr. I j" a mixtllr;> of 1'1'1' 
. \Od PEr1'. ;\1; n~ ru~k '1" ha\;> a pt:ntolit( 
rill'·r. 

I'ho(lIfla"h Bomb. Ont! t VI" oe P} rutl'dlOl,· 
dr.'PI" d f ... 'm ,lIrer aft. \\ hidl I'r"du,';>" a unl. 
ham Ila~h or liJrht "lItlkienl fur photll)!raphH 
pllrl'()~l·. 

Pla.;;ti<"i/er. A mat rial use,1 in a Ih.,\(kr III 
huhl I h" In)!r '(hl'nh in ,·I,,~I.' ulfnd. 

PIUK. (',.nm·d(1r "I' calli", to airt'rat" t'I,·dri · 
.... I ,'In:UIl. 

1'11,,1 . R",'kl't ,'"rrit'cI uncl.'r p""! IIr i'""t,. 1,.' 

man. ,f ti~tI!W'" 1111 th ' rll,'!,;,·t m,'t"r tubt'o 

Po"dered 111)(hl. Tht' pilI' inn •. 1' a r.M·kt'!·, 
h)!h dlnn!! \\ hidl th., r .. ,·k·1 mill or I" tr1 

"pt~rat Inn . 

Primer. A .k\·in· lI'I'd I" i)!lIi 'U prlllwllilll' 
('h.lr!.!',' It " fin'c! h~ "h "'k irllm I rinnl[ pin .. r 

1 rikt-r 

I'r.ljrrlrd Area, Th" maximum 'I'II"~ " .. ..til'U 

uf .i 1'0, k. I hull \\ h"n nt'" "cl h,·ad·un. 

Propellant. · ,\ 1·1 (I11t-llllw .W'·lJt: h.· 10\\ ." 
(11""1\,, "lll,h 1I,"n WIll!"''' pr" ........ april)!" 
ttl,· 1 rum II. "".11'011 

ttlt 

I'ncpcllanl.... ,,,lid. 11.,111-
I',,\\,d. r. If I .... , ' UII !I \, l.'r 

c'. 

Prop .. lI ... nl . ,.lfh,·dl\ .. l \111.- ' lclt,,,, 1 

l'rnp .. 1I1R1: (har" .. . \. d.·rlllll.· qu.1tl I 
I", •• 1,1" 
l·tI'tr~. I '11 ...... d 

I'rll. IIII.!' .j tIld \1 

Radio Sonde. A form (If nll't"l)rl('raph tran~ . 
mittmj.! iL" indicatitln~ automati ally by radio; 
lh<!U in hij.!h altitudt' aIr . uunlling . 

I(;to. Rock 't·a~,i"h'd takt'. If,: 11 t'llrly II 

"a, (.n B 2:; plan,~ , 

Reaction. The r,,('oil ur "kl,'k" pr,"lurt'd h~' 
tht')d of a rt'actulO m(Jtur" hirh pr()\'id,>~ thl' 
I'r(.pubion fur"t'. 

Rea~tion 'tutor. Tht' gl'n ral tl'rm fill' nil 
"·PI!" flf J .. t·propulsion motor. and ngme .. 

Refll'{'tor Plate. Tran"pllrt'nt mirror of vptl • 
('011 ,i)!ht nn whit:h r .. bel .. imagt! i' projected. 

Rt'Krnrrath r 'fotor. A TlKkl't mlltor 
1"IUiPllt'ti \\ ith a l'oolin)! J{ll'kl·t thr' ugh \\ hidl 
th., fUl'1 rl,." ~ 011 it, \\uy to h .. mjloct'lr, thu" 
l'arryilll" tht' "ast' h.'al "<Ilk int" th .. bla.'t 
,·haml"'r 

Ht"Kulat"r .. \ "l'\'k tnr rt')!ttlalin)! Ih., lI,m 
pr prl·s~ l.ol rl' of :t sra~ 

Ht"lal h e Wind. Din'di"l1 IIf \\ inti "ith rt' . 
~I·.·I to (hr·('/ Hili IIf flight (If 1 hI' nxkl'b . 

R .. -.on1ll .. r .. \n Iml'ul ..... jl'l tlf inlt·rmitt .. nt 

" I ' 
Het ielt". Tha par' uf a "I)!'h! "hi"h has ,. 

r:m.' or h.·a,1 ,'U ou cor I hm m ;;1 "In I' nr 
thh.·,t rl ht .. I .• 111.1 n nn.,. III aU "II(h,1 

'wll' 

111'11"'. It ,.~ )11"1" 111.1 1.11l,IIlI" r:tI 
11'1"'1" OIl ;.11,,(1 tc nk • t pr"ptlh'" lll'a. 

u ... , tI tu hl\ , Ik,· \ rt. n , tit r ",tolptllha 11) 

ttr"!IO" 

1/ ... 1. .. 1 11 .. ld .. .\ II co, III)' , ... Id "I .lrl'.1 1"1 

rtM. k .. , II' nt 4' n IU." 

H"dH'lur . .\ 1">(';'. I "111'111",,1' '- I n~ k. 

.'nnh I ." 

I<UpIUft' Ill"'l . \ • II cl1 c • I I" I.d nH ,.I 
c " ,1·1 \al\, 

aft~t .\ (.rUH\l-... \ .'1",,\t' ell flt' nlt.or n 

~., IH. r I. I, ... I. , Ii k' n I "t h I I 

/lESTRlerfD 
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it ..... ould break at thi .. (loinl in .'11. I' .. ! ex(.I' ..... 
prt'.lIurt'. 

Sar~ty \'8h·~. A v .h l' Iliac .,J 111 lin u. \ ~t'll 
nr pr . ur~ tank to rt'1lt'\'I I he lin' lin' b.·f. ft 
it rl'8l'h :< th I,ur. lin)! J> lilt or hi' tank 

:car .• u".nhllt'r IIIrrrilft r,,,'k •. 

.'l'{'tional i>en"it) . Thl' \\t'ij{lti (f ;1 rc k,'1 
,hntled U)' its rna. Imllm ,ro -t·, 11 .. /1 1'.'(1 III 
.. "timlttinj! air r",,,i. Ilinc" 

, hock " ·8,es. :"und \\ ,n l' I'l 11'1'.1 .Il"t. 
)I'('t mo\·ing al '11'1 "1\1. 1" 1·.1 . .1It~1I" III 

c I' a';l.'d en<!rl!'~ lil~ , ' , 

Shot. A r(l('kl-t niMht. 

:hroud. A (,[lnC'd ~!al'lhl1l1~' ,' 1 ",l1lrol 'II 
facl' at thl' tail fie th,· r'll'k,'!. 

Skin Fridion. Th" dr,,:, or.1I1 nhli" t Ill'" illV' 

in aIr ('au"",tI hy th.· <"r .. n t h.· ~urra ... 

Slant RanKr, Irlillt' cit !alln frum .l1rpI.IH,' 
til tar)!I'I, u;.t'ful III tll\',· III(·k.'ln an t din' 
""mhill)! 

StH:krt. RI"','lIl' Ih,' pllll." of 1111 n .. ·kl'l. 

Solid·Furl ROC'k"t. _\ I"(,,'k.·. I'r, I'dl •• 1 h\ .1 

... hd or !lr\' Ilyn't", h/lll' )lr(lI, •. I1 .... 1 

,'"lid 'futur •. \ nonn'~" lie-rat 1\,' "'1 lid It I 
r'l(·k.·1 mutor. 

lahili/l.'r. Fill lilt 1I1 ... ·r t .. I r "I'll' lal .. 11I I 
• f ftl~h!. 

Stabih/l.'f (ch"miC1lI). ',,!l: taml' add,t! t(, 
pt'" ""r t .. mt! III .. n'V,·11 1Il~ tlt"'''rnp''~ltioll 
l"ll:llh' to, ,lit orillll/..' !',I 1"'11 I,rodlll !. lit Ic\\ 
,I, "'11" .. It IlIlI 

·tralil-phrrt •• \11I1"11,· fn'llI '15,11110 fpl' '(I 
" "Ull I • ..t 

~U'It·t S .. n it 1\ f' rUle. ,\ flllt' \. hkh b cI •• 
~I"d 1" f.l/ttl 11 liP' 11 Iml>o .. 't \\1I1! a \I'r~ 

111'11 toll l'l 

I anltt'm lanl. 1(4 ... 1t~1. \ rcl<'kl" It Ilh "Vlrll 

pla ... ·01 

lliper. 'PIe ,111",1 •. 

I e,.,t . ·Iand., "I! t' I I'r(JV1IlK .. 1.111.) 

rh rmal Eftkil.'n('~. '1'1 .. lall (If It. kin II 

'·1" I/.: d.-\ 1'1"" •. ') 10.1 III'TI k, t Jt· .',. h. · '''''1 
III tI , lit I!.!'~ '·''/It.',,t lit (I,,' 11 .. 1. 

tWII 

I hru"" r I. 1'1 I, ,r i It. I lot • J I <>1 

1" ~.k.t· II l\tllr 

Ihru,' \ul:ll1t'nl"l . \ I lillie I hit.,,, I It. I I 

, , It I. .. r \ 111., 1t.1I11 nl f"l , I .'1 \ III • r 

'(1111, olhllg II tl Ill' 1"" k. 1 from II .. , J IlIlIn.1 
,lIlt nl,cl1 .,,, r.,llIlg 11'1 II,J, \ ic'" 

Trajt't·tlll) n" {1I r1, ' \\111(1. .1 10,,011' if ,I 

1111 II .. tI. \ I'll,. , mllll.nn cI 1\ tI", I CI/,·" or 
l-: rtl\ 1 \ 
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Trap "late. Gnol rw 'IJJlPhrt fpr p •• w,lt:r vrain 
t1unllj!' hUnlin)! 

Tn'popau-.e. Thl 1 1.1\',·r "I IIPl','r ;,ir },l­
\\t" n 11'1'11~, ... pht·rta :lnd ... ra (, ... phtor('. 

Trllp""'phere. l'pp, r .lIr fr'lm I .oon f,,\·t to 
:1:;.<1"1 ',.1'\ 

True Rn('\.,et " otllr. A -,.If (" nlalll d. o1r 

• It IT I ,,! fu, I nwtll .. 

Turho Jet. A th,'rlllal J' I '-Il!!i,\(' in whit h 
I ht' ,', mpn·","r i, tln\'~n lJy aj!a"turhine. 

\ 'ahe ~'an . Th, (,' "Iator "h .. :tnuall~ tir 
• 1 ""uld flll·I rod,,·t. 

\ . eIOCII,\. H \ pt'r .... nit'. \'. ' nut 11'_ aJ,o\, ."i,­
IlltO mil,,, p,'r h'''Jr. 

, ""Hit_'. :o-uh .... n l(: . .\ \ ,,1"(1 .' I. __ thall" .1 
.'" ""II1tH!. 

, dll('ll). Supl'r .. "nu· •. \ ,·Io( I Y J!'r., •• I, r 
't lIll \II: 

\ekx-it} of Sound at :ea-IA,·el. 1,100 feet 
T'l'r ,,('('nllIl or 750 mil ~ pt>r hour; lower at 
hll.'h·rlt'\'t'k 

\' enturi, The npnl., . hap "hieh c(ln~i. s of 
a "ullt'-"hap('d r".'tridiun tu Ih throal ur 
11 a rro " <"I ... ·11011. and Ih"11 expand' in a 
((Hlp ... tr.,q . ft th. ,I'j 

\ J. Th .. )l'! \·,,10('1 Y (If r"adinn motur 

War Head. Th .. <'''pI'''i\ ,. st'<'tinn of a mil i­
t:on rll('k!'t 

"eight -Fut'l Ratin. Thl' ratio bl't"(','n thl' 
4rudural w\'il('hl anti the fuel weij{ht 

\,,'eight Ratio. , amt' a . mass ratio . 

" -eIlM Surfat'E'. Th,' ,.,la' l'xtprnal l'urfan' 
,,' a ~'r aOlhllt·" hUll ,- ,JO,t·tI 10 air friction. 

WhIte CE'lIulose. (;un .. "t lin. 

WindagE'. AI1",,:on, ·,' (Ilr "'{I'd Clf "ind (In 
ra jt'" or, 

Zero I.lIunt'ht'r. Lalllllh,'r \\ hit'h r .. ka" .. " 
r". k," II Ilbn n oH'm, III of orlo' 1IwIt "I' 1\,,..,. 
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CHAPTER a-STORAGE, HANDLING, 
AND INSPECTION 

SECTION I-STORAGE OF AMMUNITION AND 
EXPLOSIVES 

1. GENERAL 

2_ MIXED STORAGE REGULATIONS 

Purpose 

t n,I'1 lorm.d II r .. J!'" ( lid.! I II (\ltln 

a nUIlI illl' I II 1- • rId \\11'1'1" .1:1(1.11.1 am 

Theory 
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troduc ri, amonv uth.,!' 1,,,\\ t \ I' • f 'Imml! 
niUons, chernintl ammllnil i n \\ ht'n, aft,,!, 
W orld War I. 1111'/ .... , , I,,, h Itil. - f mill ar~ a _ 
munition and • pin I\" 

'"to ,.llIci. pilr's, "'!'IOU 
taught tht' I,·s '('n Ihal 110 \\ 

It'·ms"fmunrliltn,,\\,'r ... no 'UIIlP:lllhl., \Itll 
pal'll (II h"r nnd had I ,I., ')'P L." •• ,01 f,t I ... 
a/(t' PUI P(/~,· 

Result of o n EJlplosion 

If Iht.' "xpl" i"n "I ,'n· '\ i ' 

is Ii~ "b Inl'L1 ," til. "'\Itl 1111 .. 1 •• ltnt h, .. 1\ t I 

tit" t \\ t> t \, ", h .. llid 11.'\, ,h, I .,' I \. ,~. t II I 

An ")(ampl .. 111\ "". " til 1I.lfllll.· .mt! 1I,II."nll" 

tatllm 1.0mb- All t', pi .. Itllt 1Il\'lhlll~' fr, •• 
mrnt:.tion h,'ml" \\ o"lt! ,'I t 1(\", lall'l ,/l1a'­
t iti\!" of hiJ!'h "do, Il~ 11 I' II., \ Ittl.· a ." na­
/llllt· I'xplo:<i,,1t \\ould rl."1111 111 ,Ill II-; or \t.tI 
C'u:-:.:-:.inu \\ •• Yr.! the·) to 1.1 ..... t on'd h').f't,( h"1 t ! 1 

tiynllmill' " ()Uld 1.,. ,·'«po-.eI I .. mi"tI., hawnl, 
hould th., ["10110. tiltnnal" th,' 1111 ,II.·, I .. , il1~ 

rrtl"t·IJ..t1I,.\ them \\'lIult! III 

ch namil .... \\ ('rl' II •• 

thl: lint th.· •• 1"', 

10 .. prop..! ",I 
1'1\,,<, 

Ease of Deterioration 

Sensitivity of Initiation 

It"flb .. f ·1II1'1I"I1III .. n \, hI h a,., \ I ,.n 111-
"-nsllnl' nalul'. ,h .. u!" n. \,'r I., ",'n·t! \11th 

Type of Packing 

Action in Case of Fire 

Quantity of Explosives per Unit 
r 
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TIll n, ill th, 

Field ,'!omlre (:roup II . All Infu<l'd, loi~h­
, '1'1 .. 1\',' ""rn" , :tln'rall mint,,, and lorp.-
01" anti (II lrl ur unfll ,'<I (ravmr'nfntion 
huml, ,lilt! 'nH'nlt'IiI,III(1l1lolllrlh..lu !t'r". 

3. MIXED STORAGE REGULATiONS 
UNDER FIELD CONDITIONS 

General 

II 

Field, ·Iora!!!.' (.rllUp 1If. \11 Il>( krl.' rt'varcl­
I, " .. I' lill. r 

Field Shntl{l' (;ruup I\'. ('h,'mi(al hilt',..;. 
IIldll"ll~ I ,I "" dlflll" .11101 ('h, m .. 'al :lmnllllll­

t 1"/1 "r all '110'''' 111 ludln)..' )!a"'. tllllk allll III. 
("'I,dl<ln '''mll". 

\\ t t nil ... ,' tOa t j,!" .. it 10,; !If ;I Inollulltion arp 
t "n·t!, I h, "ra!!. .. ... ·'"11111i lll'd III lil'ld 
tllt.tj!t unl .... 

4. QUANTITY -DIST ANCE 
REGULATIONS 

PurDose 

Th, 'III ... it\ tli 1111" t' !t'j!lIllIlll'" III'" aI,' 
\\ h,lt 'PI~ltlt I 14 of \ lIl(l1i \ flt . "I anHtllltll­

lion of I pto l\"t ... nlil~ hf~ tOlt·tt \\ Ithin it 

IIWIt· :lmnt IlIlti,," rH.I!!.1 1111 Th." .. I " lIIt1i-

Quantity-distance Tables 

I ,I • '.'''If,' ,,1.1 (1'1:111111\ Ii-
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.' ·I'III~I\" l'l,mb" (II' I .. ad.,d,ammunition l'om-
11<1I,1'llt s IItt "'l(lu .... a hazard nnt normally prc:­
d,t ill • IImnlt'fl 1,,1. 1'1"'1\ l'~, Th .. sc hazar i, 
.In' nil -1I.s \\hl< h nu.~ "" pruJ,d,'d Pith r • 
'li' t .'.,01 It .. ,,k.1n llplHln1h \a~· .... or (ltht~r l'( rna 
1.'111'111 ,Ill' "lImph'I' loumh, Romb" may , ancl 
"flt·n I" • I'I"d., 1I1~11l 11111'<1' I IIr as a fI'sult 
..r I "011 I III! III lir.,·, :\l ls. il .. III. tan '" pr '­
.• nl ... .] III tL., quan it~ ·dl~ am.' lallII''' f.,r 
<ia. 't', :1, 1, r., \>, ami 7 an' loas.,d upnn t l'~ t~ 

1lI ... I. , a Al lI'rci""1I I'rl>\ 11l~ \; rtlund Th.,)" an­
I.a"," UIKJII th.- .1I"tall .... \\ ithin \\ hi('h most 
mi-"I]..s \\ III fall. 

('nnru" .. ion, Th., f,ff., b of lh. nJllt'U""illn 
l'I'IIIIII ... .t 10\ 'la' .] ..... n<llllll1 If ,'Xillusi\"l'" n n­
Illul.,. "n .. IIf th., m .. , n.mmon h:i7.trd" "s­
fK IO.I.,d \I ith ,-'pl"'I\·,''', Th.- cllsta m,',· J,(i\en 

III tit, altl!'" fllr ..101. S"S ,!I, and HI are ,'x­
I"'c't.,,, I" 10(1\ I ' 1'1" '1 .~' 1 11111 .Ij.'"ain"t I h .. "()l1cm'­

,,'II ..If. l'1 .,f " 1,llIslOn, Tlwy ar .. itic II I ,,',I I 
\ilh Ih., \ n,. rhan Til"!. nf llislam','" Ilul.­

Ii h.,t! h\ Ill! 1"111111. , Iff :\Ial..'r,.. Hf Expl.,-

(Ia ......... and Cl"an'it~ di"tant't' Tabl~" (or 
\Iilit iln E pl""I\t-o. and Ammunition, Th.' 
• plu-I\,' ."1111"11 1 tt' ammllnitlOn or l'ompo­
"1'1, s ,II. " • \\1 "II dr:j\\IIlJ.( • Ilr thl' appro­
l'ri.tI, _ :-;r : _ If It'"" ar" not a\'lulalJl .. , tht 
III1 .. nll •• '''11 tI. -If. tl ,h",a1cf hI' n~lu""It'd frflm 
f h. I 11I"j "I C" till II"', n .. , 'I 1101 nt It I .. , "lio\\ n 
III / .. "lol. 1,.'1,'111 \\, I, ••• rnllUI.,cilll th., fol · 
fI\\ II V rtlc 11I1t'1' 

" ~"I Inr"llthlll h. IlIa1l1l1\ I t},., 
~ 1\ .'wht .. f 'h. 1M ":" tl'"IlII'IlI, 

fl.f, 

Pf~Tl1lcrEO 

n'Cjlllr" ­
pt·tith.l 

IHESS 'OIIIU II COtlT"IU$,' PYlOTECHUCS , 

O. CHEMICAL ..... IHOtI COIUIII.a , OSPMOtIUS 

r----r---~. 

III 1011 

h",It 

Unbt..-rI(,O •• CIt'S ante- In f,., 
Iro n.arf'lt_ 

( la,,,, :1 Pu:" tit InUtltlll": "1.t'" nUfiot 

l,t'r ./el. fI tI,· "IUltl!." I IZP . J'fi\\dll LlI~1 
all Itank mill\' III., l",lk.·ci 1'1.11 •• It,1t 
1.",1", I~.m/) fuzI"_ p.\t'k"t! \l11 Ii lill 
"" ilnwlIllt !If " pi ... 1\ , 'S III .tlll t., 
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Figure 8 " Class 5 QUantity,Distance Table 

t;ra~I' ('"patit \ rrhp ..... tnnlJ,..",. ~If mt!r\' tha 
;,11,"110 fuz,·, IIf all\ ",It' m,~I\·1. "r a '" .11 lIt 
mflro' I han 1:;11,111111 lUll" "f all mO)d,'I~ in a 

"nJ,!, lJ:t>(.tl.i,lt' \\111 'IN 10 .. I '.'rm I t,·,1 " " ,','pl 
I., '1"" ,IH' illllh,'ri , 

Figure 8 - 8 Class 6 - Quantity.D;stance Table . 

I h"mil,;tI ,h,·II. ,tIld f"r I"'mll' pal kl'oI ""I'a. 
rat .... 1\ '" l)f'_ \.:-::. 'Th,' HnlttUU tIl t" , pln~.\·t" 11' 

',n)!,l .. I I m~ of t hi' 1'1"" .. usu,tlh do,'" nO) (' _ 
1",'<1 "1\,, h.tI!' fl"und 'I h,·., lI~uall,\ 1':-.,,1 .. <1,. 
prol'ro' 1\1'h. '" pll,' I h., "llIll .. ' r imllh,', 
III ,II' , 1,1"-,"",, !rnli,.,oj 11\ makillJ.! "ii" 
mall .11101 "'I',.r,.li'lIr h"1II 1,\ pn',. 'ril .. ,,1 .11" 

LIIl, ," oll'l"l mlll.·tll" .11'111,01 tI,·t"l1il jllll t ~t , 
'"l1lll'lI olanHO),'. (·uu,..·.1 h,\' I hi' pro "tin' 

~., II, l.lf"tlll-lJall~ Is Irnllt, d til ... IJan'r I rmwa 
• lllit rho mi"tI,,. .In Iwhl ,111<.1 u, lIall . tall 

"Ill ,,11111 I.,' 1'1 ... 'IlIanll\l "f 111/,,',' "Ir,,'.'" 
III a .lIwlo It .11'. III.' \\1111., 1<",.1 '" lilt' llIllIl 
IlIlIm '011-1 "'I I \ I I ;j\ ,lIlu!'I,' I ,ralll' ""Pit 
I" T'It, ~t{j,.a"",,' I)t nlon.' h .. Uf .i'Ulflt) fU!">l:-o 

l I ,Iii .1\., 11111 I"" , " 1"lal rol OI""I'lhali 1,,0,-
~tlul t u t 

\ III f11 I ~ 

~ It tun \ 

,f .. I lII"tI,'I, III a 1I1).!I,· IlI'W:lLIIl, 

I, I" rllli' l .. 1 " oo'»t 10\ -1'." Hi,' 

~h.1I tlf ,.11 

( la ..... .... Prim, 1'"'. d, tona lit . p'lm,'r I. I,). 
II" "I' Inr hoOl"_. ~·rt'na".' fu, ,',. and 1,1,.,.1 illl' 

( I'" P:H kt·.1 iu 'll·(llnl~dh.(! '\ ,ttt C h- hlau("t' 
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5 . QUANTITY-DISTANCE 
REGULATIONS UNDER FiElD 
CONDITIONS 

Definitions 
I 
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6 . FIRE HAZARD 

General 

• 111.1 il"' li~ ht I III! I ("\". n·d 11\ n·r.- lat 11111- .lIlel 

.111'1 lUI 1 H 1\ e on.lt·r .... 

Causes of Fires 
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('art' le . ... n .... ~ or \ iolalion of Kegulalions. 
ntralnt·d p.·r .... "nnt·1 nli.l\ t.":lU:o't' tin': h~ smuk -

II~' 01"" nklllg mntl'h, If1 turlllddt'n art'''' 
ifill 11111 III 111I:S. "r 11\" ;.mp,·rill~ \\ i h ('x ph 
1\. ,r IInllllum '''fl, 1'.lrll"lllarl~ V"rt·n,ulP,. 

f , .... t i 

Fa.lurI' III I nd .. r ... tand a nd Oh...en .. ('arr­
lulh Ih(' ~afct, Pr .Iulinn Pre. crihl'd h~ 

Ite~ulati , .n ... f .. ~ l)e"lrn~inl:' E,plo ... hl'" and 
\mmuniliHn . Tht, mH. I rH''!I ... nt . IIun'ps uf 
1'11,;1. , .• ,1',' t\.llll~ fra)!lJlI'nh wh"'h <,;WSI' 

)!ra,,. Ii,," .. I' """1,,,11' pi "' .' of t·xpl",.i,,·, alld 
.. In,nltJl1i 1"11 aw:utlllV' tlt.l strul,tinn 

1":lIlur .. t(l -.afe~uard heating appliant'r". 
h'" I··r h.·, .ll1d fur-na ... ·" u .. ,r ill maklll)." 

ftll an .... I nl,a".,.af.lfll nu.f~ anti nUu!a/lrH'~ 

I lI::hl nin!! I "iklllV bUlldin)."" n·e,. "r Itlllt'r 
,hJl'" .... III .'1 fl. iiI" f' pili .... !'", ar.'a'" 

FIt'<:lrl(" t ran .... mi, ... iun line .... hlll\\ n du\\ rI or 
I ,'nuL.h 1 itt! t:ornhu .... tlhlt n :tlt'rlab. 

Special Fire-prevention Rules 
}oln" pno\'Plltl11o b 01 thl' utnlu ..... t uTIp"rtann­

tllIl, iltll'~ .1ll'lIl1nlt'n·,1 III 

.,nol alii 

"\jllipment fUnI'lions dqlt'nclauly under adual 
Wllrklllll' ·lInditi,)Jl~. 

All tin', tiJl'hiinll' equipml'nt. "'~pl'l'ialh" hano! 
fin' .·'tinj!lIi~h .. r:. "ah'r b.lrn·!" amlllUC'k t ~. 
,nd th .. '1II1pl1,·" III' .1II"ltary '·'1l1ipm,·nt. "ul'h 
,,~)."ullln· ~.Il·k . ;11101 1,1'1 ,m-, mil, t hI' illsPt'I'tt'll 
rt·/!tllarl.\ .1' Jlrp~ '1'11 ... <1 11\ th .. '·fIInmanclin)." 
IIlh ... 'r Am" It.-Iklll1ll~ 1'1'I'"rt"d \\111 bl' cot­
red,',r PI'! .mpll~ , 

Itl'! al'kinl!', rt tII.\ allIIn . ,al\'lI)('" anel a/l "p­
'I "I inns 111\ ,, " inl!' tht' hancllin!!, of .. xplll"i \'l's 
anl l ammullltinn, must bt, inspl'l'tl'll n·yulllrl~· 

:t. pn'",'rillt'd In' till' ('ummandinR omc.'r In !il'o' 
thlll 1111' 11""""''';11'\ ti rt' , tij.!htin)." l'quipment I~ 

"n""111 alld III I!'"",I \'orkin)!, IIrd"r 

\\' 111 n 1·,plll~I' t' alld illllll.ullilllln an' I ('Inll' 
h.llldl.·,/. III' \\ (Irk I~ h"lnj.! clun.· in h,' imml',h 
,ttt-' \ kllBt' 111 .... lh.·h ... t'Jrt' ", t ht'n· rl1u:-;.t ht .. pn·s 
.'111.1'1';11'" (or mmwlilllt.· U't', t ~II ('h"mi"111 III' 
.. th'l'ln" h'IIHI lin' l'xtIllYllish"r" 

Tu f.:oml #d i..'"ra:,,:o- ur fort· .. t tirl'" Ifl or Iwar 

rn.I/!.IlJlII " .. 'as, !:t·rt mll.·1 hI' mainlain,'cI a l 
'1JItahlf·I.,,'atltlll" all acl''1ua t.· ,UPiJh of I(unn\ 
tit k.', br(1(lnl . l' .. t ". I ...... 10.':-:'. or Hthpr ~inlilar 

"'lllIP 1WIII I I" j.!,~ .. 1 I'r;"'tll',, I" prlln" .. II 
rail",1\ tall" "'1'. Irlll k. tlr trailt I' .qu ippt·" 
\\ Ith ., plln'l' •• n,1 tir, h .. ",· fill' tij..'hl 1Ilj..' fir(> 

In .1 !Ilitj..'aZllI' .,n·a Till" "'1ull'm"1I1 "houl" \., 
111'1.,1 •• 1 r»·t!arh a.d !,r .. l.lI,·.1 .walll 
; • I I r Iln \ ,t t I rl/t'll I , I 

1 t\l \. J!' t • .tlflll I n find, lurlL' r •• 11f .• td 1r.l' k~ 
It I t If lfJJI't ,11. d II ,t ,I t \\llJ .. H t ,t .. lin' 
In. ", 
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In addition t o IhO~t' "I"" itip,1 aho\, . lin 
hreak~ around th l • ,'ntlr ma).".IZln,' a .... a 111101 

at oth er plarl'. \\ Ithin h.· nlllg:l1.il" .In'l 
• hoult! to mailitatlJl'lI \\ h. n \ .'1' n. I'~~at \ 

Key~ 0 Katl . mllj.[.IZIIIC.". IInol "lh,·1' 1,1111" 
ing~. whi, It lir '. fiJ.!h II III" fllr .... ilia \ • nl. 'r 
must be kl'pt rend ih' 1I\·allahl. at 11,,, I' :I,' 
all th C'ommundmg IIffiCl'1 m;,\' ti,' 1)'11.11. 

FIre-fighting Facilitie. 

nlagil'7.inf' an';t Hn' \ Ital, allff n 1 1(1. IH, t "r"tl 
must h plau'l! UI"'II hHi1t1 • tUIPIIII'1J ,\ hi h 
'811 bp mainlaln. d 1'1·,, 01\ I. I 11111111 c1t.,I, II 

Th(' follll" 1111-' t \ 1" " til tlr. I'vlil/III!" 'I 'II I'1lI. lit 
nlUY. un(t~r ('t'rta1n \·uUtlJtIt1u .... h. ll ... ,.d til )!tUkt 

;\lh'alll<ll:" '. lid III ,uppl"II" nl Iht·I"~III.'1 I~n 
fightlnR fa<'lllla's IIn llllal d~ II nlll ,'1II,,! 

Fire Fighting 

tor (I P \ .tn 'li. lit ..... f :" tt l Il'l.t ~ nal and ,""'u 
tl"'lI"'II,ral "tid' prt· •• ,ut"'11 t >I.·o\' "rI,,f 
III Ilghl,"' h.· fin 

I I .. t 

Methods of Combating 
Ammunition Fires 

II •• tl.'1 !It "I <10 .... ,t 

RESTRICT£D 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

TH I S PAGE IS UNCLASSI FIE~ 

RESTRICTED 

:imuhant'ou., ndnnatifln, "a~, dt-t .. nallflO. 
I"hl':tllull\\i.iro· Ii .!IIl.m ha\lJIl(ahi~h 
.' II., 1\. lill,·)" 

Amnll.OI loll In FII'" "011",1 {:rnup I ,'n _ 

'1 U. h, nllllllll I'll d,'¥n't' .. r hazHnl an.1 
(.r 1.1 1\' ,,'II Ill,' m.1 InllIO! a/llrt! 

Fire Symbol Group5 

F ire ~~ mh .. 1 (:nlUp I. .\11 ,lInrlllllllllllll 111_ 
1'lInllJ..' "IU,U I \ -011 I a lin' da',,',' I. II anti 
I.! 

(l.n. {Ia"., I. ·rnltll-.lr01~ ammllnltlOn. _ 

. "'P' III nlnl \I E r "mall I'll'" \\" I .... , ... 'r-
11111 A I i,r;u' I,,' ~'r, nail.· .... 

Il.n. CIa .... II , ('lit lIIil'al .tnllllllllll ion ·x,·' pt 

a 11m lIli '''" ,'"n ,Ii llll)! "lilt' I'h"'I'horl1", 

(l·n. (Ia .... I:.!. III"'" i'l\!' till.'r .. II. h ;t­

• trll!llolll 1m f I ,.,,,1. alld T 'T. ,. L 

1/ I U, \ III 1 .. IIt 

,,)th tin as"'·ml.lil'~ \\ hkh (,tlulnin appr()xi­
lila "II IIIIll j!rmll .. <of ('xpl .. he mat 'rial. Am­
llIullIli"n In this l'lIh·J..'ory dt'lnna!,'s pr'lI"r s­

.'1\. \), E 1'\" ion!! \ ill O'TUr ulld light, hot 
1111'. lit·, will 10" pr '1lE'1I"d, ,'houhl It '.','m Inl 
I'". '1I.1,·ltll·,tlllJ..'lIi·h th"lilt" an ,·fT.,rt "hoult! 
II., 11);(.1" to I", .. hz,' It. Thl' llu'lh"d til ,'!din 
j . .'IIi-hinJ..' thi. Iyp,' .1' tlr" is th, aml' a. in th, 

,a '. "I Fin' ~-,mb,,1 . '" 1 

Fi r t' ~~ m hol (: roup III. (lllallllly .di!'I:lnlt' 
.. I~t, ... :! 

(l.ll, ('fa .. " 2. Fir .. ,. nIUSI·t! h~ p.\ ro\\'('hlli.." 
•• n' 11l11_"nIOIl~ I,,'<·au .... til' II1t"IISI' h.-at. It" 
hilwrd I" I h.·rt·fnrt> lhat .. I' .r.'tlaj!l" liull. Thl" 
~ p., "I' lin' ~':~n I .... ,tinl!lIi h .. tI .. d~ \\ h('n it 

1'111 an inl'ipi"111 "lav,' . .\ft .. r th,> lir' ha ... pro­
)!,n , ... ·d 111'\ IIlId I hI' 1IU'll'il nl :<1:111"', .. !furl 
,huuld h. IImil.·" to I 11i' 1)1',,\ "fll IiIn uf "I'n'at! 
1I1J..' In .nlt'r In, xllllj!ul. h plrull','hni. ma 
I.·rial .... il I" n"·'· ...... lry lit smfllh.'r Ih .. m \Ith 
"tlnlt· furm .. Int-rl m,lt,'nal '11..11:1" dirt. ,.;and, 
I'h-. B\llk ,II \ "I'n1l'nt i~ p .. ulJ;lhll <I, ,"f ... , ti\!' 
:.1\ :lVt'nt .1, 0111\ A ~I 'Tlal ai, is manllfa,'­
IIIr ... 1 Inl' tilt, I'"rp.tl''' (If ,'xtllllClIl.-htn~ JI~r(l 
h" hUll mil ,riab Th, ' ap"II",,1 1'''101 \lal,'r til 
1111' I II' " I lir,· \ III rt'''UII 1/1 .I •. 1111.11 '"/1 I 'an' 
h,"ld I" t· .'rtl "I Il , '.' Ih.ll 111.·1'1' art- 1111 

\\ hilt, I'h,"'phuru ... ·fi lll'fi .\mm unltwn, r .. 

1-111' ,\mh,,1 (.rtlup Ir, \111,11111\\ ,h 1.1Ih., 

,i~ f' I.) fJ ; "". q 1ft, 

all ot hf' 

an mad,· liP "I .HTI-
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munition eontailllnl!' hil!h • 'ph sil't' liI"'r, and 
all uf Ih .. hulk hi/!h ". pl"'i\'\', Iii· 1111)1.· .. ,11\ " 
Ihat '\'l'n' po' "ihl., ,'ff"r I", mall., tn Ii, I' a 
tirt' frll!TI 1'l'I':uitnv to UOIIIIlIIIII lOll 111 I hi 
,"tl'lCur~. ()II~" th.· tin h'l' rI' ,h".1 I hi olin 
mumllllll, p{'r'111\1",1 'h""I,, .. d II'" 11 I It 
tlim't' tlf 111(10 r""1 101 ,'a, II ~II,[I\'!I I'''lIlhl (l 

matt'l ial ill Ih,' Illr,w,' 1';""lltl\ I hi 11'111111 

mar h ... in('rt>a,t'.1 IIr n·dun·d 1'1 '1'''' 1 ,. 11 oIh 
Tht'~t· 1\ II<'· .. I ' ,tn III IHII I Itlll II til "",,,".,1, III 

mil"", !tlld I'!fnrt ,hu,,(.\ I .. hnll , ( I" " 'I""~ 
thl' tin' frlll11 ""n,hlfl.,r, 

7. STACKING AND PILING 

Ordnance Drawings 

The 19 !wri .. " of .'rdlt;"H" dr 1\\ Ill~ I ,.,J 
a~ a J{uldl' I) th,' prol 'r m, I hud .. t Lit kllW 
and pllill/! ammlllllliClII aflll "'pt '>;I\{,. \\llhll 

qlalldanl amn,UI'I 101\ l11a~a"il" ~ \\ II h,1\ I h • 
1~) o,Jt'rlP . (If urdu. nt't' drtl\\ Itlj.", t 1,,·,.6. IS.t ,,'unt 

IJld., hltwJlnnl III "\ I'n 1\"., Clf I ;" kill' lilT 
1'\ er\' 1\", ,.1' milll<ll'\ :tInll IIIIt hili ,\lId " 
pin. II .. ~ 1 h{' !Ira" III: .' 111;1111 11", f"I1.1 \ 11Ig 
Sf nli(' IIt'm 1)1 IIIf,,) mil lUll 

~I<I illJlim ,I II( lilt 1I.'n 
-Ior·d III "11\ h • f If, I rt. I,' 

t,\'lx'" of mal!. ZIIIt , 

;\laxlmllm , III .. I 

'((lnelm '·,'CII. f lit 
111111(4<:111.·, 

thit' Ir II I" 
.. I l.iI d,ll" 

I"' , ,1,,11'1,1 
a If J!1t nl.,~rti7:11 t 

f)uT1l1a VII J{ r.·t{ lI ... • 1/ 11'-

Htlqulrt·d hht.. p ... t t· ... \\ I h··.1 IJ~'lt "t.l' \ 

lUlf 

Generol Rule5 for the Stocking and 
Piling of Ammunition ond bploslves 

clUflnat:" lI .. iv:ht i f"ur 111 h. , IIm\ \('1' .. I 

,nch. I .)('"in.loI .. 

On., 11111 I II I" 1\ I I hat ".Id 'lid ,I ',101 
1.111 I \\lIhlll.1 ,I' ~ ClI I ,II I. .. "III''' 
111.11 1..,1111 1'I,ltl' 

ESTPICTED 
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8, STORAGE AND SURVEILLANCE Of 
SPECIFIC ITEMS Of AMMUNITION 

Surveillance, General Infarmatlan 
Th I 'rm ""urn'ill"n(' ." a,' u<; .... d IU'rt'in In­

('hllll' , he 01. ery" inn, in"Il{'( lIun, Inn' tij(a­
I1nn, and tpst IIf t'xplo~i\"(" Itnclummuniti JO in 

Ilrllj.!l' and U"l'; In J>t'(" lOll of (·ontainer.' and 
hUlI.h n/:~ In 1\ hil'h I hey art' "ton·d, and th .... 
In, tl linn 01 fal'lllti(" and mdhllds ul't'd in 
hmn/:. handlin/!, ,hIPJHnj.!, mllintaininj.!'. 

n'no, alJn~, "ah'i\j.!inj.!, and Ill" ruyinj.! • )(1'10-
~l\", lind ammunilion, 

Th,' plIrr"" "f"uTI'pillan,'(' i .. (\ ell'tt'l't III 

,t'·n·, of "·'Jlln~i\t."'~ and ammunitJon all t:cU _ 

dU"m, Hlc1111j.! n ill(Tl'lI,..e dt·tl'nuration ur 
da!lj.!,·r; 10 el"'l'rmin,' thl' ,..lnt, .'r nalurt' uf 
4ft .. t'ri, rdtltlll arHI h\~ dt'~rt"'t" nf ..... 'r'il·t.ahiltt\. 
and t'~rlJ!(l (l .... nf)u .... t\ un:-;t,dtJ~ l"tUHh 

Jon ... 

'II •• ( lit I ot Onllllln." ,·".·r. I '1'1' j.!'·llI'r;tI 
III' \ ."jll'l () I l'r till "UTI l'illanl't' (If all t' 1'10-
t\t l

..,. and .tnlnllHllllt n 111 (raVt' and "er\'i('t: 
..... -rrtl.,:- I),. t.',.. -, 1""1I111al nH'lho.l: of in-
1"'" 11111- 10 I. mad .. . and nt,lin ain" r nrlb 
If Ill •• ' 'Iltl t'l II! .,'1 (, In ,'n'IC,· and. lur­

,'!!', 

Lot Numbers, Grades. and 
Packing Marking 

and ammunition by lot number is E'~sential for 
"unt'illam't' a('li\'iti '. It i~ the meanR where­
bl" . tOl'k, an' con n t d or utilizE'd to lh bE'. t 
adl'UntaJ(t'. and Ii f"'l'II\'{- or d tprioratrtl am­
muntlton IS wilhdrawn from!< n'i~e, It i. u, I'd 
011,,(. in ~,IE.'clinj.! Ilmmunitiun for is. UE', Le­
('au",' thl' ltalli"tit-~ or »(,rformanlt! of am­
munition may \'an from Int In lnt 

Hulk Hilfh E pIOolh'~ A lot of T NT usually 
ranJ(t>~ frnm !l.ono to 100,0410 pound., A" each 
lot ha "tinite chamdE'ri. tic,. it" identity 
mu~t hf' rarefull,\' mllintain d. A history of 
the manufartur nf parh lot i. fih'd in thp nf­
fin' uf tlit· Chid (If Ordnance lind i" u. d in th 
ill\ ""tiJ(alinn "f an) unusual artinn nr de­
tf'rlOralinn u('('urring in M'rl'lU' or 10 • toragf'. 

TNT i~ J(raded in ;\l'rordanCl' wilh t'nih'd 
:-;Ial .... ~ ,-\rm~' SPt'\'Iti(';ltwn N., :,u.J:J-5. 

Thf' cnntaint'r;l u:ed (or pn('king I.ulk hlJ(h 
"',,I""IVt' \\iI1l1lmJ1l~ ,lith Inlt'rstalt' Com­
IIlt·n·,· ('''mmi",inn rl'gulatinns. 

, ma ll ,arm ... ,\mmunition. Th.' "iZl' of a lot 
of . mall-arml' arnmllnllion I,. c.I·lt'rminl'(1 hy 
tht, 'IlIanlll,' \\ hit h ma~" mallufal turt"d ,'nn 
\', ni,·ntlr. ins' .... lt'ri. alld It ,to,d \lnd"r UIlI­

tllrot "nnditltln- An "I' ",'Iahl" ,,,1 musl t' _ 
hihi 11111 "rm d ,tr,II'I"ri-1 1(,,, m ," ..... plann. 
to"I"' It mOl' \'.Ir~ Irom:t f 'Il Ihou and tn ;\ 
mtlltnn found,. I ut .",·raj(l" <ll'prnxima .. It 
hall IIllton rOllnd.;. ,\ '·.U' hiI')I hll" "l'!inll., 
l 11 1'1 (' ,'It il ~ II" 1I1"nll ~' mu, I .. , matn­
'.1 n.·d . .\ 101 nuotbt'r onn' a ,ill'nt'd rt'rnam< 
11l\ i .1JI~"" II I II h •. lllIlIIlllll ion I • • "'(pI'nllt.d 

Ill,J! a:< "am­

Iln1t'~ ttl Itl.'n-

ai' 

I,· • , ur 1'111.11" ,. - alit! r"I,'r ~ "f 
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performanc(' from the u~inl!' /trms Itnli , .. n·, 
II'('~. A::ignmt'nt:. tn Kralil'~ an,l I h.lOl1t·, 
therpin art' mad,' hy th.· c 'hi"1 nf (Inln .. n l' A 
j.!'radt' i .. u. unlly tI- tlllll'" t" .111 .'nllr.' I t 
Ilow('\t!r. portion of II.. , Ion'.! 
under dl#ft'rt'nt •· .. nditinn 

Ammunilion \\ h .. It I' 11 .. 1 I ,II 1"1 \..t' ,'" • I 

l'tlmlml JlUr(>t""" I" n. I oT/lm.llth II:r;"I,·.1 "III 
~P£'<'ial I.,~",. b"th balh. II< IInri tlr\t 11Ialll •. 
may hI' "rd"n't! It\ I h. , ("hlt'l flf Ilr,ln;!lIl'l II .t 

any timl' .. uth ammllltllh n .1I1'1·.lr I" lot 1111 

tit fllr l'turaj.!'p Ill' I"·U " 

Th,· Illri.)lJ" j.(r; .. t.'~ II \\ hllil lilt • t .t. {(J 

and al 4;;, small'arm..: .lmmllllll" n dr, II 
"iglwd and dl·,.. .. rll .... 1 til ti,ltl 1"1,. ",!I"ill 
lind Arn., 1't'!!ldall<t1l . 

Aircraft Bombs 

i u,. '.J tn id nlif~ I h., Int \\ h"11 Tt "ort 1IIj.!' , \ I 
<It'nl''s lit <i"It'riol a IOn ,'r nt.t11111 IItJlIllI~ 

rh, "n" "lIt pn' l I'll., II 1IIt'I it Itl" "r p.ll "III)! 
hom", i .1 f"lIfO" : 

,\ tldarl.d d' 1111111 n ,f ht'l'ad,illj.( It .. t', 

nt! r.tlt' .• lilt IlItllIlj.( (It t"tI. a'5 tu "Ill' alld 
.unt nl .. '1IIh.'IOlJntllllll',hnllalrt'/:ulalllln. 

It. "" loll' .11' ItI ... ·d 

Itlr 1 "llIh. 
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Fuzes, Primers, Boosters, 
and Detanatars 

/' .. ad ... <1 (' lImpOllI'lIt" art· ""·id .. ,, int .. I,.h. 
and ,&1\\.1.\" will Ill' jllt'nIHi,'" I,~ 1", onllmlll'l 
T!lt ,iz,' IIJ a I", tI~lI,tll~ \ arr,'" (rnm :i,OIlIl It> 
:!:;.IH" ,'''llIp''" -Ill and I" dql('lIdt'llt \I1~\n ,h,' 

a~.' ,.1 m.lnufa('llIrt' ,Ill.! othl:r (ad"r,;. E;",h 
10 l' nltt.lt· f.lllt! t" ... tt-·d uncit'r unJtf'rnl '-Until 
I""" ,lIlil lia" ,·,'rl;lI11 dUlrad .. ris il': \\hi"h 
rl'lll/ll'<' Ihnt hI' "t.'lIlily "I all,·omp.,nl'llh III 

hI' 1"1 lot· "an'fully m""llailll'd. Wht'n' pra,. 
IIt'ab!,·, Ih.- 1,,1 Ilumh"r b "1:IOlp,'d I'll I h,' ,'''m-
1 °llt'n .... hut It ah\ .ty' t1l'ptlar...; otl t h," run. 
:lInl'r, III \\ Ill, h IIIt'y ar • )la, 1,.,'.1. 

Parkin!:, and \lark ing. Th" I'r:1l'1 h· ... \\ II hI ... 
"p." 10 p,lI·klll).!' 01 I tin:,· h'ad.-" u'nlr"'1lt'1l1 

,dlldl an' I'a..l .. ,'t! ""P,lI',IIt'" from Ih,' aliI. 

mllll! If.1I "I' Io"ml" \\ Ilh \\ hl"h I h".\ an til 
H' U tid, chfft·r ~ rpnl IJlhlo (ltfllpol1l'Ul 1,. ,tU" 

nth,'I, Ih'P"""III~ UI'''" I h,' ,·,I,U·,ll·"·r .. f t, 

,'nmrJUn, Ill.- an fa. tt'nl:d \\Ith "crew~, ,'ails 
mu:t nul Ill' u""d. 

Pyratechnics 

p~ r"tt .. I,IIIt·s (ur milJt.lrr U>p ar .. UI\IUI'(I 
11110' \\., j.!t'llPral,la:s,·. : ilIununalinj{ alltl ~I)!'_ 

n;.JinJor Tht',. - 1\\,1 cia . t' .In' (urth"r !lub. 
tin iti .. d lilt" PI rotl't'hllil-" fur j{r.)uno truop, 
.lIlel /1\ lalion pvrtJlt-,:hnit-,.. P\'rul! :hnic,., an­
d. "rrtlt .. rllll tt .. ·hnll'al rl'l!ulatiun", on urtinanc .. 
111'<1\\ InJ{~. <lnd in 'rlt'cilkal IOns. 

P,rrolwhni(,lI ar" divided into lot .. "hieh 
...·pr.·.' .. nl a .Idinilt' IjUantil.l· Ihat ha. b~n 
m.Hlufu, un .. 1 anti tE'stt'd unll .. r unif, rm ('on , 
dawn'. TIll' Jill numl)t'r u,.uull,\' Ul'l)t'ars un 
I h,- i/lt ln'jllllal Jlyr"IE', hili'" ami tin I hl- ,'UII. 
.Iillt'r.', 

l'ad,inK a nd \larkinI(', p~ r"ll'l'hni.-,. dr,' 
pa, k,-" In metal·hm-II or IIltlinl'd. nail .. d or 
\\ I 1'1 '. h" II nd "'~""'n bOXI'''. Th,I"" in unlin,-II 
'"Ixl.' ar.' p;u·k.-II in inn,·,. ulIltain.'r< (,tln.-Isl. 
In!! "I' ",'al .. d, ,'orru/tat .. d·Io"ard l'artll/l~. l'\·lin. 
tint'.d 11!,,'r "Intaln"r,. ur 1lI .. lal ,·,,"laim',. .. 
Th.· .'art""" an' ,hpp .. d In (lara",/l CI prllll ... I 
I,· ,,011\('/11, Irtlm mIll' lin- Th.· \, AI air. 

I rod 11,11'.' b I'<tl·k.·d 111 ,Ill indil "lu.11 lillt'r ('''11 
IllIn.,. "hit h 111 tllrn Is j/ll'I""t-t! III :I "illl..'!" 
/I.(n-, \\I/,·.hound 110,' Tht'lIi<'thod of pad\lng 
I'.('rol .. , Ill)) I 1Il;"I,' dJrln¥ Wli-I!II art'II.-

t nl .. ,f II II n, Furm :!1I:!7. ",'lilIt,ln Pyru 
1.·( h"lt" '. t II I 1'1' .. "., hllll'~ mallllf,lllurl'o! 

h •. \.Ir. I" \ .In' oi.·" Ill .. d III It- 'IInll',,1 

tllll" In,r' , and th,·ir park/III! 
lad ... ·" I I IIIft"' ,1 I' th.' IIat!' }...cor' 
n t I .. 'I',·/ld. ti 

9 . STORAGE AND MAINTENANCE OF 
SPECIFIC ITEMS OF AMMUNITION 
AND EXPLOSIVES 

Bulk High Ixplasive. 

( .nt:tint r~ of hiJr,!'h t, pl"-"I\ t ... ani ~ tllJ .d 
\\ n } .. OJ! "'lfl. JI' It "nl't'flt h. '-, pl .... i '" 
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Small-a rms Ammunition 
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lIi,'d III ordnam'e fi .. ld " .. n Il'!: uull .. tin>l, 'C­

,t'pt that ,1,'I('<'tl\·,· ,arlrHIJl"\'~ l'ull .. d 1rom thl' 
: ,( "1' •• w "matJl'llI~ l"la:,-uied a,' Jl"rade 3 am­
Ill'millon, 

,'ah.lt{illj.' ,·1 mall-.lrm, ammunitiun \'('11 
-, , III r '''tll illt{ th .. n.lllld. tu th ·ir prllll'l­

pal, IIml'un, lit,.:, 'Udl .,' l'artntit{t' ,'a~t', bulll't, 
.\1101 ,'n.pdhn): ,harJ.!\·, Thl' m .. t huo( emvIIlYI.t! 
III hn'a~ m~' 0111\\ II h., rnund, "Ill oI",,,-nd up"n 
It\[' ra"lhtJ.,~ availtlhl." lind an~ "1~·l'lal in­
,I ru, 1"11' ,,-u,·" J,' 11l' C'h ... 1 of Or dnam'\­
:Uln' th,' prill"'I',d h.,zanl 1I1, .. IIt'1I h that 01 
irt. \. ar ~ n 11"" ht" akt·n u .)!uard Uj.r:U n .an 

,U'('lll1Illlall'ill (Of l"I\\(ft.1 ,II th,· hn'"kill)..'.do" n 
Upt ,..tlltH, . Fit tl,.:-, .lnd btln" ht..I .... nHI hp kt'pt 
,1·,.tII. ,tll,l p .. wol,. .. frol11 rartrid)..',·" l11u't 10" 
1\ 11 II Ulla,1t 1'1'111", .. 01 lrom Ih.· Ir!HIl",hal.' 
\ lUll! ~ "I 'I'. akin .... -d"" 11 "I"'ratioll. II Ihal 
ill c·a=--, III flnl ntH Olortll han onp Ilr \\u pound 
"II h., I 1\ "In 01 and I",r ·,.nn,·1 ,HI nut h,' ,., 

Il1d(l. )t~t \ ,', 

homl l'r,.I" 

"tur d a larl!'e numh.'r "I demoli t ion bomb:; 
pa,'k .. d III hllXl', , • 'II ft'a~iltll" \\a~' lie ' .. parat­
int{ humh, or ImrrJl',ulinv pi I!'" tlf bomh,; m a 
m.l)..'alllll' tft rt'clul't· lh .. hazard of mas,· ,!t'l". 
na illn ha~ heen I' undo :al.'l\, ,':til tw' obtalnl'd 
IInlt 1,,\ retiul'IIIV th,· ,,(o~, ihllih oJ!' tire to 3n 
IIh. ,,11I1t· mllllmum. Homlt: sh"uld 1;" ,,(oret! in 
tirt'prllu! m:ll""7inl" wilhout ,comhu"tihl, dUIl­
naJ,!t--. 

Tn milltmiz\' th .· fin' hazards. ell molil inn 
loom!." \\ hi, h ma~ lit' p* I.,-d In \\(~"I,'n I""t'~ 
or .. rat .. , m\l,.t It" rl'mtl\ "t! tlt,'n f/'flln h,.furt' 
,ttlrillJ{ .'1,-.,1 t1unnat{1' is pr.'!('rr,'d an,1 mus 
In- lJ,t'd lIfllt·s:.;. In .... t rIll't tnn to t h.· ('1.,11 ral'~' i-l r.' 
"-II<'t! 11\ th,' ('hi.·f of ()nlnalln-. FU7.", anll 
pnnwr-d,' o"ator" mll't nlll I", p.,,'k,'" \\ Ith 
h(lrnl.- """',,t in th.· qh,' cor owlal,'r'.It'" Iflll­
poun" III tmh, FU/ ... , and pt'! olt'r-d.-tflllatnr, 
m,,\ h,. ,ttlr .. tI \\ i h )tlIl-l'ullIIII "oml" in i¥I()(, 
mavallll.,: 

IJ 'nltt1Jli"ll 1'"011 s .,n' "I'lit-ll that fll?, 
,',1\ illl'~ "an IH' .... adtl~ in. I" d,·d and \·i,ihlt. 
'1)..'11~ of ,·,,,d,ltlon d.'I. 11.,,1. Bomb." wil h tin 
,,~,. 011,1..·,. .. 1t.1l'll! tI aft· "ilt·" ,.,It'full~ tn 
11\ hi dam"lll' to till a~, ,'mhlil' . 

BOIllI, "III h .. st •• r .. d ill t hI, III a)..'" !. m. 
\\hllh ut t~r tl!t },.· ... t proft*\,tiolJ ItV;UII t firt. 
.1I1t1 1111 ... 11.,. -\ pprll",'d. an h I \ lit. I'l.!.rl h .('",_ 
t-n·d, ~ IltH'H't .. h!'inq fltHV'itZIJU .... n111 lit' " ... t.tt 
.f .. ,1I1.d,/ ... 

H .mlo III -I 1.11l1 n II, /1( l. 11/111 .... 1 It d 
\ltt ,1101' .lonld."lr 

Itlj.!' 

RfSTRIC EO 

RESTRICTED 

In r 'nl1\atilln Hnti "h'aK" h.'ml,~ mar I II 

be reno\ alt'd, .':.1< alt ',I. IIr m"dlltul "X"'pl 
WI h thl' :p, .. riti appnl\al nl th., Chll'( IIi lIrt! 
nann' wh" 1. SUI' t h.· Il!,(," an III· rtl lUll' 

for th,> pt:rfHrm.II1 ... • uf uch \\ork, 

Fuzes,-Primers, ond Detonotors 

IU " • 
1'1',. pr .1', 

Pyrotechnics 

10. DESTRUCTION OF EXPLOSIVE S 
AND AMMUNITION 
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11 . SPECIAL SAFETY REGULATIONS 
FOR THE DESTRUCTION OF 
EXPLOSIVES AND AMMUNITION 

EI .. Iril .liI till!! rap' an' t'xlllo,",d hy an 
t It'drh I'urn'nt. • '"nl'k·tln,' hla~ting l'ap~ art' 
• plod. cl h~ lIame or 'park, from. af t,' fll'I', 
HoI h t "P' - .. I' ,1\', al • "oppl'r , I hrlll'r- loa<il'd 
\\ I h \ I n ,III, III'" ;11101 wlt'lIl ":\1110 j\c~ and 
n U-I h(' h.llull.'d \\ I h l·xII. Ill. I ar.· ThO' u,,· 
I .. tniprull'. tI nll'l h.~I" rhr I'. pl"dlllg Lla~t ing 
','11 i- I'rlohll.lt 'II 

(1m' half I"'und T~T I.It",k.. lin .. ·, uart. r .. ,. 

1111 ··hal f J "ulld hlt,,'k.'; .. f lIil,.""tardl •• .. ".1". 
'J\,' , an ' I,rlll id." rOI dt'molililll1 f\urpo",". 
Th.,,,,, I,J,~ k, mu I III' I ... hr"k"n 1Il1" ~mall 'I' 
pliO P~. 

"akn.t! h. I,,, lourrH,d IllU, ;tlway lit' ft·· 

rn,)\ "I t r"m ... ,1lI.IIIH r, a' a ( .. mllb tn hllrtl 

(t'rtam I' III .. II" fir ammunitiun und.'r "\t'n 
-hKht ,,,ntillt·m.'nt mal ,..· ... ult III t' pl""iulI' 

fh.· amour.! o f lIla(' rial '0 Ill' ,It':trn '.'d Itl 
(.la tmw mll,t I,. kt'pl 11 tilt, mllllmum "un· 

I .... 't'li \uh rfl.!:-flnabl. and af.- upt-rntlofl. 

Th .. '1lIJmh. r "i II III I " I h.lt rna, lit- d""lrovl-d 
;.r. ·I~ a ,,11., llm.- \\111 h.- II.-!t-rmith·d Girt' 

I ulh by -1.lr IfIg \\ II h a hmit d numl.,·r ane! 
h. II vrad l_tll~' 1111 n'a~in~ h •• 1 1I11mbl'r unlll 
II' ma lnlUITI \\ lit< h !'an I", ti, r"~ (,.1 \\ Ilh· 

, Ink (I hi., alit I I') ", ... rtl I ,IHt'rmm<'oI , 
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H EADQUARTERS 
CONTI N E NTAL A I R COMMAND 

MITCHEl AIR FORCE BASE, NEW YORK 
31 May 1949 

Co~AC Man~a' 50,11 Vol II is published for .he ,nformallon a nd gUIdance of all can, 
(f'rn d II .... II be used In CO(1ILH'lct on With the current program of Instruction pertolnmg to 

" r Fore .. ROTC Tra n "9 

BY COMMA D Of 

THIS MANUAL SU"USEDfS 

Co"AC Mo"~a/ 50 140 I Vol, 

1,1/ 1/1 

Eun AN T GE"IEfl A l W H I TEHEAD 

GORDON P SAVillE 
Malar General, UntIed Slalu Air Force 

V ce Commander 

1':11,' II •. ttK."k ha- I/{.'n pn 1'.11', d . I "Ificall) tur th,' 
cllllpg. 01' ul\l\'t'r~ll~ I HI-nl wh" is par" lI'atilllf III th,· A,r Fort .. 
ROTC progralll It i. lin.' \ "hmlt' "r a -t rh" <i,' 'WI!, ,1 til 'll1alif 
him ii- an "Ili ... ·/' 'I,,','wli '" h .. t '"ih'" ,'tutt' Air Furn', 

nil' t '\1': "Iallllt·" III 1I11! ,.-trillat" h,· {Jilin ! ,·;jnl!"lal. ill 
the 1'111111<101,'111111 1,1'111 11'11'''' Cli All' I '"rl'" Arlll;lnwIII. r.11 hI r th .1II III 

\In'-''nl a ",'ta.I .. 1 ' ... ·a , •• "f I Ii,· , IIlIn' '01111'''' Ii. I,I 
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CHAPTER 1- 20MM AUTOMATIC GUN 

10 MM AUTOMAII( GUN M3 RIGHl SlOt: VI[W 

20 MM AUTOMATIC GUN MJ lHl SIDE VIEW 

SECTION 1- DESCRIPTION 

1. INTRODUCTION 
Thl: follo\\:I1~ l'hapter J -rl&in. to thl' 

IWnlenll, I ur,', idl'n i t('ation, u. • carc, in-

Differences In Models 

II ... 11-. h(I\\ II III I 1~lIIt' 

Serial Numbers 

Ttll' Villi. ,·n.11 Illllllf,pr I. ~tllmp.>d on the 
r"\I'I"'r {,'.'" Fillllrt' 1-:?1. 

Th,' tuh, enal number IS stamped on the 
ul ••• Ju~t .tllt'. II (.f I" Ila • ylinlJI'f hru('kt:t. 

3, CRADLE GROUP 

III It fad" a. 

'II/!\ h .. \, .. !Vh an.! ""lIIr,,1 the ,. r Il'al 
nil "lilt III I I II. I!Ull 'l'1~1I11 I .:, 

nl! cr.tll!, III n 1ll"Ullt" th IIlwhnr ~tlJlI'0rt 
1)1" It kd t. which t ht lila azil" hd,> I_ II .," II) 
nl all' "t a IIlltlla7int, -lid am'hor, [n thi~ 
n,HIIIlt'!" th. ma fllzm,· 'I"i. I 111.,,1.· fUlI/n'I'ull­

in)!. "h .. rl'a: till' n'l' '1\ "r. lin whil'h It I, 
mount .. .!. n',:"tl" "urll I!' tinllll J"hi, ,',,"dltlOn 
I utihzt'd 11\ th t' "p,-ration (If tilt' :!II-mm f<'l'd 
m 'l'hanL m A=---:\r:~ "hit:h ... It! .. il .lllt'ra t'" 

Tilt' ·Idf'. of thl' u'HII., art drilll" "nel 
taI'P'-" fOI mOllntinl!' 111' \':trilltl" ,'haq.'I'r , 

RESTRICTED 
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~ 
\ Ilh:tlt- r t -sl ( I. ) 

I 

RE5T1UCTED 

_r n .l\ut ,U tC l,un ."t\ - 1'2 

HI hI-sid. cll;Jr~tn nl, usUlg I II '" .. 
chdr~~s 

20-mm II\dnua ctlar~~r M2, 
2tl-mn n,dr.tulll dl. ri!t r 111. 

1 mm luI n .1Ie l.on .. , -M2 

t.runl<. In and Pin' 'd 

i n,hlfd f r cit I\ln;.t 

Figu,~ I I Comparat.ve 'ealu,. 0120 mm AutomatIC Gun M3 and AN-M2, 

4 _ TUBE AND RECEIVER GROUP 

General 

1.1111 I ut-. 
H .. , h .. r 
H ... lr hllff ,'r IIHI ,In\1n..: I'nnc I!uidt 
\hl<'.<Iilll .,I"I,' 

Gun Tu be 

Receiver 

51!! CTEO 

GENERAL OATA 

RESTRICTED 

MAGAZINE SlID£ AN HOR 

RH: Oil HOU!>ING 

'."'. I J Cred/. (A ... mb/ed ,. Gun). 

hr ... 'hhltll k ,..h.I." At tho !I'lir "f tho lJt'l' tlJr 

"I mnK, It tnlll \t'r~t' .1 .. , i~ \'lit III I'lld. sid, ' 
lIf thl' re, 'e't'r 1m",' tu linomm,.oate tht' 
hre."'hhIOt'k I -eking l\t',\. Th.. brt' 'hhl 'k 
I(l('kinlt key t'ngage" the brt't'chbl(>ck lock 
"hl'n thl' 1'J('k I. fllmm 111111,,11 IIltll tht' 1, ... ·kI'(J 
pOSitIOn. 

Th" ullell!' mounting "late on the middle 
IIf the under.,d,· of thl' rt't:t'llt'r "t'n . to UI~ 
I'0rl tht' IfUI1 tintl ("(lIItr,,1 it. l.rhelll mOil­
m .. nt III 111,'11" "f r"lItr htlt-" In 1Ill' !!lIn 
• rul.1l('. 

TI1I' ,1 .. ,'lrk h. Itl. r Is in tallt'" .. n tht, 
lor ,,·,·ht.lnd; It .. 1<1111/: I.," !tnd r ... ",\t'r <I"ft,. 

S . IIAI BUFFEI AND DIIVING 
SPIING GUIDE 

General 

Th .. fund llln " flh,·rt·1I1 hIlt "1' (, "'\!. hllll 
th,· h",: k •• t Ih,· n-an'llr.! mil'. IIll'lIl IIf tI", 
I/reet'hlli. k , and til ~Iurt th., loin" hhl,). k "II 

It f"r\\lIrd mm"m"lIt '1'111_ adl,," I_ lInnn, 

I'II,h,·&! 11\ II ,.'rlt' IIr 1111' I'IIIII!< J{u"t.,c! h, .1 

I", 't·, "lid a ,'Ill I 1"11" 1'1 .•• d II 101,' II .. .It,.·,,-

Remaval 
"gu,~ ' - 2. Gene,a/oa'a 2O-mm Automati, Gun . \\ lilt a blunl (hi, .. 1 It' rlllI .. I th .. dill Ilia: 
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THREADS rOR 8RITI H MOl2N TS 

fOR THREAD P OIECTOR 
I. LASH HIDER 

"gule J 4 . Gun T"b. Show,ng Componen'. 

r -

C'fltNOfR SLEEVE GROUP 

Mounled on Tube- Close-Up View . 

"9,,,e I 5 
Glln Tube 

20. mm "a,1t Hider M4 'n,'alled on 

, igu,e I 6 Receive,- Top Ri,,'" Vi.w. 

lSlRICTED 

aEAII SUffER 

Fig",e J 7 . Reee iller-Boffom V,ew 

.. 
B 

C 

o MAGAI'N~ ~,I ~ lOCI( PiAl 

f EJECTO STUD 111." HER fiB [ 

~lHl 

Cafws 

RESTRICTED 

Fig",.' • S.,o;ghte",n9 Or;II;n" Sp,in" G"id. 
Reta;ne, 

Ukl\lN S~RI v GUIDE PIUNGER~ 

DR'~IN~ 

DRIVI G ~PH:"". "UIDE 

' io",e I 9 O,' Vlng Sp,ing G""le and P'"ngel 

'igu,e' 10 Maga.ine S, jde Parls. 
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BREECHBlOC SLIDE 
SPRING A207523 

HBlOCf( 5 IDE 
SPill G GUIDE 

THIS PAGE IS UNCLASSIFIE 

A W~lINDER SLEEVE 

a X~ )TM~R SlEf~E 
(CAS CYLINDER 
o 0.1 Loe INC WIRE 

t ~ C~~'M GUIDE 

, l?t~i\~~~ ..... cm 
G GAS cYLINDER loe 

P1, ... n 

H ~~:'~~6VENT 
J itt~l+'NDfR 

~~ C,l&"DfIl SlEt 

l GAS OLINDEI GUIDf 

M ~~SHC(~INDER Loe 

NconER PlN-IJ71~2 

F'/lure 1-1 3 Part. of Ga. Cyllnd.r S/ •• ve 
Group 

TIll' l'J ~tor tit~ into th luwer two groo\'e_ 
'h malt8zine ~lidt' beneath the latch . It 

\0 prong' projecting from 8 :teel plate . 
T t' II'S 'r. inn r urfact'. f th~ prong. are 
hilS I I., l'"nler thl' Incoming round into the 

p. t I I th .. hreechblock all it mo\"e~ forward 
, , 'op . houlcit'r of th breech block mon' 

t • n ht' two pnlnl!'~ of the e)ect(lr which 
h empt \. cartl irll!'E': ca~l' d '" nward 

I r. 'chl,llll'k ml""- to the r ar . 

I' l'onn ,h-d II.\' hemal!.azln 
j. t!, linr llnei /1111 hor suppor hrack.,t t .. 

dl ... I i •. thert'furt. fixed "'hll tht. 
" !lurinl!' tirinlt. 

7. BREECH.LOCK GROUP 

General 

RESTRICTED 

HOUSI G I![CO'l ASSfM8IY-87Vt-826 

8722681. 

C.A~ (YlINOfR R Ann 
A717¢' 1 

SEAT RH.OII sr~1 f 0 I 

fi/lllr. , - ,. RHO;' Orollp. 

• ear. The <"ar mel' alii. Hl 1"' /I part ( he 
In· ·d.hlock. Comp m nt l'art.~ "f the I< 'ar 
me hanl. mare Illu tr ed III Filfurp 1. 12 

• • GAS CYLINDER SLEEVE GROUP 

General 

Th~ fUll t ion IIf tht' Ira cylinder group I. 

to unlol'" th~ brt:e"hhl(l('k ,\) th t it l'an 11 
iorl'O dIad, 11\ tr.lI!/' 11 "")\00 hal Ii ( Ifl,' 
(F, 'ur, l · l:n , 

9 . RECOIL GROUP 

General 

Thl' fUllctWII of the re '011 group i to ab­
, I th.· hock of r"cOII of tht gun and return 
It III "I.(tllrv (hvur ). 11). 

RESTRICTED 1-7 
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SECTION II-DISASSEMBLY AND ASSEMBLY 

W~f H HYD~A\JlI( 

-HA C,fll Al W 315' 113 

, 

10 

~ 
OOl. Nf IAI"", V 

41 T 3336 

TOO A55tNlBII ,DRilliNG SPRING-41 T 3017 500 

'\ 

WRENCH REAR BUfft:!! 41 W 1990 400 

gu. , IS rooh f", Au' mo'" Guns MJ 

ES R C E 

II forward unltl the mag­
nil kel c1t'ar. the maga­
e cradle b slipped to the 

RESTlIICTED 

f~UNNION alOCI( AND 

MOUNTING BRAe ET SC.RfWS 

, igllr. , - '6. ".m_a' 01 Cradle. 

r •• tr and rt'mo\'l.,(j from the gun. 

Th I king wire 18 remm.·t'd and tht' two 
anchor HUppart brackt't screws art' unscrt'wed 
til di. connect the anchor support bracket 
(Flgurf' 1-17) 

·ot.: f'urther dillaslwlltbl)' of the rradl., i8 
prohibit .... 

Installation 
rh .. cradll' I ml'l .. d from t .. rl'llr vntu th., 

'1111 a. (r liS It \I III gtl, tho' r"lI. r ' ,)/1 the 
• nulll' o'ngaglng tht' ('radl m"untll IC phi{ '. 

Th .. cradl, i. muwd ,.Iightly n'ar\l:ut! 1'0 

,'I" magallllt' hdl' !In.-hclr \\ III rt f' mtn 
tb· alll·h •• r uPl'ort hr!ll'kt't Th.' t\\<> an hor 
'''lit nUl. un; thl'lI rt'I,lllct'd 

1 h,' t\lO runOlvn "lock. an' rt'plru'I'IJ ;0 

bll Ihl I I'nglllot'- th trunnwn atlaptt'T. and 
I that lug. fin hl"ck!< fit Intn ~Int~ In till' 

'1II1un Ing hra('l\d 'lutl,,1 l'I'rt io I rlanll ( 
I,ltw k hnulll poinl !"\lard mUlzl. r. Itl II p. 

I.K'1i hal' (.Ilt'1l0111lI', n .. '-11) '1,lod .. h1\1 
I 1\.11I11" all a. h ,'nd / . 

I h.· 1'~'I\II1~ 1'1 .. l'~ an' rl,,,I,,o d, II ... lrun 
/I. n hi", k and mtJulltlllj..' hra .. 1\1'! l r ' • art' 
n,·I\ .. ,1 III and • ·uf.,of ,,~. I n,linlC UI' Ih., 

t' nlPr, 01 tho plall' 

rtll anl'hor 1IJ1l'or 1".,c"0'1 I~ "','un .. 1 t., 
t h., 1I1~ld(> wall (I( lh. , l'rmlll' hy m('IIII~ If I hl' 
lll' lI IIndHlr. IIJ1port hra.:kct ~r(>w~ \I hich 
n' (.ICk-win'd Tht' hlllll'lIlj..' . idt' of thl' bracket 
hllilid P<llllt tc,\lsrd Ill. Id., of uadll'. 

'igllr. I - II It.moving rub. (ocli"g ,.in 

3. TUBI AND IECEIVEI GIOUP 

lemoval and Installotlon 

,\ J,!\III tulo" 1:< n'pl ..... ,,1 III IIf-t I<lI lulill' 

lh .. I'f iiI.' :In.llholl th. - gil nlJn.hr 
'1'''"1' Tho' "utll'r 1"" I .,,11',1< llfl alld Ih. 

1111'1' ( .. d.ing 1'111 ... -mOlo'<I \\.th I tulo, .1t 
IIl1hll lllll tl~.1111 1 ';1 i I (h·III., I I.,) 

Tilt, rC't. ' t ' l\ttr 1 pl .. ln·d in a ft' 'I\t 'r \i t' 

11 - \' 111ft) U' 11111111 In FI)(ur.- 1. 1i" lind 
.. 1,'llIp,'1 . o" ' ur.'I~ ', 

Th., III"" dallll (II (' :.!f1o:;) (FWlln I - Ill 
i III. tall,'ol "'0'1" till' "'h,' 1I. du. I' t .. Ihl' n o" 
""I\'t'r a' ) '''~IUIt' . 

Th!' 1111,0' IS 1I11:<I ·r.'w".1 I1ntl till' t hn :111 ill 
thl' (runt "f tho n'~l'ilt:r ar' do'an('d , 
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f/Qu,e I 20 Rem YO' 01 Ortv,n9 Spring Cu,d 
Cu p ond Cop loc' "/ote 

REAR BUFFER AND RIVING 
PRING GUIDE 

R m val 

'i_u,. 1- 21 . 'n .. "in_ D,n,i"9 Sp,infJ GuM'­
ASHmb'infJ Tool. 

MAlj.r.lIN£ LATCH 

MAGAZINE SliDE LEVER PIN 
COn ER PIN 137U1 

MAGAZINE SliDE 
MAG"ZINE SlIOE SAC\( PLATE 

MAC"ZINE SliDE BAC\( PLATE SCREW 
MAC4ZINt SLIDE LEVER 

WII;E 
STUD NUT WASHER 

_"~,,:;:=-_~,,::':<:-: ,;.."" "258.3 

Figure 1 22 Removal of Itear lu"e, and 
Mogaline Slid. 

IIf ReED 

RESTRICTED 

Inltallation 
The rt!ar buffer is slipped up in the dove­

tailjtrooves of thl' recE'iver. 

The rear buffer lock plunJC r i retracted 
lind the buffer moved upward until tht' 
IJlulll{er snap" (nto po. ition In th a(ot In the 
reeeh'er 

The driving pring retainer (old-t)'Jl(» I. 

po itioned on th rt'ar buffer flO that pin nn 
the retainer fit into ho(e on rear bufft'r. Th 
new-type retainer dlX'. not ha\'e a pin, inl'tf'lui 
it has a flangE' whkh fit-; und.'r r ar huff,'r 

The ~plit end of the drhing sprma a . nl­

bling tool i" m_t'rt d IIIto thl.' drinnJC ~prinll 
guide plunger and the driving !<prinjt placed 
o\er the tool and plunlter. Th dnvinjt prmJC 
j(U1de i in" rted into the dri\injf ~prlnl{ ~o 
that It fit , o\er the tool. 

The a. sembled unit il' tht'n in.ertffi into 
the ree i\'er through the Ilpenlllg of the rt'ar 
II/lifer, !llidinj( lilt the hore of the url'l'l'h­
"lock I Figur 1-23) 

Th rear buffl'r wren,·h i" placed on he 
)Culdt'. which I~ prel..,pd In until it contact'! he 
n'ar IJulf~r : th tool i:< thE'n turned to "l'rt'\\' 
th,' Kuul,' into th~ hulft'r. 

Til .. rim of tht' rplllllll'r i, I,.., I II" a tla! IIf 
I 'j{uldl'. 

TI., .'IIIJ 1(1' k plnh' (If u !'Ii) I· /I, -emblt'd 011 

It 'illd.. Ill' '.11' I- (I I'" ,'II ,'nl" th .. j.rUldf', 
11111 II I' rim IIf tlU' pIa. I. hl'nl • n a rlat tlf the 

I p 

5, MAGAZINE SLIDE GROUP 

Dllassembly fFIj.run' I-:.!Il 

Thl '\\lI mllj.ralln,' hill IIIIl'h' l flmlt lIuh 
If UII 1.·\\.·Il , II t' To',lr hut PI I_ n'm l\1 d 
"" t ' h"CNI r 1'1111- ... n'n, ,,,I 1'lIIth,-" ,!{ Clt 

tud 

1'1." I'JPl!f,r "ud 1111 I 1111, r. \\.,,1. /lI1t1 I It 

eJI· l'f \\i hdra'\fI aklu lar. flot tl lu t' 

tho t,, " "JI":I'" (rill":: 

fhl I')." tflr Ilitl I II "II "I t~t""ll .,,,01 
Jlt III' , Iltl \'I, I" I till( r) ,II·, ... m" ... d 

TIll' II>!'K "in' and Ih,' 111.1 'aZII1.' .1111 .. 10.11'1,. 
1,Ialt ,. r .. " ~ IH" rt'nlo\ ,'cI , "t' ·pt l1j! ttw :IT,''':< 
t'\ t'n 

'i"u,. 1-23 In .. "ing Driving Sp,lnfJ Guld., 
alld "un •• , . 

ANCHOR SCREW LOCk 

W"!>HU·A7.5613 

ANCHOR 

SUPPORI 

&RAC ET 

AN R SECURIN 

"NlHL1iI 

SUP 111 &RAt 11 S Rl ~ 

'i"ute 1- 2., .d/utf",enf a' Ma"aaln. Slid. and 
'nlfallat;an 0' Operating I,oe"" 

fh,' h, '''I,lat., all I Ih t\\O laldl "rill' 
II r, n'mu,· 'd 

Th .. c(,ttl'r 1'111 I 111\;," fI" I I tllt'mal!'<lzlIlt' 
11011' 1",,,1 pili .Inll th.- IpH'r pIn, I", .. r, alld 

lat ch rt'mtl\ "d 

Th, ' ma!1;( ZIIIt' ,h,It, I hl'l,.d to tit. I,'ar 
alld nfT th" r.'n'i , 'r, 

Th , cntt r 1'111 1 r 'nlml-d frum 111 .. andh.r 
:crurill)! ser 'W, lind th · anchor :<rft' \\' II/I'k 
wa"hl'r i. taken IItT. 
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...... GA! ~ S IDE lEVER 

figure 1-25 Auemblv 0' Magar/"e S'lcie. 

ASSf'mbly n ;; r.· 1.7) 

11 •. <1 

figure ' - 26. 'a.IfIo"I. 1_"Woclr Ultloclrl. 
Tool i" Gu". 

nU'h almtn~t thE' latch IIpring!< and the two 
mag aline . lide backplatE' . crew!I are il1!!erted 
t'H'nly. Tht' I'crews are then lock-wiretl. 

The two 1!jl'Ctor !:'pring. are seated in the 
rear of th ejE'("tor. Th ejector i, positioned 
In th two grooves of the magazine !!\ide be-
10" the latch and .. lipped 0 the rear until the 
E'J('( or tud protrud throullh the hole in 

hE' backplat 0 

The tn,lIvr r. r' nut. /ir 0 hen r placed. 

6. BREICHBLOCK GROUP 

Removal and Inltollotion 
Rl'mo\ al of Ilrtffhhloclo.. Th n'ar buffer IS 

R~STRICTfO 
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!>EAR BUFFER SPRING 

SEAR BUFFER BLOCK STEEl SEAR 

, 'gu,e 1 - 21 Ifemoving Sea, and Sea, ./oell 
Irom lfe(e;Ver. 

I h. II 1I1,1i.·0\ ilion I'. II (. 
.iIloi Ilt IlHW.lllI" It.l, 

figu,e I 2. Oi.auemb/i"g Sear a/ocll 

In.,'aJlalwn of ~t'ar \1I·chani"m . TIll' , .Ir 

",t h ,'"r Iol .. d, I r" la .·.1 III I hi' r""'I\ "1 

(I III ••• r 1.1111" l'rJIIV /I I. IIIIII~' (1).01 101111 
IH.t I .• I, II "\I~I ) 

Th" ,a, bull'r I,'''' "I .. ,kI h'III'II ... " 
In Ih. 'f""I I :lIlj.",'1I1 I" th. f'lll 1,1 I.. 

7. DISASSEMBLY AND ASSEMBl Y 

Disassembly of Breechblock 

TIlt' hn"" hbl .... ·1.. I .. rl... aid I h. It It ant! II~ lit 
lilt· .. I" 1,1 .. 1''' (\o"~lIn' I-II) 111,0 r. "' 1\.01 

Th~·It·tt 10,"" hhl •. 1.. ,1,.1" I \\llhdl"'\\"" 
,II. h manlwr ,' " "OIl til "'t t I,, ' I".·.·, hl1 ~ h 
,Iiol .. "pring and ~11lt!., 11\ 11111 rho lor,. I I 
1.10 k 1111,' plat" .1' "mlol\ I I h"11 1\111 .. " I \ II 
I'Iw hr.·.d,),I.oI"1.. 11.1,· h' \ "h. 11101 110,. I" ,. 
n" .·01 .. "'1.1 10' "·pl.u,·nl,,,1 

Tt t " t Ltr Lt,' I prt's tlod a)"'HIII 1 till II It 

11;0 I. r l'rtn~' and Ih.· ,. II1I1\f'1 11"1 01, ,It. II 
'U n t t' tl.l" I1r a11e1 t\ It.ll qr ptll)' J 

\\ltholra"n rh,' t .. tllIl "nol tit 1111 1'1"'" blol"tI 
l~hll.·.I.lI1tllh,·IiIIlI·l'lIlaI10\\,dl" "01, I 

I hrtllu.rh h., r"ar (I h.· 111111 • 1'111 11111 II' I " 
d""PI"·(\.) 

Assembly of Breech block 

TIl\" firiJl~Y 1'111 j, ""'r' ,·01 III tI ... ".In "I I I , 
lol't'·l"hh"~". hdlll~ It f(ll"a," I" 'I' "ll 
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(.tlu,e 1 29 emoving Gas Cyl,nder Srae"e' 
./1 

01 M (hani~m 

tilt" 1')01. whllt' th IIlunp:t'r. which protrudt' 
from thl' ... ar hl(K'k I!ngall the hook ... haped 
I'roJ"dioll at tht frnnt of the tool (Fip:urt' 
l-:! ) Th ar butfE"r prmp: r talOlng tool 
hould t!1I r thl! hoi to the ~t'ar biOI. k 11 t'm­
hlin~ tool. 

Tilt' Iol!uult' of lht! M:al LIlA. k .. ,.t!IIlLlil 
I I" tUnl..J uffi i ntlr to tAke 1ht' ten!,jun 

I If the t'sr bufft'r prmg r tAining tool, Tht' 
ft'taininll:' tool i. rt'mo\'('d and th handlt' (If 
till' tool i, gradually tumt'd to rl'lt'ase th,' 

,'no Ion of the prings. The plungt'r and 
~1'11I1)l" are rt'mon'<l. If the. pecial !It'ar blOl.·k 
il •. ' mlJltl1),[ Iflol i not avallahll'. an ordinary 

i"l will :l'n ... If the rl:' aininll t(ool i~ not 
il\ 11 •• 1.1". 11 .!tgltlly tallt'rt'd "tt'd rod. Whldl 

, rh fill th .. hult'. may be u d. 

1'. I or I h., -, ilr mO' hant-m nn' .110" 11 10 

F.l'lIrt' 1-1:!. 

Assembly of Sear Mechanilm 
. pnng' • r' ill"t'rlt·" ill 

ar Itl, aurl thl' plulJ),[ 
tl ('If holl \ ... nc!. ag •• ill"t 

RESTRICTED 

1 
NUl , ... OLINDE. 

•• "(kEf "7126774 

Flg,,,e I 30 Parls of Recoil Group 

",.I 

t". ..It t'\t 

I h. !!:I ., !tlllh r " '\, I'll I Illtl aI, 11"'1 
I.If .1\\ II 

Assembly (Figure 1- 13) 

II 

9. RECOil GRO UP 

Disassembly 

'1 II I l'IIUI .lId'rlllll II 

't' 1"\\ d 

Th" ,'ulI'r pill I. ,·\tl,' It'd anti till' !!.IR 

\ \ ltnd,'r hral'kt·\ dump ~ ro'\\ nlll "."I ... d "If 
I HIlII tllrnR. 

nit lah of I itt! ),[a- n'III1,I"r lora hl't It I; I~ 
I 1.IIl'ht,'nt'oIl1nd (lit' I!( ~ I) Itntl"r I.r I' k .( 1111 

I 1It1'd"\\l'<llhl!'lIrt' I·::!!)) . (11-,,,11 "'llIIll'" 

I hat tit,· hl·l .. III 1t''''11 . l'rtn~ I' d"<',"nprl" • II 
III"" I~ \ h,· IIl1t I loa. k .. d IIIf ) Tit., J,rllI k, 

11111 1,,1111 t 11,,1 I .. • f.'mll\ ,,01 \\ II I ... tli III I I, 
, 1111110: I h,' h.. t t • IIII' • n'\\ I rIJWI,· I .1111 
I 1,,01... ,.uld II' lallll"'ftill • I I hI 1".u·I;. I 
\,uld I .. thl' \I \\1 i I' 1I-"It"al.I.· flltt' 

1 •. \ h.· n', oil I' lilt-: ) 

PI"lIlj..' t (ti. r. ull 

1'lllIg, I';lt 1.,.0111 "PI III!! I'at, allt! II" , ro CUll 
Illu II l' .1--. m"" alt· lll'l~ tI rrlllll 1 la, till ... 

Assembly 

t 411 "'lIll" ', .... nllth .• !'.tr r~'t Pil 

I- l' II pt IU).!" fitul Ir, lat It ttl I 
I, ' ,II. II , •• II,d .,\,r Ih. 'II .. II t h' 

.rtl, I }!I \ t'li 

Itlllllill" 

p., II, d II II 

twlt,".d,," 
1'1 III, IIhl .. lltrl 
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SECTION III - CYCLE OF OPERATION 

1. OPERATION UNDER NORMAL 
CONDITIONS 

Hand Loading of Belts for Feed 
Mechanism AN·M2 

f . r t).. .!,). 1111 f , "Ii Ph'ch.1 
nJ.,d Il l' of :!II nnll 

r . 1 o ll l~ "_'('l al 

bn~. M8 
ht Hand 

I h • I t I· . nd 10" 1' "IHI dl:\\\ inK It alonjC I hI! ((IV 
II: Ii. , 11t' lt to t h. njCh • An} f.wlty IlIIk WIll 

, .,\1.,' Ih, lid III kin"- ill" ,I t'f .. 1Il1n n\l'f 

.nll hl! hh . An~ IUlk Yo hkh dot',. not hinlC" 
l ... · .· I ~ mil'" I ... • n·I,I.Il't~d hy anllth*,r and I lit' 
It,~ t n'p, atl-d . 

T hf> IIUO\(' t ... I is r I 'at ,d. " ar inl!' \\ ith 
" I"i~ht l'ud 101l1' • nd drawing it to the Il'rt. 

Ir . f " Ilf link is fOllnd , II mu~ hu r 'plal'HI h\' 
. tl i I h"1" a' II II . , h rljCH "IlI! anot. ft ·cno " 

• P':! I'rI 

F"r leU ·ha nd rl't'd. TIi .. prott'1 ll1n' is th" 
rhd I-hand ft" 1! huI th .. 

F.gu, I 37 Loaded 8e lls (M' Lin"" fo, 20·", .. 
Fft d Meehan'lm AN·M2 (Ri ll'" o nd l ftf, -HorwlJ. 

no 

RESTRICTED 

rh .. 1'0. Ilion of the cart ridges relati\' to 
the 11IIk. i: chl!cked. (The distance f r om th 
t'll " o r the l'artritlg ca. e to thl! rl'ar ·tlltl' of 
tI ll duublt, loop mll~t I!! .... inche. pili . or 
m r lI- • IIlch. ) 

~olt' : Thl' Il!atlinl{ double loop must ha\1! 
,Ilulld : lilt' "'llIjCl· dmlt't1 t'n.\ 10<1', mu~t h" 

"1111'1 '. 

rIll' 1o,·1t ,,.. Ih,'n tt'~tlod for tI,· ibllrh and 
l ur "n'r Il" link . 

Hand Loading of hi'. far F .. d 
Mechanism M3 

General, Belt. Cor t he 2t1-mm f,'cd m''I.·ha · 
III n ":1 1': n he mati' up of 20-mm metallll' 
1.,1t link, ~I :~. ~1 :lA I. M7. or ~tR. A p..-l·ial 
t lid link I, pmJlI"v~ a;< the trailing Imk CIf 
b 1o,'lt (Til .. tI,,*, of dlfft'r .. nl typl',.. ur link,. 

III til • . a In" hplt i. prohihited.) 

Th,' link. and round" art' th~1I in~ped,·.t 
Illd rill .1. 

... .. r rilCht -ha nd fHd . Th,' hnk>4 (lrt' lalll 
'd ' ll/: ;1 I~·ltllllt hoard WIth tht'lr 1.,10'11 . IIII''' 
III 0111111,1 .. I. "1''' t" Ih' rilCht. and inltl .. IMp. 
I ', 'I\lUIIUj h .. lwl',·n th,' .10llhJt· Inops Th.· la~t 

I "n I h .. !t·[t Plld mu. t l>t' of t hI' "I 'l'Ial I ~ l>t' 
\\ t 1 Ih., <I .. ,*,11 t.H.p (Fillure I -:tl) 

1, 11 111 '1\ arrl. 

CON fCTlONS 
TO 8ATTERIE S 

POWER CIRCUIT 
BREAkER WtlCH 

CLOSED END liNK 

Figu,. 1- 33. loodlnll 20·",m I." tin'" M3 fo, 
20·m", ,.ed Meehan I,m M3 (lUght.Hand) 

2,) 16 IN .! 1 10 

~ 
fO~~H flED 

LOSED "~~ 

'NO Yk;;; ~'''' 
,oo~ ~ '"0''" 

, IN 1 10 

F' II I1t • 1- 3 • . loaded S.I" (MllinluJ for 20'mm 
F • • d M.ehan;.", M3 (Rlllh'-Hand and l.f, .Handl. 

HE TRI( MIllO (f 
MAlIN. RllfP1AU l I 

lfEO MEO .... NISM ~J 

LOADING 5Wt1CH 

MATING I!ECEPTAUf 
• [ RIGG ER. ~WITCH fOR ElECTRIC TRIGGfR 

figu,. 1- 35 Cont,ob fo, flll"fl of Gun EqUIpped with 2O-mm feed Meehani,,,, M3. 
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Figure' 36 U,,'ooding ,h. G" " (Using 2O-mm 
Feed Mechan,sm AN-M 2). 

2. FIRING Of GUN 

U In9 20-mm feed Mechanitm AN.M 2 

i q ~ ~ I 

po~;.ible to reml'd~ 9toppa!re, during combat 
tiring. 

When a stoppage (X'cur during combat fir· 
in¥. thl! !run , hould he rl' hargld immedi· 
at.-Ir. If the !run cannot be recharged, no cor· 
r .. cti\'1' art ion i. po,,!'ible, 

3. UNLOADING GUN 

U5ing 20-mm FMeI Mechanism AN-M2 
Th,' !lel('('tur 8wit('h mu. t be in the "off" 

pu.ltion. 

If the helt of ammunition has heen com­
pI' ph' t'XI 'nded, t h" C!'ed and link chute are 
di:ronnE'( tl'd from th~ feed mechanism, the 
ma¥allnt' "Hde cover is rai!led, and the mech­
l1D1:m lifted (Iff the gun. 

If t \I' IlI'lt of ammumtlOn ha:! not been com­
I'll' 1, !'xllI'nded, the drh'e pring release 
.h,dt I pU' h.od in about • inch a nd, at the 
:;am .. tinlf', thp haft i~ turned for about 
thrt""Quartl'r~ of a turn In the direction op­
p.)<i " 'J hat of feeding (FiJrUre 1-36). Thi' 
\, it IJmlllt·t .. l~ un" ind th", drive pring. The 
l'l·1 I III IIt!1l from th fl'ed mechani. m. The 
Ie ·,1 .md lin" chute!! ar dl ,'onnected from 
I , t· 01 mp('hani. m. he magazine IIlide I('\'er 

nl ,..d, dnd hO' m chanLm hftM off the 

Using 20-mm Feed Mechanilm M3 
) 

• ronn I il hI' mlluth IIf 
tI to, I'u~hlng 

ESlli cr 0 
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4 . OPDATION UNDEI UNUSUAL 
CONDITIONS 

General 

B{'cau!le of the diff!'rt'nt climatic and t('m­
p,'r&ture condition, in which thi" matO'ril'1 
ma,' 1,,1' expected to operatt', ' pE'Ciai in trUl" 
Ilon~ are gh'en in thi,. section, The, (' inlltrllC­
tinn!! mu t be carefulI~' ob, ned, 

5. EXTlEMEl Y HIGH nMPEIATURES 

Lubrication 

The gun I lubriclltt'd It, ,hn"tl'f! m edl"" 
1\'. Extremely high teml ratUIt'. r.-qUlrt. 
rnor' frequl'nt luhrll'ation. 

Inspection and Core 

~llIteriel should be in, Pt' ·tt·d fr ljlll.nt" 
whtn being opt'ratt'd in hot. mui. t arl'a . 
IT, m,. which may dt'tt.'ri rat trom mildt'\\. (Ir 
',I I .II may 11(' attackl'd by inSt!ct. or \ l'rmin 
hould ht.' aired or dried frl'ljuI'nth·. 

~mmullition should be k('pt out ot 11f' 
.II ,·(·t ray" of thl' . un. ~llIi"turt'.rt' I tanl 

al.- ~hould nllt tl(' hr"k"n until ummuI,ill .. " 
h, u'l'oI 

6. SUBZERO TEMPEIATUIES 

" t"mpt'n,lurt', \\hi ~ h art' h,·It,\\ til In'''?­
I V 1"'II1t. il I.- " .• ntlal thaI all til )\ ill parI" 
, ""1,1 1.I1I""luI".1 frt't' of m'll.-turt' Exn'",; .. il 

10 \Iorkin" I'art~ \1 ill ~olltllf:' I .. .,u,'h 'HI 
'PI I :t~ to ~alJ", "Iuj[~hh "1 ... ·, alliin .. r ("'m ­

IllIe 1.lllurl', Exln·m., d,·/tnhnh. i. l'~l"t'n 
I,d f,d mU.-1 It IIp,.li('d "pllrll1J(ly 

\\ h,'n II J."un i hrollj[lil mtll a hl'ahd hoI'. 
IIIkn. :111011 "'III f)('I'UI 01 tht'm,'tal urf.1 I" 

,r the !lun lIa ro al'hl,tl ·h0I't\·nlJ 'I'atm'", 
d Il.Irt" nllht Itt \\11*,<1 tlr,\ and r.·, nut ,tI \\tth 
II! to "n'\ 1/11 rll,lmV 

III UI,,,I\'1I1jr Oil (II tilt' lIOn nft,-r dt'anin", 
ar, mu!'t I,t' t .. k,·n 10 work tli . oil In \\, II :0 

I,ut it '" ill n adl 1111 urflll·f'. of the land~ and 
gfU(I'" 

Th' brl'e, hhl(l('k parts .Ir. l'I Itnl'tl with 
nth·-IInr· deanO'r: oil Is IIPI,lil'" h~ wiping the 

rubbing . urface. With a clt'an cloth \\ hil'h 
ha. l,.. n wet With the lIil lind wrunK out, 

\\'ht'll matl'riel i. protect'd hy rama, /lr 
other t~·pe of cover, moi, ture will furm lin tho' 
metal . urfact'~. To prt'vt'nt rURlinll, the ,"\I'r 
mu t "" r'mo\' I at I a. t Ollu' l'ath \\ t'l'k .• Inol 
. II urfllt·,·. thelrnUllhl~' dri"d When. II, "'s 

IIr~'. IlIIrt ~ IIh"uld bl' reoilt-d , 

7 . EXCESSIVEL Y MOIST 011 SALTY 
ATMOSPHERE 

\\ ht'll th, lila' rlt'll lie \lvt'. ~ 1"" .. <1 Old .• 1 
urface., ,.u,·h Ii ttll' 1l'1I1I. hr ... ·,·hhlo .. ·". and 

,radl.· urflll< ' .. h""loI hI' '111 .. 01 lIIort' II,' 
'lu,·n'I~. II~ \\'utl'r \\ill t'mul>llf~ \\llh "II and 
J .... (r(\\ It., rU!'I-llrt'\'l'lIli\', quulille,.. ParI 
~Iltl'lld "I' in. ~dt'd frt'Qu"nll~' f(lr l· .. rrfl~1oI1i 

l'n·:<,·natil·e Iuhriralinj[ nil (n1t-dillrn) I. 

u-(d III /i.'lI of luhrlcalinK uil (~IIWlal). 

Tht' I,url' of th,· tuhe an,1 th bn·t· ·hh\.,,),. 
hould btl k.pl h',I\II) 11111 .. 1 anol .holll" 1, •• 

111"f't"'led fn·qu.·nl h fur rll~1 Thl' J,,.rl', hllilid 
h \\ 111'01 rI"lIn III furo· 'hl!'ht \\ h"11 /irlllg i 
C"IlIf>ml,lul~, 1 

8 . EXCESSIVElY SANDY OR DUSTY 
CONDITIONS 

\\h.11 Ih,· ¥IIII I. adl\. II, ,III I) fOr \I,d\ 
HI"II • (h,· IClilI nlll I I" , III 1"'{It',1 and \1I1~.1 
""'an "\l'fI' da~, !lr (lrt 'n" II 1I","'S";Ir\ 

\;,.ollIN "houl" b.· f/·lIIu\ .. d 'n fa IIilal,' 1"," 
IJull'h ('!.·/tnll /l 

l.uhrll'l1tU'I, .. holll,1 I,, · )" '1'1 I .. II 111111111111111 
n, ,III nlll.,,-t. tllI'<l willi h \\ 111 art a In ,,1'1,' 

~I\·.· anol mill r,,"1 tilt' hun'llilll '·",m". r I'" 
'I'n'atl\" luhrlt·alll1j.' \III \. \"'uul) h,,"lri I, 
<l\,pll.'d Iill'hth' 10 \orl.'ng "art 

The' hr"""h and mnn.I., huuld I". ,III .. ,. .d 
Ih"11 prill'\i,· •• hl •. 

9. CYCLIC FUNCTIONING OF 
WEAPON 

General 

Thl' l'nlil' fundlOning uf th" "t'llpon .. ' ,I 
\\ hole, from th(' firinlC (If UlIl' r'"lntl to' th .. 
next, is dl'!'Cribed In tht' foll"""inlC Pllfa . 
graph. For purpoll(' uf p planatioll. th,. 
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J 37. Aclion 0/ lI.,co,1 Spring and lI ing Spring, 

I>' I \ I I • .j III 0 II. '11; .. -
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Figu,." 39 Action 0/ Ga. Cylind.,r SI.,eve Group lor Un/oC/,ing ,II., 8r.,eclt . 

CA lRIDGE CASE 

fIgure , 40 Un/oc" ing 0/ 8reecltbfoc" and 
e'lUc'",n o( Fi,ing Pm 

Figure 1- 41 . Eiection 01 Cartridge Case, 

Extraction and Election 
\\lltll lilt 1"It '111 .. ,,, 

lu tltt o I"t),". tilt ,trullt (.ut, uh.I' l'l t \\ I I I 

ira 1It'! II I tlln,w tilt' 1",11 J,., k h' 1 ,It,,, I •• 

• ,1'1 'lin. , ,'lIlIta('(' d 1111 I h., III"" I t Ii '" I rllt 
t "·'pr',I1!!:,' Ilf tit., "I' i 'nr (FWllr. I II) I. II 
111' th, "artTld~~,' l'll " t" 1'1\'"t ,.huul IIltl 

Ilr,'Jng do " 1110' lon'anl ,lid 01 Ih., • 
Ir,lIlf1r, Th. larl'itl~"I'II"I' 1 •• 1'1 . lit •. hl, .. 1 

th, ,"trador lUlll "'''\'', Ihr""~h.1II "1"'1111' 
III h., !. .. tt"m tiC Ih, 1'· ... '1' .. ' . ,"ntpl, I III)! tilt. 
• ",Ilun Ill' th" ,nll'l,1 .'arllltk.> lilt' \\ ''''1 
I hi' ,ar I r,dr,' ,'aSI' I 'It'~ It. tI r I. ""I II", , 
Ir.ll'lo" till>" 11' ... lor I_ r, 11I11I,'d I" ,I "0, 
n ,I 1'0 I Ion hI Iltt' ad'''11 flf II,> " tr.II 'I 

Ilfllli." 

Reor Buffer and Driving Spring 
Action 

As tit > "rl','~hhl'lC'k i dn\t'n n'm \\ ..... 1. It 
com"r., '" Ih .. dnl Ill)! "prillV'. \\'II, 'n lh,' 
hn·"l'h"I.",,, 'lI'ars till' "lid III ,I,; r.'ar\\:"d 
mll\ ,'m,'nl. it s(nkl'lI 1114' !"t'ar I.lIIr. 'r \I., h'l 
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EAR BUFFER COl 

f'flur J 42 ""0' Buifer C,ou S""'OIl 
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- ---- BREECt1BlOC .OCK 

5~A 

"gure '-43 Ac';on of Sea, During ".co;/ of 
S,e"cltb/ocll 

RESTRICTED 

~AGAIINE FEED ME(:HA,NISM 

figll,. 1-45, N_ "ound hiltg forc.d OOWIt. 
ward In'o MOII,It of f.ed Mecltanlsm, 

h • , hol k .. t r(>('oil to hi' 

Cocking Action 

F •• dlng ond Chomberlng 
f I' I" J ,I;"; and I 6) 

\\ I II I h,' /'. (' filii III{ I.rt't'('hblock l. ~uffi. 
Itll \ far n thl I ,'llr !u.:it'ar th(' feed met'h. 

am m, 1\ n,'w found I. ' fnrc d downward IOto 
h,· mouth Hf the f"cd m('Chani~m. As the 

" r, ,hhlrH .. k i fVf("('tI forwafd by th(' drh ing 

1igu,. 1· 44, "amming of a "oliltd, 

Flgllr. 1- 41. Ir •• cltb/ocll In Loelled Pos"ion 

flgll,. 1 - 4'. fi,lng Pin Moving '0 fi,. Round . 

. pring. It ('ngag!'" th(· new ('artrirlJ.1t' whwh 
ha!! bc~n positiolled in the muuth of the f"l'd 
mechani"m. AlS the rartridg I fOfr II fur­
ward, it drop. into tht' reel', s in tht' bolt whert' 
it is gripped by the lip of the utractor aK it 
enter the chamber. 
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lh~ t,r tchblnck '1111,. \\ 111 h mov over the 
rl:'ar .. lid of the Irn.:k, 

Firing Action IFi~lIrt) 1-4 ) 

.L the .Iid approach th" end of their for­
ward motion, the tiring pm is carried forward 
bl'the '!ide kev Ilnd the driving spring to fir 
the ruund . Wh'en the slide ha\'e reached the 
end "f their forward motion, the inertia 
block.' lontinu to mOl' forward for a hort 
di ·tam· ... :triking again. t the forward end of 
tile slot. till'1 hy cou nteracting any rebound 
t 'not'ncr of th . Iiue" or rin , 

SECTION IV-INSPECTION, MAINTENANCE 
AND CLEANING 

I 70 

It 1_ 9 
I I 

~I ?3 4 , 7 

12 
,30 

I I; 

[511l1CT£O 
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1. OPE.AnONAL INSPECTION 
The following general point hould be 

an.·fully noted in the inspection of the mao 
riel: 

11 upt;ratmg ml"~.'hani m are in. ~t d for 
t' • t' of operation, I a kla.h and umel"n 
)ul,rication 

.-\t lea!!t el ery III month. " c:ht'l\ UJI 

~hllUld be made to in. urI" that all m .. dllit'a . 
tion, hale he n applit!d. (A h, I of CUI n nt 
modiftcatil.n work ordt'r i publi~h d in f;\1 
:!1·6. the final edition of which i .. d ted 1 Jan. 
U f\' 1949. Future Ii. tinll. and index of [lA 

publication. will b{' plIblL hed in the 310-20 
rie of pt'Cial rt'gulati n , If a modification 

ha. n)t b n IIPJl/i d. t h Illcal ordnllnct! officer 
mUt<t I notlfiPd promptly •• '0 altl'ration or 

\ hlrh II III HfT~d Iltt! mOYtng 
JlIII'I .h()ultl IlUId .. by th. u, 109 I 'r~onnel , 
• npt h~ autliorizt't1 h~ II f' Ol.tu/lm" .. Ut'part. 
In. OJ I 

It·Vlhlt!. 

Wt'lipon ',)\ <'r I t' III I 'l'!t d 

ORGANIZATIONAL ),L\lNTENA E Ht;IlUU: l 
GU.I1 

,'ed m ch .. nlsm 

D 

Pmnl 

I ..crl" nd r C h r 
.. ~d ml'ch;tnlsm 
A - M2. 

f ~<d m chanl~m 
13 

" ;1l1n. slid. IN d 
mech.lnl"n A • 
M2 

p d mrrh nl~", 

I rl '. r .• 

H, It r • 

Pr ..... ntlvl maloll'n"nc 

Chl'e hr 
I ullnl(. 

I .. nd or 

f:h .. ck for ro~1 nd 
cl ilnllne ~ 

Ch"ck 1M ro. t dnd 
el aolln 

Ch c 'or ru I .. nli 
..-II' nIh ... s. 

I .. n <lnd <lIl 
I ub~lc II' 

l.ubrlr~11' • 

It..." and ch, k p r -
1tlJn. 

-----

f et'd lid. 'I'd 
mt'Chanl m M3). 

M~II:.uIn.. ltd. an­
rhtJr . 

rrtglt. r 

c'h r "f 

(', f'H.H IfU. (,. 

Gu 10 ~t'nf'r J .. 

Ch;trgcr . • 
F lash hId<- r 

(h k f HI' uti 
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2 . COMMON PREVENTIVE MAINTE· 
NANCE PROCEDURES 
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3. ORGANIZATIONAL MAINTENANCE 
SERVICE 

Th.· It"m. ur I~Iin n toe in'pt'ctcd and 
;,'n It d at ,,~hcduh:c:i limp,. ar!' listed in Fig. 
ur 1·:;0. 

4. GENERAL ORDNANCE MAIN­
TENANCE 

Inspection ond Testing 

En'l \ j.fun n'l I,,~t! u~ ordnance maint • 
nalll'l' I't'rs<lnnl'l fur rebuilding mu~t be thor · 
ou~hlr and ('llmpl' ·Iy tn;<pt'eu,d, pu t in to the 
I •• 1 conrittinn !.,.,qhlt With th" allowable 

lI~sr I ED 

'. mit !'rml, ann pt hl1lcal .. iT um. tance , 
Ii 'n r~ttlrn.'d to the u!\i ng arm 

.. hould b noted, 

,~nch"r, maKa/in.· ~hd;> 
flr,c~",~ .. olln<l< r •. 
H r .lCk(·I. ml'unllng •••• 
Cylln<l<'r, IC s. " .,. 
l.uI ,g.1 cvllJ1do'r • 
H~ .. d, drlvm~ prln" !-"'td. 

Oull'r ~nd , , 
Inn"r l'nd . • 

1\, \, 1m' 'ehblV('k 1 '<' In 
Plu.:. l! C.;' c.~ lindf-r llr.J('k..-1 
PluK, It.s nhnd, r \('nt • 
f-(('t't'J\t'r • " ••• 

H Ie lU I t'(' t\t tubf 
Hilt "fRei tVI1Jldtr~lt·t·\t ~.dt 
ffnlt~ fur fcurtnll: \1:8 mtnUJl ("tllr:?, r 

Ii I '<I """ell 1.11 h"JI~r ., 
tI It ~ t If Jtt.lchlnt{ Opt' Tdt1 tc ,.\tar 

hr.H:k .... Ht -. 2 lr. d Ul' en tf! <; 

fI f>S t) .1it.u'h t hrlrlC Ira f' -, r 
c: id •• nt Kalln£" .. . 
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5. COMMON ORDNANCE MAINTE ­
NA NCE PItOCEDURES 

ueneral 

THIS PAGE IS UNCtASSIFIE 
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he b"lt wh n c'>el.ed. ~hould rt'tract properly 
WI h tht' ,'harjl't'r mounlt-d In ·ithl'r th,l' rlj!'h~­
,II I .. tt -hand Jl(}~ltion. Th ... I·lectril' tnggl'r IS 
l'onne,'led to a ullahlt "ourn Ilf 24-volt dlrl'ct 
('urn'n t IKl\hr t" 1':\ th adi"n uf thl' url'el'h­
l,lt alld. aI', The I:.,I! ~hllllld ~ .. 10rwIlrd to 
haUl n 1I(l~lti"n an,1 ICM.'k , Any malfuncllOn 
tI"~l'n'l'd ",)ul<1 h· dUI' tn impropt'rly IHtt-d 
Irn·echhlo<'k ,'"mp"n"nt, I>r a faulty l'il' • .'trIC 
trijl'l(l'r: It'n,fon', th,· . t!rJ'~lrlll~" tl':<t IS of 
II n .. ,~ Imp,,1 tan,· . Thl' 1M sittun of the malCa-
2 Ill" hd., 1111 t 1,1' rl',·t·j\'l'f is checked by 010-

,,.1'\ III)! s,lll" hilI". Tht' anchor rud I~ ad­
)11'''''\ 'Q a .. Ira\ till' \t'nter pair nf "crilled 
hll'" ,·ull.\l",. Till, adju:lm 'IIt Is \. ry 1111-
I 'I "II Bt· ~lIr.' .tll)u-tlll!! nut, and 1000k ~u >I 

"II h, .lI.d.,.r ,In' tight I) .• ·,·ur,·11 aft"f allgn­
nt, /It I :ltl.lIn,·. I. 

11'"1 ,1111 Jam: 01 the 
h{· l.III,.·«I h" 

ES RI TEO 
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functi on flnng 

In ord"f til fun tion· lirt'thi. wt'apon a . ulfi­
,"-nih' ~turdy • tand mu. t be available to 
'lit UIII the gun. An openil1ll' mU!lt he ~itliAtpoi 
"Ihlll Ih tnl' of Ih,· "land. largl' cnough tn 

I I mil Rlpt)' carlridgl's to hI' I.'j,·,·II',1 Tht, 
I '·adl.- I. fasl,'ned ~"l'urd~ lu I hiS 'tand ill 
(our I'IR.·I''' ThE' KUlI and ~lallli I" II ... III"'Io.d 
'J /I- In han' pr(ljl'l'til"" hit ill a I'll ,.t hUllk 

("h .. hun· ant! "hamh .. r lin' .-I,·llIh·<I arul nil 
,. ,mhli,·,. an' rh"('k,',1 tu ",' that th. \ an' 
I ro.p •• II ad) lI .. tt·,1 illld ,'un'J 

Wh. II flllllllon tirin~ Ii )(un ""uiprl·\I \\ Ith 
, It "I mt,hani,.m ~ :\I:!. a b.·11 I.' mad,· UII 
I :!.-, 01 :111 ;\11 hall or T:! I pra,'IIl'" ,'ilrt rt.i)( .", 

1:\ 1I:1Il)C1I1)." Ih .. h,·1t of al'l'l·o:l.IRlaltoly Ihlrt)' 
UIIII, I rom II,,· fl· .. d mouth. II "ultHI I" IIrlll( 

\I III I" d", .'loIJl.·d " h"'h "Ill ,h'll' rill I II,· Ih •• 
• ·""ltllon 01 I h .. clrinnv ml'rhatll If! • P'IIll( 
.,,' Ill"\~' IIl1lilllil cfulrh ,111'< Tht· .' n,1 of thl' 

100'lt I III .• ·.Iul lilt., tht· f "'d mouth an.1 th .. 
,f, 1\ III)." m,·, 11 .. 111. m a .. ,·mhh' w<lUllcI \lIltll he 

lit II hI' TIl\' 1'1','<1 "I' ·mllll)." 1.·\, I I_ "'" 

• ,., <l III I,,' 1"· ... 1,, oil th .. n·n'I\.'r nncl a 
, '0' k 111.11 It· 10 " •. thai th, ' lalt'h I Iwltlillj( thl' 
, " III plar,· TIl\' )CUll J rh.lrl",·cI IIlId II h<'11 
!, "JaIl! 11g' h,v h .. n·tuI'lIo·,1 til til(' for\\lInl 

hort htlr~1 I, hr.·d 0 I"~ th •• 1 Ihl' 
I'r"I'I·II~. 0'1t· 'I~ I'lIr ridJ,'I' PI "P 

.III'! IIII" link' "11I1 •• ut J:lRlIIlIII ' . -\ 
t nf I '11 "r hfl""n rOlln,!- I hlt·d II' II ~I 

il .. ,.,1. tl .. • hf~1 roullt! i. In 
, I I. I ""11 ! he ... ·I·d·" h""1 lin)C"rs. I hr' 

It I I ,I.,,,,·,, allol ,'(·un·d Wllh till' 100'kinj.!' 
J II .1 hI' " .. It ~hCluloi hi' 1II11 f"rwlIrd 1l(\.ltilln , 
TI. f.,,, motor I. l'OIlIlI"'h'cI ttl 1111 ell'ctrirul 

I r olin ,. 10 f('I'd lilt' ummunitinn 1..,1\ 11110 
". m, halll'm IIntll Ih,· lir,1 roulld rt'. I,. on 

l,rt·,·('hl'lr~ k . Tilt' 1l(.1t Is ora"'n back 

With the Charll'l'r uno utl1.-1 ' nl time I~ IIl1o\\'l'!I 
(or th rharJrll1g lull' to f('lurn to it~ frt.'1! 
/XI. ilion, A fl'w shorl uur!lt!l arl' IirE'd If) te,,1 
th' trill'g"r adlun lind n ... ·ml adion • notillg 
I':,rll('lilurl) "hl'thl'r link unt! mrtriilKe ca, e" 
.trnp fn'" III I h,· lorUII . r\ hur .. 1 tlf 1"11 or fiflt"'n 
rlllln.l, '" 111('.1 "11111' I~a\t'hin.: Ihl' it'.t 
I1h·,I!:IlIi m t I",,,,h 10 dl·tl'rmllle IIny malfullc-
11"11 "" Iil'plnK. If lal{ occur .• f{'1'd "hl' .. 1 
I luIi'll "II~I" I mu~t I,,· l·ht'l·hod and IIKhl 'nl.<I 
If I,Hllld 1"""1 1 .. 1Il 11'111 1I1"'1-1~'lIn.t". FlrlllJ,' 
" "111 illlll'" "" h.1 I"t all r"lIn,1. in he f"cd 
m ·l'iIlIlIl"III. I'll, r 'ar louIT l ·, ,huul!! t."dwrkl'd 
l'ar"flllll' "hil,' fund IIIIHirin)." t .. "t,. arl III 
prn.rr.·,.-. TIll' Iollfl"r Iwu"illg Will h"al IIJl If 
till' prillll', an' hrok'·lI. I'h., ill, lti., nf th,' I,ur 
1"'1 IIfIII 111': sh"lIld I" "'1 ,k"(1 f<lr JlI.·C,',. or 
I ... , •. lII .. tal \\ hit h IIH!rlltll- "r"I.'·1I 1'1'1111(: (lr 
~h"'I, .' 

In th, ' ,·\.'lIt a "dud" i .... n('('lInl,.t\·d. il IS 
" 11,,'1"01 flulli 111' VIlIt 1\l11t Iho' dtarlor"r •• n,1 
th.- I'flm.·!' h ••• mllll'tI l.lltht ~lru,·1. , rllI1' r. 
lit-II"'" a fa II lt \ 'il'lll]o( 1"". a "n,I-o n "I \\ "al­
d'l\llI)/ ""IIII!. ,,' " f .. I1I,·" "' •.•.• h"I,1t k ,hit. 
I .. hllrlll '" \\(1"1 ur nl<'l,d dill'S 1'1'111]0( h\lilt 11\1 
III 101., Ih, lillll]o! 1'"1 1t .. 1t If 10" 111,1t'lIt:lllllll 

II 111'11111111 "P"',11 d '·I'(lIlwlo.ttll"""l1d 
'.tli I.,· "III""" r rI 1.,"11) 

6. CLEANING METHODS 

Cleaning 

1'11/(", .. th, nl I,,· 1"" "''''01. n't.· """,., I. lilt I 

<1.IIlIhl I,, · II .·rI I" 11",111 "I \\;0 h .,11 til> 'ill 
I'all . \I 111110'\ "r Jlarllal IIr t,,1 III ti, .• _. 11110" 
I IHld,·rl •• k,·II. "" \I hl'l\ r.·u,,\\ IIlj1' I h.. 1'1(' 
",1111' Iu"rl< alit liltll 1111 "'{,,,o-•. t! mo·tal 'ur 

Iltll' TIlt' u .... I ){,. "\tn,, I,.. prIl11lhit",1 

( 'olrt lIlu·t 10" t.II."11 \1 h '11 ""'al1l1l)/ 1111"111.11 
1110. 1t.lIlIslll. III III III"· ... nlpl,·I. It m,,\.t! .. 1 III 
... ·,Idu,· .. r ,·,!tm '111 ~"u's~llr\' \llpinll' "mIld 
I,,· d,,", \11th aI'''''''' (.f lirm. Ilntl,·~ ..)"1 h 
I III t or "I h"r rort·I).!1I 111,,11"1' .lIoul«l /l"t I". 
all"\\,·,, In VI'I 1111" Ih.· lulili. alit ,tIlel luhn 
l alln/! npt'nill/! .. 

Lubrlcotlon 

I.lIlrncanl >lhnultllo.· a"plll'lI \I hilt, I h.· parts 
an' h('l'1/! t>,I\·I'at,·<! III' hanel tn IIhUrt· pr"I"'/ 
dlstriltullIlII of lul,rH'allt to ,ill mO\ 111)( I'all 
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RE5TRICTEO 

~ 1 I r1 't! I' \1 'I 

Ii ,dr, II I I \1 

1',01[" ( t,t'" ... ,. 

f U., ~Io "b"co/'on Ins/,uellon, 

ST ClEO 
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.... ot:"...,IIDT lllAICU ___ LI ,.221 
... -..... - ,--, 

Figur.' 52 Wa, Oeportment lubrication Order 
109·221 

7. lUnlCA TlON ORDER 

I , lUBRICATION UNDER NORMAL 
AND UNUSUAL CONDITIONS 

( 1111.,," : 1'1 .. I"'n'lind "', mI.,,!" h .. uld ntlt 
I. f I' d h.,for· hrtnv a cI,1I11W!"OU,., pr.' '';U rt , 
m \ lit \t'IIlI I 

C.l .u .• r ud .. dtr ... _Uh" t \"E J. dl\ 
dt-.anl" 

2, /, fFI eTk)'II: tOil MOl) n~I" 

Figure ' 53 InJI ,uct;ons 'or Oeca/comania 
A p p lIC atio n and Mounting 0' lub,icatlon Orde,. 

H •• , hili ck r"ul' 

Ht. "i", r 

( flldl .. 

fo. I~I • oJ II. I atnt,,(j m .. t I "urfs!: .. 

1' .. ",'nutl\t' IlIh"l'l1tt"~ 11.1 4111f'.1I"'nl I,., 

II- d '''I' II., 1"11 .. \\'in~ ,ondlthll' 

~ltl III' ar,:\ 

E'\t n'm.! h:rh hu nHht~ <lr .. th.'r I' (' •• 

1\< h 11\1 I I •• lth ."ns, 

9 . INTERVALS 

I.ulori." tltll1 lilt, nuls shuuld "t' n'dut .. d 
\I h,'II. \.T th., dally In, PI'! t"'11 rl \'",.1,., ,,\'I_ 
.kn"t' "t tht' formal It III of I'll t It u,.,unlh' \I 111 
I." II ... t'".'al'~ to 1'l'<lIII:(, till' illh'nal, \\ ill'n 
OIlt'I'atlllg in Rft'a, rharactl'nZt't! hy high t('m. 
reratllrt·S, du"t , IIml "and ill tht' atmn, JI" .. r " 
or h lvh humidit \ , 
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10. MAINTENANCE Of THE GROUPS 

Cradl. Group 
Til., a,loIl., ,houltl be in,'pl'Cted c r .. tull~ 

f, r dan,al!"cl ur 111(\'" .. ar If {,art. are al· 
I ',\~d \, IOri loo,l',tllt' m un ill)' hnh'~" h ... 
''ra.lle "ill ""II h,- ('nll' l'lUlljla" I :,nd r 'n,h'T 
tl, ,rad!. UIl"-T\ in-It!.lc_ 

TI,,- .mcllur ~IIPI"II't "ra~kt>t i" tt'~tetl to "e 
.... t " liH til., -, n'" h'l\ t' workl·d Io.):<e If thiS 

'hould be 

the plunger to lit loo><dy and allow the rear 
butfer to mo\ \'ertically in the recei\'er. 

The retltiner a. mblr i. examined to de­
termin,' whether the pin or face of the rl'­
ain .. r i. hrok,m, bent, or mi, "ing, If any of 

the-to (undition" exist. the retainer should be 
replaced , 

If the threads on the drh'lIlg prlllg gUHie 
are mublatw or exee,,~i\'ely worn, the guide 
i Teplaced . 

Th gUide tube i ~hecked for loo:;ene in 
th .. h .. ad Itnd for deformation. If 100. I' or bent. 
the guide mu t be replaced. 

Tht· (Iri\ing ~pring i~ examined fOT any 
• harp kink or off et of coils which might 
cau~ hinding or excl:' s friction: if the_e con­
dition. xist or if free length is lest! than 23.6 
inch - the pring is repla('ed. 

The driving spring guide plunger iI. checked 
f r '1traightne ... , general condition, cracks or 
mdlca Ion of fracture just in the rt'ar of thE' 
h 'ad Th plunjrer ~huuld move freely in and 
OUll f tht> Ruide; if il i. bent or lOhow cracks. 
II mu-I h4' r plat'cd. 

MamlenanC'E' by OrdnanC"E' MaintenantE' 
I'ersonnel. )fain nance oJ)t'ration gh'en 
uho\(' .,c,' Pt,re"rn l·t! "h 'n 'er nel'l', .. ar). 

F IlIcllIHltnjl of th., rl'IIC hufftr lock, pring 
, t J I I 1 W(:d k or "cohn. tht> lock 

I.I)III! I driwn uut. the lock 

Magaain. Slid. Group 

m()\('d, the spring 

~lo'\'ment 
i Hr 1"-

RfSTlIlC ED 

RESTRICTED 

Th • fr. lenlol'th of the e) ('tor ~prinK 
Imin,,,! anel replaced if necc,!lary. 

'Ialntl'nan('l' b~ Ordnance Maintl'nanr 
I'f'r .. unnel. ~1ain {'nance 0pt'ration, a /fh n 
I r.' lJt:rC"rmt·" who'n requirt'<l. 

TI, I hr., ol .. !l hoI .. • i!1 th( rna 'aLii,,, . lid., 
r. r. plal'cd \I llt'neHC lit' 'e.. ry. 

It th .. ('j,'dur 'itud i dama"'t'!! or lOt) ", tilt' 
0'), t. r tuff pin ~h"lIld I dn\t'll uut. IhfO 
eJ"1.' or IS un','rl'wpd and the tlmditiol1 c.f 
rhr"ad. in • I '('tor i, ",aminl'tl If Ill', .'~ ,T\. 

•• c c.r :'11<1 I'm Is r. pl:I( I'd I' III' h 

Ireechblock Group 
~Iainll'nan('e h~ ('''ling . rm .... Fr. 'd/)m tlf 

nt 1\ ml'nt (If Ihl' hTt'l"'hhlock III h,' r ... ct'i\t'r 
I .. ht>l·k .. t\ 

Tit I,n'l'c:hl,lo. .. iI I: thf'n dl<;c""t'mlol ... d lind 
('I('an.·d 

Th Ir on fal" of lhe ""It I" .. amill('d for 
" • 'I"n IIlId \I 'ar and tltt' cOIn,lttitJll .. f the tir­
IIlg Pill hl.l· I II t,,01 If It i~ cnlaT){ II ,IJlti. 

('I nth 10 cau~~ "Iown printt'r , tilt' Ioolt mil , 
• Tlrla"f'(1 

It I. 1I~ltutiJrlal hOllldl'l, of 
lr 1.11) ar ('ra,'k .. ". th .. lolt 

111, .. 01 

All II rr, 

h [.,.11 (Filt­
"hould be TI" 

II, t'l '.-dlloll>\. k tn. h 1'1', a 1111 II ,t! Cart'lull,' 
'r 'Jlltlttlf'll "f l':,llh 1111 h<lth "Idt>~. fur W(,IIT 

• r r 111",1;111 . elll hmll'lIIS!: lo.:kmlo':' 'urfll(e., and 
h. un.l. r "ltll' for w('ar. 

Tt'n'ulIl of the or ~t Itlll -k <hd{' .·pnnjl. i_ 
I .. "t -t! and replac: .. d If l,mk"11 ur ~horh'r than 

1(,,,, iI hI .. frt!(> It'n.,.'t h, 

Stoar Me('hanl. m. Th. "('<lr Olt'dlanll<1l1 i. 
t''(ammed fur lCClll'ral"ull<i1 IUO. lind for Wt'sr 
or roughn ..... ('11 t hI' . urfal'(' 

The plull!Ccr I" ch ','kl'd for Ilurr, or rOlilth 
urfa .,~ Ilrnllnd th di~a, mlolinl{ rl't'(", 

All rC)u~h I' to. and II Itt_ Ilt/ult! he r mo\ t'd 

'1'.'n'" n .,( •· .. at hUlf.'r 'prin).'" I" d1l'1'kl'd, If 
I h .. , ItTl' 1.1' .. 1..11 or tlttrh r t hllo t ht' IIlIowllhl .. 
fr. " I. "!ftlt th,·\ mu't I", r~JlluCl.d 

'IRIIltl'nant'e It" Ordnan('f' 'Iaintt'nant'e 
I'I'NOnnl'l, )!allilcn .. nll .p.'rlllinn an I'pr. 
fnrm.·cI a oJ. '" rth,··ll11 pr ..... ·cl.ll)! P'll 'r I'h~ 

The dlan1l't, r IIf finlllC 1'111 to"It, I, Ill. ii, .11. d 
(it -hClulll h(> (I.tr,t) 1I11'h • nlhl~1 ", ... 22 
til 11)7) .lsndllr,1 drill I·ltll I .. , II .. I til d 'Iln 
'he hnnj( pm h"J" III prl'l ... r IZI'. 

Th., tinnj( 1'111 prill III lOll also I m .. a III I 
If tht· I'rt·tru"l.m I. It·, IIt,III th,' PT!' ril> d 
,1 IOU tIl \IW inth 11 ,hClulei I", .It.anl •. " 

(lIIhhtwlI of I " t.rl"'t'hhl.·k lid .. hl'\ I 
" mln",II .. clt'lermill \\h..tllt-r Ih,' ta)1"I' 1'1;1 

I In "Ian' (lr I"",.·. If Ihl' tap. r PIli III th .. k .. ~. 
I. IIIH. ", It .-hllllld 1>. rl'pl.1,'pII" lilt :I IIt.\\ I'I~. 

It Ih .. !tfl'l"'ht,l!~k JlIIl, art' 1,," !' (or dam 
J.:'ICI, the hn'cl hlJlu,-k I'll ,.'1' 1'111< h,,"ld h •• 

,111\1'11 (lut and th hcf'edlhh ... ·k I.ill alI(I tap", 
pllh r ')lla('l'd 

({1.ldiu. nf "t'lIr al pomt tndi"lIt"d loy nrrcl\\ 
In FI~uTt, 1-12 ,hould llt'mt'iI"ured If thp rll • 
Ihus Is It',..' than 0114 mch. lilt' ,"Ill' IllU, 1 Ill' 
n·rlal'cd . 
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Recoil Group 

\lnlOtl'nanrl. AI\ pllrt ar" \\ ti,1i d 10 a dry­
"It h t h. • x('ell! inn of tI P re-

t, II i" mbl~ 

mhhe~ arl' lubri­
,I mll~t nnt tlf' im­

rn. r·. d III el.·'llinl-' -01\' nl The out, id of 
th,· }.IIII"ln).,' I" d.-allt'd \\ilh a dry cloth, and 
'h .. ·1", \t. in I 'ctt'd 10 It, h .. l1d:< for proper 
'laklO~ I r t I", rt'l"oll hllU~1J11! a 'st'mhly i 
dam"II"t'd, n<l IItt mpt 'hould h. made to rt'­
pair I • in~ ,'ad, it -hould hI' rl'plact'J, 

Th. 1It'II >II n" Iii "rin!! ~hullld not ~hClw 
um ,'\ l<l,llu' IIr l,ul'klinj( and Its frL't' height 
11;)ult! .... ;) ,llIt'hl' f plu ur minus 10 pt'r 

ell) I It d, I" nllt m" .. t th,'s,' dimen, ionll. 
It ,huuld II" hI' n·1I14nlll'd. 

Th" ):,a, n lind, r lora, kt't should be cI,'aned 
.trld .• I\I,artl I., of carhon and humt powdt'r 
,,'111<1\ .,.J . \11 !'t,uj!h , lKlt:< are remo\'ed with 
1\11 !Ill ,(In. rhe "1 'mng at the rear of thl' 
jr:.- c\I'nJ. I l>nlck 'I, In whit'h the ga. cylin­
(\t'r I.ot, m 1- I", l",rfpt,th' formed, Any mu­
Ulallr /I nr d\'l""i 11 1 hl~ 01~'nlJ1g would 
~Tl.1 h 11!11.liI tr. (I 'ratil," (lf he IrSl! ('\' 110-

d.'r ~r 

11. MALFUNCTIONS AND COR­
RECTIONS 

Misfire 

ESTRICTED 

kt'l nut 
nn the 

no 
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n'-
1 roc.',IIIf(' i' till> sume a tnr 

IlJ1g, d""t:l'lbed aho\t', If tht' \\. 'ap­
t, r( charj(\'d, no ,'orrec!" to IIl'1lfJn 

IIf II loall)!llrt t.l mor, 
f ~r atl a It n lit lfl Ii! 

'''Ill),'' li,,'d IInlll1ll1l1 

th 

Failure to Fire Chambered Round 

Failure ta Feed 

Insllmcu~nt 1'(' nIl of hn', ell "I 1\ k ('.IlI,\~1 h,' 
fUIIII\ lIul, kinv, r I " .. eti",· 101InullltlliU. 

Iu ullidt'lI! ",ltft~t· (f""t! nlt'dmlll m :'ol:!) 

I~,ltllt\ 1'1 ,tnt'lll conll. cllOn' I fp ,d Ill'" h. 
n,,", '11) 

II", e( 11\ ,'11 tnr 10 nr IllId nltt'iWIII III • f:q 

I IUI<'II II .Ill! I I .. d (f". d nlt1t'J!.u 1 til ,,:1) 

1 nl!' I f. ,'<I 

Hemedlt'" AriJu 'm,'1 til '11110(114:111, (, r 
1t·,',11 sl"f. "0)'1 fill 

( I "~1I1 I P. 

J: In II. It 111,,\ .. 1 "'111 III 1,1(,. hi I ., H 
,"Id t 'I tn 11 Prlt,t Hrt h ('s of It (' It lOt I «. 

If' • \ ,I ,til' I IrI Urli. It II ""I 'I.ltt' I .. , d 
lilt' h. III m \I:{. "r"IIOlII,'t !II, U '1I,lIlt'" I 'r. 

"1I11t·1 hOlIlI" I". UOIllli",1. 

\\' j'll1j,[ 1-: "h," k.~1 for I I "I','r 'tllIlI' (' InnM 

lIud 1'1 nllU"in~ (fe,,1 nit I haUI,;rn ,\I'! I 
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Failure to Extract 
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10 ' Failure to Eject, Feed Mechanilm 
AN-M2 

l'au ... e : Brok n tJ ., or tud or hruk n 
.'llt.'tf ,r 

R med~ : Th, ('Jt tflr mu~t t I' replaced, 

'I .it," II 10 dllHnbt'r IJr thrty Failure to Elect, Feed Mechanilm M3 
(auM' : Br<lk '11 t'jl'('lor 

/) t'x rad occur , Remed~ : Itt'llllcl'm nt of thl' l']t'ltor, 

Runaway Gun 
Cau .. e-.: lid, \ 1\\' rtn~ wlt('h Itf II. ('d) : 

br." 1\ • nr, or hr' 'n and wt'ak ,,'ar "'J1rtn~; 
J,tnH1lIn~ f ".IH,'}H\ "Iun~t'r in :II'I'H' (A. -
:'IIIAI 'l'I),!')!"t'rI 

Remt'dlt"- : If firing ,"it<'h (if u. 'd) i,. de-
1"Hltl'nanu' per. onn('\ 

Slow Firing Gun 

11£ Tlllcno 
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CH4PTER 2-BASIC AIRCRAFT 
MACHINE GUN CAL. 50 M3 

1/ til ~Io! If'" 

SEmON I-GENERAL 
,. DESCRIPTION 

1111" ).!'1I1l lOll •• ;'0, ;\1:\ 1 

t 1I11.tll.1 II, ~ 1111' III ~"Ilpral 'I'P"IUIU,,, 
I I 1< loa'll' Itlr. r;oft 

Differences in Models M3 and M2 

I II h hili r"I,IIIIt' ... II Itll'r 1o.,1t tl I ! I 1\1 I \\ il h 
\I •• 111I11),!', .1\11 'W COIf r I' 11,\ I"r l'am II huh 

1:< I.·, I"" tlt.1I I Ill' ;\t:! (':tn" II 1lt'W ,',1\ I 'r .. 

11.1' I ," 1'1 ill .... alld !t 11l •• rt n'ld hl.!t fl'I''\ 
hll' 

I'll. h"d,plalt' ( ... I).!'II ... • :!:{) hit 1""'11 I".t. 
i).!'1I1 II I" \'\It'II'\ lin IIlltl Ih,' \tit, pial., 

\\ ., , •. , 1" III),!' 111.11"1,11. I I p, I ,,,. " "41 III 

11,·11\1/ "llth"lllpl .... '"f,il"1 .II k 11,,\\ 10 ".I 
III t I. l'lIlI .\1 :': 

Iii. "II • ,. 411" III • 'I' IIIf Ii.I 1""'1\ (hallg".1 
1,1 ,. "1"1 II I' I 1" \,1 I h. .."d \\ "'lilt! • "tlH (I flm 
':III.,of 

) 'I' IlIlh' of," '" r .!'rllI' hit It,. II ,,11"1'1'<1 
11\ 11111(1111,... 11."" ... I!' "'(\11\ ,'adl ,.,,01 

1'1", holl ,FwlIt",:! I) It.l '''''ll I",It,. '11'01 , 
.wel h,l /III 1I1"'~',al /t" .. "'rallll "'''1' IFwllI1' 
.! ~ .. , III tak,' 111' -am,' IIllt. h,'d I'n'l'l'h III. k .b ,h. ~'lltl ,,:.! 

Till' t .... ·ldnK I .. , er (I''''11I't :! '0\ ha I" "11 ". 

d""wllI'c\ 1o prill ,dO' thidH'1 nil' """\11111 ' anti 
III ,'ltnull II" ,.hart' .'urll", III add,tlllll, :t 
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F'gure 2- '. Recoil loo.,.r. 

',gu,.2-2 Cover Group. 
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Figure 2- 4 lolt GrOllI' wi'h Extraefor A_mbly 
R.moved 

'igu,. 2- 5 RHr EItd of 10', Showi"g ''''.gra' 
Acce'era'or S,op lottom View 
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F,gur. 2- 6 Compariao" 0# Similar lolr Group Portl for Ou", M3 oltd M2. 

AOOII/ At lJfClO dEA~A E CuTS 

00 ' 

',gure 2 , 80".' (xl.".,o" Group 

',gur. 2- 8 Acc.I.rator- Dotted (i"., '"dica'e 
Shop of Acc.'.rator for Gu" M2 

ERIAL N MBE 

' i9 U ,. 2- 9 ,,,.id. 01 Rece,ver Show in" 8r •• ch 
locI. O.pressors - Top Vlltw 

,I,· i'''tt! 
,1.\\ ,., Ii 
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M2 

M : 

'igure 2-10. Compari,on of lreech Loe. Cam. 
fo, Gun, Nl3 and Nl2. 

CHUIE ADAPTER ASSfM81 Y 

' ,gure 2- 11 'eedwo'l Sec';on of Receiver-Patt, 
A ,.,.,b/ed for 1ig",-Hand ,Nd. 

r. 2 I loco ' 01'1 of S tlol ond TrunnIon 
10(1 S~ '" N mb " 

The (e trador) 8¥1'itch has been made 
horter than the .12 . witch and the sloJW, of 

the camming face. ha. Iwen ('hanged. The 
: \' Itch , pring i .. lightly heavier_ 

The e tractor cam ha been ¥I·idened. thu 
CaUSing earlier ri!le of the extractor. 

The breech-lock depres..'OOrs are securdy 
fa ~tened to the siil plates (Figure 2-9) . On 
the gun M2 th > deprp,..~(.r . are attachl'd to the 
Oil-buffer hody. The deprel'~or. ha\'e a cuned 
cammlng surface formed on the front end. 

Thl.' breech lock cam ha been changed to 
add a radlu~ at the top of the camming step 
(Flj{ure :l-10) . 

A link-chute adapter auembly (Figure 
2-11) t8ke~ the place of front and rear <:ar­

trldg' !'t oll~ and link stripper of the gun M2. 
A 1'1)lit helt-hnldlng pawl is used as on the 
gu n :\12. 

A ... pring-type recoil adapter i u. ed in . orne 
IllS a ll at ions in plar!' of thl.' trunnion adapter. 

T hl trigger bar ha ' l'l'l.'n made ~horter 
at . } rt'ar .. ntl t han tha of the 1\12 !tun . 

Identification Information 

2. NOMENCLATURE 

Backplate Group 

for records 

R STP ,CTEO 

E ..... R t. 

IIU in.: 
I n~ lh 
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t { .. rnl 

• t Ir (' " ph It 0.111 itl 

II InKI. bu r t h. h ~an h. 

'igure 2-rl. TabulGfed Data. 
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34.t ~ in. 
II 

H.1 ~ht-h; d 
15.10 In. 
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A,7313 100 

ADJU!:>TlNG SCREW 

PLUNGER 1473' 3157 

G~ SPRING \ 
147312665 

. ~ 

ADJU!:>lING SCREW 

1,,, ... ,,, 1 14 8ocllpla'" Au~mbly - hplod.d V,,,w /tight Sid. and 80ffom 

nff e· 

RESTIIICTED 

lG f 81J 1270 

INC 145 fMRlY 

5[4 

31102-----

1'9 U '" 2 15 8011 Group E.plod"t/ Vir'''' 

I n~cJI " I! I KJ\I·~. 'I \\.t~ • I I. loll 

It • IlL. I, I ,ltd (.1 tl. I,-It ,,·d 
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8.0. E VHf - 800 • N lQ(~ A91bO 

I 
SA ~f 

8 'fl' GO Of 

107 
./ 

A £"'81 y (7J' ISO 

F'gure 2 16 80"el 8uRer 80dy Group - Ex­
plodE'd V,ew 

8UHl 1U8E ASSE"Bl Y 

BUFFER ~PI1ING GUIDE A~SEMBl Y 

Figure 2- 1T 8a"el 8uffer A ... ",b/y C73J2663-

I'ar"y Exploded View . 

liES RICT 0 

RESTRICTED 
MPER RIVET WASHtR SPRING BUffER SPRING 

GUIDE 

1100 

F'flure 2 17A Bar,.1 8uffer ..... "'b/y wit" ' 1"011 III Forward I'oll,loII - Se" lollal View. 

f"ij(I/rt· :!,17K 
liarrl'l-I,uff .. r 

Barrel and Barret .. xtensian Group 

1 t· I ,\I ,. I I ('\'ilndIlI'lIJ (rlJ.,'UI'(', 2 1 and 
.! )'11. untilltn':\dl,c!:It Ihl' "'ar "lid I .. Tn'w 

G I"llJP 

Figu,. 2- " 80".' alld 8a"el Ea'enlion Group 
- 80',., R.",oved 

&~ff >i 0<. P N 

~ lM8" 1Il;' • 

Flgu,e 2 · " 8a"el b 'enslon Group Exp 'oded 
Vi.w. 

/111> t ,. " •• rn I, 'n 'IOn I"'I-.. h "n"IJ~" IlIr 
,',I \' :uIJII I nWIII .J II I Innl :.rtllof t hi hr,"ul. 
"I r ',llOlI" an' ('III IIrllllnd Ih .. I" rlptll'ry f .. r 

"I1~a~,'ml'nt "I' th. · harr.I . l ll(' kln~ "rill!! 
\I Ilid. h .. ld~ thl' harn·1 In aOIIl . 111, nl. '. h 
rt'!!artl til h'lId,'pa('" , \l1,,·n as .... mhlt·r! tn th, 
harr,'1 ,"I"II~ion. A ryilnlirH'al ,I -"\'t' i' fa _ 
honed () th.· 1111177:1,· "1111 of th, · harn'l f.1 I'n -
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fHO PJoW Jo M 813131 ] 

A731267 

BEl fEED PAWL SPIll IG /to. 352 

FEED SLiOE ASSEMBlY 87313180 
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I. r lj!ht ~id(' of he e)(t('r.~ion. at the fnr­
rd n(1 

Cove r Group 

.tud and .Jot. hold. th(' cOVt'r-t" ra tor print{ 
in po. it ion. and r lace primc pr .:<un' on he 
latrh . 

Tl.e peit·f('ed I/'\ 'r I. 
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PAWL C ROUP ASS Y 87313083 

87313318 

H ~PRI"G 8731263 

~WlrCH 87317646 

SAP AUJ SfAB!£ STl"I "SS l 

Fipu, .. 2 " Ibteeiver Group-l'atf. Ite",oved and Shown in Ite'atlve "oliflonl. 

t rhl'd to th .. trunnion ulock and l"xtend 
r .. arward Thl> top and l>attom plates are at­
,trhPd In t' ~Id!' plate 

RESTRICTED 

... 

RESTRICTED 

dl "'I'st heat from the barr,,1 when the 
• In I. .ring. 

h cocking le\·er to operat!' it dunn!\' n',·oil 
and cOIlllh'rn,(·.,i1 mort·nwn s of th holt. A 
I tt!ral hoI throUllh h hrRckf't andl .. f -hand 
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SECTION II-DISASSEMBLY AND ASSEMBLY 

1. BACKPLATE GROUP 

Removol 

" -

Figll'. 2-22, OiMItfl0.i". lodl ou late" 
P'.porotory , ••• ",ov/". Ioc.plofe. 

"q",~ 2 23 Comb,"o"o" Wr.",h , Col ,50 , 

IIfSTRICTED 

'nstallotion 

2 BOLT GROUP 

R movol 

Disassembly . I hWI ~ I i) 

l' 
II IIdflr '. mhh I.' rt m,,\ I'd II\' lO­

Il g II IIr" IIro to " \ t'rtlt'al P<) 'Ilion I Fi~ur{' 
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Figu,. 2 24 Using Fi,;ng Pi" Spring R."'.v/ng 
rooI41 -'·0309'·000 18243646}. 

Fj9u,~, 2 2S RemoV'"9 0, iv'"9 Sp,ing Rod 
w Sp""I1S ASMmbly 

figure 2 26, Removi"9 Boll Slud 

2-:!7) 1111<1 1"11J1Il~ II ,)II fmm th,. 11I.1t. \\ h.'n 
nl't·t'·sar}, till "JI', tlOr -holJld I", n'm'!lt'.! hI' 
dcpn',;smSt thl' prlng.I";ult'd I'jt'I'lnl"'l'lII r.-

811lpr with II -01.111 drtft in:{'r .'d III It .. rf'­
taint'r hf,l .. in th .. ('xtra. 'tor. and !,II.-hing- nut 
th t'Jt'ctor pin ('ar ~h(Juld ht' talii'll that tlH' 
t']I'Ctor and "1.rtl1~ dn !lot tho nut \\ h"11 th(' Pin 
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Figut.2- 27. Removing h'racfor AlHmbly ',am 
80lr. 

E ~p leA 313305 

f ' gure 2- 28 hlro or Asnmbly - Exp'oded 
Vif'w 

Figure 2-29. Removing Sear Slide S'op ,.'It. 

Figure 2 30 Disengaging Fi,ing Pin Spring S,op 
lOCk 

I Ill'" ct I" \lulhllJo( I I up and 
holt. II nr! I hI' ' .Ir prmll I rf'mllypd 

1'1 \ ah·d 'wd 

RESTRICTED 
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Figure 2- 31 Firing Pin h'ens,on AlHmbly ­
EaplodHl Vi_ 

" nmpr ... " till' sprin)..". thl', tnp Pili Is pU. h"d 
<tU IIlld , hnl(ilnl.' tul ' 1I1.'1I111"t I'd nSlOn, rill! 

allu'\I'd to mm t' "Iv" Iy n'arward III I h, ' 
',lind l)I'in/( to,' I'ilnollitolh, tul .. , C 1-'.).." 

I n' ~ .! I) 

BOLT 

Figure 2 32 Repesiti_ing 801t Swi'e". Using 
Coc'ing lever as rool 

INC LEV R STOP 

"gure 2 33 'ns.rfing Coc~i"g LevfOr S'op ''''0 
80" 

tut! j, 1II< .. rltJ" IIh 110, ~ mall ".,.lI1l'1u hi' 
1'1,,· tunlttll' till lhl' I".ttllm III I III h,,1l s\\ It. h 

IS :.JII!Ilt·d "II h lit' 1.'1 '"" " In lh,· h .. 1t ,lid 
10 ,rt s" ill h . fhl' IN II "llt'h ,<tu tl I d. 
pn' .~I,lIId, tI'IIiK II", ,',1; 1.1111' 10·,. 1 .1 II '.HoI 
lh. , , " Itt'll I. ",I.,I.,t1 {I tll.,t 1111 I:r'N'\" 
1II,lrk.·" " I." I (·unt.llu,'II".f I. t I 101111.1 I. ,. ,I .,; 
tI" Ir.d ("If I .. rnl!lll h,tlHI ITht'hlllt \\.I,h 
IlIlis lot' 1<'1.1111 .. 1 III I"' ItlUlI h.1 II",. 11K,'" 

m" III Itf Ih. 1 •• 11 -\I ltd, 11101 

II th" IIrtn): l.in . prill): III h"11 r. nll.\I II 
I rt II till' lirlllJ,( pin I' "11 '11111. th" . ,,'1rI ' 
It. IIld 10,' r"l,I ..... ·t1 :111<1, ult"r (OrJIpr"'SlII .t, 

' .. III,,! III "I,H'I' h\ III.' rlllll{ lit., lirlll!! 1'111 
I rlllj( I 'I' pin To lI~" lilt' linn.: rlln " 1'rtIW 

n'm .1 inJ.! t'~11 (FI):lIn' :! :!7) lh .. rlftl I 1\ . 

!n,\t'oIln till' lui", or th., ,.".1 0111' "1111 (Of till' 
. pnnj{ j~ placl·t1 In th .. till ... · :1IIt1 thl' oth('r In 

tilt' firill):' pin xll'll"jnll, IIII' IlI'ao 1ft h, tuh •. 
1o"inK ('hi "n'r Ihl' .·Ild of tht' t' tt'll .on with 
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r i " linn)..' 1'10 lind IIrlllg-pln pxtl'n~\{\n a~­
ml·h;,. ('nlla)..'(·,1 .100 in~l'rt "<l in the tunn!'I 

I 1 I h tlolt \\ Ith th,' nutch at t hl' rea r of the 
tlrll J.!-1'11I "·t('n,,illn down, Th,' (>xt(' n~ion i~ 
p .,h",f all tht, way illrward ~o t hat t hl' t ip of 
t I' mllg Pill protrud.·s f rom the fae of the 
i,ol 

Figur. 2- 34 In .. rt;ng Coc.ing '.v.r In'o Solr. 

Fig u,e 2 35 h"ac'or Assembly wi'" Ei_do, 
Auemb/eel f .. l e f, ·Hanel anel Rig",.Hanel 
F e .. eI F ' on' V l ew 

RESTIlICHD 
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Fig ur. 2 - 36 D;""gag;"g larr.1 luff. r lody 
Sp ,ing loc. 

',qu,e 2 37 R.moving 8arrel luffer G/oup 

Inltallatlon 

Ip""IIIJ! il in 
~"m"l\ ,I t'uld not h.· 'uln'lI 

3, BARREl·BUFFER GROUP 

Removal 

TI. , .... k"I"I,' 'III II' • til " hnl ~'I lUI' IrI' 
n'llIll\ 'r!. 

RESTRICTED 
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8"'~REl BUFFER 
BO UY J~EM8: y ACCE EItAIOR 

Figu,. 2-38 R.moving '0".' 'uff., Tube Locle 
Assembly 

Figu,e 2 39 U,ing Vi,e to Remove 'u"., 
Spring 

sultahle tl1ol. the rear end .>f the tube lock 
la eh I, r J. ,·d ou of It,. locking reel' in the 
bod~' (Fill'url' 2.~ , . (A drift pin, in.erted 
thn.u...-h tl t' hull in th~· body under the latch, 
tan Ix> u. d to rai. the latch .) With the latch 
thu. di~ ngaged, tne tip of the accelerator 
an~ elevated and rotated lightly rearward. 
tv IIIV\l' tht' h.tch out oC it. reee .• at the ,ame 
time pre. ~ing downward on the forward end 
of th tubt- lock, a. hown in Figure 2-39. As 
ht' acc"lera or i~ rutated farther rearward. 

thl' tube lock ass mhly will he pUllhed out of 
It!' reel' in the body. The pressure of the 
hand on the forward nd of the lock will keep 
It from .. prlnj{lng out suddenly. 

Th harrel·lJuff\·r.hod~· ~prinll' lock iutaked 
in po. ilion and hould not he removed unless 
nt'el!, , ary. (It i~ remo\·"d by driving it out 
tn the r ar ) 

\\'Ith a drift pin the aecelt-rlltor pin i~ 
pushed out and the accelerator removed. Fig­
ur," 2·16 show~ the harrel·buffer·body group 
With part rl'moved . 

It 

II[STR CTED 

RESTRICTED 

buffer spring is compressed until the ends of 
t pin in the piston rod paK!! through the 
luh In the guide. The pi. ton rod then i. given 

n -quarter turn and the pin i" allOwed to 
"It in its notches in the jeulde. When a. em. 

.Ied. the guidt' key must be in lin .. with. and 
· 0 tht' rip:ht of. the notch in the pil.ton rod 

hen \ Ie" I'd from thf' rf'ar with the nfltch (,ISP 

If the barrel.bu/fer_body prinlC lock ha . 
I, n rt'ml)\'ed, it IIhould I,.. (orcro full~' IIllo 

undt'rcut groove in the Idf' nf th .. harn,l 
utf .. r body with the staking nnl"h tlut !tod 

I ading. and body illstakt'd into Ih,. noll'h, 

With the barrel.huff r hod" bott,lm ,Ide 
UP. Ihf' tube-lock as emhly i. poMitiont'd O\'"r 
h .. ",-TnO\' l' in thf' bottom of tht' body with th" 

w \\','d 'lei .. away from the bllCiy With the 
lanl(' nf the lock-hod\ O\,l'r th .. ·nlarg d r ut 

In thE' ICroo\'to, the ltX'k.oodr ill dl'prl':<'It'd Intt! 
h,- ,ut and . lipPt'd forward, Thl' lub -lock 
, ,'m"'" i. pushed forward until Iht' tul .... 

k lutch can be deprE':<Sl'd intI) hl' cirt'ular 
I If Ilin in thf' tubt'-Iock groove, 

Thf' harr I-buffer hody is turnl'eI top-. III 
Ill, and 11-1' IU'cl'leratnr pla('t'd with I he tip, 
~ lint! rounded. urfa('p to h(> front in II" I. 

tl n In tht' (ront of the Iood\' : th 8('(' It'r.tlur 
1I thl'n II' in. rted, takinlor rarl' that both 
'1d " f hI' rJln art' tlu~h With Ih,- ill", of th" 

t , 

Til· t..lrrel-buffl·r ,,. tomhh Is in l' rtt'cJ Int" . bu.", rom h(, rt-'lIr, "ilh thl' k \ III 'hI 
.r d 'nll/'Kt'd In lhf' ,lot 10 thp TllCht -idt of 

bod\', and pu, ht'd all till' \. 11\' for" art! 
·-n II t'mhll'd, I h not.'h in t h . pI. ttln r)(1 

Id I" uP. and th .. tllUt> 1Ot.'k un th hod \ 
/I Thl' air pOrI In thE' buffer tullt' • houlll 
ll.wn, althoup:h it wjfl (undion in I,n\' 

-It ll)n, 

Instanaflon 

If rl mtl\f'd, the barrel and barr I t!~tt'li . ion 
re In 'I rtl'd into th(· r{,('f'lwr unlil Ihl' lowf'r 
r ", lion "11 hI' harr"1 "'(It'n,' i" n ('"ntlt t' l­
• t It l) m 1·lat Thp barr'" huff .. r '\) "'mhl\, 

h. /,u"h .. d lill th .. \\It\ fnr\\ard In th;, 
'I ." buff r bill" with Iht' nllll'h In (hI' JII ' 

I r' J "P (FI).tun 2· H). Thl' harr,'l buffl'r 
.d I" I elrl in Ih, TI~ht hllnd "ilh tt1l' ind.'~ 

I r ".,Jding up th,' acclJt'raltlr With thl' 

( R FII '.'! .AI I,. ,'" <;T R. I.e ,PRIN(' 

'/gu,. 2-40 R.movi". 'uff., 5p,/", Without 
U .. 01 VI •• , 

'igu,. 2 - 41 Co".« ,.o.itio" 0' '0".' 'u"., 
A ... mb'y '0' Ins.rtion Into 'ody 

Figll,. 2- 42 Installing 'o"el ."ff., G,oup 

rt'ar end of the harrel "utT'r jrroup . lightly 
dl'pr !I, ·d. notch III thl' pi ton nKl i~ f'IlKalCf'd 
with the barrel-exI n, ion hank (Fllwrf' 
2-42) Th tip~ of th a Cf'J('rlltnr are I'nlfagl-d 
with the houlder. o( the barrel-ext 'n"ion 
• hank, and thE' t.arrl'l.hufff!r group pU!4hMf 
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GROUP 

Removal 
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Figu,e 2-43 Removin, leh F •• d Slid. /lefain., 

B!:I T FEEO 
SliOE 

( • f t' lIDf 
RPAI ~ER 

"9.n. 2 44 lIemov,"" 8,,1, Fe"d Slid" R"ta;n", 
S. COVII GROUP 

DISassembly I Fi 'ur,' ~ 2" I 

RESTRICTED 

I 

LO "TIN 
PlUNGE 

Figu,e 2 46 Dep, e.,ing LeKotinll ,./unge, to 
R"mo .. " 8e/, F""d Powl A,m 

l!. ,'nd .. r h. U.'t' la • h I"'IIIII: I II [(d 
ulJl of th. 11:1''''''' 1/1 Iii,' ,'Il'1'1 (I·'WIII,':! 17) 

nt! h .. , 111'1. d • ,111, lin" Ii liyh" " I h'lI II 
re I ' Oil Ih •• II,. l·t·,lra.'I< r ~I'rin~ Th. "II' 
t>r·lal\·h "P' InV i~ n.mpn ,." !.,\' firm pn',,,­
ur,' of tho thumh. and 1111' '1Innll: ""I'"t! 

awn,' from th t' latrh :111.1 "'ml>II'cl 

Th" I'm t'r-t' ril' Iflr I'rlll~ I Iwld \\ II h 
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------BET fEED LEVER 

.4I.w-- _ ___ BElT FEED LEVER PLUNGER 

BEl T FEED PAWL ARM 

BEL T fEED SLIDE ------l.j~:, 

BElT FEED PAWL 

FJECTOI1 

------BOl WITCH 

RIGHT ,A D fEED 

Figu r.2-" 8 Posillon of I'ort. fa, Lelt·Hartd artd Right.Hand feed 

IIfSTRIClfD 

RESTRICTED 

Figure 2- "9. C_e, attd Top Pia' w il" Special 
Co",., LaIc" in Po.itlon -Sectlono' View 

rl'l ." end of tht' ,prin/C I~ ~11111'1"'ri into th. 
,. ",.t1 'rot)\ .. in thl' co\,Pt 

clos d. Propl'r ,,, ('mhly for ')(lth I ft.hund 
anti rlghl·haml (P"ri is how n ill Fll!'urp 2.,HI 
T I II." mb/l'lh" liel' group th(' I'rl>CI'''"rt' I. 
a>< (,,1111\\ .. ; 

Th". 011111. nil p( Ihe (llltl'r (lar/(,') bt'II'(l'{'d 
pawl 'prln)! I' .I'n I'd m('t lhl' pring .. luri ill 
It Ii,!. .• 111,1 til\' 11I1ll'r (><mllli) ,prinlt' i,. 
",11.-" III,itl. Ih. lIul,'r '" nn/( Thl' pa\\l then 

i ,.111,.,' III h. htl .. 1\ It II a ' rnn/C s('at t(,'C(,,,. 

,!rr •• 'th t 1'1"' It. tlo,' QI'rilllt' '<tud in t ht' slide, 
I', tIlt fr.. • II" nf the ~prinR'!1 Ql'at 

"/I •. IT,·I> III I.. 1'11111" ""at rt ... ,P .. ,. in t he pawl ; 
I It. p.HI I Is I 'f' .. I dm, /I un th .. prin/(~ unli l 
1 I,· p, wi I .10', 1/1 Ih.- lult· and pawl IIlign. 
TI", 1,11\\ I pin Ifr"",'",, .'nd h',l(lrn)!, I, pu, h d 
Ihl" l)!'h tltl' lid.· lill" I':t\\l. f rnm Iht' qiot> (lp. 
p" It •• 1 tlIt'arm I. ,,,(ilw plUIl)!fOr in thf' p;t\d 

nit, tla l (If Wlwl Irlll i .. rt'~. c1 down on 
lilt' allll It)U'tlll~ "ltlllll.'r in thfO pa,,1 Itl II". 
pl"'''~ II. 'II" tilt' ttll " .. II ,'nd (If Iht, lI r m i~ 
,hl'PI'd l'I\,.lrO Ih, 1/'1'.'1" in Ih •• palll pin 
1111111 Ih .. f"rk ·"a 'in till' jCr."n, and thl' 10 
cat ill)! pl1111 '1'1' 11,11' hr"u)!h th,' holt> in Ihl' 
:orn . 

Th .. a 1·ln"I.~1 II.. 1:1 ""l' 1'< p!;, .... " 111 II 

\lay ($1'1"1)",.') In lb., ,'u' I' 1\1 h th,' "awl llIti 
01 I h, /rd,' nIl ar,' t b., Nld. , rom \\ hid. I hI' 

1:11" i. III h" f.·tI, .'nll;Will~ II", '"" of tI ... 1-"11 
f,-. d !t'l. r III It, ,"lIlllW n'.. 111 Ih •. 1,,1., 
n .' hpi ft'"'' ,ltd .. rdarn. I II! iii'''' d 1111 .. il 
\." III Ih.· .'11\' r, I h,' Pill h"l. I~ t111{1"'t/ III 

tlr .. r lainI'I anti ,'"I fOr al"III"'I ... lt f,-,'II lId •. 
rt' 11I1I"r 1'111 III "I'I .1 frllm I h .. h •• t I '01 '( •• 1. I 

r,lf "d I TIr,'. lid. i "1lt'rat"11 hI m". 1111{ tl'" 
f·,.-tI I," "1' to ~ .. " I hat I h .. rt- I 11'1 ""l1flll)! 

\ \ -Itlr I h,· nil l'1' .In,,·d. :1 ( hI''''. i" mad., 1" •••• 
Ihut th.· r""11 pall I I' tin Ih., sl.I,. from II hlt'h 
.Imnrllllltlllll i., to I", f,-,!. anti 1111' I"IIIIHrm I~ 
t., n'lIr nf h,' I~I\' I "011\" "111 \. ,,1 II.". '-lid 
,,"lnll11/( lI<ml1 . 

Installatian 

.'peciHI l'o\l'r I.a tch. A <1"" 1111 "01"" I"" h 
11-'1)(111',' 2.4!1) I" 1\ IIlla"I,' (IIr lise in '''In,' in 
willI! iOlh Th Is III I h dttrt'r~ from 1Ill' . tand 

anlilltdi in that it hll a l'I'IlJ"din~ I'rulIK, Sll 

that 1\ h.-n link jam~ (>Cl'ur, th •• tl llI'rlll"r may 
"p,'n til· cnn'r h,I' IJ /wratinl/' hI' ,'Oler I/ltch 
Itsl'lf. \\I t hout rcmmin", hIS Klon'~, (T h" 
tanoard latch i IJlwral "d hy tUrnm", thl' 

c(lll'r·latch shaf t h·, t'r whit'll i •• filfkult til 
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TRIGGER BAR STOP 

rt'lteh in ~om in~tallati\lns \Iithnu the oper- ADJUSTING NUT 
ator fir t r!'mnl'i $! his glon!. 

in. talll'<l in 

m('\' .. d, '0 Ihat Ino'enl'~ rI(lf'~ not E'xl' >d ap­
pr"ximatt"l" n.on. inch Ln()~l'nE'·~ Olav he 
",,'a:ur d hy in !'r in~ n fE'pll'r jraul1'e hE't w('('n 
tilt rt'ar (If 11(> la rh Hnd OJ> pia e, wi h thl' 
l'Olpr latched, Th -;,m .. fittln/.! ~h()uld he 
rl n., whl'l1 n"l't' san, tn a new. andard 
I" I'h whl·r Il~ ·pm,l .1. 

6. RECEIVER AND BARREL-JACK" 
GROUP 

Disassembly j Fll.'"trl"'.! .! I I 

TRIGG[R 

Figur. 2-50, Trig,.r", A"tuft"'. Stop 
A ... ",bly, " ... ",bIN In Iteceive,-Itear Vi_, 

~flte : ThE' br~ch-Iock cam hould not he r~­
mOll'd, ('x('ppt for r placement "r when cI an­
lIIjr i, impt>rative, 

Thp trill'ger -har pin a, ... mhly i r mowd 
bl' liftin)! thE' lock until it iq pt> r pt!nuifular to 
th., :iu., plaIt' and hy rotatinr the pin about !In 
dellrE'E'~, Thro projpction Oil t hE' pi n which 
form- Ii k y will hl'n pa". thrmrS!'h the kl'Y, 
hoi .. to t h(' -id .. plate and h,' pm ran be r _ 
moved h\' pullinS!' it oul from thl' gun W hen 
hl' pin i- rl'mOl' d, hl' trill'lC r har i .. fr!!(' 

Tht' rrgjl'l'r bar then i!' rpm')\"I'd frum msid .. 
thp nceilE'r. 

• 'r I r '0111\ ",1 by uns,'rew­
\\ , , t' ", IIX kllw tlal' bnu:tt'r to th., 

l'!f II IIlg th 'lOf):<tl'r 

t runni'm,hlo("~ 

~ESTRICTED 

Assembly I Ir.' "I I 

) I • 

RESTRICTED 
RETA INING SCREW 

RESTRICTED 

~t'rtl'd throullh the It.'ft ~idl'l III I .th "au' '"', 
ing takl n t(l ma tch the ke~ 1m I h.· Pili III! h 
tht.' ke,\'holl' m thl' ~id., pillt., Af "I' 111~. rll. n, 
h, I(wk J' I"IItat .. d !I(I d"~rt'., 1111111, "PI't II 

I,~ I ht, ftanl{., of th" top plait' ant! Ill' Illd. I 

III 'hl'd dnwn Ilat aJrain,1 Ih,> ,\(1., I'l:l It, 

It thl' • rt'''''h I .... " ,'am ha· J" .'n r"m", ",I 
01 ha. to hI' rl'plllf"lli. it ,h"lIld I .. ~ pia ••. d in 
I hI' rt' i \ ,r \1 il h I III> am ~t1rfat'., 1IJ1 alit! 
I 'pmv It, Ihr' n .Ir Tht 1,.\\ ,·r pr"ll~ llItn Ilf 

Ill. • 111 I Illt'I'c!, rtllll!h t hl' hnh' in t hp 
hfl' lin I'), ".1 rI th I.rl'" .. h_I'I(·" <'11m h .. 1t i" 
in .. rt."j fle m hI' ,', T.ll' t'a~tt'Jll\tl'd IIl1t I~ 

r'· .... 'd 01 th "~It 1\ I h I h notrlll', It"n,tl'l. 
)a ion" (w.lrd 'h" h tom -lIr(II'I' (If tho 
"0 hIm pillt , ami drall n t i.,ht Th" n"an'.<1 
ca ·lpJl tilln In th nil i 11/1\ d \I ilh Ih,- .. "U.'r 
III h( I .. in Ih,' holt anll till' '-11 tflr Pill III ·.'r • rI 
PI lillI!' "f h.· pin afl' 'pr"I,,1 ,Inti I .. III ~1I111!" 
.\1 (I II r,,1 I It' nut Th,' h,'ad IIf th' "11m h .. J· mll~r 
'I) " ... ·"· .. 1 11"" I' Ihp cam 

J' or I., I I alltl "','>1, h,' " .. It I .. ltllI V P t\1 I 

'} (II 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE 

RESTRICTED 

EXTRACTOR $WIlCH 

figure 2- 52 (Extractor' S..,itd, and Swltelt 
Spring in Assembling Po.ition. 

7. CHANGING FEED 

In ,order tn rhang the I!'un from left-hand 
t M tl right-hand feed, or ,'Ice \'erSll, repoai­
HOning of par !\ mu-' he carried out in thE' 
I I R"roup, rowr p-rnul', and certain parttl in 
h r. 'I'!-T. a< . hown in Figure 2-411. The 

follnwlnl!" Ii·. riOt> . In gen ral term., the 
chao!.' .. from lef -hand feed to Tlght.hand 
f« I Jh' r' \ I'r inll thl' proce ... the IfUn may 
h h n', 'd film rig .hand f I'd to Il'ft.hand 

Bolt Group 

~[5TRIC1EO 

I I 

up I rt>mon'd from the Ilun, 
mlJ", lind thl:' ('ockinll' lever 

RfSTRICTED 

, "''''0 HfO IffT H 0 Ft 0 

f'9 u'e 2-S3 Link Clt,,'e Adapter Assembly 
cn, 33 ,., A .. emb/ed lor Riglt'.Hand and 'el' 
fped Tap View 

Ih 1',.'(IUf 'pring" rl:"er~ed ,0 that 

Cover Group 

~Id .. of tIt' l"t tor pin a thl' 

d, I h I' ra('tur 
, and hI' 

it: J.!'rooYe In the ro\'cr with the pawl I'nd of 
thl' lid toward the rillht , Thl' bl.lt.fe d lid" 
rt'lainer i thl'n reinMalled, 

Th,· h .. 1 ·f 'pd pa,\ I·arm locating plung r ill 
dl'pr 'q 'I'd in Ih .. pawl (F'illurl' 246) and i. w, horn"'n 

1 Ii lidl' I~ pu.h d tn the right and hl'ld .0 

lInl I h, Iwlt.fpl'd pawl pin ,'an bp pu~hpd lOut 
or Ilia. thl' !>plt·f, d pawl pin, belt.f(>t'd 
1" I '1111 prln 'ar .. rl'mml'd from th .. ~Iidl:' , 
I III. ~hlllll.i I,,· IlIk"1 not n 10 I' t~(' . pringll. 

rho h'lt r ,'d 1'11\\ I I~ It'JlII Itlollt'd by turn. 
IIW I 0\, I "11111 th, <prill[ {',It ill th,. tip 
11<'. II., "hit ali~n, \ il h hl' -tud for thl' hI. 
fpt>d 1'11.\\ I pring 

Thl' 101'1'·f(>('d Ilh\\ 1 and prrns:.' ar.' rf'/l~. 
-<pml,lt·d ttl Iii .. "1'1t·f.· .. d <hell' 'rnd "'curpd tl\' 

h .. hotlnm, \\ itlt 

Receiver Group 

'1'1, ··.·rnaUlllll!' 1.,,1 II .ldlllV I'a\\ I Jill. 1 II' 

01"'".1 Ir"01 Iii. "till'/' 101';,,1.., 011101 I I, "til 
h"ltlll I!' I·a\\,", ,I,"" ,', '11111 ,II II II!" , I (111(1\ ",I 

Th,' " II .h"ldl1ll.' pa\\ I • ,I,·, \ t', .111<1 I'IIIW 

.11 ••• - '111"1. II ! • ! 'It 1I1!'ltt h IIld -111., "r tI,. 
r, \'+41\ PI 

n" hllk-dUltt /ldllJ It'l ' \ ~,m"" 1 fj "rn. 
hI." fllr rll:'ltl I 'tnt! fl' " and In-tallt,,1 011 lIlt, 
I. fl -"I, 011 \ nit·", I, .,fI.'1 h;nil){ "' ,I!,'d 
I • I', OJ .ltlll ~. 1 .. ,1 f, .. ltllll).," p.l\\ I 1"11 
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SECTION III - CYCLIC FUNCTIONING OF THE GUN 
1. GENERAL 

o I C; SP IN C . 00 
Iv 5PR C~ " SSE .. . 

Fi"u, .. 2 S4 R",eiv., Section of Gun- Cutaway 
View 

F lot' 1I1~ 

f t ~ 

2 . FIRING 

"9u,e 2- 55 .reeell loell loclred "A " and 
Un'oe. in9 ... .. 

"gu,~? S6 .ulf., Sp"n9 Compreued ond 
He, d By Loc~ed 80"'" E"'en"o,, 80/, S,,,, 

ov'n9 Reorwo,d 
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'igure 2-57 80".1 8uff., AIMm"'v with ,.istoft 
in forward Posifion- Sedioftol View 

80' T ACCElERATOR 

'igure 2-58 80/' S',iki"g Acee'.ralo, to R.'_se 
8arrel £"'",,,;on and 8uffer Sp""g 

pi ton md du to the t'lnnll'atloll of the pin 
hoi in the rod , Flgur 2·57 ~how con~trUl"­
tion Llf tho> harn,l·hll r a, ~('mbly , 

Tht' bolt trawl. rear ward for a di8tanc of 
7.2 incht', plu, ,omrr. 'IOn of the buffer pile 
In thp hnckplatl', Durin thl. tral'el, the drh'­
i Il' ·pr'ng. ar(' comprC!llped, The rearward 
mil\' mfnt of tht' holt i, finall\' ~topped a. the 
hnlt strike!' th buffer platp. in the backplate, 
Thu.'. part of thp re"oil nerlCY of the Lolt ill 
.'t(,red III the riri\'JlI¢ . prill)/, . . and part is ah· 
.orh,·d and ~tored by the cupped wal<her 
'J1r1lllr< UJk)n \\ hich the huifpr plate hear!!, in 
I.t i,ackria!e tube Any rcmalnlllll' r coil 

\'rh'rll~ I. tran~mi ted to thl' rt-c'lll adaptt'r on 
tll gUll lIr 1)11 thl' gUll mounting!! and there­
'ore h., r ,'nil mpchani;<m,.. 

4. COUNTERRECOILING 

RESTR CTED 

RESTRICTED 

S. COCKING 

t,-u"iit)n 
rp<'oilinj:l part!! ro>at'h tho lir 

1- .. ac .,f r()( kill).' th.· Iorlln h'lllll~ a~ tho' 
Llrh tn rI1'(.il imm 'di:It,'I\' aih'r lirln)r 

"t' lKllt mOl f rt>anl arJ, th" till of th., 
Kklnll' 11'\1'1'. \\hirh i. III th,' ,'.Iot in th, 

'I I .t., hnH'k,- , i· f'lrn'd forward. :in." th" 
k Ill,' It \ "r pit n , on thl' \'()ckinll' It'\,'r pill, 

- It'" \"{'r I'nti. \I hith l'n~llj!'l" In a .I"t In ht. 
lirHtg 11111 p f url'l'd 

figu,. 2- .5'. Adloft 0' Codl"g 'eYe' Ourl"" 
Recoil 

';gu,. 2 60 Adio" 0' Coe""g ' .... r Du,ing 
Cou"'.".coil 

.Irt' IflPrt,'ll11lttt" II G III I, 0 I:!II In 'h fr 1111 

tl" lui" fon\urc! ""aft.'n" IMllta'I1, dt'. 
I "II"II1~ ('11 th., " tIIllJllj!''' o( Ii., J.(IJII . tilt' un 
I~ rt hh to tlr If, III thl III tlilit. till' "'ar i 
n '1 .J"l'rt "(l. f h,' 1I" 't>IIJIIJ.( part \I ill a' um .. 
th'll tllll\ fnn' ani ""att,'n" IN' ItlOl1 lind 
tho 10: III I "'It '. tn fir.· rlJ.(lIrt ., r;o ,h,,\\~ th .. 
hult ,III.! It" "ORlI~"lt'nt tlllrln!! Ihf> fllrwarti 
11111\ .'nll'nl. 

Automotic Firing 

For RlJtnmRllc firilll! 11\ nll'all~ IIf It lop 
pili "1I1,·noil!. tht, 'olt>nt>id nlU'f h,' uplrat!',j 
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SEAR FIRING PIN 
EXTENSION 

F'gu,. 2 ~· 61 Au'omo';, ';,;'Ig-S.o, a.p,. .. ed 
by H.'J-Down T,illll.' 10' 0' f"J 0' Count.,. 
,.coi/ Movemen' 

£'n~ .. J.r'·' in a ,).. In hI' b It-f/·(·ri ,lid!, to 
which h hdt·r ... II pa\\ I and h"lt·f.··t! rl.\\\ I 
arm Ilr.' 1\ d 1'01 

Wilt n h. h<ll 1< m/ , .. 01 r .. an\lint. the' elt· 
fl'ul " \I'" J I'll" I II .lhOllt I h Ii ·II-f.'p<l l"I"r 
pinl! , urI. and t hf' (U(I< ani ,·nd ilL th ' I£'I£'r 
11101" Ih,· ,1111. 'Jut of tIll. itl ... uf III 1(111111 1" 

hi' .I01mlllllli(lnl,,·lt. "hlt·1i i. h Id in thl' )fun 
1,1' I", I ",It .hulrlinl( rawl. 

\\"11'11 I h.· b,,1t m", ,. (orwar.!. th" belt 
It'\l'r I' ~~aill pilot.·J and 0101";'< th .. h"lt. 
f.·.·t! ,lid" ill t lo th" vun Tht' belt·fel'd pawl 
a ladll·1l (l [h. lid, .. n~lIj!' " It round of the 
a01m llllltlnn bd alit! ,ull .. [h .. twit Into th£' 
II:UI1 U. lit lOW II .. hoI ha~ r at'h£'d it- for. 
"Itnll''''llllIn, he ""It·ff't''' pawl ha, pullt'd a 
c?ort rldj!'. 1I1i(\ thl' fl'l'd" ar 10 a t'en tral point 
dITt·{'tl~ a'kl\t t'" ,haml ... r flf the harrod and 
"$I'll,"" th. ~arlrirlVI' ,t"I" I)f th .. link l·hut .. 
.Hi~p .'r At thi" po~itiol1. thp hook of he ex. 

ra' till' I- III "l1l!'al!'l nwn \\ Ith thl' rim •• r th£' 
rarl rllll!''' t,'-" Til.· • ,I -hold,")!' pawl ha a~. 
sum.,.! /I r"I'.·oI po. Ilion 1"'llInt! 1\ hnk of th£' 
:1 mum ifill '·,·1 II I'ren'lll h, lid frl)m fall. 
11:11' II11' IIf ht· j.!un. ('~"\' ·'A". ri~ure 2.62.1 
rl·NI:IIJ.r ,(unr'll r ·,uil alld ('n Intl'rr ruil I a 
foll \t 

4.tl II).! I 

111 thl' f(·t>O"ay 
I • .,,1 fall tn hI' 

fSTRICTEO 

POSITION A 

POSITION C 

RESTRICTED 

BELT 
FEED 
PAWL 
ARM 

8flT 
FHD 

PAWl 

BELT 
HOLDING 

PAWl 

8El T FEED SLIDE 

POSITION 8 

BEl r FEED PAWL 

POSITION D 

'I u'" 2 -62 C , 01 Feed' Sit 
Y' • "'11- ow;". Po.itio" 018,,1, F""d anJ Holding Pawls Cross 5ection Vi" ... 
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xtral·t!'d n- the h,lt·f ed ~lidl' ~tart~ moving 
'JUt t .. enj!'. II' and pull he h('lt into the Ilun. 
he ht'lt·fl'pd 1':1\\ I • rm n tach d to the pa\\'1 

rid!' mc'r hi" un 'xtract!'d car ridge and lift. 
th, pa\\" I ~n thu it cannot enllalle the helL 
Thi, prpqlnt" dnuhl (".,dinll' and consequen 
,tlIIJpaj."l' due t n b,'n IlUIl component. 

Extracting and Electing 

A" l' coil 'tart.-, a cartridge i. drawn f rom 
to llmmuni in~ hplt by the extractor , The 

,'m" ,\' (a-I' i' "i hdrnwn from the chamber 
b,' hr· T·<ln ill the frnnt face of thl' holt, Fill' 
u r " ~·Ii~ ,hows II liw cartridge being with. 
rirawn trom hI' h, I by thl' extractor. and a 
in'l! r;cr r id '. I,,·jnl!' withdrawn f rom the 

,'h,tlT'l "r I,,' th~ T·-Iot of the bolt, at the he· 
I!':I nll1l-" of 'he n'coil mo,'pm n . 

' igur. 2-43. fJrtractlnfl Cartr/d". from Ammu­
nit ion a.1t of Start of Recall Mav."..nt. 

of the holt. the lug on the extractor clears t he 
pnd of the witch. and the IIwitch snaps up to 

'01(': The... I' \ I'll." IIf tht' la~t car tridgt' 
'i"'d I. fnrn,d 0" of h,' T· Int h} thE' pjN! or. 

RES 'U(TED 
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SEmON IV - INSPECTION, MAINnNANCE 
AND REPAIR 

1. GENEtAL 

r i.J~, lion conillin ' the Information ne 'd. 
td fDr thl' perfnrmulll'e o( pr('\'entl\p main. 
nu~(t ~(-n'il·('~ .. l'h dull'd luhricallflll, and 
!]u-I mt'nt!< and l' pair, 

Cle aning and Preserving Materials 

Tht [,,110\\ III d 'an!'r< and 1'1'1' • n ,\11\ .': 

I I' N-'1uirl'l (0: u~, \\llh thi" rna rid T.I 
I ~ ') I 'hllll ld h,' (Oil, IIU,'I! fur IfIformallOIl .I(i 
I I n I to that '·'mlnint'.! In thi, manu,ll ull 

U I' of II.,· mdlerial .. Ref"r to WI! 'Ul' 
( , ... Io)! OR [l '; ~~ I. K.1. rllr la " t "llt'd. 

I 1'1l'Ounti. IIp'.IIUW. alk:,IIlnc 

I"~ 1111 
1" ut lU 'ollllallll.1 

pare Parts, Tools, and Equipment 

part' Pari .... To,)1 a nd F.Quipmf'nt. 
I· rt (",I~ and ("Iuipnlt'llt nlt'ntlllllt'd 

abo,'. uPl'lI('u (or cal .')0 machln. gun :\13. 
ar II ted In \\'f) . IIl'pl) c Itnl l!' ORn 7 ", 'L 
A 6/. whit h ." th,- auth'lritr fur n'qulslllon. 
In)! n plael'ml'nt, , 

Specialty Designed Taals and 
Equipment 

C', rt:un t.ol ;tlle!, tjUlpnWII h~t d 111 W ll 
sUl,pl~ \ at..JI'~' «lIU. 'i . ,'[..-\ li7 :,rt' "\'I'l'ially 
d,· ilrlli II tur "Ium Ilall< " and r. pair 0l'l ra. 
tlnn~ IIllil ,,011101 hin £1111. )[:\ Th" . t' Ill<"S 
IInri "(1 lipmt>nl lin hst .. d ",Ill\\" lor informa. 
lion (lnh- Ttll, Ii. I I ( t 10 I. .. 1I~"c! or rt>'IUI. 
"IIIOIlIJIV rep!lu .. m"IIl~ 

Use of Equipment 

('''4' of Rupt urf'd ('artndl!e ('a e E I r81' Ior, 
Cal. "ill, II · F,~"ii·itl , Thl. " II .. cl"r tFi){u'l' 
21>1) I' til', 1).'1"'" tnr Ih, 111111"" fir "\Irart. 
tnl!' 1'111 un'!! ra t r.d ' , Col e II. ,III I. rll ,If! 
flUll tho dlamL,'r (If tl. !.:lrr.! (If I(I,n, 
'ljUIPI' d Illh Air r or"'th. r',I', or like r ... 
In" 1111' riP"ll'p. 'II, II " .t lilt '" l'ut'lm Iq 
II 1'"111)\\,, 
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lINKfR·DELINKER 
M12·D7161200 

IIgu,e 1 64 Rl'pt"'~ Cortrld"o ""roctor Co, SO and l iri"9 "n Spr'n"ltomov'nfl .aIt. 

RfSTRICTED 
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harJo:l'r or other retracting devie , The rup-
• Ir d C8, I' I. then drawn from the chamber. 

nte': If thl' lCun i properly head!<I'lI.{'i'd 
1m, d. thl' ruptured cllrtridJ(e tra, tor 
I placed in the feed"II.\'. I'nJ(8lred with 

rat'tor f the Irun, and the can'r elM d 
tractor c n then b fPC! into th r.~lot 

~ nn anhnnn' cartriclj!'l' 

r. ( 'III .• !lll, 

Us of linking-delinking Machine, 
Cal. .50, M7 

,FI'" " :?·lilll lall b, u', I n 

c.trnrllUttrtl(lU 111 ft l_d -)0 mt'-
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I~ ral~"d Thl' will nlU-1' thl' dplink r tl) mo\'e 
r'ar\\,lrd ;",,1 pull h cnrlridp" ffl)m thp 
11 

hi' link" an' a I'm· 

2, lUBRICATION 

ueneral Lubrication Instructions 

Exce"!1 oil , hould bE' wip('d from th!' bore 
and chamhE'r (If lhi' harrel hE'fore firing or 
mounting gun, for combat. Only a \'ery light 
film, houlel be u8ed, 

'ot~ : Tb tt'rm "Iuhrication" as u, I'd in 
thi manual appli 1,0 h to tbe lubrication of 
mO\'lDg, contac,ting urfaee, to minimize fric· 
tion u~d to covenng ~tationary part with an 
oil lilm to prevent ru ling, 

Cleaninlt Prior to Lubrication, l'nless other. 
wi".' ~p 'cified, the ritle·bor!' cleaner (pre. 
ferr.-d) or dn'·rll'aning .I)l\'ent is used to 
cl 1111 or wa h all metal part" whE'nE'\'er partial 
fir total eli as:<emhly ill undertaken, or when 
rt'nl,winJ,' th prott'cti\'e lubricant films on 
m ·tal ~\Irfa(' Q Th u, e I)f 1l8!1olir,{' or hE'n· 
zin .. f, r ell :lninJ( i~ prohihitt><l. All part.. 
shollld hI' drlNI thoroughh' anel lubricated im· 
mt'<llat 1\' af er ('leaninJ,' to pr \'ent Quick 
ru 'Un$! 

Whln ,'Iennin/{ Ihl' holt 1\ "E'mbly care 
• houle! I", ukpn I) inl<urf' c,'mpl. IE' rl'mo\'aillf 
all ull IIr n'~HhlE' 

Points in Gun to be Lubricated 

tllkinlf 

I I "" ~hdl' ~1J1t1t·~ 

hn " I' .,f ITlIn dai , nr! 

RIC 0 
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3, PREVENTIVE MAINTENANCE 
SfRVICE 

cope 

Pr,,\ nl i\ t' mllintt'llancc !It'l \ iel' pr .. ('ribed 
\ \rn1\' H"l!ulatinn~ i It ('!Dction of II, in" 
r '. IIzalillll .'('hf'!on nf mllinlt'nllnl'l' Thl 
P I JIl l'Onlllill,'impnrtllll1 J,'t'nt'rul pr .. \' nll'~ 

III ""lIn<'I' prol t'dllrt·. lind "pl"t'ific: m/Ulllt'­
II' 1·f(Il, .. tIII n' 1IJ1I'I\'inll I" till' /lUll a II 

\ h"I., It aI,,, ,'onillin~ ,'('h<,dull' IIf Jlr~\'t'n. 
tl\ nllllnl<'nlllll't ,I'n'i('l' 1111",',1 .'t! '0 crt'w 
11111 ,,, ol'lranizalilllllll maint nanel', .. 1' •••. lal 
n ,"ntr'nnn,'(> of ~Pt"'lt1r group of thl' /{un 
lInt 'll. I~ eo \ I'rt'd. whl'll n"l't'~~llrr, In 

e.: 111m, pt'rtaining to tht' jlroup 

Genera' Pracedures 

Th. following gE'neral pren'nti\'e mllinh" 
nile.' qh\luld I>f' oil!'. n'cd In additIOn t., 'hI' 
TV:,llIla lonlll mllinlt'nanl'l' ,'('hpouh'. 

inJ( ,: pn'-,'nhf><! III 111 follm\'llll/' Ilnragra)lh 

Each tim(' a /lUll is elisa, I'm"l '<I for dl'a11-
illl!' nr repair, all parlo hould I P clln'full" 
II\Qp,·d .. o f, r ernck:, ",\1'1 'h't' W"I,r. rust. 
Ilno lik • I.' f,'1' 1 ' whirh mi,llhl lIlUSI' malfunr. 
inn nf th., J(un' All part < h'/IIIIII,,'lllltnlu/lhl\, 

1'1. nn('e! nnd pl'Ol' .. rl~' 1,,"rit-lIll'd ht'for a ... 

"I'm It" , 
EII.'h 11m., a )..'un I' a""l'mllll-d, II shflultl lot, 

,Il" "11 1111 opt'rat'o";11 "'lI'd. after h"ad"pact' 
anti limin' h'l\" ''''1'11 rh.'lk,'d allo adju",,'u. 
Till. ch, 'k I 'II i "0 "f' 'ra tm>! Ih(' >!UI1 11\' 
IlIlno to I' hI,' If filII IllIIh prllp'rl\, \\,h('~ 
po ,ihlt' a Ilf It III .I'lmm\' "lIrtri.IIl.'" shOUld ht' 
{f'O through til!' Jo:IlIl tn b surl' that f .... dinl!'. 
..xl rat'! ion, rhltmlop,-irw, nli d,'" Itln urI' prop. 
prly I' '1'1111'11 10\ till'"' ('hlllli~I11 , 

\\'h('/ mall'fll'l Is n J\ III "'I'. Ih,' prop .. r 
I·o, .. rs should I • u", 'rl 

'par~ par '. 1001,;, and "qulpllwn ~houltl b .. 
In~p .. d.·d (IIr "OIlIpll".'n .. _" ,,"1'\ i.'t'II""il ". 
ann in"'n'hnllj(l'lIbJlit~, )f i. -inl{ tlr rlarna/l.:,f 
I'pm ... ar ""1'1:1II'eI .r urll,'l1 in for r"l air 
Onh lo,ll ... \I hi II an' 111'0\ irl"d ... hlllllel 10" II I'el 
Tnnl whlt'h elo lin lit \\ ill (1111 "I .'ath,' tI m. 
tI$!., .. PIlI't-

\t lea, t t'\t'r~ I nll.mll 1\ rlJ"1 k.lI/1 I 
man.' to " Ihat nil nil dlllrall' I I a\ I" "II 

.11'pli,'.1 • 'n :t1t,'r,11 i"11 "I' modUli ,1111"1 \ lilt h 
,\ III tTed thl' nhl\ ill~ 1.lrt h.,"ld I .. , m.ld, 
h,' I h,· u inK p,'I-, (llHwl, """"1".1 allll"'111. cl 
h, IhE' ()nlnant'I' Ilt'p:lrtnH'llt 

4. SPECIFIC PROCEDURES 

Ht-fore Firin!t , Tit. 1',,1.· "11i1 ,hum! .'r .Ir,-
Ihor,'lljrhl,\' d.·all,'.1 nf Itll thrt,. ,'" ,.11. , r 
I,(r'"'8 • • 

('slnJr 11":In \I IPII'),( .1 .. 1 It ""'I,.'d III I'r'l,'r 
fill and thl'n \I nllW ""I. ,111\ IIr(llll~ oil I 

\l1I'"d (rum h, 1".11. rl ,,01\1 1\ tlld ('Il,','r II ' 
'1lIt.lr, 

nut. r -111'(:1 ... · of Iht, 1-'1111 III'. \\ iI"" \\ It 1 
,'k,ln wipln~' ,'1 .. 11 ellpl','d III prill ,'r nil IInli 
\I run/{ /lilt 

.\flu "'iring- Barrel. Th" r"I1,,\\ Ir ~ ,,!, ,ill 
inl/' prrlCl'dllrt· i ... follll\\.'!1 II tilt' Plld 01 I h., 
!lli\" "Tlnle If no firin,ll IS allti( lI'at.,,1, it 1. 

In hI' rep"uINI "11 Ihn' .. ""Il'I','lItl\'l' .!al'; 
t h .. rea ftl'r. 
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\flt'r Ihe fourth deaninlt followinjr firlnlf 
·t tw ntv· 

1."l.'d h cau l' th corro. 1\1' .alt from the 
primer composition, which cau. rust, are not 
r 'adlly iii h·. <IllY I rolpllm product : th y 
are. howl'Hr, rt' iI~ di .oh·l'c! hy water·base 
... Iution. 

Aftl'r Firinlf-I'arts Other Than BarTel. 
With rHI,,·1> rt' ell' nl.'r or dry I aninjr !lol· 
\('111, thp front faCl' ofth bolt and the front of 
h. harn'l t' tt'n"ion, n. \\ II a~ all the cover 

$troufJ componl'nt. which ha\'e been exposed 
to 1',0\\<1.,. Ita,t'~, ar(' horoulthlv cI('aned. Dirt 
and for iltn mattE'r mu"t b removed from all 
othl'r part,:. (Aftl'r c1 aninlt, ('leaned part 
"hould 10. hanollE'd with glove. a. acid from 
hand- n('~ .. lt'ratl', ru!'ting.) 

Caution: . pe<'ial I'ar(' -hould be u'led to 
r('m.,\" nil foulinll fmm thp firinlt pin hole in 
th" fa,' of tht, holt, 

flunn\[ tinnJ(. hard carhon jrradually &Ceu. 
mulatt· In the r('(·oil boo .. tl'r and ,",ometimes 
In 110' T·. I t of thl' holt . Thlq carbon depollit 
mu,: he (';,r .. fl1lh rt·movf'd. with a !OCraper or 
rn ~ 1- ('I h an,1 h. part. iuhricated imme. 
d.atph· 

All IImp"""nt~ hl.ulrl lit' thoroujrhly dried 
, n<l 1\ I!lo!ht 1'0alll11t "f pre r"allvl' lubrieat. 
Inl.' III « 1W 'la) imm liatply applil'c!. 

n;uh Su\ ief'. T .1' lore nnd chamber are 
iI r. 11'01 •• n parI an- It'ant-t!, w'iJ)4'cl 

!., lind r luitncntt'd 

RESTRICTED 

'1Il1t-r\",11 \\'ht'n in actual (but not 
\ t . tilt'.\' houl" iw coat.'u with prE" 

h.t.rirattnll oil (mf'(lium) When In 

prE' f\a· 

S. ADJUSTMENTS AND CHECkiNG 

Headspace 

'igur ... 2 67 Sue'.""g 80"el Into 80" I f.ten­
,ion L'n. (/lut Adopter Removed to S/low 
Operotion' 

TI t · 1,111". 1 I \\,.1 II . I.,' h· 11,1 • 

RESTlIICTfD 
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LIN ER OEliN ER M I 2-D7161200 

GAGE 4 1 G 20117:' 

Figu r" 2 68 Ha"d Carfridge l",lrer-Deli"""r. 
Co l 50 M' 2 ond Hf!odspoce ond Timing Gouge, 
Col SO 

Figurf! 2 - 69 '"serf;n" Head.pace Gau"e (linlr 
Cltule Adopler lIemoved 10 S"ow Opera,ion) 

Ti ming 

RESTRICT Eo 

·a l i~ factn ry. 

l ht'n It'm",· d and t he firi ng 

IInnll Pin with Ihl' gaul< In 

I.!' n·l .. a. ,·d. II' thi \\ III dam. 

hI- tho 
lI,t 1. 
nt tl< 

11 

I .. in .. rl . df .. " Il'l htl I'll' 
I h· J.:lIn III till' "HIIt hi' 

lack 

FIgure 2 10 I".erfl"g Tlmi", Gau,e Ili"Ir 
Cltul" Adapl~r lI"moved 10 Sit ow Operalio") 

50 This ..... 1 Jll" i ,I part of th., hl'ad~pa('c amI 
t imin ' J!IIUllC a..;< ... mI<I~· t l - l ~-2f1 1 -175 ( Flllu r 
2 ·6 ) T ch"ck t "ad"l'lIft' h!' pr(l(·t'du re .< 
!I~ follow,- I ur" .. , .. fi r T Om ;n \( ( hl~- k . 1'1 

C.k "I'd \" full, T. t r ill' i nr hl' r -

RfSTJlIC ED 

Tim;" !! (,h t'I'" I" In" un' 1 hilt th!' I. un "ill 
' 0 1 J'ifl' l Oll I.all!. n .. I" Ilr. I !. I 
If I" 

ni t': \ I ri .... r. .. , Itar' H71ti:!I!lf~ I f Irnl h,' 
\\!t!- til' '\Ill ;\r~ for 11<.' \\1111 If 01 pl,.t. '"I. 
noi.1 
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OR MAl INDENT LIGHT INDEN T 

1i9U, . 2- 71 Normol alld L,,,II, 'ndent .n ,lie 
P, ;mer 

li9ure 2 -72 F,, ;ng Pin Spring. 

~I n·1 JI.~ for II t' lop 'a$!t'. Exce-. h' bel 
mul lr aliI Of lh<· .. qui! ml'nt applIed 0 thl' 

}"UTI nlln .;u •• , Itt ~'I! 'I u'a-p flrilllZ thrnuJrn 
lin faul , f , ' , ""n 

A r SfACTORY 

"!Jur. 1 - 73 '"in" ,.'n SIIow;n" Satisfactory 
on Eroded Pain' 

un Stops Firing in Battery Position 
w th live Cartridge in the Chamber 

",; II.,I',I! ,\" 'all .. ,l I", 'n 
\\ln~ 

I, Il~P" n 
,an, Iw pill 

RESTRICTED 

AnSf", JOR E R 

F'9 U , . :1 74 Sear SIIo..,1II9 Sot i"actory and 
Worn No,,11 

'1 rllll[ mH 1.111 I .. drll, II,· h'II'~' 1'111 1"111 

'd h. I'lit "n t' II '"'" th. ,'"r ndllt' Til, I" 

IlIlh'" ,·d 1t.1 .1 laL!'i" 1Ii1ll'llI 'It h, 1""1,. r I F'Il' 
II n' :.: 71) Tht 'prill' 1- ,.lIh'\ l'eI alld I hI' free 
I,· g h" I I ... !'llng till<' ,·d a~'alll. 1 Ihal 

PI).:I,r, :!-7:: If "It I rlll~ I . bur. 

I t'ln!1'Pln prrn~ \\ eal. IIr Broken Thl' 

ESF. C ( RESTRICTED 
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f igure 2- 15 firing Pin h'en.iolt Showi"g Wo,,, 
No'ch, Doffed Line Inelic..,e. Sa,isfadory Note". 

pro rUllm Itr It ,harp point. (lr 1.\ hnrd lora s 
I t ( prim I" An enlann'd rlnv-pm holl' in 
h, fa~1 nf t 111' hoI m:\\' also It'ad to pll'rct'd 

prm'l'r. 

\\ flrn '('ar :\ ulch. \\ I'n!" 011 I.· ~ .. ar notch. 
-I ,'r 

'Igu,. 2- 16. Sea'Sp,i .... 

figu,. 2- 11 Cod"ng 'e"e, ("A" I"dlca'e. A,_ 
Sub,ec' 10 Weo,). 

Bro .... n or W .. rn Cockinll' IA'\ n. If he ('(I<:k­

Inv I.·\ .. r j, I,rnk..'n It will filii Ill'Ot'k th,· /run 
If lit' d lilt: I .. n'r I~ worn Ii tht· nr .. a mdi. 
('IiiI'd lit ".-\ ' lIn Fil!'urt· 2-77. il 0111\' fail III 

forl' t ht- f rill)!' pin far ('nnU,I!'h T lin, arc! teo 
t-nl!'lIl!'t' t h ,('a r. 

Gun Stops Firing in BaHery Position 
with No Cartridge In Chamber 

Th.s c,)n.!"'''n 
t f.I..\"njr 

hnldlnt: l'a,,1 :prinR Wtak or Broken 
fin,!.! ,1'1' "t".k ur ilr"kell, thf" I .. It 

[STRICTEO 
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I, u, 2 18. Worn E.',odo, 

Bru .... n . IIr Il, . 
III , II aOl' " .. cur .. " 

Gun Stops Firing with Recoiling Parts 
Out of Battery Position 

PO_ IB [ 
[)[ FORMA nON 

Figure 2- 19 Receiv.r R .. ar View IDorted Ltn,,, 
'"dical .. Ponibl .. DeformOlion ,haggeraleel) of 
BoHom Pla'e) 

prllfli'l"h 

10 II 11a, hoi all.1 pI" \\ III IIJ11\ m.1I1 "I tlw 
".11" I r t 111' . \III i,' 'M. IlInt:. it \\ III abo fon"­

th. ,,,11111" ,,'II tOI.l lirmh al!'ainsl tIll' iell' pIal,', 
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Th,· 

tl' ... i\ 1'1\ TilCht. T l~ 

h,· 

1 iflnL(-pln 11011' Enlarl!l'd (lr RI'C'oil I'lale 
'\"1 Ilu ... h "ilh ran' nf Roll. If Ih.· firill~ pin 

torted rartndv,· III <', and hrok n link~ in the 
f.·, tlway <illditloll of {el'd pawl hould hI' 
, amil1f'd anri . h IInlt rrpla!'p I If n",'e~ arr. 

Gun Fires Two Rounds and Stops In 
BatterY Position with No Cartridge 
in Chamber 

If thl' ('ondltiQn rontIlIUI'~ aft r repeateo 
l'harl!ing~. it b proh:,bly due I) earl~' timinsr 
Wilh "arl)" timing. th gun I" firl'd B'lc\ recoil 
~tar ... " fort' the I'xtrac nr 1.8. gone forwaTlI 
far. 0011 rh ttl en~al!' th rartridl!'e in the 
fef'(lwIIY. tbl'r fore. he Vlln fir". nnb' th 
I'artricij!'p which wa rharsr!'d mtn chomb.r 
;.nrl that ('artrirljle t'nJlaR'efl 1)\' the elC rartor 
I Pion' tlrlOV ;;tarterl Th., timinjr ~hnlllri hi 
ch,·('kPd. 

7. STORAGE AND SHIPMENT 

General 

lnll of tI, mal"ri"1 for rI m~"tlr 
II m"l1l "III I", til • amI' a~ hat prf'scriht>d 

ora,.:,- ar .. \ or .' nndh,' toral!'P 

anrl or 

1\' II-h 

1\. 01 ,hum 

\I!rl ,opir, n n 
('fir K t 

RfSTRICTfD 
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Instructions for Limited Storage 

(.t'neral. Wht·n materiel i. out (If u. . If 

he turned over to ordnance p .r-nnnel. 
-d I a limited ~torajl'e ~tatu. for pt>r(( II 
e ('hod nlnet, oa),,,, 

,,\t': "t"rall uf matt rid for JlI'Tlo<i~ In 

"I' mnl'ty dJiy. norma II, will I>t' hall 
I, IInlnanl'e pel'. onnelon"·. 

H,,'·I"i- inlr InHp«tion. Imm dlatf''' II ,J 

.' II ' uf materi I fnr . toral(\', It mll~t h III 

r ·.·01 (III' mi inl( ,.r hruken part It mi ,. 
I • Cor hroJ..f'n (lart~ cannot hl' r "Iaft'" '11 r(' 

r rtll pnor to pla"inR th matl'ril'l In tllr:<I<" 
a' mUsI It.· atta, hed ~p,. ifYIOR the reJ1air~ 
, dill \, rilt"11 n'pllrl of thf'"l' itt'm~ mlbl 

1,1 1,'1'· th,' nthet'r in c1ll1rll"of th!' matf'r\l'1 

I'r.-fl"rrt'd :torall~. Th .. pr(>f"rrp\l n,' of 
I. L!'( I In 1'10" -d. tlr,r \\,lrehou",{l or . ht' J ... 

"'10 I 'Indoor .toraJ{p i~ nl'('l'~~ar>, mat"ri •. 1 
, II.· hu .• ·d lind the .~tnralr" . itt' . I'lp(' rl 

tI rnllll!"t>cillS Jlrt'snit. .. d ill • r. 9-~7 

\ 'I\Jtor d"vr -a •. /'. II I IV 
'111 111,1. fl'r clt·anlnl." all 

ma t'riel. ~Iah'ri I d..-an.,.t 111 \'allOr d"IH",,, . 
er. mu .. t he imm diat!'h· <lirp"1i in pn •.. !'fV:l­

I' t' IlIhricatill~ nil (. P"('wl) ,i t'r hi' d, .• 
gr"a IIIIr pr· ~,. Till' lilt IIlal dark 101 r nf 
phI' 1';13 t'lmi h,·. \\ 1111,,· r'·""I". I \\ 11"11 (111.,,1. 

HHt Watrr Solution ... Th.· .. lli'·"·1I \ ... I' hilt 
Waller snllll"''l_ i- n ','dl'TlI (d ,. a /o1'ltlltl'l t' _ 

t 'nt It, rai Wi: thl' It·ml,<,r;l!lIrt •• ()f Ih., ~nlll' 
tlllib Ihal It, III .. rl'lhll1~ I· mOil lit .. t mao 

'ilal III .. IIIIIUIi :\111 Im'lm r,' 
11111.11 \\lIh II 

",00 F 

'ott': ,,'llt'll hI) • !t'1 ·"IUIIII1' an' 11" .. 0. 
m It'rlt'l mlbt I. th'.rnlll.'hi. nn. ,·Ii immt'Oi. 
at·l\, ill ,1t'llr h,'1 walt'r '0 r. nwn' all tran'lI 
of th •• , III 11m \\ hit-Ii ma~ pr mlllt'd\'tl'r10rA. 
tinn of Iht> tll11 h. 

FOI "I" phal. tlnh 1\ '. ,In~ '11,. "f Ii" 1 .. 1 
10"111 ' material, m:l~ I. U,;"" III Ih,. l'ropnr 
hOIl~ ,hi \\ n , :\(IcI~rI til .. It h ~:-aIl )1l 01 \\ uter: 

Bura r, til III 07 

I rnUrt'! than ~ (17, 

Btl • 

.d.\ I I 

la. tll~ 1>1 tl "'r 11\ 111,\,1 •• 'I 

I h 

' •• 111, 

111)· 

.\lklllll. 1"111 IIW 'tlllll' )111 d I I II 

I)r\ina. flr> all ',II ' tllII • willi \ 111 .. 

hntlt' \\ IJlIIW ,1"11r or It \ " ""pr., ,.t! IIlr 
If 1I\·.lIlalol. anrl Irllndl. ,·,tt. rulh t\IlII 

-on tilt \\ 11 It ".lIl h,lI" 

t I It I t I. 

\\111 "1111111 

Th,· )."'1Il I wr"JlI"',1 \\ 11 Ii ~ I" I It/ 1\ 1" II . 
I:ratl. (' ~Yr(>a ""rollr \\ r:lp"III~' I "II pI3"I'1I 

RESTRICTED 
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where it contaetl< the !'hipping box, bracing 
or cu~hioning, 

The prepart'd j.!UII i~ thl'n placed in the ship. 
pm.'! box a' de,crihpd prE'\ iou Iy, In addition 
to cnntt'nt. identi lcation, the type of pre· 
sen'a IV appliE'd (l'.J.!, prl'"en'cd with l'SA 
121 Compound, Ru. t Pr ventive, medium) 
""ilI h" Q'Ml"il"d"'n t' nd.{ of h con am r . 

Inspections. A \i .. ual in.,pection must be 
made p ri(l(hca/ly to dell'rmine general condi. 
tlflll. If ctlrrnswn i .. found un any part. the 
rust spot" mll:,t be removed and the part 
cleaned lind tro·ated \\ jt h the pre~cribed pre. 
qer\'ati'·e. 

Hemo\ al From Limited , Iorage. Materiel 
to h . hlPl'l'd 'Oh,jule! no loe deprocl'!I~ed tl nle~~ 
1n~1 ""lIon rt'\"I·.,I~ tha it i. necE'S;taTV to reo 
prnee-s til ma ,'ril'l fnr hipm n . 

\\'h,·n. ha' b't' a~e.'rta1l1t'd hat materiel 

Instructions for Domestic Shi ...... nt 
General. If the materiel to be . hipped will 

reach it. de. tination within the !lCOpe of the 
limited !ltorage period, it need not be r('proc­
" d tlppn remo\'al from <;Inra!!,e, unl ~!I in­

!lpection rentaL it is necesMary. 

Preparation. Ft'r h preparation (}f ma. 
teriel for domestic !lhipment. ee pre\'ioull 
paragraph on preparation. 

Shipping Container. Con't ruction of the 
IIhipping container for the machine guns mUllt 
he in accordance with T:\f 9·285-1. The (',sen­
tial ,Jilts nece"~ary in the determination of 
storage space and !lhipping requirements ill 
Jj"tt-d hdnw' 

Lenll'th to. D ft.) 

Width (0. D. ft.) 
Height (0 D. ft) 
Weight (lb. ) 
Volume ('u ft .) 
Ship ton 

Un boxed 
4.i8 
0.41 
0.57 

65 

Boxed 
5.30 
0 .66 
0.84 

97 
2.9 
0.072 

Loading ~fateriel in Do cars. For the meth­
od. u ed in loading and " racing boxed itemll 
for rail ~hipm .. n , ref r to TM 9-2 54. 

8 RE STRICTED 
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CHAPTER 3-ROCI(EI LAUNCHERS 

1. GENERAL 

Refrac:tabl. Post-flush-mount 

, 11" ... I aLI,· post Ilu h Ill"'lfl\ n", kt-l 
'r I .I,' 1 'flt'd U I r'l\ 1.1,· ,ul1ahl,· Ill' all" 
rn IfW .. 'tl ,,."al1~. 1."'I1<'hl1l).". anti Jl'I 

tiflfll',f· ' PI' airl'rilft n ... ·k '\. from 

• fit''' 1<.1 10 anot Iwr (FI)!Uft· 

2. P RINCIPAL COMPONENTS 

\\ lth .. ul th.· 111"",.\"'11 tI' " tl a til 1 .. " , pall 
It I. Iml" 1".111\\' that "" "'~·CI.t1 t'~ll" r t'" 111' 
"11 I1t '" ' 1 "<jUl1"d \tI ")""1,,1 alltl I",'k lIlt "" " 
I'll<' fr<tnt p.,,,I, "hidl 1.' r"'l'llr,',f ttl I"" •• 1 
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12 AN7 17 ... WLI I Rf 

8 

5 

( ENTER ROCKET lAUNCHER 
UPPORT ON CE TERLI E 

OF WING CENTER SECTION 

1 0 ANti 31 A aOl T 7 REO 
AN960 616 WASHER 7 REO 
ONE WASHER U DER HEAD 
OF EACH 80lT 

RESTRICTED 

fiflure 3-2. Rodlet Moum. witll Roc • ., '"ato"" 

5·INCH H 
ROCkET 

C.U SIGHT 

figure 3- 3. Roch, Equipme"t. 

RESTRICTED 
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z .. 0 
<.) >= M 
Z is .. .... 
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0 .; '" .. 
0 z 

j 
• 11 
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¥ ... '" • '" ~ 
'1 .x 

.. 
"" .. 

Z ! z 
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~g 
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DOWN AND LOCkED POSITIO 

·NOTE ""HEN 30 19710 MANDRel IS 
I SERTfD I HOO (15 AND ROLLER 117 
AND lOC PIN (20) ARE IN CON TACT GAP 
BETWEEN STEM (11 "NO LOC PIN 701 
TO BE 031 Ol/) 

- 005 
WIlH ROLLER AND LOCK PIN NOT IN CON 
TACT MA CAP SHWE£N II llER AND 

OCkPIN 108E 018 
SEE OETA'L B 

H 
16 
17 
18 
19 
2C 
21 
22 
21 
24 
15 

76 
2l 

HOO A <;fM8t ¥ 
SLU £ 
LOC~ PIN GUIDE ROllfR!> 
PUllEY '1 
(ASlE (1 
lOC PIN 1, 
SLEE E RflUR PRlt~G 
SCREW 10' 
PUllEY 
SfllCRAN 
JETTISON A TU"TQP 

DRIVE SliM r 
SEAIIINC; 
ROllERS 2 

12 

POSlli 'N RHRACT£O POSITION 

'."" 3-5. '_ani Rod .. 'OIl AaMmhIr 
RfSTRICT£D 3-93 
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TYPI Al REAR ROCI(f1 POST RIGHI "'IN SHOWN 
CREWS 

N80A 

SPAR 0 1 
fWD POST AS~ 

lOe 

ligure 3 7 Operofional Views 
.l RESTRICTED 
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\nuded, ('untad pin. wlnl'il provide elt,.:trical 
cir('uit~ frtlm th .. airpl:mc <upport plug. n­
galled in the two Ipl'<'r fin, to .. imilar 'x'ket. 
in th two Itlwer tin . ThO' tin ,,'>ck .. tll ar inl r­
nall\'-wired to chaj.!llnally oppo. itt' fin ()<'kt:t 
~o hat selectlw tin p .. "ilioning on the air rar 
launchers i .. not required. A single 'h,t-I-Ius: 
IJUnd, incurporating a rearward prntruchn" 
support pin at Its upper edge, is locat.><i near 
the center of gra\-ity of the rocket. Tht' hnri 
zontal :1 M-inch diamett'r l1upport pin, ngall'­
ing in a hole in the lower end (If the retra,· 
aule front po!'t, pr(l\'ide~ the forward rock~ 
~UPI)Hrt_ The pin is de. igned to protrude 1I ,_ 
hind the front p""t when fully in!ICrted anti 
expl :<e:< a horizontal shear-\\ Ire hole through 
the Pin JU. t aft (If the pOllt, A ,uitable sheal 
"II-t' (.I(12-lIl<:h diameter hard bra.) i sol­
ler II at onl' ·nd tll hi' IUj{-hand pin ulo<'k an.1 

I: ea ily ,cmo\','d ror in"ertion into th shear 
\\ ir .. hoi· .. ttl·1 I"ading lhl' r'>eket (III th .. 
laund!t'r. The luI(' band IS ('Iamped tightl~ 
alt'Jut the r >ek ·t a hI' pr"llE'r r ar "uppor 
"Iu)!'-t,,-frnnt pu,t dlllWIISl<I1l anti prt'ven < 

m I I'nwnt jor th. rill I.. t nil lhl' launch r, Tht' 
k" 

I 'J'lard"f lh,' frunt p .. "t., (r 
" I h. m d\'t, . Th .... Iennlll~ •• r 

"I"l' Inl!' . \1 Itch I ';1[. d 

3. ROCKET LOADING 

RfSTRICTfO 

fI 
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figure J 8 Type A-2 Conlrol ",olecto, lIeleose 

I'araillaph anll (,lIoth"r round .. tdj[­

"ltd (II tilt' UPl' .. r r(lund q\i)!,htly. i­
I .. I·d fl-"III, and ,.;trallpl ttl. h. UI'p\'r 

• 1 1""0 ielll lin. ant! lu)!' hand. ar' U eo 

,.0I11lV' h. rn,I..,· , thl' f""111 II' 
'\., t, an'. I,'n(h·tl and 10" kl'd Tht· 

Ir 
h., 

IUI!-"and 1'111 lIl",rted Inl" th· h"II' lit I h.' 
1.,\\ ,'r .. nd III' lit' 1IIt. .. anl f'''lIt .. ""I " 'h .. 
pn'Jl'dil· I~ ,,1i.1 [l'an,.lr.! "'\ Ih., Ir"nl 1''' t. 
th. 1I1'I',I-hn ~ .... k .. l" .In' .... ulllo·0\ .. 1I1" lh, r •• r-

11'1'''11 IIIII-"~ IIn.1 "n)!,OI)!'oI . IItlUIIUttt'''u I)' 
.\ ,'J 01. t. 1'1111111111-" lhal lh,· IIII!-ltand 1'111 I~ 

flllh' I'nl1<1 'lil allli thai th,' I' 'ar "1I1'I'''rt "lUll . 
• 1'. ""quill' d til I h,' lin, ('I.,·h, tilt' .. h,·;n II II" 

.• tlldted 10 Ih.· hw hand hi. k 1:1 rn~.'I't,·(llnt­

milia I. h 1111 •• IIII' sllt'ar-,lire h"Io' IInri \'uth 
'1I.t~ I'~nl d,," II t .. pn·\··tIl II I" lit Ih)!ltl 
It d"lIhl('."b .. t Inalilllp' i~ u .·d. 1l1l,,111I'r I ro, \,,1, 

\\llh dift,'r III lUll-hand 'I',WIIW til lIll'IIIl 111". 

oIa .. till' lin allllluv-hallll, pal'inv III' lh. 1I1· .... r 
... lind, I: ·lid intn pn. Itioll 1 "'1\I'al h I h .. III'P"r 
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rocket, The lug-band pin of the lower rocket 
1- engaged In the block located beneath the 
UP! er lUI( band hnd notcht's in the upper and 
lo\\er fin~ are interlock d and engag d to 
pr .. "ici., rear uppurt for the lower round, 
AI • r lI<rertaimng that the lug-band pin and 
"ot1, tin slot, are fully_ engaged, the shear 
\\'In' i, r m \'ed from the lower rocket lug­
band 'lock, in.erted through the IIh ar-wire 
hul., In the pin, and both end bent down, 

If air-arming nose fu es, MK 149, are used 
nn the 5-inrh H\' AR, ,064-inch diameter 
~t;.ndard bomb-arming wires are to be in­
.. rlt-!! in the fu e as noted on the fuse tag. the 

arn, nil \\ Ire :wi\'elloopll are in erted into the 
hrming"lenoid. , and the wire cut to length 

Ju t before take-olf. the rocket igniter 
pIll,!!',' fr(lm the rockets are ins rt d into the 
r,rO!lt'T tin .ocket. of the upper round as shown 
1/1 hl' till"d .. cal~," The upl*r round is plugged 
In!Q hI' ldt .ocket, the lower round into the 
rwht IK ke of lower fin~ of the Upper round 
(111' .. in,!!' forwllrd),lt i imperative that thes 
\, Irill l'onnection~ be obsen't>d. since all air­
et:! t tlt-. Igned'with thl type of launcher are 
(I lot' \\ i rl d to prunde uccessful tiring clr­

l'uit, In thi. order Improper connection will 
tI'~ult III tlJl? uPf r round firing fir. t. with the 
10\\ t·r round attached Tt:e thrust line of the 
! " r ,un I b"lng Il'" ''',j considerably above 
hI", milled cent .. r "f irran' he \\0 

liflU'" 3-', Type A·2 C.",,.,; "ro#«f., •• '_N. 

S, ELECTRICAL EQUIPMENT 

A-:! l'r!J)P<:tnr Rf'i .. a>< Control. 
.!~'j'3 (FII~lIrt· :l, ',<'Ilntain 

Q 
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"flU" 3-'0. Cuhrwoy Vlew-Co"f,.'; "re/octor •• ,_ .. 

liflU" 3-' " Sd •• IfKJf#C Diagram-51".". AcflHlfIM, 
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Racket Circuit Checking 

FII .. Irllllli ' • Ir, II: , ·.m h, ·h .. ckl'd by 
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pl.,,'" in the nozzle ~hr()ud ring firmly t'nough 
to preH'llt II CaBmll' "ut durin~ rlock t han­
dlllW :111,1 h ... ,\ill)! II I .. mandal()r~ Ihal Ihi .. 
IIre(,;lUl iun he la"l'n III pre\ ('nl acc-idenlal in­
-t'rlwn /If a rHc-kl'l 'I{nil('r pluK during Ihe fir­
inl! ('n'uil ,·h .. d., A e l"', EIl','lri.: Iln'Ult, 
T\ fl" R-:!, ill,'orpnraling multipl -mtiicator 
liI:h iI' ui' i. cliplll'<! "the winll' traihnp: 
(',k. and thl' I,' !l'r 1'IuJ.r~ ins('rtecl into the 
I, \\ ,'r till l>('kPl' 'If the upl"'r round .. If a\'ail­
.,11." \\n I. s .. ,' IImt,; an' u"'II I .. allow c-heck­
in)! III' all nx'kl't-llriIW <"in-ui" imultanE'ou~ly, 
A I tt'r I h 'numlwr d te'" E'r 1111I1I' have been in-

, ,." inlo tilt' l'(,rl'l'spon,linjf firing circuits, 
th., an'" fon' anti aft IIf th(' alrplan mu~t bE' 
.-!pan'd "I' JlI'r~ .. nl1el und the c'Xkpit .'witC'he 

111'1\1 d '.11 to dwck !'IIckel firm/! <:ir.·II; " With 

"itt' , ioe, Plugging in ~hould be accompli. hed 
at arm', Il'njlth, tl I' armorer !!tanding well to 
nne "ide of the rocket being plugged in. nev r 
tandin/C nr pa~. ing to the rear or front of any 

roeket pre\'iou Ir plugged in, The igniter plug 
I. in~erted firmly a far as po, ible with th 
metal wmgs or finger tab. approximately 30 
ti"p,'rpPQ ,. ... unt rclockwi:sc from P8lilllel to lit 
rockt,t-fin blades, then twisted clockwise into 
locking gro<wt' of ockets until the plug wing 
arl' parallel to the rocket-fin blade If any 
doubt exi ts a to the plug being properly in­
stalled. a vigorous rearward pull on thl plull 
(no the cable) "'ill un~at the plug if it is no 
loeked into pial'I' The armorer. as he ill plug­
.lrinj!: in the rockets. mu t again check to 
that the lower round i being plugged into the 
rivht-fin ~ocket and the upper round into the 
Id -fin socket of the upper round.lmmediat h 
UI'''n l'I.mpll'fllln I.f th(' I'lulo!/ClIl/C Ill, the ar 
mllr .. /, giH" the pJlht a ,'i~ual ,'Ignal to that 
"'f .. ct. 

6, ROCKET JETTISONING 

RESTRICTED 
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1I1,'al m <tn>' ar prm'hled to indiclltt· th,' 
r, or "lock d" po~ition of th jetti>loninll 
., halll~m prinr to loading rtX'ket It i~ rt'. 

I'.t hat hnth front allo /'l'ar mullnt rt­

.lUt(I01atll'lIlIy after roch Jt'tti,oninl!' 
n at'(~()mpli. he,1. 

Jt ti, "mnl{ ,.(the r'l('kt'l~ i .. ,."tr' II tI It 
.Ih' frolm the cockpit. Two meth .. .t,. rill' Jt'\ 

.r.1I1 are relluir din ,'omhinlilion" il h 1111 

III 

" ,·In'lIitl<. Til prllvitl .. :uwthl'r 101''''/'­
a f , f,·',lur .. , It i, 1\41. "I hI. t", ·tUI' or 
", • pn"r 10 Ink .. ·"tf, indidclual.f('ttl!<'\Il 

, r"'ul I "in'uil'< [III' r.,,'k .. 1 " Il00mh. , and 
II III 1 'an'" 110 tlral ht' 1111'11 at an, 
rill)! lhl' ta!"" .d may "ITI','I l'm,'rK"IIl', 
•• 1' [.11 oIrlllll·ahl .. urmam"l1t an I tu,.1 

I., pro "10)( thl' Iklmh hntton atnn Ih .. 
I I' I : I "11'1 Ih· aln lall(' ha ('"ml,l"l .. \! 
• .If, I h,· \,arlllUs pn·,,·1 '<'I,·d ''In'lIi! .Ir" 
,1 •• 1 "ff <tntl Ihl' normal )elli 'nn "r tirillll 

\'{ Ill- (,llIl.I"H·" thE'fl'afl,·r. 

J' Ill.· ro,·k.1 lir m"untt'ti With Ih .. ir ,'en. 

.. 111 

7, LOCATION OF MOUNTS 
: . ,. lalln. It"r ",,,unt. an' ,.., 1'1I"ltimll'" • 1101 
III h It'nlrth II, til Ilr", itl" a minimum (If I !_ 

int'h clearant'e tu thl' Illwer winl{ or fu. elage 
,kll1 II, th co'k t mu\',·,. forw I'll ulOlnjf it 
flight path A ~ ~.im'h minimum d".ll'an,,' 
rnu~t hl' pru\'ld,'O fr 'm Ih"I'I,,·k,·t h"a I, III .. tor 
,lilt! fin" (in their firing I'" Itlllll and ul,,"~ 
tlwir Hi"hl path~ I, tu th,' alrpllllll' lIap,., .'(1(1 

trnl UI {/lI· .. ~.lan,linK If"ar and Ill/'hl~.' It'nml 
~UII • h,'1ll11. ,(IIt,1 'nwk., .. I', henu,'al tllllk. "I' 

.d •• "III ,,~k..t, 

\ lIIilllnllllll )(roull" 1'1, ar;IIItI' "I' I. lilt h,·. 
I 1'1',,' "It 'l Iol I" .. '1\ I he lin lIr I h .. 1\1\\,' I ro, k­
··1 :llIIi til' )!n und In "llIlltll'!' ,11\" \'f,mllillallOlI 
,II :lIIJII-1 nil III "I ro k' Is, any 1'''llIhinatltlll .. f 
1111(>11<11, rill 11111\ "'I"I'",~~,',I :tllrf I I ro~~ .10, 
1I.,It'd .• 1Il.! 1i11~ III" nl:lltb.lnK" III IItlltll"" .Itlr­
III)! tlikl'-IIIf If I ... d."lhl\,- ·h .. 1 arrallll',·m.llt 
I I 1"1 11I11Il.·hlll)!) I I,r .. hlillte" .1' an~ mounl h\' 
I hi n',ln, tl<'l1. "Il,·, • .1 " Itr 0\ ht·!' p,'rman.'n 
mal klllj;C" ar!' 1I .. 01.111 !h.· nll'UlIl aIT,·,'t,·,J 

1'1", flI('kt't-tln ,,-111 ..... 10<11111 "I'llflflj." I' h. r., 
.I..tillt II Ii, th, tll"tant"'. m,·/I .. ur .. d purall. I I I 

Ih, roK'kl'll't'nlt·rllllc. frllnt Ihl' rl'llr fan of Ih,· 
lUll 1111001 Io!.,,'k t .. tht' rear fal'!' IIf Ihp fill ""I·k. 
.'t. , Th,' fort, alld aft "I" ring IIf th front an.l 
nar I""" till ,", IIrl'raft "ro., Id,' IIIr .1 1111111 
fllllm lill nn.1 IUIf 1,,11101 "1\1' I II).! .. r 'l~ 'tl I~ 
III< h,., all" lilt" l11il ·Imum ,11111"'''11111 I hilt ,'.1" 
I,' II .. " !lHoI II .. , ,,11('e th .. 11l11' h'lI111 "II Ill' \\.,r 
1",."I.,llh,· ro kl't. rll, .Ii 11I1It'" lid \\1'1'11 I, .lIt 

.,n" ft.lr I'"~ Is m . I b,·, '11111.11 all 1'1" k., IH 
11'"1' '11hlll pili Ill' 1011111 lIh~ ",..h 

1111 U'II1t'rhm 01 It,,· n,,·k,'1 '"11 I It par­
allt·1 In Ihe hlh' tlf Ilwhl "' . ,t ('<'11\' \11'1 ,," 
WI hili • 111'·j."n·. lIu,kl 1111 1 .. 1l"\\II1~r ... Ii.1I 

l1(1n ."", ,wr ("nt nla"IUlunl P' t d 't.!r,() tt _ t 
landalll,pn' ~\lrt· ,,1111(,,1., 1"'IIHal.'n II, lull 

<lnI1I1Unlll"l1 allol ,.il 1 .. : .. 1. I fllt·1 1 ..... 1 I 

I. Illal r" .. k.'1 ) ... /11 "u I "n,t. 

j Illn~' 

nl .. rt ... ·k·1 mil t lIul 11I1,·rf. r" II Ilh ""1'111 d 
,.,,, I Ht'tOlI 01 Ih,· a"I'ICI\"oI IlIadllm' ~lIn III 
lallalion I~", ,\1\1(' al'l 1'0\,111 mu<t I", n. 

lOlliit'd ftlr liny til' ij(11 Ill" hkh I h,· inslall:11 iltn 
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I FU.f 
50 HVAP SEUION DRAWl 

7 WillE A 0 PLUG 13 PROPEllANT GRAIN 

8 REAR Sf"'l I~ fRONT SE ... l fUlt I ER A5SEMB Y 

800STER (UP 

A G T~R 

NOlL'E rl> 

10 fiN 

15 FELT SEAL 

16 fiBER SEAL 

UG BUT ON II GRID 17 BASE FUSE 

t SU P ,"SION MOUNT 12 MOTOR TUBE 18 BODY 

figu,.3-13. Projecto, If.leose Co,,',ol. 

ul a full cumplement of r 'ket~ re'!ults in dil!· 
I Jact'mO!l1t or interfercmce with the normal 
u ~, j ot h r external ~t('re_ such a. bomb!' and 
fl'''! tank •. 

•. ROCKET BLAST PRESSURES 

')n.. nwaV'r informalt"n I~ a\'allable l'on· 
r .. rr In!! h,' ma)!'llit Uoi" In i "xtent of th blast 
Ilrt·,~url': ~urrountiinll' r()('kfot" wht>n tired 
frltll' am ral t III fllllht The '"llowing informa. 

1 .n \\ ~ lit ,,"It'd fr'lll vr 'un,l firinll' experl. 
Ill"" 10\ I,cundllll!! fi.lIld IIV.\R at i(\ df'. 
Jlft t .. 11 ·n • Jrcnd' \\ lllV laun 'htjr""o 

9. BLAST PROTECTION 

Th£' airplane kin, structure, and control 
(Ourface!! in areas adjacent to the path of the 
rocket bla~t mu t be capable of with tanding 
rl'pt'ated rock£'t tirings without su. taining im· 
mediate or prtlgre. "he failure. (See AF Spec­
ification No. 3-tOlot. Gun and Rocket Installa­
ti,.n; Engint'ermg Armament Acceptance Tellt 
of.) Tel;t~ mu t be conducted to determin .. 
hla. t re .. !1stance undl'r any of the condltinn. 
Ii. ed Iwlow. All blast firing teo ts are madt' 
\\ Ith full·scale in. tallatiom un lirtual airplan 
IrucluTt'lil and b~ tiring sUc'h rocket projec­

til." a" are ht'inlf con~ldert'd for the in talla· 
Ii. n at th lr IIPPt'r tl'mpt'ralllrt> limits. Te.t 
r .. ~ult. mu. the ubml t II to, or untained by. 
ht· A!\1C "!'fore al'pro\'Rl can h£' Klvpn for any 

.,f th., full""ing in.·tallalinn. : 

t, ',nol .. dl 
• 1\' fabric- cm·,'n·c\ "'''I~, fu.plav'·. I,r Clln rill 
lrfall·'. IIntll o'xtl'n .. iv h' t. haH' h ... 'n <,nn­

dill I'll ,wd 1,':1 re ult. uhmlth'd anti ai' 
pr ,\' d. 

I 4 RESTRICTED 
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I ,)(.'kl'tll mounted under or forward of anv 
• r n or otht'r control . urf Ct' • until arl~­

• -round. flil!'ht, and aIr tirinll tt- ts have 
• n C' nIJul't£'d and appro' d b) thl' . If' fnr 

111(' ion in"tallat1on~. 

1 O. ROCKET PROJECTILES 

\I I,' Ill''' of rcll:kd proJedil.·" an to b,. 
n'ld,'r .. d ill thp cI.· .. i)tn nf llu-h-llIOUIlI 

nch .. r~, Ihc' 511lt:h H\'.\R and tl, ;'111.11 

r .!1I11 r'''''kt't BClth rock -I" art> "111111'1"'.\ 'lIh 
T ~Iltditkatif)n Kit-Rocket .\Iratilt 6. 

h. whkh t:!ln.'ht" mainl~ Ilf the tlu"h 
.nl-h·l\(' fin a"~l'mhly and lUll hand a, de-

r .. 01 .1t".\'I' in paragraph 3 and -t . The rock. 
lIt'ral" l'on"I'" IIf Ihr£'f' mam ('om pll­

f· I Fll!'ur :l-13). In Ih,' H ,E .. or armor 
r m\! Iwad. lh,' m"I,'r l·"nlam- Ihe prop 1_ 
, .uld Ihl' \'t'nturi nllzzle". The lin a!\!\emuly 
f L' 1m, I "'lIl, .. d 9U 'h·~r ..... apart _mol 

larll' d •• 10"111 II,.. aft ,'n.1 "f th., r.)('kpt .\ 
~ I I' ,·01 l..t i~"uc'" rearward frum the burn. 

I WI_ II. II and 1\ forward thrust force tht' 
il.· I ,I wanl. !'Ia>armll the retallllnll' 

1 d l'rnpI'lhn" the rc..:ket HI(lnll it. tra­
p. rtlnl'nl clata fill' the h. n aplllil'abi 

J -, it) 111 h, 
fr III n(l~e 

.; I j 1II<! ( 

TE'TATI\t; 
;-lIlch 1'-2110 
·I~.\ ~2Ii;'! 

I/O I'Olund. 

1:!.llth 1'. 

fillldu" 

;ClIIBI I, ~ 

The mn.s flow. \\hich i~ intli ative of the ex • 
hllli t hla~l pro. .-ur .. 11 of the 1'-200 rockt' , i. 
apprn. imatel)' 20 per (' 'nt I .. than that of 
the ;,-illl'h IIV AR. 

11. STRUCTURAL REQUIREMENTS 

Thc' 'Ir .. n'lh of lh .. rlo('ket mount:! and 
h"lr ~uPI ... rt inl( lltruC'lUI'I' i. ~1I\· .. rned hv the 

""I)(ht lint! m11lllltinil tlillH'lI~ivn. of the ·\,ari. 
1111", nml)JIlIIIIII"o "I rIll ket:< .. mplnyed. The in. 
lallalwn i" 111\ ", iJratc'O for all three condi, 

IIIIn. of "'II<1lm'. Ol\{' 5-IIlt'h HV R, double­
,hpt (twII15'IIICh H\·AIt.nnooneT.20Hrock. 
I pl'r laun .. h,·I" "I h,' In. allatl .. n i!> d '"ill'nE'd 

Cur th . fnllll\\ inJ.:' ('Hllli; illn. : 

\ t'rllelll " .. ad ... Frolul and n·.,r mlllln! • ,Ind 
Ih. -Ir Clun' I .. "hi.,h lilt', IIr .. allal·h"d. art' 
tit -ivllt·t! for Ih,' mOl. illlUIll ultinu I .. ,. rlil'al­
loatl farlltr", (In. ill\' IIntl n""ative. tlf Iht' nir­
"Ian , Tlw.'~ 1"a,l~ OIl' a~. unwd "lIct at th .. 
l'Omhllled c.'ut'·r uf !(ral·it,· tlf Ih£' l'lJ1l1'le and 
clouhll' round,. Iht r 'ultanl 1"lId. h.·inl/' tli .. , 
trihut"d I,ru""rtiunat Iv 10 Ihc ' front lint! r£'ar 
mount,,: 

Ftlrt' .. \fl lind ~id .. l.oads. 'I'h, mount.. aI,' 
lil"llln rI tl \t Ilh~tand an ult I Illal "itl. 1"11t1 
LIt'I)r IIf :.!.:.!:i I1IltI "n ultlm,lr rOrt· and aft 
I .... 1 IIf 3 al'l illJ[ :It t Itt' c'('mIHlli'tI ... Ill"r IIi 
)l'r.1\11\ (f til· oI.uhl",oullol 

Itl'lea ... t' load. In .. 101111('11 I .. 1Ir, II '(11 c·l ••• d 
uul ntlt adln~ .imul .IIW.1II I .. \tlth 111'11\ 

d",.IJ.:1l 1'1·1 .I~l· I .. "d 'If 2.11410 1"'uucI" 11<'11 nil' f.>r­
lIard at tho 1I1'IIPI ItI~.hllnd "l'l"'r! pIll mil 
til' lh ained hI' Ih,' frllllt p, •• t ill I!. l'xtl'lId"t\ 
III' til'll1~ "" IIII'll cill" In I b,' ro'1'1l1 . .1 f"re.- for 

1. .. ~lrlllJ!: thl r -Iami I \, Irt'upunl,,"nt'lllIW "f 
,I ,. 1.1( he!. 

12. JETTISONING CONDITIONS 

I', I \"t ., 1,1 1,.· .11 'cllo ·f . III C'JlIIlV' 
r.,..\'o\ tI .. ·tlll.ll\ 1"'1lI .11 I·"tnn Inlull< 
I. h tI,,j, I I. t ,lIc'\\lI\v Ili~"t '0\111111'11 

2 'I;" pullout 

I "1.1 IiiI'll a tnll, III' I".r 
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CHAPTER 4 - BOMBING ACCESSORIES 

SECTION I - BOMBING SYSTEM UNITS 

1. INTRODUCTION hom". (.n tI .. - :ufI,l:ln," \\ "W~ alltl ttl,t'lnlo!" 
h,ld In I. .. 01,,\,,1,.1" d In IiiI' plallninl{ alld - • 
".'rllll( nl,11 (, r ,III ,'h,II.HI,'rl j('~ f 

lid 1/:'11 

tOl f lrr! I 

Allot h." "I \I "1" 1"'11111< n "Ill ".1 tit II 
11' ... • ,Ii 111.1 bl' .. mpldc' and "".hlt """ I c.1 

""1' tltl •• I'-a " ,f th,- I".m\' _ III lliat tilt 
nUl!'ht I ... dUl'p.'d ~1II·h lOr III gl"lIJl~ (, I ", 

.. , ':1111) \\tlh a (lr,'"-I",''',, Il1t,'r\'al i>o 1'1',11 
p;h'h hunl1t 

III '11\1 rg,'llI h' ~1I1'h ""' la", .. tT t"",,hl,· III 

I ra,1I I."hllll~·'. I \\.\ Il<'''-~, an "h:I\' ;t 

rlit'an ,.f 0111111\1111' ,,' Jdll "1I111J.!' th.· ,"ttr 
IHIIl to 11 ... 1 III .111 Ul1all1l1'o\ "I .. 'cf,'" I' ",II 
ttOIl 

2. BOMB TRAINS AND CONTROL 
OF BOMB RELEASE 

General 

A ""mhUIl{ s\',t,'m i,", Ilrt-dllaltd 0111 tilt' 
"1~lmh tram" !lr )!rIlU(I. Thi j, 1-, "1111:011., ,I 
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lJ(.mh-r I a~(' impub,' (\ the rack l;e\ ~ or 
r,-!: ,'" Tht'~1' In turn dl~tribute the impul. ~ 
t \I'nll- he ",-en h \ari(\u~ bomb train~ or 
group._, The Immh rt It'a~t' Impul. e I initiated 
b)' do;ur of thl' bomhardwr's bomb-relea.e 
l'wltch, 

3. DESCIIPTION OF 10MaING 
SYSTEM UNITS AND SYSTEM 
OPEIATION 

General 

ES RICTEO 
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SECTION 11- BOMB RaCKS 

1. BOMB-RACK RELEASE UNITS 

2. THE A-S BOMB-RACK RELEASE 
UNIT 

110 RESTRICTED 

THIS PAGE IS UNCLASSIFIE~ 

RESTRICTED 

ROTARY SOLENOID SPRING 

f • £~ LlPPORT 

ARMING 

II /I 1111{ It Ill' I. r, nlaJlI ,I .. k • .t R"ntu<; 
Ihi IIHllma "II 1.111 .. af ... " In 
Ill' )"JII111 n''''a I' ill'pul" n ler 
111111 Ihruu.:h ..I",ln,·,,1 JlIO Su. 2 
" I hI' n.t.ln '. I'll ,,01 rht'lI I h' 

1,"I,·t! 1..1 !til' II tlt'" ul II,.. 
,.,1. 1101111 "Iun.:, ·!", th" .1111111", ,Ifill 111011,,1.11" 

t·fI)."a~'t.fllt I r \\IIIM ItH' IlItar\ '''l''lIud arl1 I 

1111. 11111 anti tI,,· 1."'1110 I 01 .... 1'1,.· .. III tit • 
•• lift ·' nHltht .. Ii 
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Figure 4- ' Receptacle 80mb R.'.a .. Type A2. 

3 . BOMB RELEASE UNIT RECEP­
TACLES 

B"It,'r! 0 th., ""mh J'ac k~ at .'al'h bomb "ta­
'I"r 1.- a "I,l1mt. I' ,I.'a,,' unit rl'c"p!a Ie" \\ I j,h 
-,'n,', hI.' t."mh-ra('k n'lt'a,e unit in thl' "lim!' 
"".nrll'r that a "all,llug' do .. " '10 an t!I ctru'al 
10m .. :1f'1'1I;,," " . TIll' l,,"dard rt't'l'ptadl' at 
"r.·,,'n I' I,,· t~'lk' A-:! Th., A-:! r ..... l'ptacle 
!.I 1I\'·~!lt kH It rmmab "hr, h ar - 1l'A'lbh 

.rk.o1 :!.::, lal1d:; lFiYIIJ't' 1- 11 B,!\\" n 
:! and a tllt'n- I, a ,'unlowt sWI!t'h 

NOTCH FOil lOCKI~ HOOK 

Figure 4 - 2 80mb Sltad'. 8-7. 
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CAIIRYING 
HOOt( 

LINE 

f !lur. 4- 3 Detai' 0' 80mb Sitae.'. Type 8 -1 

r I ~ h""I,' ll. th. · link I. ","\t,t! forward. 
• I •• tdl mo", S 11,1 to t'1Ij/"1I)!"t' the ,.'ar: th 

r' T~,'r Ihl:'l1 cnj!ag th" lut,'h. pr,,\"('n m~ 
laIc! flOm hE'in)!" (1t','nYBYl'd from hE' 

h. ~ltn 'L!' " \, ~ nrt' 

CONNECTOR TYPE AN 01006610~ 2P 

Figure 4- 4 , AN·A2 80mb Arming Contra' Unit 

8A I (AI tl 

5. BOMB ARMING CONTROL UNITS 

n. I'ld. HId •• I'mll:!! 'illt I I. \ • II IV 
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RESTR'CTED 

lin- ~ .. n. There i~ on of thc~e arming unIt. 
f r ,'nell m,tin bomh ·tation with the entire 
;:roup <If umb el .. c rically connlocted in par­
allel 0 pach other A hnmb-arming control 
~"' nn the oomhardlpr', control panel 
turn all Ihl'. I' uniL lin I)r off lIimultant'Ously. 
On,· of he bomb arming wire wivel loops 
! FIl(uft, 1-5) (alway .. the no. fu. e) i. in. 
•• Ih·J Illu till' arminK-umt ball-catch . If the 
~,()m" ie- nnw drnllped while th arming !!witch 
i~ ··off." he arming.wirl' . wi\' I loop simply 
pull" "lit of tht' hall-catch without arming the 

particular fllSt' controlled by that wire. How­
e\·er. If the bomb is dropped with the armiq 
~witch turnl'd ·'on." the oleooid within the 
arming unit C8.>\e i energized. locking the 
hall-catch. Ther forI', the arming wire ia held 
by the arming unit. and pulling out of the 
bomb fus . arm!! the bomb. By uae of the 
!'omb·arming ron rol y tt'm, the bombardier 
can not only, t'leet which bomb!! wiU be noee­
armt'd but al~ whether or not the bomba will 
ht' rt'leaaed armt'd in salvo. 

SECTION 111-BOMBING SYSTEM CONTROLS AND 
INDICATORS 

1. RACK SELECTOR RELAYS 

Th,· nll'k c1l'Ctllr n'la)" IFij!'ure 4--6) are 
" .... h·,J "hen more I han on,· I.umb tram or 
IICI'III I.'r up I' \I ",1.. th"lr "'Irpose is to dis­
trrl It,- h .. loomlo·rl'lo a, impul.l'. evenly be­
: '.· .. 11 hI' I nfI. train. ,(> a. 0 maintain 
" Iliiall {'Ii IJIlmh I •• ad. 

General 

HOUSI G RETAINING NUT 

It II a t,... 

control 

Pin F I thE' pcond "jmpulst' output" pin. 
I I la hM to the dp Ired bomb-rack rei &!It' 

RESTR'CTED 

Pin (; i" not Ulled. 

I'ln H i. attached to pin 0 of the next bomb­
·.Il'dor in th .. circuit. It is not u d on 
'I bomb-rack »Iector in a circuit, n()r 

, only one !'nmo.rack -dl-'Clor I. In th .. 

Pin I_ !'I''\:lncul ground, i. nt'ltltti". (_) 
11- madl' through tht' muuntmj( b, . "c 

Function and Operation 

I ation of the R. 2 rafk d"(!"r I~ ",." . .! 
"f,'der cllrr .. nt" "ith th,' n'I,'a " 1m 

Io"inj( tran m,tt .... llo tl"'lI'rllUII ... IO',.tlll 
'hI homh-rt'l a." 1,'"lrol UIllt. Thi. 

t • t'r !'lIrrt'nt" in realit~ I . ~lirl'hillg f('r a 
r 111,( or path throlls.rh \I hkh th!' cirnllt 

I.,. c.,mplet.'<I. Wht'll the drcuit I" com. 
I t' .. d hruugh tht' cU<.'k"c1 rei a~,·, the prOIJl'r 

in thl' ,<t'I .... ,tor c1,,~~. thll proddillg Ii 
• 'h 'ell Ih .. tiring impulse \lhl'h relt·a .... th!' 
n b aftt'r t hI' tirinJr buttt'n i· del'rt'" l'il by 

III I{lmha rrlier, Th~ bllmb·ral'k . 1'lt'Clnr III an 
trl~al UP, 1(' I'on I tHIJr ot IIlt"r!'onlle<'11'<..I 

f. I., wllll'h WIll liulnmati ·all.' tran, C"r Iht' 
1 r .. I,·a I ,·1 tncal Implll~O' allt'rnat .. l\' 

• \l"'n "II circuih Two IHlml"'rO'It'",. I'I.\,. 
\\ Illd. ar .. \,ir.-d in ' ,·ri.,,,. \\ III di"trilout. 

pul ... I,,·t w~· n f"ur Clrl'ult. ann thft", 
I r,. l,pt\\I~'n ix l'irnlll_, t't" Thrt-. 

I !'lid, ,·I ... tltlr, ill ~t'rrl" \ill Irllll,t, r h., 
l I't h'a <' impul , to Ilr,'1I1 ~ I. :!, :I, 1, ,-) 
" I 2 :: I all.)!i, 111111 J.:!, ... 1\' Eadl'lI 

f\ 10,- ,·<tll/wet,',1 tn an.' j(r"ulI tiC .... rlt _ 
h 1 rI t)(tmh·ral'k rd.'8.1' nw,'halli. III,. 
• i. 1'1 or I I) t !'ijlllt'lI that 'f an output 

(10m "It I , r Pili E nr pm F i~ nilt "om­
~r"lIlid (I hroll).'h an unr leu ... d 

• I' (. ro'll'll", m .... halll'm). th, ClrClll! 
n~ltl'alh' h .. ,'",IIIiI, I n.m th' 1100110 

.. fill, 111,,\\ 

Int·an. of tlw I omh­
[I 1'1. dor ·It Ill'h. m orol,'r ttl ... Ilnlinalt' 

an impulse failurt' ill thl' train. A fll'r a 
"train" of bomh. hal4 bet'n rt'lea,\(~I. the fir. I 

Impul~t' in thl' IIl'xt "train" may I ' rlire tl'Cl 
mto circuit numbt!r 1 (or the fir. I clo. cd 
bomb·JO'Oup >\l'Il'ctor ~"ilch) by momentarily 
hrcaklOR thl' Jlo~ili\e AC pow,'r "ourre to 1111 
I 'mo rt'l('n,l' n>l1tr<l1. h." (h'~ill)( the bomb. 
hny door. ~Ian.' Illff"r,'nl ('in'uit comhina­
Illln~ :lr",,,,, lI'h' in whl"h R:-2 ra,'k ~dl'd"r 
rna) lot' ,'"nm' h·d IIItn th,' de.:trksl homb­
n'I," " ,·In,"t. E,1l h t:lrnllt hll. ,·,'rla m ()(. ' 
1'1111.11 ,(I", \\ h"'h alf.·"t ti" """ral ion "lid t h,. 
"(IIIt'lIn 'f I', , .. ,\. " tit II" 1' .. ,,1. . ..r''''''r· In 

~" III ral, t I " f ,II"" 1111[ I'r". ,'oIur .. "hlllll" I ... "lo 
,1\' olin .. tit I tt-lrhur"III"' .. rlt'lt'a~I'"rrl r: 

TIlt' lil~ bnnlh-r I.'a. lIIi,'n;ti·l'I'"lrnl UII­

pllb., i~ .'n( t .. lilt' tir~t l'lr 'UII III \\bidl til 
1~'Ill" I[l'tlllP .-1, dnr. \111'11 I 1'1 .. ,,·.1. lin" tilt' 
,,'''I'' 11ll1""'" til tIlt' "'CI)IIt1 ,·UT,IlI •• 11,,1 ." 

lortll 

All hllnth '1'111111 ·d., lor ,\\ ,1.111' ... ,' 
III" 'II I. thl' ""n'" ,,,. Iti"n tlll'II "oC)..III).' Ihl' 

ltolllb-,b,,,!.1t r,I".1 .' m,·. han i-Ill. 

Romh "a\ t1,.tlr~ III II ,I h., rl",,·d '(!I'r II ... 
''''11110 ,hal I ... ·1 •. 1 .. III' "'111"111 h,,\. I". II 
... )('1. •. " alld 101111110 hu\. lo", II 1"".1, d 

H"III" 'r"lIp 11.,< I", \\ I,.'h.-. I" I ,. ,'Ir. 
• III I III \\ h ... h th, ,.·1, it • (II I 11111" I d'-"II', d 
lr, ,10 tid 

Bnrll" h.l_' dnfll .... ur,· 1),It fit d 

H, nd. 1,,1, I" \\ IhlJ (!.-n,Io If·lJ I ('1'11 

Ir,,1 II I .. h III 1",111" 1.·1.-., , II 't I \al ""111, .. 1 
,.n'lIll I •• n I, .," "h. II 1/1 I"",lt'r 1""1I1t OJ '" 

hit larltt't 

HOlllh 1..1\ "'''lr~ Ill" • 1,,,,,,1.1111 I • Ir.lill· ., 
'HIIIII." h ... 1""'1111'1",1 •. 01. 

2. BOMB RELEASE INTERVAL CON. 
TROl UNIT 

General 

Th.· I.,n" r, I, .••• · 111'1'\,01., II rul IIIU 

~ 1'1 'II"" I ., "" "1111,·/·\ :t1'1ll1·1t I" I. 11'''"111,." 
.. 11 til - h"nlhard" r', <mllt"I' .• llI·IIIIIIII I ,III 
platlt 'I f "~ - lIlIl !l "1111'1." n'la,. II,) "'1'," I. 

t .... III ,IIII'rullllW tI .. IIltel\,,, "tll\II'1I ", 
I"ll ,. 1111,1111"". 

Train Selector Switch 

Th,' " ralll ,d." " .... \\:1 hI." 1"0 ,., I. 
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the pil .. 
h 

Pilot Light 

The pll"T li~hl I ... illumJIIlltt'cI "Iwn th., 
" .. "It,(·t trall1" \\Itl'll h III thl' .. elt'I"l" flO. i. 
tilln \\'h," tilt·" I. "I traill". \\ I ·It i lit til .. 
.. ralO" l"hllifJn. and th., t:uunler dud II "0", 
th .. "ilnt h~ht Will I .. , tlUI (urrent \\iII 110 

Ila"~ Ihro'IVh th., 1",mh.r"I .. " " int.>nal ('on. 
Iml. 

Releasing Bambs "In Train" 

1/1 Ilrd.'r t il nol .. ;! '" Immh" 'In train", Ih 0 

1' .. ,>(",11'1"1' is as f .. llo\\ ... : 

Th!' " I ralO ~t'II't,t(lr" 'wlI·h t:- 1Ot'! 011 
··traw". 

A Ip,,~t Ollt' mll1utl' prior to <I()(·ratl<lO of 
tilt' 10- rum,'/11. th,' 'flunt,'r "wlIlh 1:< pla.'eo 
lit h., <I<''''r"d numh.'r IIf hnmb. til 10, drOI)I',',1 
In I l train. 

Th .. "lI1tl'l"\.t1 -l·II'dor" dllli i:< . el lit th, 
" ... .'1 I<In \\ hit'h \\ ,II VI\!' Ih.· d,'sirt'd ~pa('II1V 
""'\\",'n b"mh. at th lCr.luncl ~p.!('jl at whld, 
he illrpl:'l1l' I.',' IIt't·t.·c1 III h., tra\'eling wh"11 

th. "trarn", n'l.a't'rI . 

3. BOMBING SYSTEM CONTROL 
AND SAFETY SWITCHES I ~ • ,r' 

General 

ES j/ICTLO 

RESTRICTED 

Figu, .. 4 8 Bombard"", Co"',ol Pa"~1 
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Rack-selector Switches 

Ib, k "Pit',' 0, (~r.Il'p "'1,,( lor) .. .,it<-h", 
01' r.ltl'd" (IIlIlrolhll)! hI' "f"elt'r l'urr Ill" 
1111. ·h. I:ll k,., 1.'cI." n'la~" Tt: , " "wII,h.,. 
,,", I''''a ." PI Ih,' h"IlJ"anl ... r'~ l'onlr,,1 pant'! 
Iilld )!,\" '''11 rol O\tr IIlndl "umb I[roll(l. OJ 

Ir:UIl- \\111 I,.' rt'II''''''d. (ln,' .11' lh ... t'. \'ltch,'~ 
'11 II, "otf" IK"II"n IIn'\ Ill" n·I.':"in/or any 
h"rnlt, Irtlm th" parll"ular h.)mh Iralll "in". 
lit I.· .. h-r .·IIIT,·111 j" pr", ,'lIh'cI from, 1""IIl)! 
h. ,..,1,1\ ,- 111 t h .. l'ad.·,...'It'I·1 "r r 'I,,~ fllr I ha 

r,", d .... • "In II 

Bomb-door Safety Switches 

n, It.ll d('~'r HI, \ .ntt·h" ..... Ilk .. nu." .• wJ ...... 
\ I I It., , ""111 1' .. 1 tI" It·"" r \ 111'1'. nt In " 

Salvo Safety Switd1es 

Fuel-tonk Safety Switches 

• I, 

RESIRICTW 
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• (If bomb rl'lea.I', 

Itnll'-d.'lay r lay called an AGA, TAT 
\ IFlgun' 4-9) control!' thl' ,Ignalin~ 

n tills ",. ' tt'm, Th .. time-tlelay rday con­
h .. \\ hill'-IO-rt'tl '·(JI .. r ,han)!", uf lh 

",fl'rmalion light 1)(·1",\ thl.' ruddl.'r and 
I r 'lir of thl' fin. Th li){ht i. connl.'l·t.'d in 

111.,1 With th .. bomh-tioor . ignal light anti 
I .mlllatro wht'n tht' I>l.ml> door an' ful" 

1" n. A rl'd filll'r rontrnlll'd hy thl' tinlt' IIt'la' 
r ,,\ chan/{e~ thl' light from "hit.· t" 1 • .1 

(, hgh ~\\ill:h on th .. 1",mhanJu'r' ""lIt,,,1 
1111'1 h8,. "hrl){hl", "dim" and "ntf" 1>"'111 '11 

I,.. rl' i,.tor wh ich dim,. th. hll'ht I ill th,' 
m 1,lnhfr', fust' pant'!. Th" t Iml', dt'la~ r ... I:I\' 

I. ,I qui,-k.doslIlll, Ill.'Ia~ .. cI ,(l".'nlll)( I) 1'1 lIt 
r \ and i. np,'rat,'11 hy impul~ .. , 1't""'I\ Pel 

r.m thl' Ik.mh intf'r\'al rf'l .. a,p, ",!tIl"I""" "I' 
t "'r the "umh~ arl.' b .. ing tlropp ... fI ill tratrl 

t I .. d 1\'1' Ea,'h impIII ,- 1'/11 rVIII', It ... rl'la~ 
I, "III~lnlt thl' ('Ilr!' tu mak" an in'tanlallt'­

IIrtd rnmplell' . t .... k.· ti''''rtllard. film 
" IIlII' a 'prtnK anti (':Ill. IIlK Ihl' ~naJl Il('tioll 
, " Ii In ('I" •• • th, ('Irllilt. TI,i ,'IJtoq:IZ., · th" 
ml urtna tilln ·Ji jlht ~"lt-n"lti "hl('h thr'l t 
• r' I \ "ndrltal tiltl'r ill "Ia,t' arr'"nd t h,' 

Miscellaneous Indicator Lights 

8omb-, lation Indira'or l.ighl .... Tit ... ' .tt.' 
u"l'd to mtiilate to 1111' h.,mhartlll'I' "hllh 
IMlmh 
1,'a,ll'ci, 

un""~ / i~ l' h' IOIl(It·tI), Th,'" , m(h.'at." 
Ii -h( 'IImp"'1 ,In lilt to VTdUlld lhwujtlt I It., 
Nn. li 1'111 or 'II 11. "'lIul1 flf tltl r.',p." tl\(' homh 
I ad, r,'Io'1I l' 11 III ( , :1111 l' t hI' ,'11, ;; Ilins "011 
Ill" I t" JlI '1111.1 'HIlt \\ h"11 th,' lI'It'lI'I' (101\: 

tI" ""'1",01, I h" 11101" at or hltht fnr a lItat illn 
',til h){hl ,In II,,· "1111" l"hlllo," tiC till' "qtlltilln 
(h.,,·,," sl\ II< h .nl,\ if that n·I,;,,,, Ullil i· 
1'1 IC 1.,,1 A "t."1 ' I~"I Illn I. Ilro"itl.·" "'1 th, ' 
IIHlilatlll.lid,1 ,,,ile''' for t. ,llnV' (It" lI)!hl 
hult.,. tlt!'m .. h" T I If:t I'arti.-uiar II­

I inn lif,!'ltt do.' n,,! viII" , 11 " tat 1011 rI"...!," :111 
IIIH",,'IH'rj I~lm" ~ a ifln I.' ill<ll all d, 

Bomb-daar Indicator Lights 

TI, • . " an' Ih" ti In nutl ',' tI" h"ml.,t/d" I 
(allll, in hI' "a-.' (,t hKII (k.ml" I's, tl .. , pil"t 
al., .. ) \ lit n I h., I .. mh·IIlI\ ,1'Nll'lI art' 1I1"'n, Til" 
,'lIrn-nl to I h,·,,· h¥ht ('<>III rnll,~1 " 

'''tilt t .. PI)\\, t. 

Bomb-release Indicator light 

Till I I" .. .III I "att·d "II I L., 1011lh,lnl"'" 
l un rol I.:tnl" alt illllld I lit 1'IIIIt '" '-'"11".1 II 
/II"nl lIIa\ .11", h,,\ .. "'h' '1111 h),h'l "'I 
1I!",,'d tIl lit, ' B "I .\lllplll ,'1/'11111 "I I It 1 .. 11110 
r.Ie·a" IIII"I\al ,'''1111,,1 .. Ih.11 lh, IWhl 

hllll!.' III' 1101 .. 1 .. " '1'1 '\' 1\ h""II. 1'1,1",1 111 

1,1",1. 1111 tl" 

4. BOMB BAY DOOR OPERATION 

General 

Rum" d'''lr "1"'I'al I >1/ II 1\ l ( 1,\ til' m 01 

II, drauJir prl' "ure 
ElK! riral pol't'r 
('OIapre"o,t>d air (pneuma' ir) 
~1et'hanl(allinkaR'e 
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Pneumatic System 
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,lit' u~ d, the newt'"t 

hll\'" ran 

be opt'ralt'" th,'lr pr,)ledang covers must tHo 
remm"o It i~ m'('t':"lIrr to rlose the forward 
door, tir,t wh.'n USJnI!' th l'lo~ing hllndle. 

lIunn~ vrouncl ",,"I'atl(ln th bomb (:oor 
I,r" normllll,\' <>I",r"t .. o by the "open" and 
"do,,'" :witrhl'" at th hombardier's or pilot' 
"tat ion, Wh"n ht' '\\ itch i: hf'ld in thf' "opt>n' 
J ,,,itilln. II inll'-clelln rt'lay allow. the ~()I 
nnio-IIJ>,·rat.·t! di,tril,utioll vain' to admit ,l 

.'mall amllunt IIf air ttl the low('r I'nd of thl 
bomb-ooor I1l'tUatnrs Thi~ prl'~lIure forel" 
tIlt' IIl'tuatClr Jli~t;'" down again, t itll cushion 
IIljl' air and ClIlt'Il" til" .Ioc'r~, To cIt'~" the bom" 
doors, the "d,,,(," ,m Itl'h i .. h('ld in place, 

If tho' pnl'umatl,' ,y!<tt'm fail~ ar:d no aIr 
J>rt·"~ur .. I" l\\lIilahl ... t'lIh .. r th pIlot'!' {'mer. 
jl't n,'\' rd"II: handlt, "I' the rt'It'II!!C h:'ndl€' nil 
h., fln\ artl LlIl1Ih-hll~' t'r .. ,., walk ('an ht 

pull,,1 to Ol'!'!! till' d,'or" Th" em"rlfcnc~' r .... 
It'a", "pt'n~ th. lakh" 1111 tht' forward boml 
.I,,"r- .mcl t h ... 'nll'rjl'l'nQ 'pranj(, f' lre€' t h, 
d.-,r' "pl'n. Tllt'n ;111' \\e<llft''' on th~ aft "ml 
.. f tho' dflur • r"rrHllC th,'m tfl Ih., full op .. ' 
J "'ltiCill. \\ I. .. n Ih(, fill \\anl <I'H,r, are 8J 

,.no IIn;tI\'I~ ;11 It ).:'r,·\',' "''''11. it ,"al.l .. whlfl 
atl.II l!I'd til th,· It'll-hand '",ward do"r 

01", ha flIU II 1\' 11'1".,,,, hf' alt·d," r 1IIIl'h .. ", 
that I.., I. IIlt-u,. !,oslln,' ;,Ir pr,'''lIrt' 10 til' 
To •• 1 10"11111 1,.1\ (.III.· til th ., ",,,'nlll).:' OJ( the fliT 

".u'" e1'lOr, I (lin, hI' aft d"ur 1I11l'n. A r 
""Iv" !",'I) fll' ,. I "III til th,' 11111 "". n J"'~ 

.t .,", I I'Il.11 ~ "t,'m f'lIlur", 
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I che. bypass the rela}'8 al90 and allow the 
(u r nt to go directly to the closing 9OIenoids, 

5. UNifiED IOMI RELEASE SYSTEM 
t IKur(' 4.10) 

ormal R.lea .. 
I· normal r{'1 a~e of bombs the release lm­

,ui ... ntl'r. the bomb r lease interval rontrol 
Inlt /I I~rminal A Thi. rel'lult in an impulse 

Il)f' ut from thill unit through tE'rminal R. 
I nklOl!' th{' bomb-relea e indicator \i,ht, 

'rll'11101{ th{' lim{'-d{'lay r{'lay (AGA~TAn 
h" !>omh formation light IIrlltem, and go.. 

11 (·n lOt .. \t'rminal D of the rack selt'Ctor 
r ... 1 \ .\n impulse then come~ out of E or F 
I I nomg on whirh of the e two release eir. 
, Ills I ~I't to "tire" next) of the rack-lIel(>Ctor 
It'la~ and ,ill , ~II through th normal-position 

Ilta!'! point" of the !!alvo time-delay relay. 
r d fnlm there through the fuel-tank !!afety 
\I 'ell and into the No, 2 pin or contact of the 

t C 'kt'd bomh-rack release unit in that 
J vI I ular homb train. Sinr.- No, 2 pin on a 

.. I h"mh,rad., rel.-aq{, unit ('onnt'('t~ with 
! unat's rell's , {' lIol{'noiri. th{' TI'I{'all{, trips 
III rark-,.{')""tor , \\ itch"" are rlosed or 

lilT ~~i\t' n'It'a.!' impul".-. wculd lea\' 
r'lt'k ~I'lect(lr r!'lay" alt rnatd\' nlll, 

It rnllnal E. Ih{'n F. elt' , and if t" n rack- .. ).-r­
rf'1 ~ an Jlr~'t-nt. tilt' r.'ll'a~f uri/'r "0 lid 
r (t1 f' Ir. t rad,. ""'('tor r.'la" t h 'n F' of 

I'n ... rt'htY f.)lIllwl'fi h\' F nf th., l'\'ond 
t If'rlllr r la~. and th .. n F' of thi" IRqt 

Salvo t.lea .. 
. "IIl .. r)ft'nl·~ IIr, Ilh'(\ r .. I{'81\t', do, lOll an~' 
.f h., thn .. ' ,lil\'o swi!t'hf' would r{'su\t 
• f"I1"" 1111( "qu,'nct' tlf 1'\ .. nl "It warninll' lilt'ht .. ould 11'10 .. . 

Il"ltr'''pt'ninll' "IOIHtoidll would tart th~ 
lobmh dno,.., oP4'ninlt', 

HOUSING ~ETAIN'NG NUT 

CONNECTOR RECEPTAClE MOUNTING HOLES 

Figur ... - '0. U"H/ed lo",b R.'_ .. Sy"''''­
Type A-5 R.'_ .. U"It. 

Homb·qh'o r~la~ "'ould dot<~ . 

'\CIt'r th" homll-sah .. rl'la\' iq rlosed elec­
triral PO"'U would immt'diatt'lv II'Il throul[h 
thl' ' '0. I Pill'" of Ih .. rt'II'II"" unit .. ('nt'r lfi7in)l 
hI' -IIIH,tn,kllll!' "ll'nfltrls 10 th r{'ll'a,ps 

Whpn th .. I ... mh.ha\ d., .. r, hay" r"arht'd 
'full '''If'Il'' l'n'ltion, cnrrt'nt would no ... 
through thl' roil .. of thl' "'Ilho tim .. rlel:n 
r{'IR~", 'n PI'IClj..' t h.,,!' n,la,," d .. , NI to th., 

In," flU It I 11 Thj~ \\'ou"l 1111.\\\ till' "lIr 
r.'nl frmn HII' ('Ino(." h,'m"-:<IIlw) n,la" t o flow 
t hroulrh the fllt'I.lank saf!!\ v ~"itch,', and 
lOt .. I h.· r .. lell'" sol 'noid" of t h!' rl'l a t' unit" 

Thl' rt·l .. aq, IIl1it~ WOlllrlth. '11 tnI', with .. nh· 
th,· rf'I.'a, p It'\'pr~ tnpPln)!, ( in,'.- th, ~ah'n 
I(~·kjlll( olellol<l .• ,n' air "a" , f\n,·rKllt'dl. thu .. 
droppinll' t hf' bomb "-.af,,". 11",\'('\ .'r. had thl' 
oomlHirmlllj..' • nntr,,1 ,wltrh h('t'n "on" at th 
tim .. of all .. rf'1 II ", tht' "nmI>_ would ha\',. 
I,p.'n rm, .. 1 1\\ h .. ~f' 111111. , 
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CHAPTER 5 -AC THEORY AND 
ELECTRONICS 

I. 

SEnlON I-ALTERNATING CURRENT 

fLEC TRICITY 
luncfanumtal ljUlllltll\ In 

Irthll, 

".lUI till ,·1 ,-I." rlt 'll \ I II "Ill< .• Inll' 

• ,llInll an ,II1 I I11"anll' of Ir-c I'It'd','n 
,-II \\ hldl ,'It'l'tmll. (nlrr"IlI) 1111\\ 

.. \n Ill, u l.,I,,1' IIr 1Il'lllllndudm nf ,'I('ClrrCII\ 
I. ,. ~uj,~talln' t""lIlalnlllj! r .. hlll, I) f,,\\ fr.-" 
"I.'drulls I hrlltJ",h \\ hid, ,-I.·" r n ",/I rl'nn 
ti,,,, ,s ",'n" IImtl,·" 

It I~ IWlt'~~ar~ thaI \\C 11:,,1' ("dll(\n"'''r lind 
.n sulal",-, II Ihal 1''''I'lrrl'll\, lIIar h· lIilll'lI 
• r 1'1,,111111'1,·.( \\ h,'rl II "UII ll4'rform u~t'rlll 
IV'rk 

2, ALTERNATING CURRENT 
.\1 0'1 ,,·,tll )! l'I,rrl'lIt H 1111 -Iedrll' I'Ilrrt'1I1 

(1,,,1 I ,"lIIllItlall< \/ir\'lnv in \/.Iflll' Hnd 
rt' ,'r'ln)./ II, dlll'l"UUII .. f 1111\\ 1\ r )..'ular in­
I,na\, E, .. h 1t·I'.'IIIIOII, frum 71'rll tn n 1Il1i. i 
mllm In "Ill' 111ft ,'II"n anti th"11 tu it l11aXlOlUm 

III th.> uthe l' d"·",·tl,,n 111111 1o:II'k t., 7,"rfl, i 
,',,11,-«1 a ,'wI. I Fi)..'nrl' : •. 1 

Direct Current 
Dlr ~t currl'llt an unidlro·('truna\ current 
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WAVEFORMS 
® Alternating c rren ® Pulsa 109 direc t current 

+ 
o 

• 
III TI ME • 

© DIrect curren 

• 
+ 
o 

, 
IME .. 

E PEAK- I '100 '% 
E-RMS -.707= 707'% 
E A G -636 = 63 6" 

6 

, 
TIME .. 

@ Evolut Ion of a slOe wove 
46"90"'35" 

90 
t 

45 135 225 315 

" g u,P 5 - 1 Waveforms 

3 _ ALTERNATORS 

!!fS ~I EO 

45" 135"225" ~5" r 90° ledlZ7d'360" 
.. I 

o 

1 CYCLE .. 
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@ 
?ERMANENT 

MAGNET 
SIMPLE A C CIRCUI T 

® 
ELECTRO 
MAGNET 

Sl1PRINGS ~ 

~-~'--­

.:i,---.. -LOAD 

TRAN SMISSION S TEPDOW 
LINE RAN Sf ORMER 

PERMANENT 
MA('NET 

© 
EF r HA 0 

COIL 

R LOAD 

9 u,e 5 2 S,mpl. AI,e,nofo" S,ep up T,ons'o,m,., T, onsmisl/on LIne , S' .. p -down T,onsfo,me, and Load 

• I • rr .,1 h>! Ilirr 1,1 fr'lll h, .JI' ny- til 
In nll~'h.n h,"" • nel I',ad c,n'u, I F,).!­

,.!l. I 

4. DEFINITION OF TERMS OF IlEC • 
TRIC AND MAGNETIC QUANTITIES 
IN A SIMPLE ALTERNATING. 
CURRENT CIRCUIT CONSISTING 
OF A SIMPLE-ALTERNATOR 
SOURCE, A TRANSMISSION LINE , 
AND A LOAD I h '·11 -, 2.\ I 

5. VOLTAGE 
\' ''i , .I~' , tht I.'nll Oil sl • ,.'" \I .. I 

nw. n •. ,." trll m .. ll\, f. I'·.·. 1'010" 1.11, pot. II 
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11:t! ,htT,r-n,' _ "r v"It.IJ:'- drop .lntll",I .. ,iJ:­
nntt' thp t I\C, rh . • Irt ....... urt· f~,·lstinJt Iwt\\l.en 
t"n I'():nl~ \'hll'h I~ ,'ap"ltl" "1- rrodut"ln~ • 
It,," llf l'urn'llI "h"11 .1 load un'ult I. ("on­
n, ,'I. d hPl \" 'n h.· \\"11 poin"', 

T!, IIl~ <I"t,ln.'ou, \ "lta~ pn,duc .. d in iln 
:.It, rlla 1I1J: (urn'nt )!,'n t'ratclr i~ equal 0 th 

11lC' of tr.I ar."l ••• t ,\ hi' h the cnndu"tur I_ 

l>a"ill~ hr"u~h h" 11n"~ tiC flux, h .. nce th 
";n"form .. , tl ... '"'.! t"!!,,, ,,,, prndu,'pd folio\\"" 
a .. an .. \\.1\' Whpn th,· runductor j" pa~"ing 

I,,",,u)!h hI' linl" (If f"re,· al rJl!'ht anlll .. " . th .. 
,nlt·w" I' maximum It Ih., peak \alu of Ihe 
""I nt.' \\,,\t' \1.1 ;1~~' 1:-- l·"n ... . ,it·retl t. ) h "nil nr 
1"0 1"1' "11 , Ih., r'>t ll nI' an squar!' (I I' t h .. 

t· {',' 1\ t \ ait1P of hi ... \ nl .l tJ.!'tI' 1' .. l'onsHlered tp 

10.. '" ',I' ,II, PI I' ".,n l of th i .. \'alue. Th 
.1\ ,·r,w.' :dut I. <,,,n'ld 'r .. J In ", 6:l6 (II' 1;:1 6 
I"r .. ",- III' !,,'ak \ alu.· ..\ " R;\1. '" y,,1 lOr 
r It n!r 'an 'quart- \olt t:-' tht' t·tTt'ctht., \,Ii) aJ.!ll . 
(FIV"'" -, ·1,.\ ) 

6 . ELECTRIC CURRENT 

..\ '.1 ~ ~,. n'r ( hp rat (If :.r.dl:--fcr 
,I , 1\ '1(, I Th. l'r,I< '1,,11 "nal ,,!, ( Irr,OI I_ 

hc· tnJI t-~. \\1 hi , a ra: ft-r ui (Ill .... ttl 

I mt 1'0'1 ''''''lid, 

7 , CYCLE 

radio fr<>tlu.'ncy peetrum is furth('r • ub­
di\"ld~'d a~ 1"lInw>- in, ,'n' I,'\\" fr.''llll'ncjp 
ahlJrpnat,'tI (\'LFI III.OtIO c\TI .. ~ P<'r ,('cond 
10 311,000 ",' cl.'" Ilt'r "0/111: 111\\ frequ!'nCll'-, 
all,rl'\"Iat ... rt «LF, 3t1,nno tyl'lO'" Ill'r 'O'colld to 
:JIIO.II\10 .. ~ ,·1 .. , I",r ""Willi, n1l.'dium frp­
'luelll"i ... :, ahhr!'\iatpd (~IJo') 30tJ.I1t)O lyele. pl'r 
,,'cllntl to :l,IJ\lIl,t)on IY' It:, lot'I _"l'on<l; high 
fre4u<'Il"'t'~, "hhrl'l'iatl'd (HF) a,OOO,OI/() 
cyril''' per ~ec"l11l tn :JO,Oon,I)t)() ,'\ dl'~ lit' 
~et"ond, \'\·ry hi/:'h frl'quen l'i .. " a,,/tr.'I·jat d 
(\'H F) :lIl,IIII().nOI) ('FI,'" per "PennI! til 3nO,­
IIOn,ooo ,'yd"" I)('r ::.'Cond, ultra hlllh fre­
"u .. n,'~ ahhrt'viat .. d (l'JI F :llltl,O(l(l,fI()n C,"e1l'" 
p,'r "','ond t" :UH)O,OIlH,fl(lt) I'Y..J .. " 1"'1' ~l'ond 
"UPH hlvh fr, 'quo'II"ll'''' a"br '\ ia ted ( HFI 
:I.'H fI,lI0tl,tltltl '~l'Il''' Ilt'r ",,'1lI111 til :lCl,()1I0, 
OllO ,flll1) l\ d.,., I,,'r "",·"n,!. ..\1>/11 .. appro'l 
mat"1l 100 m"!!'iI, ... ·1 .. , p,'r '\'('(\11<1 or lilli, 
t til .IN,., l'~ ,'I"" Jll'r ,p,'ond IS kilO" n a, th,' 
qua J optH' .. ,1 rt-I)!Jrln anti nuhn \\ a\t',~ at tht .... t. 
llt"IIII'II"I"" h"ha\ ... in a m;;nn,'r Similar I 
ladn ",1\ .. s , 

Th, an)!,III.lr \ .1'lI"jt~ Il( [III" -101 \\ a\, 
t t~t t .1 'h'lt":-- I ... .! pi r;u1t.t .... pt'r l',\ d." Tth·n.t. ar 
•• , .~ {t.' 'Tt'('s Ilf'r rc"LitlJ . 

9 . PHASE 

1'1 a , II" t ,1"'I'lIto's a 1M r I 

® 

I 

A C 
ENERATOR 

T. , 

E~ Voltage 
I Curren 
T0·rlme Zero 
TI - T,me L lfO r 
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CE -, RFSISTA~C 
0 1 DUCTANCE AND 

CAPACITY 
I~ SERIES 

~ 
R:-

f E 

; -

,I 

"gure 5 3 Serle. AC Clrcu,r. Conroining RestSronce Inducronce o nd CopoClry 

fitt s .... : I.n u,:h turn ... pundluJ.! l.t'r I 

'tt t P .... .-lOll t rOIt" t h, '~ ani .. aid til ht- ,n 

Th, 1,1 ,I~" ,lIIg-1" I~ th .. phi ' ~" dltrl'r"111 h. 

If II" " Jltll l(" alld l'''rr~nl pas~ throull'h 
'1,~lr I:IIIIIUII and zt'ro qUltnti!ll', 8t th~ 

RESTRICTED 

10. RESISTANCES IN SERIES IN AN 
AC CIRCUIT 

H.,: '1I1t" III a ~"nl .\ ( ""("lilt add 
"n hmdlndh:t III 1/1( ' "ln'lIIt H, ~ist,llIr .. ~ 

III ,HI \( nr.'tIlt art' "ljllal I" Ih 
,f t I.. lim "I' thl' n"'lpr".,:" of 

• :Il' ,,1-,' ,,- 111 II 111- ,'irl'\lit «Fr~lIn' 
-, ,\ ) 

11 . INDUCTANCE 

In.tUI t .. lh " h that property of 811 ,·Iectrlc 
l'in'llIt or tWH n,'h!hl"'rio~ ci r("uil , V\hieh de­
ft rmilll' how mllch .'It ('tm-moth'., f o rl"(' will 
.... in.Jtll'I·oI III n n" IIf thl' ,-It'rfro-mlltivp ci r -
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Cill - h~ ,'hanl1'f' of curren in either of hem, 
In. I.1 :111" I' 1I10';.-ur('<i in "henrr"" ano d!'~. 
1'1,. ,'<I I" 'Ill ' i1'1'O'1 " L" 

12, CAPACITANCE 

Capac-lIanee III an A circuit in parallel i. 
qual II thl': n hmo"lc lim of all of the capaci. 
,· r, In pitrall"l 

Clll sci 1\ ' " rl'a,' tsnt .. I~ thut type of ~act. 
01" t' \\ hId I- of 10' tl I' ,'a l'arltan, e (I f 1\ ea 
pm'lI. r I' Clrt'!11 , (" "at I in' rf'actancf' i­
nwa~urt,d In "hm-, lio-. 1)!l1att'd h\' the l.et er 
:\ .. ;;!; t I ".l Lv b""'till!' 'al of the prndu"o 
of 2 PI 1mI'. the frequency In e\'cI!'~ per ~I'(' 
nntl anrl h ,'apa"ltan,'e in farad!! (Flgur .. 
;·:~n, 

x. 

Th, Ill .. hameal "ljul\"alent of a capacitann' 
III ,In AI 'II I I. 'qui"al nt to rh!' "lal'tiClt \' 
Ilf II pr l nl! that b und('r tcn~ion, in other 
"or"- rapan "' .. r aetanl' t('nds to pull 
ht' 11Irrll, .. h,'ad "f h .. "olt, frio' , (Flgur 

·,·:W) 

.) :11 i l 'I" dalil" 

I. IRICT EO 

G£ 
AC 
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Figur~ 5 4 Parol/pI AC C"cu,h Conlo;nln9 R",,,tooc,, 'nductoncp and CopOClly 

14 WATTS' LAW FOR AC 

) Tit" app"n lit IH)\\ .. r III Illl al • rntltlnl{ 

lit (urn nl i, ""lIalh' rall,·.1 "101. \'I.1t am. 

I,n .I101<'\lal.d I\\"\ 11,11" ,,,It ,1111 
, I.-I 

1 S. SERIES AC CIRCUITS 

II Ilh' 11101111 , .. h.' ",,1I" ".1. I j 0' 

'"lIrn'nl I II la)! t h. voltal" II I h. n -I IlIlh' III 
obnt~ II/ltl Ih. , lIulUI'II\. 1' .... <"1 a 11,,' 111 nhm~ 
",'n' l'tllI:l1 tho I •• T "'<luld h" lIJ1proxunal. '1 I:. 
d"IH"" I h., irnp,'o!an,. " Z" III "Iou \\lIuld I., 
tilt' \cl'lor .'lIm of tho n',i tal1l1 ' .111.1 0 ... 111 
dUl'll\t ' rt'adill1"" 
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SMALL LARGE 
R B 

E c = I Xc 

L " Inductance Henries 
C " Capacity Farads 

2 l1" =W(Omega) 

Q "WYR 

LO"R"=HI . Q 

o FREQUENCY --_00 

Resonance 
WL = _1-

we 0 

Phase Angle" 0 
Z =R 

Degrees 

Figu,,, 5 - 5 5",;"s R",ononce 

16. PARALLEL AC CIRCUITS II' 

I. I! 

I1~ST CTEO 

,q l l:.l 10 th,' "ap,u I 1\ .. r 'a('la lll'" III 
I (.if'" I • r "{ .. lh I,,·u w,.ultl l'anrl'l 
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SMALL LARGE 
R R 

w 
(.) 

Z 
<l 
o 
Z 
W 
Q 
~ 

-HI " R"=LoQ 

xc 

Resonant Freq =fo= _ _ I -
2TfVLC 

0=628 

o FREQUENCY 

Resonance 

WL=..l.. 
WC 

L-Inductance Hennes 
C=Capoclty Farads 

Phose Angle Zero Degrees 

Z - (2T1 FU
2 

- 2" FLQ 2nr-W (Omega) 

=WYR 

R 

Figu,,, 5 6 Po,oll,,1 Resononce 

17 SER IES RESONANCE 

m,III II tllat Il'nd, .,1 It,,· ,,,I I 
• ~~ tllop b "I'ro ... t h,' <.'on(I. n (' r . while l h •• 

1111 lit I sl1'1.d' "lid I.· ,d tI •• , .1/'i,l .. oJ \ .lIa~. 
,\ 1t,1I1~ ' 111.1. ·r .. ~ At II I l-II 1""1,, .. II till' 

IUdll' !" 0 II "Lilli ,. I larg, and 110 .. ' ·:\P:I<' I1I\ .. 

rt'ul'la,wo'l I"". rt>su lt ill' '" 11 l1Iall. 111'1.111 

~ hii'll lag Il£'arh !\(I ,lq'" ". I dllnd I it'llI' 
plll,f , .. II. • ••.. a,,01 ITHHt " I' til' 'tllla~w ,h. 1'1. 
, II'" I" andlld.llI .. In I .. 1"",1l l it.· •. t"" 
"\. r" fllt'" t l l,· r . I~ a fl,'qu.-Ut"\" t't\ JI, , ) h., 
,.·,,·n.ml f,. JII. III \ ill \I hu'" t h. ,'IIP:\( 111\ ,. 
lllltl 1110111< t ;o" ..... , .. tan •• 

nan I I t 'lIlt It< \ I It I'Ilr.lllwl\ " '1 l1ltl I .. t it, Rl' 

JlIII I \ lilt w. " \ 1.1. .11 •. \ l it •• Jr, '1111 r,'1 ,111,., 

;t, .. 11 ,.1\ I.lr~, 11 lh,· ... ·~I·ld n<t 1_ III" [I". 

t h" ..... I" i-til' IIf t h., r ... nallt "11'1'1111 oI" ilt nd 
1'''Ill.ld'' III'''n tit.· r a l lll " I In. lu\'l" I' r •• 
,II III I,'" t il t h, • tr"11I 1 r f':<i ·1,111.·.·. t ha t I •• l\1~) /1 
11"1,,. 11\'" ('t .... li n ,'£, d l\ id.·" 1.\ rt' .i~ P IIl'e. 

T hl. rail .. I:, f r ,'qu,'nt!y tI" no led 1)\' t h(, . \' m . 
"01 "Q" and i" " .. lied th,' (,Irt'uit "Q". In the 
u"ua l n' .. nant (' Irt'ui t th t' rnd io frt 'qut'O!'Y r t>. 
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Dynamotor 
O--~~_---., • 

LOWOC 
VOLTAGE 

INPUT 

+ MOTOR 

• LOW DC 
VOLTAGE 

INPUT 

+ 

Inverter 

Figure 5 - 7. Dynamotor. and In".".", 

• i~tallc circuit b made up almo. t solely of 
<"Oil r"Qht"nn' uel':lu'<" th{' 10. e. in a properly 
ClIlI- rud .. " (·ond.·n:{'r arE' nel!'li~lbl .. in com­
p. n Oil WII h t h,,~ .. I,r the coil. The pha. e anjrle 
1)[ " .' IInpE'danc .. at rf'~onanrE' ill 7ero. 

1(' 

.( 

18, P ARALLEL RESONANCE '~:~'llrt :; .; I 

"mall re;.ultant current flowing in the 1me 
TIll' iml't'danc{' of the parallel circuit will 
thE'n be. in dYec! a \err hi/!'h rE'o i!ltance to 
th,: particular frequE'ncy 

19. TRANSMISSION LINES 

t ran,mi~ ·inn 11Ilt' i' h(, conductor u~ d 
to lran:.f{'r 'I~nlll or Jl('" t'r \'nE'rI!'Y from onr 
I(,eation I,· anothfr :'Iost lilt 'rna inl!' current 

RES III('TW 

o 
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100Y 
AC Gan 

Pro; 100 I ums 
Sec.-IOaO lurns 
Turns rol.o 10 , 
Sec voll098 lOOOY 

Zp: Primary IlTIpeaonce 

Zs; Secondary impedance 

Np& Primary turns 

Ns = Secondary turns 

Turns rol,o I 10 
C;ec 110110<)8 lOY. 

rurns rallO= !!!.. ; 
Ns 

flgu,~ 5 8 r,onslorme" 

Pro; 100 lurns 
S8C' 50 lurns 

50v 

-- ~ 

20. ANTENNAS 

,U' It I' d Jt 11 

, f, I';"lIalllll( or 

21. INVERTERS 

111\. ,1111 • til 

III. lit It m.1 \ 
r. t r t'h 

, \ trli' ,1',1111 

2 2 . DYNAMOTORS 

23. TRANSfORMERS 

\ II.tl 11 1 tUlI'I .'11.1" tl"',11 \He \\llhllt" 

"I till ",~h 1111\ 111)' 1'.11'~ \\h .. h 

lUll 1'1 n urt ,lrlUII 

n:1).'I,·'1I III1JlhtlllU \\1 h. It ,I!.trn". Itl tr. 

'I'" '" \ 1.1 It-t •• dh \\ II h •• , I,.tlig. 1111 too \ ·d',. 
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TO LOAD 4 

Star delta step down 
TO LOAD 
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fUll 
LOAD 

lJ)AD • 
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AC 
tN 

FREO.f 0 

o FRE UfNCY " J 

© 

PEAK V 
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LOAD 

LOA~~ ~_ 

lIMINATION FILTER 
to 

• 
OFRF EN , . 

HIG PASS FIL I ER 

CUTOFF 
F f 

o FREOUENCY" • 

Figure 5 -" IIf filt.r. 

r • r:UIO~~ 
FRE 

o FREOU NCY. 

fr In formt·r mu\ ht' ingl!> pbn. t'. two) 
"". thrt'. ·I'hii~. or lIulo transfllrm r 

"v lre.:), .;nll;'.9.) 

frt"IIII-I\, I"~. \\ hIlI' 'II> lalllilllly rl'dll(,Ulg tilt' 
, '1111111,11' rlf (urn'nt nt Ullclt·, in'd frt'QIlPn 

('ttl 

Flit, r ma)" of th hand pa s, "and .. 11m 
Illllt Illn. ILlW I'a~. filt!'r. "lid hi)(h plI~. filtt'r~ 24. FILTERS 

.\n dt,(,trtc IiItt'r HI a "",Ie<'tl\e ircult nt't. 
Qrk cle~ll':n\!d to 1'8 11 direct current or alter­

n tlOll current within a continllou band of 

f. I' rad,,, freQII('ncil" 

Power tilter. are ""l'd In r .. move the rt(1plr 
frt'tllJt'IIQ' aCh'r l't'Ctifiratinn. (Fi~ur('~ S.l(l 
and !l-ll.) 
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SECTION II-VACUUM TUBES 

1. INTRODUCTION 

~lnl"t, ra iii" 1.·1t \I:lun. radar an'i all lIthl'r 
~I." r"nh rlr,'UI ~ arc hU11t an.und \'acuum 
·uL,·" Ill" ,e,'IIlIn "'III he ne\'oted to the de­
,rnJiUon and h,' .'Implp operatIOn of the prin­
('Ipal IIh", u: Ii 111 radar Clrl'Ult-. 

2 . THE ELECTRON AND ITS 
EMISSION 

(!) o ..e--- ------Q.... " ,. ..... 

",,,. • .",. _--0-----6--__ '\ 

_~: .- -<3-- - - - _~n __ ~'--:cp 
-----9--------0---

'-----fIlii 
Fig lire 5-1 2. ' mirted Electron, ""rocted J»y • 
PositIve ly Cltarged 'ody 

An;. "olated, positively charged. body in 
the \'icimt" of th electron emitter will at­
tract the negati\' Iy charged electrons, The 
PO~ltl\ charg on th hod}' will !lOOn be can­
cdI'd h" th elt'Ctron. attractM to it unle~, 
~O!ll mean. i: 'mployed to remove the el~­
Ir,m. a~ fast as they arrive . This can be done 
}\ If 11111'C 11111: a ""uret' flf con~ ant \' ,I aile It _ 
\\ "f'n .... ,j I\'dy charj!en boo,' and h •• 

f,lt'Ctron ,'mlttpr tFiJlur.· 5 I:!). Thi, is thl' 
Jl,'nt'r ,I IIrranJlt'nwnt in II wo-'" ment tullf', 
IIr "<II' • It b abo 't.e !.a. is ,.f OJ ratwn (of 
JI'\I~' <II \',HUllm utot', 

I ( t .. mJ ... ra urI' of 
It "1'111 pml H"""·\'.'r, If 

I all I ap lil'Ij to a t athocJ" , the 

I1ESHItC fO 

Electron flow in a diode 
when plate is positive 
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( 
l 

Figll,e S J 3 ~iode Ope,otio" 

3 SfCONDARY EMISSION 

4. THf DIODE AND ITS OPlRATlON 
T .1 .. I .... • , , \ t. ,.1" 
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Diode action when 
plate is negative 
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PLATE VOLTAGE 
Figure 5 14 Plate Current Flow in a Diod • . 

S. DIODE CHARACTERISTIC CURVES 
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those electrons which are neare~t the plate 
are attracted to the plate Thi. repe1Jing ef­
fect around th~ clithode I~ known a the 
"" re charg!'" For Int rmediate values of 
thl' plat POI ntilil . the space charge in th 
\"IClnt Y o( tht' cathode i. rl'<luced by tht' at­
tractIOn of more electrons to the po itivel)' 
chargt'd plate, and any mcrease in plat .. p0-

tential produces an appreciable increa.!le in 
,·urrent. a .. shown by the curve of Figure 5- 14 
For large \alue of plate potential, when tht' 
spa('t' <,harge i_' completely removed. t he num­
hf'r of 1'1 ctron~ reaching the plate per !q!Cond 
I~ limited by the number emitted per second 
by the cathode. and ill Independent of platt. 
potential. Thi latter condition L refe .... ed t() 
as "saturation," and a place along the cun­
(fl'lint ~ in Figure fi-14) i .. called the "!!Atura­
Inn point" 

6 . DRY RECTIFIERS 
Tht' ("hararteTl~tic of undiredional electron 

fl.m I,et" et'n the two plpm.-ntl< of a diode ran 
lit' attained through tht' u~e of the. o-called 
'" 'iIrTlt'r la)'t'r elf ect" a!t ..... 1'11 a through t ht' 
u'(' of he t ..... o It'ml'nt \'acuum tub . Two 
,'ommon ,·It't rontr rnmpont'nt. which utihzl' 
I bl pif",' art' hI' ".!n'.fll.-k rel'tifier" and tht' 

of 

'1'101. an,i m --timp p"""r sup­
I r. .. , \\ Ii"ro> mocl.'ratl' (Urrent. at frnm 1.00(1 

-; II ('01 Itre rt'quind 

.. r" f"("'ln' atl 

.'n til It .:< 

1 R 
"(STl/lenD 

RESTRICTED 

n' . mall amount of energy, although types 
. '3ilablt' for u I' up to :lO,OOO m gacyd .. 

't'cond type, whit-h u. ~ a germ nium 
; I ell'mt'nt, hll. more r e.'ntly I.x>f'n de-

I '<I fnr use at higher energy I ,.I'!~ and at 
tlt-ncit' Ull to about 100,000 megacycle 

, "hid\, uSl'd a: a tlett'clur or d"n!u,lula 
1\ tll)(h-frl'(~ul'nc.\' F~t lint! A~I rt'I"'I\·t'r-< 

, "I ' is al~(I 1'~1>t'I'ialh wdl stlltt'd lor 
, thl' r"l'tlfyin~ el"n!t'nt in fi.·ltl t,,'nll't h 
ram! modulntl .. n m"mt, I" 

7 THE TRIODE AND ITS OPERATION 
! " t rind differ!' In con!ttrur\lOn from th. 
.It .. nlv in t hI' addition of anot!wr el .. m nt, 

I tl1I' "grid." The grid III a cylindrical 
II ture ma,lt' "f a tint' WIre ,pirAI or me. h, 

, I< h I' plal'l'd I ... twt'(·n tht' cathodl' and thl' 
, , ,.f the tuhl' l<O that all thl' t'1l'etron, I"a,'­
• 1,(, at hod' mu,.t IlB. thrnUlCh it in order 
r. adl t h' plalt-. FIJwrt, ,,·1 fi ·howl< thl' 
tll\."t'm,·nt of thl' llri<l, rathO(!I', Knt! platt' 

nt, I Il'al t rlrn!1' The II'rid i~ plal'ed con. Id-
,',I, ('lot. 'r t .. he .-alho"t' than Il< thp 1IIIItl', 

(, tri 'O(It, i- (·onn .. dl'd in Ii 1mI'I (In'lIi, 
I )\(n in rll~lIrl' !l-16A. th.· adlon or tht' 

;\ 10 .tlld,Prl Wh.-n:t nail n"!I'1I11V 
IIo!I 1\\'lth r I '(' to till' ('ath",I!') I PilI 

• " lo!ritl, tlwn· i~ to fI' ultant I h.m)!,,' In hI' 
f "I ,,-triln, \\Ithlll th,' 'a.lll1m tllh •. 

I ,·1.·(· rnn_ ar,' n'lo!ut IV ' IIlIrt II ". of 

® 
lode With a small negallve 

voltage on the grid _ ® 

electricity. and like rharge~ rep!'1 on another, 
the negative \'oltal<'(' on th(' grid will tend to 
repel tht' electron emittl'd L) th,' ,'athod , 
and thu t nd til pre, en tlll'm from pa~slng 
Ihr\lugh the gnd on tht-ir \lay to the plate. 
Howe\'er, ~in.-e th., plate i con.-idl'rahly pO'li­
ti\'f' with rt'~pect to the ":ltho.i", itw t rorti"n 
for tht· ('I 'Irnn i~ IIIft'i!'ntl),. trong to I'n. 
ahle .om£ nf th"m tn pa ~ through the grid 
and rl'8ch thl' "Iat .. III 'Illit nf thl' oppo ition 
,'ffl'rl'd them I.,' th n ).!athe voltnll'l' on th(' 

GRID 

PLATE 

Gl ASS 
E 'ELOPE 

LATHOOE 

FIL WN r 

figu,. 5-' 5 Typical ' riod. Conltruction . 

Effect of negative grtd on 
plate-current flow 

) 

figure 5 16 Triod. aiaMd Negativ.'y. 
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I? 

thl \"alu!! of n ga t l\"c g r id vol tage has cut 
off the flO\\ of electron. wit hin t he t ube. A 
nega t iw "oltage whl h I~ applied t o t ht! Ilru\ 
of a tuut! to hold Il. plate current flo\\ a • 
'i, en ,'alue I' I.nC)"'n a, the "grid-Ina ." "olt 

dj{e, or mort' . Imply. th: .. bla.· ... that \'alu v, 
gnd l1l3- \\ hlch "Ill rut off the flu" of plat 
urr n I' lUlled he "rutoff ~JI ." fur lllat 

tuhe . IOn.' t t: rlate l urn'nt m a t ub .. in. 
crt'a~c~ a. t ht' I!la t~ vol tage I~ mcn·a ~ed. h,­
.,ias r quired to cut off plate current lIow wlli 
incH'a- :" the J,lat e " "Italle a pph .. d to t h 
III P b mcrea"t>d 

hill" \ rtl a\1'\ 1 

~ Triode with on o-c signa l 
on the grid 
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8 Plote current wove form resulting fr rn on 0 qrl 

Figu,.5 18 Ope,olion of a Simp/. T"od .. Ci,cu,' , 

.,. t ,at th!· p •• 1, It . .,.. 

UJ.:':' 
.. W 
.\ 0: 

l/Y n. '") 
u 

01 llg 

Figur. 5 .9 Distortion Du .. 10 a High G" d 8 ias 
and 1_ C ... ltod. r.",pe,ofu,. 
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10,000 OHM 
PLATE LOAD 
RESISTOR 

fl· :1'1 J 
-=- 3'1 'I 

t _11111111 • 

@Tnode uSing a res,sTor 
as a plate load 
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REACTANCE 
25,000.1\. 

(AT 400 CYCLES) 
LOW D-C RESIS rANCE 

-, 

50TOI00 
VOLTS 

I 
I 

_..J 

® Triode usmg on Inductor 
as aplote load . 

Figu,e 5-20. Vacuum rube Load Circuit • . 

TUNED 
CIRCUIT 

© Triode using a tuned 
CIrCUit os a plote load 

8 . VACUUM TUBE PLATE LOADS lll'en amplified :!U tinll'~, Thi IlrO('l'~)\' th 
t.a~I'" {,'r all ,a"lIum-tuh" ;'ml'htil'atinn, II rd. r ,. n",k~ U~l' of th Yarwtltln" In 

I I, ,,1., " • UITI'I1I of a \ al"llUm tul ... dUI' to 
'I 1.:11" 'nlta)!t", : Ifill' 'o rt of a 

10 L,n-.'lIl m th' ,,1:Lle cln:ult 
a~ .1 Inacl Thi~ pia, I(,ad 

Indll,l Ir, II r a 1,.11' d 

Thc' U"e of a rt" ,,,tur a" th,' plate IU;ld IIf 
\'a 'uum t ub .. ha~ um- (i1sall\ antaj{l-: .ll:; n 
,i-tall"" ~.II n·dllll' I lit' a.:toal DC \'.,Ita~ 
apl'l ... d 1" the "I .. t- of till' tlllo .. , and "0 n-dUt .. 
th .. ami hfilatJlIll ,f 1110' tull .. To (\\l'rcom' 
till" t .. ", III pial" \(llt •• j.!". il1c1ud"r~ ar .. IIf ,'f 

U:'ot.tfl a .... ptat • Inlut~ ut ac.'uunl uitt .. \'irclut 
(FWllrt' ;1 :!UH) Ih ,IHltl"il1)! lIlI IfldUl C I 

\ 1.,1 II,., a hl)!h ,,,luI' "r II 'a d.ml'(' at th, 
frt'lIlI'III'\ III th· II, rnatlnj.! cllrr.llt. iC Iii! 

'"l ill:" \\ III I.,' 1>11111 Itl> a. nl~~ Ih,' n',u'talln 
I, aU-, IIf tl ..... a • ,'wn'nl d.an!!','.' in tI, 
luL, H." '\' .. r a,l'l)( "Iat, \'lIlta)!,' ilPIlIi, d 
to Ih,' \llatf' of thl- tul", \,,11 h 1li1lII' hIt{ 

1111, '!. .. [I( r :"tanH-"tanllldudormaylo. 
\. f\ mall, an.1 ,'fin, (-'1l1c'ntl~ thl aml'hficlC 
II' n·, 111' t ul,l' \\ III ill inn!'a. -d, 

REsrRICTED 
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PLATE LOAD 
MAY BE 

ESIS TOR,INOUCTOR 
R TUNED CIRCUIT 

<~) Cothode resistor biOS 

I Shun or r<lngement ® erles arrangement 

® Grid-leak biOS CirCUits 

F IglU. 5 2' Vacuum Tub. S." lias C ircu,fJ 

9, VACUUM TUBE BIASING 
METHODS 

• tor· ;,rt) "'\toJHI dUTt"r,"1I nh'th('\d:-:. ui 
'II IfJ),!' ~t Ilt-Jr,:(ltl\l' vnd hlLt\o; \,d1~tJ..'" It r a 

,1111 !\II'I Till ,Implt'-t .. t IL,--., h lh,· 

tn.rn c!n'I'Jlln~ I", \, ' 1).'''.cI \lIlta ...... 1_ ""II 
,,- I fI,' I II' I'lal .. \ "Ita)! • . 

An"t IlI'r f",m II • If I Ia I- I "ll.,.! "f III 
,,-. 1- IlIi''' ,'' and I ... ,,,,tun.!. r {( 1IIIIIIIIn "IIt'r" 
~1'I,f run., ! , tl"" - '1'\\ II t' ,lIlIpl,'''''' t 10,_ ) 1'" 
I ( bla "'; an hn',\ n 1ft F I$!urt :-l ~l It T h- l,'a:-; 
r. 'till 11'11111 I, .I,' " III pnt. !ltlal .. , r'" h., 

10. TRIODE CHARACTERISTIC 
CURVES 

I}h ,. d. r \ ! .'t III t .. 1 t \ II III. i lI.1 It I 

til I' at\t lut trl\.di' '.tli I f"t, tl. '.1 t (Ii 

I)" 1",,,1 III I", "I,eI.' C'lhUI .<1" I • .II. oJ th., 
· .... t~'l h.·' h.lr .. 1\ 1.'1'1 .. II' ( "qt\t ". If It 011 t r I 101 
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®Wllhout externol 1000 ® With eternal load. © Correspondmg 
ehOroetenstles 

I-
Z 
w 
a: 
a: 
0 

w ... 
et 

Q, 

F'g",e 5 - 22 T,iode Clta,ac/e,istic C"rve. 

° 1 
~/ ;j r 

/ 
o + 

GRID 
POTENTIAL 

® Pia e c Irenl 'is grid polentlol 
cur es for rode 

<l 
G~1. ~ o/:> 

~ """0 o,.~ 
"'0 "'1'/ 

0/ 4( '", 

'10 '" ~"'c? o( '1 9' -.t;r ,. S 
ILl 
I-
c.( 
-l 
Il. 

@Plale (urren I ..,s pia Ie - volta 9 
curves for a triode 

F'9U'''':; 23 T"ode Chorocle")1,,, 

o 

:f 
L-

0 (94
0 

I-
:I' 
to. 

;:)'0 

ILl 

et 
-' 

0 
0 

(/"'~ 

p 

50 

® 
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« 
~ 30 
~ 
I­
Z 
ILl 
a: 20 
a: 
J 
o 
1,1 

~ 10 
J 

Il. 

o 0 
90 0 

PLATE POTENTIAL IN VOLTS, 

F igu,e 5 24 Load Li"e 'a, a T ,iode 

a ...rc.-._ .:.. 

50 60 70 80 90 

® 

\nnl I Opt r;'tltll! cOlhhtlll1i -\ Pdrtl,lli:u 
tub.- nlO h ... ,I"'!f,.1 to Ii n'rt:lln "If"1111 ,'fill 

-tall!', fir n'f' \t r',I. \\1111 0,... lilt! of lb •• in. 
f"rmation ('flnt:llnt-d In tI,p \a"UllIn . lul ... ("ha r. 
t'I.,,. ,tir~ 

RESTRICTl:D 
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11 . SPECIAL CHARACTERISTICS OF 
VACUUM TUBES 

".n,·. mnny l.tft>rpn t., Pt>' of Vltcuum tubp 
ar,· u ... ·.j In mod, r radIO ("Ir 'Ut ~. i i~ impor­
tanl n ha' ,> dltTo'rt'nt 1110 an< of cla'~lfYInJ.':' 
hI' ,. til" ~ II ("orolln' '0 th" pE'rfnr'Tlan("t' 

whle! 1lI11' hI' ,'x 1'.-/,1 .. <1 nf II·.. '\ml)nlr the e 

fat"lor. 
r"~i~'-

t-~.t!r l' ". I lit' pbtlt' \"ha,..,.,> of 3 tul,e nlU~ 
I 111 ,.p., .... (! h\ ~tI ,nl1 ... In nnlt .. r t4) InCrt'a~fi 

.} f P "t. ( lrrl"! ; .... mud. a ... \\"fHJld a 1.\·q) 

h">1 I fI .. tul" ha<:t11 

a '-\"olt Chllll~t· III yr,<1 ~'nha~e \\tll produce II 
;;-milliamp 'n "hanvo It! plato' rUrr!'nt 

Tht' plu o' n'·I'I.,n." (If II tub .. I~ ,imply tt t 
n"lstanrt' I.e \\ !'PII till' ,.lth.KI, lind rilite of 
hI' uht> to h, rln\\ nf alt .. rnating curr nt. It 

is the ra io 1.1' w,'o'n II <mall change in platt 
'01 all't' allIl I lot' ,nl'r("ponding change in plat 
curn'lIt Fur .'xamplt'. if a 10-volt change ir. 
pia P \'0 II ali'" produce" a I -milliamper chang, 
In pJal" cllrrpn , th,' plate n'~i. Ilince of th. 
tulip i .. III.OOn nhmll 

12. INTER ELECTRODE CAPACITANCE 

The inh,'relt l'apacltance ut'tw n j.!'Tld and 
plate I;'ll'ments of a tri"de is IIC ~umcient 1m 
pnrtanc .. al high fn'QIIPntl s to require ~pt'_ 
flal wn:;id,'ratlOlt in radio l'ircuit!l. WherE' t!li 
apat'l ancl' is uno .. iraul('. it can be counter. 

a,'I,'d by Intrc,<hll'lng a neutralizinj.!' circuit 
Whldl pre,pllt . r-f l"ltl'ntlal~ e4ual in ma~nt 
t Uti .. hu "ppo,it.· in phaQ " to ho. occurrln~ 
- rr" hI' Inh'r..J.'ctrod,· capantance. with 
!It" rt"ul thaI thl' t'tTt'ct!< of the interele" 

'l'r.·PIl ).!rlfi. 

I flr"'rat,·c! a I 

lu,," ('r tha n t hit 
Sm('I' it i. Cl!lt'r 

I!fSII!JCHD 
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PLATE 

~~E:=l 
. 1~--" ,/~ 

/<, 
HEATER OUTPUT f 

LOAD 
SCREEN 
BYPASS - II 18 

- .... 111 
. I 

"9ute 5 25 r et, ode Amp'ifi .. , Ci,cuit 

I hI :1 IM I~it"'I' \"Ita~l'. the '<'I .... n II<Shtq 
, • pia!' In aUral" II,V ..It'l-tn'lI- from tho 

tIl dt ,tll11" uf th"'l' .. JE-<'tr()n~ an' attral'! d 
II !.:rtolIJ~ Ihl 1'''''1 1\0 'ultagt' on it. thu," 

rod 1.', han' to" ... n wid..!}' II 'I'd III h .. amplltll r 
shlj.!'''~ (\f rndll' n""'ln'rs . nol Iran-nut ,'r: 

14. THE PENTODE 

-\lIh.,uj.!h 110" I.-Irt .. !t· \II)\J II I 't','m til h,· an 
1,I.'"i lub", -lilt t' 11 •• ,,,ro·tH"'. till' llt.lld\ n­

tll)l"O ,( tlto Illvho'r 'rlll "Iatt' '·ilpal'ltalll',. nf 
tilt II I. 01,' .'IIt1 II I.., ,Inlt' I illlt' l~ 0':11':1111., 

II 01 I'h Ii, •• ( lltll tn it 1'ln:Ult 
I " • tf"l t kill'" n a,,", '_ 

'1IUlal) 1'1111"llIn (I' ,I t·, rooll' " "IWrll!,·.! at 
flill-h III"h 11.111' an,l ~nl'\'n ,"Jtav •.• anel 
hoi).'" ,,,Iu ... · nf wnal ,,,hall'" art illlplilil " 
II, 1'0lllr,,1 ~lld, II.· "1,,( r"I1~ trik. h. plat 
\\ II 1 ' Itlil"l"111 lort'\' "kn'I( I.. It,(h,' other ,'J c­

I rlll1< :lln·ad \ till tilt' surf:h', .,f t Io .. "Iall' Tilt,.\! 
... p("IlIlda ry ('I<'C-

.\111 "lIl!h 111 .. 1,·( III '«fllld I '.-Jill I'll 
II lalh 1\ IIl1i,all< f'. It I>a~ I" .• 11 fOllnd II ,.j III 

111 It., "!"'ratlUlI ,.f .·.·rlain II "lllalur th' I 

." II". chnatrtln 
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Ip-EG CHARACTERISTICS OF 
T-91(6J7)A 0 A T-86(61<7) 

FOR EpEOUAL TO 250 VOLTS, 
AND EsGEOUAL TO 100 VOLTS 

VT-86(6 7)super-con'roI9',d 

VT-91(6J7)un,formly space a 911d 

Grid 810s 
In Volts 

14 

13 

F,gure 5 - 26 Comporison 8etween a Shorp Cur. 
OR Penrode and a Remore Cur-Olf P.nrod. 

wual \"II.I~t 
h, l!r1d ha\"" I."., 

16. BEAM·POWER TUBE 

f5TI11CHD 
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(AM- FORMING 
PLATE 

" ATHOoE 
GRID 

l,RHN 

I gure 5 27 Int.,nal St,ucru,. of a 8.am.Pow., 
Tube 

"I,'drud ~ IIf \1 1l fir m"r(' lub .. :; In on,' "11\1 

1,,1"'. Th." .. "mpit' luLe, an~ 'I 1I:.lh· IlIIlll .. " 

accnrclinl! tI, Ih,' t'(IUl\al,'n t 'II, 'I,'-Iu!. •• t,l ,." 
of \\ hkh tlll'\ IIrt' (IImIK)'cd, Thu~ u t\1 III 

trlnd., ((.nlurn~ th" ,'l"drod". (ur two lrrodf'~ 
rn nIh l'ny.-l"I" III h.'r .. .,011'1 'X tultl" urI' 
dl'H" 111".1, •• !J"d,' !,.'mod :; lind In .. ". I,'n 
' o.It-_ \11 tI( Ih.,1' lulll'''' h""l'lu (IImpl.,. 
r"llt", Ihl' lIa",,, rul .... ('" luhl' upl'ralinn, Tu 
und"I'I"n" Ihl' IIpl'rahfln .. r ;In) IIn(' ur thl'm 

1ft a (n","I. II j, "nil n""(''''-.an III con"idl'r 
1 hi' .. If~. 1 of I It \ <lnIlU' 1'1t'("1 mdt', un I hI' IIn..­
"I .. I", I rlln, \\ II" In I hl' 1 uill', 

TL, pt l 
I .t.:r tf ("(III • rl, r j" i:, H ~Pt.t'idl 

II", \\ h,d ,.- fh, lI'rllf" ttl ,f I t1'I~1 f ('r fn ' 
II It"h \ ,', !1\ t r ~I'" tl h~ sUJit r t·t . rut)) nt 
Tt II l\'t'r 

18. MERCURY-VAPOR TUBES 
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lin' 5-2 , Th., indirectly heal .. d cathode 
a, , free ('Ipdr n~ "hpn h 'at d h~ tht' 

If), Pd filanlPnt, Thl' ,'athod(' i~ ~urroundl'd 
I nJind 1''' hkh ha amalJ hoi in fr,mt 

h .. pa, 'illfl' "f Ih., .. 1 .. ( r,m "tn'am ,\1. 
Igh thi, "It'm.'nt i~ nnt a "irt' m.'~h 11' I. 

, II' 1111 ~ritl, II is known I,,' thl' same nam .. 
.1Il, t' II~ ,"'lion I" Inlllar: it I:ontrul" lilt' 

"").'HII \ 'p p<lIC'nIIKI 

,'XI In "rd.'r IS fuullt! I h,· Ill' ,t H" ... II;'I HIII1~ 
"ft', " h i"h n"t'mhlt·, anol fwr (jhk, nr ,\ I 

]"1', \\ jth a ~malJ hili., III II .. , .. III,'r Th .. 
nlll .. i, ru n a t a h ijlh or m.k l,·ralt'h hl){h 

.111\ I \ olta", .. , I .. a,,' .. It'ratl' hI' .,1"('1 filn 
\ ",f Ihe ar I'n<l nr Ih, II I,,· T h(' fnt'u~1I11!' 

t 'n,It, A , I- a ~It''''t' "hll'h l"ualJ~ ""n, 
"" 'mall til--K. , t'a"h WII h -mall holl' 

1l','l r<lli .. , thp 

, I ad I 1t.11 t h, 10""11 I' d.·rt,,,' • II h\ II 

• '1 t' it- li..ld I 11111"" tall t', ,'n 111 ltll n~l',lIo­
I \lludl "1111'111\' a '.,1 .. , Ihln!! I'lt't'tm­
tit ft i.,.' inn, h""HII'" I nwalls that pre-
1111111, mil" h" .. kl'n III pro!.', I tilt' !uhf> 

fn.m Ih., II', n .. fnrm,'r li,'lrl~ :lnd "omt'llmt',.. 
.'\' .. n the ('lIr h', nla~II" Il li.'I,l Thl- II. rm.t1lr 
1. dlllH' 11\ 1n(,lIrp"l a In!! a n !iJ{nt' II hldrl 
, rllltnd thl' ul. lind h\' planng- ant' ran. 
form\'I. "far t 1111/ tht' 111.., I- pO"lhlt-, on­
"III'I.'t! "II, """""11 \\llIl'h prfldtl(,,,~ mini­
mUTII - If .. , I 111-'11 ,Ill' ,'I.,l'trun str€'am. 

1111' 

r., ,Jf,f K II In!' 
:ulllWI1I1 I, 

I f~, Ion -.;In';lJtl h t'.'O. t'\\'11 tt 4111."h ill' lit I 

nlt:t~., (\dll, It call" tI" til'll.",! Illn ,Idilly' 

nil h .. I'l'am)i "i",tltat 1l""11I'rpl,, I' 

<'athntl,'-ra' I lilt" ' an' ,,It',lIIlal.le- \\ Itll all\ 

lin .. of "'\<'ral tn>t" of "'''''''11 mat"rlal. ",Il'h 
ha\'i ng- it. ('haradpri,..tll' "PI'I'I~t, Ih'" :lIld 
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® TYPical Acorn Tube ® Typical Doorknob Tube ©Typical Lighthouse Tub 

Figll,. 5- 29. VHF Vacuulft Tube • . 

22. SPECIAL VACUUM TUBES 'OR 
U-H-' USE 

power I e required 10 th range of from pe~ 
hap~ JOIl ;\1.-. ttl 100.0(10 :'h' In it'\ ~imple,' 
form. th;> ma~n ron tub" j. a filament-tYI' 
rilOd wi h two half-c\'linrirical plates , 
anO(i ... :; "It a ed coaxially with reo peet to ti f 
tilanll'nt. Th;> lnn~truction i~ illustrated II 

rl!rure 'i-~IlA lend r the intluence of th 
~ r. nj( mUj(IH'tk fi .. lri. fife run« Ifll\'ing th~ 

ilam;>nt art' d tlpct d from heir normal pat" 
ara mo,,' in \'In' liar .,rhl • within he anod. 
e\ lilld .. r I F'!rur ;; '{OR) ThL .. ff .. ct r .. "ult 
III a n ~a[, \t' rt'.'I< ;tIlH' "h ieh ~u talll l,q II­

htjon~, 
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'·lIlt.I~' 1",",1" h~ Ih,' p.lssinl!' "1,, trlln hunt'll<' 
:,lIli a nlrro .;po",lin~ (hrilla '"I!' Ii ,Id I~ !I, t Ul' 
10 h.· ,'all'h .. r ('I\\"IIY, Th., rall'ill'r I.' <ksi).!11 I 
I,' I' ""lIah' al Ih. fr"lJlIl'nc~ "I' thl' \'docil) 
nwclulal,'d hl'am. 

Th,' \\(ll'a, iI' hh',tr,llI (FIg-un' ;),:l:~ :\ ) 1\ 

d.!« nh"d III th~ 'pro: .. dill).! I'ara~raph" i~ III 
marth u"o'd ;1" ,. trall:<mltullj.! II "'Il'(! 'lnl 
IlUllfJ n';l~O clhlt~ anlOllJlt . oi pu\\ tor art l nlad 
tt\all.tI.I,' II. It' (llilpUI IIr,'lllt lIo\\"\lr. f • 
, 1'1':11 ,lIOns \\ tll'1'> a mlldl "1lI:oIlt r anl\lUlit ' 
I'" •• ' I- r, tllIfI,.I-I,,\\,'r I"\,,b fr('lm mil· 
\a:t ... t il ., \\:llt or t\\u-fnr l"\\"I'H\\ t .. r lr:.,! 

!I Itll l"'." f 1 I r h ,.111 \ ,1I.lIlIr ,t l 
" .:tnl,t) 

hI.· II h.1\ IIIV "III) a "IOKIt UI\ I \ 
(I.d. 
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SECTIOII III-EUCTRONIC CIRCUITS 

l POWER SUPPLIES 

General 

\ II\' eI", lIt' "h'l'h IIIt'n q o4>ral.,,, 'anllllll 
,- r .. qulrt>, a """,'r, 1I11'1~ fllr tI ... filllllh III 

pia f' .'Ir Ulh or th., tllh,·" Th., lilurn.,,,! 
• ht' ttl'HIt''' If. pr(lt-r tl) pntthH t .1 "'Ilur I .t' 
felll'" .line \I1rl"lIt \tllt .l )rtt"o .. ,Ut IIP"ltll 
th.· nth. r t'I",'lr,ld.·s In nrdpi t .. lit. .tU 

Jilt •• ttlll". o"'{'lllatu'li and 'unlt' nit' hocl. 
• it IIl'ttol(1 

1-1I11,'r A(, fIr III ,"I.IK' ma, I." 11",(1 fOI 

II ,.,! I"'''''r "tiPI'll In 11111,1 al'~II"'ltI""s 
, 1,1011,' I "-,t.'111 1111 I- s"lun'.! from lt III 
nO', -uo'h ;1" frllm hatl.'rh' "1'11'''111 a n" II. 

i 111.1 tlltt'r .. d \ 1' I" ,," I' ""l'ph 

I II" t I,,' .\ 1 IIILl"t I.., I', n\l'rh'd III II,. 1\1 • 

l ·I<II:oI,un.II, t1,I" I """.ntl,lI,hllll" 
.n- 111,1 r .11 .. r. t 'ltllo r Ih. f •• lI'llr 111.'1 
f' " , .. ' 

11,11(, .. "" Rt'<'l ilin A halt '.1'" r,d ..... r 
1!1l" ,', :\;\A I",." '" Oll! hltJt. I th, "a"'1 I 

., d,· "I hI' •• It. rllatlnll' o'llrrt'flt alld 
I", "II ,'r 11,.lf '1'1 ... ,lIllplll ,'urr.'nl I­

pilI-at Illj/' lIalllfl', \\ hll'h ,.111 I", "1110,,1", II 

JlrlltlC~ H~('IIIit'r , III!' 1'1'11111'" ft" titio'r (F'K' 
-; 'UI I IS a ("lit' 0/ fllll'\\<I\I (,lr,'UI( III 

Iii II fllur n'l'lllt,'r tuh.,,, an' (lp.'ralt'" frnlll II 
-It' hllCil ,"lthlCl' wlIHlinl( of th, IO'HI 

t3) f'ull v f1 t,l'er 

I · 0(0 
~ '. "'I,, t • 

(?d0 
Arldge Red.f,er 

FIgure S JJ Typltol R"cI"ier C't(u,h 

\\ hilt 1'11'1 •• "'\10 I ".11 .1 

Fill " r." Til., lilt I'" , Iff 1111 r"l ii, "I'" nlll"'al 
J",\\,'r ""1'Ph I-'llCun' ;',:( 1) rflll'l 1>1,,1' a I"" 
I'a ~ ~t~'II .. n "hll-l' cUllllf fr"'11I1 lin' I I"" .'r 
tha n thl! mi n lllil im tlpplo' IIr Jlul \11I1j.! ir.,. 

RESTRICTED ,s~ 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE~ 

RESTRICTED 
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Figure 5- 36 Voltag .. Doub'e, Power Supply 

r rn " \'aluahle aclJunct to modern el l'lron 
,lIId l'nmmuniclltions, Clo .. es of Amplifiers 

Voltag. and Power Amplifiers 

.rt' al." ,Iii "ti,!(i a,'. 

~hlrh 

uow 

Va.·u rr·lul·· amplttit'ls afl' ~r"uPt'd mIn 
cia .• ,~ ac('ur.11ll~ tn tht' Irpf' of w.,rk I hI'\' an' 
°l,·rf.,rm, Th, ,111f"nnl" Iwt"",'n tht' 'ari­

.lu.1 L II. tl'rmlnt'd J1rtm~lrih 11\ thl' 
'alul' 0 a' .'rll·' )/,riol I,,: . ,·mplon'.! .mr! the 
rna. Imllnt \ "I h ,.f tl,l' .. r.lin)/' "lllnnl to I • 
Impn'_<l'd "P'1ll Ihl' Ilflr! 

.\ cia ... " " am pit hl'r h an ,lnll'hrif>r hl8-l'el 
alii IIPld'I',1 \\1th .' .1 allIIn of qUI II mph 
ud,· I ha plate ,'lerr"II' tlo,,, r 1l11ll110U:" .enti 
nd IIrl'l'l,l d .. , I "' 110\\ lit "II~ 11m, ~lIdl 

Il' Irnllht"'r" n"r·II •• II,· "1I.'rall'd III till' .', fll.'r 
.. t 111' )l'rlll \. ,It I ••.• plalr.\ nit ')/'\', pialI' ,'UI'. 
I' nl transl"r l'hallle't'·I!. Ill'l\n,1 j(l\' •. ~ nil nlil. 

pul ",I\"~hal'''- whle h I. II '''lh< tanlll1l rt'l'iI"n 
elf I h.- mput \\ a, .'~hap(' , 

A ('II\J .. ..\ II IImplifit'r I IIlwra!t't1 11l1Ill'r Ill'll 

~.Indll I·'n· "f )I rit! Iolas and I' tilll( \ qlt,IIo!'P 

fha I'lall' curn'nt I,,,\s Cor mlllr Ihlln lin". 
h:dC I h,' IIIl'l1t \'olt:Wt' <'\ riP hUI rnr I .. ~ than 
Ihl' "'nlpll'l, ", II' Th,- ~\Itlh 1 ma\' hI' d<i .. d 
10 nrole r In ndic; II' that Ilrl" curn nl dill''' nM 
tim, , \"'1 lilly pllrt Ion nf 1 h ... fIIput ('\'1'1", 

\ <"In,. .\B .. II mplilil'r j "p.'mled und .. r 
P'Is.'nttHIh- h., "amI' ('''1111t ion 'lC grltl 1>1,1 

" thl' I'In' AR I IIrnplitio-r, lout Ih(' I'xclli".Il 
volta)! '" of !lu('h 8n1plituol thaI ",rid rurrl'nt 
tlnw .. 0\ l'r an :lpprt'riahl porI ion of thl;' input 
W8\1' cycle. 

A dllS.~ B amplifi~r j" bia. d uh~tantially 
to cutnff of platr cu rrl'nt (without ('''riling 
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® Resistance Coupled Amplifier 

II 

® Transformer Coupled Amplifier 
FIgure 5 - 37 Resisfance and Inductance Coupled Ampliliers 

111,1, II II 'I ·f I r Ion of hI' IOpU cydf' to a 

i~ nu Inlllllrtant 

can lit· II. 1'.1 only 10 equip 
\' of hI' outpul Wa\ !lhar 

HI''''' , lane!' \oupll'd Amplifiu . Any \ (" 
Iof IImphfil'r ma\' al ... ) lop flf' ignated by th' 
t)~· of load in'ludt'<l In i platf' CII'I.'U lt (Fig 
UT., )~17 A) That is, a n,.1 tlln('c c<)uplPd am 
pltlh'r .'mpl\l\~ a load re I, tor JO the platt' 
,n'lII of t I' \'lI('uum tuhe. Th .. output ill usu-
11\ ,upl .. d" thl' following I'tage by m an 

II t.lcl('klnll c. plH'llnr "oltal!' amph 
r of "n Ih., re, i tanfl' coupled type. 

(Fij(url' 

fur' 

I I .. r •• tall ' .. coupl .. d • mplilif'r rJTcmt 
TIII~ t\ I "f. In'ult j, "idl'h' u". d In !,,,wer 
l plui.'r p'1ulpm('nt ~ince It i~ r)().~ihle to 

lell thl' dynamIC impedanct' of the "lIcuum 
f ul,., I" h load iml'eOanc b,' employing a 
n.n f rml r wllh thl' proper urn~ ratio An 

I1E5TRICTfD 

+8 

@ Pora lle l Amp lI f ier., 

J 
® Push - Pull Amplifiers 

Figul. 5 38 Parallel ana I'volt -I'ull AmplIfiers 

• t "1011 

I rnh" 
Ir" til 

Distortion 

Til,'. f",. ,)1 da .. IPlllot tl j '11,1\ 411"11 

In tllUpllfl' r .n,· It". tall. th \ cit tlU Ifill II H t 

I J .. b,! 1 JI tt. _111.1 • n "f'I'HIt tin. III I I ttl .11 flU 

tl" 

\\ I .. II • 11< I r. 

Ill,. I- 110 a 1.111111"111 n'/',. .. ..,,1 tf'''11 "I II, 
ltlPlit \\;1\" 1..'1'" Thl hI .. " II a .. "l'h'I .. 
"I' "I It 11." 
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Figure 5-39 Plto.e Inve,'e, 

pa'''', II thrllu,....h a \.1 1 lum lui .. 
II),..'" on .Itl'· nnnhrlt'Hr p.o-t uf tl~ 
"",,lll 1hlo·dl lurl1, n\\lll"t( •• 

Radio-frequency Amplifiers 

" 

the OlllpU fa -1I1j.(1.,. Ill", ,;ta$(e and the mput 
o( a l'u,h'Jlull sIll"' .... fh., n"l' ... ~"ity for a IlhUH 
inn'ft 'r arl (', I,,·,au I th., "i,.(nal·\'ulla",!' m 
put to hl' ~ntl~ 01 a VU h'l'ull "Iult'· mu, t I~ 
1 II d .. j:Crt'e, tJ II of pha 't· and apPf'" Imat .. )~ 
e'lual In aml'llIu.le with re, rel'! tll al'h uther 
Thl1~ , " h .. n th .. 'llmal \'ulla) .... input to a tlu"h 
pull stalCt' "wm~, th,' l'onlrol Itflll IIf o.ne tuh, 
ill a po, itl\l' clift·clioll, il shuuld :W!n1C th, 
nlh.'r grid in a nej.(ati\,' (llfel'lIHII lJ) a simllar 
amount. With lran"fnrm.'r ('ouphll$( Ix'lwel'" 
,tage:-. the out·of·pha'" lI1J1ul \'!)llalr'- to Ih, 
push·pull ,tage i" :<l1l'pl1.-" 11\ mean,' of I h.· 
rentl'f·taPI','(1 'I'(,(lndan·. ,,'!t h fl'"i:<tlllIIl 
c.luplilllC. th .. , nut.n l -ph", IIlput \nltalle I" 
'Ihtamed b) m 'a ll" ,.1' I h, 111\, rt. r ad 11.11 • 

a lub-. 

Gain Mealurement 

" 'Iwn V"It.ICI· "mpllti.·!' la)l'I'~ an "1'11':1 ,., 

111 'IKh u malllh'r h;11 h,' Hutl'lIt \"It,I).!" , 

the lir. I" f, .. 1 t" th., ,....1'1.1 Hf hI' "'\'111111. lil .J 
:ud • h,t "ea 

lit ',l ... n,tdtt 

3. GENERATION OF RADIO­
FREQUENCY ENERGY 

General 

Itt 
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® Hartley oscillator 

+8 
© Tuned-plate, tune-grid oscillator 

-0+8 

® Arms!rc n9 OSCillator 

r<:? ~-
_ =- r +8 

@ColplttS osclllatar 

ligu,e 5 40 Negotive G,id Oscll/otors 

Inu' I II .. (.tt hod. lap I' !> •• w",'n tht' Irrid 
, 1,la • fOnd of 10 .. 'I II, I. indlJ{ I'd ~r\ll 

I <lVP ad~ IFI ~Ill'h mann -r n: I" in ft. ,l' 

iurth,'r th, · Id"I.· (,Un'111 IIf til" till" 1'111' 
1('lhln \\111'0111111111' "';,, hl.11 1'I·rI'.' "f lIme 

"""/1111111'<1 t,\ II, rndlllt.ul,,' :lIId 1111';11"1 

lln,',' (If th,' 111110·<1 (,In'lIlt, 1111111 I t'llI\\h.,,'1 
,IT •• t ,r til 

Inl""" 11\ IIH' plato \011 1/" IIr 
p"" ion III I h,' ,,~ Illator til", 

111 1111\ 11th .. n ",lIa'or ,'11'.111 IIl~t ,1111 • 
ral, d (FI~UI" .-. IIlB. C, II) it i 1"''11101,. In 

k.· '·II.·r,....\ from lit .. "~I·' lIat"r nft'lIil fir ,""I 
I,hll)l 11 t' I<-rllal I ""I 'n Ih.· I:mk I'ir(,llil 
• 1111' .. til .. lallk ,·trI'llIt fl., (rrnlll.'" Ih., fr ... 
'llIPn('\ or n, \'IlIlIliOIl .. I Ih,' tuh". 1111\ vana 
lion. In till' l'orllllt,uII "f Ih .. ,. "'rnnl "in'ull 
'\ 111 bl' ('oupl.-" hark int" h, · frl'qUt'II") dl'll'r­
mining portloll or th .. I)~l'illa "f. TIlt'sp \'arra­
tion~ ft'~lI1t in fr"qlll'IH'Y tn!<tahiht\' 
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Fi9ure 5 4 1 Elecl ron Coupled Osc"'olOr Fig ure 5 42 CryJlal OJCillalor. 

Electron-coupled Oscillators 

'II , ,pl.·d, IlIal"r (FI).:lIf(· 

-, III I', "'lh \ \\llhn',p,dtol,'aci 
H", '. t 1~11IIn. Lilad \anatltln~ h.,'~ 

h .. 

" 9Urf' 5 43 0""" Cu rre n' Amp/,fi er 

Quartz Cry~tal Oscillators 4 . SPECIAL CIRCUITS 

DC Amplifiers 
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~PUT 

OUTPIlT 

I qure 5 44 COlhode ,ollo ..... r 

r,·r )1 t dar, c'l l·oltl,llll ..... I rt''ldlrt.1 1ft tilt' 
ut ,'1/, 1111. 

Cathade Fallowers 

til' ,. tl .. ,d" f, ,II.,,, ,·r (FW ro' ;, 'I) I- a 

In "h ... h 

'I II I r "j I I I' t!l t 

! 0 
t 

I .. J 
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j\J eOR"ON 

ISGl NEGATIVE RESISTANCE 

() • E 'G 

Flgur. 5 45 Scr •• n -Curr.n, v. Scr •• n Vo/ta". 
C" a,acferi."c 0' a ".ntod ..... ith Sc, •• n . 
Suppreua, Coup/,n" 

IJIII~I h., f,'d t"fllI)I'ir.1 ,"a .. Ii ,';Il,1t \\llIcll 
"1.t.\ lIt. III clnlt (as,'s, ~i .... {()"~ .,~ , It \ f.opt 
~tlrh a '·,lld.', 1 .. ·.,.11 ,. lit Its tiL I rrbllt,. ' ':Ip ... " 
It \. 1I1(1u. tan •• , lind r"~1 tlllle'. n'pr,· "nt" .tt 
Iht' nutput all imp.· .. :." ',' \\ IlId, , .. mud, I."" r 
'han th,' outpul 1111,,,,,1:111,,,, fa ,"1\\"111\111 •• 01 
Implttit'r \ <'at hod, f"I1,\\ "r 110''')1'11 ' .( \\ it h ,I 
1,,\\ ImIH·d .• II,·,' out I'llt 0.H1 .1"1,, ,'I //I,h h //t.,I'I' 

.,' 1l< IIlItl"lt throllJth u, h a hIli thall I.HI a 
"II\1'nrinllili :,ml'itl .. 'r 

Tranlltran Oscillator (negative GM) 

FWllft· '. ,", II"", \I a' 1111' d, •• rad,·n·t I 
,'ur\t IIf l"tt'.'11 t III It Itt \~ a'·' .... n \'t 1t.~l!t· ut .l 

Re.istance-capacitance O~cillators 

It, 'I. H ' '\ ',I" tho tli 1,Ii I 

l H 
OUTPUT 

< 
r 

+SG 
F'9ure 5 46 franJ ilron OKillator 
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OUTPUT 

+8 
+A 

'ifl.,r.5- .. 7 , 

OUTPUT 

. I~(~----

Figure 5 ... Pl'lo .. ,51,," Oseillc"or 

Phase-.hlft Oscillator 

LImiting Circuits 

zlr- U""' t tllfl \\a\,· 1 oq ln~ In utI­
I' I .It'~lr t ,Ie' I .. ~t1I1.tn "If th •• 'xtr~'IT 

( I IClfD 

RESTRICTED 

, . 
PUT OUTPUT 

0>------- -- 0 

® POSITIVE LIMITING 

o (Q)~I 0 

T 
PUT OUTPUT 
o-------------+------n 

® NEGATIVE LIMITING 

I gllle 5 - .. 9 Typico' S.ri •• limitin" Circu;t., 

.' .f tht' IIpplit'd Ignal 10(' "a\ 'mll\ bl' 
Ipill'd to II Itmllt-r ,'Ir,'u,' II "IlI:tll 1\ rl. ..... 
R'llorul r wan' A l*akpJ "a\'t' may h .. IIPl'lu.'d 

a limi 'r (I ,·Iimlnal pither h ll( ... ai\,t' 
r 1,.- IT,'ga ti\'(' ''''Ilk, frllnI th 011 I'll In (fl'-

~.ries-dlade Limiting 
T'" lI('h that 

l'h... ~rt ",dlod" Itml er ,ho\\ II in Figure 
4'fA i~ rommonl,l u, eel to hmit thl' po iti,'e 

INPUT 

() 

® POSITIVE LlMITI G 

f ~ J 
INPUT 

OUTPUT 

OUTPUT 

0--- ------0 

® NEGATIVE LI MITING 

'i"ur. 5-50 r .. pica' Poroll_' limiting Circuit. 

half of a "Int, wa \I' , Tht' r.-, ,f) Inl{ .:haracter. 
I. tic (If I h .. dl' II ar .. ut ihlt'{1 "" t hat It may 
It con~i.ler 'c! a a,." il r h Thu , (ht' output 
\'olllllf!! remain" al I.('ro IhrtlUllhout th .. 1", I. 
tl\' Irllf CI d., tiC till' Inl'ul '111" till' tllOtI .. 
q"I, .. h 1 0IWI1 anti nn ('urrl' t n,,,,,!! thr(lu~h 
R During tht'llt'IlIlII,'j half" t'l .. nn th .... Ih .. r 
h,llId, th .. l'atll,)oIe 1" n"llll l i\'" \\Ith n"Il,','1 tn 
the plat .. al1l'l hI' tullt' ron,luel 

In Ii slmllltr ntll1Tl1l'r th,' saITH' ClrI'lllt With 
hI' dIOde ,'/l11 II I' t i"n .. n'\ ,'rol,tI, ma~' b., u"ed 
/) hmit thl' nf' 'at 1"1' . \\ inll ( ( I hI' Input \'olt ­

ag!' Thi .. IIppltes Ion i, illll~tratl'd In FllI'ur .. 
Fi·4!lB 

Parallel-dlade limiting 

An alt.-rnat!' nil thod "~I l'mpl')Ylnlt dlOtI .. 
In hmit.'r, Ircuit .. i~, h.m n In FiJwn, 1).1)0 Thl' 
11110 .... in thp t\'(t ('rn'ui(~ arl' ,',mn 'dl'd in ,.ur­

II!'I with tho' 1 ... 'Id, \II\I('h i,. "s:-!umf'd to b a 
I'er~' hilth Imp,'dal1"1' ,(I thnt h., nUIl'lIt .'ur­
fent I .. nt'llligihle 

In Figure 5-I)OA, the !lind., i~ COlln dl'd ~/) 
as to limit th(' po~it I\!' ,ij(nal, at approxi­
mately ground potI.'ntiai. ~ince the cathode i 
held at ground pot('nttlii. the diod!' conducts 
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- -0 

OUTPUT 

f ig ure 5-5 ' . Oou"'.Oiocl. lI",ite,. 

throu~hout he entire po. 11I"e half cycle Cur­
rent ftow~ hrouj(h he tube and through the 
aerie. rt' !~ fir R. A!< R i, largl' a~ compared 
to the plat 1'. (}-rathoden·~i~tanc of the diode. 
pllwn ill 11\' Ihl' I'n Ir .. inpul "0 alC\! IS de,·el· 
oped a,'ro'" Rand h outpul ,oltall i. only 

hi> \t'r~ I.,,, "I agl' !I r 1p al'ro~' th diodp 
On hI' n .. all'" 'Ow mil" of thl' inpu , thl' diode 

hu~ no ('ur rent How. 
t hrol!)(h R find I h.,.o I JIll ' 01 1111'" equal. the 
Jnr:tJt 

repre~ntll a 81mple method of producing a 
, ati. factory quare-lII'ave output with a aine­
W8\'e mput voltage, 

Grid limiting 

The (Cnd-cathode of a triode, tetrode or pen. 
od may he I'mployed as a limiter circuit in 

f'lIactly the ~8me way a~ the plate-cathode cir· 
CUlt of the diode limiter illu!4trated in Figure 
I).fit 

Thl' Ifrid limiter Circuit !>ho ..... n in FiIfUf{' 
:)-:)2 I~ hl'ld normally at zero bia.~. During th 
po Ili\"1' pon"." of the inpul Ignal the gTld 
a t .. mp . ttl WI"le po. Iti"e. Grid current How 

INPUT 

rtI1J 
@ No Clamping 

-I 

PU ! 

+8 
OUTPUT 

--0 

figure 5 52 U"bin.ed G"d t.m " ~r 

1 j 

® Positive Clamping © Negative Clamping 

-l 

OUTPUT INPUT OUTPur 

0-­
hroulI'h thp rl'"i .. tor R, de\ lopmll drop of 
u·h polaril} a~ 0 oppo tht' p' . ItlVp input 

,·oltaj.!1' Thl' drop ma\" bl' cnnqicl red a an 
utumali hla, dl'\'l'lopt'd during th(' part of 

tht' Input wl.kh ,a 1 .. 1', j(rlJ Cll rrent to How, 

@ Positive Clam per ©Negotlve Clumper 

aturation limiting 

Cuto. Limiting 

throllgh II vacuum tube 

Overd riven Amplifier 

P STR'CTfD 

"gulf! 5 53 Clamp.ng Cor,u.', and Wavf' (o,ms 

limite r Applications 

,III'I'II( I 

\\\11) ,I II. " Ii 

I 1\1' ur IU ~'.dl\'· polt ntl.tI 

.. I' . til. I 11110 ,01 1"10 ,. ,"I I fill! 
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CIRCUIT 
CURRENT 
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+ R 

PEAKED 
OUTPUT 

B 
C 

Peaker 

--~O 

® Neon-Lamp Sawtooth Generator 

R 

B 

1 
+ 

T 

I 
-0 

® Simple Thyratron Sawtooth lJenerator @D, ere lator Ou pu' -
Lorge R C l'Tle Constant Figu,@ 5 55 

Wov@/o,ml 
Induct've p.,olring Ci,cu,t and Flgur., 5 56 Sowloo,I! G@"",o!Or C"cu,'s 

Figu,e 5 54 Oilf.".,ntlat,on C"CUII and Wov., · 
fo,ms 

I~ 

tI 
• I I , "' 

Clamping Circ:uits 

\\ ,I 

Peaking Circuits 

I' 

I1tST ICTW 

R· C Differentiator Saturable Indudor 

\ I ' 
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eliu. e the curren produces a changing flux 
which induct", In (hI' cOil a \'oltap:e of such 
polanty tha It r ~I L thf> flow of current by 
opp<'~in)/' th' 31'pliffi \' Itage The larger the 
tnd tann', he lar)/,I'r i~ he impt'<iancp 0 the 
flo" of al "rna in~ cunt'n In an irun-('ore 
inductor tn imPf'danl'e Ii any frequency is 
pr portiona 0 hI' in<iu,'tanrp II" Innl1' a" 
con' i. nnt ma~n icalh' "a urated. However, 
""ht'n h,' ("'re I. ~turateo . the flux linking 
thp c"li ran no lonj( r he increa"ed br an in­
cre .• ' of he ('urr nt through he coil so that 
thp induc,'o hack \''1lta~e drop. to a low \'alue. 

Sawtooth Generators 
\',,1 a):, .. na\ Inj.! ,,;'w 00 h wa\'t'form~ ha\'e 

wide applil'a inn In radar, Th.- ,imple"t me h-
0<1 of nl, .,1Oinjl hi I "lit' of wa\'l""'ha~ ill by 
m. an' f II ~a'-tuhl' r .. laxatwn 'l .. ctllator 
Till: o."illatur i, (.n, 10 whil'h no tunpd cir-

N.an Tube Sawtooth Generator 

throuj!'h the re!'i"tor, Thp \'oltage acro.1I the 
c.apacitor rio e. from zero, approachinp: the 
full upply \'Oltage along a normal R-C charg-
109 cur" . The \'oltaj!'" acrol'~ the neon tuhe 
is • h • arne a he voitap:e acro _ the capaci­
tor, b.-cau the,t' I'I.-ment.· are in parallel. 
Th~ neon tuht' art!' a. an Ol'.-n SWitch until the 
\'nltatrp arrno<q I r"'ach",,, the firing point, At 
tht' firing I'0tential. the neon tuhe ionize and 
forms a discharge path for the car.acitor, The 
capacitor thus discharges \'ery rapidly until 
tht' \'01 age fall~ to the deIOnizing potential of 
the neon tuht'. when conduction !'top!' and the 
tuh aj!'ain h come. an open !<witrh. The ca­
pacitor then beg1O~ to charge again toward 
thE' • uppl)' \·oltagt'. The \'oltage ri ell :.Ionll 
thl' R-C cun't' to the firing potential of the 
nron tube. and then falll! This procellll con-
lOue. II!' long a~ a DC !<upply is maintained . 

The frequ ncy of a IIaw ooth wave ill th 
numlJt'r "f time_ thE' \,oltage ri ell and fall. per 

ono. ThiS frequl'ncy can be varied by 
"hanj!'lOj!' th.· tirinj( anci deioni7ing potential!!. 
but thl; m an~ of variation ~ulres a change 
10 neon-tube characteri~tiC!l A !<impl("r m("th-
0<1 of fr qUt'ncy con rol I, to vary tht' \'a lu 
01 the relll.t or. the \'slut' of th caparltor. or 
thl' 8 'nil uci nf thl ,uppl\- mlt"lte 

Thyratron Sawtooth Generator 
T I" rt"la It inn ", 'illa inn h Imilar in op­

"ration to I hI' ",'On ,awtuuth gl'n("rator, A 
h\ra'rfln ul •• (rwurt' ,'>-;;6RI. nr ~a. triod 
~ l~~d 11- all l ke rtlmc "" Itch. The thyratron 

Multivibrator. 

'lU n. \ ma.' ran~, fr m lthont I r\·clt. 
n n ,t.. ' f) 1,)1. kiIOf'\ "I.. PI r '.'cnnd 

I' fSTlUCTED 

GG ER 
PU 

Trig ger Circuih 
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TRIGGE. 
INPUT 

C 2 

Figure 5 57 fcc/ •• -Jordan Trigger Circuit. 

+8 

r---
o 

5 UARl WA t:: 
OUTPUt 

-------(l) 

- f'gure 5 58 One· Slot Multi,,;"rator 

On.·sh~, Multivibrator .. 
The dr,'ulI ,1,·\\· .11 I' • Ir. I " !ll .]1 
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+8 

• Figu,e 5 59 8asic Mull/vib,ato,. 

Conventional or Plate-coupled 
Multivibrator 

due .1 I.!' lui,· If a mllltl\ 1 ..... ll"r h.I" nO) .. If.,' 
• n tl" a IIIIn (Of til .. IHlIIII\1 11.1 hr. A P" III ~ 

t ri)!'~. r I'ul " ,1\ I'lli'd In a !1"n\'''ndllltll1~ lui. 
IfI a IIlUltl\ llorat« r loin ":\11." '\\I\.'hllllo( at tlUl 

to •• I\.. pia,,· 11111\ 11th,' 11111- ' I, Jar ',' "II"U~' 
I' ral I' II ,'nd al'(I\I' t h, I .. tT \ .It"ll'· 

Applications of Multivibraton 

o------lf-

PUT 

("---------

fL 
OUTPUT v 
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+8 

"MAAr-OUTPUT 
---0 

Figu,e 5 60 SIIoe" h iled OSClllalO, 

+-8 

I 
I 

F'gure 5 61 S,./I Puh,nl/ B/o";ng 0,,,1/010' 

Synchronizatton of Multivibrators 
by Puis 

Shock-excited Oscillator 

". I" I',' • II Iltd,t 

~[ST IcnD 

Blocking Oscillator 

, 1", 1'1"", ~ 1"'1",11 

lullt' btl'PIl ,):-" .tll in1"IIIIIII"ld f~"'_lll.tll I Tht.. 
r.llt' IIr Ih " 't.'I·urrt'nt"' .. f "pt'ratlnC' 1'/)0,11111111 .. 

i .. dE'lt'rmmed In tht' H·C tim .. ",,",,,Lilli .. r thl' 
",nel (,Irruit. 

RESTRICTED I 1 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

C-I 

-1t-

fU Lfl 
INPU 

Counting Circuits 

THIS PAGE IS UNCLASSIFItL 

RESTRICTED 

----.@ 
L TOGRIO V-2 

C-2 

V-I 
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OF BLOCKING 
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f ' !lu re 5 62 Step -by-Step Coun'e, 

III IJnl"r In II .' I h., , '·I)·lly-step countl'r 3~ 
• fr.'qu.'n,' \ UI\'uj,'r, a ~ .. n~ltI\' l'lrruit,. ud 
;.~ a "111),(\, . ~\\ Ill!! hlod\l1w .,;cillator, iii con 
nh'tl'ti til tht' lIutplit tt'rminal: (FiJrur e 2 ) 
Th., "1(td\lIl~ o~I' llIat(lr \' , is trillltt'red into 
np.'ratlon \\ hl'n I h., \ "Ita!!,t' ll<'ro"ll (': reat'hl' 
a pmnt 'utJil'i"llIh 11('"ltl\+' In rlli the t,rr,,: 
(oj \' 'n l'trt"tf. Th. 1't'I/'I' TIt'rali\t-' action of HI' 
loIn. hllll/' '''''illatnr I~ -II' h thaI, vnt't' l'o",lu -
l io l1 ~ <lrt". th. I/'rrd ,\\.1111''' r<"ltl\'" with n -

1" f' "I h, COl h"d .. ,ntl ;xri II'Urr('n ttuit'kh 
,II" r,a rll" ~ ,.11'.1( JI"" ( I a,'k ,,!!'round p"t ... 
I HlI AI ~ •• ((' 11 11 It., t .. d,ar~ .. tn 1\ 1I1'$.'a 

1\· ",I ;tv. , I'" \, 11\".1 II~ I,, · ,'13m"II1!1' II 

1I',n " \ ' ,III.) \ 

S. FUNDAMENTALS OF A RADAR 
SYSTEM 

Detection by Radio Echoes 
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f igure 5 64 PuIs .. Rodo. s~.t m U""9 r .. 0 Anl"nflcn 

Pulse Systems 

11\, •• t .If 

• I It 1\ 
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Antennas 
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L ~ ANTENN A 

TRANSMITTER -. 
T-R --BOX . 

RECE IVER 
j -

FiguIf' 5 - 6.<. 5; .. gle-An,enna Radar Sys,em. 

nd,ll1 lit Illn In an, d('~irl"ci 

.llr~ctlon III (.nlt'l t .. "htltrn h. rl'lIuirl'd cli­
It.- ~anH' t inll' til limit I h,- . IZI' 

(J' th. lIt t nna It nit f't . p.U,'.' and" PIJ{ht rt ... 
• lin n1l 111,. ttll' rarllfl frl'qll,-n,'\· I'ml'l, • .\" .. d 
Tl ), lo I (r\ Ill)!h, t",inC' ",1,1001 h,-I" \ I nil 

c ,h"l 1" 1 

TransmiHers 

'm:,' .. -sful pm\l'1 amphtil'f' for \ I'ry hive 
frt:'cIUt:nt'tt*, .irp ainlost nOIlt" I ·t~nt: l'on , 

quc'ntl~, radnr tran~nll!ll·r,. 1I1\'analily liS!' II 

"Imph- f)"ulla!"r that '" dir " 1~ coupled t 
thl' ran~mlTtlnl-( .,nt,·un<l '\ ,1"01, In m,,:r. 
\\11\'1' Iran,nll I .. r" th,' 'I'('llIa or j" lhU<lII\, 
OlllS!'Jl..trnll, fllr Inl1~"r \ an" it I" u,,"all~ 
).'TUII}I til \ ,H lum II ~l' 'nu~I.·:oo>. 

Modulators 

Indic:ators 

'1'1.. 'I' 

RESTRICTED 

ht'r \\ ilh daUI repre'l'ntrnll' I he orienta! inn 
hi' ant 'nn.I, I'rm idl' th,- a\ll/labl .. informa­

,. 01111' Ilu,.itinn tlf Ihl' rell""ling o'"J.·.·t. 
rnciteali"n of thl infnrmatltln, ~ultl'd tn 
l'arlll'lIlar Opt'rilt Illmol ,'har.ld,·1 i. tll'.' "I 
(ljllll'm,'n!, mu, t I ... mad '. Apparatu for 

(.,rOlln l( till. runc!ion j, lalied th., "rn.f,_ 

• ,r ," gl'n"rally It (!Impn. 1" II l'o'lIbIlHttl< II 

• lI'CUl t~ IIl1d l'ath,,,I,' 111\' l ut.,·~ Sih h tuh. 
III"n'~l'n t lasth' m(lr"lliformalh'" thall,.11 

Inlpl" pmnt' I' t~ P'- rnd,'r. /I""'rt lid. 
r'rt," ,,' ,,'i .. d ;lpplic;ltIOn" \'fI,pl." 111\'1"1 "I 
h"l It'l'lrom' 'I'halllt"al til" I"e~, 

Types of Presentation 

P ,·r. ;lr .. malll tq-,' .. I' IlIth,atl .. n ,11111 

,'1\ thffl'rt·nt \\"" .~ III \,hl"h th., d'rl'dl<'" 
• ·h •• mlt-nnn ""am ma\ 10· 'an,'ct with 1,"11' 

~ • h (tlmh illtltilln ha" I particular 11I'ld tlf 
I 1l':o11"11 In radar \lllrl. 1'111' ." "~p.,.·IHlh· 

'! IW,r aut t~\ pt· ... fit l'rt'toIt'rllatlt"n an tit-not. d 
I 1-" A '1','",- H. alld 1\ I'" I' 'I \" I' pft ... 

'''II I. al«' ,·all".1 " plan pt'''ltllln indlca -
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t'nct' "'t ..... n th local O!OCillator and incoming 
~lIcnal frf'qut'nc, ... aN ar~ in the ml.· .. r uu • 
put CIrellI Th.· "Ulpul from the mix.·r :<tallt' 
I fed mto a tixl'd tuned IOtl'rm II .. <,·fr .. • 
quency amphti .. r . 10\' h r(' I I~ .. mphli ... i allli d .. • 
'!'\' d m h· lJ~ual mallllt'r and I .'. d "II to 
he \ ideo amnhfi r. 

The ad\'antag " of sUI)t'rh en,dYlit r"cep­
t on are lIir tly altn"Ulahlt, to the 1I~t' (If the 

fixed-tuned intt'rmediate-frequency (i.f) am­
plifi r. ince lill • ignal. are converted to th(' 
int rmediate frt'quency. thi" III'Ction of h 
ree iver may be d ~illned for optimum let. · 
tI\it)· and amplification . High amplification Iq 
a. il)' obtained in he mtermediate-fre. 

quency amplifier, . inee it operates at a rela· 
tlvely low frequency. whert~ l'onventionlil pen· 
tode·type tube,. give a great deal of voltap:t' 
!tam. 

SECTION IV-SYNCHROS AND SERVOMECHANISMS 

1, INTltODUCTION 
Oft. n in lire contn.1 and radar .. qul\,ment, 

an .. rl /ll rar) mot inn Impartt'o 0 "n. ~haft 
mu~ I,t' r pro,lun·d accurately hy tilt' nWllon 
of a d ·haft. .omptinh', with h'njUl' am· 
\llllle"'1 n A dired me,'hameal ('un n'l'Il n 
r I' w, "n n. IIIlml or contrul :haf nn,\ the 

It l r iu.1 I 'hl<ft mar nut !>t' fl'aslhh "n. 

culate. the proper aiming of the gun to pla,p 
3 proje<:tile on th future polIition of the tar· 
),!et. with all'lwance. fllr the r .. lative motion 
of the targt't, and for gravity. wind, and other 
balli!\tic effect on the pro)ectilt'. A second 
group of ervoml'Chani. ml< transmitll to th 
gun tho' computed bearin!t and elevation of 
tho' ICUII, and !loml'tjme~ thl' range of the tar 
).\'I't. Thl' Kun ma~ be aimed either autuma 
Il· .. lk hy n 'nm!'\'hanil<m IIr manua\l~ h 

"erator" who match \X,inter. with pointl'r 
linnn U) remote·indicallOn m 'haOl:<m". 

3. SYNCHa05 

I nil I. nanw. ~Ul'h 1\1 

UtOs\'1I 

III hro mnl. rand rau, 

80 IIFSllIlcrED 

DATA IN 

R2 

® 
GENERA TOR OR 
TRANSMITTER 

SI 

S3 

0---+---"-
11 5V 
A·C 

RESTRICTED 

0---+--------------

® 
MOTOR OR 
RECEIVER 

Figure 5 68 Typical S.,/syn Sy.,.,,", 

urn In (orre"p •• nd,·n ... · \\ Ilh t I ... ~ ·n,·r .• tol' 
1"11: tlll'rl'l .. rt, I],,· ,1"fI, ( t"l1 "1111 ).,'0';01, cl 
h mach· (0 rull,,\\ I h,o an • nn' 

('itlh' .. 1 
'ta 41t·

1 
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1ST STAGE 
AMPLIFICATION 

CONTROL 
FIELD 
INPUT 
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2ND STAGE 
AMPLIFICATION 

'---0 

OUTPUT .. 
TO LO D 

Figur~ 5- 69 E/~ctrom~<"o"i<o/ Amp/ifier , 

4 . SERVOMECHANISMS 

) /' 1(_.uJ I' knll" n .l";' ~l • :"-t'r\ 0 ... \ ..... t)m" o r •· ... tlt"\. 
,ft mt'ChaOl-m," A "mpl., .- 1" \11 ,'t.'m ,all 

tl.. cOII:tru't ... 1 <I" 1' .. 11,,\\,.: tF,)!,urt' ;j.(l! ,) 11 
"data "ut" :,'I"yn r"lm I, Ihl·d.llul th ... p')\\" r 
l"Onnel"tlun... fu 1l:-- rot()l' \\ 1IIthll).!: dl!'n" 

II',,' l'eI 'fh.· "n, r, \ ,,1t;1).!1 •. "Ialllt·" aim " 

nt<l dll'd :t)!,am"t hl' 1111('·",,1 a).!l' • 1I1'1'lil'd 1 
th .. "data III" rUI,'r \\ mtlm)!,-. Tlwsl' 'lIil.!)!, . 
,In'lIlt l"'lt'd h~-.\ \alllllm lul"'l'lI'llll holh It r 
"h.I'< n·lali 11 .lIld nlii~'lIt lid., h.r t' <lmpl 
It til ,'rr"r , .. II .. .:., ._ 1","lonl-' Ilw linl"" 
<ie-", a Ik .,j- j\" Ih \(,il;,)!," I, 11'111'01 tllIt I 
f hi .. I. d ro1nlt <I.,,,,, It" I la)!,j.!'lIljl', a 'll'~'.1 

Ill'll. II 11111 Io} 11.,· ,.j, 

TRICHD 

RESTJtICTED 

ARMATURE 

CONTROL 
FIELD 

/20 AMPERE 

SHORT CIRCUIT 

100 AMPER S 

LOAD 

100 AMP RES_· _______ ...J 

'igur • .s 70 S/",pl. A",pllclyne 

1 hen' is a device which ('limlllate" tht' u, t' 
f hi~ l'omplicatt'<! ~t'rie. of motor, and gen. 
a! Ir. to take carl' of thi!' load, It IS call1'd an 
n plid)"np". The amplidyne ("on I. ts of one 

in'l? motor and one generator. Th(' :mall con. 
r I ti .. l<1 I~ f II to thl? Ren rator 11\ the usual 

wiler Tht' output ,'uui't'd hy thl, !'mall con. 
ro tidd is th .. n short,clrcuitt'd rau.lIIg a 
I , 1"11\., ClIrrl'nt (F'llCurp f).'ll,) The larlCl' 
UI.:nt'tlt' tit'ld u.~'iated ... ,th thl. hea\'y cur 

r I' 111'11 ,upp\r.·' I hI' fi Id f.1r olh .. r wmtlilllC 
I h,' ... m 1C"" .. ra or Thl' hpu, y field. lon. 
r I I I h~ I,,· h)!'ht field, ,', ntrnl hI' (Ill pu( 

h· 

fllr a .' no 

I!' lrom a ~' .. I )11 ".ll'm I 'till{ ft·d it 

jlllt I ..... ·"hu".·d mnlJlr 1'1" ,.hast' ("nllll'arJ' 
! itn<l t " m"j(1Il1 ud of II e error \', Itu",,, 

I, • rn II, ',' ... llIe "11' H, .. \rICh! m .. t .. r urJl 

5. COMPUTER5 
('Jlmputt·r.- art- !t." rOIllI'('hallll· .. 1 tlt'\ 1('" in 

\\ hlt'h \ "It<l~' ,r.· nmdt' to n (,n'!'. nl dl~' 
lam'"" and .)lht r dlllu, F,.r .. arn"h', IIl1t \'lIlt. 
:lltt' '"IUal" tW(\ hunoln'" \ ani,;. Height (If lin 

aireraf .di I.llll' n,'rlh ... rdlllllll'p,·a.-1 frelnt 
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SECTION I-THE 8-29 AND 8-SO FIRE CONTROL 
SYSTEMS 

1. INTRODUCTION 

Tht: aVl'lkatinn • f armamtont to alrcraf 
tn rc ml at hall il~ (,rtIl1l1 in the fir t \\-'orld 
War. \\ h.'o rnemy t\~ l'r on ot,!'ervation mis· 

IOn- W rc ,II tua!h kll wn til haH: hro\\JI 
r k~ at .,nt an.) h. r" I, mt'ager and inae· 
'Ut:I'e .Irm.lml'nl ICrad la11. Ii '\' lop..d into the 

It , I ,1IIe! tll-xl!.l .. c.: .:1'\ mllchine !runs which 
I'lf\' r m "'i" ,,' World " 'ar I. 

2, ADVENT O F POWER-DRIVEN 
TURRETS 

hli\,' 

ha ill.c toarly frozen their dC:1igns on n n­
power·driven turrets, they had been slowl'r 
than xpected in the utilization of thil' tn t' 
of armament. 

3 . ELECTRICALLY-DRIVEN TURRETI­
GENERAL 

The armament application. wIth whIch thl 
chapt .. r i . c"ncerned are primarily defen!<1\ 
tn~tallations, on bombers and heavy wer .. f , 
(In thl'.e, flexIble gun turrets counter.. t 
he fij..'hter plane'!' advantage of speed an' 

maneuv .. rability. The fighter i~ u. ually a onc 
place planl'. very fa!'t and maneuverable, WI 
a larj{ array pC machine guns and camera 
all fixed, pointed forward and fixed by th 
pll .. t, , !'\,eral multiplac fi/lhters, both for da,' 
.10<1 ni~h work, have OH'n produced, Th. 
"el\ ~ rv~er!< of th air" are ht'avily arml d 
~om..tlmt- ha\'lnll num .. r(lU fixed gun, f r 
he pilo a~ W II a. a rem(lte turret whkh I 

U ('II !,nlh "ff,-n~i\'l'ly ami ,I (ensively, An 
ampit' I" Ihe zo.;orthrop P.';I, a night flll'ht .r 
\ t It'h I arri .. a '<tnltle upp r four.gun tUI r .. 

lOll rull,'" l'rtmu .. ily by a no"e gunner for of 
f"II~I' u.e, but al'<o controllable from an . I L 

4 , FACTORS AffECTING APPLI­
CATION 

Fire Coverage 

~ • n I tror I mud .. til ehmmat~ "bl n,\ 
"I .t "- \ ulJll'rable dir tlOn. from which n 
.. irna{t'!\ guns can not ahoot--becau8e en m 
pilo s art' surpri ing-Iy quick to diec:over tht' 
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, as and capitalize upon them in battle, Our 
rh FI~'mll Fortrt'. e", the B-17- 's, for ex· 

Il . hat! no tail gun: , The Germans and 
.\11 'se qlli~kly IlIuml that th .. plant' WRt' d -

t!1 ':IS RlZ'ain t attack ,;traight from the 
,r, n.1 II largt.' numher \\ t're shot du" n be· 
I" .. fthat.ltuation.ThelatermodeIB 17'. 

.11 tail gunn r~, alld IIIIIIIY had fine "hooting 
util Ihe enemy learnt'11 (If th .. chanllc of de 
" :,'m blind , pots,)<uch a. thost' cau~l''' I" 

t , flllld rand t'lt-\'ulnr' (If an lIir<'raft, ar~' 
"f 11 t.lIl tUII,,1 

fire Power 

f"n' ll(.Wt'r tf.·h~rnllnp3 ht' an".'ull "f d,~­
tr I tlun .. I' wllldl tht' nllhtary alrl:raft WIll 
• ,Ipable to perfurm. Tht' m,.derll lelld .. n'I' 

('. ~"(ully a I\·,,,·alt·" loy h BritIsh, i,. t.; 
01 as man~ Il'Ulls as p,,~silol"1I11'1 tht' plant', 

• thr.1I1 as mudl \\ IllI'ht or pr"Jt'<'I Jles 
'.'Ihlt' inl" Ih .. t'nt'my, rt'lytllll' "n 1113<;tlll r 

" P"'I't'S mthpr thlln hittln~ a few \Ital 

r, (II "un,' on ..;..)nll' Bnta:-:h plaut· .... Ht, flo\\ 
r ." 1I1J: ,,\,,1' :!O(l pounds of 1')'I1Jt'l,t1le' 1\ min· 

,Ill '·lIlo!'ml·.'r~ an' 11111..11111' of n.h· 

lit ~lIlt 

'Ill larV"1 L'un, an' 11,.,.1, . lIdl a I hI' ,{7 
(I,4S" bore cannon Tht, "ht'lI" ftlr this 

'. ,ir" ~" h .. an' tha fl'\\ ,'an t... ,',.rrit d. and 

the rate of tire i. con. itit'rahly les~ than th 
cal. .50 machint' ~un, Thuq the "!'prn~' Ifcr" 
I.f rna hine gun j>l 1\I~t, :lnt! it "(' .. "m ~ u 
"tn\!!t, ~h\lt propo iti"n, r!'quirin~ at'curacy 
an" II computing 'i$!ht. lIn\\p\l'r, hi from 
lhis jo:UJl an' Iti).."hly t'lf ·('11\.' :t)..";lin't heavil\' 
'Irl1lorl'd plalll'., lank", and ~rrollllli furtifi· 
t'ati"nq 

5. PROBLEMS INVOLVED 

Mane uve rability 

lrll'n'a~I'" 11":1'1"'1 "I' 'lin lI"r turn't and 
);III/:I'\' "t' '\11 111 ha" h""11 II I'rllminent mo· 
t i ,II 1nJ: I'll<' III II' h.- IIP\ "lul'llwnt IIf tilt' 
I~"\'cr drl\ "11 <'11,1 .. -,·.1 ~1l11 I'""i iun, Among 
Ih ,' \'''rI~ cnn 'lIt.'ratinll ~ fl I' Ih '"I' turret' was 
th, t),III ' of mil In' pow"r \\ hl .. h had tl) he ae­
I urate .IS \ .. '11 .. _ '!'nsitl\'", "'-'1l1in' hltl., !fort 
ttl npt.·rah~. rh)!, ... tjS"'~ J"t' t·r\·~ 1'0\\ or. and 
h. ,"ll1p:"',,t 1\ t,l.\' li!!h til" .·ilo!'ht f'urthl'r· 
nh.r,', It Itac! to 10., cll'ahlt (If "mnnth and in· 
.. I anlllll'·.,· .. \ ari:lb"- '[W. d frnm nn dir<'Clion 
III 1111:111,'11 tn full .p, .•. " In tht, tllht'r dlrl'lIitln 
In ad hli"n tn rut<ltiun of th.· turrt't. ('nntrol: 
h:1I1 to lot, pro\· .. I.,d \ It .. h "'nuld adJII<t th 
IlIrI" or 11'1111 IlIOllnt III a \'('r l i.-III oIin'dilln. 
~Ill 1111 a m'oll ,,1\ lith lIll 11101, I' n.lt'nt nr hnri -
1ulllal mnlllln 

Gunsighh 

H""I"t'" t hI pruhl"1lI •• t' pr. \'I"I11~ 1'1\\ \., I., 
'11"\'\-' a IlIrrl:! and ~1I1l nll.IIIH 111 ... ·\t·I:l1 .h­
I.·"ti .. n" Ih., h·~I).."nl'r" ha\'I' h:1I1 III "Illl",,!t'r 
I", I'rnlol,'m .. f lll~" 1II'lallatl,'n :-;1IIt'l- tll\' 

,-nh t\\ ,"lahl., alld prill' ll ' al ~'lIl1st~hh \\t'rt, 
Ill' .Iltl.·d oI ... ·.·lh ." lIlt' 'Ill. "I III II.· lUll' 
WI h hl'Ill, IllI' 11'111111"1' ... '111111·.·.1 .• ' "al \\ h ... h 
\ "tid rull\.' III <,I "1'.11111111.111 \\ 1111 Ih,- \!1I.1", ,·n· 

alol., him 0 )..""1' hi ... '\' .. ,·"nlulIl .• II\' "II the 
11!1.t 11111\\\ hl111 III malnt:tin full ('On rol un· 

cI. I a II Ih 1111(' mall .. 11 \ pr~ 

Si~e5 

1 n till' \-arlil' t 1'1I\\t'r.,,j I IIrn't~, III tailed 
.. n )<nlllll"r !I1rphtlll''', ).."I'('lIt tlltllt'UI\ Il' \\ PT>' 

\'"peril'llct'd he('all~e of t h - 1;",).. IIf !'pal'" in 
I hI' fu"e1.)!, -, rau~illg , ' noli" n'. t nl'l 1011 S to 
Iw plac .. d on the turrt't dimen~i(lll". The un· 
l1('r had hi !> I'ara{'hute pachtl in the . eat , 
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oxyg n l1a. k~, radio equlpnll'nt, camera, in­
t'rphont' l'onlmunieatioll, life preserver, gun 

and clothinll h ater:<, fiares , all in addition to 
th .. gun mount. the Illln~ and, par ammuni-
ion bOle ~ , :\foJern urre, further r quire the 

J(un~ I,.. fed, not from mallazine.', lJut from 
,"mtinu .. u~ belt., th .. st' IJ 1 .' hanging from 
tit' j{lIn., and, H'n with he be" of design 
the,l' clutter up the turret. The.e require­
m -n~, nd other., have alread~' been met in 
,.1'1' ral d silln of British and American tu r­
ret. , 

Cutouts 
One important consi,leration whil'h ha. to 

b met by all turret design. for amid. hip~ 
pol. Iti<>Il' is all efficient fire cutout or gun re­
" n( nr, whkh autnma ieall" !ltop, the gun. 
fr<>m tiring \\ hen thp field C)f firl' i. acrOll, hl' 
control. urfa""", radio mast", (lr ~ection. of 
h., fu el.\I't'. Thl" i: dune Il<lth m hanicall~ 

and "I "'lricalh, On .. cu out ml'chanl m als(l 
incorpQrate!' ~ cnmpt'n"ator for rotational 
"p' .. ds, \\ hkh a,,~rt's a mmimum of cutout 

I' r f r ,10\1. opera i,lIlal :peed., thl' cutout 
m',·r b Inll aut .. ma Il'ally in rea. I'd a~ the 

'f'l'pd of rll a ion inCl'ea~ 

6 . PROBLEMS AFFECTING TURRET 
DESIGN 

Taila r ing Armament to Ai rcraft 

Weight 
Anoth r important conl4ideration is that 0 

wight and it. di. tribution , Added weight no 
onh' rf'dut' ~ range and man unrabihty bu 
al:«~ alf 'CI~ h mitial position of thl' air 
plane'!' cen er of gravity which. in tur n. af 
fl'l'Is th hip's handlinll characteri ticll. Air 
craft companle8 1IJl' ",I atly concerned witt 
any added weight because their planl'll mu, ' 
m~t J>l'Cified performanel' requirements, an 
hl' mnr l' wl'ight. the more !lifficult il' t he jo 

Structural Strength 
~'t ructural ~trl'nlrth in the neighbor hood 0 

he gun emplacement must be ~ufficilmt to 
;; and the recoil f"n·l'. and the wind load. 
rau'<l'd b\' IIdditinn of the gum'. The a verag .. 
recoil fo;n' of the cal. ,50 machin gun is about 
175U pound, per gun. 3500 pounds for a two­
gun turret. and 7000 Jhlund. loading for d 

four-gun tUfT t. a.~l'uming l'ynehronized lir . 
inll. Thi", i. an intermittent impact load whie 
mal' la:<t fnr ,,~\'eral ,econd. For hor izontal 
fin~)I'. it b 'he~r load in the longeronl4 an 
frame-. For up or down firing. it con. tltute. a 
ct)mpre~~he I.'ad. Thi. llTeat l<tre .. mu~t 
pro'pt'rlr .Ji"trihuted to the bulkheads. 

Torques 

f5TRICTED 
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igi dity 

\ n important far ur in thp l'cur cy of a 
m ,tt'-('(mtrnl turr t j,. th ri)(,idi \' nf the 

raf t stru tur 1~\I't't'n lht' ·Ij.!ht and /[un. , 
\ .IIII/[ nWlilln of the "tructurt' ,lue to mo­

(.f thl' rudder. bending load. from the ('Ie 
'I.'. aud ruuJ(hne,.~ or the air. all cau~ 

r I, ural weavt' and la~k of eorrl' pond,-nu' 
{'t'n tht' ~I)I'hl and thp gun ,nnwtillll''' I 

m"lwnt .. t'I)I'd inl .. th ~tru\'lur ull,1 
II an in~t; liatin" aliJCllnu lit It j" I ... t ,f 

Ir- .'. to hall' the ~i)l'ht 3ml JCun I, ,'ated as 
r ""a~h ntllt'r a. 1''', ~Ihl.- nn nnh' klr. 

IH'h as the R·:.!9. h .. I\I·\l·r. thl'" 'ill 

Protection 

th., prohl'm l.f 

Maneuver Loading. 

Int" 
"t~ tr,lm.'n 

".",' Itf (\l'f.-I,·ratlnn ' n pla,'t' rl'mot., 
t,· ,','n .. r. 1 .... "'111 \,' h'h ,l~ II.· tall 

7. PRESSURIZATION 

8 EFFECTS OF USE FOR WHICH 
AIRPLANE IS INTENDED 
, t' mh'nd",1 tal'tI,'lIlu",' "f thl' plane I. an. 
r Impor ant ",'n"hlt'rulinn in nlo!in('t'ring 

turn'! e'lUlpn1l'l1t. Air 'p ~d at! 'I drag, wind 
t...\ll~. and thl' r.tnl1'p of hpl'Oml'utcr Altltud· 
"i " ,II I',.t- wind I"ad.: ,'au. e, J)II Ir n",t()r 
,'''mmllta!1 n; makt'~ th .. t.ru. h.-" II.' ar rap­
IIlh. ,I" nlll< h l~ I ~ 1II"h ,Ill huur dUl' In a 

tI,· ~h attllK l·t ,,: , fllak~ luhri atinn ditfi 'ult 
1 .. ·(' U"f' u f th. tIll. mn (If all~ .,il in 10\\ tl'm, 
\·., •• ,1011. 1 ... 11,,'''' th,· ,,,,,ling of rotating 
'''I Iil'm, nl lilt, I" I h .. ,h'~r('a .. In \\eight of 
III 11,,\\. n, \..~, I hI' nl~'ning ()f thl' turret" 
hal.l , I .. fr.·.·lll1lo(: 1III<lI"~f' ~ilatt'l4 hl'atlJ1g the 
lutn I '1'111 I " .• tll1l( ,- Ill' t' ,'~ar~ to keep the 
alll!lIllIlIlIOIl ',1 It mil Imum Jl<'\\t'r and i a 
!""lIlt-1ll \ hlrh I. I It \ 1'1 knn\\ nt" be solv('d. 

9 . PERFORMANCE SPECIFICATIONS 
FOR TURRnS 

10. GUN INSTALLATION TYPES 

Fixed Mounts 

Th,· Io(UIl" ar .. mnllnt ri in fixt'd po. it ion" (.f 
lh., alrJ,lant> (Figllr 6-1.) The pilot man u­
ler. th,' plane in ur<l!'r t" aim th jl'lInq 
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figure 6- 1. " •• ib/. Mount. 

Figur. 6 - 2. " •• ib'. Moun,- Monua' Driy • . 

Flexible Mounts- Monuol Drive 

Tltl' :urpbn,' (:t'(~ til-ture 6-2) ha!< a l1uible 
muun f"r tb, J!:un. Tht:' j.!'unn r can m \'e the 
Jl;un, maklnK It pt, • illl .. for him 0 aim without 
m IWU 'nll~ I It' mrplane mto pO~ltion _ in 
ri.· .... 1 "v'un . In I i" in"tallahon. the for ~ 

h~ ~un i~ upphed by thl' 

Flexible Mounts-Power Drive 

Th.· .urI'13Il,· ('arne" It power-driven gun 
urf t I FlVllr,' li-:l.l Th .. j!'unlll'r, located in 
It· turr • ,.in, t (' l1'tln hy controlling h 

"I" ri'''d .. r nw, ham, II l"l\\('r whkh dTi\' ... ~ 
J,t ' 1rT' 

Central-station Fire-control System 

fl.uN 1--3. " •• 11 ... Maunt~.w., DrIv •. 

Figur. 6-4. Turr., 'o.if;oll • . 

while tht' turr .. t which mounts the gun can 
bt' een llack toward the tail. The ~nner 
manualh' aim th . I~ht at the target. and 
through- p '" 'r cOlllro\' th gunA are alllo mad 
tn !l'lInt:\ hI'. arne taq!'l't. 

11 . ADVANTAGES OF REMOTIL Y 
CONTROLLED TURRnS 

Position of Gunner 
It j,. thi~ ~. tern, central- tation fire-con­

Ir, I. that i~ to ht> rliscuflsed. With it. the gun · 
n'f nd hIS !'Ijrh _ can be located at that part 
, the plam' w hirh !<uit!< hi. purpose best. that 

.... hen' ht' ha. a maximum area of vision. 
, I rf' h(' ran b(' protect d by armor, an 
, h rt' hI' nl!l b .. relati"l'I) comfortable. Thl 
1:1 t poin' is of rnn. iderable importance. sine 
i f,l'unm'r 1o", •• ,m 'il'nry if forced to . it or Ie 
In a rramp('ti 1"'~ltlon for long periods of timf' 

Position of Guns 

Gun , on th· other hand, can be located a' 
the part of the plane where they can operate 
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r. " I'ffl'Cti"E'I~' i.('" whl'rl' their field of firt' 
\"ralCe i. gr 'at .. ,,!. 

Remote Control 

II 'oml' in"tllll ti.,":. une gunnl'r can con­
t ,1 tWIl or mort' turfl't~ thus inrrea ing 1'1-

11\'" rire Illlwl.'r HI'.,lU~1.' unde. Irabl .. n,lll­
" nll~t" n ..... 1 not ht' ma.! in 10'lIliog jellO 

. and turr .. ls. "",'r-all tI,'~i~n Ilt thl.' "Ian. 
,UII .,ft .. n be impfII" .. d . fo IIr t'xltmpl '. th., j/'un 
r. 1'1'.111 lit' \tx·atl.'d in tht' pft',,;urizt'd 1'3rt ,.f 
h.,. hip. and tht' jeun" .,ut:id' tIll ana rh .. 
'Il m! of prl.'. !<ul'izl'Il pa, ,. n''Illlr .. '' ,'an. 

11, I' ·f"rt,. h' n'tlun'" an.1 th., turr .. t. ,'nn 1)(' 
, .' n it m"fl.' "strt'amhn <1" "hap' 

12. DEVELOPMENT 

General 

. /t"." hl"'n ,1 .. t.·II lha Ih.· t '001"",( Imp"r­
fa ·t"T· III aircraft arm, ml'nt appliea­

'1 11.' (I) tin' UI\I'r,lg" and (2) tin I ," r 

General Electric Turret 

flr,t ' .. n .. ra. Fl. 'In. n'OI,.t. -, tllltr •• lIl..'tI 
\\,.- Ii l'UTl'I~ " !. '1'I01 .. nl,.llIIst"II,1It . I 

11"Uj{I.. ,.\ ~IJ '·"Il"i. tin~ ,.r a two-gun 
\\ II V III I"" If I I r ... •. hot h 

• ' •• 1 h~' I . th,·d f"fi'al'd ~'\J11 
....... JI,.' th, ItIlTt'lIo."UIl- IHid ·\or·.I1"., k 
't 

r 11101 III It" llPP"r h"1Il1 r Itn wa: ft'­

',. I in' Ih .. larv,' "!'rlll'. I In •• hI", 1<,'" C'IP 

lIt' tin and rudd" .. 1'".1\ ,'n'. Itlt' t h.~. }) "Ij{ 
• all.1 a "t,'11 ':ilt'''. "I' t\Ullrt ~"'lIt 111011-

, j! ,'r,','f\ \n till' pll,,!. \\ hJ('h shu" him 
, n I hI.' urrl'l ~ ar aimin", at an\ pillne, III 

,lind ,,<It. aft . 

Fig"'~ A 5 R.mot. Con'roll.d Turr.' 

Volue of Generol Electric Turret 

I'hi In,t,lIlatlUn. thouj!'h having it~ fault , 
st'I'I'.1 II. (lurpo"t' In tI \'!'Ioping the fact,'r. 
lo I" rt·,'k"ueo \\ Ilh In turret l·on. tru(' ion It 
a}o.... erVl'll to dCllInn:itra l' 10 the Army, on 
actual tlij!'ht lirill~ Ie >I. JII"t how pral'ti,'al 
thl' n'mote ('ontr"IIt·,1 IlIrr!'t mllCht II{'_ 

13. PLANNED PRODUCTION 

At Ill' Jlre~t'nt tillll'. n'lllt,l -('ontl .. 1 tUlfd 
'y:t,'m!< are twin$!' pmllm' .t f,.r the following 
"Iaul' fhl' [)"uj!'la. B·2!; (f,.rm,·rlv IH' A­
:!Ii I. alld II'" "I •• " "nfll.·"" \\ II It ,h ...... an lin.' 
;\lar III H-:!fi Inri t 1o"1lII ... r. t h., H, "in)!, B ~~ 
m"lilllll h"llll ... r. 1 h,' 'i" '1I1V 11 flU IIlt',hum 
hOlld"'I. Ih.· lI''' 'IIW Ii I:' h",I\) 10"1111,.· •• Ih,' 

• 01 hAn', rit-,III B ri 1':1 \ \ h,.mh,·r. 10 .. ('''n­
"lul.ll.'t! B 1:1 It in~ WI ll , I h. ('''11,,01111:11.,,1 

H :lli \"I~ h,'.,\~, lo"IlII .. ' •. Jllld h.,:.; .rtllr'I' 
F I" Illllll' fiJ!h'''r 

Douglas B·26 Light (Attock ) Bomber 

Th,· p. ,")!'!a- B "Ii I' H ,·I,·mli d III' and, n 
I,ll "." \. I 1,,11 tI' tr,.. .\ ',I II J"l'll.1I IUlh 

11"" a' au .lIlhd, 1'1.1111 I I" altltlld., h"mb 
Jrll!. trallll~ • • ,liIIWhlllllo." I'll,. B ~I;. ""111 , • 
t \\ tl )til" lIl'I"'1 ~tf1d .1 f \\ IJ l.rUI1 In\~ t'J t III f .. t 
I "I h • ,UlI 1' .. 11,01 10, a dtl .. I]., ,·I .. Io·,t P"II , 'I''' 
-lvlIl 'lIh"I.t.IIII~""I'II·'t.: Ih"lIl'l"'1 Ilir 
l'I I ,'1" ,'r I'" UI'I"'I' III'nll'l'h,'!'l' •. 1"'l't fur 
1 I ....... Inft I rupt,·" 11\ Ih. t.1l1 IIrl.h' :tlld 

"1\" .tll ( Ira;) dt·J!rt·t· ... of .1,,\\ I fin- atl I' t 

hr":1I1 101.' ",. 11,"n Tr" I .. w, r IlIr ... ·' ,','\ .'1' t I • 
I .. \( t 11l'111I \lh, J't ,'x, 'I't \\ Ill· ... 1I11"rrnplt ,I I" 
Ih, "001. (I I I h,·plalil'. and VI\" ,I :; .. 1. ~'I" III' 

III, .11 t I" "hl"s Thll- a lor .ad Id, 1,11'1'" I ,':In 
h"II·,I,k,·" tilloll~h Ih,' IWo IIt·mi ph"n' \\111t 
tlH'rlal'ping tir .. from huth turn'I" at thl' hnri­
wlllal Th' upper h",I11 of th.· ".'ri-""I'''· 'wht 
r"rl.R 11 targl't frrlm tI ... z('nith d(Own In Ill. 

lil.'gn' .. hdo\\ the' IWflwntal, \\ IlI'r., ,11" lilw 
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of "hdl I ,\\'It~hl'd I> h .. lowl'r h.'a,!. Thl' 
1"" .. r h,',l full"" - nil do\\ Il to th~ nadir On 
IIp.tral'klnll, th. I"" ,'r l!'ad carrie.; tn HI. 
I"jtrt'e" a1ltl\ e 1.(, h rizontal b ·fort' the 
(h,II1~"'J\ "r "th .. IIlllI'l' h. ad o,','ur~ Thl~ 
nn'r\: II'" th,· -i)!"ht h.-nll-!'I t'h i~ to \lrecl .Il' 
fll"lll 'Il 't\\ ·,'hlll).!' frl·m "fl'" !wad ,,' h .. 
• "'" III l'lI'''- .)f Ira"kinjl n"ar 1 h horizon al 

Th., tit 1.1 ,1 \'Il'\\ 01 ('al'h Iwatl hac he"n an· Figu,. 6 - 6 . Douglas A-26 Attack 10m be" 

A ' WI! I " .'''''0 In Fijtur' I>.n. thl' fi\' :-ijth. 
in).!' "taliun~ "nlhl' B-2~ air"lan!' art' loca ,1 
a~ rnllll":: 

Onl' , n the UI'I'H structure of h hip. fur 
\lanl 01 th,· UPI' r ,r!"lr turr!'t. caJll'd thl' 
"rln~ 'Iltltt inl! :1 al ion," 

OIH III Iht· tail I.f Ih .. ,hip (alll'd the" ., I 
,<!).!'htlllil .. ,tation," 

Twu I 'al .. d III hli!"ler- t om' on each ",d 
,,1 h -hip) Ju,t fllrwhnl of th rl'ar !.lun lur· 
p,t". allli caliI'll tht· "ri).!ht.bli"tl'r .. ijthtin).! 
tiOll" ami thl "I ft "Ii 'o'r sigh anjt .. ta i I 

r .... p .. I"I\·l'Iy 

I I .lIl·,f ht: "lIO t. 

Tl." H.;ll1lin· (I n n.1 "y. Il'rn " i,ll'nti .11 
,;, II' h.' H,:!9 

14. THE FOLLOW UP SYSTEM 

Introduction 

Principles of Operation 
Oil! "1',.,." \ ~m While po~i ioning of t P. 

'9~ RESTRICTED 
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I,gu,. 6 . , I;". Sighling Slalion. on 1 -29 

,d td) namoh'l"I and i . l,l ,,<'Irkall\, r(lnm'l'll·t! 
I,· tht' d'I~'yn l'ontrol trnn, forme~, When so 
,'0 1111\'(\ l'<1 , the Selsyn gen rator transmit!l 
l'It',' tril'al1y thl' 37imuth pO 'ilion of the iltht 
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d,vn 
h~ 

1'0'1 iOIl )' 11t' IIrn'l u 'hich it i. ~lar .. d 
If am' dl ,r. net' III 1'11<111011 .. "i,( , an .... rr.r 
. HltlUI'" apt t'4tr aloro:,-, h~ tcrnlina ... ~,t h~ 

,Q)!nal I"albl.,rnwr, Thi~" rror ,..illn:.!"' i: th"n 
It,d in n •• \',u:uum-tuh .. ,Implifi r «!,r\'fHlm­
"htit'r I. \\ her .. it i,. ,' .. nverted into a sij.!nal 
,'al',.h!.· of con r.,lIin~ th(' (lutput of a D 
j!.'Ilf·ra or (amplidYIIt' j:(enerat·.r) Tht' out­
I'll IIf hi, lImphdvnl' ~I'nt'ra or !h enn rolled 
h~ h.. i)(nal frnm tl1l' ""r\',,-amplifier i, fed 
in 0 t h 'ttlrn' -.in 't' m')! r. cau,'ing the motor 
I .. oIn , ,. h. 1r ... • and Ih .. rutor of the. lsyn 
,'"n r .. 1 ran form'r (tl" arc! alijrnment with 
hi .. i)!h' Wlwn th,' turn' come, in 0 alilrn­

m,·n. Ii., ··.·rr .. r h!'lIal" aero .. , th ~lll'nal 

t rolll urn','r \\ ill .h:appear, und the output of 
tho aml'l1.(I'1\ )( n"rat"r \\ ill go to ZE:r<I. al­
II \ il1l( th.- I ill .... (" ,'ome I .. r I, alillnt'd with 

II<' L!I·' 

Component Pa rts 

Sels) n ('ontrol Tran. (ormer, The functi n 
of tht' "'I,,~ n ,'nn nIl tran, former i~ tu recei\, 
an I'lt?d rll'al hill.l\ 1\ hlch indicate. th I") i 
I' •• n .... lit' ' .. b"n .... '·l1l'l"ator rot"r nd to ('I)n 
I'ur .. th,' I) 'sl IOn .. 1 1,,;.;( nerator rotor wit 
tht' I",: itil)n .If it" own rotllr, The el~yn cor 
trul ran"fnrmer i. ~imilar in I'xternal appt'ar­
.tIl,·" 10 'h, .. I'<\'n Vt'n~ratnr. but it!' intern 
,'nnstruc inn i: ~lil(htly different. and th" 
Itr .. nnt int rchangeable, 

Ser~o,amplifier, The "error signal" from tit 
rotur of th .. f'lntrol tram!former is a low. 
po"",r AC !lignal. This signal i fed into a 
\'aeuum-tubt' amillifier. railed the lIervo-amph. 
fi r. "hich re\'llfie .• amplifiet! it. and !eec!~ I 
into tho' ,·ontrl.1 fi Id of the amphdyne ~en ·ra· 
tor 

Amplid) ne Motor,generator, The ampli 
dyno' mil .'r-I( nerator con~i!lts of a DC shu • 
mutor buil on the , ame lIhaft with an ampli. 
nyn gt'nerator, Th motor i. energized frllm 
he airplane'" (lower !'upply, The amplidyn 

jotl'n"rator j~ imilar in operatton to an nreh. 
nar<' DC Il neratnr. with the exception of t" o 
f 1,lun''' ' In th .. aml'litlyne gen rator. th ou 
put volt,llll' huilC!~ U\ to It!' final valu in a 
\t'l'y" ,rt tmw .• md a \'er~ "mall field currl'nt 
of "nl~ a fe" milliamp res , i~ r!'Quired tI. llr 
duc,' full \ 1)1 age. 

Turret·drill' ~Iotor. ,'lIIel' (h .. turr t mu 

The Two.sig nal Syste m 

,n V'l'n. rator" diff .. r ntial g ner tc r 
.10'\ 1, .. "Ir,,1 tran~f'lrm('r R .. I~yn~ are !'IuhJ''t 

II 'j 01 II ph'ctril'al!'rror due to manufact ur· 
tnl/' ,rr j!'l)lllrJ i I! in the win,lin~1I and in th 

b 1114 RESTRICTED 

.'el~rn s)'iltt'm then take control automati­
wlly. anel drit' ~ tht' turrt't until tht' 31-speed 
':el','n rolor:< art' In ('orr "ponden.: , Thu, • an 
,'rrOf of I ~ elt')(rl''' in tht·. eillyn:l)' t .. m repre­
',· nl. an adual vun ah",nmt'nt rror of only 
I tl:!_ til'J.,'n' .. :II tht' turrt't. and redul't'!! th~ 
.. "",Hill tor "1 nil \\ hit-h "oll!.I"t' t' p~ted from 
th., "11ll1'1.· Iltlt',,,p eel s, :<Iem. It i~. of course. 
p",,,,l.l,' I. 1111hz.' a unl' ;'lll'nal. 3J-lIpeed . YR­
II·m.hu l \\ t .. II a:ll 1 ..... .1 "mlrnl L Il~ed. there 
" .... :11 1 .",11'111_ .. t th.· urr('t for which the 
:0-"1" II .\ -1 .. 01 mal ill<iit'llte ele('trleal ('orre. 

""n,It'1\'" \1 . I h 'tilt' .of tht' 311lo~itioru of 
el ... ·tn'lll .' 'rTf'.""n,h·",'" "'Iuld th Right be 
III II iJ)(nnwn I "ith th .. turr t It IS to avoid thi 
.. tTl'" that a tWt> "lgnal \" tl."m i~ ulled, 

15. SIGHTING STATIONS 

General 

Th"r!' art' ~I'I I'rlll t \ ' (It" of l'ilrhtinll taltontl 
u .. ,·.1 \\ It It th,· 1','ntral·stllll'!I) firt'-conlrol sys­
lI'm Th,· h.l"ll' "I' ral illll' prin,'ipit' nf t'ach 
i, I' .Iltl~ tilt' ""m!' A ~iJ.:htin)( <tat ion ('lIm­
pri~,·, it ,igh , I< 111,'.\11' IIf ilhhl'ltil1)t tu a gun 
IlIrn: (h, \,1,·, i" dirt· I(ln in " hi, h the :i",ht 
I 1'''lntllW .mol ., IIIl'an, of trlln~I1l'tt'nj{ to 
I".·, .. mpulln~ \ .. "01 ,'.llIatlOlI ill rtlflgP Ann 
• , .. IOn 11.,· H !!!lllIrl'l •• III' thl'l" 'l\ rt· I \' •• 1\'. 

"f W It '"~ 1.1 1<111 nnll' und p"I .. ,t:ll. I, 
, •• t,d I, III tln1 th,' m.IXlmlJm IIn,,1. 

II' "11."11 \ It, \ " 1111 '"'''' 01 h,· tll r\lla", ' 
11'1 'Iii, Ii I I h,· Iii" " htl1t~ tallllll' :In' 
\\t·\I !'~'. II. 'd l"pr,1\ itlt· th,· hI" 1'" ,,!tIl' ,'IlI"'r 
a~t· tll'm ~!1\ ""1' il'ldar ~'III1Il"r' "t rllt'lI 

Retiftector Sights 

III II,." "' •• "f t ,;.' H :!!' .lll'pla,lI'. 'II' I "ll1 hl 
in).!' "'tat I' In Ita ..... " "'H Ilf It 111aJPt" 1'.11 t .. , n·t 1-

t(,·.·t·., Il!'h I., piliI''' , '"I \\ hH'" I " fr.lm. · 
t h,' t.CI,)!'" nlld ,II t h,' ,till\' t lilli' ,.'ud a r·IIII."· 

",.I('li.n ttl tl.· '"1111'111.·, E ... h II'htllw 
tl' 1111 .11 II.· H !!!l i Ill. 1\ .. .( lIlarmnll\' III 117' 

II ut hand •. \t" , lOll I I 011' )!lIll1l1'r TIlt' ~"I 
\ II I t III I" ,., ,.!,'s till' 111,·an. "t 1I1.('l'at III)! 

lit,' ""'Itl .. " 01 th,' Id, to th,' till'll'! 

16. COMPONENTS 

Th,· lir'l '<whtlllll' "tall,," tn 1,.. ,·u\'~rt·d I, 

II ... I, ·dl' .. t.d 1\1'" (F'Vlln' Ii'll. "f '"h,<,h 
I hen' an' fuur Oil th,' B-!!9, Earh jO,'t1p .. tal 
typ.· ij,!htin~ ,,1.lli.11l '" m.ult· lIJi "f (ollr mil 
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JI r a" ,'nIbilI', n: mt'I\" the aZimuth as.l'm· 
b ,'. ht' t'I""atiun II ...... mhb. the r t1tll'l'tor 
'II/'h . ~,,'mhh. and h .. l!')'fII and upport a'l· 
l'mhl\ 4 Fi~un' 6-11 ) 

17. DEl AILED DESCRIPTION: THE 
AZIMUTH ASSEMBLY 

function 
Til aZimuth a.· ... mhly (Figure 6-10) ae· 

tualh form" hl' hase for the pede!Otal.type 
·wtltll.j.! .. ation . However. it al~o tran!'mlt., 
"Ij.!'nal ,,,lta)! .. ~ from : .. I:yn j!'ent'rator~ on 
t .' -llrhttnK tatlOn. thrnulth the comput er 

h .. azimuth·:el .. yn ('on rol transfur m r~ 
t ' urr"! ttr IIrr .. t: . T e't' siltnal "ultajl!'!' 

!h .... ad p""itiun nf the Ight In 

Mojor Ports 

f illll ' . 6- 10 A.imllfh Sel,yn G.O,in9 · 
Mod_I XSRlI.s. 

Thu", as the yoke i .. rotated in azimuth, the r 
tor of the one·!'pe 1I .1'1. yn unit makes on 
full r .. volution for Hery full revolutIOn of It 
yokt' At the ~ame time, the spur gear on h .. 
rotor ,haft tlf the Ime- ·pt'ell eh'yn s .. rve .. t 
clnH' he Itt'sr train for th 31-. p4.'t'd el,,~ n 
Il 'llerat, r . ThlQ i. acnmph!lhed m tht' (011('1\\' 

inl!' mann .. r Thl' .. nt'·.)1 .. .1 • el"yn "pur I/' .. a 
'" hlch al"o earn!" 

Computer.Standby Switch 

4 Fll'un t, l~' I Tltl., 1- II lumm., ,s 

1 6 fSTRICTED 
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31 

G 

AZIMUTH 
GEAR 

~ ________ fRICTION DEVICE 

,..-____ 1-SPEED SEl Y 

GENERATOR 

LOCK 

Figure 6-12 Cu,owoy View AI;mu,1t A_mltly Sltowi"g Geo,., Sltof,., erc 

• I \ n "11."11,11 frt, tIll '".rh tf) by·p:. 'S thl' 
e " put,'r :10.1 ~" .lir~('th' t(l thE'S I:, n l'on· 
trot tr.tn·ful'/ll"'~ ')0 thp tUrre , Thi~ ,\\itch 
,'" I I .. II .' I IJ mak.. he !'y~tem IlOn-C,)m­
IIl1tHlII' 1101111 til· \'ornpu PI' be damal!,'.1 n' 
'1I1.ltr 

Az:imuth Stowing Pin 
1;.12) whi h 1 

limit Stops 
p" . l' "" I Iiml r otallon of h ~'Ilh· 

Ill!! til Ion In aZlnlllth are I",'a l'i on th .. saml 

It rtl II 0 1 tit .. ,', :t '"II: that hUll S the 8tO' ... • 

p n, "'mbl~, T\\ il mt'lal damp, • one on eith," 
Id~ I and tl} hi r ar) of th ~tow-pin as r· 

hh' ",irry rut.I'cr nuuber. whil'h I'ngag • ",.r 
.n th .. \ uk.· :tn,1 thll<; :t"p 1''' atinn on the !lh(1 
II t. Im,,' h "h n It ha.; n'acln-d il - liml • f 

·r 1\ .,1 

Reticle-adjustment Rheostat 

F,)! l!'t' " l~ I Th" i, I"rah" nn I "Ip-' 
r an" ~hl,' of {h,' ¥t-ar hnuqmll ,'a 'I III I!' 11111 

• cl fllr tn, n'" III).!, "I' II nt-a"1l\1I: thl' brtj.rh; 
Ill'~' (If 1,1' rl'\.d., lmalll'. Th uO)llstmt"nt 1 
11:111.· It\' In ullq of a hlack ,'(Imp I, ition kill 

cl arh- m, rk .. d wIth a white arrow and til 
w(lrds "on H anti ··uff." 

10;' RESTPICTED 
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F'i/ute 6- ' 3 . f'evolion A ... ,"bIy ~eJ_lto' Sig"' , 

18. THE ELEVATION ASSEMBLY 

function 

"" fllnl'llon 01 Ihl .. I nI"" 1 J 11!'1I1t I, 

\. mountth'I'","I,',I"1 1.-1' and ii"" 

Major Parts 

1 SPEE 0 ~f, SYN 
GENERIlfOR 

31 

~O~ f 

"gure 6 I. Sclt_'"oIlc Drawing 5"_',.. • 
0,", 3' ·Speed fI."oIlon S_'syn D,Iv_ 0_",.. 
0,", .on .. '''p4/I. erc, 

malll y.)k~, h"u~.' I ht' I!'t'ar traln~, and mount 
th .. s..1i\~'n uuit>.. t" I trilllft'r!l fnr firlllg tht' 
Iluns; an action ",wIIl'h an.1 a range han<l1l' 
"hlt'h arl' rarril'd lin I ht! left anll right hand. 
wht't'Il< respt'di\' Iy; Iwo jfyrtl .. cnpe~ (,I<.t 
sh'l\\lI) whkh mnunt altn, .. and hl'l()w th.· 
r .. tltl .. dor 'ight. rl'~Ill'\'ti\ .. h': :til .. 1,,\',111011-
frir i"" "cr .. " . \, hi"h I, 10.'at .. ,l lin Ih. · riJ:ht­
h:tllcl It ..II' I .. ". :lIld all "'f'\allon , 111'\ pin 
In,'at .. tI III th .. 1' ... 11' IIf h illhl lIll Ih,' rillh . 
h.lIi.l ""I .. "f th,' malll '.-lIk,· 

l'\t'ls~ n-Kt'nt'rat or l nit-., Th,· ,1.,\, .. 1 ion :, I 
\ n , ... " ,'I'a' Irs It, i·l. 1111< "I III ,'''"~trll ... i''l1 

tilth .... ""," Oil th.- rill\! 1\ I" i~ltlilllt til '''II 
fh. on" oIat "1 .'n,. I.. S In t 1 ... 11 ,pro P""ltI ,II 

\litlt n·'I ..... (0 h, I~htilw S .Itill" Ii" '11 
I ... ct! ~(I,\ II I mll'"II,," till I Ii, rt .11' III III 

Il'I' l·hand ~,'a. ],,' 1:1 'I., · '111111,,1' I •• kill" 
II t' 1"'IIII",'I"r, lIiht' mlh.-I .. III I, 111'111011111"1 

'ht' h,lft 1',"1 "I lilt' ""1,, niH, lilt .... r .• hl <'!',' 

tin tlw l'n" of a h .. I1,,\\ t1rin· haft. -111'1'01'11'.1 

at "il ht'r I'nd h\ hall ""aril~' lh~('m"Ii,'s 
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PHD E ¥ C'( [11 ... 1011 ______ ...... 

PH f. (.[ NfRAIOR 

' igu,e 6 15. Cutaway Vi . ... 0' fI • .,atio" A ••• mbly SIIow,n" 0,,... Goa,;", SIIaIts .nd h.,ings 

One'l"Ipt'Ki Stolt;} n (;ear T rain . {Figun" It 

l.t .md (; 15 ) A~ in the t'ase of th left hand­
I andwhl'd IS at 0 mounted 

R£5TRICTED 

RESTRICTED 

H 

Fi,ure 6-". CUfGWay View ., Actio" Swlrell 
M.dl."' ..... 
··;ER SWITCH 

" ITlH 
"gu,. , - 17 l'" H.,", ,,, ".c. 0" fl.".,,.. 
~o"d...,II_' ."d Actio" Swircll . 

I~ht \ .. ke (Fwul\' t; 
,> flli·15) 11" ff III rn"unl th., -i)rltt 1- 11.0111 
/I I',·d alilllllnuni all,,~ clt"tinlo!. ThiS ~, kt 
f1t~ "d" " II thl' a r m" flf the main vnk 

" 11 

Fi"u,.' " Cut_ay Vlaw 0# l." ,' ... ' 
Swlrc" 

' i,ufO' " Right H."d 'n ',.c. 0" '10"0'10" 
Handwh .. , alld R."". 'nput Ha"dwh"' 

.1111 I "'II'Pprlpd (\,lth Ih I" ,m ,ftl" l 
"ilrd~ tho )..'unllf'n In tb, I\l ll 11'1\,' halt 

10"111 th"n 'hi .,ntl l<'It 11,,11111,1\1'''). T \(1 IIII~ 

"II thl' "llo:hl III. IInllnlC 'IIrt;Il" lI'''un' ,'r"I',-r 
,ltlCllnl " ,,' t hi' iV ht Tlh' fronl lIt the \ "k., 
I" drilh d .,nol taIlP .. t\ t" -"1'1'01 I 1\ I r,'nl I .. a. 1.1'1 
1\ 1111'11.11\ lurn. "1'1~'rl" ,'Ih' "/lII,.f hllth .:' 1''' 
-, (11'" IIml Tht' 1I1'"ll1tlll)..' urf <'t' \",' tI .... 
noll hla,I.,'1 I.. tllll 1111 to a 'I"It' 1'1'''1 •• 1 

'11i"lllllt'lIt (.1 tl .. , 1'1 ... ·1.,·1 .11111 h. II,'.' Ill'~' ru 
\lflll! ",t! "' t h.· Ivht \ uk. .,n· I ... 

II II .. It IIn"l tilt' I '",' I "I III\' wht III 

Ih 
1111 

\ \lwn ~"i l .. h . (FI~'llrt I; It; uwl fi 1.1 

I t "I ·k-III., II It, II i~ 111.111111 •• 1 on th. Idl 
n,llIti,\ h",·1 It I 111'101 111 lIormall .. up!'n I'll I-

11,'11 11\ .1 I'nll~ a s"mh" \\ h"l1 th, ~lIll1wr 
tI .. ,.,· II t.\ I'r·,.",nll' It \\lIh III palm. (If Ihl' 

'tllltn 1 111,:\ .. " Itdlt·~ un' prltl",r" 1'" .. ilronl',1l 
III\' 1!1I11: 1111 tht' turn' \\ 111 ' Will~ II1tn ;"i~1I 
nll'lIt II ilh th,' )..'IIIlIHor· · 11111' nf sl)'h \\' 1 rill)!' 

RESTRICTED ~ '01 
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l igu,. 6- 20 Cutaway Vi.w of Ita,... '"put 
Mecltallism. 

'ig~,. 6-~r , Itiflltt Halld Sid. 0' '.d.lta' SI.ltf 
U~", Sltow,,~. "."lIt/oll LocI",.. "11, Ad",,,,. 
I "cf,oll O • ."c. 

"gur. 6- 22 "otl#locto, S/.1tt MoullfOd 011 

Ped •• 'a' Siglt,ing Unit. 

'rlnr, .Ind Trp" a:~<'mhh' 
.1 1I<,·,I"nth .. azimuth·~ owpinl 

Pili 111 l'r I .'r p,,~ihon . 

PES ICTEO 

F'gll'. 6- 22,l . Itet/ftecto, S"., wiflt .'indo,. 

ote: ThE' proper pring tt'm~ion i. ,l't at the 
B Iry nnd !lhould not be chanlCE'd. 

19, RETIFLECTOIl SIGHT 

Mounting 

• a 10:' 'I '··IIII'II! ,1 If I 1t'1I~'11t I" I 
.. 'r lt1~ ..in .td. phor I •• t\\t'PII tt p ku Irl • 1 

I"t. alld IIIP 11.'1 I,. I' 

I;gu,. 6 23 ".'i"~ctor Sigltt 

SECTION II-RING SIGHTING STATION 

1 THE UPPER-SIGHTING STATION 
l' .,. f;': I ~u',1 h :!:; l 

General 

" "pl'"r ''11C1t III' t.l WII. mod.·} !!,':n· 
I 1,,. at,'d 1111 IJI 11'1lt'r Irlle In, .. 1 Ih,' 

r ,.11.' III I f"n'lIrd "f th.· t1I'IW!.Tt' .. r IlIr ... ·\ 
I ·htlllV ~lallnl1l~·.,.tll .. d h,' ""1Il1!' \'I'E''' 

It. 1 .. 1111\\ h,' Il1O\t'n\ 'II <If 
a hI 111,· ;lIrl'lall,'. th., ~lIl111t'r I~ ' .. al,',1 In It 

\\1\,·1 ,'a .,1,·\ a 1\.,) Ir"tn tht> IInClr '11 that hi­
('U" ar ,lirhtll al."\t,th. I. \,£·1 .If Ih., fll • 
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fig"'" 6-24 Upper Glln_ ' n 'MIt#on at It 'n,."pe S"""'" StadN. 
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h.· variou~ 
. tat in" I. "roultht III 

,.f hI' ~lIppClrl fnr 

The Ilister 

. illhlln~ lallon I~ II .. , lIon 
ral"pan'n! dUllh' ••• r "hll I r." whl<, 

I, tI·" ~unut'r an IIn .. h~trudt'd VI"" of 
I 'Ir,· h"1ll1 ·pht'n a1>"\"I' t ht' airplan. 

imits of Sight Movement 

" up""r· ·illht.n· .. I,lllOn I' n he rtl a t'd 
uuu"h It ,·1 h"r dll·I·llion m azimulh 

I. II.· ... n·.·' III ,'11\1l "HI fltlm th", \"" .. h'., 

h .. hon1<.nla l 

2 BASIC PARTS OF THE UPPER­
SIGHTING STATION 
~ .... ·m· h-~.; I 

• IlIpt'r <IKhlln)!" ~tiiti('n i~ ,'oml)(). I'd uf 

rnaJ"r par" Clr a "('m"llt' Tht'. pan' dl', 
folio" ~: 

The Ring Assembly 

Thi~ l'On I. t. uf 1\\ .. nnfo(~, 

inrh"r nnK Th.· IIllh'r rllW. "III .. h "PI (.r 
rl'tilh,('tnr . lJl"ht lIud I 

p"rnllttlnfo( 111 

The Control Unit ond Junction 10. 

n.l. d., III I 11111 h Ih,· Kunnpr actually 
0, "ral, , tl,,· 'I)!"ht, :Iltadlt' t., Iht' mn r rmlt 
,md I 0;1 nIl ""I til h, (,,11"\\"1111{ Jlllrt:l th 
ranKt' II'nl', th., ,r'll' II \\111'1 ... tho' ri):,Il.'r. th 
int.·rph"n, hlllloll. Ill' r"lId., lamp aliJlI. t. 
m"nt k 11>1". I h.· ,"mpIII!'r \\ !Il·h. lind the aZl. 
muth anti Ih. ,'!t",,11II11 I"wllll!" pin~ 

The Azimuth 5elsyn-generotor 
Assembly 

th,' 
"h,,· 111,11,',,1., I,,' 

The Elevation Selsyn-generator 
Assembly 

The Yoke Assembly 

Tl I ""'Ill"" '" 1111" II.· lKh, n.1 "' 
P"" •. " lot"! , .... 1\ 111,· ,. Inllllll fllld .,I,·,'atilln 

t I 'II It"llt t dlll".\ ,'nihil., 

The Retiftedor-type Sight 

1 I I Idi, •• t 1"'·'11 '1"'IIf~il!'ht through 
" hhth'·~III1,I ... k "1"lItr.trkinghi~ 
la,", I 

The Gyroscopes 

J hI "t' art' t \\ U HILd".h til 1\ ,t..1"\"rU~l·"p I • Unt 

'"' • 10111110 and 1111" 1'", ,I.·", ,"n Tho, ... Rrt· 
nl(>lIl1t,·oI 1111 thl rlJ,.'lIt hallol ,.rm of Ihl' "Ilk .. 
Tht' 10." 1''''1"1'1'( ~ ~.'n, a a tII,'all. of trnn. mit· 
lin)." In th,' """,pllt,'r tl ,. 'IO ... ·"an· t'1.'t·tnral 
'·"rn',·I" n~ f"r lo-a,l 
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F'rI!}r.6- 27. Out., and ,""., Iti"g' A ... mbled. 

Collector Assembly 

TIll' l'I,lIt'l"tur a~sembl.1 I, hou~ d iMide th 
'J'P' rl whkh rarri.·" the Illlnner'~ eat. It 
I I ,' ". a nl\'an~" hnn$rtnl{ puwer from the 

,rpl nt"~ ""'drkal "I~ I'm to th sighting 
1111 

3. THE RING ASSEMIL Y 
tl'l~ Ir,' li-:~7 1 

TH U~T BEARING f~1 110 DE ICE 

',gure 6 - 28 Out., a"d ,""., II,"". 
S.pa,ated, 

11111 '" perl pi" r' Tt,.· • 1", Ih fire t'n~ag4'd by 
h, ell'll' l!'t'ar"l1 !, 1111l11lth. d'wn- nera­

t I • f' °ll} ~~ .. 

The Inner Ring 

Tt, . - I II 11~ \\ hldl h.1 • allllll'l'rt doL at, •• 
t·' tlPII I F. 'llr' I; 2 Th,' 11"11,,., (1II'p .. r) p.r. 

""' "I th ' 'III~ IIIl1l1n 't,1 t rtl!h, 1l"'lInll .. 
Th. -101,' !,!lr 1"11 Itf th" ril1~ IIwllnt- tilt' fol. 
i, Illtl: "arl : til,' dulIlol .. thrll I "I'arin '';, hi' 
.IZil1l tth frtl'lh'n ,It·\'i .. •• the azimuth and ,.11'. 
\'111' n : I. 1"1111:"11 r'''''1" II- l·rnt.1t·" all,1 h 
" '" 1"1·1 ,of ,I Illn 'n" hit a" f'mhl • 

flgu,. 6-29 Secfla"a' V~ of Iti",. Show;"" lea';"g. a"d ',Ictio" O."i,., 
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"flU'. 6-30. Con',o' Uni, and Junction 10K 

CON1ROl AND 
JUNCTION BOX 

"IIU'. 6-31 Con',o' Unit a/td Ju/tC,lo/t 10K 
Ntountftd on 'n"e, Itinfl 

n ) ~I!h a !'cn'~lIn\l r. anti then tightemn!l' 
he n t ttl holt! thf' liliju, tment 

Friction Device 
I'I\:url> •. !!!l how lin adJu~tahl .. :<prt!1' 

I lilliI'd frie jon d. vice mOlln ed on the ,"nt'r 

RESTRICTED 

RESTRICTED 
'EP COMMUNICATION SWITCH 

A(" t' N 

, P ,"'I~H SWIl " 

"IIU'. 6- 32 R'flIt'.Hand Grip Showinfl Action 
SoN,telt 'n'e,communica,ion Swifclt and T,igge, 
Sw,tch 

1(111 in •• zimll h 
1'1< linn ('an It atlJ II II'el h~ 

\\ I II.. t'n'w,lri\'('r Till 
tij;!l,· 

4 CONTROL UNIT AND JUNCTION­
BOX ASSEMBLY 

!light-hand Grip 

F'g'''. 6 33 Cutaway V'ew of Control and 
Ju!,cllon 80. Au.mbly Show'"l1 S/'oft 8~0"ngl 
F"ellon DeVIce and Ronlle Ad,ultm nt Ceotlng 

left-hand Grip 
P 'I. , 

HOUSing 

II-
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/ 
\.. [ <\N (0 ~ TlO 

F,gu,e 6- .34. Junction 80. Side 0' Control and 
Junc,i"n 80x Assembly 

Stowing Pins 

I , • 

S. AZIMUTH SELSYN-GENERATOR 
ASSEMBLY 

,i' I, I I , ~I 

Function 

I . ,.1 II ·.'It·I,ltor,, 'm h' I 

I, • I . ' 1, lIlf"lllI~·,f ll""I):htlllJ.: t •• llon 

AllMUTH ~fl ~ YN V IT 
F'gu,e 6 3' Alimutlt Sel.yn G.n.rotor Assem 
bly Mounted on 'nne, R,ng 

Majar Partl 

.I,IltI,I~ lunsi 'I (I t a on"--I'I"" .1I1e1 .• 
,·!.-"n j!"llf'ratnr. a ,'ust-aluminum 

lllo} hnu, In!! In "hid, Ihl' S I~yn J(f'nf'rah'r 
a tarh d, n.\ a I!'l'ar tra in \\ hieh l'ngag 

6 :'to PfSTR'CTED 

RESTRICTED 

"Qur.' 37 Cu'away,o Sltow How Main D';"e 
G 0' Engoges Internal Gear on Sta'ionary Outer 

ng 

Figu,e 6-- 3. Yolt. Sid. 0' Al im,, '" S .. hyn Gen . 
eralor Anembly 

I, u, 6 39 Sclt.ma';c Drawin9 0' AI;,"u.1t Sel,y" Un". Geared to Stationa,y Ou'er R"'fI Gear 
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Figure 6 40 CalolNo View 01 Al;muth Sehyn Un", SIIow;n" Gears, Sho't. and 8ea,;n9s 

j!I("H SIDE OF SI ,H r y 

Flgu,e 6~' Elevallon Sel.yn Gene,alo, Auem­
b'y Yoke S.de, SIIowln9 Couplin" 10 Yoke and 
J "ti Stop 

6 ELEVATION SELSYN-GENERATOR 
ASSEMBLY 

,rt ... '; tt.f~ I..! tLlldtJ It) 

function 

"9u,e 6 42 Elevallon Selsyn G"ne,otor A"em 
bly Show,ng Mounling Pad. 

F,gu, .. 6 43 EI ullon S"/sYl1 G ne,olo, A"em 
b1r Mounl don Inne, Rln9 
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H[ 

Figure 6 45 Eleva/ian S .. I'yn Unll. SIoowing Gears. Silo"" and 8eo"ng. 

Flgu,r 6 44 Elevation Selsyn Ge;,e r%r Assembly Grorrng. 

I" mil II • .,11'"1' r I" I.· \ 'IuiCkl . I" 01" 
'I . 'l'lrt ,.""d" "1 ... ,,.111.·\\ 1.lnn·t I" ,i).'lrl, 
I' IIIIW lI"rm • .! I . ,'. t h. IIH'r la whl,·1 h. II 
Jr"\!'11I Im1" II.Hklll' 

RE!)TPICTEO 

Ilectrical Connec.ions 

7 YO KE ASSEM8l Y 
I .... I; "; I 

Flgulr 6 46 Yole Auembly. RIng Type 5;g/".n9 
Slollon 

III ,'1"\011,. n. , 

RESTRICTED 
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III G 

R1Nv 

,dll'ma I' '\1'\\ 11\ Fijlun' " ,:)1\ ''''r" I hi' C"" 

\1')1111111,11111 Jlllldiu" II" a .. mhl~ ... Ith It 

"1l1lrll'r' ,','nll .lllnl'~ I ,hnwn totrt'thcr "'I t 1 

II" ,,,",'" 1.1 Ih., n1l' halli.al hnk gc bt>h". n 
I he. "III rill 10:11\,,' anti th .. ~()kl' Thl' parts {' 
n'rn, d \\ rth \ h. plt','alilln milium art' .. h" ... n 
"," 'f Fi~'ur. li';,\\ .\, I I", ~ 111111 I mll\''', I. 
""ntrlll han 1I1~, h., \'I.kl' I" l'It'\'ale" nr I ..... 
l'n'd ,,~ II11'al1" ,.( Ih,' m",'hanll'al link •• 

Jln Ih., ."ntr"llItllt lind Jundlnn h .. x a . • 'm! 
:\1,,\, n!l'nl of t hi' (IIntr .. 1 h,,11111.'s ttl II H' \ 

\." rh,' , •• "" ,:III I .. , mll\l,.1 I hrlllll!h !I~, .1 
)lro'.'~ lr"tll \\'rll "I t" " t1"lfrt'!'" hl,I,," 

'.gure 6 41 Yolre Auembly Moun'ed on IIIrtl"nl.d 

S.q'" "9 S,O"O" 

"gure 6 48 .,.o~ .. Co""pcr .. d 10 Elevol,o" .. Ioyn 
G""NO/o, Assemhly 

fir' tt ... , ,. 
~ 
. \"ltt, .. 'I •• . , 'h .. , ... ,', 011"-, 

1,1,,16 
" ., , ,', .. " .. t 

" R , 
• .1',Jr'" .. , ~ • I 

PC' f". 

f'C' ... 161 

. " , ".I",j ,.1 

j' •.. ,' ..... If l\ 1 'u ~ ... 
8 •• Ad "" .. . 

d. 

d, 

"gure 6 49 R""llecfo, S'II'" Model Number. 

l'>r ,(T D 

I .. 

'I I". 6 SO 

RESlRICTED 

Se".mal;c D,agrom S"owi"g How ,I.. Con're' Grips ore {,'n/r.d 
H " ~ '0 II.e Yo"" and ow , e Ronge G"p ,J Con"ected '0 ,I. .. Sig'" 
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"gu,e 6 51 A & 8 Re''''ector S'91o, Mode" 
R C und 0 0' 

8 , RETIFLECTOR SIGHT 

Malar Parts 
Opti('al :~ .. tem. fWIIr(' 11-51 ~h"w' 

Jllr IMrl: If Iht' rdlllt·,·tllr "il!ht. Thi.' i' a p. 
tlalh ,. p"H!.·d \11 \\ "htl\\ illY the part· f I 

IIII! Ih .. tlplll'ltl~) "tt'm tlf tht' .. iJ.[ht. Th,'''''\ It 
.tr 'a d"ulJl, filanlt'lll n'tidl' lamp" hit-h I. I 

Ii).'hl slIurn' ftlr lh,' rt'tll'lo' imal('t·; a ~malll 
<lI,·allO)." lamp \\ hil h hght s "hpn thl' "'11 

puler 1:-- Hu t of tht· ~y:-ihlm: a .. :ondt~n~ulV" I.'r 
a filt l r: tlw rl'tll'l ... as"'l'mbl\, con"i"tl nl! 
nw)!'t' . nt'lItral-, and tarKt't rt'tldl' a~.t'll1hl • 
(\\ hid f .. rm th .. rt'Ii('I., imH)!'d : a ,Hi ct"~" 
mirror whIch turn' th!' f"rmt·c1 retidl' im .• 
111m an!. a ,'tI\l'r plat., "hit'h ,'ndo"',, Ih, ' r, 
kl" ),11, • hut l'l·rrni spa"":.)!,,, " I' lI~hl, an' 
t"r platl' on \\ hU'h thl' .. "li,·I,' IOUo).",' apI'" S 

and thrlllll!h whi,'h Ih,' )!'lIntwr I.'nk,,: ;11 I 
~l.lI!nin II irr"I' whi"h .... 11101:.11·,. .. r n a 
l'ar,tllI·1 till' Ii)!'hl ra~ .. \\ hil h fnrm I h,' rt t 

I In "."t: 

.'ky I'iltt'r-.and Kinl/' -and-ht'ad Fj,lurl' 
iI ,'r" art' )11'11\ ,01,·.1 tt , ,I tln\\ 111 . .),1 ... alld 

IO'TI a.'" h.' I.rIl1l"11I ~ "r thl' nil'· .. • I I 

<llIrlll).' oIa~ Iwl III)."ht" TI I ' hi 
'(\ h.t tIt t .In ht \ Itl),!' "II 

-'wllt dllrin..- IIwltl 11)'\11 .... \ 
fl 1llr.'., lilt \ t,h~d :t.,. t nlt't'V',·I,( y U .... 

trntJ, 1 iI\ IIlll\'·t '" t tit 

st'nt1,h I r. \Idt~ l t lUn 'Ill' I \\lIi al I • t 

... tI l~IH,I', l.f'· ... '·n1In)! t ,t I.tll";'" of tit 
1'1,.",,11'1,11;,11,., 11;111 \\1 h \\Ullhl"ltft. 

1.1.tfllt fl1..: 1 l-"lI •• ,d .1). .... tll t hU11l "" \. 

R STRfC ED 

[NS 
1 w 

RESTRICTED 

MIRROR 

RE I 
f.plod~d V,~w of 

ROD 

(OMPUTER INDICATI G LIGHT 

RETIClE 

RETICLE 

"gu,e 6 53 Scltrmot" O;ogrom of OplICal Sy. ­
't'" of R~till~clo, 5.,,111 

r ARGn )IlE 

fit lE 

Figu,~ 6 54 S(Ioemolic IIIuslrolion of ReliRec/or 
Sill'" 

RES1111Clro 719 
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;t '.;t'01IlI\', Ihal th .. Ii),ht ra~" fr.ml Ih., rdid,' 
mirror arl' l'"lIimal.'tI, or mad,> l'ara1lt I. and 
r .. U,..\(,<! ha('k In til .. r .. lI"l't"r I'lat", Allain, 
ah .. uI U r .'r I lit ftf h., h)!ht P:I'''P' throlllCh, 
and :!(1 p. r lI'nt til' Iw h)!h l. rl'ti<·r\ .. <i 11\\ ard 
Ih., )!tlltn!'r', 't' Thl,,.l' ra' ttorm a ,ir !I,d 
ima)!1' (If Ih .. r!'ttl'I.' .11 lntinitt' Ih"tanll'. or at 
Int:nit\' \u\' ohu ... ·t III 11:1i' \\ I h ,h • .> f'~n'''''r Ht 

hi .. r~ti..t. i01a)!t' \I iII.lllll'ar in h,' '""a'I'",,j. 
·'0'. rnl,:-.pt~t· h .. · fit th(· t.ti~ a 11l' \.1 (,f the $.!un-
11I'r'" 1',1'1' from I h., rt'fh'l'fhr plait' A ,It)'h' 
",ft, "lllt'l\ of hI' )!UIlIWr'" 1\ t' liP tlr dowl1 an I 
troll1 '101,· Cl ... j el I' \,ill n" dl<lnl!t' h .. r..Jall\,· 
I "'IU"n. an."" and n'li"'I' im.')!l', Thi' I' 
.. n· ,I h.·, III. f ."I':cnta),,,,, III th. n'rl .. , Ill).!' 

t \I" -I,.. ht a ,'" lipan·" \I it h 'Ill h "Il'h a, 
I .• • rln)! and·h":ul ,j", , 

Reticle Assembly 

figu,. 6 - 55 Cu'owoy View of Re,icle ASHmb 
lies Showing Oe'oil of Geo,ing Be'ween Rel iC/" 

1."" :Ill' J 1,1 ill'lCll'l' .. imin), at ht ... t.lr)!.· .11 

h"n all""" tilt' tar)! .. ! r' 11'11' ttl n'm .• 11I II 

,,,,.ilion, Th,' )!1·aJ·lllJ.t fn'm hI' lan!I' I 
mput I.noll o! h.· lan.~,·t n' j." .. "1111.1\ 

... ho\\ n III FIJwn Ii.;' I 
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figu,e 6- ~a l · Retide C"cle Dot, Tatset Sir. 
Sell,ng 60 f.et 

F'gu,e 6 5 9 3.Retide Ci,d~ Dots Ta,get Sir. 
Selrong 60 F ~e/ 

figu,. 6 - 60 l·R.ticl. Ci,cle Oats Tatg.t Slit' 
S."'ng 60 Fe.t 

"gure 6 61 J R,H,d- C"eI" Dots Tatset 511 
Se",ng 60 '~'" 
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f u,e 6 62 Collector Ring Ass.mbly and 
Junclion 80x 

9 COLLECTOR RING ASSEMBLY 

Operation 
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:\ .. Ol.J~H,.... r J 

F'gure 6-63 CUlowoy V,~w 01 Colleclor Ring 
Assembly 

11 

fNERATO 

r E ... lION SflS , '<oj'''' "" 

Figu,e 6 64 1'1, n G n .. ,olo,. Moun/ed on 
S,g"""" SIoI,on 
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SECTION III-CONTROL SYSTEM UNIT (SELSYNS) 

1. BASIC COMPONENTS 

'1'1, 't'" I, ~" tom l 'ml'rJ'~~ u : ·1"'1\ ~t'fl­
,,'a' r nl('lIIl ".1 <'/1 •• "l~ illg ,.taT!,!', tIP vt'n­

.. ratnl" to III\." 1,1.,(' r1' all~' c:. nn "l'll'rl to a St'l~"n 
(" .n r ,I-tn. I .. tornll'r mllun PII nil I\l' urn"t, 
Tht' _ ',,1--,'11 ~1'1l"rat"r 'S t'1l1·r~I7.l'd h~ IOI)-l'\,d." 
"I • rn" Ill!! ,'urr .. n 'rllm th(' dynamo or. Th., 

F,gu re 6 65 Setsyn Generator 

.4 R£ST RIC TED 
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C 

~~~u~~,~, 68 Scllematic View 01 Sellyn Genera-

F/~I/'e 6-66 flfp/oded View Sel.yn Generator 

F 91 re 6 61 Sectional View 0' Se/,),n Gene,a 
10/ 1J1" 
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f'9ure 6 70 S I.yn Con'rol Transformer Mod. I 
No 2J1GI 

3. SELSYN CONTIlOL TRANSfORMER 

Th., lurn" ,arrit" '.'I~~n I'onlrol-Inr 
furnwr It IJ Inlh.'r .dld arran ren •• '" torr 

A :,''''vn control·lran fllrm!'r (Fi~ Ir. , 
711) " a ,mall .,h·.'lr,,'al tit \ II., \\ hlt'h, III '"I' 

\\" rei al'pt'aranu', d.,,.t'l~ rt' .... ·mJ,It· ... tI .. , ,', 
:-.~ n ),!l'IWI'atur II l·on"'l~t ... (if tht' "'anlt' ba .. 
,'It'nll'l1l'' ( F I~lIn' 6 -7 t) - ... " to .. , r(l t or. ,! 

,hlO,ltl anti '"I1!,I'.'11l11o! lap. ",hid. ,In' :I,." r 
Io"'"ll1lh"NlOh mal1ll"r •• -ll" :.1 \11)."11,1 

",. IFlv,,!",' 6-1;7.1 "\<:111:111\. th., ,,1",11 1< 
,h •• ra.' "1'1,.1"" "I' Ih. - :"J,.\ II l'.,nl!'ullral 
I .. rm,'!' tlllf.'r ."n"ltlt·r;.lrl~ fr" Ih .. , .. "I • 
... ""'n ,..,'.,"ral"r '" lloal Ih,·,., .I,'ml'nb IIr 
." t III ' tOn h.tfI,.. .. ,".I" In th., ... , ... ,'m, Om' 01 I 
,'1,par,'1lI til f.!'. "",; I' 111 I, ,h.lpl' '.1 I 
r"t"r Th, ~. I,,' n ,0111,.,,1-1 ran ... r"rna-r I I 

r< II ',\£'~' tAD BRUSH OU~ING 

F.,;u." 6 71 l'p/od"d V i""" of S"I.yn Cont,ol T,ansforme, 

Rl IIICTfD 

, lI"re 6 72 S,hema'l( V, .... of Sehyn Conlrol , 
T,un ,Iotmet Rotor 

!>TAT tl AD 

, </u, .. 6 73 ScI'l'mo'I( V,,,,,,, 01 S."yn G n '0 
" "0, d 'A S'9",.ng 5'0',on 

OPERATION OF SELSYN SYSTEM 
EXPLAINED IN SCHEMATIC fORM 

TATOR It I\[) 

F'9u r" 6 74 MovC'mf'nr of ~ig"'ln9 SIo',on OIlV 

In9 S"t'yn Genera'o r #lo,or 

~r4TOR If 0:, 
fQ 1M .U~'N G[NE AT ._---. 
---~I ----. 

Til' , 
l I> 

f 'I"'" 6 l~ ~c"emo'.c V.e ... of S"I,~n <'onl. 
r,an)'orm .. , Rot, c'olrtl to Jurrf't 
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Fillll,.6-76 Sch.mo,ic Vi.w 0' S.I..,,, G.".,o-

... C""od:~:' ""Y"~::::']O".'Ot.' 
VOLTS COIL ~ 

-------
F'gur. 6 77 Coil f"e'giled w;,., a" A/,e,no';nll 

~!!'.!.--~ ----
.IS t 115 

PRIMARY I [SECONDARY 
VOLT VOLTS 

COIL .l~OIL 
Fillll'~ 7a Vol/aile Induced in Secondary ~, 

~~P,jmary CO']' [ ____ _ 

II!! 575 

\/OlTS___ _ ___ O_LTS 

F'9",e 6 19 R~duced Voltaqe ;n Secondary Co" 
Ho ,no R .. d"ced Numb r 0' rll,n. 

-----,

30t 1 5 OllS ::::; 

----------
fillu,,, 6 80 Va,y,"" 'o,i,ion 0' ',imary Co, 
'0 R"duc" ol,age i" S.condory Coil. 

----, 90 

~ o 
OllS ---___ J ~1;::I~~c:::::;ta::2 

"Q"'~ 6 8 I 'os,'.oni"" '"",ory Coil '0 /ted",. 
VO/loll. ,n S.condary Coil '0 I ... 

IlIrmer i, IIk .. wi " nw\t·d by Ih .. gear train. I 
"Iwuld Itt' nht II that I h.· ~el~vn control-tnm 
furml:'r oI,lt', nol linn' tht, turr!'t tu Itll\' liar 
ticular flU Iti( n: thl' ml'"n" for dnvlng tl .. 
turret '" Ihi' lurrt'l-Unye motur Tht.! thr. t 
Irrukl'n lin .. " iluit, ate I h,' .. led riull 1"11/1 

n.,\:twn- lu thl' ~tat(>r from th :elsyn J!"l'Ilt'r; 
lur, Th,· t\\" hl'a\ ier hm", II lint's indka t tho 
\,,,!tall" ClUtPUt frllm hI' rotol "I' I hI' S,l" 
l'ulltrui·tran,I,)rmer, in th l'\'t'nt that "wi 
and /lUll, are ,.ut (.1' ali$!nnwnt 

5, EUCTRICAl OPERATION OF 
SELSYN SYSTEM 

RESrR'CTfO 
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,n", liS ha appl'; rln~ in th., I'rimnr\' coil 
FI)!lIr' 6·, ). 11,,\\ 1'\ l'r, If thl' numl:.'r oj 

Irll~ In tht' "t'l"I/l(lary ,'oil b rl'(h" I'd. fur '<_ 

"pit,. to U/It' half thl' numh'r 01 tllrn" ill thl' 
I rtllltlQ n.>rI. ,hI' \'olta~.· in th .. ',x'llndar\' '''II 
"III ... • n'dull'O h~' on '-half arlll \\'111 am'1l;111 tu 
,7;' ""It" (FiR'url' 6-i!l1 Tni, 1< th!' nll:,(1 

Jill \'u/tu,::\' Indul"I'd hl'l \I \'\'n t t' It rmJllab 
I ;;n~ '"n ('oils In till atllr ,.f tl ... St I " 
• n ralor. 

IF,)!ltr. 

Ill'" ".1 
\ ,·It.lJ!1 

... i. r===c::o ------J 90 
115 ~ 0 

:~~__ ~<=3~=~;:~ 
F;gu(. 6 ., I'o.,';on;"g Secondo,y Co;1 '0 Re­
dULl, Volloll" 'n S"condofY Coil 10 le,o 

c IGHllNG !) T A nON TURRET 

Ii"" 

15 F ET ~1 
rt, , 

1;g", .. 6 .3 Scltemo,I;c View 01 I',imofY and 
Seconda,y Cor' ,App/'rd 10 Siglt,inll SIa,ion and 
rll"'" 

I(.HTI G 5T~11U 
R'll 

"fil u , .. 6 '4 PrImary CO,/ G"n",o,or Ro'of (Inc! 
Sf'condo,y Co,/ICo"',ol I,on,form,., Rofo,) 
f~I""onn","ed by S hyn S'olo" 

I" I II ,. , t.· I," ! I ,\ ' 

f~ TeE 0 
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SE ~'T 
GfNfRATO 

01-Q /" tS2 
.. I ~ \ 

~120 ~'20 

1<2" " 53 S 1 " 
120 ~ 

~ElSYN 

CONTROL 
TRANSFORMER 

t 

A 
S3 SI 
~ 

R2 Rl 

' ig"'. 6 8S C.nerolor ond S"/syn Conlro' 
Tron,former wrl" Windings Id"nlir..d 

1.,"11 , It" 1 n, . .1" ,omlt"( (,'d I"j.!.·t ~lI'r, a~ Ill" 
Ih" br .. ". n 11I1t·~ -.; " \ It III., :-;,1 

m""l'tI" 
It'rmtllal, 
h.·;-.t" \ult. 

t .. (,,(l1t.-ol. 

6. flECTRICAl SYMBOLS OF 
SELSYNS 

-, 

B 

c 

o 

, . ....... 

ligur.6 86 Voltog •• 8.'w ... n Windrngs of S .. " 
yn Slolor wil" /lolor in Z.ro Posilion 

A c 

'fI\Jllltf>d for I h,' ll' r .. position .. f I h .. rnl"r. 
fh,' ,','I. \ n V"J1t'nttor I: r!,'~iJ.!nt'd "" I hal I h" 

<lIa. IInum voltav,' .,hlaiJ1t·,II",hH'('n .111 t"" 
ator i:-- 57 r_ ,"ul \\ h.'rl 11;, 

,It lilli ,', <'I .. alt"rnalinJ,!' ~lIrrl!lIl " ,ll'pll1'" 
h,' rotur, Thl~ ,'(mclll inn i uut:uIlI'd \\ lit II 

I n,t<lr ." I'lIrnll..t II thl mOl <m ti, 1111 I .cl II 
,,'1\\"1'11 an~ 1" 11 \\in'linv~ or I('rminal ~. III .. 
I. ,hn'('!II.n lx'l \\ ""11 ~ .,nc! S i.~ : hll" II I.,' 
I" dUlled cliav .. nal lin.· hd"t't'n S , nn.! : 
,hidl is Ih,' ro', i lant •• f th,' mal(n"lh' ti ll ill 

I ,I('h lie tI ... "oil, .'tII.", Ill{' n' ,"lillnt lin I .. 
1 ""'11 Sand S I' Ih!1 I'arall, '! II' Ih., ItI'"r It 

1111 H hut III an allvl,' u f :ltl ,h'J.!n',', I h", 1'1<1. 
, , .. ltag ... IIrro" ~ .llh l '. \\ III II" I I' r,7 r; 
II, Iou l ra h"r 

"'4 :-,. \ ," .. ..,jUt' :IU dt·~n·t . 

' .. ·.\.til; ,!I,\olt, 

I II., \' It, .~." I "III ""II,' "nol 
If -; ("""lilt tHl dt·)..rt "t 
b ') n .f \,, ' t~ 

In thIS \\.1\'. th,' ,hn', lion (If n'sulllln til' I!I 

till' I .. tol 1' .. 11,1\\ ~ m"','m,'111 ,If 1111' ro ur III 

.I1II1'r Ihn', t""1 I f 11\1\\ th,' tlln, clin', 11\11 111 
dOl' )~tlll'ral(lr ,t"lol' I~ t l:!11 f.'rn'cI to h, 
tatn r .. I t h, :.'Is) n I nnlr .. 1 tr,11I f. rn ... , I" 

I .. t 01 "j t III 1"1111111 t r;1l1. 1"1'111,'1 11111 110 ," b,' 
llil' I tI~l 1\UI "f Ott· l.'t. fit !".attll rt .t'l 

7 . ELECTRICAL CONNECTIONS BE­
TWEEN SElSYN GENERATORS 
AND SELSYN CONTROl.TRANS. 
FORMERS 

8. HOW THE SELSYN SIGNAL 
VARIES IN MAGNITUDE WITH 
AMOUNT OF SIGHT MOVEMENT 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

. THIS PAGE IS UNCLASSIFIE 

-------1 
/ --1 

1(0' I 
R7 

111~VOlTS 
AC 

~ , 
- Rl 53 '+ 

SflSY GE ERMOR 

RESTRICTED 
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28.8 -
VOLTS 

SElSY CO TROl TRANSFOl<MER 

'igure 6- " How Countercloekw"., Mov.,men, of G.,ne,oto, Rotor A19.,ets Magnitude and Polar 
ity 0/ Voltog., in Control-tron.forme, Rotor 

,.,,, .I .... nll·r rCltor \\ ill "01' HI' 

9 . HOW THE POLARITY OF THE 
SnSYN SIGNAL CHANGES WITH 
THE DIRECTION OF SIGHT 
MOVEMENT 

S '(TED 
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' l'Iu,e 6 - '9 Location of , ond 3' -'p.,ed Sel. 
n G.,nerotors on SightIng Stot.on 

~ our., 6 90 Sell.mot" V,ew of S.byn G .. orinfl 
on S,ghtong Stat/on 

I SPEED (ONTROI 
A SfORMfR 

1 SPEED ONTROl 
TRANSFOR [ 

, gure 6 9' (ocotion of , and 3' - fpe.,d S.,I'V n 
Contro' ',on,form.,. On Tu""t . 

TURRH 

'/gu,.6 92 Schemo';c V,ew of S"/syn G"or 
',o/n on Turr .. t 

£-, h. · Ii . t., nlln." ., 11r,· ,'0111, ,I Ir«lI.-torm 

I , ' r"" ." h •• I H I I" "I',· I n It II. 
1·,,1:1111\ .,1 III ' ,,,I ,,~, -1 j!II.oI "" I'llt Inlm 
II,, · "If.trlllll.", "/nltt IlIn, d"I"lIdll ' ~' 

, dlr" II", (O( mlo,. nit 111 (, 1 Ih,· 11/'111-
1I1~' 1 I "'II 0\'" thou .... " III II I t:1111 1,,_ "'" 

II.· n -wn ,"l. ", lit- (,It' r' 11.1\ I,,· I, 1m, 

10. 1- AND ll-SPEED sns YN 
SYSTEM 

RESIR ClfO 
6 'J) 
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31 'P(ro SHS~"" CO TR:ll RA ~fO yER--------___ __ 
CONTROl 

0', ElleN BErNH 31 5PtfO t..Nq·~----_, 

s~ tu f TN GfNlRATO 

PEED SE '~J Gf ~ .. O. 

j 
I 

Of Y TO f N (.E fJlAT 

---, 

r--

I 

EC ON~ DE' <E • SPt'u U 'T~ ~ - - -- ------ - -----
Sf S N ONT at TIIA 
Q("IIOR fADS 

fORME 

-1 I 
I I 
I I 
I I 
I I 
I I 
I I 
~I 

- _-.1 
" gulP 6 93 Scll~molic V , ..... 0/ E/~CI"col Co"n"cr,ons Belwe~n 1 ond 31 -speed S~/syns on 
S,g fo l ing Slol ion ond Tu rrel 

t iN eNOL 

"qulP 6 94 ScllemollC R~p' •• ~nlo"on 0/ 31 · 
.p~~d Se/s,," Un.,s .n AI'g"menl 

11. W HAT HAPPENS WHEN ONLY 
THE 31-SPEED SELSYN SYSTEM 
IS USED 

I1F "criD 
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11 

" guI.6 ·1'5 ROlolion 0/ 3 I ·spe .. d Se"l'n 
G~nerolo' When Siglll,ng SIoI.o" i. Mo~~tI On~ 
D~gree 

15 

"gu, . 6 - 1'6 ROlolion 0/ 31 -.p.ed S.lsy" 
Ge n .. ,olo, WIIltn Sigltt"'g Slollo" is Mo~.d 15 
o .. grees 

'~ r'\ 
.~ 

POSITION 

PHD SEiSYN 1101 II IN 
A C. ME T ~I(,HI AN 

" OU Of All ""MfNl 

f 9 " .. 6 91 Movemenl 0 / Tu" .. , Wit .. " E I~CI" 
a C O"necl,o" Belween J/ · .p .... d Slthyn 

Un." .s Closed 

1 
15 r -

POSIIfON Of AU • MENT 

, . ,F{_ 

"gu,e 6 1'8 Mov""'PIlf 0 / JI " p e-d Set.yn 
Conl , ollrc .n/orm .. , Ro lo r Wh~" G u " IS Moved 
""0 A I,q n m .. nl w .,h Siqlll 

, 
'" J 

I .gure 6 99 A4ov~m.", 0/ J I speed Se/.)" 
Conl, oll,on,/o,m I Wilen Tu rrel ' S Mov .. d 90 
O.g,.·es o ut 0/ A I'gnmenl .. " .11 S,g lll,ng Slo l .on 

) 
, 

f'9l.1re 6 1t)0 M o\ ~m I1r ot Tu",., ' .. Htn , , ... .1, 
01 Alig"", .. ", Wh n EI""flcal Can" cl,on 
8 .w .... n J I ' 1'" d S hyn Un", IS C/osed 

.1 

fSTR (flD 
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POSITIO Of ALiG .. £NT 

30 ::0 
"-- --.. 

"gure 6- 101 Turr~I lol/owing Mov~m~n' 0' 
S'ghl ,n9 Stot,on bUI out 0' AI'lpme"', 

r; POSITION Of A IGNMENT 

I 

I I ;; s;:;~ , 
~F S'lr-~ V!) EM -'._"'.---

, ~PH 
~FI5Y S STEM 

ligur. 6 102 Sc"~,"olic VI~W of 80t" 1 ana 3 I . 
'p~~J S"'.yn Sy,'''m. 

In Fllwrt' li·!I!! tilt' IUrr .. t ICun" have b!'t'/ 

mo\'"d manualh 911 d"j('r .. ,·s (Jut (If ah~nmt'n 
'11th th .. ,\\ ild. 1/1 h.·. 't'I,,\'n Clrl'uit ulX 
Thl,' m"", I I,·, I~\ n l"I'"t rlll·tran~form r 
27!!1I de).tn' II (.r" • rt'".lutioll, from tht' po 
l iol1 sh(l" n h~ tht' ,I"lt II a rro" to that. htl\\ 
11\' I h .. black arro" , If t ht' "" it<-h i" 11" " cIo ... 
it " ill ~ found that th .. ,' I'<\'n (' .. ntml tra 
form .. r \\ illl)<' drit .. n 90 d"j('rpes IJ~ the turr • 
inl"(· .. rr .... ~.(Jlldt'lll' "ith tht' s.,.lsYI1IC .. nen.t I 

hu t that lit the ,arne Ilmt' tht' turr .. t Wi ll 1M 
m.,\\,,, al'l'roximatt'ly thn'" d"Yrl \'s far h. 
,"I! .. f :cllynm.ont" indi 'akd 111 FI)!un li \.11 
Th.·, ' ,-I""n s,"sh-m ., n"" in ali)!nmt'f11 hu I 

t urret al1ll "j('ht lirt' appr .. xim,.tt'ly q dej('rt'. 
flut lIf ah)!nm.·nt II Ih .. "ijlhtm)! "tat 11m 
mll\' .. d "I,." I~, II "III [". found that th t' : ... 1, 
rut"rs "ill rotah' 111 alillnml'nt !Jut thaI 
!Ilrrc' andi)!h ··\llIn mWll !I:{ d")!n"" (.11 

ali).tnml.'nt (F'ij.!llrt' I'·IUII, Thll ~ "ith .1 .{ 

'fl.'"d SI'I.'.I n ~\ ,\t'1lI IInlt. it is ""~"Ihlc ttl r.l 
a t Itrj(' -I "Ilh t h,' tllrr .. t " and -I)!hl in~ "1.1 
IIlIt "I' ahj.!lunt'nt , '1'1. •• "b,,\,' 111, nti",,,'" d I 
• ,tI I" O'III'''lln ,n'" III 11.-111)(;, :I1-_po·'·II •. 1 

\Sh-nl I'llh. Urt~ lj\trt.tOIt' 

I , .... ,J .·.·1 ~11 \ t"m, 

12. HOW THE I·SPEED SELSYN 
SYSTEM ASSISTS THE 31-SPEED 
SYSTEM 
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13, DYNAMOTOR 

F gu'" 6 103 Mc .. "m .. nt of , ord 3' ,p~"cI 
S • n SY"~'"' 

RESTRICTED 

"II"''' 6 IU5 "ric" ,'m,,,, 01 Ion" l' p .. I 
ell)'n Sv "t·,.u 

RatIng 

.1. 
C \ 

r 01 

II, 
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I"" 
"' 
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Bru",h Hil!'lcin" ... I F I).!" U 1"\' ' ; I'll I .\ Itt no" 
n1ut.lt"r- nil Ioru,h rivvillV J'; 'u/lpurl.·d I, 
th' n.mmu .. tllr·,·nll ,·n<l ,hi.,ltl and '·lIn.1.·' 
.,1 " ,'In ular hr 1 h \ .J, •. \\ h" h ,'an I ... 111ft 
III' tt t' pr, l)~:r t,ru", I~I"" lpn. luur 'l'nlt )! 

Ill'" rlo·d brll,h 1,,,111"1'" and lllur \'ru,lI • 
. , h., rJt.!').!"IIlL': I' 'Villi, . lo'd "I'lfl H 111 t it. , I 

n,'\ till" alltl l!I th. ,. ,ltllr "",'mbh-. Th •• 
l .... lflr·' ud hru,.h rlt.!'VIIIt.!', "UII"lIrl •• 1 I,,· 
•· .. Il.·l·t ... · • 11.1 • nd ,h ,-Id. nlll,., -t' ,.1 1I ullid 
I rll,.h \'(.1.. ••. \\\,. bnl,h 'JlrtnV·,UI'I"lrt".1 ! ,I, 
,'r-, all~1 : \" hru-t, . II., rtl!VIlIV 1- If nn ', t 

' ''1111 - \,1I1t11 III ' h. (tlllh' ')1 
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I I): "IJ),! a ... f 

I h,' .. "II,,! "'1· l'rll-l 

1 <t. OPERATION 

M 

TATO H.D CO 'Ff! 

"qu'e 6 108 Dynamo,o, '''ref' Quar,er 

MUIAI II ------
------ R ' ~ A E \ I 

I,gu re 6 109 Dylla . ,o'or, ero .. S"",on Vi ...... 
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' .gu,. 6 - 110 Dynamoto, B,ush-Rigging Assem­
blIes Nlounted on End S"ields , 

""ute 6 I " ~~nomoto, Schematic View 

RES'STOR 

figu,. 6- 1 12, Connection Diagram for Dyno. 
moto" 

GENEIIATOII END 

Flna 

MOTO END 

,D C 8RUSHES 

Figure 6 "3 Ele~'"cal Symbol 10' Dynam% r 
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SECTION IY-TURRET DRIYE MOTOR AND TWO 
GUN TURRETS 

1. AMPLIDYNE MOTOR-GENERATOR 

Upper-forward. Lower-forward. 
Upper-rear, and Lower-rear Turret. 

An amplidyrlt' millol' jC.'III'r;lt ... ' ("n.1I 
rtdlt·d th~ "amplid\ n .. ") h ~1I111' 1\ a I" lal 
tIl -of llIutur-j!'l'lIeralll.-~'" Tn;t '1)11\. ntl"lwl 
,,,o tur-Ill'n 'rator, a mo tlr tlrI\t'n hI , n.' I I I~' 

(If dt'ctrlci ty , dri\ '>\ 1\ jC"'ll'r. tnr II hll h j!'('1\ 

• r,.tl''' a (!liferent tn>(' of l'\lrr nl from t ha I 
,i).dllaliy '"UPI,h,'d In ttll' mulur Th., ampl 

III IIi' mutor j(t'lll'r:r lor u""<i in Ih,' .'t'ntral­
•• Lon fir"-nllltrlli "Y"','1\1 has the mot ur allIl 
" )!IIWra til' muulth'\! HI a , HljCl., hOIl-inv, 

I h. m(\Ior, dr-iI"11 bl tho tlll ... -t -("llrr.-ni ""1'_ 
ph r,,1Il Ih.- airphHH·. til II ••.. Ih.' rutul' (\1 lb., 
)!11l"rultlr Thi,,. amph.h I'" " a din'l'\ • IIrn 1.1 

• ", t'alllr \\ hh h :tltllih ,f - '.r Inllltl"h. h. 
Ihan -mll·watlllll'lI II ,t~ ,"nlr,,1 " .. 101 

1'1'1t .ator .... t .. j til' Illln htl IIlOn' th,.tl :-,un 
\\ .. It IIu tpIII IIf It, .1 mat II'" (V'-", ral. r 

III" _ Th,' "Ih" l!'.' f",' HI,. t n 'll" nd,,"- ,. 
"tfl"',' t,.,t\\_'f·n In,UJ .t.ncl U ItPlIt I~ nut.tll td 

,,, ht Olt'c hanh.i1 (fit q!\ fit tit, ".( I t I -" 

,h,dl' .11'1\, II I, I,' r 10,101' 

Rating 
!),n .... 

Al"HCINO 0151($0'--------,.. 

flo 

R01011 AS:'EM81 Y 

f igute 6 "5 E'g"t Amp/idyne Nlo,or-Generator. 

,1\ '.1 1I!(111" l!'l'lh '.11 'r I Fi~ '"'t' I; II -II II • of 
In fh,~ H/IU1Utit :~lId ,It '\atlllll I ollt I III 'III II' 

t'll th "1'1"" II J ".Iro! I itTI'! 1 .. \\,,1' III' "lid 

''j 

II 

'1111'1111.1 1'('\1.'1., 
JII 

, , 

1 A 1 ... 11 "SS~M81 Y 

GENE AIO HH ~Itltlll r [) 
GENfltA fO RRtI'H HOlDf II 

ERArOR ARMArURE 

figu,e 6 'J6 Amp/idyn. Moto,-Genera'or with Nlajor Parh hploded 

FSTRICTfO 6 .11 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE , 

RESTRiCTED 

TOR CONTROl-fIelD WIND N<:; 

(0 " 

F'9U'" 6 III Ampl,dyne Molor ·Generotor Three Quarter V,ew 

MOTOR FIELD SHUNT WINDING 

WOTOR COMN 

FAN --

BRuSH 
----I--f:~H-'tf 

MOTOR END 
BEARING 

MOTOR END END 
SHIELD 

1II0TOR END COVER 

1II0TOR END NO 
SHIELD 

MOTOR ARMATURE 

CO .... O'" HAFT 

----------BALAIIICIIIIG DIS' 

---~OL( PIE CE 

- - CONTROL-FIELD WIND ING 

GENERATOR -E ND END SHIELD 

~_ .. ~~~~CING OISII 

.------GENERAT'II 
CO ..... UTATe" 

GENERATOR ~D 

8EAR I~ 

------I"US 

"'ERATOR . END COVE 

BRUSH - R IGG NIj 
ASSEM8Lf 

L-------GE"'ERATOR AR .. arUR 

" ur 6 "8 A"'p' ,dyne Molor-G"nerolO' erou Section V,ew 
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Component Parts 

I F'Jwrt's 'i· 1 IIi, Iii and 11 ,) The :lIl1J1li 
\ nt" mr. nr-J.!'t'Ut't-:llflr l'(ln,bt~ IIf cl t~ltflr a ... 
• Ill"l~-: 11 rot .. r.l· ,'mlol ; a lorn, h rig'ganl! as 
.rnl'h tllr Ih,' j!"'Il"I'alor \"11(: and a "rll,h 

'-inl!' ;I.''''mlo'~- fill' Ih,· j!"'nt'I'atnr "Ih(. a 1.,11, 

,<I Iwn t'nd efl\('r" Ilw Inoln .. 1" d ("l\l'r lind 
- ~h j!'ent'r alo r ~nd ('I\\','r 

";tator ,\ , '''emhh , Th .. m .. "1 "'It( I f lilt' 

t tI"r;l.' 'm"l\ ,'''I1<tsl. .. t " .. 1.',,( h.lI, "I~ hI 
t. l ph·CI....... "il'"ht .... t·rI.,. .... , '" 1.(', t( I hl,nt 

\In<ill}.t .... and t~h:h( ~tllt· ... t.l.t .. It'd ... ,·1"It .... 

\Indtlll!~ Th., j.!,'rWl.ll(1I' ,lid ('I'fI .. isl~ f f th.' 
f",' ' (>11 '"l'tN'rlll1).' Iwo tW,I,. I''''t'~ an.! 

rtl • ...:.·"ara(.1 t·rh·!"-{1I11Ilt~,·tl·d \\lUtilllt! l .. 

tit'ld, Ih.. lOn'!"T"alirw 

End ('0\ I'r..;, T' t' 1'lId, .. 1' t h., t.llm III t' "fl' 
• tI :tj.!:\II"1 dan :tj!t 1.\ t\\ It -h""'.a(unll­

'n 11'\'" • lh. nlllt~}f t n,1 (f)\t'r. \\ltll ,.111 1 .. 

Gf "'ERATOR END BRUSH 
RIGGING 

F'flure 6 119 Brush ·Rigg ing Assemb/,"u 
Mounl l'd on End SI .. elds 

" 'In \ CIII I 

BA r 

figure 6 - 120 Amp/idyne Turret 0,;\11' Motor Conneclions Schemolic View 
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Figure 6 - 121 . Amp/icly"e Tur,.., Drive Motor CO""ec1io",-$clle",,,,IcVI_. 

rol-fil·ld windi ng I~ divided into two halv 
In 'Idlh t inn th r i<acompt'nsat inll-fieldwintj. 
1I1l!'. alld two hrll~h\·~. ThE'~ b rU!~hE'''. wh ich 
;in' (,ll Ilf'C \'d, art' Imo" n a. ":hort -rircuitt'~ 
hru.·ht''<.'' 

r lIq nmpllllyn g~nt'rat or I no mort' HII;" 
II (hr~( -( urr"nt jlt'npra tor in wh ich the dir 
('urrt'nt \ nltllll'c produced within the Pl1 

'lintl' r, ati nj.1' a rmaturt' depend upon h 
dirt \t;on nd amou nt of the magnet ic path 

RESTRICTED 

RESTRICTED 

Figu,,, 6 , 22 AmpliJy,." Turre, Drive Mo,o, Connt'c" o", ScI .. , mo, ic V,e.., 

!II, II .-t\\,.,., 1 t· li.'I.1 polo q /.\, til. ,'"" 
:i, 'd \\ indinl"" 

Amplidyne Motor-generotor (on­
nections 

I' .• \. r I '1""111.,;111 I .. I, 1II1111Ch'I"" 1"flul!l 
all \ \ to, ·nn. \'tdr Thi ... runn., HI' h.t p\ t'U 

Pili \I I id, lin' ,'"nn, .1, oJ .,,' f'H:II/'t·" ,. 1:1 I 
and Ii 12:> 
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'<'""---------Co .... rENSATI G FIElD WI [') 'G 

(ON "Ol 

-~ 

,--------A"'PIID NE ARMATU E 
,-----------SHAfT 

...----- DRIVE MOTO~ 

LlD 

~----

+~ 
~--

- 1~----_4.------.~--
>Iv NO f' .. R .... Hr) 

I 9'''t: 6 '23 EI~ctticol Symbol R~p'ese"';"g Amplidy". Mofor-G.nerofor. 
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'igure 6-'25. Co""ectiolt Oingram 'or Amp/idy". 
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Figure 6- 126 Asse'Ob/ed View Tu"e,-O,i". 
Motor 

2. DRIVE MOTORS 

Lower-forward, Upper-aft, and 
Lower-aft Turrets 

1., p •• 1 alld t I" hnt' ~If hr!' WI h th., 11m' of 
_II-!I t, h turn'! arl' lill\ ,'d In "Ither "zimu h 

inc .. th .. 

Rating 

Then, is ('lImplde data on the direct-cu _ 
rt'nt motor (FI~un' 6.126) for th azimu 
and I\,\,utioll dnve a~~emblies on thE' up r 
forward turrt-!. luw r-forward turret. Upl>E' 
aft turret, and thl lower·aft turn·t. R feren l' 
:<hould II .. madl' l'lt tor to thl' motor n:>mppl,,' 
or If' follt\\\ ing mformation. 

I.'PLT 
• tator as, ml,ly (fielrl) 
\·olt.. dire ·t-eurrent 
Ampere!', direct.current 
Rotor a!l,emLI~' (armature) 
\'olt,. dir d-current 
Ampl'rE'''. direct-eurrent 

(ll'TPl'T 
II or~"p()\\ t'r 
.'P.·Nl. rpm 

28 
2.3 

60 
83 

0.5 
4000 

SlrUflure. ( ...... Fij.!'urt's 6· 127, 12 .In-l 
I:!!! ) 

-'Ialor .\ .. ,embl~. Th ~t8tor con~L ts of Ii 

<I .. 1 cnntmlllnL' the 11,,1<1 poles and field Wind. 
IIlL', . Th., four poll' IIi CE'. are Lolled to a ~ .,,1 
., kt' \\ hk i. pr ,~,t·d into the "tatnr :h .. n 
flit> 4.nnr \ indin).! ... an' 8",st'mhlt.'d with he 
,",I" '.1 heir ('lire 

haft I' 

lI'IOl-hing'l With \\ II 
LI halanclng <Ii k 31 d 

Flflur.6 - 127 Tu"."O"". Motor, Mojo, A_'Ob'i ... 

RESTRICTED 

y 
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a ~ SH !(·Gi G AS lMal Y 
f iflure 6 '29 ero'S Seelion View Turre' .Ori". Mo'or LAMPI IUD 
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A MArUH E 'HUNI ''fLO 

_____ D ..... I=::.., +- C ~r-D-;-afl-'-am--o-' -f/-ecr-,-:~=. ,:::::I:~~'-"e-'cr ion 

~c 
Figure 6- 130. Tu".r Drive Molor Symbol 

F'Qu,,. 6 131 ScI,,.mo,;< Vif'w COf1rtf'cliortS for 
TUffer D"ve Motor 

, I It f I ~ I it { I 

'or Tu".r Driv. MoIo,. 

Til,· "nel Jllay m,.~ t. adJ''''!.·.!'',\ ill~I'I·tilllllir 
n'm,,\ inl! .. him wa"ht'rs. 

Hr u .. h KilClCinlC. Thl' !.rush riJorldnj(. t(lg"t h, r 
\\llh th,· l'lIOlmllt .. I"r. Jlr"\IIII'S tilt' mt'an~ 1 
"hill! 111·,·tTll'al (" IIn,·('tl"n IS OIKd" bl·t" .. , I 

I h, slall"narY .. talnr anll I hi ' mlln,IJI(· rot. r 

TIlt' hrll. h TllCl!ill)[ (· .. nSI~t" "I' :.II 1O,,"ll1tlO~ 
\ ,.h(· to \\ hi. h hI' hrll h holll,'r,. art' !tttud .. II 
Thl hru.·h", a ... · fa. "·n .. 11 in Ih",., hru><h h .. lel 
.. r" Ity m"an" of . ('r.·\\ s Th, \ art' i\l'pt IJJ .... 1' 

lad with lh.· ,,,mn;lIalllr har..; t.\' nwans 
lur-q"n '/lTlIII! \\ h I( II nlOllnl.lln a pn'''"ur. 
·w,tin,1 Ihl' t.ru~11 h"I,it-r . Th .. hrll,.h yuh I 

Illlllwlt·" .. n th,· illl, r .,,,It "t' Iht· ,'(>mmllla 
,nd. ·.1 It It 1<1 1.\ n ";111" (of 'n,''', (',1111 .. ,\ \" 

tutl" IJt. I I'~"JlWi m.tll,·!\ nlt.,"".fl. 
111.11111, nlUlI:l. , I til Ih' hrll h ~"h,. 

Ope ration 

"",·t·11 fir I(III..IlUn. ·",.,r.tI.·" I ,I 

"'1 ;". II .1,,1 111 al,,,1 
fit t d ",ll I ul Is tl. Ir 

JI[STR (TEO 
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TI 'dri\'ing of a gun turret i. ~uch an applica­
'1 II . Tht' :!hunt-fil:'id voltage i ~upplied by a 

lo. ant voltage from tht' plane gent'rator 
nli th(' armaturf' voltagt' i!l l'upplied hy the 
mtrulll:'d \,ariaIJle"'oltage !lour '1.'. th ampli­
\ n motor-gent'rator. Smct' tht' output nf the 
mrlirlyn.. mntor·gt'nt'rator mil) hI' \'uri, d 
.Ih in polaTltl' and in mltag '. thl' dir""!lon 

: rotation and sllt't"d i. contrnll .t "wr a 
IlIIgl' of f rom zero to . l'veral thou~alld rpm. 

Turret Motor Symbol 

fh .. :!chemallcr .. pr ""ntatinn of lhl' turrt't 
111\ .. motor (FilCurt'. 6-131 alltl 1:l:!1 \\111 

lIlW how it can be controlll'd b\ th., Set. yn. 
,mJllitier-amplidyn circuit~. In actual Jlrac 
'Ii ,. nn It'('trical diagram~ .. u('h -.chematll' 
rt pn'"entation would tak .. unn\!Ce. lOar) ~paCI:'. 

• an ('It'l'trit:al !lymbot for tht' motl)r I. u.ed 
hI' tUrl·l:'t-motor symbol i .. hown in FllluTt. 

',I:l1I In tht' tnp \·iew. thl' field repfl'., 'nl .. ti 
I'nprlliZl'd hv tht' ain:raft gen(>rator at a 

cnn'tant \,oltage (27 \'olts). Thprt' i. no \'olt­
agl' tl) tht' armatllrt'; therefure the motor d '. 
not turn. Tht' two 11Iw r \iew (Figurt' 6-130) 
~Impb' 'how th armaturt' en rllizl'c1. Yo ith thE' 
top bru. h n('lCative. and then with the top 
unl. h p<l~itiH~. and an indication of a re\'t'r~ed 
lil 1', litlll uf rolaliun all thl' J10larity ill 
~hanj1,'d 

Turret Motor Connections 

P.,,\j·r I- I,r, light tn thl' turrE't drive motor 
Ihrou 'h .. /I A • ronm'Clor Thill connector haa 
thr, Pill mlirk.·d r.·"I ..... ti\'t'h· "A." "B." and 
"C .. 

Pin A I~ conn,· It:.t to the mam OC ~upply of 
th .. aIrplane. and tn the positive -ide of the 
motor lIPId wlnl1ing Figure. 6·]31 and 6.]:l2) 
Th .. n,'gati\e ~il1{' "f tht' fil'ld is cl)nlll'Ctl'd to 
'round. 

1'111 Band l ar .. cunn cted 10 the ampli-
01) nl:' nutput and to Ihl' hru. h(,11 of thl' turret 
.tri\'(' motor I Figurl' 6-131). 

SEmON Y-FOUR GUN TURRET, TAIL MOUNT, 
AND CONTROL BOXES 

1. FOUIt-GUN UPPIIt.FOIWAID 
TUlln 

General 

rh,· 11",lel·.f,'rward turrl'l i. I"call'd in tb,. 
'r",.rd crew nact'll 

Armament 

~ (lur fal ;,11 nlll(~hll1' l1un. f:lic'h ~IIII I 
rl I Iit'd \\ III apr rn Ima 'I~' !1!!5 r"und~ f 

1/1 Ulllt IIlrt carrlI'd 1 f"llr :lmmUl1ltlnll ('11 " 

tn Ii t h, ('on ollr o f I h., franw It 

Appraxlmate Dimensions 

rh,' tlHr /III ,Ilamt·tl'r /lcrn " the dom., i~ 
II1I'h,· Th.· O\'l·r· " dlam ter Ih'rus: tht' 

rnlr'unltinrt (·a. e. I. 4l'\. incht'!I. Thl' o\'E'rall 
I 'Nhl of the turret i8 67'\. inchea. 

Approximate Weight in Pound. 

Thl' al'llm. 1111 I" \\t·ight IIf thp turr .. t fllll~ 
a.I.,.1 i~ 1,9:l pHlIlI,I • . 

Limits of Turret Movement 

Tlu" \tllrd I .Jtat .. · c'(lnllllll"u_h IhroulCh 
:tlil\ ,t"l1ft"'s In lI~lI1ll1tll lind 111'1\\""11 fi and 

~ ,) ,1t'j1n't'~ II "In .,tl"n PIl\\"r and control 
·'Knal. r. hll r. 111I'1·tl1Il1II the turr('t Ity a ('nl. 
I,·, tor <I""Il.I.I~ "hi"h pn>\l'nl. thl'm"uminlC 
(' ,hI,· from I .. 00111110: t" 1~It'd alt the lllrrt't rn 
til I'. l~lIn~ are nlll\ .. d II1to alignment With 
I \I' 'Iltht I., lin 7.i mut II drive which rotal ... 
t h.> Kun< 111 a horrznntnl plurw. a11(1 by nn t'1('­
\,1 lun elrin' whit-h mO\ .. " th .. ~lIn~ 111 a \. rli. 
"nl "Ialll'. 

laslc Parts of Upper-forward Turret. 

I FiJ.(urt' 6-133.) Tht' upl't!r·fn. W'arl1 turr('t 
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""11, j..;t , " (tl;, ' f,,II" \\II\~I><t , 11 'til, ,I ,'m bl .. 

J'\'JO"t@r u,,<pmbly 
~ 1<p",Ulon drln 
' ;odell .. aupporl 

t, "Iuur lollo_r 
II1"l'r rl"lll 

t; 1 '"I .. r rlnc 

7, Ractl;ol burlng 
e, Thr\l8t burlng 
II. Saddl .. aa" .. mblv 

10. addl .. support 
II, A&lmuth drive 
12. RinK a"~."nbly 

,:.gure 6 '34 lIin9 Auembly Drives and Saddle 
.. mb'y 

A.PED 5UPPORTS 2 INNER RING 

J BEARI G CHANNE 

" fl V 'f' 6 136 'nner II1n9 A"emb/~ 

Hin~ 
,'atltll., , IIPI ~.rt " 
, ' .. ddlt· 
AZimuth "rt\" 
EI"latltlll dn, ' 

I .. " 
I IIlllllur I "II"" "I 

II '" !t' l 

.. 't",t Ifll' " llll"':l ti t' .tn I '. ","n, ' . 
1',, 010 

-II I. ' 1.1 hll,l. I 

Rings, Supports, and Drives 

RE ~TRIC1£D 
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I FELT SEAL 
2 NNER RI G 
J T"'~U I 8EAPINGS 

.. RADIAL 8EARINGS 
5 ING GEAR 
6 OUTER RING 

figurr 6 137. Cu'away 01 RadIal and ,h,ust 
8rorlngs 

Of ADAPH 

Figure 6 '38 A dopter Assembly. 

,uru t"lt.1 \ I ~ t ~. (HI (-r tinv-..... \ st;unlt ....... 
1. d dIal" II t'~), 1I\<1.,d ·1) It uti t'r .. rllin 

"'n 1 ,', !' I"It II., r,hllal .. nd t hru~t I .·ann ,< 

• h.1 1 .11' I" ,t,.j '" I h. 1"'llphl'ry lJi th.· Ollt. I 
1111..' ~ \' I ~I oJ,·.1 ,tlullllllunl (lit..:,', (t I f1\ 

Cot I • 
• l ..... ' 1 

I TRUNNION 8EARINGS 
~ RIGHT HAND ~ADDlE SUPPORT 
l Ff r HAND SADDlE SUPPO!!1 

',gu,e 6- 1 39. Sadd/. Supports. 

the I urr .. r and Yl t mu. t J1r .. , "Ilt m"l'hani"a . 
play 

Thru,..t -Iwarin~ A. sembl~, (Fi$!ure 6 137 I 
:1 t,·.·n hru,t h .. ann$!< (:l) holt .. d around til' 
I,,·nph,·ry (If th, I/uh' r rilll>! 6), a lJ"orb al 
"'r!II':11 I"at!. UIJ 'ard or do ... n" !lrd includi/l)' 
".,rm.lllfra\ i ,. luads plu. atltlitinnalload: .111 
" 1IIIlnll and dimhlllJ.(. " II h Run" In vanutl 

I~J"'I 1"11, .'udd,'n \"t'rl it-allnarl .. (',HI" d by tlll 
lui . 111 Wille! ""IIc1il lOll'. an- al",. alo,orlJl.'d I 

tht ' t Ilru. t I'i'iir in)!"" 

\d.lplt'r and Ba'ftt' \ t'mbhe.,. I Fljlur .. t; 

1.1, , Th .. d,hqll,'r J. ,(It "llIn Inum.all •• ) •• ' 
.. n,IoIl 'I"~ III t'd I" lis 1(1" ,-r Iiltn)!!' II I h., t. I 

"f I'" irll"'r rlllll" .,,,,.'1lI101~ '1'\\( nty-thn • 
• llwlh -1'.uHlall(J,,, rpln. Il) . acJaptl'rfalll 
11,,1._ 11l-lalhllV th .. d"n ... \\ it """1 "illdllnjl' n 
.. I,,·r ",nlf 11",,1 .. pI' tht' tllrn-t T,," :(0" 

1 ••• lII.·" •• t:a, h,,"1 III t h., It.,\tnm of tht' inn. r 

Saddle Supports I FIJ.(lIrt · t; t:I~. , 

1'1.. ,(tltllt· ,.u"""rl •• ' .'IIlLli.· ,In' .iltlll 
fl I I. IIi< \ lit lIllY- IllI'lIlI pd /In Ih .. II if~' 
Ih. 1111 ... rl/III It<'''mltly, Th. /"lltln'fln h.:I r 

IIESTII:C ED 

F g"r!' 6 140 Saddle A .... mbly 

Saddle Assembly II 

"gu r .. 6 '4' Gun SUppor' 
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"tnlon 
M )lor m .. u, ~t.H 
(lrhr fur 

',gur. 6- '.3. Cu,away 01 Azimu,h Driv. Show lit, Gear 'ta/lt. 
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I',,' of metal ~I'('UI't'(1 tn he right "iUI' of tIll' 
ad.1 I' Just Inside t h(' geOlr ~"': 01, It I'll ',I):'" 

1 - 'Ifl :h~~ mhl) "" he. addl. ~UJlPOlI, r,'. 
nl'tl!l~ the VI'" il'lIl I r,11 1,1 01 I h, J.' /II" III 

z,'lIlth, 

Saddle-ring Au mbly 

«FI~w r .. 6 · 1411 I Tht' ",,,hll,' rill', I,' Hltlllll 

If/I tittlllJo{" 1Il0111l!t·" "" I Ii .. 11""1 tlj lilt, 
1I101l~ t rUlIIlI'\lb Tlwy ,III' clt'''II(IIt'd I' ,,' 

t.1I1 th,' uPI"'1' alld 111\1 .. " P'H'I~ " I til(' • III 
"",,,,,urI', Th,· "Il"'u~lIr," ,II, .. tt",IIt'd toO In, 

-,.t!<fl,'·rlnl(' a"~"m"l) 10) IIwan" IIf t,1 t"nt'l'_ 

Azimuth Driye Assembly 
I 'ur .. 6-H:l) 

Function. Thl. a' l'mlo'). 11I"aled lin h .. 
.'l! hand ,atldl~ support. I'llSI IIIn, th,' gun, III 

PlIlIlh. An ,'II.'<:tTlI· 1110 01 (I, drill.' a ~ .. I ,I 
l>t't.' I r. dill tlUll ·gl.'a!'_ that m",h \\ Ith th,' ,IZI. 

I I t1l'1l1jo." ","ar (.JI. TI,t' Sd'yn (·'lI1tr .. l.lr,"I~ 

(umpon .. nt .. 

Hr" t' '11I1"r. 1 hI' aZHlIII II dr" •• 111<,1 •• , I 

d at I ~ h"r~t'''''\\''', amI h:t' "IIo\I,II.h 
,aj! 1I10t4l1 tb.tL ('0 .t t *, lh'" ,14'~ h.\\ I " 

II 11'1' /,,, \\1" a",,,,,hut-( r., tI .. , -wll •• 1 

.1 I" j(l'al' ) '1"111 i local.,.! a 1>11 \ "lht' I~'II~I 
'" ir a -'I'mlo" and I~ drJn'll III • dri, JIl): g",lr 
'\'a .. h.·rlln th main ~h: fl"f h' I )\\1'1 j[ .. ar 
JJ~ 

I'o"er Gearing. IFJ 'UI'I! (j·14:1.) Il.~ pOIl,r­

gcarlnlf a::kt'mbl} (',IIISI,I s of ,llY ar o:a ", O:O~"1 
't!! ~ II mOlll1ll11g pint, (3) .1Il.! it j[~ar l!'dlll 

WII II tour ~ 'ill'. ,,11Il'!1 1:1 d",~JgIIl'U to reduce 
the IIIl1to/' .·" .... d. I h~ I "\\ '1' j:!','anll': b I >.:al~d 
1I\ th,' IOll,'r ~lart of th I{~a/' Cob,' I'o\\,'r b 
IIUI""II1I<',j 11'''01 lit' drl\ '·m"t"r arm" un', 
It.d ,.1 Ih,' m~tlll' n1alll1g·g,'ar (9) which I 

.tll, h 'd It. 1IIl' 1'11110111 I "'J. .111.1 I~ upported 
\"111, .tlil I' \\, .. "a I III).:'" flit' pin",n tl:lI1,­

n 1 I'lt 1.'1' " lit· 11I1 .. rllll·lliat., J.:"ar (7) \\11I.:h 
h "II".! .,11 t oIO\\,-I.'d I" Iht' mltm shaft and 
nit'. I.. 'I' h ! 1·,- :tllm!l It rill' )."t'lir (I), '('01 
I Io,t lilt.:' lh,· fklw~r ~"lir tram 

't'I,\ n Rulnr Pm.illon G armg. (Flgllr. ti. 
I n I ., ht' • ,·1 ) II C",II'1Il1t I, I .... aled 111 th,' lop 
. t't hili .1 IIH' g,'"r ,'a", Th':e1 III clril't' ).'t'ar 
(!i I I" ",.\ ,'.I til I h, m<l1l1 haft and I, ma, hilled 
\\ I h \ll' roll' IIf ):.'al 1t· .. 1 h TIlt' Illp rll\\ .. t 
t ... ·th 111t'<h.,< \\111. !h,"n '11'''1''' .'", \ll)teur 
Wll h II i" k"I,.t! t. h.,. t'b,1 II t', t.lr, The j[~ar 

l't·,l,l ,"-~,I! ~ 11 ':t,-ar f'U 

','Il'" I h.· 11'1)' ):1',11' .lIld 1III'IIs I I,. -"'1-\11 I. h'r 
('n t (fir P\t" \ rl ' \ulul1 Ifl of th,~ liT'" III .lll 

mull Th. '.,1 \ I 1"'1111'.01 1I'lIlhf,'rnlt'r~ indl 
ral.· 11\ II ":111< .1'.111 ,,1"1 In, .11 1'''"111,1 I Il,d, 

tI, .1 III ll1l 10. ,111"n • I fllt' ~IIIIS 111 I ,I II 1111 

" III ,1111111111 1",,111./1 III till' 1111.,. f 'lI'ltl 

Eleyation Driye Assembly 
I FI~ 'II" I, 141 ) 

III FUllrllon. TIll .1".· IIllh 1.10 I!, d. I fh .. 
lid" hall" " .• ,1.11," 11'1'"rt. ", 111"11 Ih. 1,'1111 
III d.'lallt,"I" '111'.111 ,.11111. 1.'.II'II'm"t"l II I 

:l1l1.1 .. t "I 1"'1 tI 1', .Jtll t 10111 go"lIr \\ Ill. h 
nll' It 'I I II hI' ,-,.,\ 111"11 ~'I'.II .,1"1 T\\n ,/ 

\/1 ,"1111,,1 1I.1t'. I firm,·! ,.n' IlL' III lilt" I hilI! 
,'nt ,tI" 111'1 I •• ,1, IIi. 11 tlrl\. II • IIIhl\' Th"II' 

"I" rOlt(1I1I I, "It'1! It III III Ihal 01 II. ,',J I II 

• '1 1'01 lan-Itllnt,'r IIl1lh, Itllllllllit tln\, 

( '"mpont'nt,. 

UriH' ~llIlor . ! Fij[ure (i.l.J·1 ) Th - ,'I,-\'al 1<HI 

illl,1 ;t'1I111lIh dri\!· n1llt .. r. an' i.lenlit'al 

Gl'ar . "embh , (FI!!,lIrt' 6-1 ,14 .) TIlt' j!,ar 
a ,,'mlol~ ""11 his IIf a Jr,'ar ,':\ ',' (!?) an.1 ,'111' I' 
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POWER DRIVE MOTO 

ElEVATION 
SOP SWITCH 

C UTCH .0.1'.0 
STOP .INKAGE 

_ . RECTION 

F'9 u,e 6 147 Schema'lC D,aw,ng 01 Clurch 
Mec~anj.m 

Contour follower 
tI " " 1-, , I,", I I 
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d.,\\ 11\\ ard 1':, \ .,1 "f I hI' ,l!'UIlS ,\ dutch a 
'1011.1\' atld a Ilnllt '\Itl'h (I) ",urk ~1I1111t .. 
n '''lIsl~ "lin tt t',' It It h ml'\ 11,1111<01 tn clt •• 'n 
va)!'t' tilt' I '\H'I tlrI\!' tn'llt tilt' ,l!'O'.lr train nlld 
n hn'ak tht· I",\\.'r and tirill~ .inul ill t , 

.1 .. \\ 11 dirt'.'ltoll lin I, • 

(""mponl'nts 

lok. and Hnd A .. ,. .. mbl" «Fi,l!'urt·" 6 II ~, 
and 6·)~t). Th,· ,lIk" lutcl n>!1 a"~"m"h (I 
FIVltrt' ';.1 17) rllll"is\.' IIf a sh·,'1 r"d uti;" h,', 
III lh,' tup nf tht·I"Hr (9) 1t"~t'01hl~ and a, I,k. 
hat "II,caj.!'t'~ th,' .11'\'ati .. 1I )!"'<lr '"dlw (~) ;. 

thl'VIIII, lliprua,'h Iht-Ir ma't101ulllllu",m:,n 
hml 

('"nl"ur Full" .. t'r '\ll'rham"m. I FIVllrt ,. 
I It;) Th,' ",.It hll I' f"I1.,,, .. r 1JIt'\'''alli~m , .. ,' 
-I- , (.f a sp ... ·d n'''uI'1l ,II lll.'ar Iraill II 1111 , 
l.tnl ,,,Iilll'" 'n th .. 1.lr)!,,, intl'rnal j.!','ar. I til 
,.Im arts ". a 01'" aill, IIIlt-rllm 1'111111 fn' 
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left and .I.ht Iooster Assemblies 
(Io'ij!'lIrc 1i-14 ) 

.·unction. Boo. h'r, art· Us d to u~ I t ill lb., 
f,·t·ding of thl' ammunitIon. Thl! 1t1ll1l11t1l1tl,," 
, Iiftt'tI from th nmmullIl,on (';1" II, tl" 
b I, ler molur'I"'\\l'r ,'"ftl('kt'l" (I) knd hnft 

I 811ACKH SPROCKETS 
C,UIDE SPIIINC, 5 MOTOR 

J POWEll GEARING 6 AMMUN, TlO 
"gu,.6 I.. 800It., AJlembly 

GUIDf 

2 

GUN CHARGfl! 
2 GUN SlID£ ASSEMlIl Y 

3 CHUlf 

R, ~ mLI~ ,11t1 f,'" inlo /111' lI'lIn E:ll'h )CUll I 

(".I II.' k , .'vnr,.lc .pn .. ·k.'1 !Hltl haft a '~t'm 
1I1~·. Elich h."'~ll'r ,t.' I.'mhh ha,. 1\\0 .'111 ot 

:<prtK:kl'l (I) ami "Ill' motor (ii) 

ComponC'nls 

"4.'mbllC'.... (I- 1,I!'1I!".· \j ) I ) Th., 
brlll'k"';t- • mltl .... (II "n·ltult, d I .. th' ,.".1" 
NIlPP"tt .: n.lmfluill Ih" " .. al •• ~'·m',h.',- (:H. 

Hi I. .11,,1 I h,' "pn>t'k,'1 a 'I'rn 

C:"ar \.., tombh . (I-j~ur. Ii-I" .) Till' ~ •. :'r 
"," "IIIItI. (:\) 1 d'·'II!II.·d t" r 'dlll'l' Ihl' ~"'l'd 
Itl till' "rt\t· Ill" "r l:l) IIml til .Irh-., th .. 
'IIr. ... kd II ,.'m >II\' (1}.I'''\\~'r I' Ir.11I 1I11t1,." 

(r"l11 Iht drt\l lIIotor arrnatun' ,It.ltt tIl Ih., 
111111"1 l1Ialll'l{ j{l'ilr alld til Ih,' l,illlOlll ~,.:tI' 
\\ hidl j, "ttadwd 1\ I h,' ,anlf' haft. Th,' I'tII 

tOil ,l!'1'"r nw III'S \I itlt tli., .In\" )(,':<t I' hh', 
111'1\" Ihe I"'\o'r ,,), ...... 1. .. 1 han .-\11 illl,', nil 
di."" 1.',':11 lilt' h.·, \\'11 h tI,,, 111'1" r '11t'I('k, 
h.tll. Fr." ·1\ h""linj! \\ ilh.1I I h, VOl'ar Ib""111 

101,1 nll,,\ t tu' ."nl('kt·I I" till II. \\ h"l1 "mOl" 
Illti'll1 i. t.I'Jn~' r .. ,j 11,1, Ih,' I.'ltll. ;11\.1 it! t, " 
d "tal., \\ h.,,. th" 1'1 II. i-t't I"lId :11 t lit II III 

tilt· ('PI''' Ill' .hn't'lillll 

. 'prud,pl , \,~ mblip .. I I-,.ur.< Ii I \ ' ) 1 '" 
rubl r 'p, •• k", 1\1 .It •• 11 u,I",j I .. ",," 

lI!e II ADAPTER 

6 frED GUIDE liEU ... OUTH 

, CARTIIIOGf PO ITIONEII 
9 GUN HEMU 

4 ROUNDS COUNTER ACTUATOR 

Figu,.6 149 Ove,all View Caliber ,50 Machi". Gu" 
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1 OU OS COU ER ACTUATOR 4 CARTRIDGE POSITIONEI1 
2 Gu LIN CHUTE 

6 GUN CHARGER 

9 

FEED GUIDE ,8ElL·MOUTH 

8 GUN HEATER 
QECOll ADAPTER 

F;gu,e 6 150 9 GUN·SUDER ASSEM8L Y 
hploded V,ew of Accesso, ;es 0' Calibe, 50 Mac"ine Gun. 

Col . SO Machine Gun and Accessories 

,I",t" a • in lilt 1" Ih.· rlllUo!, rutlnl .. ,·,,\,)" 
iIIit' a "hilt i· lin d. " 1II11lantt't1 011 th., \ 

't'UTt'r)! IJb ~1)1t' J.!IU .u .. t· ......... ri,· ... :..1 II itlt I h 

;. '" dllll,' I!I) "",1 • 1101., II>I. an.1 ,I t, 

qJd)..',,~ po Itlul, I «71 

r". ~ 
I",. , I 
tilt' ill 
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I.mmunition l'a. e. and feeding it into the gun~. 
rh .. rubhl'r ~pr()t:k t. are de~ignt'tl l\O that 

• lm munitiun can slide over them tl' prt.'vent 
J.lmmlllg wh n ammunition i~ fl'tl tun fa. I 
rhl! UpPt!r and lowt.'r guides (6) ket.'rJ the am­
munition in place, The Up\Jt!r sprockl't an,1 
haft 8ssemhly on each hoo.-Ipr a. ""111"" 

t"l'd" the ~nter gun, 81lel the IU"1'1" ~Jlrc~'k..t 
ft'I'dl< the out"itif' lCun. 

Cal. SO Machine Gun and Accellorle, 
!Figure 6-149) 

Fundion_ Th .. four ral i)U 1ll,ldlill., I!"UII. 

p"rat au t\'ma 1il'1I 11.\ from tt'\:lIil ad",n 
Ihe first cartridgt' i inJt>(·tt'ti inl" till' ~IIII It.\' 

.i1 lIulomatk gun l'harj!"r (l) \\ hldl a. lila ... 
I I,,· (',lCklng m chani~m Ity t'lImprt"'f'd air 
II,.. ¥UII hargt'r (J) 1I1~" ('Ject" durl ~ht'IJ<. A 

rt-.... II adapter (I») i. mOllnled • II the vun III 

t· front, and a /:1111 sli<lpr as~ 'mhh' (:!) 11/ 

Pit n <lr t \ $."111/ hpal"r ( I j,. in~talll'd "11 l'adl 
• I' tIl "n'n'1I1 fn:t';dnv flf the ~UII A r"llIId~ 

lilt r ltdua IIr I I) "hid, l'''11 i .. t. uf a 'mall 
." II. II. lO r t'n, and dll. t·" a l ir. 

Jl :1(' t, ~hnt-' .tl ... o Ira h.,tp 1.1 link 
.. '~'lIi.t,· (Ii) .II." a t:llldd~'I')I .. I Illlh'r (7) 

( II mplln"nl 

«:un "" aI t', • ~'I""I" Ii I-,ll I 1 .. 1. h "III I 
.IJII ttl ., I 1.1 t 'In ttl,t "r f ... ) \\ III l. II I 

of a rt.'"i.-Iullct' l'\lil 1I~~t'mlJl~. altal'hed to th 
~idt' of Iht' $."un. 1;he ~UII ht'att'r~ IIn~ U~ II t" 
(urlll"h ht'at t() th .. working part· of tht' E1un . 

(;un Slidt'r, (Fi~lIr .. Ij . l,'iO.) Th., ~lIn" 11/1' 

mllulltt'd, III tl1I' n'ar, h~ til., )fun .. llIler" (!I) 
\\ hi"h Jlt'rmit .. th(' IlIIriwntal milt ion (If lhl" 
v"n~ 1";111",'<1 Ity rl'\·I/,1. 

Round,, ·('ounln .\ tUlitor. (hllun' 6- J .~n ) 
lit ,·"ulld· ,·"unln al"luator (1) i>l locatt'tl on 
th, r., lit! Hlal'I"r alllJ I'onsisl. of a rt't'llil 
,1I'llIal,'" nap al'!tnn ~"itdl Ihllt npt'ns and 
dn ", lit mmunililln re-t'onler cirCUi t t'a('11 
IlIn,· Ih,' ;! In r,~·,)lI.- Thl' rounclS-l"ClUnll'r n' 
c" ... I. II", -h"t. f n " alld kt,t·p. lh,' gUllll!'r in. 
f"r/l1"1 a~ t. Ih, .nlrtlUllillltll ,",up",,·, 

(,un rt't'd 1;U1d ... I h., 11101 I! II III" 11,,11 
mil, h) (i) I~ "nll·,·d 1.\ ,11';1\\11'111 II Ih. 
",.t "I .. IIr till' ).!"Il I '1'1,,, !'''Id .. "n'\"( III I h, 
amn 11/1I1,nlll,,'lt Ilf m talt 11111'"" ,,1"lrl' .111' 

I." .,s I h.· arnmUlI1! iot" • III,'/"- I h., 1"1111 (:.!) 

.\mmullIhon (;uidt' . 1'1" amnlllllll",n I'"id" 
, , •• ",t! pial,' thal.it 11\"1 Ih,' tnI''' Ih., 

',II IIl1t ,01,- ~lll" :Hld '111 I., t It" all 1Il1l1l1l i, II 

In'" ilw "·'Ilt., ~lIn~ rho tIIIJlIlIlllliofl 1"111'" 

Dome Assembly 

II • I~': l I', .1 f II ' I 't I 
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Figure 6 152 Dome Assembly 
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COlIEC 011 "~StM 

7 AM!.\UNITIO fllAMi. 
4 PUll &OX PRE~SURf CYLlNOE~ 

~ rO .... PI!lS'OR 

Figure 6 153 Three-Quorlflr Vie ... 01 Four-Gun 
Turre'. Dome Removed 

I A E ~ OOOR~ 

Figure 6 154 Ammuni' ion Ca ses. 
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A MI. 

",o\fT 

DRIVE .Io\OTOII 
ElEVATION 

"gute 6 155 Schema'IC D,awing of Interrupter 
D"ve Assembly 

Compressor and Pressure Cylind e r 

Ammunitian Case s 

d"1! n .. 1'01' II, '. 

f.. 1,1 It flul (' 1 J ... dlll'I,lIl1lt11 fI 

jl"" ,h·, .... /I,,., I 

munition plu,; appruximah h I\\"nl\ ri\(­
rllund~ Ill't" !'en """,',; ilnd I hl·ir rt 1"1\'1'I h. 
Ilun . . Tht' l'urly mod,·I.·,."" urI' tI •• i~l\t'd \\ II h 
t wn Ul'('I',q cln(lr~. 11111' lit t h., h"tI [,m .. , I tit ' ",h" 
and IInl' lit tht' t"p . I.al,or mndd. ar.' II"SI)..'II"" 
",th nnl' d .... r at Ihl' tnp. Thl an." d"l.r, f II 
nll .. w h.lJulhlll( III Ilw ammunil'"n \\hl n ,I I 
h"101t 110" .. rt>ct I nt .. I h UI"I', 

Interrupter Driver Assemblies 

,fIY"I" Ii l',:; , '1 hI' int.·rrUIlI!'r II ·, .. m"" I~ 
IIn\"1I 111 lizinlllth " j rn·."t/'nllllljr III I/It' "" 
lIlulh 1,,1.t11l1l 01 "hl t'lrrl't 1 tit' "llllllllh 

nkl ' olf f/'I'ar Iran nllt~ Iurn I ,'Zi1l1111h 01011"11 

throU)1h :t ,II'xlhl.- I. hl~, 1\\, , 1,,\·, I ~' .. al', alld 
tW(l 'pur f/'l',.r ro alill).!' t h. ',\lIl "1'1101 ,I t h, 
lOt. rrlll'lt-r a~"'mhh , Ttli' ,I.·\al JOIl 1I11"r 
ru,lI,·t tin\'(' 1 •• IIl'mih un.'l ," ' .. 111'"1 III" 
tton thruuV"h a tit"lhl.' < •• hlt, ''' I Itt'\t I rt.tr ... 

fHlet t4\ a ",prIll I'llulln."1 }'ll \\tlnn J!t ,I' r It ltt ... 

t;1. ... tt,1 ,uhll t • n1U\"l'" in lit \atllill and dl'l\t '~ JH 

Ilr IIlt"rrllpl"r up "I' ,J.I\\ /I I " ., 11"'''1 ',nd t , 
h" "1, ,\ "t I n 1 "'~ lll l-n '" II. ..",fl" 

Interrupter and Colle ctor Assembly 
Ih .... ,.,,· I, 1','0) 

II III 1111' 

Ii "" I II 
1.ll"lftl.1 '111 

,"IIII:lI .. llloi 

ESTRICTED 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

6 

THIS PAGE IS UNCLASSIFIE~ 

'------4 

J EIEVA TIO DIU 
4 ACC ESS DOOR 

F'gu , ,, 6 , 56 In ' " " up'" , and Col/ec'or A""mb ly 

t5 PICfW 

'Ir' rO'/i- )'-,7 I 

........ ~~MB 
GUIor 0 \.~IT(H A '0\ [ 

A~ £M8\ 

RESTRICTED 

~ 

~ hE A TI '4 () I, l 
S A 1, ,,,,, UH, D 'f 

F'gu,,, 6 '51 In'e"up'e, A .. embly 

,"" nn>! ( I ) •• hUII'IIW. a I I"LI I 
hi 1'" '·Il\!.III:il.alHl',illllcl,",I" 1"'\1 

If'! (C'mh~ I..,' T' .. ",,11., 1m' rull' • Oil I.,I~ III 

~Ih, r-plal •• " "ra nnl's wlud. ar, 'P,'I".,I.'.! 
Itl ,.II-li\' 1'. \'," ~ \\',r,·· ,.r,· 'old, r",f In II • 
III 1.1. ,\1 l it' "Illlt'dor nnl" and ai'" Lr" wid 
hr.111J.!h t lt(· l'o r t' IIf 11 .. ,.nll,·dor nnv , ,'fll 

Illy t" a JarvI' rna" !" r 1'I",'l nc <."flnn. ('Iur ('I) oil 

thl' h<lttom /If till' int(lrrllPt"r :Inol ,.,,11,,(, or a~ 
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CAM 0 UM 
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SNAP A 10 
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10 Bllu5t HOU~' 

SWIT tiES 
"g"'" 6 158 C"'owoy V,nw of ColI .. <lor A.,~mb'y 

Distribution Cables and Boxes 
CF·,'!.r. fi I,~I) I P'I',"tr IInti 1', n l mlllrt It 

r'ld'i po! In " th ,' turn h,' the tn t 'rr llpt, r 
end foll'r t llr n. "pmhly All cahlt' lea d fr m 
hI' !t'n ,'onflf'(' tor p h lj;t''' I(>{'at ed on the !'liM r f 

, h(, in t f' rr llptpr a, ~emhh' to the variou 1'1 
' rir;.' ,'. J'l<11 "n' t h rouJrhnut the t Urf l 
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ROUNDS COUNTER 
ACTUATOR 

LEFT 
BOOSTER 

AZIMUTH 
SELSYNS 

LIMIT 
SWITCH 

RI'iHT 
BOOSTER 

ELEVATION 
POWER 

MOTER 

';gur~ 6 , 59 Sch~mo'/C O'ogrom ShOWing D' " " bu'ion Cob'~, O"cJ 80'~' 
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I/Il Il"n I.,x nnd til\' I .. ','r-Iontard lul'l. \ 
In, tlOn II .. ~ an' 10"all'd 10 Ih,' 1'IJ!'1l\ "I t1" 
f\'anl turn'h_ Thl' UpP,·r·.dl-l"r" I JII111 
/I 1".\ I 11I0Ilnll'" lind.,!, Ihl' 1.,1111'1,1 II .. " 

up,,,r 'i~hl"l~ lalll.n. nit' I"", I ,tt 
ITt't jun"linli 1.,\ I' I •• nit-II r .... \\.lId.ot Ihl 
'I" .lft !lIlTI 

Components 
I ,'IIr,' li-I!!:!I 

(IH uil IIreal.(',.. . .. ,"" I h. 11l'.t! .1\ ,., In ... 1 
r.' I l bn'a "I'''' "lrt.l Ift( .. t ,1.1 In , .• ".J 'lIlI\. Inr I" l. hl!lI1, fl.I!':!I· II 1:!1I.1I1 ,.,. "r," 
"1'" '·In·"il 1·",·.,k.l· I K:!I •• 1 linn .... po "'1' 

'1/11 hn·,. '-I (";11 ".\,·.11111'1'"'' .111 II Ii" ~ 
\\'" un till hr,·ak.·r .,n,1 Ih I!. a 1[ •• LOII'O"" 

:n'l-l 1.1·.·.11-.1. I'll.· hnll~ 

Hda~ . Ill. , .ldUllh" 
tll/f"111 1,11,1Int'11l r..t.I\ (h211,1 nil. 

\ 'I..!) I/ ... .! III flit I\I( "'-"'1- IHI.l .l1I11t IWI 

It P'IIlIiI LI, kOlll fit Ih. turn' .11t'1-
• , "I \,111,,11 rtlll"'ltI~ lit, lid" rl·I:1\ h.1 - 111ft-I­

I, 1"lt 1")\\1'1 f"tlllI tlH' "'I'\'l',amplili"r II' II,. 
plrd~ II. ,(.Il{ rul lil'ld .-\ Iltr. "-11111. ,hlh'r 

.. nllal·, ul'r 'Ill n la~ III Ih· i,'ur j{un.! Urn'l 
)ulI,'1 III I , 10" !,l·rfurm. t h.. OInll' fun,'twn Th,. 
IllIrd I'olt, "I'l' ... ttt·~ tlot' mtllt.r hrllkl.'. 

..\I'liun Rela ," 1 hi. i~ a fUllr I "It" 'III).!'" 
I h I'Im rd.1I (" I;;. Fil!'lII. (i 19:!). 

OUI . tI(.,~ nrhrnni"'m f Ire· intt'rrupler Ht' 
I .. " ", 'h., t' an' tlllf.'n'lItlal ,'urrl'nt n'la., ~ 
( hI711101"I.FI).!lnli . I!I:!)U"'·o!lIllht'JuIH'. 

,IIillllllh al111 ,,1",'1\ 11,," 

( '''nhl l'l'' r.. I' lilt " IlIr .,,' Ih •. r! 111 I h, 
Uh. 'I III hn ttl , .. , ~ l , .Hld It t'Ut r t I .' t It 

1'lIlls" ,,,- .. ltt .. 11 Itlur oItff .. r,·/It 111II('li,,"~ 

AU,"llian '11<'" t'r ( tlnl ,tt IIII'. II,:!;I. F'Kllrt' 
h Itt:! I Thl ... l~ ,t :ltJ·d nlftrt~ ~u'll,llll'r \\hll"h 
ltlU ,ul:-. ,,0\\ ... til tf t' air (1IIupn· ....... of and IlUII 

~-I'" !t'r 

I "2 I. FI).'1Ir. , Ii 
j flJtI~H·tur \\ hh:h 

II tit '\. Tj IIf,'I I I I ! til 

14 I "I Ill).! I, I.t\ .tflt' 

'lI'lIl I Ir, 1111 

I,m inC .lI1d II"ld'lll: H,>, ... lo, .. III I I, 1 \' 
1'" 11111t' IIJJ1llhlll IUI\,·s, l\\p tt I till'" 1111 

rulltlll In ht I filii ""'111 Ill' ..... llt tllI.Il'I" d 
,I,.s· I .. Ih. "II,t 101,1\ (II" .. I'll., .... I,ttll 
III),!'III' fll":!1 I htH \\U a lU~\IIt~r l' 

J lur IU .. 'It I ... l .. td In Ih. 'IIn1'1 "\\lJl).~ 

.'1'111 1'1" h,1' I 1-.1'''''".1 .• I "ltI" I 
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rt''''~'''r ""1l ( i is u. ('il in I hI' drc ui! whil'h 
fu,I.I: I h., j.!uns in " "wed !'t,siIIOIi \\ hil pow,'r 
I. on It It th" turr>'t is nol btomJC ''(It.'ratl'.l. 

l'ppt'r·lo\\t'r Turrt'l S .. ill'h, I. FlICllrl' fi­

I!':! I Thi, IS a 1"1'("'-1",11', doulole-lhr,1\\ 
'.' it( , "hit-h I. mOll kd In ta t;; .. -!<.m-!uI­

r,'1 Jun(llUn I", tn " .. rmlt hi!'lin)! th,' dr­
'Ult.· of th~ box til aWIJJl It fur u;. .. with "ilh"r 
lIp~'r IIr I"w,'r turrt'!>' Th,,, :wllt'h is con­
i "aled w ht'n t h .. ('11\ er ,'f t h ' "ux I' 111 piau' 

o tllat If "ill nlll lot' il1l\(I\l·rt.'nt1~ Ihruw n In 
thl' wrunjC p()~iti(JI aettor Ih" bo, i once III. 

:<111111.'<1, It "h'lUlcf ht·, afet~'-wirt'(l in th.· pru, ... , 
''')~Iti(," "ht:1I th w'C J. in. tllll II 

Tuminal Po-.l,. and ('ollnHlor , Th. jll", 

t"l11 lou i'" an' protid"d f,'r II tt'rminal po. I 
t 1', rljCun- 6-1!':!) (or in(ominR 2i-nlJt f)1 
JI'·" .. r and with Ii twin-lllndinj.! po"t (EI) fll 
""laimnjC .j!l(l-(-~.c1 .. , I til-\ "It I"'" ('r Th .. ,- art 
"rund,'(1 Wilh A:'I: u'lIl1t <'I"..,' r.". .-.IO'1I'I:ti"l 
",th ut h"r ,'in tilt 

SECTION VI-SERVO AMPUFIER 

1. PURPOSE AND NOMENCLATURE 

rh., . "r\"l, ""lpilti"r is 1II1 ........ r.,ni(' <11'\ "" 
1J.,,'d III lh,' n'm, ,,·.·,.Hlr .. 1 urr,' '.\' 1"IIl, II 
~.( JI. 1 .... :", uf \'a,'l1Unl ult..... 1·.ln .... tormt·r~. ill,,1 
I~ tll'~ t 1t·ml'lIt. IWI t 'dr~ i I .. ttl .:iP\ frll:tl 4:lr ... 

•• H' .In phti .drOIl .,nd ttO(' fllllll H-Il flf ;tl 

t It't :rJ .rll'I."'II:I. 

Function 

II "HI'I ,ha"!!!' I. (','rro.r IVllal ,Iii 

'''''tr .. 1 tldd "I Ih ,il 1'1 

2 6 10 14 

t t l. i· 
t 

5 9 :' ~I " ~ 8 

;S I _if • <:' - · 0 · 
tt IS 11 

Figure 6 193 Powe, Supply 

It ml'" IIfmldt' a hi-d'f .... 'lIn,,1 lIulpul .1 
!' IIdllll' , II tI. ,I,r. '" I I rllll ,",, "I ,I I 

I ·hl 

Azimuth and Elevation Channels 

I i,t ""f II .ri. r I n .tlJ\ • \'1 :unpll' f 

Ifill'" ttl.tU .. \UnlltlOIl •• t/lftlUfhund., 

\ .,t "'11. Itlll t I,,. ,·,,"t /f.II,·.1 'nd ..... 11''''111 It-, II 
lustlfHhtl\ til ,.,11 th.· ,I IfHIt'pt'lIl!tlnt p.lrt 

'1" III ."I"It·1' ", h:lIlJwl,," ,11,01 In I','ak "I 
., III 'Ilia. I ;111111·1.11101 Ih, ,·I'·\:oI'I'III'h.IIII1' I 
I' \\,' Ir.HI "I'm'r I' ,ba,. 011", II., t,,",' 

18 /1£ TRICHD 
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1'1., but there are independent . e 'ondllry 
\ ,"ding'! for t'arh channel. Thi. power rlln.­

i 'rml'r. r!'ferr(>l1 to II T-4. IS Ug d ttl 'up!," 
JKI\\ <'I' to all luh(> in Ihl' . (,/'\'0 arnpliti r '" 
holh IIzimuth lind 1'1 \'atlOn channel (F'j('ur 
-193), It con. i. I~ of II primar\' "'IO,linjr 'n r-

0:,1: ,I I) .• lh .. 115 ,"oit Ou cycle At' from h 

r 
---------- ----- -

F,gure 6- 'P4. "artiol Elementary D,agram 801" 
('"c uit, EI.votion and Azimutlt Output Tube. 

'" I Afj ws 
I!fvf SED 

. 

Ii 

dynoml'It'I'. a'ltl I'Ij.!hl "t',on;!ar) W intiinl{ . . 
FOllr (It I hI', ' , "Hnd,lrlt'S hit \'t' 2i,; \'011 AC' 
1'01,'/1 ,al 10 I", u ,·.1 tllr 111al(' Pll ,'!llial ""1-
Jlllt lull.". I" .. t", aZlmu h :tnt! \\0 fur .,!t­
'all"n, I",> '('"nti:IIH' "f :.!:lll \"1,, AC 11"­
('/II i,ll, 0 '1111111\ pl.",. 1''''<'11 t:ll f'lr th ,li". 

-"."" rl." alld plait· ,,, ,tl'nti:.1 rnr Iht! ~('nl'n 
L"nd Ill",' !tllll oi 1 h,' , ",'nntllld.,,, lor all. 
nllll I ,11101 <"It ItI,. t 1"\.1 t inn I Th nl her I\\', 

lidlll'll III' ,; :1 \ "It, AI ,lnh'nt ial art' u,('d 
I ph t, .• I'r \tllbV" (ur all tul ~ rn th., 

r -­
f 

1 ( 

r 

1,"C ~ 
l·SUPP1Y ~ 

HT AND GUNS AliGNED 
--r, 

BO E GUNS SIGHl BElOW GUNS 

F;qure 6 195 Sigltt Above Gun. 
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31,SPEEC SIGNAL 
INPUT TRANSfORMER 

rv 
f'gure 6 /96 Servo ·Amplifie, Type lCV/C/ , Inle,io, V,ew Showing Elect,ical Symbols lor 

VarrouJ f lements. 

S. ELECTRON THEORY 
\J t ,·1 t tl , 
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R£STRICTED 

RESTRICTED 

n'.u1t~ in no output volta~1' ~"nl'ratt'li by th 
<lmpl"lyn an,1 nn motIOn "f the 1'11'\'atilln IIr!\ l 

IIllltur, whu'h "I as it ~hould b,' w ht'n )run, and 
'vht lire ali~III'(1. 

111 Ihl:' eenl r dlltl(ram "f Fi,...urc HI:; t h. 
IKht IS ~hnwlI ell'\'aled. Thl' !"d~vn S\ sl,' 11 

n(1. a 1~lIallOl t hI''' rvo aml'lIIil'r. Indl".",,) 
• a "Wllli,·l' (pili, "~n) nn th,' iJd111l1 'I'. I 
I, ular in"tanl :'\<1" m .. n· "lin ,'nl .1"" III h.' 

: .. ft half ,.f Ihl' am)lllll.\ II runlr"l.i.ld alldl" 
In till' right half. Thl' alTlpluh II.· .... ,It·rat." I 

••• ltalCe of !'Ouch IH.lari"· thltr Ih.· !lIIfet drl\" 
mlllor 1'1t'\·alet! Ihl' Jo!'"b III ah~1l ""h Ih •• 
'I~ht, 

The d,ltvram at Ihf' nlo!'hl "I' FIJo!ur,' t;.I'I~, 
hnw,. the Ituu(",n "Ill'n thl' IJo!ht I~ In", n'd 

"l·llIw the glln .. ('oml'l\rin~ Ihis ",tll till' n:n­
.. r tliagmm it i. ,el'n hal I hl' I .Iant\' "r t h •. 
..t~,\·n "i~nal i. n'\·f·r ... d tht· riJo!h half fir til!' 
.. ntrol 'il.'ld ha" mon' ('urn'lIt ,mel th .. 1 .. 1' 

half ha. It's" As a r .·u lt, tht' 1.(.larll, "I Ill' 
Itlt/l'l' gl'nera 1:'11 I" th~ amphdult, I. .d~II 

r.'\'t·r~1'1I Anti th tllrn't Ifr" .. molor n .. " 
rl\l' Ilw f.!'un~ <Ifmn tf. alw" \\1111 th., 'II' I 

6. BASIC PARTS AND DEl AILED 
DESCRIPTION • 

General 

Th.· l.h\",It·al 

8ase 

Caver 

Th .. ell\"'r hp II\ .. r II .• "lull'nlf II' 10 I r ... 
tt!('t II. The. traps lin Ih, loa t' .lntllh,· l'I\"~ .. t 
the I lib" . h It. jlUld.· h., ,'(0\, r IIltn pia .. ,' 
.'lidwV' lOll, 'h'~ pnf.!':'l.!" I.. III (,""I 'al powl.,,1 
aneh.,r Ian ,If ,. I.,'" I .. th, ,11':1)1. ton thl' ba~l' 
"hl,h 1'1")"11 throujll holl~ III Ih.· .... \ •. r 
FIt"t"I" d t •• th,· IIlI "ri('!" of tilt' ""\"t'r IIrl' tWII 

" ... k,'ls I,'r h .. ldlJlj! •• "an' tul .... ,f 1':llh I\'J'~ 
" .... In I h, .,mph.it·r and Ii dip for 11 S!,IIP-

m'"'' hllllll Ltlu\"rt :inti h .. ll'~ PI'rmlt a lircu. 
1.., i",1 '" .l1r tn ,'''rn° nlf I .' hl'al from till' 
"'I"ll'm,'1It .\ \llrillj( .ha 'ram j, "'ml'nl •. " In 
I .' 111.111 f I h,' lOl\( r 

Tube Shelf 

Th .. 1111,,· . hl'lf nntal \It·h, .... 1".1- 1111 

Ih,· f'Whl f~\·'i (;r "UII'll! tul"", all" th,' Iflur 
I;:-;~ -7-1;1 1-'1'''''01 aml'ltlit-r and ,,'n','n ~r"l 
r· .. tl,lf'r tlllof'~ The hl'lf is Ittlal'h"d 10 Ih. 
loa p 10,· ,,'r .. " ~ all,1 nut~. Thl' .. ivht IIIH.lkll1 
ohm f(nd·pr. 1",11\ .. 1.·",I"rs for Ihl nutpllr 

IlIo,.s an' • Id,'r,· I 1>,-t" ""/1 I II., ,...nd tall .lnol an 
ullu,,·d I,d, or I. "lit I' II 1111" """"1 

Capacitors 

rour II -; 11\1l r If •• r:od, ~,UII \ "II P(, (olIll'ut 

f!luo1'llnt: KlltHllUI 'Ut f., ttfldt,tt~h~h.t.. 
0\ Ihl:' ,'1\(, "JIlt II. \\ •• n<l III 1't", ,II' 

Transformers 

R[STRI TEO 
•• 1 
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Thp :l1'~IH'I'.1 Inr ut Iran"f. rnwr,. m;\, 1>1' illt'n . 
• Itit''' h,' the two ill.OUO·ohm "tahihzin~ re~i,. 
<lr: "nldl'rl'cI to Ihl'ir terminal ... The"p art' nOli 

tuuml nn Ihl' I·spel'd input tran,,(ormerl<. Tn •. 
pnmari.·,. IOf buth t~·pe. of input Iran,,(ormeT~ 
art' rated f>i 5 voltl< 400 c~ c1!'". Th~ two ~ • 
",ular'il''' of etlch :ll'~('f'ed input tran"former 
an' rated 2 .i5 voltl'. Tht' l<t'Cnndar\' of each 
l.spl'f'cI Input tran!<Cor ml'r I: rated 115 vol t s 
"11h a mllftap. The pr imary and <;el'ondary IIf 
.. arh l·!<p,'e<i nutput t r an. fllrmer i~ rated at 
2211 Hilt B'llh h;l\(' midtap ... 

Potentiometer AliembUes 

Ahu, ... '; ,·h trans(urmpr J,'TlHII' i I<..:alt'd 
a """'nI1<lml !t'r lI"emIJly attached to th,' 
ba e II\' 1\\ .. ",'n'"' "Ith nllts. ancl a ~r"un,1 
IHI,t Th· HI.ohm "~lll'nti .. m..tt'r i" nlllunted 
uplln a t.rad,d altat'h d tn Ihe I!rllund POl<t 
.• 1 "n.· en" and rJ\" I'd III an upriJ,'hl resistor. 
l"I:!nl a, " .. mlJh' a. Ihl' (ltt"'r ,·nd. An ;u·orn.nut 
liarnl" Ih. p .... ·nl' .. mt·ler "haft and ",I't'r 11 
lu lire" nl I .. mp.·nl\~ .• \djustml nl "f the pu. 
I ..... " UlI'll>t' ,,,It,nl!' i. moldt' "Ith •• l'rl'\Io. 
dn\ .'r II,.. "al·h n'''I' " T·hltar,1 a .... I'ml.l\' art 
',·rm,n .. l, \. "h"'h ar .. ,,1 ,It·n·,1 a :\li· .. hm .. ut. 
Pu! !ul ... 'rut·I.,:!, n ',i-Ior and a :;101I."hm 

,I ... · "re"11 j,!'nd 'lIrrt'n •. lamIlIlW rI-

fr"tl l "arl ,,! 

.. 1.ft1rt-d u hI 

Re s istor Bracket Assemblies 

.4\1 I ~r t \ I • 

T)(' ,m/)olhinj.! e:lpill'itnr mOllnting "'Yt'w,,. ar. 
rt'. i"tor hral'ku :I "emhlit', t'ach mount inS! the' 
Iwo W.O\lO (lhm !<mnolhing r ~i"tor,. The T(> 

SIl<tUY are damp,·ct bt'twet'n two e1ip". A rivet 
,.Is" h"lris rf!:<'lllnr ba, and brackf't llj!'cthf!Y 
T t'rml/lal~ In I hI' r sil.tnr bal I' are solt.l(>red tn 
I h .. end.' of Ih,' re. i"lor. 

R •• istor Unit Ass.mbly 

.. \ ,·ro"q t ht' e n. ir e m iddll' of t he. ('rvo-amplr 
tier i" mounted thl' r eo i. tor unit tI,llem bly 
Thref! fln"l" ~upp<lrt the rl'"i"tllr u n it panel on 
Ih ba, t' Th .. pant'l ha~ t wt'nty t(>r minal!'l t, 
wh,ch thf! tt'n r eo i!ltor,. a r e Hlldered. F tl<.tr 
,.(~kt't '" f(lr the neon lamp. a re attached tu tht 
pllne!. Thl' tw'O out. ide rel<i"tors f,' r Ihl' I 
spt'ed amplitil'r tub(>s. at f!arh ('ntl are IOU.OO 
ohm I/'rl(l-pr!Jtf!ctivt' rt', i"tllrs. Tht· hird rI' 

"i"tor frvm (>ach ('n,1 I" a 510· .. hm II'rrtlhi;.l) 
rt'. istor fllr the l'''~l·d amplili{·r. Th· fuurth 
and fiflh rt',i~ ors from l':t,'h ,'nt! :tn' 100.001' 
nhm ,·urn·nl.lamitin ... Tj' ." tlr lur th., I"",','d 
IIl1tpu 

Connection 

fS !!1('f.D 

RESTRICTED 

SECTION VII-ONE AND THIRTY -ONE SPEED 
CIRCUIT OPERATION 

1. INTRODUCTION 

A lX' poW('r eir"uit from 1 Ill' :til-pian.· 1/"'1\ 
",alur i<Upplil" Ih,' d,\ nallllll .. ". I III' .Imphl".h' 
IYI\,. motor and thp hl'ld .. I' Ih .. 11I1l.·t dn\,' 
m"tur. The dynamotor II'I'n",'alr, 1I11.'rnallllg 
• Tlrrent p<1\\,'Y. 11:\ ''"It. -IHO (yell' AI' pow.'r 
Irllm Ih,' d.\,namulnr r- f"" to ht· Illul",. lIf 
I", .'t'I,yn , .. n!'TIIlor oil Ih. · "il/'hllnll' ,Iatinn 

Int! til thl' priml1n of Ilw po" ,'j •. 111'1'1) t ran" 
.ym 'r in lhl',. r\"l-amplifi,·r. TIlt' .• -ls."n g"n. 

,·r.,tur ,.encls tht' -<ight l'klsi inn -<ignal owr tit ' 
\ 're" of Ih,· :(11.) n l'IlIItrnl • rnn:<fllrm"r nn 
), turn'!. Thl' <ight anti J.l'UII~ ar .. ali ,,, ... l a'.01 
tIt· ,\1' \-"!tag,, alt.·rna ',m" /tn' 3. 'IImt'<I Itl 

1"llPl'<i ur "fnI7.'n" a tl\l' If ,'n It. "h"n 
h.· III". plall" IIrp I'.)~i l\. 

Th' ..•. 1. \ n g"Il"ral"r I~ con~lallth ~rnding 
.'1. <'In, Inlpul, '.~. or "'gnal \ (lltagl'_". to the 
'Ill' ,.! 1111', .. I J.rn a I \,oltajf('", indicate the 
I~I II iOIl ,f hl' ~'jfhl. ~ .. that the turTl't ill aJ. 
"H) !II "I'ml'd f th,· Jlu. Ilion of tht' sight lit 
til> 1'.11 tll"ular In~tant Thl . l'1Ryn eontrol 
tran,(ormt'r I'Uml,an s th., relati\'e po~ i tion iI. lit.· <i,.d ll and thl' jfun~ Wh.'n !loth are 
pOinting in lh" "lime .Iirrclion. or in alilm. 
nWIlt. no furlhl'r al'tinn take. plart' H ow!'\, 'r. 
If the gunn"r .. houl<i ell'\ a t' t hp ~'J{ht. the 
\alu,' "f Ihl' "ignal ,·"Itag,·, II ·jnl/' "I'nl In tht' 
til' ,. .. 1 woultl Itt' ('''rn', pondinvly altrred . 
\\'hpl1 tlw • 1'1,) n I'''l1lrnl tran.form"r I'l)m. 
,,:In' lIlt- rkl,jl inn IIf the "Ilht lind turr t and 
111le!, Ihltt tI,,'., ar .. not 111 nltl/'nm'·nt .• 1 i/!!lal 
I" ,'nl 1,1 th,· "1'r\-,).amphlipT 11\' th •• ""I~\ n 
(', II ,,"I ran """'1' nile! "Yinj,!~ th. "Ight n<i 
j,!\ln III ulrl!'nnlt'nl. I>o.h i .. t'II'vlltin" lind .Izi. 
mlllh TIl"n Ih JllIrl''' .,.,f h""Plltral q tinn 
fire cnn 1'111 ) I"m 1I"1"',,n al'll1P\'p", 

2. PRINCIPLES Of COMPUTATION 

,." ·h,." r"n~,,' . \\,tt ... 1.11, Ilan j!'11lI"ne! 
-I atl JII.II\ t arlr.'I. " j,!1I1l '1111 I •• · "11111'.\ .II 

rh'" al .llel,IIg"'!" 'Whlllll!lIfr"WtlW 'UII 
h.trr-l fin\\ t" t'r. :,>0( IItl .... IWl'f} dl~l'1J ,t'cL in fllr • 
• .,. .• ·1 I'r .... "., 11t" i,f,.11 '(I'HllllOn i ,,'<I,m 
!l1,·1. ancl tt.t· ·dlJf'<'tinn 'if lit' ...... un· bon" n I 

II' : I .h, ltd "ilh n I"'" til II .. , <1""1111' 
.,f., n""IIW. , .. n" :1I1I1'.lfl T" l'I'It.'r IIntll'Y 
.Ihlld I ~ ,>1'1111 11'1, .. f, "flIPIIII"I"n q"m!' flf 
Ih., \\,11''' "hll It h.l. to. ,'1\ "n" Ifill" "U\"'r,,<1 
",II I .. ','\1,''', d I,,.,,,,,, II. thl ~ 1'''1111 lh., 
1m 1111 th,,1 II", )!lIn 'III' t I" sh,ft, . .! <l1'p"ndH 
"I'" lh( lor .•. ;I, tinl! IIp .. n Ih" proft''' il .. 

It, II 1.',1\ •. ~ III mllal" "r • h .. I/'lln. ~lIrh :, 
"""I:IL'" 'mol Irra, i ,'. In" IIp,,n tltl' \,I'!f\('il\ 
, tI" hn:' ... Ia '''1'111 the ~lIn If th!' !<iJl'ht 

h n,,1 011111111. d on I h .. J!'un. hut i' 10('atf'II:1 a 
t11~tan, ,. fn.m I. :I. is thr- ('a I' with a rfom,,! .. 
"",1 .. ,,1 urn'l ,,\' ·I,·ms. Ihl' 1101' IJIlrl' mll~1 10 .. 
fllr. h .. r l'hlln~I'd 1<. rllmp"n, ate for t hI' " pa ra l. 
la , " dlslallu'. 
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Computing ond Noncomputing Sigh .. 

TI.prt' <ir" (Wo m ·th .. d, u • ><1 at pre ent for 
, IlOlll$; tht' )run at thl' tar,..e . nam(-Ir. ,'om. 
pU !O)r and nlllll"lmpll in,.. \', t'm . In l'omp It. 
III,.. \ tl'm , :hl' computer can b . witch"d 
"In" or "out" .. f the circuit instantly at the 

JIll n rof th )runn~r III a nnnl'omputmg ,ys. 
tpm. tht' hn .. nf .I)rh t i: mltintainl'd paralll'1 
with thl' hne of hore. and the S!'unner ad\·ance. 
Ih .. lin.· ',f .-ight from the tar, t [lo;-ition in an 
amllun determined by him from hlq own e'C. 
p.-d'·nl"- and Judgment. 

In a l'Omr)!1 ing :y. t m. tht' lin of si~ht il' 
h, 1,1 on I h t;;r)re hy th > gunner anti th" rela. 
I\,>' pO'il;on I,f thl' R'un~ anti tb ~I,I!'h i. de. 

t"rn in,',1 liy thl' computinl!' mechani. m The 
u. " flf hI' mmput .. r eliminatt'~ he gu . "work 
"II t> part of the gunner in " imating range, 
halli" i,'s. parallax, and If'a<l prediction and 
II':n " him frt',- I, ) cuncl'n ratt> on al'curatel~' 
I,·a'kin,.. h tarj!.'1 ami kt>f'pinl!' i alill'ned in 
th .j." 

""mpulin)!' \ .. tern. one 
l'onll,nl'l! n wilh "ad', 

aft'\\' ue)l"r.·t·s from tht- fore anu aft axis of 
Iht! airpl;;Ill'. 11 II\(' projl'Ctile i tired at zer 
cle)rrt't- ' t,I.,\ atlvll anel trllight furward or aft. 
thl' prnJt'dil .. i, 11"1 d{'\'lat"d from the linl' of 
b re by hI' '" indafo!'t' for ... e. Huwl'ver, for any 
" hu gun 1""ltl(l/1. thi. forct! will deviate the 
pruJI'('I ii" fr<lOl hIm .. I)f oore towarcl tht:' 
rt'ar. 

:'faximum dl'l'IatulO occur!' when tile tar. 
gt' i~ hrnad.-idl': an,1 for any given angle from 
t hI' cl'ntl'r lin . it i~ gr~ater in the two for­
\\ ard Quat!rant~. ~ihl'e the nergy of the pro­
J"ctile is III';t at a jl'reater rate in the e quad 
rant, IJt'l'1IU-t' I)f /l'reat .. r reRtlltant windag 
fore •.•. Th .. windaj!'t' "ff~etting correction i. 
al"';t\s forward in thl' (lirection in which thl' 
airplan i~ ml)\'ing 

Thl' mall'OItude flf th cle\·iation. and ht'n.: 
thl' ('''rn·dinn. dellt'nd" upon the air. peed. air 
d ... n"it~·. tlnri rang The winriage correction 
IOl'rl'aSes with an inrrease in air peed and 
ran,..t> and dt'~ a"~, with inrrea I' in altitutlp 
Fllr ,h"rt rangl" in\nln'd, the l'orrt'('tion i 
lit arl.1 I'rnpnrtwnal tu th,' ranj!'e of othl'r e, r 
<lit illn' (" .. n. tant. 

Thr- .. If", t of II'rlt\ I ~. upon the pruJectill' I 
t"ward thp etlrth, Th. 

~r~l\ i y t-urn .. 1 -n i ),!'rl'a (I t:at mort' dpsrr • 
,.! \ 1I inrl a " ,h'rn'a t·., \\ ith hI' mO\'t!m 'n 
IIi J.' 1II ,11\a\' Ir.. thl' "0" po ition. Grilli \ 
,.el Ul'''11 I h,· I.r,,]o·,· II,' hr,)lll"h .. ut thl' l'ntlr, 
1m .. III lli,..hl, ,lilt! th .. vra\'itl ("lrrl'cti n 
• . ,ri,' lll'arh 'lir.·,· 1\ \\ i h hI' tim of "I/I'hl 

In "rd"r octll"III: h> Ih{' halli ir correction 
" ( 'll 1 1I1 .. r OIU, oMain azimuth glln po I 

II, ran!!I', :IOti \\ inri311'l' 

, 4 
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Parallax 

Parallax correction is the angle bl'twl'en 
thl' g-un and ight, mea~lIred at the tMII'''t, 
\\ h n thl' gun and Ight art' located t differ. 
~nt Pt·"ition. on the airplan(>, Withnut I he 
parallax "urr{'di(ln, the gun, \\,mld 1'\lint 
parallel to the linl' uf sillht 811e1 wlluld ml • th 

Irgt:'t by the tiL t nn' I>t>twepn t h" Ilun lOti 
lS!'ht I()f:atinn which I" paralla hll~" len!!t h 

I h,'rl' Is n .. parallax "orrl'dion \\I1I'n tIlt' ""un 
1I1d sight arl' I,teated lit thl' sam .. pC'lIlt l'an.I , 
'x p()Sltinn \ sri.,:; for tliff,'rput larll'"t p'hl. 

lI()n~ (lr ranlle It I~ 7er" for ~tralght (or"lIrd 
lr "traight aft 

Tht' factor. alf l'tlllJ( paralla, "urrel'li"n 
ir .. 1'1 \'allon and azimuth Ilun po. Ititln~. 
ran!!",. and thl' paralla. ha"I'It'n,l!'th The paral. 

PC ('()rr('('tlqn IIll'rl'a.I''' frum 7.ero degree~ 10 
I'lu~ '1r mlllU, 90 dl',I!'rt'f'o I'I'-I'ati,'n an<l i .. 
I"n·,iI!" t lit plu!l or minu 90 dl'grl'I''' Tht' 
,'«ralJa:ot ctlrrf'ction in('rea.pq a ... th .. aZimuth 
'''II pO"ltlllll frllm 7.'r" t1egrt't', to plu~ or 

Inu' 90 <I .. ,orr!'p" and l~ grl'af "t al 90 d"llr!'1' 
Inti 27u ,It'grt'e' Th .. ('orrt-t'twn 3,1!'ain d .. . 
rt'a~l'. a' th.- gun.- mov,> toward I n tI .. gr .... .. 

17.11 11th Th .. Jlarallu:ot ('orr!'ctl"n for /lln'n 
110lll h pn"lti"n i· chan"" .. d hy th,' mll\ .. nwnts 

"r tht, gUll I'lf'\':ltl'," p' 'Iti"l1 Th., I'llralla 
I'rr, I'thln In(rpa .... ~..:,;l lu rHn y, h"''''''Olt'S 

tit I' t'r and ,1"(I,·a",'. li' 1111 ranS!',' I" 'IInw. 
'Ij.!.· .. Th .. p,lrllll" (·Urr.'r!I"nlllI r"a t" \, I h 

lit IIllT",lst' III par,.I1", Ita'll Ipnl-"h In 0 nlt'r 
• ('"kulal.- tht ' I'"ralla, • "rn' lun, th.· <"0111. 

I. r mu,t o"Iuin ilZllllII'1i Villi 1").11 I.' ,,-I • 
\ I toU Vlln po i i('lb rIlU1V,. and •• r.tllct ha~e 
"IH!th, 

Prediction 

h ... t . ah":I,1 (.f 1\ III 1111-' IlIrd 

. 'In((' prt'didi"n ""ret'rlion I' tht' ongl .. dl', 
I"rrmm'" 1'.1 multiJlh'in~ tilt' an)!ular \'el''<'itv 
I \ I hI' ~illht 3nl!'ular \1'1, ·i ~'. Ilun !,,, .. ition, 

'in,la)!l'. anri ran)!l' Tn <II' ,·rmin" thl' pr!'tiic , 

tion correction, it i. nec '~~8ry tn predict the 
futUre po!lltion of the tllrget which is the 10-
csti(m of thp targl't at thl' time the IlroJ.-ctile 
will reach It. Tht:' prediction of the futUre 
po. iti(ln <to sumt':l the path uf the tarllpt to be 
t'"st'lltiallya :;trllillht linp whil .. the time taken 
II\' thp proJt'cl ill' h, Ira\el to a point on that 
Il th h dl't{'rminpd from known characteri!!. 
II,'. Ilt h,' ammunitIOn Thl' proper gun posi. 

1"11 I. "ht.ullt'd '" h n thl' target and the pro­
... dll,' rl'a,'h th .. IInw p(lint (future position) 
at tht' /l1Ill' tim .. With h larl( t traveling 
thl' ~anl" (lin'd Ion sl1(1 "Pt' d a!O the gunner'l! 
airplan ... tlwr' i.< no 'hanlle tn the angle of 
siRht and Iwn.'!' nn I.'ad prt'diction i n{'Cell. 
-<ar\' Thu". lIlIly lh ' hllllt~tic and parallax cor. 
rpdlon~ art' n'(luirt'd, Htl\\e\·t'r. if thE' gun­
nl'r'" plane and Hlrl!t:'t are travt'ling in the 
~anl{' chn'rl illn at ditT,-r 'nt ~Pt' ,I~ IIr in oppo. 
..itl' dirl'dion'<. tl"'rt> I. a ('han!!!' in the iJrht 
all~rJ,'. n''Iuirlll)! ,I ""rr"~p(lnding I{'ari corrp(,-
illll IIl1gl,> or "Il'ud I'rl'cilctinn" 

III "nlt'r tI"lIiculatl' Ihl' I"ad prl'dictilln cor. 
rt·,· I .. n, I hl' ('flnlpuh'r mll"t olltllin thl' rela , 
11\,- angillar \t 1,,'111 of tht· tllrl(pt .• r line of 
~IJ.!'I I \\Ilh r".-p'('t I" th. gUllIwr' airpllin', 
nllIl!t' of tilt· tarVl'l. "I,. d"lhlt), anti balJi~tl(.q 
"-ltalf",I" I .. ,tinw .. f lil!htllfth'l'roJ"dil .. 

3. OPERATION OF THE COMPUTER 

Th, "mplltlllv t"llIlIh' ,·olltr •• 1 . ~'. 1"111 I~ 
-lIl1i1ar I .. th,· lIon"olnll1ltJllj! S\ 'tl'm in all 
I"~I"'" t", ... ·pt thal ,I ('lIllIpullOll nlt'rhani~1lI 
h ,', l1IH·,'t.·" III th .. ,'I ... drlrlll signal circuit 
". \\.·.·11 tl .. , sll!htllW -latHIIl alld Ihl' IT'1lI 
IlIr", I 

\\ 11. II 11. I 11\ 11-" Ih. ,·.)lnpllt I h1l nn "ffect 
.11) Ih. "1"lI:d, :,11" Ih. \ "I'-Il! 1"'lltillllt-q til 
'I'IHI, .1" •• IIIIII .... l11l'lItlllll'''\ I('m IIm,pI·,'r, 

\\11'11 ttlt, ,','IIII'III"r 1< 1\11 Ilt'd ill. Iht'('(1111 
1'111'1 :l1I\"'ll.llj,-alh' IJJ.lk., all l't.ml')ltali(tll~ 

r I,.dll 110' • "."':111,,, IIl1d I"ad pr,',11t' inll 
,11111 <II pia, l'- t h.· \ "ILlc,' <Ii 'triltlll i .. n lIlld po 
1:111 \ .1' till' I!!nal \lIltagl' ".'tw('(>n thl' ,i~'ht 
Inl!' ta 11\11 1111.1 lh,' S!'1I1l tllrr .. t Thl.' di"l'lart" 
1111'11 I IIf tilt' 1It·( I'., an' amllunt lit aim th!' 
I!'IIIJ "I hat. \\ h .. n till' vunnl'r aim,' hi!l !light. 
info!' 'tati"ll ,hn,,·tly al tI", tar"'l't Ih,' prrljl'r. 
il will ~trikr thl' tal'fo!'f't, thll' l'liminalin~t 

~1It:' ':WIII k "\' I II!' vunm'r 
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Selsyn Differential Generator 

In ... rpu>-ed In the ,'ampuleI', betwt'en each 
':,'I,yn V'n ratar located on tht' sill'ht and 
~1'1,yn r'mtrollran .. f,'rm I' I,x'alec! at th(' lUI' 
I' -t un I ell"atl('n and azimulh inpu unit in 
tht- computt'r, i. a ~('I,~-n differt'nlial j!'t'nera 
tor Thl" i. mel'hanirall~- cnnn .... · I'd (} the ele­
\'atlon Intal corr ·"ti,m unit or azimuth total 
cor,.I',' ion lIllI! So hat an~' el \'a tion t,ltal ror­
r!'l' ll()n or IIzimu h Intal ('Orreet Ion made by 
he c(>mputl'r re~ul ~ 111 a rotatIOn of the oif­

ft!rE'n lall!t'n ra or'" rot I' h~ an amuunt prll­
portHlnal tn he ,'orrl'dion. Thl' rotation of 
hi" mInI' "isplace~ thE' \'oltage di!ltribuh!ln 

"f tht' signal hy a propllrtinnal amnun ard . 0 

mon', thl' j!'un turr ,and th E'll'vation and 
aZlmu h input unit I 'ated in the computer. 
h~' an addllional amnunt corre~pondinj!' to the 
cnrrE'Ctlon 

Switches 

T"" S" ildl"" ,'''ntr I I t' U"I' or tt- .. romrmt. 
:nj!' ·yt"m. 'I""inv tilt,' computt'r ... tandby 
, wlt.-h a rt' 'I~h enl'rlriz('s the enil!l of the 
.' )ml'U pr cutoul rela,\''; Thi~ do~ q thl' nor. 
m.il" "PI'Il l .n ac ' .. (If ht"p rl'la,' !lnd 0l"'n" 

alI- clost II "ur.tart, Thi ~E'Ctl n in. 

all"" in\!' th.' )(\'1',) '("01"'.10 rome to qppf'd. the 
("Olnp"'.' r i~ rl'a." f, r lI1"tantanel)u~ "pl'ra. 

I h .. ' .. anrib,'" !'wil af HII' 

The Input Follow-up Systems 

Range of the target i ,upplied by each gun­
ner to hi. computer by means of a range trans­
mit er potentinm tel' in hi~ ight. Thi~ poten­
tiom ter I varied a!\ the gunner adjusb the 
ranjre knob of hi. I<ijrht. In the 2CHIL compu­
ler_, the range input ma.\' be switched to either 
the ight or the raoar, a he chool<es, 

Windajre i. Ilupplied from the five windage 
tran:mitter paten iomet r!l in the navigator's 
hand,et. 

Thus. three different methods for obtain ­
Ing a signal ,"oltalle are used, Ilne th rough t he 
u e o( the 1-, peeri Sel. yn control t r anl!!­
former ... another throujrh the 'J~e of poten­
tIOmeter!!. and the third through the use of 
a radar receiver, The potentiome ter are not 
,,<> accurate a_ the Seillyn contr ol. but are 
. Impler and more compact, and are sufficiently 
acrurate for the purposes for which they are 
u.ed, . eillyn control t r an!lfor mers are em­
ployed to obtain l'ill1lal voltages for gun ele­
,'ation and gun azimuth (allow-up systems, 
be('au~e the gun elevation and gun azim uth 
mput . ignal can be readily Ilbtained f rom t h 
• el~~' n circuitll bet~een the a!\l!OCiaterl sight 
• nd Itun turret. the \'oltag at the rotor of the 
:-;el~~ n difft'rt'ntialll'enerator!l in the computer 
II1dl ' alinlt thl' gun turret po ition.'I in azimuth 

no! ple\'allon P"t!'n iomelers are u!! d to ob­
:un. ijrnal Voltage. fnr thp range lind windage 

loll .. ,,-up ,\' I'm, 

An arlion witch, locall'd fin the !lilthting 
<tatwn 111:0 opera eel b,' Ihe Ilunnl'r. I'nt'rlti"t'. 
I pr mput r ('nnlrol"irruil!l when it i!l cloMed 

Tht· , uml'u!"r rllrrl'd fnr halli. tir~, paral­
la x IIlId I,'ad nel allnw. !h .. IfUnner to concen-
r .. t. nil an'uralplv trarkinlC the tarltet and 

• t"'plnjr t,l' rnrrt'cl rangl' aIIJu!ltment. Th 
l'alll~IH' ('nrrl.'r jnn (' .. mJ>t'n~atl', (or tht' devia . 
'IPn (.f 'il J1roJI'C ill' (rom Ihl' line of bore 

,orrl'ctJ"n I~ th. anl!le hl'lwE'l'n thl' 
\:'un tIld hI' il.'h, mI'll urf'd al Ihl' target 
., h"n ""Illln Rno !lwht art' In('alp.1 at tfiffpr nl 

'n hI' alrpillne l. ad Prt·,liction cor 
""1'11"11 i III IIn~lp at th !<Ight belw(pn thp 
pr., 'lit and (u urI' P<' Ilwn of the target 
TI.,' .,' art> :1t'I'nmplj~hl'll h~' a ('(lmput IIljr mE'Ch­
ani m <'''nnt-dl',1 in the elE'Ctrical lIiJm81 cir­
r·lit.l)('twp n he l'ilthtinlt, lation and the gun 
IlIrr(' In ummlltion. it !lhould be r emem-
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SIGHTING 5T A TlO N COMPUTER TU RRET 
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5ElSYN GENERATOR DIFFERENTIAL SElSYN 
GENERATOR 

SfLSYN CONTROL 
TRANSFORMER 

Figu,. 6 - 191 Elec1,icol Connection, 0' Oi".,.nt,ol Se/."n Gene,olo, 'nlo Se/."n S".tem 

"'11,,1 Ih .. 1 ,', nlp"II'" n''I"lrt·, IUU I IIIl'ul 1"1 
In"t! I),mal ).'lIn Hzim llh . /ol'11I1 t'I •• \ af 1011, 

I".f •• ~,. , lind ranJ.!'l. 

4, DIFFERENTIAL SELSVN GENERATOR 
USED IN COMPUTING SYSTEM 

ho\\ ~ Ih,' nl,II)II, r in wlllt'll 

I' 11I11·d .. cl inl" 

r' \\ . tho I'" ' I inn "I' I hi' ~,'1. \ II ),,' It r ,10 'r 
r" or It . 1< ,i, trnll mit .. ,,, "11'1','11, I .. th, '"'' 
trnl I rail r"nIH" Till. I' tI\C' JI"-If I"" oi tI", 
Ili ffl'H'lllnl 1I"'fHT,iI, r IIhl'll "" ,"1\" 11('11 h 

"'11,11' Ullr' clll., of 1Il1 .Ih,· \ 1"111 I" lIl1' .. m 
(II I", IIn,1 tI" t IIln I ",1111 "1',' III .t!Il'IlIllI,,1 

lit 11.· II." ItllW Inll"" 

"t Iql II ", .. n'ral"r 
III FI 'III', H·I fl~ I h, l'oIlur hm; hit n mOl .. d \(I 

<I, L'I f'. ~ "I ·k II I " Thiq ,'hllnR" till' y"ltall'" 

10 I ... I"ad, "tllf' ,·,.nlr, I-Irlln f'IIII"r tnl, I' 

' .. thllt th .. dln'd",n .. f ma).'np.li,· 1111''< 111 Ih. 
Int',r i~ mllVt'tI ;1(1 ,h'll'rt'"q a~ indll'nl d. pr .. 
hh'ln~ an flUlPllt \,,,11:1).'.· "wnnl from till' ~ 1_ 
vn ,'ol1lr I-trllll'f.,rllll'r I'\'('n Iholl).'h th .. '1'1 

~VI1 ,l(f'nl'ralor ha!l not Iot·,'n /1111\." "'Ill" ', 

hI" ('orn'C'liofi put in I." thl' .. HmplII"r prel-
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Figure 6-".. How Monme"' 01 Diffe,.nt;al 
Se/sy" G."',crfor Ro'or Affens Mal"ltude and 
Polarity 01 Vo/'a"e i" CO"'IO/,'ra"-'ormer Rotor. 

SA' .!S11( CAlCULA m G NIT 

duc " a signal \'oltage to move the guns to 
the dotted line po ition. 

In thl . 'Aa)" tht' vol tage. In the rotor wmd. 
ings of the different ial generator vary In mag. 
nitude and polarity dependent uJ)Qn th 
amount and dirl'<:tion in which the r tor i. 
moveO. Hence. he corr.-ction put in by the 
computer produces a ignal voltage to move 
the gun~ to the dot ed line J)Q:ition . 

In thi!t way the Voltage!! in the rotor wind. 
mg of the differential generator vary in mag. 
nitude and J)Q1 .. rity dependent uJ)Qn the 
amuunt and direction in which the rotor i, 
moved. Since the three \'oltages in a Sels),n 
y . tern reprpsent a po!tition. the differentia l 
elsyn generator L a device for adding or . ull. 

tracting a gi\'en angle to that position. 

PARALLAX CALCULATiNG U"; 

F' fillJ'~ 6 199 Singl.·parallalr Comput." Model XHICI (P,o'otype). 
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f ' gur~ 6 200 L~od Bol/,."c ond Po rullox 
O"'~cI,on.s 

S. COMPUTER, TYPE 2CH 

General 

Inlr .. tludiun. !" '". ~, II , III, ,I" 
Io"I": III ,f II J I" ,dl .. \ " 111110,,· (.. lJ.:ht til 

r. th " II h, "' .• 1 I' 
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a p<,,.,l lt\ n " h,tI, \\, 11 ,all . lit ., , 1'''J""I''lo 
hlt th l' l ll fj!" t, 

(llll' ,,"mput, r " 11 .·of 'II ('l>nJIIIII'I'''1I \ II h 
i'lL' h .. t t h .. th l ' wh t in l' . I " t lo ll ~ T h" 11\1' 
' ·"ntPII lt' f - . h' ''\O ·\I- .. . a n ' 1", a ft ·" f 'moto-" 
II um lh,' ,)/ 1, 1, ").: t atl" !1 ~ .tII t! .In ' I-"Ill il -' t." 
tl n h I" !'1,· ... YI ,·. I1 01pa ll ' ,-1 111'1 . I .Iralla " It I 

I'lItlf " -'01 ~IIIII I Ib -" ,., I,j./"!" a ,. , 
01 • d • nltrt'" 

( ·nmpul .. r ( '''fn'flilln, , J'II!IIl ' - ,; :!Oll) 

~ h,h l'f'nlJ'I, f,, o.dd I H e 1 ,o11 f.w t h, 
J 1111.,\\ 1I ~' 

Il.illl.,tu·, r •• ",,/ . ,I, I .. , ",,,,L'L"ulid 
)! r .i I t \ ton , , hi,h'au , ,t.PI HIt.,olll . lod. 

" ot, 1" "111 H "',,11'11 hn., 011.1' 1.,l\,"V ,I.. 
1I11I1Z1. · .. 1 ''''-I!III 

II"" Ih .. I "mpIII" t "r"", .. " .. 111' '" l,,, 
rtll . .. rt Inl" Ih,· 'o\.I",n II. ,I, •• 

InplIl, Ut'IIuirl',f It, Ih,' 1110111111'1'. 1" ••• , 
t .. (,.Illd.lft I P I"tlil 11 11f1tl' f' 1IIt '''If 
fllJft'llllll • "II.tlll h. l,d,U\lIlrllif 11111 1 ,., 

\ l'llli It .11101 . 1. \ "'.,n "loll '" II." 
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Tru~ air, p .. ed ... nt! dell~It\' altitud (a fune­
ticon of altitude an,i tf'mpf'rature) 

R nl!t', "r dl.tan,' ,fir lar/lt't (rom lI'unner'!1 
.ighl. 

[n"nl"rh' ,ak late hpparall ... xc"rredlOn, 
the ,'''mpu er mu~t olotain he foil,,, inlr in­
formatIOn: 

Azimuth and levation ICun P'" it ion, 

Range, r (hstalll:e, of target from gunner',.. 
Il{ht 

111 (mkr Il <akulatt' the lea'\l'orrection, the 
""ml'lI I'r m J' " b Olin hI' fulluwinll' infurma­
wn 

1:,,1;, 1\'1' \",'I"l'ity "I tar'd \\ ith r "P ct to 
h., lille I I '1llht 

H.lI1ll,t' "f :"11"" 

1"'1I~1t~ .11 Hul!, (,I fUlll'lllln (I f h'mpera­
til. ,1111 h:trllmdri, alti ,Jde). 

/:.,\11 til" "" It "ITtl"!. tht' llnlE' "f flight uf 
'11, ,r 'I, 'lit 

Whl!rl! thl! Computu OMairu it SKl'S.'!aQ 
Inputs, Azimuth an,l el \-ation l!'un po. ilion: 
an' uotaine,l frum thE' , I'll') n "~~h m, 

RanI! of th larlte! i" :ul'pliet! by t'aeh gun­
ner Il hi. cumputt'r hy mean~ (If the ranl!' po_ 
t ntiumpt r in hi, ~il!h Thi. T".t",,,tinm"'''r 
i varied a~ the gunner adjusts hi. rang 
hand" h 1"1, or grip, to kef'p the retil.'le ~pan­
ninl!' the targE't , 

ThE' true alr.pe d IS obtained from thE' navi­
~atr)r', hand:;et unit. This unit computes tru 
:.Iir"pped from the indicated airspeed set in by 
the nan/{ator. Dt'n"it~ altitude i, also ob­
taint'd frllm thE' navill"ator's handset unit, ~_ 
inl!' cI .. tt'rminE'd {rnm the barometric altitude 
and lempt'raturE' \\ hich are ~et in by th 
nUl il!'lIwr 

Rt'lat 1\ • \'l'h,,'ily of I hI' ar)C t. with rellpe~ 
1,\ tllt' j{unn .. r'. "irlliane, i. furni. h d to thl' 
"ompuh'r U,\ Iwo llyr(l COpP~ on th sil!'htinll 
, tat inn . 

SECTION Ylll-HARMONIZAftON 

1, INTRODUCTION 

General 

Problems of Harmonizat ion 

JU~ 1',1 "" I hat h, IWIt- \\111 al".11 ~ 11111\\' II 

"nil I. \'11 II th ... Illhb thnluj.!hnut th 'ir t'J 

rnll~1 h, l'arlltl,'1 "flnt' IIlhltht'r ",itl i 
11 .. \t'r"II<, "I plu,; or minu. I,! mil, f i~'lIr. 
Ii ~'I! :md II 21tlA .. h, w Ih,' I,rn!>, r 11'(1;< r I 

IIfSTRICTEO 

2. lEVELING AIRCRAFT 

I' i, n (l' '111') Ihnt Ih· IIl'pl,lIlc 0 
1"1" I .. If'n,1 th' . 11th .. lin.! tlJrn'l 

It \t' i: 
TI11~ I-

'hI' ~1. /11 .11':1111,,' J.irk< Fi\,.,lf Ih.01 ",'f' 
I tv, '111\ -tllll ca PlIl"I I \ , .,11.1 tl1I' tall lark of 
/I 1.\11 "HPlI,'lt \ Fllur j .II'k .'1'1' 11 ,11 t'" und.'r 

I .. v, illl!' at t h,' 1'1'1 p, ,1' ):It'k pad pn IIi"n 
n 1/' i .. 1~'''ltil\nf',1 :11 tbt' no."\' , th., 1',1.1 hl'lIlil 

r t ht, ntl~ .. \\ h 1'1 \\ dl, ,111.1 th tail ja,'k I,; 

ail "kid nn il,. prup"r 

RESTRICTED 

Placement of Jack s 

I. .. " ,II' I'" ".1 I 'I , 1.1 " II hit It \\, I lIut 
m .. " dill "W II" I, \, I fI~ I llil.(,·r \I 1"', wI! 
n"" ill 1'"","11.111 ,1\ IIII' 11ft IIII' t I,· ,;1111 I'h ' 
1\ .. ",\1""'1 1lI:!\ I" r '11.111,'" tilllilW \"\o!lIIi!' 
It llt" \' ... ..:;;U

4

\ Uf Jllnrt ltUl\ l "Ut'ut 

\ 1'\111'11 ,lim." h \ , '111\1'" 1':11 all I PI"" i i In 
"·"dlll lIl-t .II, tI and tI", jad,,; adju I,." lin il 
1 h, 1,,\ "lit ,101 .. , I .. " I 'auI inn' I'h. I, \, l/11u t 

RfSTRICTED 
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Ilgu,~ 6 202 L ~v~/ing 8 29 

,Ill .,f lh • n' .. r hUIIlI. h.. lin II (,\,..rIlIlV 1'1 I_ 

, •• inl ('lIlI ". <iI' illl 1.'1.1 I"t a • .t h, a 'mall 
"I"", i hoI.> IIhh h I~ on thl' ... ·111.,.· I III l.1 th •. 
frfllatl, 

Gunner's Quadrant 

level (Align Vertical Axes of) Turret 
and Sighting Statians 

\\h l'n, TI. 'JI'I" "I.' 
.,1 •. , "h.·n: 

. II' ~ llirl .. 111" 

In ,al I ;rr 0111'"21111' fl •• In • ;t. lllmJllisht-<l: 
ur 

IIrr. I IIr ll!'hllt1~ ,lall"l1 h .. , t 1.\,\ II r • 
III a II. d IIr r. "I.1t • 01. tlr 

'\. II tit I " " h.~'k ir drillt, ti", eI. ,m!.,1 
r \ r ,. I.>, .ltll~ 

1/ '111. II, J 

41f tl· 111ft 

l i9 U 'P 6 201 Gu" n ,. Q uae/,on, L .v " 

R[S TRI(T(ll f. 
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Figur. 6-20lC. Gunn.r'. Ouodran, ,."., • . 

F'gule 6 104 GUII"el' Ouodro"' Oil Up;>e, 
rU lle ' 

,\.-'1. IUf. 

t -. ti, 1·' f I 

1.".1 I" It • 

" jft HI f If. I n· ..... ,·tl It, l h'd'" ,"nttdlt r'll 
, ,\, t' .Iud It J.. 111 11""(111111 

£STRCTEO 

II ( 't1lT'1 I ... IntH ' .·t! 1.\ 1,-, Ii,')!"'-' .... top 

I . ,I. ".liil .17.IrHIl h ~1'JlI'lhllll.ad 
'II' II tI In" i <'110 1I1.,,"t 

j, ,:tli ul.lt. d. ,,,' 
I ~.lr\ II nh t t t ,1t" ." U(1 

ALIGNMENT OF GUN AXES 
WITH TURRET AXES 
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Hm •. Th.· I'f!'f,'rn'" ml"lh!ld "f ;dl~nin~ 
~UII- I.' (il "rI!,,,d III clt-tml h Itl\\. 1I0W('\'('I, 

t h" ~lIn~ m •• ~ h,· mad, pm.llI.,! to "al'h ot hl'r 
loll lICIt ali~n,'d to turn·t a I, f,\' II 1II~ IInh' a 

dl.-t.lIIt tarjll' \\hI'II "(/IlCht.on 11''I.' .. ''-lla I'. 

alt h, 'lIJ..'h !til- ml'! hud i" It", :.,','111 al,' 

It th,· airlJlan ... I' .. \pt'ht .tt I) fh,,· ,-I"mp l t ... 
• .s -lI~J..'.,-lt-11 that it lot' ,t";uh .. e! "llh .lad" 
},t."(,.rl' pn1l't."t.'dinj!. 

TIll' J..'lIns an' ,.\\ IIn~ 1IJ1 III' cit!" II to I h'ar 
nan lllllr fllllm\ t r anti tlwn 1I)I'k"d in d. \'a l ion, 

Thl' ;i!Ij..'nlnjlll"'oll_ lila ... ·" in I hi' rlJ..'h J..'llfl 
• 11111 Ih lurn·t "la,'o'tI on aft .11.il11uth ind.,", 
mark, 

Tht- I'"'I hulthl" b :l1I,uslt-,1 t"ll'\'t'1 a II"s 
""int and a n'illlinJ..' 111.111,-, 

Th.· mnl'r nn" I' mark, d .11 Ila' I",jlll I " 
tf"j..'rt-." from" Ill-n' lit' rt,;ltltn~ i, lak.'n t"I' 
I''',il.· " F\\ /l" milr\' lin lIlIl"r nn,,). 

'1"", I,t{'<it. ol IH)1II1 "II "rn,t inll, r I til)! i­
r'~ln"d tu lit for\\;t1.1Ind, x rna,'''' :tn4 t a rt'ad 
In.'! Jll.uh·, 

Tltt' dUI. ',.,~, , 4d 1 \ n r. ,ullt J.!:--" ak"fl and 
till. I, tf II I III. 

Figure 6 - 206 , Azimu,h Adjustm ... , 0' Gun, on 
Upper ond Lowe, Turrets, 

A rt';uhnl!' "I' It·" I a ' ,', I.- tali,'n hy rlllat lit).' 
"""I 1 ,. cI"~!TI" in lh" hm',' of th .. j..'llll , Tilt 
I.-\'t'l ~hulI!d I 'ad "ZI'I'O," 

IlItI", hill" art' m:.r!...·" (tn ~Hl ldlo . and _:\1 
,II.· 1I1'1'nl- Illlllnltllls til incli(alt' Ihl.' d'-l.1 
ttnn p .. ,.q illn 

Tlw '1'\ .,1 III t hi' I "1'1' I~ 1'''1:1 t. II !'II til ~I"" 

T hI rt~:tl Ilunnion oluunl ()t )!Utll~ adJlhlt " 
" I iiZ1ll11 I ,'nlt 11111.1 th.· 10,\.1 I't .Id~ "l"1 1 

fI " 1, \ ,I I r .. t .lt l" L II tI"I·rll ·~.n h •• I" • 
• 11101 .. ,'11" k 111;,,10 · tlO I hat Ih.· I"\t'l ,I I 
r'tid .... '/.I'ft':' 

Tilt l'I~hl 1.,".1 ~ III I I "'I'. I I,d I"d VI 

[STR CltD 
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8 MILS MIS ... lIG MEM 
BETWEEN GUN ... 0 SIGHT 

I 
8 MilS 

1 t T 
II NC',f 

F'gure 6 - 201 How Muo/ignme"t A""ct • 
un F". 

Operational Check 

\\hen .• -\II"I·.ralllllal, ,'\ 1-11 •• 01. 

\\ h.'11 1111 lal I drill 'I I II)." 1'"11.'.1 ,oIl 

,h 'It'" 
F\, •• i rnalll t narh.,· ... I 

.... ( J t'\. 
I, rOI h.llIl I I 
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lIal -i).'litllljl ~1:1tl"n- (,.' IInd-. "I' 1"1'.<1 

iliJ..'h har mcltlil.lnj:; 

II,,", P"'l(' "lIft-" II' III 1'lIllt d III hI 1.11. 

~ •• I"h "ht I 1,,11., \. 

l ,on Yooranl(t' , I'd. rho I,,,)! "Il~., \.11'11 Is 

.it","I, .. 11 I'll II ,II till, ~t'\'I'"11 \\ h'll lo,at ­
II:).' tl., HIII'I.,,!. III I hi' hal monizlIW \ art I. "a, h 

hUlIltl hi' d.-I.tllt "n"lI~h or lo.'al~d ill 
III th .. 

,Itlllld, ,01 II, IIlal}. 

I"\llllle- ,."WIIII'. I II ,t 
, t .. I.· .1"1, III I" h.1I 

J 
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I 

NOTE rh~ no,e 10rg f Ii oRwt 
from th cent, lane 5 · '0 fOtlll tate 
bO'~"9h',n9 f,om 'he l F T po" 
fht! no~ _ h I 

w o 
iii 
o « __ ~oo fT_ I -----,-- FT _________________ ~ 

1 
I , 

05E WHHl MARKER 

-'b, 
WHEEl * 

M ARKER "'0 
_ __ a ============~..". _ 

----~~~~~~"~~~~~ TRANSVERSE AXIS ______ --''-I 

o 
." 

___ .t 

F'gu,f' 6- 208 Tloe Ta'ge, Yard 

PESTIIICTED 

• FT '1. 'N 
BETWEEN fWD AND (f TER 
BROA051oE TARGfT 

11fT 4. N 
8fTWEE ENT! ~ AND Afl 
8ROAu IDE I A C.u S 

~ESTR'CTED 

Figure 6 209 80reJ;glo, Tool 

(autum ; Thlo' IIltitudl (It'H,1 nr normal) 
tl. alrpla nl' mu a!\' a"H J.to cllrr '1 with r' 
11('('1 In hi-' "tHluell 11",',·1 or l10rmal) of tl 

rm, rlizinr"~'lInl tar¥l'I" 

h. I ",t \ III~' Inri 

4 . IORESIGHTlNG 

III ",00"r t" 1'1', '11,,' 1 'r, 110: lit Ih"l.'lln~'1I 
'I.. ,f.:! hllrt' IKIII l'kll 

t 't 1114, t 

S. THE MASUR SIGHTING STATION 
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cap"', "<'Icyn ,1I01l1d n. \ 'r Itt; rnllltl'd rapldl.,' 
In 1'1t} \'r .lirl' Ion 

tron 

'1"1 t· AC t ,I rr.· p 1\\ ~r ," I ,'h .. , oil II"~.· ,'on, 
Irn' hox an "'. ,,',1 and I •. aHiun ~\\ itch 
clo ... 11 anci hlo,·k,·,\ 11 ali rn 1(I\"'r-flln';lrd t llr 
rd "illl hE' n¥h ,hli 1"1' 1'1j!hlin¥ ,,(atlUn. 

Parallax-elinllnal III).:" ,Ii,," i, !Ilprh'tl. i 
r1g h -hli~I"r ·idll. on th <111:1-,'0\\,1' !!Ia_". 

T h .. T1J{h ,"Ii' .. r I¥h talion i ali!!ntti 
and lock!'d un i " hn,ael'ld.- lan ... ·t u. ;nll' llZl, 
mil II and, It·\ •• 1"11 'IIrhl 10. "!Ill/' tool, 

Turr t I)(IWl'r "WI ,·h i, urlll'" nfT. 

On!',sllt'eci IT :, I'~ 1 cap, (a7.lmUlh an 
t'II"'ation) ar!' n'mo\ eel. 

Th urn·t 1'0\\1 r '\\ I ,It Is turn d. 

Th IlIlr ·,.i.'h 1'1(.1 I" 1,lael'd in thE' ri/.!'hl 
hand !run of tlu-I "tr ron'unl turret . 

~olt' : In lookin).!' hrtlll¥h lit' 1"'T!',j¥ht I'H I 
"ar ' .. ho1Jld h. aJ...·n 10 • ·t' I hat /.!'un: art 
hr!JlI/.!'hl on h"lr ('()JTt" t tar).:"d 

\\11 II I 

RES RICTFD 

mil 
un'" I" \. 

, I'll 

n 'p,·,·d an,l .. 
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SECTION IX-GLOSSARY OF TERMS 

Ad'an ed (Ful urt') , int' of :~ ilChl. TI ' hnt' 
fmm t hl ,ij.!'hl 10 lhl tar¥t'! III till' In I I I of 
Impact. 

Ad'8n('ed (t'uturl') "" .. ililln , Til,' 1''',11 It I 
·.f th .. tarj.!'!'1 rt.'lal I\'f' tn Ih.· ).:"umwl·' nlrpl '0.­
,I th .. in"\lant nf Impat'l 

·\d,ant'.d IFulurf» RllnlC., TI" I:ln' 1\ 

tltl:' instant of 1m 1'.1,' nf th, pmj .. lilt. \\1 1 
lit, targl.'t. 

.-\ir Dt!nsil~. Thl.' I1l'n.II.\' or thl air 1'I.l:Itl\ .. 
t· landaI'd dl'nsltr. 

Allilud. Corn',,·lion. TI1l' l'IIrrt ... ·lwn "llIch 
r '1,1 hI' mad .. In tht alt imN 'r rf'ari inlor to rom. 
I' lI"a (. f"r II lIon'<lnndard It'm)ll.'ralllrl'. 

-\mplid~nt' Genualor, A combination Hr 
11 ,lor J)r j( -n 'TIllnr- \\ hkh IImplilil. It>f' Ip~~ 
I, II lin ',\\a inpul In I. lfm I' ,I li,.lil intll 

·n II an ;;Oll \\lllt~ (III pul 

I· •• n f .. r qllickly ,·onn. 
a Ultll 

\,imUlh rlan., Th.· ,,1.1111' of h. fur.' lin I 
{. a I. "I !I~,· all planl' .11 Ii II •• "It'~'. 

II -.al. ·dn ... n rllll a~(>. I .. \01t.1 '. lit whl ~ 
I . '; Itt·ll and . '11·1.1, 111111 '.\., pl:1! t' III n lor.'. 

1 '.1J~ 1r. 

Ihnamllltlr. \ 'onlti,.II'n TIl I ntor \( ' 
11,·r;.t .... t.1J..1J.~' i, IH' i,001 ht' irll!.,"" 
Ilt'rator anci furni LillI.!: \ (" tn Ihp fin"I'flu, 

,·,1 \' \'111 

EI 'alion. TIlt 3n"I., 111 •• 'ur,,1 In th .. 1:'1 • 
\" lion plan\'. ' '''I w'-''n h. adl11ulh planp 11l1d 

11.,' 11",01 (I/' p(lin "f rtlll(lI, It i. !III u •• 
/.!'/'. " 1111111 ,hI' l "ni h tho I allu 

Ell'I3111ln 1'1.lnt'. 11\ plall< through tht. 
"/11 h 

11't' Inlt'rruplt r, A 111",'1 .111I,tn \\ hid, fln" 

\ 0" '/ t I If! ,'1 Iorlill fl" 11 linn r ,'n flortion~ 
, f II. . II, \111, Iltlllw llr"p"II'r ) 

It,,rmOntl''"lln . Th,· "/''''' ,)f parall! lin\! 
h ... ltnt· ,,' ·It 1111111111' Villi hnn' axi' thrnUj(h 

aliI" III "" Irnul .111\.1lI Iy. 

Indi('8ted \11' ""{'I'd. I h.· I' luhng oe h •• lIir­
'rtt"d Irtrhl'at"l 

Inl.'rlia \\ h"pl . \\ 1."'1 II.,·" II sl¥hL to 
~nll.lIh Ih.· m·, I.'n o f th,' h'hl ill t'I"\'ation 
I TtIIl).:"1t ,t Ih-\\ I.. I :lI'tillll 

Init'dl \ .. lof, l\ . nit· ,.It Ih. I'platl"" 1(1 tht 
1.'1111 , \\. I \ hh h tit .. I roj.·.·lil,· "·~\·I'~ th 
mllul. 

!';Ira lla, lIa (' I pnl:t h . '1 , II I. .... I,. 
1\""'1 I, )."1111 allol 11 ... I'll 

Plllt'ntillmerer. \ \ tll.tI,I,. , .. It,ll'" cit I.kl, 
:, r. I I,'r \\ lilt'll I a :t \.tll.,!,I.· '''Iltad arm 
<It hal /1n< Ikl" Ifill (If It., pOI"1i1 ial aftl'lI,.\ 
hpl". ,-n I 'I'nd- m:1\ I.,' •. 1,1'1('.1. 

I'r .... nt Ranl:'i'. Ti, r.t1I}',' •• 1 1111' ill Lin o f 
firilll.' 
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CHAPTER 7- CHEMICAL WARFARE 

SEC'I'IOIt I - CHEMICAL AGENTS 
1. INTRODUCTION 

rht"mical Warfare i. defint"d as tht' us of 
h mll'al ubstance to produc(' personnel 
a ualtJt". hy inhalation of. or phy ical contact 
Ith. poi onous matt'rials, to deny observa. 

Ion by USE' of screening smokes or to "est roy 
"mbu~tible material by meanl'l of incendiary 

mUnltillD!I The scop . uf l'h mical warfare i:i 
\t"ry broad. how'\'I'r, and include. weapons, 
munitiolUl and prote<-tiv' materit"1. Wt'apon~ 
and munitiOll8 pertaining to thi Ilubject have 
been dillCussed in chapter 6 and 7 of Volume 
I. This chapter i devoted to a study of ch mi. 
cal agents. tacticl'l Rnd protectin. mat ri I 

RESTRICTED 7 313 
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~;ON !'oAME WlIIT-t·-P-H-O-)S--P-H-O-R-~-''''--F-S-M-1Y.-.T-'J-RE_-_ -_ri--_ -H_-C_-_M~'lX_--_T_~_R£_+-__ F_M_ ___ • UG Oil 

f~h:,IC.I 'amI' I Whit .. o r Yellow Sulfur Trtoxl~_ Huochlor .. thonp Titanium Tetra- ~" ---, 

~bol 

ISmokt> In AIr 

MUniti ons o;;;uJt­
"hi f o r Uhf' 

[TOP V~lu .. r Isq. Ct.) 

I Phosph"rus Chlorsulfonlc Mixture chlorl* 
ACid 

WP F HC FM .~FlorSGt2 ---1'--- -r-----~--- - t- --
Pho phorlc Acid HCI ;ond HzS04 llnc Chlorl* Mainly TItanIum Oll:and 
tn HzO In HzO In HzO Hydro&l* Ith _Ier 

som .. HCI .. ndHzO 

Eaploslv .. -lyP" 
Mu.nlti ons 

3500 

Eaplo Ive-typt' Burnln«-Iypt' 
Munllions or Munltlo!lS 
sprayl", *y\cee 

2240 2000 

Eaplosl"" -'YI'" Mt'<' '',lnlcaJ 
Munition or "mok 
spraylnR dl'yf I'S ~en .. rator 

-1 900 Un~lt'r-
mined 

• :(iFI -ISnu'k~ G n.'rator f - W~rm WpUh r OUst 
'GF2 - l'OIok. C"n .. rator FOj! - Cold W .... u. .. r OUs i 

Figu,e 7 - 3 ",;ncipol Sc,eening Agen,s. 

2. CHEMICAL AGENTS 
( I, m (~d ,.I"(;(nn', u .•. .1 Inr ..twmlrul 

"urt"r, ,~r' l"/tIlI'1f (" .. mi,'al a~ 'II . Ttu'rf' ur" 

('urf'ment, stora, ,I>!SU and nlaint('nance of 
('ht'mi 'al warfare materiel A!I such, th 
rht mic I orp: d liver IhE' product of hI' 
D I'lIrtnll'lIl .. r Ih.' ir FItYl' ,Ol'partml'n , 
Ihp :-':1\,)' and the rf'mainder of he DePIII1 
mpl11 "f Ihe Army for <lpt-ratlon; I use. Ear 
,'hernil-al :l/!I'nl ha a ".\ mb'll, as, i,ned b" 
('h ... nll 1':1 1 ('01'1' , \ 'hit-h for practical purp., 
id, 111111", th .. a/l'I'nt. Thc~.· . "ml.,.1 are, r 
• "1 \ 111",.1 1I1~t' mo ayt'nt~ haw· 10nK ru" 
,i. I \II,. EI ,-" til r' III hI" hal""', 11' I' 

rmllll \\ ill ", 11 ',-d 1''(('lu~I' I'h-

3. WAR GASIS 

Casualty Ga.e. 
a.'ualt.v ya~ art' tho capable of r r 

,hll'lIlg ,,'r"llI, IIIJur,' IIr (it'ath ill field t< 

cI·ulratll)II.". 

16 IIESTRICTED 

RESTRICTED 

MUSTARD BURN 2. HOURS Af (R [ POSURE 

Harassing Ga.e. 
liar"'''II1j! a 'l''' an' tho"" \\ hleh rtln,' Ih., 

t 1I"nI" tt< \\ car ma.'k~ with an'. ullall! .HIlI 

10\\ in$! (·r hampI'rinll' of urol'mlllln", ()nl~ 
t' ,,,' \\ hkh pruduct> thl: rt>. lilt With a small 
• 1,!tIIII, "I f11ll1l1ti ,n ltn ,'"n "I .. ,. I "rUlI,ln'" 

h.tnt:-: .. iuJC ~n.L ... t·:" . 

Bload and Nerve Poisons 

Blister Ga.es 
1,1I'll'r ya,,' an' l1-(Oil f,., "I1"lIalh <'tr\'ct 

I r th .. at .. f ,';&<11011 It' I so ' 

rf'lnd." 

Choking Gases 
TIlt' .. tTt'I-1 .. f chI kin· I!'II. ,-s I~ til InJ In' 1111_ 

, .(,,, 1"'1 .ltlh I III t hI' nt', thr .. at. 11111 
II III'~, ~Il'mhrlln,· \\1,11, hili,. till with lI'1ul<l, 
d ath rt"nlt from lack of o. )"/1'\-11, Thu, thp<I' 
li"'"" "('huke" an indi\ Idual I'r( \ 'lion r.'-

Tear Gases 
T,'nr V!l. ar,' 1I".'tI f,)r harasslrI pur-

IIU 'e" prwlU("lII/! ,'01'1011< I"ur" and irrilatJnK 
Ih~ In P .. r ','nn,1 l'a Jaitil'.' .In not n:. ult 
Irom tht lr u. p. theref .. " h'ar Kll: e:< art' u,cd 
for trltlllln 'p'lrp" '" anti riut or mlllt cllntrol 
Ga m:l k .. I'r,,\ hI, lid. '111:1'" prllll'" IfOIl 

Vomiting Gases 
I h., " an' " ,·,1 illr 

BOMB INCENO.ARY,. IB, AN - M50A2 

IIESTRICTED 
17 
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• l.lII, f' .. " II r nnn.,) "h~h )~ .. ft. I a Ilro-

5. INCENDIARIES 

6 . DETECTION AND IDENTIFICATION 
\\ ... ~', •• m,t' I .• d"", "I \111 If.,) 

SECTION 11 - TACTICS AND TECHNIQUES 
I . DEFINITIONS 

Concentration Contamination 

De ontaminohon 

" 

t,,ullll) 
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... ·u, • 

Gas Casualty 

" :11 rndi,'idual who hOI-

hlolll 0\- r m'~'1 ~'pl', (,f It- rrarn. (J""r \'t'r\ 

rlllll!"h tt-rr'lIl!. III"t'rSlon conriilwn:l may I 
P' ,'1-, tin", II, \\ ind I'H'''~ I.,,\('r han ~I.' I( 

• ,vI. milL- .. "r h,,"r 

Thermal Turbulence 

o\t'rl a' 4':.1\ .... or u\ I 

I.a p-.C'. (Ill d "r "r parlialh' c1o"dy lilt\' • 

,', lid" 1"1 , I-t<; iT, \I hkh th. 're b u d.>('n'" • 
III" mpl'rltlllrt' \\ ith hl'ij(h t ahm I' thl' j!'rnllnci 

an' at iI mliXlmum. an,1 thu 

I'r • r 

Mechanical Turbulence 

". , 'anll'al urhu"'nn' ' 
., I, In liS n 

\\ It, n .lIr TIl""" "\l'r " ~u rfac " manY' ~m I 
.·dd,,' n' ult Th .. rnught'r tht' urface.! 
nt 'n' ddll'~ I xi~t. and tht' morl' un, tahll' tt 

RfSTRICTED 

RESTRICTED 

"TMO PHf '''8'11 

~ 
A 

• 
(I ~ 

.ez«:r 
~ 

fFF[C ~ TURSU E ON GAS A"'D SMO E 
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.. ' ....... 1 ... , 

r __ 
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(, rn" t J )01. t, t"-all1.tttl an';!. (II .'!Iantiln 
rlMIi ,- ... 1. III IIIIt'rtlid trali'~1 P<ll!!t 11\ 1Il11i­

a IOI IIf, 1,,-mll:.tI hanh'r' •• r to m"I., _ liP 
"Ill' 1I111" •• }'I" A oi" , I mllll" "I" n1\ ma ,,,. I 

t, n nlf,ill Jll cnntamlnalt·t! .In.',t nr tu 'I"" .. 
I h, nIh'al }..Irrit·r,', basllW Iri .1,. I 11.11 Itlt. ') 

"1'1.1111 ,',"n lal"t! ri, I." 

3. EMPLOYMENT Of CHEMICAL 
AGENTS 

Th., I. h.1I iI<' t'ri. I I ,. I I Iidd }., I : \I"r lit 

. ,Id vr"III' .. 1 lht mil II ;lV"lIt .til 1,111' \, I, • 
.lId h"" 1,,)..'1 till I' 1'1' .. ha},iI \ III 1.\ U • II III 

I.'" "1"'1". I JUs I I· ""t I'" Ih' .. I .. It 111\'. 
I·' • an" • al..!) \\ h.'11 .lIlfl h'l\\ all • II. m\ "ill 
.' Il.t'OIlI.11 a tal I. A 1..1111\\ h',,/.!. ,II \ h. /I 

lid IIlId'r \\ hdt (-ondilioll , I h. ntll' • .1 a): • • ,1, 
II I .. • OllOsl ..tlo'\ II "I) .1 ,·of 11\ II ••• , I" m, 

it, \\P\tl". ,,"t·tu'l.lIh t nal.' .. · ,'II' UJti'If).'r IiI 

llill If'''' dWIlII(.".I'!"11. 

4 . NONPERSISTENT WAR GASES 

RES RI(HD 

CHEMICAL BOMBS 
M 10 

T 
4'~ " .. 

Use by Air Forces 
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unckr in\"l~r"lOn conditIOn". Grtlunll 

:lfll'r IlI'a\\ raill- (',.n aminatl',i \.,,~ .. ati"n 
I'" m.·!',' hawrcl .. u.... han contaminatt'd hal',' 
)!I'IHlnd. r'·r~i ... t(·nt ca 'ual ty ga ... "". th,·n·fon·. 
.,r,· m ,r, lik,·I... (, 1.1' u~ d on \'/'j:tptat d tar­
-d, Thll'k \\(>I,d, and junlllt' are exc.11,'n 
pt 1'-1. , nt ,."lIul ~ ga$ arget .• and \ .. ry h!~h 
\ up"r tI" all"" ma~ h,' attain,·,1 on ~\Ich r­
,." Thl<'k J\ln~lt' OJ- fnrc4 l"a OPY i~ a iI',",d 
''''''1 (n,m .lIrl'lall -<I'ra~: IWrt·-pn'. 'pra' 

,.ek an' not lik,·I,· to h .. m:ul(' nn h,;l\ih' 
\\ •• , d • r I IIlJ.:I! ,,·rJ.!'\'t.-<. lIu IIOml> ',t ;lck', 

.; I" hill''' '''''''I'd" ,11-:'" IIi udl •• r,· .• " 

Use by Ai,. Fo,.ces 

m,'rtal or urtill"r~ ... h .. lb. hoar I{a< I'ot~. 1/"1 \'n· 
udt',.. 1.. ... 01"'. fir sl'ra~"'d from . pr.l\- tank 
Irnl"nt . m k" «n' U.lllllly tli~I',·r .... 1 frum 
andll' IIr pot 

7. SMOKES 

!'m/lke ~crel'n" and hlanket~ are USt·t1 to 
hlJldt'r "b!'l'natlOn and thLl" to haml ... r "pl'r,,· 
tlOn". reduce t'lfl'Cti\ ene." "f lire (indudlOl-' 
... mt..inl{). or rt'du(p ability til meet an atta,'\.. 
In additilln to it" "mokt' .. !ft'rt. WI' may h 
u.,,'d fur ca~ualty elf t mllke may be u"e.! 
in l'IllJunctinn \\ ith (·a,.ualty attack" to (,011, 

,'t'al the prt'"en('e of ~a .... ~moke can he ex· 
I'l"{'It'd til IN' u~I'O under nlmo t am wpath .. r 
l'un,li ion It i,; m. t likl'l~' to he I'mploy <I in 
\\ inol .. " .... ,1. unller fift!' n tl. ",pn y mil. 
.. 'r hour. 

Use by AI,. Forces 

Air f"rn ' . "n 1;" , mllkl' It) lI.insr I .. mh 'r 
I., I'r:'\IIll1' Thl. II S r\ altlln I ,int· 1'J<:at .. 

It" on.\ th rllIll!'l' of vround \It'allon, a~ \\ .. 11 
a .antlc.un:raft \\ ttplln .... can t t u .. J~\·ti\t·4 (f 
... nluk .. 011 .... Iun ... 

8 . INCENDIARIES 

Use by Ai,. Forces 

9 . EFFECTS OF WEATHER 

\\ I 'I h"r I~ nn imp .. rtlmt f;u·t"r 111.1 •• rom 
HIII' ,Ii 1<1 hdl.\ ,-ior of If;' e It",,, rnm II 

, 1 RfSTRICTED 

RESTRICTED 

"lfl'n"j" .10.1 .ld .. lIsiq· ',anlll"'101 , Th,' ( .. ). 
1"\\lnlo! ,Iltlt' ,·ho\\ - the fT.·.·t (If \'an, 11'1'1" 
11 \I,·"tlt.'r 111"111 \\ar Ira \' 

\\ j"llh,'r 
t:1t m"nl,; 

\\ 111(1 \', .-,11. 

'f"IlII",raturt> Rd \1.,'11 .I~ 
~ .;:) 

Ih,· ... ·;, II.m 

I "al II \ I {' 
,1111101 

IIIl!h, I' 111_ n 
,; -~ I It .. ·1 .. \\ 
. ., ~ 

• 'un 11111 • I' 

hund I ,I! uti, 

"i Iltllll' I' '01 I~.",.t 

Pr," Iplta'inn :-;,,111' "I'lud.l 11,',1\, r.lln 
dnll.J., 

alllumn \\ int ... r 

10. STRATEGIC IMPLICATIONS OF 
CHEMICAL WARFARE 

,II ( .• kllll HIll mUI nioll fI'"uir, 01.'11 s 

1.\ \1 kllll!' ... ·1'1;1111 tlla th, n '111Itl' n ar,· 
\ .111..1111' 

• I III UI'III~ hal l'Il,'mlc.il <t'I'\'''''' Ir"'II' . 
Ir, ,\ Ill.lbl .. \\ h"1 n('.',It'd 

SEmON III-MUNITIONS MATERIEL 
1. CHEMICAL MUNITIONS 

2. BOMBS FOR AIRCRAFT 

3. AIRCRAFT SMOKE TANKS 

RESTRICTED 

Ill)!' .d,h 
"hi, I, \\ hI" 

I, r 

'l'-
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CONDUIT 

"gu, 7 4 E.ploded View of Conla;ne, Auembly MIOAPST 

, i.1 

4. M10 AIRCRAFT SMOKE TANK 

S. AN-M33A 1 AIRCRAFT SMOKE 
TANK 
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:.1,1., do,ur,' pia ,<ldonat. r rt'tain r . ~a~. 
k, I~. ~"I'a ,. : !lei nut·. 

6. CHEMICAL CONTAINERS 
.. pt·, m: (,.,nlaint·r an' u. I'll for th .. ,tl/raj.!1' 

:1II.t ,hlpm"'nt of ,·h .. mlcal aj!'('nb. These ron. 
1"II"'r, ranl'f' in ~iz frum on ·tlln .... lIIlalllers 
10 if "Ik.und ,', Iinef .. r", .. a<·h "f whirh i.' u~ed 
ft.,. '1','<111, kITHI, of ch .. mlGII aj!"t'nts. 

Ton Containers 
Th",l' an .. (.f Ihrl''' de i~n ... known as type;; 

,-\ . II and E. anll aH' u~e(1 fur "t"ral(e and bulk 
,I Ipnlt'n "f ,·a. ualt~· aj( .. nt,.. A l'ontain ... r 
w ,·i).'h, ah.'ul thirll"'n hundr .. d pound" t'mpt)' 

:11,,1 \\ ill htlll! a maximum IIf twenty •. ix hun. 
• h·.·.1 Ik'UIHI, of a/..'I'nt. Tqw D lImlamer" han­
lar).',· "dlJ"'lPn tuhf'" anti art' u: .. 11 fur rh'n. 
1"'r"'I'l<'nl ).'a'<·,: "hll,· I",,· E ,· •• ntainl'r" art. 
,.tllnn"",,· alld min 10" lh .. d fllr an,' ,'h .. ml,'al 
: ... ·1. "I"'U,t1 \.,h,,·, ,:11, .. \rt·lh"ht·s and 
\,1.h. n'pl;\l1 nl"U nl,'" h:tnt .... rtl:-- ar~ rt'4IlUrt'd 
III,. U ... , \\1 h 'h, ... , "ttll ,tlntl. 

Drums 

Lwhl !",I .trW11' O! ;;;, l!all"l1 .• ntl I J\I Io-'al. 
'"ul'ap:u'It,\ :\1.' 1. t d f"r ttlraC't l :'lIul :-htpnlt'nt 

f f't,r. , ... It)." • ).!'"~Ij :.:. ,in t .... '·(t·t·nill)! .... mukt-'. 
Hrllm art '·'Iulp!'.·d WI lIlI( or h\., hUII)", 

d. p. ".In ~'. 1\ 1"II:tlllrt u(th.'. Y"nl fill whl! h 
t ~wd 

Cylinders 

7, CHEMICAL FILLING EQUIPMENT 

Filling Line. M3 
I In. !III h" • 

! d IIIIt'r 

M33AI AIRPLANE 
SMOKE TANK 
AND DISCHARGE 
LINE FOR 
SINGLE MOUNTING 
WITH "6 STAND 

,·hans.r .. al..lt, nonlt's "hkh i c!esiJ(nNI for till . 
1nJ( Kiremit "mokl: tank", Th('~t' lin .. " npt'rah' 
I.~ jl"rll "ily 11o" . 

Smoke Tank Pump, M2 

This aPllarallls is uSt'1I tn tran"f .. r Iiqui,1 
\ hl.'mlntl :lj(t.'nt from drum:l to .'mok,· Wnk .. II) 
m .. an" of flU mpinJ( in"tl.'ad of 1(r:1\ it \' 1l.)W It 
,·mhodlt'. a "j)I.· .... al safl't,· fl.':lturt, tn pn'\, .. nl 

Ih., '·.,ap;- tlf fum!'" dUrlllf.( tht' lillin/..' "Iwra 

IIIIn, lillt·, "dllJ( /lru\'itll.'.t ".,th for tillinl( .111.1 

"'ntl/W AIr anef nlpor" di"plac .. d hy htjuld 
.'ntt·rlnJ( tI,,· -mokl' lunk" thrCluJ(h th., lilhn~ 
hill' ,In' r"n d ha"k thrlluJ(h I ht' v('nt lint, In 

t h .. IlIIlk "011 arrwr. \l hi"h is nut "Iwn 10 tho 
,lIr Tlnl n., alt"l1 1 .. r"I ........ ·.t I Ill. Ih., .llm" 
"h,·r •. 

•• CHEMICAL HANDLING EQUIPMENT 

I · .. rlain I 'nal IUlrpu.,,· , .. hid.,s and au. II 

liIn .. .,uipm·n ilrI' Ilr", III .. d (or lifllng and 

Illt', 11tJ( bulk "'.nlarn.'r~. for movinJ(' lIin ral t 
"rt!,,!.,· lank" anti (or lit'l.1 lilhn..- "I't'ratinll 
I'Ilt' "'1I1II,mt'1I1 inl'iut!., .. : 

Chemical Service Truck, M 1 

1"1" rl.1.1 ,I. 1~IH·dl, .• arn.trIlI!lSIll,' 
Ion • ~n .111l\'1 ,lilt! Ii.ld 1I11lfw "'llIllInIl1l1 H., 
m"'.II)". "'ntl' .• r mo "Is .o"lalll Ih( 11111111.: 

·'IUII'1I1I'nt. prol, .... tl\ ... I" hll1J(, oI"I"lHtanllll.1 

I"" "'1UII'nlf nl .llltl tir I .'lil kll .. All ""'rh"'lIt 
rail onl.lIl1s it ]1 !,Ifln h"i~t I"r ntll\'inj!' ,'"n. 
lal! "r- Til ....... Itll.· h"l"t J'!' III In',.. .1 hoi"t _hn).' 
f"r Ilrt.m_ II,. ~1:! hlll,,1 irt~ la'ant f"r "tun" c. n 
ain .. r .. , 1 ... 1 h ,f \\ hi, h :Irt' ill< I",kd nth t h. 

UIlIt "'lllll'nlt'1J 

RESTRICTED 
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Chemical Troller, M 1 

Th .. ~Il ('hf'ntll'lll traikr i~ 1I'.,c\ ,,In,lI. 

porI :;:;'V>llIun drunt. r"" U\ "rh .. a" rali , 
t.1l h t'(IUII'IIt.'<I wilh a 1-: tlln hilI l. IllUk. II 

p •. IU!t· fur Hill' mall tll 1"0111 IIr ulIl""t1 "ilh 
•• ,st', Dm't,,!t-; limil .. ci al'pli,'alillll,lhi. Ir.il"'" 
I "b .... I,·I.· I.IIt lal'lI4.' 11111111"'1 art' a : Ila"I •. 
lI.r U"t'. 

Chemical Handling Troller, M2 

Th .. ~I:! trKil .. r i. U~tfl In Irall'I',,!1 • illll' 

I' hll .. " 55'1l"lIon "rlllll .. I"ur IIII .. d 1111",.1 
I .. n drums. IIIl .. lill.'t1 tOil ,· .. nlal!ll·r, I" .. "mI'l , 
nn l'oHllt"n .. r,.;, t'wht hll ... 1 \110 ~mo".' I.",k, 
, four rill .. ,J ~la3 -m"k.· I,,!.k, \I., :tI.1t 

, w .. ·\... lin' ,uiJu",h'" as II',,' .' ar~ 

Swing loom Crane Truck, M1 

nil U!1I1 is tI,'. i~'lll'" l.rill1i1rih f •• r IlIU'1I11' 

," n.ntullIl'r s durin~ ri.,ld lilltl'J( • p. r.lI Ilin 

I h . ,. I Ibliln tYllt' 1""'111 ..... n t... Ill. \t" r1l1hl 
·r l<'fl, UIl ... r tI",," an" lla,' h .... ',ml.., rai. ,.d 

• r I .. " t'!'t.,\. 11 ",,1\ ' .11';0, II, \\ I Ii II .' t .... 'III • 
It 11I\t·.1 h aliltl' 1' .. ' U1I I 

Tonic Loading Stand. M 1 

T h I.... I fU I d l ~ H h q t t PI' • tt t \ It 

• I It I- ",.'.! ,,111" I ,,' ·al. 'I ,It 1111_ d,,, 
n).' 111101 1,lhl1).' "111 r. t 10/1 

9. FLAME THROWERS 

10. FUEL MIXING AND TRANSFER 
EQUIPMENT 

Tbi,·k"lIt·" fu.·1 (,lIl1,...~L< or .. 1'<"lall~ (1 .... 

1',,1'1 II 11(,1;11 ill"l\. or 1I111,··ftk .. ml t lin' "' fll..! 
I hI< 1.,·II,·r and htjllHI (111'1. 'fhi. thll'ktllt'd f.1I1 
I, "n'p,," <I prillr ttl tlsl' 111 tI ... 111'1.1 h~ m.'al,s 
,.r" '1""'lal kll,lhl.' I'rl'.(,lIlh .tarulltnl UlItI 
I I.nll\\ n a_ an :\1\ :\\ I'dnl( and Tran f.r. 
11th I.'·II • .t Fllo·1 I\.t, \) ·"'/lIl .... 1 r". I,nparlllll' 

1111 Ii. lit ,I It ",I alld tran-f 'rrtng It to Itn 

I unlls t tit 1IJllt (·llntaJn .... an .tir nlfnpn'~~UI. 
IIr .• 111 1111·1 III"." tittlllg.". ,allo" "'Id air. 

.''-II •• t "' 1110,· ,. "mbh., Flit \ Ih.· I!.dl .. n 
,1.·,1 Iltllm~ •• n' r"ljlllr .. c! flOr IIlIxin).' l'I,nl.lln 
,r 0111 II,., h .. m" r"1 II ... " Ih., ,'Olllt nl,.. III 
f. I 'i~, ~'.,II •• , drllm fit Ihl< ktll.·,J Iud 

11. SMOKE GENERATOR MATERIEL 

Mechanical Smoke Generator, M'2 

HSTRICTEO 
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12. CHEMICAL AGENT TRAINING 
EQUIPMENT 

• I! t I al! In~ II dl\ ilillal, to r ... ,~_ 
II' • n,l illt Il'lf\ (' '1lIIud "~"II ,,(' .... t,lIn kit.' 

I" "II cl, \ ,,1"1'1 I TI. _. 1,1 ~t 1IIt'l'/t": 

Instructional Gas Identification Set 

Detonation Gas Identification Set 
J' " f t 1'", I f.·, 'Itleat! ,'~ t· ... t ... (f 

TOllic Gas Set 

13. FIELD LABORATORIES 

Tit cilt'ml<:a: lahorllt r) 11111 • In fllne Ion 
Ing- t 'r till' h .. miral '''rll (I.,\",t"" its ,'tTort' 
" -<un t'llIan(' of ('h,'mical ('nrp' mat'ril'l 

alld til ('Xamillatlllll tlf Pill my ('hemlcal-\\ar­
fan- Itt'm,., Tn arid it ion, it lJt'rfnrm~ uch fum:­
Ihll:, for thl' II h'r arm: and nthl'r 'r\lCt' 

a ht'r ma~' rt'Q If'~ , As a p~'rl of itll work 
'or tilt' Air F orn" ll,t' laborattlry unit ana­
I,\·ze...; mat('riel f r Illdication of, abota~p , 
l'-L- ('""ling-h\juH\' fill' aircraft motors par-

; ... hll It- ilk, anrl clt'alling mlxtllr, . and 
ma".,- in"',,till'a iOIl" ,.e ('"rr'hinn inhihltor-

14. GAS CHAMBER MATERIEL 

III "'II' ' •• dinl!' paraj(raph_ thl' miltt ry j(3 
m".1. \\ til It. ,Ii 1'11- '"d. It i 1I"I'I''';-I8r) to .. ,,,I 

SECTION IV-DEFENSE AGAINST CHEMICAL AnAC. 
1, SCOPE 

FSTIIICTED 

RESTR CEO 

3. PROTECTION 

4. INDIVIDUAL PROTECTION 

Th., hrst lin., of 1,.f"11 I' :tJ,"HIIl 1 "'If'mlelll 
ill (II \'Id II:J I pr, IPt' inn illril\ 1111111 

h., II,,, (If 1'1'011 I\t' 

'I h thl /Jr., 'ir,' 
dl" Il , .. 01 la t'r 

5. MILITARY GAS MASKS 

Purpose 

t 

tSTRICHD 

~ A. 'iE RYICE GA5 ~A 

111 
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;lIr from l'lltt'rtll~ I ~1l' falTI in'l' loy an~ nth,'r 
r .. IH ... Th,' tiltr:.I,,·n ~"~tt'm of a militan' ,·an. 
I, (l'r l)rondl 1·".·.·II .. nl I'r"ll'( linn availl~1 
11 .. ld ('t ""'lIlr"II"I1._ 1)1' ·I!I'mlt .. 1 <lV"nL . ~;"11. 
"rall\', II Id II n ... ·n rat i,,!\~ ar.' ~Ilatl\ (.1\' low 
.. nd dt IH' ,,', t 1'.1 om' I 1'1' n'nl va~ r .. r \'"huTI,' 
"I .. r. A I.HlI' 1'1' d.,., nul <uf'I'I)' or manuC. ,'. 
turll "",."vn: va ... ma.'k ... ht~r(f4lrt" n\llst ntl 

lit' U,t 'd If .UI _t mt ~pht~n' .... ont,tltlin),! it):--:-- than 
'I ft:tl l1 1',lr n'n n \.~·Jt' n. 

6. SPECIAL PURPOSE MASKS 

Optical Ga5 Ma5k M 1-1-5 
TI .• · "!,lIl'ill jl'a- ma~k I' l!t'sivnl't! for u:. 

\\I\h "I'll.·;.! IIl--trItOl'n '. su(h a- riln~e timl. 
•.• !!'un 'I).!'h( '. lil'lt! !!'IiL"-".,. anti II(·rlscnpe_. 
"ill n' ·h. ml"t I,t" h.·lcl dOH' til 
t}t'I'\f-'''' I 
),!r~t ....... At 
phn ,ldJu .. lnh'l! ,\ "'tmhly dl:rll~~ thp nn~, .. 
"-('JI',tlt"" lill t\\(\ 4'\fI IH",:-.0 ti,at th, .p~U.·tl 

1,'1 ". "11 01 I he, hal ).!',·II 10 e .. rr.'~p"n" nth .. 

Paint Rosplrators 

MI O 
MIOAI III III 

IRVICI CAMIITI. IiIIIUKD 1'0 THt: ARMY 

liVID ...... _, • I .... _-typo l1li .. ..un .. 
In the -..., " IIVID " ... _ em IlDp of c ... . 

1I1llA1. _-type ..... ..u .. '" "' .... bacto ... . 
Cor~""""", 

1110 or lllOAI • S_ CrllIIdrteaI-" l1li .. 
.. 1 .. 1n_ ... ,.".1I_'''' .............. oIp. 

III ()ptJcal - cor~"" c.,._al -" W .. 
• &J"" ... c ....... r ...... Ita • ..... ld 0ger Wet Y&l ... 

III Tn ....... -"", cor~ .............. -.1 •. 
aar,. IN., nJ .. til bDnoal. 

1 "I ·pufl •• red 
2. H,dnxnnlc .cld • ypll.. It hi .. top 
3 "cld "'3 r.. hUt" 
4. 011 .. por bl •• , 

mmonia cr .. n 

',·lh. tlc·l.uqltr ,"tt.,11I Ill' lui .... l I 

""1 11t'1l1" \1 .. 11, 1I).!'.IIl' II III pall1 l.r.1\ 11I1l1I • 

"IIIJ'" , • .1 " h, funlt''' "f thl' \ ,Iatllt I~.rtl"n 
i Ih. '" 1·.lInl< _o\lth.'u .... h I'rl\\ IIllllS lI~uulh 

d. 'I' IlIHI.'r a h .. • .. 1 ,·"nn.·\ h·d I" 1111 . ' hall t 

I" 1'" 

" ) ... ,.,J \ li 

~, r: '£0 
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l'nitt'o ~tatt·" Air F'lIrct' ar.' of If'Olmpn'lill 
I~ I'" apprll\l'c1 iJy the l nalt',f :talt· lIlIn •.• 1I 
Ill' ~fin . and an' pweurt',1 an,l I "u.·t! h) th, 
Uuur(l'rma~"'r ('. rJN. 

7. SPECIAL CANISTERS 

:ll('l'lall·ani,.tt'r~ ar,' d.·"llln." t"I.1 .'mlt" 
\\Ith th ... tandllrd ,,'r\ll'l' la'.·I'It· ..... m 
I.11l'''. MI . ~IJAI. MIA2. M:!,u, \I::!.\I. .. r lit. 

-Iantiard ,IJaphralCna f;u. I'h,( " I', n,loh •• 
~II •. 11.0\1 . IIr MIl. It j,. al .... I .. ' ~I"I"I"", 
Ihest' C':Hlh(t'r, WIth tilt· tllnd",..1 11 .UIIIIl~ 
fill' .. IIII ... ••· ~II , , r M I A I. IlrOl\ ,,111111 I h., lalld 

arJ 27-inrh hll~" i~ l'm"l"y.,,1 Thl'," nlnl,,\t'r' 
"n' I" I .. • u,.,,1 with carrto'l S ~IIII and 
'llIIAI. Thl' lIutl'r walls (,f all "I"'llale:.n 
Isll'r art' mild,· of tin plait \\ illl r"I1I1''''d ' .. 1 
Il,'r, and I'dgt·" and art' ab .. u 7 It,· I. It,,·\ 

IIIl·h .. , •. Ea"h ha>l an Inl .. t \ ah ... ITI i h. I;"""~I 
anti I'ath I~ (/lIlIlI't·"-.! til Ih .. h",., It} m. all 
.. f a (alll"lt-r nunI .. IIr nuzzl.· "11 • \\. III , I <I. r 
10 rt'cfl(I'JIIL.· th .. m rt·ati,t}. "/lct. I).. 1_ I .11111, <I 
H ,It,,( 1n.·1 l\. l·"I .. r;" f,,11 '" 

All J1ur""~I' 
A,'ili \apur 

II nlrll(',\ "1111' ,1I'1t! 

All \aJlor 
,\rnmo'II.1 

.- GAS CHAMBERS 

I'IIA.·/-: I 

nil darnl", 

Pd ... , J 

n'h't"H ra til' 

R"t! 
\\ hll.· 
, .. II.. \\" 1111. "I 
HI .. , 
(: t. t', 

A ''''alo'r I- ""11111111 I , ,,,I .• , I , •• 11" ,J, 

Ga ·ml< k "nil I • ,,"liU' .'" h. f. r.· In"n , II 
,. Ih.- .'haml~'r. 

anti IUIlI. r tI .. , din'ni"" "I III a ,iSI:'1I " , 
nil.· 1n'l\t'mO'lIt" lnlllllr I., Ih .. , III '·'Imlt:. 

.1.1 k. mllsl 110, I" I 1/111" ""d \ II h \\ tllil ill 
I hI' (h •• mI, ... 

\\ h"11 11ll' m'll ,'''m. "", th •• III Irll,l .. r 
01"'" Ihl II' 'III' u" \111.1. III ~ .... , I, ,'ach m.1 k 
ltlr fit 11lJ!'. h.I' t\te. h "lOll! n·mfl\.~ III m:l-""-

.,n.! III.p,·, I. r Ilo:n Itl la"hn m.,liulI_ 

I'll" In, n .. t,·ol .111.1 •· .. ,.,. •• l t.·,!. If p" ~ihlt, 
1\ 1111. 111110' th,· I). ,Id h •• n"',,, ""'hanjllllj[ 
'ur I III.tll. r /l1I·""II·{\. 0 t. 

"IJII I. .In· "Iro-.! unltlall 1"'''"1',< hOI" 
II"'" thruwl I .... h .• ml .. r 

"t r"'t"lUt 1. Upon t m, r, ..... nv .rom h •• t hun • 
I"'r, m '" III \\ .. "I iIIul f:,,'o Ih,' \\ Inll h .. f"r I 

r, 01 .. ' III).!' Ih"1! O1a""·. 

('II. :-:1-: II 

f't. ~IU'ltl should )!.IIJ ,ClllhlltJtl' III It,. 
I' I. d 101 I '" .1.·,1 10, II.. m.lsl.. 1111 /n.n 
I, .tc,"n pll h.d h, 11. i"lI. \\IIW ,".~.olll't 

:\1.·, 111"1 rh 01 •• ·k •• 1 • ,", I 'f" V"I' , I m 
htr I. "' ht!.1 troll .... \'plhf'n".tt"'lt • 
I.", I.. II III n , .10 Ii 

1'11,\. ~: til 

'1.11 \\!·.tI. pro ,,,I, 1I1~1I1"I1'" I. 
,I.inlttl "ht'l .t lit .... h ("'HlIIII.altH" (II t 

fhl'" )It'.-n J't U. 1,ltt d 
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9. PROTECTIVE CLOTHING 

Perm able Protective /Impregnated) 
Clothing 

RESTRICTED 

P TE II 
WOOL£N ",,,,.,n.---

P~OTECTi.E 

(O'TO GLOVE 
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11 . PHYSIOLOGICAL EFFECTS AND 
FIRST AID 

Blister Gases 
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I·h~ ... iol(ll:'ical ElI'ert.. on Ihe Re .. piralllr)· 
and Oil:t.',li'e S~ ... I .. m. \',If ,'r" .. j H IIr H~ in, 
tl.lml' 110,. alld \1 :r,d JlI'" I 1.1',·atl."t! ""Ilh 

.In'. II '011 II Irn" lIlId h/lr, h. dl ' 

L"d' t., .tlhl ~pjliHIII).! IIld\ foll, \\ ~t'\"l'"'' 
kill ""11(.111111'1 I .. rl, ".""'1 wll,' 111 hlll I,'ath .... , 

'~Vf n if a "la~J... ha." ht·~ 11 worn . Thi;.;. 1';1 .\ ... . 

"'" I,', tT"1 11.' dllt' to dlrt'!'1 inJur.\ • >wall,m­
III!! III I "'.\<.min,. eel (.w.d or drank may "lIU~" 
i IfI,mml,d ,"II lor ( .. math. pall1, anti lom;tin,lr 

wah'r ,'an I,., ,:,-,'<1 as a . Ih:tilut ... I' Itl .. ath 
pa-It' 11"11/,11 lliRn itlt, IIf 1I'.lll'r ,In.1 oJl I 
1,1,,/1 hl"anlh II ,'dlfw."h"dp(f"llhillthrt., 
111111 I. 

(hlltllll'llt I' hlt'.l< h ,houltl 1101 1, •• '" d It 
-kill h., :dr'-'tlil rt-ddt:ned or b )!'un til Ioli· "r 
3- I' ,,111,\ ina., .. " , th,' hurn. In"tead, ,-:oIa 
nmh'lutll'n (11t-m :2 in hI' Ga, Casu, Itl Fir 
Hoi KII) "hould 11 .. u, d, follO\linJ( lIl,truI' 
/(,n" ~'I\' .. n III kit. \'apor burnl- lOinn"t 1 .. 

h,'I,.,·" I" til'l-t aId, the damaj!'e i. already don .. , 
;111.1 Ilt-I hl'r "lIltnwn nor s('ap ami wal,'r 
h., p: 

Li4Uld h Irn" are treated with OIntment in 
Ih' ,am,' mallll"1' a~ H IillUill I,urn!' But oint 

n\l'nl mHo'h ,hi It .. , and dO('~ nnt dl'stro~' H, ' 
Thl'rl'f"n', thl- tilm 0 ointment "hnultl hi' 
",I. lIl'd "If \\ i h 'oapllnd \\ atl'r. pro>fl'rahh', I 

\\ Ith Wa "I' a"\1l1'. (lintnlt'nt ~h,'ultl nut he u" ... <1 
If Ih" ~klll IS aln'luly r d: in"tt.'ad, soap an.1 
\\.1 .'r ,hould h., Iht'11 \ 'a(lor burn. nlllnn h. 
h,'I",',1 I", lir I aiel, -In e the .Iarnall't' i, a ' 
r.'.uh dunt! 

Thr I'h, ... wl".('i('al t:lft'<'(., lin the E)r ... of 
I.e" 1 ... 11 and Oth"r ,\r .. .,nical ... (Ethl'ltll' hI " 
a lilt', )11- I, I I .. It ',r: 1',IIlt' anr! 1'11I'I1\'IIIr('II).,1 
,II In ) 
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drop: on til., eYl'lid " AI,pli.a iun huuld hi' 
lIIatie IlIllr (In<l~, 

r·h~ .. ioJ'olCiral .;11'1'('1 ... lin the Ne .. piralnr,' 
and [lige til e S\ ... Iem. 

Th .. ph~ ,'iulu.lncal dT .. d ar.. hI' ".nll or 
I.. \\ I,itl' lb for mu,tard l/'il 

En, \Ill, I'D .. i hI' ~anl/' a II I t.1' 11111 
("rtl lea .. , J(t'lIl·rally. bUI h't'al IlIn~ \, n I, \ 
,.tpor "(1I(',,"lralllln ilia \ ("III, ,0\lIlhlll\: 

'Ilu'zinj(, palll in til" II" , "1101 I hrl),. II. I ",. 
.tOri \'omitin¥ allil di,trt' ",,, r'I'11I1~ 

Hr"t Aid ror the NI'''plraton and nil[ .. I"t' 

S)"lrm.Fir t Aldf"rL'\\I"II"i. the anl',l 
If I- (or mu"tar" lI'a . 

.~I)' ~", pI) .. an- S!'''"t'r:.11I ht' 'a lilt' OIr 
lIlu,tard ¥a' (H J, hilt af "I' " 1",:<lIre tl\ ItI" 
\'lIp"r runl'l'ntratinn' (pr'lIIUl'1I1j/' .I·mplum 

II I' th",,!, uf \(\mlllllll)!'11 J, n,,~1' anrl thr at 
·h IIld h,' nll",'d \llh W,IIt-,., and til .. 1':1111111 
k'l'l qui,-) Fum!' of chloroform (It 111 :::1 
It Ca, ('<t, lIal \ FII .. t Ait! KII I m;1\ 1~, In-

1.11".1 t .. j/'III' r .. li .. 1/1 "'Il"r .. ""I', inhal.'tltlll 
I. il " rl',','al,'" il~ n"luir.,d 

I'h .1 ~inll>lI"1l'al EIfI'('I~ fin tht' , '''In Th" "hI" 
I ()I'i.;.1 '·IT".,t, (,f r En \tl) PI),.II'I hi' 

I I' 't \ t \ I 

II I fll1"1 I 

,kill It I r Ibh,t! tor 11111'11 "011<1, IIhll'ad 
of lit n'lI "( olub, 

It tould hI' ",tt ,,/I till' skill. 

Choking Gases 

Blood and Nerve Poisons 

II "Ir"" ...... ' \. ,,' ""rtruc"llI \ 1111",'1 or 
( ',(n"c,'n I hlurt!!." 

". I ",',II \ I I( 

RfSTRICTfO 
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L.I 'T. I hn."hln~ ">II\ul It'll Ont.I, •• nd 
. it· 

\III 

"{ IU \\ •• pr 

Vomiting Gases 

THIS PAGE IS UNCLASSIFIEL 

RESTRIC EO 

Tear Gases 

I'h~ ,. iCl I Cl~ica l E ft' t'(· .... : A'illt JlIII III II, • 
, pr"f, " I,'.fro, 111111 p.t. rn (>I "\ ,1,,1 

fh '1'1' 1 U l.allr no "'·rlll.III",,1 ,1.lfII.~, .'IIt! 
• If· \\, ar .. IT qUid..!, , !.II1 h'n1I",rllnl 1111 
\1('11111 n'a~ lind It aim .. , In,,, •• Ihl. I" ...... 

F ir .. t \Id fur Tt'ar ( :,,"t's. TIlt' • \ I 

Screening Smakes 

11. COLLECTIVE PROTECTION 

111'\ ... I"m II.· \ H't', 

\I.ltOl "'ltm, .111,1 .IUI .. , IIf ""01 In"'''' 

( •. "pr .... ' ,h,·It,,/, Ind f .. rlif ',II".n .. 

1',,,1.,, IlUn fli uPI'll." 111.1 ~'III/I'n" nl. 

11,(' nl,lmlnal, .. n "I [ .... ,I.mo .I!t'r 

I" runl·lmin.II",,, fir "'IIJlI,m. nl. I,·rr.lln .1n.1 
I"" h. "II.: 

P. t .. ,nru·t th· ... rH.IIHllltltlnn t "h!n 

fin: Inlllllllll." 1" ... 1 tI". 
't.-I,,, ... , ctClin f .HCCllth,r\ I1I.tI" 

13. DETECTION DEVICE S 

RtSTf/1 lEO 
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"tiwr orc-alllzalwlH,ll'quil'n1l'Ilt, lind mu.-( he 
n I ,\",,1 (,,''! II'lItl, 

Liquid Vesicant Detectar Paper 

Ih,t." Ir p,,!,(Or h I ~lIt d 111 " .. "kid' ~,'I 
\\,'n Y-li\P ~h ... I', It is hta\'~ ,,"pl'r llla!"t\ 
\1 h tit' ,·, 't. r paint "hi"h t UTU ... rPlt \\la.n 

h'IIII" hit t .. r ~a>< (ou.'hl''' i , It has ,'ertain lit'ld 
hmita 11111" , Like ,I.-h'l' tor paint , It I'" alf "l'h 'd 
11\ Itl 'a\'h anti nth.'r matt'rii.t 1''''11 III thl' au­
,."11" • ( \'!I f J,!'''''', I dll" nut d .. t l'rt \'apor. 
I It,,, . -\l'am, or oii tlclTl':!"" i(" "t'n:i i\'i(~', 
alld II Ir ' l'" n,t! \, IIt'Il hl'a t ... 1 to appr"x lOlUt('l\ 
1 'in F I j,. Ullrt·liillJl .. 111 i1.'I('rmillinj! ,,"m­
pll' "II' .. ot d.'('ou tnnllna i~,n. 

Chemical~8ent Detectar Kit 

TI " d, I l ',r kit r"\'f'als tlanJ.!'l'rlIU, ,'''Ill'' n­
I rat.oll. .... of l't'r "in \\ ar vaSt" IJ) l'"lur c·flall,..... ';0' 

nih" hrollc-It \' I it'll "ll(amill'lt,',1 air i" 

~ 
5 .. ",-, .. ..... 

."fc:TtOIII 

""DI 

~ 
<Oil 
<;01 
~ 

CL'" W .~.T DI'.,.. ~ U llOt' "ltD 
''' •• 1 ( fIII'i UOPI:I 

O£TECTOR KIT 

CItAVC* 

.... 1' ,'1111111'1 ar .. lI~ualir l)<),.t d til \\ an 
II",,, ..... in,.( ,Ianll'\'ruu: ga, , .. d an'a.! anti 

UI pli,'" at di-trihuttnj.! poinl~ 
do nllt differ frum the usual 
:(·ullO,'I. ('Xl'l'pl that th }' nit 

rl\,'n "1'''''i,,1 in-tyudi. n~ rt'l(a rd ing ,pt'Citi 
dutlt" , ,'~ .. clal 't'ntinl' l ~ on d uty w ht'r ' .'Il~ 
pll< .111' "I"red "hrtliid ha,,' pr ot ('cti\' cloth 
IlIJo( • u 'IJ 1O,lall,ltlons may be !Suhj t to fn' 
'1 I1I 'nt 'pr,l) allal k.' .'i nn' su('h a ttal'k" th'-

.. 1(1)1 ral,,·lh', the ~ .. n(101'1 mu><t hI' lin th, 
,tI, r 111 ortll'r tll $«('\ till' ,up"ll' (O\'l'r int .. 
I". III' 11 (''',,'r, ><huulol fliid allJ I adaptahll 
I' 11 '11. k .pn'udlllj( III ".il 4' (Of atta .. k. Th,'\ 
ho,,'.1 .t1\\I\)" h~ In po I ilm "h,'n pradll'. 

,,1.1t If till' ,ttl. I Ii I 11\ 1Il"'·llIllan .. :, Iht." 'II 
I lilt I h"loioi ",11 I' h. pn' (ril ... d lift, .darm 

15. ALARM SYSTEMS 

1\1 .. ",tf,'n lit Iyl' ""f ra~ al'lrm· an' 1(1\' I 

h,' I h., '" r,\ ~IOI' fflr airplanE'. pray :ttt<lek . 
,II" UIII' too,. alllllhl' r mt"th"tI" uf a tal'k, 

RESTRICTfD 
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Alarm far Spray 

Alarm far Other Types af Gas Attack 
I' 

General Alarms 

(;1'11 ral alarm, al. 'Ill I "I 'I')! .,,', •• ' 

M 

" I 

III ,I. II " t,,, d 'I 

16. GASPROOF SHU lERS AND 
FORTI FICA TlONS 

Purpose 

Types 

If r,1 1'1' .... 1 h. II ... "1','. '1111'1 • ,I \ I IJ " 
I, rIll" "rill." I'r . It) .11' II .. ' 1 I ItI.<1,,f 

RESTRICTED 
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17, PROTECTION OF SUPPLIES AND 
EQUIPMENT 

General 

THIS PAGE IS UNCLASSIFIE~ 

PESTRICTEO 

Equipment 

\m mUOIlI .. n I- 1\. I' 
•• I Ittlt-

- -.-
-,- -

I 'n ' ar~ - "J£' 0 {'orr""I'ln by -urh "ar 
>',1" U~ l'h"-j!'f·nt and ·1\1c-h m()k.,~ a, F • 

• \Irpla nt' ... art 1'111' Id. tI \\ II h ,', \ t'r~ (, ,. 1,_­
r rndql1 - plu Ie wlnd",\ • gun a/lli ~ II 
/r"'U ml'n ., wh"n not In ha ngar 

Ila m mahl 
t'if! m.il . 

I 1.<1 

18, DECONTAMINATION 

General 

Personnel 

IIESTPICTEO 
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Noncorrosive Decontaminating 
Ag ent (DANe) 

THI S PAGE IS UNCLASSIFIE~ 

RESTRICTED 

al'tiun, i~ 'lUI t' ... :n\' hu 
III mil 'rI,'l. 

Water or Steam 

W"It'r 'ltlt!. r hWh pr, ,Un' (lr 't.am TTUi\ 

II, t-d to n'mU\t' Ilir or !l'n~..I· , ""lltallllIlM 
/ mh,·d". rI ,h"ml< :,1 1I1l"1I -, (n.m ur! 'l . 

\\'."..", 01" .. 1 ..If., tl\ t' if h,.t anti if ~Ilap or 
1,lh"r dd.','j!" III i~ \I-.'I! 

Fuels and Solvents 

fut-I" mil\" II, "Jlra~ ul lin nnlaminat ... ) 
lin':.' HIll! tilt' an',. thl'n hurnC'd olf, Vapor 
j!"'II' raIl'" I.y lillS ml'lhnd an' oanlCl'rUtb 
h .. \\t·\','r. and "pr. ('nn.,1 m,/, r~malll UI 
\\ illrl L,I;,·\\ i", Jllt't'autilln. mll,1 l.t' lakl'll I • 
:1\'II)(i UIII"llltr"II"I! lirt' . Til., mil, t .... mOl. I 

"h"III. 1',',) ill d.'t'fllIl,lml'!;. Illn ,In' IC.!" 

11111. \". rll ,II", motllr "il and (ll'l'lyl,',", It 

radll'nd." 1",,1 • III .ITt' apl-lllttl in \1('h II 

mclnrh·r a .... to chlltl' :Ilui "fl .. h 1.1\\;.,y (:}wml( ' " 
aJ!t nt..;:: 

Inert Materials 

Decontaminating Apparatus 
(3 -gallan ) 

RESTRICTE.O 

(t.,r'.'lu. alld, 
mid, 

Decontaminating Apparatu s 
(1 '1 Quart ) 

11.., .1, 

Decontaminating Apparatus M3 
(400 Gallon ) 

RESTRICTED 

Auxiliary Equipment 

21. DECONTAMINATION PROCE­
DURES FOR AGENTS 

Blister Gases in General 

n I- "I'paral I ,I modlli ,I ,'.,nml n'l.11 

REST!! TED 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFI~ 

RESTRICTED 

APPARATUS. OIlCOIO'A_ATIIIG. P09oIlR-ORlVD, \GA2 
ITRUCIl MOUNT) 

"".;pt of wilt • • pty. , •• • ••• "'at .. r ~r flU 
FlU tt_ /rom .. ream ••••• 
BI"""h ~r n .•••• 
Flih .ta .. ,111 bl. b •••••. 

HN 

11.100 pounda 
US .~IIoa. 
10_ .. 

1.300~ 
20 m ...... . 
15 ... ..... 

1.300 ...... ruel: 

1\ ,all""" 

20 I.II~ 
4'JO pounds po< 

lUrp Inch 

l and Other Arsenicals (MD, PO, ED) 

Other Gases 

22. DECON1AMINATION PROCE­
DURES FOR MATlRIIL 

Rubber Articles 

RESTR ICTED 

RESTRICTED 
TAIL SURFACE 

RlAR SECTION 
OF FUSELAGE 

CABIN AND SIDES -.......~--.. 
FUSELAGE-______ ~L 

WING STRIPS--____ _ 

LANDING GEAR 

~[ UE.N' f A R 
foll""l'd 0) rin 109 and 1'\ rat do)' ",ra. 
tion. i'l rlt'ttl'r for h a"~ ".,nlaminatIPn, 

Ammunitian 

\·i. illtl' I'Olltammati. n sholl!,t II 

Instruments 

ACCESSORY COWL AND 
ENCLOSURE 

WINGS AND TOP 

~~-----------ENGINE 

tlte [llntnll'lIl 1'.11 \., II. I'" 

inn, Wt .. tlJ(lJ) 

" 
Airplanes 

Ilnl) flap and \\a .. r ~11\I1I1" ,., 1I '.'d lin 
JIb tk .-urfa"I'Q ~in('.· !,rot"ern,' nilltll1l'1I1 
t' "hl" tilt, ,. suh Ian I' 

RESTRICTED 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIEL 

RESTRICTED 

II 1t·"klt1;." nllH'tlOJl :U-f· ht' ,UI ... t. nt lC'lI .. 

I..nlllla I, I, tl,~ h,ul,li,,' ,In,!,!""j frum llh 
.llfll',l I' 

Automotive Equipment 

... 11\llld 11 }'lfl II I 

fJr""" 

Terroin 

"-'pIUSI\ f II ob • in (1,\ tlra).",' uf ,q,p1"OXinlah~ly 
Olll "Illal., I. nl"f '1I1'fa('( 1l"I' /JIll' IH,un" l)f 
""':leh, Pry nil •• 1111,\" mi al 1"lIalh ... d 
olth fllr I" .. ,dlz .. d (lI,a b''('"lI " .,f Ih.· ,'Oil 
"I. raltl, amllllll <If Iat."r 111\ "I,,·d 

\\'1"'11 ,1.'('ol1lnminati"n I~ n,.1 I'r.H;I!"tI Ill' 

Ilt'~." an', all al'l'rll:l(""'" 10 Ih" "n'lI -hulilcI 
I . """I,'d,, IIh I!"" "lIrnln~",,, ;llIclanl"r 101_ 

prm I"'''. 'ho" IIlI! Ih .. 1) 1'" "i ~;h ;111\1 """ 
of c.-Hntanllnati"Jl e,r di l"u\l'ry ~'t)!n:-- ... JIIHtld 
I" "plan-d a III ~'I\" aOlpl ILln.III)!, 

Buildings 

s, rllhl'lI!)! \\ Ilil \\t'l mi ' I" I", qlll k., 
nH' h,)d 01 til" 'UIlI:lminallllj..' \\ I'! 01" m,.~' I" 
,'I'ph,'d from Ih,- 11l0-j.!all,'11 I~.\\.'r tln\ "1\ :tl' 
,;<ratll' It I' mlx,-d III \WI' r"nt h\ 'H'll{hl ot 
hl.'at'h III 61l1"'r ('<'nl hy \\"iJothl ' f \\:th'r (Or 
~:!:i valJ"l! "I' \\alt r In t",'nt,'-, I fiO,poulld 
• an- .It 1.1.'a, h I rhl mdl ",II" "'I""'I"lh U , 

lui fur III!!h "'I I,'al ,.;url;;,','", \\"d mix ,hUlllt! 
r.'malll "11 !.,. "lIrfau' f, .. ,ix ttl 1\\.'lIly-fuIII 

/" !,lIn'. d 'II" I., I" d,'('IIIIt,lmlllal.' h,' a.'r,1 
1101 .,1, r 1''' III V "II at.l, \\ilrnlllj.' IIlII 

Polished ond Working Metal Ports 

1/ d.,. 1I(.mllli.J "I \llh 1>,\.'1' 

23, DECONTAMINATION PROCEDURE 
FOR CLOTHING 

Removal of Untreoted Clothing 

I' t1 'It_d.-d ).'.ur!~, lit hot t' ~h' tl' '~'tl,U1U 
11,,1,,1 Itll 11",,1\ \\1" "~I(,II,I (h\ ,htllliol 

14 REST ICTEO 

RESTRICTED 

p -rmit" , ThiS b Irlll' "h,-tJll'r till "VI II i' 111 

,,,lid, ,ap"f, (lr liquid furm A tlwl • II).! I '0.'1' 

h.llh "hollid (,,11,,11' if al nil II" Ihl,' • ,'nulI' 
lIufn, ma~' f. "ult if lIf1lr('.,I.·d )1';11'1111 III ,'on 
1,Imina!l'd \\ ilh \"t'~I(:anl an \\Ol"n "\( I! 1'"." 
,I fl'\\' minutt''' ' E"t'n if lI'Iuld d".,,, 11111 oak 
hr'lUll'h III till' "t.-ill, vapor 1'111'11 "III r,'s'llI 

,'huulli Ihl'rp hI' /I 11<11 of "quid d, ,\I II 'I tI.,. 
IIpOll tilt' 1'1,01111111{, anti n'm.l\ II/.! t I ... ): ,rnhlll 

I" Iwt f.'asilol.', thl ""lllall1lll.II .. " I'" II"" 
huulll I ... cut frum tilt' ,'I"IllIfI~ 111111 I'r. I •• 

IIII' "intm '11\ al'JlIi.'d I .. lit. I ".h .r",III'I.I." 

nl'lIh (;na( ,';".' h,,,".1 to" I II" II III "f11\'\ 

In!! outh unln'at,',1 alIt! "r"I.~ (II. '.11 lilt iii" 
"lid "'IllIpm"'lt III ,. ... ·\.111 l'''IIt.III1II1,' .nll "I 
,uldilion,,1 , 1.111 ana". 

Remoyal of Protective Clothing 

A I rt'I'I'dun' (or pl"lIlt'. til., 1'1,.(11111)." III II • ,I 
1.-("11"''', \\ hl\'h sh,,"I<1 It., tullll" ,'<I .,M • " , II 
• ,""slltll' 111 till' ti .. ld, I' a 1,,1t 1\\ 

A fl '.-ial n.'m, I"llt. or .11", " 111'1 \ Itlt." 
,\1111 a I ('1I1'i1 nn " ""h Iu ,II 1',11> r ~h'lI"d 
~ "J"('(.,, "" 1111 It.~'r a( .'adl "I, "I IIt.- h, "dl 
\11 ml'O ap"fo,tth Ih,' I "'lId I fro", th .. 
HI, \\\'arlll~ 1 h"lr ~ h." Il".III 

\ljhllllV 

I ttl 4 (I hill}!' 

Ventilation 

Handling of Contaminated Clothing 

ItplIl I'ad. ",t.'1 1',(', j " PI ,g. d 
110,1111 10.· .It" ... d , I 1'11"" ",' hll' \ 111 ' 

Soap and Woter 

'24. STEAMING 

Use and Duration 

RfSTlIlCTfO 
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Witl l1'1uid Il1I1~tard IW~ thl'Y ~IHluld be 
, .... ml'll f'.r -I, .. ('11E1! hour, .• te:tminj( i, 
hk.·ly to r.'~ult ill (·.n ir!rmhl., hrinkag( of 
• \ 1 It. n ... . . d "t· ... ·f) JU" • .chh P'" a nlelll anlount of 
hI dr<l\'hl"rl, • lit \\ hlel1 dt'lt'rlOra ,,~ clo'h 
Hot \\,IIl'r h ~"Ilt'rall up nor to ,'I aminsr 
t. ','all"'.' :tn ,tli lrlII.tnr· ul \\";tll'r ,hllitt". :1 
." 1.1 to ~1Ir1 al' ,. t(llil thaI no marl" d .1 .. "1'1, 

Improvised Apporotus 

,\ ,t""mlll~ 11111 ,';lT1 t", mad .. \\ it h a 10('" .d-
t: .. t! ran. ,udl a~ :1 larll't' l. I. l'an A fab ... 

Ion "m. Impr"I'i~,·t! rof 11II'Ct'S of w(ltxlllr nt hE'r 
rlpd ",,,t"rial. ,.'n,,, to holo thE' ,I .. thing 
ahnut a flw1\ at. I',' .. Wa (r ,1'1: n ,·i/o!ht 
iT (h.. .f \\atl'r ar" 1_1Ur.·0 int .. tl1l' hottom of 
I • ,·an. h.· fal,,' IM.ttom in-"r l'd. and h 
varm.I1I, I' "1'I'lt on th,' fllb, b" 10m Katl' 
mal I,,· dnl'l'n IhrouJ{h t ("l\,'r of thE' l'an 

25. AIRING 

Uses 

'ient for lisrhtwl'llrht ga r ml'nll' conlamina ttd 
1\ ith droplH~ In ,',.Id 1\I'ather at It'll t two 
or thn'" d.ty,· " "o:lIre ()ut-of-,hwlr~ i~ nee , 
'Hr> fnr /o!arml'lIl ('on amtnalt·t! \\ Ilh vapor • 
I'hlll' "CI,n 10 t'n tial" \\111 ht' rt·'1Ulrl·rl for 

hllht \'pi 'ht ~ltrrnl'nt, I:unlamlnatt·d with 
dropll't- . H plI\'Y ).!'. rm nt~. "thl'r than tho~t' of 
Iratht'r lind ruhl r. hou)d h. airl'd two day" 
Illn/o!rr than ltghtwelsrhl a r ticle,. To Insur e 
comp) te decontamination of 11'8 t llt! r a nd Tuh .. 
bl'r a r tiel ,'. m ,thod' f d onta m inaflon 
" h r than aer.ltlon ~hould he E'mployffl. 

Hot Air Indoors 

If farih t il'. Il<.' r mit. contammat ed ite m" of 
mo~t kiml ma~' b· hu ng m a w('II' \'pntila t ed 
roum and ,'UltJI" I·d tn hot lIi r pr oduced bl' 
:mpron,,'o p'luipmrnt. T hi" met hod !tpeeds 
f'l'sporation, Fumc" from thl' room m UlIt t 
dl'll\l'r('o to Ih(' opj'n ai r in "urh a man nf'r that 
Pf'r,nnnE'1 art' IlIIt emiling red, Ligh tly con , 
amina .'d dlllhrn).!' ma~' rt'Qui re fou r to ,I. 

hour .,1' thl" tTllltment if a tpmperatur l' of 
:.h')111 I l l! F i. mamtained Tf'mPf'ra t uTt' 
- hou ld he kept lowrr than thl' ,coTl'hmR' tem­
Pl'ratur.' I.f h. clothing Tht~ m,-Ihod hal' thp 
ad\'anlaR'1' (If IlIrltt' ('apa"it)' .lOd no ",>I'd for 
\\' II ,'r. HOW"I'l'r, it j,. not al \'a~" po!'l'it.1 tn 
011 In u sUitable rllom and heatin/o! l'QuipmE'n 

26. T Ac.TICAl PROTECTION 
I /t. 'I! , 1'1'1'11'.' , ,n 1I1('\udt', I~.th 'lIltll' anrl 

pa-sl\., <"111'11111. I ("'fpn~l\" m ,;\ un', tak!'n 
10 , I,'f"at I'rlo'o I dwml!'al \\ arrar' ac III 

lalll'ul't r il' I r "" 1.< pl,mllt'.) ~() hat ga, . \,.1 
:.r· a m:'1 I, .I\'Old'·11 or If ,l\t)itiann' j" im 
I"' ,11.1, t 1111 1101'), 111'1 ,·rus ..... oIll points most 
I.,\lcahl. 0 11.1' ... ·l·unl\ of th., ITnops m­
\nh.·" : 1'1'1.\ nH'I','nlt',,1 i" "I,mnl'.1 :0 that 
tn,lIil rna\ h., IIIU 'r! Plt'r "I t ernat,· rill I'r to 

RESTRICTED 
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Expo"in/o! Ihl' I,'u"t numlt .. r (If I'er-onnel 

E 1'0. Inll p.'r-lIllnt'1 fllr I Itt· "ho It, I II< " .. i­
II.,tlml'. 

E,'Il<,,.illjl' 1" r nnn.'1 10 Ihl' 10" .. I 1'0 ",II., 
(', lin IItr;III,,1I of \\ar jl'a. 

27. STANDARD OPERATING PRO. 
CEDURES 

\ IIlJl'. S!'r,.ul' . .. r "III,I,i! 'II • I 111' It hoi.' 1 

1111" and tll11l"1'11I 1'1 lit'') 11'1" "'I' ,1t'lIlll,,1 •.•. 
f,'n,(· Ill' th, ",mrn:lIlIb Th, 'I' ad"l'll '11 r"I1,J~ 
I .. ltnJlllal.' n'p"lilr'llI lor !lI,"'r~. IlUlIlIll lrn l! 
,lanJ.!'l'r uf (·onfu"'llfu and tlornu· til t~ Hntlal 

1)1" .' f"r dWIIl i!'a I d. f"II't' ar.- hll , •. " Oil r .... "11'-

1111 .. <1 Ill.· h.,.I, of IIHhl'itlllal .md " .Il., 1\'1' III f> 

• dilln. ,"ltl un m .dili.'" as mpan and kn.", 1_ 
HI).!' of ,'rotpdion Impr!ll't'. ThE' I'ariou unit, 
"I a comman,l I'nfur,'" Ih,' ~()p nd prt'llIIr., 
.,dditlonal plan~ "P'>'·I1"':o11l rt·'!llIr ... 1 f"r pr .. -
'e. InTI of 1" r ,lOn.·I A 1!/I11l.· to Ih.' rrl1ll'lpal 
1I,'ms i ,h .. wn In li~un' __ _ 

28. TACTICAL PLANS 

Generol 

Ta.-tll'lll plal1' all.h I . tI, I. 
Thl'.1 ar.' (',tft'l tllh \ ,K" dln.,I, II ' 
• r'll I'll<' 11' IIf II .1 h ..... dd,-n " 

Estimote of the Situotion 

Th, \·.II'.d.tlotll' 
• I '11111':01 "'1 t 

Th, ", 

Surprise 

tilllklllt til e·'lIlur,· I,,' n, -;(1111 (II "H·lt hi' 
I'n.'m, dn.·~ III t tnll ' llIl 0 ('('UPI' illlllll',li. 

al.'I~·I. or .walll t lIlarl'lun 'Ir lOP or in:lnlla. 
!lIb • IIrl'ro" hu\\ c t r. hnult! al\\'a, I. 

/o!uartlullljl'.lin • .\n t'IIt'IIl~ ma~ u, I- n,~npt'r­
"I t,lIt fl,' IIndl'l' ullfal'lIra"" '·'J1Hlltiun ... Ill' 

,,"1t ., I'" 1(1t'11 h, · h:. jll t t'I>ntallli. \ I" I" "'1-1,'111 ,a lIal \ jI'<I ('''111 
mand J I >lIId I ... ,','n t~tIltil .. n the .. !t·rt fo r 

tli .111 "1'1'1111 rh"11111 III at ill'k. no matt r 
II 1I01al,'" "nnclitlnn_ may aJlpt'ar 

29. DISTANT RECONNAISSANCE 

Close Reconnaissance 

J (lr .In·j !. nll"n tn hl' ~a "t't! . II,,· ,.. ..... n. 
t!ll1 Sin, p,irh .• ,'tat." J 101'1( 1".1. 1':\,I"'''1t' 

1."'lnll t'.4,it.1I1J fh, l1 1t1H\\ilU' IntuIIUll't.IU" 

Kill" 1.\ J.'a~ alid '''lin I1lr,lIl n (h,,:tI~. 
IWh nh,.llUl11 I 

RESTRICTED 
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f ~':l I tH.tnd t,\.t,ln tlf l'tl!lt.lnllr.aticil 

It"ul, IIII' In'"!,, ;Ind ,. hId. 111'\' iflll ar." 
dtt'\ 11\\ In.\ .. f II" .• 1" a. all.1 .11" i .duht\' "I 
II ,I-hlll~. 

1' •• 1-111111 , "I 1'1''l~ n\l~'\ rll.ltI "I III u'ln~ 
"" •• "11. Iit'd I'" 11- tlr ru.lib t h""lIgh hi' art a 
I';.r <If I,' gl'HlI' )!(>t" tll,\\illtll(l cI,'lin., Ih.· 
,dg, "I II, .11·.·.1 and "'1'1,,1''' lilt' 1'" -Ihllil \ "I 

I a',a" Iwr.' III h,'r p"r ('IIIIt'1 mak,· a '1II1il.1I 
n't·ltnn~lI ..... :trH',· 011 til.· d(I\\ 11\\ iliff .... Hh l 1 kt" 

fUr. IIt:\ fC t· .... HI'" " ... ",t lh.·riotlll'al \ ()(·(·:. .... i .. 1 

. .t'" 1" f',,1l11t I nt", It" t"I' t'.I· 11\ IlIlhlll. 
hilI a' lI.fr,·((lh TIlly it-. 1""~lhlt. Af\t'" I' \ III 

h,' •• r, II I' 01 , I, .. 1111111·d, II I' n •• 1'1. •. " \\ II" 

Ih .. ti,irl 1,\ AIr h'I,,· 111"'1111:,111'" s,e Itill' 

alt. r I,· .ut"", "I, (It h""lIhlll' 1 

Air Force Intelligence 

Combat Intelligence 

( unll, .. d In • IiIC't fin' ''''} "-",,,1 nlllllf~'rnlallh 
L'at h"rtll tl\ r. 'ollnal. :--ant ... ~Int! l,h:-;. rYH IP' 

"I 1.\ ('lh"1 r ,1".1.1 .. 1111 all'l "II "1, 1 11\' "'Willi­

t.tI :,,11\1\\. HI d I" h,IIIdl,," l!lI'tllIgh r..,.rlll •• r 
III ..Jhl!"III" • hamlt I Th, 1I1I,lIWt' I1 ,' " il"'1 

1111'111 1 .. 1 to ",' 111111 I'Imllll;IIHlt'r 11\ th. 
It,' I" I 

1 1 REST ICTED 
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.tnd anllllunlt i •• n. I",'at ion :md dl'IHI I I"n 1\1 
I," (hentlllli trIMII'''. alit! It,,·:tllun • f \\1',1,. n 

t',d lIllllllt Itln, for "I "t'r"'.n' 'a .. 

\ {11I1l,lh r .. "" 

~ 'td{.· III "Ih lIl\ .. • .. ,s I, urnn • dts( I .11,,1 
I ".t'·l·t 1\ t "'l'll)1l1lo'nt 

11:.t., rq.",lni1111.!' all, p • ., II, 111.11 J!.I ,II , Ii 
dId ntli 1,.1 rl'J,"rt f"11li 

j, flf (h'·n,j".tI Hl!"t Ht .... 

'1 11 11"111 1.1 •• tllll I 'I.,t", 1'''\1 

",'r :, d '. "1.01 "'1 Ii, 

31. REPORTS 

Immediate Reports 

pi h, I I'r rr t 

If, h 1-1 II r .~ J.!. .f tr .It;' r I I If 

'111111' 

,\, ) 

I , I ( I kl 

32, SELECTION OF ROUTES AND 
POSITIONS 

Factors 

II 

r' H"I"m from 
(.mlll;.Io,I,I11" "ui 
(tlnill.lt. II .'1" ""II, 

. , ~ 
"I 

IIIW' r II I,'"'' 111111,·, 'I ,\\ II. II II' II 11';111. II 

(I • gr "11111 I 1.,\\. ,IIIiI .fIt. III r.1 Ifill 111.1\ I. 
III)!h tl, 1'.' 

\ ('(' ..... 'l llIlil, uf \\ .IIt-r. 1\\ .11, I 
In 1"'1",1111 (J It, '!tUI.UIlI",lt ·11 J 

'! .. . on , u ( Ent ra n.· .. a nd I , i l II' II' ~ "I 

I • I • h •• 1'/1 \ hi. I, .. 1', 1\ II 11\ th"1Il 
t I tllllli .1 ( HlItU Hl.atilul \ 14 \\ 

\ltIl'll • I . ,ct fur fi",)t), .... iun . 

.tUllet "It .. , I \;.I ••• n fur .... l" nlt Ot l ..... 

Bypassing a Gassed Area 

De ecf;on of Bli fer Ga s 

E·./acuation of Positions 

I: .J I tl" 1 .,. f- II I 1'1, •• 1 I III ,1\ Ii 

".111..0111l •• 1.-d '.1 ·j.tltlt~ f I.l\ I. \1 I\Uld,lltl, 

r.utlc...dttth Id'·I.I' (11 111.1\ ,. PUll tJ~ . lf hh 
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a ~'o'IW'n I,e h ... ld.lf the mi~~I(1n c n he 3<l:om­
pli,:hi'd uy oCl'ul':ltion of a prenuu.ly chn en 
altprnal po. HIt'I,. thi' 10m d an'a may hI' 
t" a~n •• "d and !II' al l'rnate po i Ion , 'CtI­

plt'd III 110 l'a hould I'VaclIatlnn of nn rio(­
inal po,i jIm .. unrll:'rtaken until i i" clear 
tlla h .. I'n"m~ I" 1I"10~ bliilter ~a~ in quan-
itit·", .... utfh It'nt () . ol\a rti i7P thp mi ... ..:;nPl nf 

Ql'Ctlp\ In).! rU<II" If the 1)O,ition oneE' evacu­
atl:'rI I 'hrl'a .-n.·t! J.\ ... n"m~ ('<:cupatlon. it 
"ho lid .... lUPIl:'d if i i,,, fficientl~ im­
p(lr an 

33. OPERATIONS IN GASSED AREAS 
F, .' 

On the March 

1111,1 ,lIould ... 
f m riJU<' e~ 'lr 

from l'on ami.,,, d "at r and mud un rnadQ. 

If h. art:" I In' alld du'ly. dllUd, of t.1111-

t.lIlllnatll <iu,t honld It avoid .. tl 

:\10\ nkn ,he uhl h, r. pIli. r dlll'1011 11m 
'Ji ,<,""un- 1 \,.11" r (Troop' Ir, 'lui ker if 
drl'" '11 III I r ,to'r I\t' dothillj[ and ma"kl'd) 

Ii tadicall.\· ~., .. "iltl • ('llOl:munatl·d \'I:'gt'ta­
Illn . hlluld Io, burnt'<i along thE' r ute. a\'lllll­

in!! expo"urt' til l','Ill I'ntrated \'apor producl'd 
10\ lturnlllll. 

If pral'lll·ahi. "etalb. oIre'.·ed 10 im­
rnlt'aIJI ,' prtlte,l i, c1othHljl. "hllUld tit' II .. 

.. hwl',1 to ('lit lane: In ad\ anc through area. 
"t ontanllnal ... lllrnund 

Pratectian During Pur5uit of Enemy 

Thb I~ adlll·H·d Io\' thnrOUllh rt'cunnais­
. ',Ill', anrl ol"t'n .,IlCI' of all "till'r rht'mical d .. -
I'I·n-" ml'a.-ur '. Th.· l'lwm~ i.' lakdy to u • "Ii- I:'r V .... ext n,I\t·" 111 rl'ar-jluard action 
I"'TO·f,) ... •. a pur~lIlnj( forT nu,! vuard lOr 

.-Iall Iv .lYalO~ l', IItamilJ .. tt·d Ilruulld. 

34. LONG-PERIOD OCCUPATION Of 
CONTAMINATED JUNGLE AREAS 

\\' I'll ,·,·n amlllated aft'a. arf' lamlt dint' 

u f,'r lonj( p norls 
\\ tilt. I(lur Iwtlr .. r lonJ.,',·rl. thl' (,,11,,\\ In • 

pro; ",h rO', ar.. Il1l1'l',I"" 

Preliminary Recannall5ance 

nntamlOatlOl 

Eating and Drinking 

" at pm"t hnUld I.e maolf' to remU\' 
"Ill in thl' nr~t four hour. af er a 

h.· \') mu. tard J(a. a tack Aft r thl lIm~ 
t .. ~t wIth thE' 19 chemical IIgt'nt detector kit 
should I.!' madt> at the Itt'll dill('o\'t'rt'd in thE' 
I'relinllnar) rl' onnai~ nnrt' abo"'" 

RESTRICTED 
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Urinating and Defecating 

,\ ~itt> for n latrllll' art'a I rll I'n 
pr,·hmin. r~ rl' ·ollnai. ·.lI1l''', and m n mu I I 
'arn'd of tho nl'!'t'<GH) for I. IO~ on" t 

llltrlO IIrt'a de;<illnat d For urlllatlng. til' Ih 
lit thl:' prott'ctl\'r clothln~ 1< unout oll,~1 t 
almu~t It-< tull 1I'IlJ(th \\'1 h thf' I \ .. 1 h nil 
and th .. tl~ or th· dnl\\ "r "1I1t·1\ I"' d 
Thl' dra" l'r~ art' th"l1 IIllllutt(IIIHi \\ Itl It 
I ',In' hand ThO' Il'l'nitill ~hflltllllll! 1",( II( ( 
10 morE' than Illlt' millUI,' flit· r \ "1 • pi 
d,lrr i. (,,/lo\\,ed in n'''n t '11111 • th .. dUlhan).: 

35 PROTECTION AGAINST NONPER. 
SISTENT CASUALTY GAS AnACK 

Fllr df'(l'l·atinv. thr til u,.'r qh"uld t. I",\..r. I 
with th,' /!lo\ oJ h.lIldQ, and the dra\\ " . 
If/wered With thl' loan· halll!" Th" duH: 
.hould not touch tllI'llr(1un<i and ,'auhun mu I 
I,,, t'xt'rcisl'd to avoid tOllchinj( ,,, Ij!' .•• r /!ra 
',I I h the har!' kin. Th"j!',·nital. Iwuld n t t 
{' PIl e,! mon' than tWII minutt'q Tho> rp, r 
pr l('!'dllTi' (oll(l""d \I" 'n IItlJlI tln~ th, 
ll .. thm/! 

SI"ping 

:I!t·~ (or "I"!'plnjl' h"lIl,! I .. .11) HI ,jurI! /l 

, Iwlight "0 ha an'a WI! I qUid c 11 ,I, IOn 

SECTION V-DEFENSE AGAINST 
INGNDIARY AnACK 
1. STRATEGY AND TACTICS 

Type af Attack 

Secondary Missions 

I 

2. ORG ANIZ ATIO N FOR DEFENSE 

Responsibility 

:mallllll'('ndi:tn' II n," arE' or •. PI .1111 ('Iu". 
Ih .. tll\ i Ion 
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Existing Organization 

TI.\ ,·'I-lll.\! "f~anl.:" I' n f f pro ~lIon 
, ',tlll- .lIf,,' 'lk mtl- l'('~ldl'llIr 1Il1 .. nd13P' 
II it .. n ... t> 

Fire Department Cooperation 

General Plans 

rl'l'''Jrnizt' \ :In()u~ HW" of m('encliaTie~ and 
hl'iT I'harart, ri~lic., 

Advance Fire·Defense Planning 

c,enl'ral. Ad\ allf,' I'lanninJ{ and II ('ompletf' 
IInd!'T" andinl! of I hp pilin h~' all re~l'On ibl(> 
IIffie r~ an' .. ". n ial , lIT\'I;Y" !>hould be mad 
and a -1;lIldinjr oJlf'ratinjr prnc dUT(> !>hollid be 
.... ·t.·!l,I! .. hpe! .• Iml'lil'it~ of plan is of prime im­
portancf'. 

C1a""ifit-ation of .\rea .. A" p,lrt or the ad­
\'.~n,'p "Iannlll~, arl·a, , houle! he clas~i fied ac­
nrdin): 10 I\'IJ' or (,(In. tTuction, amount of 

ro<>(, Hrajr". :md t dical importanet'. 

3. MEANS OF DEFENSE 

(),·r,'n .. (> 3jraill-1 JOcE'llriiari\!\ mll. bp alt 
~ro -,"',,1\' coneltl," l'd 

Precautionary Measures 

1"-111-,· "'Ib - 011:" 1 mad.· to in"IIT thl 
:,,11, \ IIlV' 

R,"j lilt I amm, I,!. m tprlal. mu ... t h. kl'( 
n 111 n nr1a-rnnLt ':ll 011 alllPrs. 

Incendiary Defense Organization 

fl.u ,I w' I 
n (lUI IIt.lt t!. 

RESTRICTfO 

·r, I "Idd I .. e" a 

11,1,1 . "jUII,o"n 

..\111 

OJ 1I1n<,tlfharJl' I PI'-
IOdl\ ilitlal ,urman ('an I .. 
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SMALL INCENDIARY 
BOMBS MAY BE 

SCOOPED UP 
AND .... 

MAY BE COVERED WITH 
SAND,SHOVELED INTO 

A BUCKET 
AND .... 

THROWN TO A SAFE 
PLACE,OR ...• 

DISPOSED OF! 

r 
0-1 

(',-.. \ 

REDUCE FRAGMENTATION 
EFFECTS/ 
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IItWI I. JU tat' I audll hi' "'thlllllll' tlr 
I <il\ ltill,l\ V'a~ , ru , ,tiort. 

.. \ fl' ).' I. rd I ... 'ir- -Itlll' dd,'n ,'. huuld I", 
,1 -r,.t. ('on,'1 )Ill: of lIuli\ ,''". I lir-

I f II \ .1 •. ,1' ,'0' 1111 nit It·" \\ It h "fV,tnl?'·11 tlft'­
l)!hllll)! ,'nil" an' ilIaI'. hal'''1l -hould h, 

11 ,.llIlall,.,d III .. I'll. l' tn "II .till ,till tUI' ('lIntr"i 
lit fin". 

Equipment 

(.t'nl'rat. III ';1\' r, .. I<I, ill, .'Iuharit'" •• nd Ih,' 

Otht'r Equipment. I'ump tank~. knap:a"k 
\ ,>t' pump-. "r tIlt' ;\,vallnn dp'ltnlamina 

III)! apl'aralu~ lin' 1I.;('ful \\ h"n hn' 0' lCanilll 
htl~ .. I nlll a\Hilnll.:!. :huH,ls rna\ I. .. II "0 ttl 
~I'()<JI' U!' IK.ml _ or th"ir ",,,I ,'/1 paruc!.·- lor 
n m.,\ al til pia." (lr 'alt'l \', Tit.' 10ll,).'allon 
d.','on t Ollila 111~' app:tralu, is "\l'lll'nt for 
n)!lIling" lin ". 

4. METHODS OF COMBATING 
INCENDIARIES IN IMPORTANT 
STRUCTURES 

General 

Wh.'n an int'l'lltiiary falls lllln an important 
!. 1I1dll1).' or art'a, <!ll'h a.; an IIIll\r ammllniti"" 
tI'l'ut.aIlOlllt·mpl IlIU"t ht' mad. 'tI."nln.1 I,' 
1;1',· 111 -Iult· I.i lhl' ri-k in\l.h .. " 

Precautianary Measures 
A ,.,,1' • nlav" •• t In"'mhan Io"mt - 1,,11,,11\ 

(nl.'- I.no\\ n to tilt' 

Employment of Equipment 

"hn\ ~I .. , . I" ,·1, ,.1 '. 11 .," 1(1 ',"tiP Ul' 

,I. d .• ).','1' lI'l " for 
Hn'Jll (.UI It til' t 

I ,dar, Vl \\ ,II 1\ 

a"II 'Iat... .tnd rna C.III I" \ •• d I. 

ow I, r I> •• rt,t. F,~I.t"r hould h.'n "k., 
,,,,.1'. III' rllll 1\\.'I.t\ \ ,Ird- I\"a~ and II .. till 
Thl~ nit lind ,hollid hi' II-.,d ",.1\ ,h"'1 inn n­
dJ.trlt ir .. · "nll\\ n nf.A tu f nu .1In " J·lo .... l\ f': 
,and laIC '11' m,l ~ y"It, .' fraJ(/Il"II:allton ,.f 
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l'xl'lu"in' hUlllh" Itl . (l1lIt' d ·).'rt' , 'ITH Ira' 
nr"nl, an' l"nlilad. anti Iho,,· \I hit ,. ar" 
•• r cli-p'I""d 0\,'1' ,I uh l,lIlt"d" r, ,llIn d 
ar~a 

I .. "., .. Sand. 1,,,... .Ind OIa, I.. Ihn'" II 

ar"und I h· I>"lnl.. IlI'lpillJ.: I .. ~1II"111I r 'rt 
~Iart"d h~ it :lInl..tIIll"" II 111;1\ t. 
III <'''\l'r thl' hllm!. \, Itt. ;Inc! .lIld 
thf' mull.'n I'arlid. 

Wa lpr or rlr .. E\tinJ{ui,h .. r, . \\ .11t I 
, tinJ(UI. h"r_ 

5. INSPECTION AFTER INCENDIARY 
ATTACKS 

General 

Af!.,' ,.11 111.,11111.11 \ .11t., h, III. I t III! ,l 

\ ,t, J ,.1' f \. r 11 ), •• , t r. k,~ tit. III I .. t 
III d. '11 alr;!tn t.n .,1. oul, 

Phosphorus or Oil 

Equipment 
t 
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SECTION I-EFFECTS OF ATOMIC BOMB EXPLOSION 

1. INTRODUCTION 
Th \'xplo;ion of lh fir ... t .Itu/llk lxHIIU O\t'r 

Hlr!,,,hima, un AUl{u~t 5th, 1945, opt'n~d a new 
t'nt m wlIrfan' and possil)ly II n~w en. for all 
of mankind .• 'ut unly wa>< thi" bomb a power­
ful new W .. apun, but It pointed the way tn a 
nt'w !<ourl'~ of power fur peaceful u" .... 

The l'asuultie" produ(,,.d at Hiro"hima han' 
1"',,11 \"ari"u~l~ elltimat~d a .. Ilt'ing from /In.­
nOu to IHO.II0U The Japane"e ti~urt''' are high ­
.. r hall thusl' of t·. military ml,.. ion' w hkh 
100 .. "tll(&tl'<I th effect. 'If the bomh The n"r ­
mal population of thi:. city w>\ ... about 24U,OOO 
hut th .. p"pulatlOn had bepn mat a.l'd by an 
mllllx of Ih .. military alld war work/'PI. Th .. 
.J.II"I/WI<" t·,tlmat.·d hil' Ih 'n' wen.' ab"ut 
:~tI",(\tl(l1 f'r,,<ln In II,.. ," ~ wh"n tht' tmmh Pl(­

JlI ... it'd. 

[t has \.t't'n d. im .. clll~ . 11m.' thaI th" t'ff t 
IIf ,,,u'h lin ('1(lIlo"iclI\ <III all Am .. ril'n n c'ily 
would b .. much I .. "" !<f'\'erl' due to b tter con· 
"truction, Howt'\,er, th .. validity of thi, argu­
ment il< qUI'!<ti',"lIblf'. The modern buildmgs 
lIf Hirol<hima wt'rt' InuIt to withstllncl l'arth· 
quake. and were (.f i.lt'ltt·r c'(lnstruction than 
"Imilar buildinll" in the awragp ('Ity. It ill trup 
that th .. .Japanel<e homes were of r ather ttim!\y 
,'(Ill. trudion, but it IS prnbabl,. that thi" fact 
aduall~' I':twd live. :int'e a ca ualt\' WH. oftt'n 
IIhle to frl'e him~t'lf frum the wrl'('kaj(e of hi~ 
hllmE' and t hU!ll', ,'alJt.' t hI' lir ... whu'h broke out. 

When an atnmit' humb .. plod .. s )/,rt-al quan ­
'III .. " of 41t'adl~' radiatiun" art' r .. ll'a~ .. d, Tht, 
radiation w illul' di~l'lIs" .. d III ,\(lOll' d .. taillatt'r 
in Ihl. \'(.lul1It'. It i~ "uRkil'nt, fur thl' Ilrl'''t'nt. 
'U kn"w I hal t hl'< radlat ion i, d":I(II~ UIJ til at 
It'II~1 lhn'" <juarh'rs uf a mil.· frum an atum 
1.41mt.. hllr~1 III)/' III air. I hat 4'f1. I~ Sit' allJlt'ar, 
III Ih,' lfI~tant (If th,' hllmll', "XI'''I~II.n. anel 
Ih .• ' a ,.-t·' rICI" p .. mat hnll't-r f( r /I 11IIlj.!' 110" 

E'p,"lIrt· t" ,II IIi. It'nl (Iu.mllt It-, ,I, t tit' r:"h •• 
III.n ,,,II kIll:. o,Urt·ly "" Ioull .· " "ill lilll 1': 
I liS Irt II I.lvla lI,t",,,llit·,, III till", l'adinllUt 
ilia' 1,1'1 I'li. \..1\ ./' tt ... " .. 11111 nlll\ lin ,,'r f,.r 
"'I'\" IIIHI ttli'll dll' 'I It.- .. IT. ,c· .. (.1' lit' racha 

I." 

I. mp"r.ln' !'lin,ln 
r.I,· ('"all c.t\! .' in Ilrlt. rtf flip ;,nh' 
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RADIOACTIVE CONTAMINATION 

SECTION II- NUCLEAR PHYSICS 

1. CHEMICAL AND PHYSICAL RE ­
ACTIONS 

( ht'mit-al c'hang .. , II! n',l< II'I!' "" ""th.1I ' 
, I til al till' I 1\ ,,1\,01 t' "' ~'I • h. 1Ij:' I hI till 

J,. r oj t j.., r,.n ... 111 tit , ttl 1.1 ... 

Structure of the Atomic Nucleus 

",0' 1.:1 If' 

IlfSllllC TrD 
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ATOMS 

"churn Ira \\0 1'[1 ton 10 thl' lIud .. u" an 
hen'forl It «tn a 'ra, •• In<l },ol<1, two ,I 
troh~. I raniulI1 • .!3.-) ha,!l:! I'lot 10 it~ nil 
C I.'U'; anll iT can. thl'f('lnrr. a IIlLCI a nd hold 

2. ISOTOPES 
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ATOMIC BUILDING UNITS 
Symbol Mall Charg_ 

-p J1IR9 + 
e./r 0000 '.1 

100995 

0000542 + 

Fisu,~ 8 A/om;, Numb., Z 

partll·U!:.1 Intpr.-"I to lhi, !truup IIrt" 

f'arll ,·" · • ~ muu/ )ra~" 
I'rutlln H (.r II 
B,·ta Par Ill(' R - (,r -(' 
All'ha I",rtlel,· II, ' 

1' .• , tl< I. 
"rollin 
B. 1I I' .• ft l" " 

A Ipl a I'.'f I( I,· 
:'\"utr" JI 

11 

/ mil'" Ilfllt 
J I III nh .. ~ U III , 

m,i.oI, ... ulli 
1 OIa , urllt 

( harv .. . / 
- I 
·2 

Other Radioactive Substances 

gamma phlltons lire al~n ('mitt('d, and. signifi 
cantiy, al\ of til!). radiatiuns are harmful 
to man . Al~o. It i. important " nflt. thliL this 
proce". nmt illu," until 1111' Init ial ra<hoae! 1\ " 

alom d .. (-a),:<. b) a 'wrie of uch ·t"p,., and lw 
Ct m('. a stahlt' atom, The actinium atum d 
cays until it bt'com(' .. an atom of lead (Fillun' 

-2) 

It mu"t I .... I .... pl in mltlel that lhe matt'rial 
whIch an atomic h,'ml. ~('atlers i .. alilo radin 
actiH' Thi~ mat.-nal aillo dl'Cays b) th ('mi,,­
~JC)n of alpha and I;(>la part i<'1 1\ and gamma 
photons tn I 'Cumt', '-'t'nlually. a stahlt' ma 
t('nal. hilt. th(' ralltation~ l'mittt'd in the pro­
ce"" art' harmful. they may t·\ n I ... deadly II 

th(')' ar pre,. nt in sufficient Quantltie", g('ml 
of th "t' d,-cay prt/C('"''t''' Il" (urward rapidl) 
and on .. would not .. , I)l'('t the radiatinn du, 
to th .. ir dteay to I,.. "re"ent for a I"flil /It'ri.~1 
"f tim .. H O\\t'n'r, ""nw or.. thl'lI d('",~ I \\\ h 
and 0111'" an atumic humu ha: 1> ... ·11 p'plodl'cl . 
(Ill or }. .. Iow the "urfae.' m all art-a, It mil" 
11(' ( 'I't'('I .. d thaI radloadl\lt) WIll h., IIn",'n' 
I r nlan\ \ .-.ar:<ooi C In. fIt tht · rathoa.,·t 1\ t 1 .... 

luI' .' (,f Cao"tum Ita .. a half-hf 1'( thirty -thrt'! 
.. ar~ Thu,. If a co'rlam lIumlll'r of 1 ho'" 

Ittllm' "n' ~I,I' .-n,d ahout 110 an flr"l1 fln" 
ont- half of h .. m" ,,\lId t1e~a) In tht lir" 
h'rt\." . lhrt~t · 't"ar . '''nlfl n"hot.u,ti\t· m:il"na l 

at' ua lh 11;1\. ' I ,df h t'" "I l1Iilhllll~ .,1 ';H 

Source of Ener9Y af Emitted 
Particles 

It I"., I ,,,,,, - " , 'd that 'It., .. 1"011, 1'1. 
,\tl i -lIlh r 111 a 11 I ,adltladl\.' at .. n 

I .. 
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RADIOACTIVE DECAY ACTINUM SERIES 

235 
<f 

£r 227 w 
CD 
~ 
:::> 219 
z 
(/) 

~ 211 
2 

203 

1 •• 1.·.1 III 111m 
Ell .. , 

195 ..J. 

82 

iAcU 1 
I 

Ace 
.J 

-I 
L L ~ 

84 86 88 90 92 94 

ATOMIC NUMBER Z 

Fission 
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.t. ,,'I •• p,'d IJ) II" ri~~I"' 1 ,.\ tn.' ~.101t' amount (If 
II ra ll1l1m (lr "Iu ClllIllm 

Tt., ho'd \\,1\,' "lich i~ "l't Ul' in th.· air 
b\ all, ,,1"-11111, "h,' hl'r II hI' dut' (n T, 'T IIr 
II ,III n omh' • ,pi ' lon, m')"t'~ nul\\ard from 

th., ""II .. r or It l' "'l'lo~i!ln with a \'elocitv 
\\ hi h 1< !"'-tH 1',,11\' IU' at r than the, \'){'I'd of 

THIS PAGE IS UNCLASSIFIEL 

RES 111(,£0 
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IN, II t 

RAII14 1., ·f 

ollnd , Tlti~ \\a\ ' I .. a COmprl.'!lSHII1 \\'8\'1.' in 
t h,' .lIr 1'1,.. lIormlll air prl'""urt' I. about fif· 
,.'11 poun<is I','r ;'(jllarl' ill.:h, In the "horl\ 

\I a \I' th. f. ar,' two ('nllriitinn:<, There is a 
'-"jOI'Il In \I hit h th!' air Jlrl'''~url' is grl?atl'r , 
It} -."pral Jl"UlltI~ 11l'r 'quart' inl'h, than th .. 
lIolmal I'ro' -" lIr. ' Tt1l'rt, I: 8 ':1' und rejl:i .~n in 
\ tlld tI .. , pr .. ~lln i: lowl'r, by 1\ pound or 

". hall th. , II' rm,tl Tlw"l' t"o n-'ld"l1~ ('(111-

o-,----~· 

\~~~--- .. ' I 

J P ~ ~ \. l A I 
( 

JJb'/-

- 1111" h.· ~h""1\ \\a\t'. Th., ICrt'att'r tht' 111 
• 1I,1t' of Ih .. "'plo,II'1l h .. )(Tt'a l'r th .. In· 

rrt.I-· III h. 1'",,1'1" part tor the ).Ire, _ur .. 
1111\" and I h, I. ,,- I 1, pr,'"llrt'lll h,' n'-gatl • 
1'11 1 , • 1,,, th., ):'I' ,'I<I , 'r th .. IOt,'n"i y of th ' 
, Ilf II tl 'ht }'1 t ·a ... ·, L,' \t !., 'Jl~ \\Itt l "}lll' I 
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1':\1' "'1'1"'11'1 Tla' ,'!T.,' <If I " -" r.I,Ii:.1 I.'n" 
('an l,.. n'n ',ri()Il, and lh.·y \\ ill be Iltscus~"d 
h .. n· 1'11.· radii! I"n, tT""h can h.· eli, id.·tJ inlo 
\'u J .lr fhta tir I vruUI' \'on~b ~ l.f thn:--t· 

rlidlallOib \I11"h an'ompany Ihl' .ldUlIl ')( 
JlIc,,-i'"1 (If Iii,' h .. mb, tli .. ' ...... nli I!'rllup i 
,umpn'.,ol of tit"" \\hh h Ian~. r. "r l'I'r"I-I, 
'flrr he (,' plo,'1 n, The r ... II,.ti"n ,,1,i, It de­

t:nmpanI,'. Ih,' ,·,pIO'I('1l ,'an I ... t'ia-,iti,'d ",_ 
f"I1",,,, I Fijl"ur' ,-5,) 

EI"l'lrllmal/:n .. uc radiation 
:\"1/ non till 

Bpt,. p.1T 11'11' raliIatltln 
AII,hi! r,,,hatlon 

The elt'drumajl"nell(, .adiatiun l.11I lurlh.", 

lit- 'lbdl\lt:,d f1~' ul ra \"llt"l. 1IIira·rt~J .. Hid 

)!,&lrtlnJ.l "'tdlalHHl Trh J til .-a·\ u-It· 1,;-. h. ~an~t' 

r'ltha .. ,n I hit h j .. ,,,ullcl 1/1 .'UII 

r,'ducl' t, jrolt /1 I ~ "f tl" r •• dblllJll. Thu, Ii 

th. hil·ldm .... i .. hl"I\"~ .. llIllil/:h and Ih., "Ifl.' 

uf thl' rudratl' n j,; nllt 10" inlpn"· th IIllil 
Hlulll ,I<I(' IlIlt n'n/\,' 111tI1I)!h r, .. liatlon I, 

,'al"','.' 'IOU' "tTtl· s, It Ita' ".llmal d I 'It, .It 
H ,," .. himi!, t\\, nly-flll r IIll'lll .. I co""r' tt 
""lIleI haH' I" I'll , Ilil'itmt lei pr"I~CI "n Ineli 
\ I,tllal Ht a tli~tall"" of "111' milt' from Iht! to' 
1'1(~"i(1n F .. r npan'r JUlin!.', tht' thlt'knt'''' ,j 

,'''n.:r"h· \\ 111110 hal l' til h" lorn .Ih'r Fit" lIll'h .. 
(If ('01111':1("1 dar \I III r .. /lu,·" tilt' Ifl en"l Y I,: 
Iht' I("amma radialion by ah,llIl IIlw,half. Inti 
tilt' intt'n,. \' i: ~II ICr .. at Ihat tht' intt'nsl ~ 
mu .. 1 10,· n,dunt! I'~ nt arl~' ll1U Ilt'r n'n II 
Ih,' In<ll\'lolll1l1 H In .",';111" ill]ury It b til I, 
1I •• liu'u thaI If lill indw" of ,lay Tt cluc,'" 'h, 
'1IIt'II"lly 10,' :;11 I','r (""l1t, Ih. 11 I"n inch,,, \ III 
n'dlln' thl' lIltl'n,.lty tn' j:; 1"" (' nl and lift." 1 
IIICIot,,, \llil rt-t!IIC th,' 111 ('/I'it\ h~ P I 

,'t'nl In ll't'Ih'.al h,-Iwadt'r mall'rtab art III 
m'r,' • !tit-II /I III ,..'eI/"II'~ the illll'n'lt ,I 

~illlIma r"ella 1'11. I'll .. " It,,, t1IJ~kn,'-"" It' 

J' 1'111 III" 
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Unfillion.d Mot.rlol the'le radlOacti" atom'! can be dangerous up 
to a thousand or '<0 yard. and, ince the tis ion 
prO<iuct'l will also ht' widely !lCatt red by tht' 
explo, ion thl' gamma radiation may be dan­
gerou. owr II large an'a after an explo ion. 

PROTONS 

All ,.f the mat rial of a bomb doe not un­
dt'r~o fi":<lOn Thi~ unfi:,.ioned material. eIther . 
uranium-:?35 ur plutonium. i. reduced to a 
p~wd.'r nd 'cat .,r.·d hy the explosion. ThL 
ma rrlal i· an alpha particle l'mitter. It is not 
much "f ,I haza rd . due to the short range of 
.. ll'ha p. rHcl " in air, unle" it i taken into 
t h .. h dy through the mouth or through open 
cut .. I hen becnmes a really dangerou haz­
ard. Thi,. ..treet will be di'<cu., .... d later in thi. 
\"Ium 

A par of h bomh matenal undergoes ti _ 
ion It ha he n pomtt!d ou that, in the ti sion 

procc.,.. hI' atom. of uranl'Jm 'lr plutonium 
br ... ak UII to form lij(hter atom" and that theM! 
newly·furmed atom ar" radioactive. They 
d cay hy the mi <ion of heta particle!l and 
gam ma raoiation . The heta particle. are not 
a partlcularly danj(I'rnu. hazard since they, 
lih. h .. alpha par id ... . do no ha\c a !tTea 
~8nl!e III a ir. The llamm3 radia ion howe\'er is 
ver~' danlll'r'l .' Th .. Il mma raoiation from 

The hazard due to induced radioactivit~· can 
hi' grPRt in .om type!l of c plosion .. This haz­
ard is produced by the neutrons which are 
relea ed at the in!ltant of the eXplOllion. Thellt' 
neutron enter the nuclei of some atoms and 
l'au-e a physit-al reaction which lea"es a 
radioacti"e atom as a product. Not much ill 
knolll'n about the induced radioactivity for the 
atomic explo!lion over land. However. the 
Bikini test showed that for underwater burlltll 
great amount. of radioactivity are induced 
Thi!l i'l due to th fact that the salt in the lIt'a 
take!' up neutrons to form a radioactive form 
of al t . Thl' radi"activ~ .a lt deeap by emit . 
tinlr gammli and beta radiation and become. 
magne ium Con.lderable gamma radiation. 
due to thi reaction. was present after tht' 
Baker te!'t at Bikini. 

SECTION IV-BIOLOGICAL EFFECTS OF BUST 
AND RADIATIONS 

1. CHARACTERISTICS 

1 nl' prm r:. and '( .ndary radIation pet ­
ri 1( .. <1 11\ n atomIC Ipl(l~lOn ha" bl' n diq-

In Lt.!.tHln til thest' radiations thl! e pl( .. 
. ion .' I up a "hock W8\'1' which i8 very d _ 
. rllt l\e Thi· ffeet I~ gt'nerally r .. rerred t 
a. th "lIla.-t I'ffl'<:l " Th efff'<'t of all af the 
radiatIon and of tht' bla,t effect~ will Ii. 
hn Ih' l·on~l(h· rE'd . 

Prlmory ond s.condory CalUaltl .. 

Th Cil811 Iii" produced by an explO!!Ion al'f' 

uftt·n cia "ilied II. heing dU/' t o primary or 
"E' IIndary exp(.l:ion 1'!fl'Ctq. ThUll ca!lualti 
pnhlu .... rt IV the I(ammll radia tion or dir cth' 
10\ th.' .". wan' \\lIUIt! he primarilr cRAual 
tl ,while tho,,!, produced hv flring dehri .• rail 
anI( IJtlildinl!'~ or fires would hI'. condar C8!1U . 

alhf' 

Hozards 

Th hazard". to individual. due to thl' 
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'11111" "rllll'\ tlnll"l!'ain,t th., l11tnl-' 1 .. 1 IIghl 
rhll~. ,., "II I h. I'r .. lt~ I .. 11 IIlf. nl",1 It, .1 lilt 
.f h)(ht \ ,," n'" dot hlll~ :1\ .·,1 1I\.ln~ .. , II (' 

lIirl1hlm.I'llllt'lI. T • \\"II~ .. t t It "rdm.ln 
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;" ill A . ,an·fnl .' u,,~ :11,<1 I1l1r"inlt car . It 
. h,,'''d hI' nUll 1"111"1. in l'a~ . I Ill!' lhat Ih~ n,·· 
11m III' hl'III1'''~hllll,' h .. O\hing d .. ! 11,,1 r",.'I\I' 
"II h ('an' anillhat pr"I'('r ('ar.· \\oll)d h:l\1 ma-
1"n,lIh n't!ul'pd hI' dl·,' h dlll' h. 1"1''' 'IIn' 
to ~arnm,1 r.llhalion. 

.. ) \Jph a Particle ... TJli' :tll'ha ".Irtide 
'hllh "ri.I' In th " ' 1'1"""'11 ha\t' faid\' hil!h 

f'n,·rl!ll' .. 1I 'J\\'l'\~r the alpha part ll'le has a 
"hor ran!!", a f,'\' ,·pnllml·t 'r~, in ai r a nd dol''' 
nul .... n'tilUl(' an "xll'rnal hazanl. That i~, ii 
; n alpha part.\'I,· 'millt' r enH'r!\ the hody it 
\\ III prnl.ahh n';"'h th., hOlle marrllW, Thu, 
t h' "mitt,,1! alpha part I '1,',., 1'\l'1l Ihtluj(h t ht'lr 
r .. n!!/, I' ,hurt. "an Injun' th,· hlo.)!! iurmllll!' 
Ilrl!'an". Th.· "llh~tantt'" wlol"h "ml1 alpha p:tr­
ud.· .. h,·ha\·.·. h. r.·fun, tllll'h Irk .. r: dllln'. 
AI! II 

Jwn,·tratt'<! thl' !.ulls I.f "hips in th,' !:tit. ,,'n. 
Th" ..tf,'(·t:< o[ 1I11 nt'utron upun tht' hum,lIl 
:" .. h'm ,.rl· n .. t " .. II-"nll n, IIm\l'\"'r, It ap 
I' .• l" IU,I" \\, r 1I11lt\'(lll ,·.tII prot! • '., I tnr,' 
haZllrdllu. ,,!f.'" than "tlIIIJIw th,' ,.1 I fur 
~arnrn,1 "hllt"n" Th,' I","tron 0\\1'.' It" pO"t'r 

tt) pt?rw t,\ C 1,.·,'u .... jt{.· .. ra .. I.· 1 hi.·kn.\ .... ~t\S ftf ma­
It'n,ll, "till' lal th.ll it has n .. t'll'l'Iril' •• i 
,han.',' Th"" 1(1\\ t'nt>r~~ IWlItrlln 1:311 I n', 
I rat.' lh .. I .. "h .wel t'\, n t hUlIj!h lht,\ art! h'" 
t'llI' r l!Y parlid.·" th ,\ l,II1 Jlr"dun' harmful 
,'tT",'1 Th,'" d., tlt.:- hr ,It, Irllyin)! t hl' rt'Prll' 
dUdiH ,'"II, 

Th.· ... ·ls .lIlntl .... · \\,1\ lit "hidl II,.. IWlltrnll 
pro.Jun·" harmfulI'I .·.·t rh,' "<'lIln Il n'ad 
\\ II h mall' 'lIh-tallll" Th .. prCHllIl'h IIf :<ud, 
n""'lln,,, an' alllll"l ,tI\\.I\. r:llhll:I('1 i\'1' ani. 
d.~·.1\ 11\ 1111' /·IIII-I,.illll .. I 1. .. 1 a parlld,' all I 
I[;lmnla rllllt,tt 1"11 rh",.. at Blkllli. t h,' unolt'r 
\\ale'" I Uf- t )..'it\I' l~tI J..'"f· itiliount . ttl r,hho"rtl\t' 

.. alt. TllI- ,..tlt \\,. In"I,lt'I'd I" lit" I"'ad" II 

I,' 

I. 
1,,1.,,1 I I .. 

• llt 

liES PICTED 

IIESIR'C EO 

SECTION V- RADIATION DETECTION INSTRUMENT 

" A 

r, I H 

- I 

1, DESCRIPTION AND OPERAT ION 

Principles o f Operation 
H,.,).,.t 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

HV 
+ 

'igure 8 - 6 Cono' Rays Poss,ng T"roug" a 
Ho'e in ,"e Co,"ode of a CoI"ode Roy Tube 

Th., , IOIr)!"'') fl' .10" lit, j- ~·"Ilt'r"lI. !'I'l,'rn I to 
.. " all lon, III I ht' lW"""I'" of all ,'1,'(' r1l' Ill'ld 
Ih,' Wll~ 010\" " h .. n,'vatl\,'I,\'.,'!1arVt'd p"I,' 
and h .... 1 .. dl'WI- 10 till' 1'.,1,' \'i h Ih.> \ "~Iti\., 
,'hurv" T II, I h.' \'1'. ""'IIl',' III l';utiali"IIl':II1I, .. 
dl't"t:lt'ci It\ h .. \t'n \\ I'ak ,'lIrn'l1 \ hI. 111,\\ ~ 
thn'lIvh Ih,' h,llh','\' \\ hilt 'I,pplil' 11."\'011'11 

llid tl' Ih,' ,'h;"Yt'11 1'"\.,, • r pIal." Th.". I'llI', 

,;CHAMBER 
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Types of Instruments 

Tllt'n' ; ~ t' \\ U i (lU'l11flnh' 1I .. d Jl .. rtdbl~· 
11I1~ 1I1,II'UI11"II'" \\ III I ,\t'r>t'nd 

I ' I0l1ll.1tll n III .1,." ,0.: hy till' nuh.l ion 
r ~" ... t arp tu lollila ifln t. hanliwr in lrunlt'nt 
I' I h., t;. IYlI' :\111..11,,1' IlIr (;.;\1) ypc ill" rll 

IIlI'nt-, Th. iOIll7:ttll,n .-flamhl'r instrul11lllt i 
,'ommonly n'f"IT"') to:os thl' :!,Ii. typl' r:Hli" 

1,'11 ".' '" \,,' ,hi!.- th,' 1:·:\1 .\t h'.'lor i, rt 

f.'rrt.,.l tft a~ til" :!t;:~.t~ pt' in. trunll"nt. 

Th inuit.lllt n, amhl'r ""n~i"'I' of a cham, 
1I,'r alt .. ut thn',' Indw, I"nl! al1ll I \1) ,",h." 
11\ ,h.,nwt,'r \\ 111.111" litt,'rI \\ ith a I'rolJP \\ hilh 
I'xl,,",!,. .1,,\\ nth., ,','nt .. r uf ti.c l'haml)t'r, Th,' 
prI,hc is ill"ulatt'd frlll'l th,' "hamlll'r anol,'ar 
nl" ., p'''ltiH' P(,t"lIlml .. f 11111 \olt,. or '" 
\\'11<' 11 radiatitln !'ntl'r lh., l'h,lOll ... r, i"lh aI'" 
l"rnll.1 ,1001 InO\'" t .. the [11',,111' ,Inol Ih,' "ham 
,.'r \\all. Thi- ,all~l" a ,'urn'nl .. tl .. " III th, 

,':>;II'rl1 .. I, or lIa "'1'\ "jr,'lIi!, anc! h., al1l"lIl1l 

"t I urn'II1 j, a 111",1 un' lOr till' In .. n'lt~ lit I. 
I0l111ati"n (}-"I In ~.-;l 

INSULATION 

/PROBE METER 
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BATTERY 
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mandin r othc{'r n,al I.e al'prlll'riatC'ly uch'i""d 
t'onu'rnirJ!,( Ill!' pmpllll'ment oi p. r, onn,,1 and 
m,l l'ri. I and h. ,·xh'nl 0 whkh rI' 'CUC', ('1 :1':, 

ua 1.011. dt'«,ntanllll !Jon ancl -alla):I' aI" III • 

, "., r,l 1Imi 1"'- illl .. 

The decontamination of per-.<.nnel and mao 
to 'r 1 wh\('h h",.·l·f'.>n "IIII'''''NI to ratl i"lol!i. 
c'al at a,'k, 

2. SURVEYS 

In at mp in!! to ohtain and !'Ialual!' ill· 
f"rm,! i"l1 n;!!ardin~ the tll'!!r!'!' of ra.lioloRi. 
",II hazarrl .'xi" in!! f"lIuwin~ an atoml!' ('xplo. 
-I"n 1'1' nlhl'r rach"lo~i('al alltH'1.. j i .. n ('"s· 
-lin' 0 (OnclUl' a~)' 'Iematic' "UfI,'y uf the 
.lI. a illl'"h III. A f .. " haph:07'<lrci III- rum .. nt 
r ... Hltn),!" wdl n';t SlIlIk(' •• Vi\'!' a cit ar pldllre 
,I' tl1l' dq~rc'" and Jlrtlhalolt' t\'pe~ (If t'lInt:,m· 
fl., ".n "r",,'nl. ""I \\ ill hey indi('a ,. h" 

.' '1'." II hll'h hnnlcl I, .. tal..t'n fur ht pro. 
I n.d !"'l's.IIIn, I n'lllainllW in, or Itkf"ly " 

t"' ,'r t w .tn·l. In ;!t lit-rill hl'n' ar I hn't.' 
• I,., III "Ii "I ""~ \\ 1m i I ould ~ .• 1n('I~d.'d in 
.. \ plan I'r .1 'alnlll' I. InlormatlCtn d.· 

,.,,1 

\ mlud -lin t',' Hf J,:r ........ rftnt;lminat IfIn In 

thl l.,cll art';! II 'rd'l t d •• 'rm'I' II. r' 

11 cI 

Survey Procedures 

t lIn· ,it \ f 
r ,1\ I' \ IH I ,,11). ,,111111 •• 1 

Fall ·out. 1'1'.,\ 11I1I-" oI,·lilwd. l'an bl' a '('111'0.' 

ot h.lzanlflu" (olllamina jnn, I ar .. ing ~n'atl~' 
wi h tl:c ht'il!ht (I an atomic d t lIallulI and 
\\ hl'th .. r th .It on" i In \\:1: o",r lalld or 
\\ illcr or lind r' at r. The ,',dt'lIlatlon f to 
filll'fllI an'" i, 10 yond tht, ,l'upe of thi" dis. 
CU~,<llln, hut can 10,· rouvhly t'stimated by 
rallwd pI·r"Jnn!'1. "hlOlIld Ill' l'~timatl'cl at tht> 

• ',lIImancl I'''~t "J" dama!!l' contrl.1 l'l'ntl'r (no 
menda urI' ctel'emliuj! upon tyr" ()f unit in· 
\'oln'cl . an.1 ,,1t"lIld lot' \,~timat,'d IInd('r tht' 
direc ion of a IIINt'lIr"lol!l( 31 "Ililt r. The pre· 
dit- eol fall·flu ran It" hI' ",I,i, for t>lllcuating 
p"r""lInd from till' ,'sllm:tlt'c1 fa ":o,ut area 
I ... forp fali,ullt Ol'('ur" and thll: alollhnl/: per· 
'onnt'l contamination, Ilr fflr II arninl/: "hip" fir 
~irtraft to ~tay clear IIf ur "I'a 'uatl' tht' l,,,ti· 
matl-d fall,out art'a, II hldlel ,'r Ih., ra:t' mat 
Il!', 

Monitou' Survey Procedurel 

.11 III,. 

Tit" in 

:'>1, ! ,t 'I' I" lid I.. " II'n,'oI til t',11 h I1li 
a ... ,1 ' I t I .. I" is, f a ~rn" \', pm prl'vinll"h 
tI, -il!ll:l 01 F olJ"lIlnv 1':1111,.1, l!iraJ at ark p:\('h 
111111111111 ht, tlol 1'1"1" ••• 1 " an.: (,IInd1l.-l hi~ 
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3. DECONTAMINATION 

Principl S 0' D conlomi'lOtion 

I h. IHIII!t II .1.' •• due '.I.n tu , nlllHnlHIll 

fit t" II ".""tnluL,t'un .. I lit' HIII1.1 tn I \ II tI 
IH l.tll.,IIt'1l "hu hi tnHul .... ul ILl ... nllt 1.""11 
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I. :tS' _1 p.trtiaJ Ililid a)..",tiu, (hl- t'nlis. it~n~ ~ 
1'1 I \\ III I'rm. I," f II 1\1 ,hi"ldlll)!" btla "0111-

,'" I. It III t n'T" "'Ih :iI"ha .·nllt1t·I'~ dUI- tu 

I, \ 1.\ ~It"r rai,,-, "I It., al"h.1 "al'lld,." 

I.. "uh .. ellu .. nl I hctmugh d wnlamination ul 
.. rea .. Imp"rtant I'n .. uj,(h and of lo~ enough 
radmli .. n inten"II .' I .. ~arrant allemplinl!' 
.. uch pr ... ·edure. \ hi. h IS 1iI".'I\" I" I,.. l-nstl~ 
,.1101 t 1I11'"",n>tI\lIllI~ Thi" ma\' 1IIt1l1d reo 
pealed ",·ruhd .. "n ... rt'mll\al of d .. sel~ adher. 
IR/!, "arllde .. h.' ,"ht'mi'-al .... u,-h a" citric or 
h.\flr<>(·hlnru- (muriatil'/ :u:id., ~ hirh rend .. r 
fhl' partid .... mllr ...... Iuhle. and the remm'al of 
I he .. urf;Il·1' It> "hi"h I he pari i<"le" art' "'ing­
in/!' h, Iht' u .. e IIf painl · rt'mll' an)!' soluli .. n ... 
"'TapIR,: IIr. pll .... lhl~ . ~ el -.andhla .. linl{. 

The Prevention of the Spread of 
Contamination 

"1' lit tit, "1. It pn-,rlliln.: 
;1I"n' I .. pari" ul.nll " h"I" ar .. a .. 11\ prllper 
i .. "I.II III" "h"'h \\ III I Ilt'lIIrl.- 1,l.lInl< m,trkinc 

illl!' IIl1d !'quipmelll lJt'f. rl' rd'lrllinj!' 10 a d"an 
ur UII, .'Illamlllatl-!I an-a aflt'r exp., urt' tn JlO:­

".hlt' nml:lminaliull ('ulltamlllatt'11 1,,'r:"nO('1 
mll"t \\ash th. mSI hot's, IIIIS Ihh mMI. tim!'~. 
until. UPOIl h 'inV muni orc-rl, thdr bntli,' art 
tUllnd to lot: at a ~afl' I"H'I (e_j.! .. al Hlkini-
1\\ In' i.;u·kJrr"ulld ,·uull!.1 ('Iulllln!, m"~1 .... 

l'han)!','" and thl' llllllaOlinah-d dnthinsr laun 
11",'1'''. III' II rPII(';' It'd lallllrl" r in~ fml' .. cI,-,-oll 
I,.mlllal,'. mll,1 th'-ll III d,·stn'Y'-,f. 

4. SUMMARY 
( uII.',d. ral.I,· "I'IKin;d thlllkll1){ II III I l'x~ri. 

nlt'nlal loll, ,"1111 1It',·d .. " IIlonlt'r to ){ive prm' 
tical an!'o\\ tJr~ :t.. u \\ hn t ,'hrrt)cth t· nlt:'asu r " 
.,lIt I, .. 1t1'111,,·" III Iltun 'I 'wt,nn, i'l\" hill;! 
radi .. I"Kilal hazanls, ( 'u rn'nl alld fUIlIr(' cI,­
n'I"1 nll'n .. I' r ;III" i",: IIl·I,·, 1111/1 "'llIipnlt'nl 
I "uhall" \\,11 n',,,ll III llIort' pradintl and 
fII ....... If, ... · , i\ ,. ,"-lrunl,·lIt.' th,l/l I h .. s.' fl' " 

_1\:0'ab11 1 tl' ......... J, It,· fllluulor In h .. (·lIudlh't 

III ,t r.td, .. r").!'h ttJ 'ur\t·, ~urf.lt .. -,:-o of _'Ul'} 

I'tUI(, } tit ,:-. .Hld It \\ por" ... t \ h.l t ht'\" '-:an 

",1. II~ h. II., lJlllallllllal, .I \\ III bt' d.-\t-I"p.,tI 
f.,,' I rill' 1\, ,III I t~lIl1Plll"IIf,"r 1"·rh.IJl~ UI 

SECTION VII-DESTRUCTIVE CAPABILITIES OF AN 
ATOMIC WEAPON 

1. THEORETICAL EXAMPLE 

,STRle EO 

tin\\ nto\\ n nftJa i ... n10 

Initial Damag_ 

Tht' ril" I" I'll 1,'\ lit.· " 

tI. 

Secondary Damage 

I 
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ur,'.' on tht' Jlenpht'ry uf thi~ zone escape 
, mIl'l It'th,,trul'tHln \\'Ithin the lOlle the in-

I'a ,it),1 '. :tn',·lear,.. and aut .. ml)bile~. many 
"it h ht'ir '''','upants lyinJr dt'.!!1 in~ide thf'm. 

alld .. ,\ 111 th rubhl ... ,.. r \\ n ~tn'et 

J)amagf' One ~I ilf' F"rom Poi nt Zero. 

moderate Ol.t-t h.mage is evidenced among 
tht' rUIll. MII);t Hf the lJla t damage i. con­
ct'ntrated un fram dwellings and pi nt. of 
light c .. n~trucll til. Brkk hl)u~ s in thi~ zone 
:tlll land I ut . ho", "orne :<ign. of interior 
damage. 

More thAn thr.. mil _ fr m the point of 
bomb detonation there are Rtill signs of bla t 
damage lJut for the most part they are minor 
and are malikI'd hr damage from fire. 

It is Jl<)ssihle for blast effects to be felt at 
a. I(rt'al a di. tan.:e as eight mile. from the 
..pic nter. lJut such damal!'e would be slight 
and rart· 

Fire Dam .... 
When tht' bumo explode. a vast quanti ty of 

radiant t'nergy (irgh ) iR lib rated in the f rm 
flf ul runnlet, visible and infra-r d radiation. 
ThIS radiation e8USt'. inten!1e surface heating 
IIf all ohJt'd" which it trikes within a three­
nlil radius ,f h .. center of olast. In some 
Cl!~t's. tlcpt'n,hllg nn th" local conditions, this 
-urfa," h"at 11111.' is'utlirient til Il!'nit the ma­
terial Thu •. \\ i hin a ... ird roullhl~·. ix mil .. 
3UO«. h .. r .. mllY be hundreds, r e\'en thou. 

~t'V ral 

ESTRICTED 

RESTRICTED 

hielding from thIS radiahull . Th 'rel')re m •• ot 
of the people surn\"ing Ihe l'l)molnl',1 cITt:.t~ 
of tirt' and bla~t 111 thi" an',! ""uld prohahl~ 
uie \\ Ithin a f~" 'Ia~': r \\ I.'ek. t r"m the l'lTl '( 
01 the pt'nctratrllg radiatIOn 

t II-uut I.ll r \H'rt, 1""11.1 t. h.I\' \\ hI 'I ack~ 
"h"n' m' (If (h~ rlt 11 '8 1\ .. par Irlt'-- n.!­
hl'rt'u 

Casualties 

SECTION YIII-ORGANIZA'ION AND 'RAINING 
FOR RADIOLOGICAL DEFENSE 

1. ATOMIC ENERGY COMMIS SION 

RfSI ,e ED 
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PRE IDE T 

GE!li FRAL ADVISORY 

COMMITTEE 

"rOMI E"'ERGY MILITARY L1AL~N 

CO MML-;8JO COMMITTEE 

OIVI JU DlVIIU'" OIVI iON 
DIH\, !Ii 

OF' (H ro- UF ..... or r--
£: ~ 'R It PHOT) tflU ... ., t;1.!liH RINli MIUT ... RY 

... PPLICA TION 

Figur. ' - 1' Organllofto of ,It. Arom;, Ener"y Commission, 

2. POWERS AND RESPONSIBILITIES 
OF THE AEC 

o 

tho n,nl. I," I/,f, rm dll! Ihl' nl' U. of th ,. 
n Iht.n "f' H't' 

3. THE AFSWP 

n, .\ rrn. <I F .r,,: SJlf'dal \\' "apon. Pr I) 
• "0 or 'aoizC'd to rarry au 

e>f thl! 'lId Man 

[STRICTFD 
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Joinl prl)Jf',' - .lri'lIH." III 
lillll of atomh '·I1"I').!\ dr 

4. ORGANIZATIONAL IEQUIIEMENTS 
FOI IADIOlOGICAl DEFENSE 

It I. 110\1 "" Imat.,,[ Iha Ih_ / •. I!. 1\ 'I ' 1'_ r 
Illn"1 "ill h' rt""lIrt II in t h.· radllll"J,:'1 al d •. 

fpo"I' ',rvaIlI Z" I I 111 "I Ihl' arlll d ("n. 

ladiological D.f.ns. Engln .. r 
Thl. tlli 

I'"/,,, 
r II. \V",\\ I' 

ladlological Defense Officer 

Monitors and Instrument Repair Men 
I' 

Proposed Schools and Cours •• 

fSTRICTfO 
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Force, 

0'''1 III Oil 1'1 o'n"llIl·ll.l. n 
lb ... t in- r 1lll\:1\ .', It j" likely that this pro. 
ndurl' ,,"uld )!'I'; .. lua .. "I hen- IIf th .. ci\'i1ian 
"',mp"lh.'1I1 - "i II trainlllL! approximating that 
• t Ill' rl').!'!llar ,,111 .... 1' "h" ha~ the six·\\" ek 
l', H'-', It -Irtlllhll,,' III ntinn .. d ha a part of 
f}U'" ... t'rh· .... ( f t"'xtl'n,jnn l",lIr ...... ('an he u ed by 
I " n'~ liar" ;n'l' II": a r \"iI'" "f his mathema· 

tH' lind Uhhk ... I. ,f{ln' h t'ntt'r, upon the 
\ ,-ph: co lr ... t c f :"-t'hl~· 

6. ORGANIZATION FOR RADIO­
LOGICAL DEFENSE 

th .. prt'sent time 

a~ assi ant- Th airdrume grnup wilt have, 
til additi,JIl. three phlltl'd()~lm .. ter "perish, t., 
and theta jon hll,-pital \\ ill have a radiologi. 
cal. une) IlIn'r. two "nhsted monitor, and 
thr .. e phot .. d"!<lm tl'r ,,,!'cl3h,,t~, Each rom· 
Ita ... quadron Will ha\' w .. enli, ted monitor!! 
a. \\ III m'" nthpr ~I)na.lrons The mainte· 
nance "quadron will ha\'e, in addition. nine in· 
.trument r pair !'p ciahstl', 

Planned Army Orlanlzatlan 
The Army ha, announced no plan a. yet, 

From a lItudy llf the :-;a\~ and Air Force plans. 
ho" .. \ er. ~uch a pllln .:an b .. ~k tched in broad 
outltn .. It is lik Iy that tht' army commander 
will net'd a . mall radIOlogical defense staff, 
headed by an ottic r whu i. a graduate of the 
thre(>·yt'ar radiological defense t'ngint'ers 
\:our" H .. ,..huuld han' as~istant~ who are 
traint'fI a- in:trumt'nt sp"ciali~t". reJlQrt \\Tit . 
er". and monitor~, It h likl'h' that the !\pecial 
!t aff ~ (,f l'llrp" ami dl\ isions WIll han' to have 
a rallr"I •• ~kal d .. fl'ns ",'('!Ion uI'h a !\ectiun 
can ht' malie "mal! and ,'ould be headed b\' 
oftker" \\ hn art' j!"raduat : /If the six·w(>(>k 
('ourst' Tht qUl', inn ,t" to w ht'ther tht' rt'gi· 
mel,t anll hattali n will rl'llllir linker,.. trained 
in radilllnl/'ll'al tI"fenst' I. hI'inlr d bated, It 
"'QuId -" m that hI' AIr For"., plan mil!"ht hI' 
.. ~ lid 1111" and hat rt'dn1l'n and hattalion 

t, •• uld h.(H .,/lil"·r mllnitfJr" Thl' ~mall('r 

( m"an, a hi~ disl'o"ul fnr makinlr at lea~t 
urri"d -'In.),s of limi I'fI area1l 
Til r .. an' man,\' \\ hI' ht'lievl' that the prob. 

1.'01 110/ lId I" 1/'1\','n tn he pft'sent ~as anti 
\ hpmir:.1 () in'r Th .. r,l.lia inn problem anrl 

hI' l,n-I r"ltll'm hll\,'IllIIt'h in cummon; th('r!' 
1 "\ <It·, inn and a d .. 'nn ,tminalion prol,I"m 
or II .. h Tlt l,rl' r"n Air FI'n' \'~tpm for 
1.0(. " ,. 11';,111" ."h,·mll'als I" ,\('II-"rl/'anizl"1, 

nn I i "tl II.! h., flllrh .-a \. nlo(h' th J.!a~ 1111"1 
.. hl miral nllicl'r!' and airnwn thp aclflitinn:.1 
trainin!! rl'Cjllirt'11 and tn incrf'a"p hf'ir nllOl· 
h, r lit. II thl'Y 1'<llIhl handl., t , nl \\ pruh. 
Il'm " .. n "lJppl('m('nt Ii hy appropriate ad· 
fliti"n.l If'chnkal qpl'cialistq at th prOllf'r 
l('vl'l 
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SECTION IX- COMMAND PROBLEMS OF 
RADIOLOGICAL WARFARE 

45,000 Feel 

WIND • 

1'0 HI AIH BURST ONLY 
CO 'lNTR41 ON or RADIOAC 'lifE ~AT~RIAL 

UANTITIES EXCEPT IN RARE INSTA CES 
() I HOw U.1 GEf 

',gu,e 8 - 12 A"bu,,, 01 A'omrc 80mb and A,toos of Ot' ',udion 

1. GENEIAL 
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•• --j. ... ~ 

5000 FEET 

..... 1 0 

, . 

~~.':\ ; , .~ 

J,~"" . 

'iON fffT 

Figure 8-' 3 Underwate, Iu," 01 Atom,c lomb, 

Underwater Burst "IPI t1(Jn ,I 11l' ht'at l1;t'nt'ratt'd Ifl a ~ub-~urfac" 
h r<' <,mid be xpt'ctt'd to L "llIw~r th, n In 

md"r\\lIt!'l- hur< the dnud \'ould rist' 
hj~h<'r <Ill!! \\ lid l,t' ill11uenced !frl:ater hy 
\\ mil ,'"n II I"n-

2. HOW A COMMAND MAYBE Af· 
fECTED BY AN ATOMIC AnACK 

II nul Ih,· 1/. "I' '''II If till. I':jfa~r.lph I 
,·r r ~ II I, lit' I '"""h'm 0 ra h.llin" • 10(,,,. all 
nth!'l':, hll 0 pr '<l'nt t l, •• (If' ,hlo m •• " oJll r 
qUlrtl1/! ludIC! Ill. :Inti I., r"IJ~'h a tlon "" hr' 
CII. mltld Itw! 

RES "IOED 
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"gUt 8 '4 E.timo, d V,,, ... of on U ,.1 Iqround A,,,.,,.( Bumb Bu,,' 

Command Responsibility for Deten,e 
Requirements Possible Mean s for Implementing a 

Defense Program 

3, EXAMPLES OF A COMMAND'S 
PROBLEMS AND SOLUTIONS 

11I •• lf,ct 
Ilfl fl I I'll? 

'I It I II If" 
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l'la .... llh·.! IOf 'rmation :tl""lutpl~ nt-.:e . a r y to­
tii".'mIJla ,'1'1 .... fIIllt'h h., l.l~k. lin ml) t 
tn~tan .. · . tl I 111111.1 If'n mar I .. · unnt· 't'~. 
•• ,rlh r'. Irn'!l\1 I. 

:\1.11111< r (If r.) ,r tn~ ,In'a .Ji ra.Ii,1 I< n c n­
:Imina ion for mr,'Hi • nc.' purJlo~ . 

l'rr>{.',lurI' of r t'porl1J1jl h~' ~uh(lrd inate 
uni \ ~ ,f n, \\ tor UlH' Xrh·r\,·d mpa n: of .. mploy. 
ml'n f aloma' \\ apon ... hy a n {·n .. my. 

Ce ... nlt-r"ah" :l1!E' anti C<ltlnt -r"uhvl'r . ive 
plan 

Ilj",'1111na 11111 of in form a t iun conCl'r ninll 
th.· I'll, n!v', capability of .'mplo~ i nlC a tom ic 
\\ ap',n .... indll<ilnl! I~,,,;hlt, larll.-t :. mean~ of 
t'mI'III\'m"\l . and \ iminl! nf a tt<lc k. 

Pla n". Operations. and TraininK Con. idua· 
tinn .. , Rl''luirl'm n t ~ for 1>('r ~lI nnt'l t r am d 
"'lIt~ld,' the' (omm'mrl (ratilOlulllca l cil'fen.e 
(l tlk{'l'- i:'h rUnkJl t rt'pal r ,· ... hmcI n,.. a nd 
rliollCk'h. ml,.t~). 

I' ... ·ahl ,hn', III ' f ,II -,' II t .... ~ l~nl 

Th., ,I. rt pl. I alul :\. t 1\' (I. f.·n"'l\" plan_ 

SUPI''' . I ,,\:1 .. \ It· ... and E\ :I r ua tion ('nn"id · 
il'-

nl'nt 
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... REQUIREMENTS Of PERSONNEL 
IN RADIOLOGICAL DEFENSE 

Radiological D.fense Officer 

Medical Ollicer 

Construction Personnel 

Communication Office,. 

Other Officers 

"1111 m:II,\ "II, I" 
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11'11111.1 hit ;0111 

Bikini 

Kwajalein 
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hltl ;. 'flm,",l" 111"tr'"11 in", h., ,hljt" \I .ltd" 
II, It'malll )11',,,'11,';, Thl ,hl,_ ",,,,laml'lI 
Iz,rjo!' , ,If I I 'III, " fll lll~h I' pll '1\ "', III lutllll).'" 

IItt' 1"1" rllllt 111.11 ,1111111 Iltliit II and '''01, ,,10 
all1l d Crlllli I .. 'r, 1~1t n,t\ I~, I'. 0If1\1t1 01 1111-

pairt'd Furtl .. r "'I'f"un' will I'ntail an in. 
"I.'a'III),: prflhal,ihl \ of inJun . \\'h.'n a (11m 

""tllIl, r hit h.I,111I 

• till 01 111111 11111 '''111,1 },' ll,'l",In, ,till lb. lonl.!' 
lonJ,!"'r t.,pr •• Jl.tl." \\, rt' .1,{ttTtd, tt t' m ,n 
til! ),: ..... u· "It' . rk "ule! 1," lim 

~ ... '1'It'IIt lon" IIII.!'_ ,1' t h., n1l'lI \\ .. n· h, It! 
1\ th, "IIi. "I" 10 1111,,,,,, lI," rto "tl fur ",111_ 

luU. not lin" :l)!:tltht ttlt' ,Ian).!t·r"'i I runl radll 
,,'\1\1 \ J.1t aI,,, Ir .. m th, ", ,.It"I\" malt', 
nal t I ,~ "'I" han<llmj.!', Th., prttt,'di\,' n' 
.. rJ( Ill ... \\ hh h hael l~ ~ n t· ... ,.hlJ ... h"d "t I ( 

-"\"1, Ih"lIl1u "II-I'd t Bilillll E\,'n 

6 . CONClUSIONS 

1'1: .. '"flmlll.tllIl, r ,,' 'I" I lit IIr,' filthl h,t\ .. :tli 
IlIhl.'r, tandu t.! "f th., I1l1lb"I1"ury h.,7.lnl III 

atolml(' warllln' alld h .. , II) ,·\:tlll<ll,' tlll'm a" 
('ura"'I~, anti h" mU'1 kll'l\\ hm\ to pur,",. hi 
flbJt" \1\ I.' \\ II huuI ",n','dUlI{ I h,' nllrmal. ,'al 
llllah·,1 n .... k ... h .. iUll t.'.1 4tJ!Hlfl .... 1 ht' \ J1IUt .. ut 
h. "It.!., 11',,_ II. 11111'1 ullcl. r'Ianci Ih" na l lln 

tol r"(h .. ,,t'l i\ Jt~ and II. ,I .. \ llt"~ \\ tth whlt'h 
I... <11101 11m!., II, If t" Ill. II II ,' mil, I 10, 
\\ JIlin" t .. ,"'\'I'pl I h,' ,,,,, i, " "1 " It', Lnll .1I ' I aff 
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SECTION 1-HISTORY 
1. GENERAL 

'I t., 1 n -, It,,' r l"~'h.il rt\ .. lU'I'" ~U­

!,<'rlml 0-' 01 Ill! h,' HHlu- Iial r"'tll'lt.".n .. til 
~1'rtl\I h "f 1'''1 .J:. iOIl-, alld h.' n-.', I 1I.IIII.n,: 

~I:' ,~. h 1- n"lll. \I .,1' ',oth "10 • .1" .lIlil "vlnh:.i 
~L OIll'l" 

TIt-· t, I iraol, r (.l rt'\'II)'t' un ha ... l.rouflht 
\I II h t I .. II' n. \\ .mol I III I ".I rt aliI w"a,,"n, 
TId'." ,ll·,l ., t' a (,n1" 1.4In1h. ht~ lunv-rdnvp 
,,1.1Ilt' Kllld,>,. ml--i!. ". ;md hI' \lIriClII . lainlo!!-
1 •• 11 I.)'!"II ' aI,-,. l"l'l·d f"r .I.,,! nIl'! I' t' I"~r­
I I):--t· Tht \ an' no • of l'llUr '. tp }',I Ulll<o\ltl­

.,,.,,d:t~ I •. ,,1,- \\l.q'lIl~ of an~ fll 111'.' \I .Ir. 

Ttl '\' .. Ipplt n "f. ~h t ~ n ur,' ..... lJ.danl \\t'~I'U ... 
alld nlth Iph tlh· lqnt'ur \\ar an' U _lH'h a 

,I"~r,"> h,.t lilt ,1'1 \\ .Ir art I- alarnlllll-" 
4.11 et 1,,1.t'4· 

Fi9U'~ 9 I Firsl Guid~d Miss~I~ (,.ilolleu Ai,­
crofl l Bui" in '''~ U S Arcodlo , "o,ido (Corl­
,',om 'i~Id 1918- 19). 

.,Il tb' •• lIh 1.,-,-. tho EII),!lIlt't ' IIIl~' IJI\ ',\t.n 
,f h, Arlin , \ 11 ""h" III 1!t:! I . JlJItl"h'd a 

pr'\J!T3nl t'l tl. ... It·\t·lopnlt'lit C1t t".Ulif, t 111 

frob . Ih I!'~ .Itt, nIt \1.'1',' n .lol, til Il~ : 

RFSTPICTED 

min:~t rat iou, ,f,.\. loprlt" I 

C'lat,·t! \I II h t ht' • Ir 'JI t t 

AmColl1! II, 
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2, DEVELOPMENT OF HOMING 
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Hl>mll1g Born!» 1m!! ": RR" (~"nd Ren'lve 
Romh), \\ efe '\~ntually pl'rfeeted for U,' (lfj 

)!'lidc !.omb , .'lImci!'nt Quantltif', of ~ kt!r 
\\t'f IIr cun,eI frllm tim,· to tim!' to rarn' ou 
th npc!', ary t. jn~ IIroj!'fam, for RHB and 
:RR Ho\\!'\'t-r,lack of Ie hniral rlt'r~onnel for 
h pr ~ram. amonjt nth f factor~, "Iowpel th" 

projtf,'," ot the work clurtnlt HI"" and 1945 
BOlh RHB and, RB were dropped to a lower 
I,rinl'jty in !\'l1nml r 1944 because it was felt 
'hat th" de\ ,Iopmf'nt had nnt progre,~ed to 
II I'IJin \\ herf' t'i her cquipm!'nt could bl' tac, 
ticalJ) 1I'"fulm he near futurl', 

WI h th!' "(llIclusion of Worlr! War II ht 
!lulIl .. !! mi"ill.', pruj!'ram wa, l:'reatly aceel, 
,'rat .. ,1. T(, pr,,\'idl' for Ih fad that Iher ar, 

0\', I'a,,,· ,hIT.',..'n,'.,,, Itt' \\' "n he aircraft pr . 
1."1'1' IlIlId 11,· j.!lIi.t,'d mi·«il .. , prnJ.!ram, formal 
r'1" 'Ill i. n ha ' h ,'n an'orc! d tht' proj!'ram h\ 
h .. I' al.li,hm('/1 of \'1Irlllll" j!'uicll'cI mi~~11 _ 

o fict-'=--. 

3 , OPERATIONAL USE OF GUIDED 
MISSILES IY THE UNITED STATIS 

Je· Bomb 

Tt "",,,, If \\n.; In,.l:.r 
\ I '. 1101 

Abusive Project 

,\ ;""J"" ,,' . I, r"'1Ulr,,1! tl. 1I .... r 'I,.[t 

\ I I( I I,. I bl"'/1 "'1uiPI'I'cI "I h rndi" "fI/1 ru!. 
t l I .. t! In ·''''1_\\. \" !lli ...... }ftll \\It a IU'! 

WEARY WILLIE " PtLOfLESS AIRCRAFT 

RESTRtCTED 

RESTRICTED 

J 
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Fig",,, 9 2 ThIS Compo,i, .. Sho .... J 'l4os, 01 ,~ .. Eorly Op (O'''~ Am 'ICer I GUIded M'H./ .. 

GAPA Project 

Verticol Control lombs 

Ttt ... \\.n fl, 'I" ,.,,'.r 
A7()~; , RAZll. · tllJ r -\RZt 

Glide Contro l Bombs 

Th, " w, 1" 'i,. II 11 I '11 I 
OUI c"lIlrnl. 

Glide Torpedo 
Llk., h,· t!h.;, j. 

('red \ IIJlon'~ hich gilt! 
lIirbnrllt' turp.,.!" 

J I , 

Ith ) \ It I 

Th., Air F'r('e )."IlItktl nll- "t' I r IJ,'\:1 '. III 

all aJ.!I'nci.,-". prIOr "t ht tlHI \ I h., \\:\r totall'cI 

.\ 'US" t I: "II 
1.1 1 (,1.1 11I11.liu 

,'n.i -f!. \Zu:tl'tl.t.tlhll,!J.mh\\lIh 
It Imutllnl. "" 101 • III) 

RESTRICTED 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

RESTRICTED 

u "h. n h II nr t'nti .. d bll wt'rt> no II. ~d 

"I t' " lO11alll. 

SECTION II-DEFINlnON 

9 • 0 RESTRICTED 

THIS PAGE IS UNCLASSIFIE~ 

RESTRICT£D 

fSHI (llD 

GE RMAN I 

I3Vl Z 8 (1 1\11 8 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

STABILIZI NG TAil 
. ~ 

~. '. 
~--::s~~ .... .;­

.~~~"J _. '. 
'-L-"'4 . ~ ,-. .~ 
~.,:- ... ~-~ 

ANTE NNA 

REST RIC ED 

Figur. 9 3 ' Homing Device Direcls Mini/. 10 Torgel 

J II 1:< I .. knill. I 

f ti t , 

9 I. PESTRtC ED 

THIS PAGE IS UNCLASSIFIEL 

ES C1 

SECTION III-GUIDED MISSILES DESIG ATION 

1. OFFICIAL DESIGNATIONS 

'" II . , 

'r.d 

'" 
2. NORMAL CLASSIFICATION 

Air -to-o ir Off n ~ 1 '" 

Air-to-oir Oe f c n \ ive 

III Til cno 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526
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"TARZON" BOMB 

"\\"3",,'rl.llI," "I:nzian." "Rhl'intochler," and 
"F\'urlilie."-HII :urfan.'-tn-air mi". ile", They 
~t"llll that had tl1(' war lastt.'d ix month, 
"m~ r. c'r h;,,1 (lur ' ra l'l!'il- ltomhinJ! of Ger­
m. n in,lll,try II , .. 1\ It" .. ,. ,'tTl'din', the German, 
nll!!h ""n"'I\'ahh ha\ (' nd till' Hir o\'('r Gt'r­
lI1all\ (f' .-\1111'0 IWlmber", Thi,. wn. not irre­
"I'(.n"il.I, tlllk, hilt wa . ht, ('(.nsio(·red orin­
\1111 of 1"I" ' rt, AlIOlf hl:t' mis"ill''' had he('n 
Ilwh -to''' co and ,nml: had bCl'n I!'in'n ini ial 
~'lIid:\I11P rm!- All IIf th('.~ t' ml" il('~ weI'( 
'IIP( r""nll' lou 1II,I,,\,'h "nwlll \\a>< l'urtuilt'd 
1",,':1'1'" .,1 th l' in ' " an al:T1al htlmhanlnwnt 
of \' f' rnwn\' :\11.( tilt' :1(1\ an,'1' (If till' I!round 
t .r't , t luI' I (ilt 0 :.!(I(1 mill' I 'r hour "For­
In'. ",' " and' Lib ril ',r,," wnllltl hUYl' han 11(1 
• h .IH ' ,I alllll".lll1 . _,llI'h "1'1' hll IOn , 
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Surface-ta-underwater 

Underwater-ta-air 

SECTION IV- GUIDANCE SYSTEMS 

1 . ELEMENTS OF MISSILE GUIDANCE 
SYSTEMS 

Tracking Sy\tem 

E.S ICED 

THIS PAGE IS UNCLASSIFIE' 

Computing Systenl 

(. 

RESTR C ED 
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2 . CLASSIFICATION OF GUIDANCf 
SYSTEM 

Inrtial 
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- c::::::-\--::> 
~\ <"-

vI ;. 

'lUI. - ,I Illd d"~I"." r ' kill "n I\l' parI oj th., 
Ii 4 I" I ~ ,1' 

II .. :n ailahl"l \ I)f 

Direction Along a Beam (Beam \Yay) 

\lOrt ,'ompli,'a 1';\ I" . m ""t'au, I' hI' l'nt'nlY 

\\111111 h,,,,' I •• Jan "\l'r: ,Llt1on ill hI' n.1 
at all IUli''';: lh thiS :v .... t u tht' Jrtndaftl".o 

I lilli, n, 1.1 III' ' h,' nll';-Ilt, ".'uhl op,'ralt' III 

-lIl'h a \\:t\ li,.11 II ",uld loll"" ,I -!'rtt',' .. I' 
li"'-In 11- rou , tu Ih., t,.r)!.,!. 

A m"rt "lal,'I.lll .;\ ~tt'm 1)1 till, kllid I, t h.· 
1.,,1'0111 ,,\'-1. OJ TI I: ,. 1"lw-ranJ!t' -y,tl m 
\\ hll h \\ I h \In'" lit ,·q.llpnll'lll I" J!(NIII Ill' " 
," \\ n hund,...! !l,d ... , Illliizir'l!' "ma tl'r" all.l 

o\n t J l I .lU~ .. I)!t 

A ..... CCI /lrlirRQL F R G oro fill SSl. S 

Q ~O liES RICT£O 

£S "£0 

HOM'''G"OEVICE - HE.r SE I<fR 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE 

RESTRICTED 

,!t,\·u. , .1 lid I - • ..\,. I'. II \\ 111 t. ;"Ith. mi. -110' 
llt~)!rt.' ,o.. I. tnt ,I h)!hl 

Heill (Inrrart'd) . ·t'e .. u .... TI i. \'p.' "I h"01-
HI)! d.·vi",' 1:--. 'Prl:o--it t' tu tit a or lufrart,.l 
"a\t.· .... Tt t ' ,It t'4,'l( r I \.tp:tblp Iii rt'V'i:-olt·nllj,." 

\"r~ milltll.· qu:onll II'" (,r 11<';1 • and ,,1 ~dl'l'l 
"I~ I.· 'P' .1 ..... 1 '1".11\11 , "r hl'al from amOllL! 
•• "al·k~roun.! "f ~l'\"l'ral ,.our.·.·,. III hl·al. ,lIdl 
., h. h. ilt .tll .. iIW frllm I.,r~'· inolu:trial an·a-. 
-t ... ·1 111111 • ,,11 rt'filH·r"·~. (. ,'. 011 a "unllY da~ 
t'\\'n Ian ...... t.ll turlt· ..... r.lilro~ut yanl~. railrptul 
,;ril' IU)!:--, hu.rh\\H\" intt'r:o-.t"('tlon ... tht' (,"t'nhlr 
purtipll'" uf Jou).!' hr;d),!'t-".". ~hon' in~ alluth )u,,::, 
01", k·. 11;1\\ \'"rol-. 1''''. "II V".' lip "ntluL!h 
h".,1 r:Hlta II II 10 .. I .. ad Ih,· ... d,,\·i,·,·· from .• 
tlt ... t.uu t' Tlw"',' 11, \ ItT:-- \<l\n "tlnnu' t'onfu:--t' I 
II, II 1.1 ·k).'n.1 101 ,,! -., ,·r.d h, nll,,1 :.ro·.1 . IIr 

h.· :l nit""};' r,' nU .t "lfI'Uh' d.t. rna\' ah".'rb 
(Ir dl ... tf,rt ~II nltu h "f lht' h.",,1 \\.t\,.~ tha tht 

ttl 1 ... 11, ",.ul') llI,t 1,," ", ... , II t" ,. '" :nht\nta)..'", 
all •• Ilnlt' lIf'al rieh'dllr, ;lrf' perhap ... ht"1 
anpli .. d 1(. lar!:!'!, 'II 't'a "hert' Iht'rt' j, hul 
(tnt' ,(lurt·to .. f ht'al 10 a Ilnl .... rm h,Il·"l:r .. und 

uflht'-~a . . 

pika i.,n .. f 11w :: nll' i.It·.1 Thi ... time Ihl' d.­
tpc lOr i" ,tin. I nil t. ,I til dl'l"rmllH' ht' dln',·-
t\tln ., lilt' I!Tt at .. ,1 ".'ur ... • 01 " .. und. '1 I,i,.. .It-
'll'" \\ .. \1101 "" Tll II ... 1 id ... alh lIllt'd .. ().o • d 
ain raft ,lIl.1 \\ (luld ,.roloa"l\, I.,. \I • d ill ,111'­

"a",. o-air mi", .. ill·" \\ ith ).'n'al,·"t df.· . lI"n' 
a)!Otin ,t dl'\ tn' ,:an ... tt t..l tan.n...t ,trtlil and tI, 
krllllnt's I hl' "our",' "I I h.· vrl'atest ,,"IIIHI 
Thl'n ha\'in)! .Idt'rmim'd hi, " •• 11 ... ·'· i wlluld 
r •• nlr .. llh.· nll'sil.· t., tillS ,.. .. U1'(·(, 

Radar :O;(,t'kn,.. This I.' I'" .. I' I",minv d.·\·I ... · 
"1'''1'.,1" It\" I h.· US(' It! nlll, .. . This :<,·"t.-m "111 

"I"~,, a radar tril'bmlttlT ttl .. ,·,.n Iht: tarVI'1 
·lrI·a. \\,h"n thl .·.·11 .. f .. "mllll' larv·t an';! ""1'­
n ..... punt{ ... tft ttt). d.· ... irt·d t', h .. or sin'ply in .... tIl111· 

\,LSt'S ("'lIrLu t ' tn-'llrl \\Iu 11 th, .,' Is .. ,n ,\~ hu 
.10· I', •. ,) 11\ Ih .... • .. 1\. rll111 _lh •• · .. lItn,1 nll"'ll­
."11 III tlt'll 1 •• 1.." O\l'I' .,11,) .11l'\·d, th,' 1111-­

_ iI-" ttl tilt· '~lrt.!' t In ~tlnh· ,:a";'l" ttll"i nn)'h 
4'1.t.lr~th on tt,. III ;'In, \\a\ prlfll'ip)t l. }" t a 'I ..... 

a,', 1\ r .. lIl'r ""11101 dlrt·,·\ a 1'01.1 .... 10":1111 10 Ih' 
al')."· alld I h.· nri",d.· ,· ... lId 11."1\ ", Ii III I , • 

al.,n).!' hI'" h.",tn tu tlH arJ.!"\' 

SECTION V-MISSILE PROPULSION SYSTEMS 

1. GRAVITATIONAL SYSTEM 

I. [STR cno 

GLIDE 8 0 1;18 L"UNCHI~G FROM 6 RCRM 

Free-falling Missile 

3, RECIPROCATING ENGINE 

I1fSTR'CTED 
9 
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Jet Propulsion 

4 , REACTION MOTORS 

4, ' -soCtD 

, THIS PAGE IS UNCLASSIFIE. ' 

ill \\ Illd', hp proptll-
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\ IItI pkk UI' I h. ", hnuld. r ,1I1t1 I hn \\ 1I ,'m 
"' "r tho "t.'rn, ull ' lit a I I nit' \\ i I. ",I"h 1111., 
Ihal ,oulbrll\\ I\,'rrh., 1''1'11 h.'ho,1 "ill, t 
a ,Jlld, I"l h I .. n'a,d Thi I'r"!ldioll 

\\ here due .. the pu .. h ,'uml' f rom" 

1\1 
~r 

\ ' 

'I 
\' 

1'111 tI .'1 nit tt' If "tit! J -I tlr. pp.'t! h ' 
h""J,It" .iI. rl ,Ird \ oil \\ ,,111.1 gt I 1111 fon'l' 
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I ... call I' ~ 10[1 I~ad aPJlll .. d no fOrl·.·. If you JU t 

[ ,~ "01 il ill go"nt" ~ Ill! \\ ould ~t·t a little furce 
I. '(.W I' ~ .. u had I'llt ~ nIP pu~h on it. But if 
~ III II'''' ,,<1 it \\ IIh all ) our mi~ht, you would 
).!',. I,. d, an '''Iual «moun and you would find 
.' IIur-pl; l at hinJ.! Oil In t 10.· "idl' I'f the boat to 
h.·"p front fallill/J' )" .• 1 I l thl ),oat "ould hc 
m"dn).!' r:tJlIdl . du., In tilt' a(,C'l'1 'ra Ion from 
tIll' rt'adinn In th.· forl't' that you had applit><! 
:Ii!ain he l>oulder. 

Thi .. ('x"mpl "f tlH' ),,,at I ain'rllft) , th 
I .. d,l.'r Hm·1 :ultl air), amI you (mntor) i: 
oIin'(' I) :Ill plica hI" to J!uidptl-mi .. ,ile propul­
"1,,11 L I u- iI\lI'''' thi, "a C; 'rman \'-2 wellp­
on. ((pro h.· n11".;I" (11<'<11 I contain. rn Ih 
ank- nitit' t .. n flf prUlll'lIl'nt (bnulrl rl When 

[hI- "rop .. lI,·n I- IlIlrrr ... 1 hy th .. rlxkpt mot/or 
(,' u), thi" nim' lin" i· • xpentl!'cI (thrown 
0'. r til' ro ;.r) In from Iift'"-lin' to ',,'· .. nl~' 
'1'("111<1, T hi trt'ml'mlou" tl.ru. t dri,I', Ihi~ 

VIaY_-"-L_ 

PR.N" Pd. r Rf AC 10 -IF THE -"A55 15 THE <;AME 
FORCE ,"'eRf A5ES A5 ACe ERATION 15 I eRE A<;[O 

RfSTRIC ED 
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"arfan III 1)\12 T."I.I~" n><'k£'t: are a far (T~ 
front th\,~l po ,lIl'r n",kd" 

lIT" "'I>t'rirn.nllnj.!' "ith liquid-ful·1 
n"k.,\", II.· I~ l'r.·dllul "Ilh Ihe lir~t :<un·,·",,· 

III t •• ,'-"If 01 •• h'IUHI-fud rod ... ·!, Thi , !pal 
1'".10. I hi .' III _\lIhurn, \I"'"al·hu"dh. on Ih.· 
\Ij h 1][ ,\1:,1'<'1 \ !12ti. Th,' hi"tllry (. f U(',e",,1 "I 
r(K k. tIl).' H h,' 11'1111.1 fuell,t1 r",:kl'l" II .. I" 

b ... ·k r,ardl\' nll n' than a I.'l'n£'r .. llon, It anI., 

Om' should 11,,1 'd the imprt',,,,ion that it 
i, .·a. y to .It, i).'n anrll'on"trud a wckl't mntor 
JU, bl'I'aU"1 tilt' Ih 'ory i.' Impll' Fir I "I' all 
till' \'omhu 11"11 I r the prtll><'Il.'nt mu I \>('\'UT 

in a '1'1' small .:hamlwr at I(·ml'eralur .. " 
Itil.'hl'r thlln thn'("><'\'urrin~ in an' nlh"r I"", 
flf hl'II 1'lIvinC'. and that Ih., hllrh-t"mpt>ra-
un j.!'a'.·' j.!'f'n raled III parts of the m(ltHr 

rf'lll'h !'ul"'r"onic n'l"dli,,~, In addition. Ih.· 
unlbtlal • h"milal and ph~ I .. al pr(lp rlip", of 
m,,"! hquid l·rop.II,·nl .. inlrn<lU<l'tI th,' eI. 
'1)!IWr,' ttl liltle C' plon·d IIt,ld", of "h~ "I'" and 
('ht'mistr,' • 

Th,'r.· art ll-ro-t· I \ pt·,. II r.t('kd,. ,·la""'III.~1 
I ~ lla.· \, 1'1' or I ill I: u,'e.1 b~ • ad) 

.'olid Fu('!. T i~ Iq • i kno\\11 iiI' I a~ till' 
.,,.<iman ( .. urth ... ,f ,lilly ,kyr(Jl'kt'l. Wh.'n I,. 
I u, " )~ )j.!'111 ".J ;1 I,urns tu t hi 1'''\\ tit·) "h il h in 
urn hqdll" 10 11IIrn 1'111' slow hul'tllnlo( I'flwci<-r 

d,t(l:, nut Ita hat 411(,' I t ... aU"'" i i::. hut • .'ttl.·d. 
It II l,ur/1,. ,'ont IIIU"11 I~ 

RESTRICTED 
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Jet Propulsion III 

T' ,. "nidionar~ flf 'lihl ar~ Terms for 

o 

--PRI CIPlE OF REACTlON- THE JET ENGINE 
ADDS ro THE ... ASS I FUEL) BY SCOOPING UP 

THE SORROUHDING ~LUIO 
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Platform 

'·.'r Ical III rn ' hill~ fur hhrh altllu It'. n1l.'h· 
I" 'c! guio.·" mi si • i. thl'mo- lIra tical. The 

ml'"lIe I~ plaet'd uprigh on a platform (ce­
mt'llt has,· J . Th('n iJ~' i own pI",Wl'r it gradu. 
all~ :It',t·lt·ratl'' \"t'rt\('all~' until it rl'l1rhes 
hiJrh opl'rational ~Pt'ed. DurrnIC hi~ ml'thod of 
laun(·hmv. ace It'ratlOn i;: kl'pt 10\\ and the 
. tfU IIral diffi, ulli," of hi 'h ar(,E'I~ration 

laundlinj! art' \"oldt'd. AI.-o •. inn'? launchmlC 
tra " is 11" nl'c,·s:ary. th\' in.<tallatiOl. i~ sim· 
,I. - and hi .. hh· mohil\', Fur hermon'. a the 

-, I Ill\.'1. \ ,·1.,. it~ i. I a~ t·ti "t'ry rapidl\" 
In an almo '''E'rtical traj.'ctary. the diffkulty 

f ,talolli7.,. i.lII and control is minimizE'd. For 
I"'''"\';, t pr" l ,·IIt .. d j!1 ul d mi""jJ ~ thi" t~'Pt' of 
l:t ll ll chinl!" i ". rh:lth thE' mo~t feuible. 

ESTRIC to 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFI~ 

AIR FORCE ROTC 

RESTRICTED N.t,u" Tit .. 4 ••• ", ...... t.i •• I.t.r .... 

..... o"ect, ....... N ....... , D.f •• ,. of flit. U"lt.4 St ••• , 

.,.h,. tt-. "' ••• t •• of ••• 11"0" ••• Act SO USC l' .,,4 

)2 .1 ...... 4.4 Itt .r.'U,",,,lo. or t .... re v.t • ., •• of ift 

(0 ...... I ••• Y ....... r to .11 Ma ... tlllor;,." ,.rl •• It pro 
.&, ••• tty I •• 

CONTINENTAL AIR COMMAND 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE~ 

HEADQUARTERS 
CONTINENTAL AIR COMMAND 

MITCHEl AIR fORCE BASE, NEW YORK 

8 June 1949 

ConAC Manual 50 II Vol III " J-Iubl"hed for Ihe ,nformollon a"d gUidance of all con­

ct:,ned. It w.1I bud I" coni unction with 'he currpn' program of inS ruction perto nlng '0 

Air f orcf! flO C T rOlnlng 

BY COMMA 0 OF LIEUTENANT GE EII A l WH I TEHEAD 

THIS MANUAL SUPE/ISEDES 

ConAC Manual 50 140 1 '\101. 

I 1/ 11/ 

GOJmON P SAVillE 
MOlor Genero l. Un.ted Slaies A'r force 

VIce Co",monder 

~rls 1'\ I"." nil' ilt'lll prt pa"l'd -1"'l.lll'al" fllr Ihl 

" 1I('j.h' IIr IIm,.'hlt\ -Illdt nl "ho I' p.lrlll'lp:1 "11'111 Ill<' \ Ir 1'lIn'.> 

ROTI pr"l(r;11I1 II I- 'I. \',,11101' IIf a • ri.,~ 1."I)o1IIt'd to 'Iuallf\ 
hlO! :I' :111 "rhrl'l -11t'\1a1l In tlll' ['ni .. <1 ai,,' Air For"" 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIt~ 

TABLE OF CONTENTS 

and II 

1'1' \' '111\ 

ESTR ClEO 

- .. . ~ 

, I , • 
- ~ .. 

I' ~,.r. 

:!Il 
.. r: 

l ~. 

1'\ 

2 
~ 

.,., 
10 

" -" 
2 lih 
., i\ 
2 -.. ,., 

2 '; 

2 Ii 

• 1-, 

-. 

f I 

RESTRICTED 

CHAPTER I-PRINCIPLES OF RADAR 

SECTION I-ELEMENTS OF RADAR 
1. GENERAL 

I'rinl'iplt', lid. iliun i' ; ,''''" I h,hlll h) eh­
rl't I '11~ a 10"11111 uf radio-fr,'qu.'nl'\' ,·n.'rll" n\"l'r 
;1 n'l(iun t'l h" :o-.'arl'h.'<I, " -h"11 thl' l)('all1 
s rlh a rt'I!t'diIlK o"J!'d. 1'II"I'!O i. rt'radi-

att' • \ \. I \ III.dl'.1\ t "f t III~ I (I .tdl ... ," 
.Il"~\ I I. IIII1Pdh.tli'·IIHI.1t \ 1.'11 \ •• n 

SJII\, It"H'n ... Iut":lh.cf tlt'.u h.- t.~11I nllth'l 

',tn </",1'<"\ til<' "I·!t .. <I/-!nal •• ,,01 till I. I" ..... ". 
PI'I ,'Ih',· of t h,· .I'JI I (II' I.lq .... t I'h,· d, 1"rlIlI 

11.1111111 "I' 0,,· It'lllal I,tltgl' .11111 dlt ... fhlll I 

"a~ .. d UII I hI' rad 1 hat ra."" (r"'1IIt'IH' 

t Itl rio!) \ 1':1\,'1, at lh, ('{",,,f ll nl \ .. llll'lt~ IIf IiKht 
a 1111 that Ill\' I,,'.illng '\ 1'111 •• 1111", Iliad" 
dIrt', tlonal. 
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II m of lir,' ,'"nlr,,1 altain,,! nanll 
Til.· ',rll : ,. . h.' standpoint of lI'. 

"",,,('1,, I~ 'Iml'lt'r I rom f tht' mUl'h 
"'rnllllinj! 1''' ilion alld hll;u:: I () I ,.~. 

. I ,[ th.· ,Ir.:-.' , " Irt'-l'(lntrtJ .' 
1\1" .'r. 1"-" I. _ IIrLII'1! tar.:- ts m"a. un' 
1"nI" " r U'(' ~).; lin. . \' hUI 0 a hi.:-h \I"j!rt't' 
r '11~,' •• 11.1 ,ll.lmlll h onl, • I thl' 
. Th I 1'1 i, u I,d 10 compu l' 

Ii" ,'ura", • a, . '. \' bt' UI'Nl by 
firin)l' "nlhlem, and th rt'~ul~" rna, 
\I i,1t h ,.'para "tI flun hat l'rU'·. 

L'" Conlrol ,\ir. lo·.\ir. Radar i~ used in 
r Ire t lied turret~ on , n ·tinn with r"moh' .'"n ro .' 

' .. nJ~'\f~ It provide. tW11 important functions: 
alrl'r'h' I "tin b\\"IIlj!. Th(' indicator of the 
'>t"Hrt. "lnl,..... . forma 
r' ,hr .. t" i I prt",'nt to the gunnl'r In f Ih . 
tint' II hu l. imli, alt', I'O"ilion an.i rangt' 0 t' 

al .\('kin~ ain raft. 

Airborne Use 

R[srlll(TED 

RESTRICTED 

{h. rt i. lI~ed t1:I \I,·termin,' tht> I'. ad in. tflnl of 
I mL rt'lt'a:e, In ':·n.hrnnoll ,II-'htill~. a 
bomb·r. 1'·Il.,' chart i~ u. ,'d to tlNermin,' p,._ 
Ilk .'ill'hting anflll' fr mill· pl:ltl,' 10 tit" I,ll' 

)I'd Thl' humhing nh·th,K!s jll I til. (U" I d .ITt 

c.llt·d dir· Immillng J,t'\.·au.· ... 11.." 11,\ nil, 
.lInlltiK dir 'I,tl) a hI' t rgd lI,m P\ PI', I hi 
i. not alw ')' pradilal lur thn, .11. IIllIt 

II hl'lI th., larg..t dlle' lIot "holl up \\ .·11 Oil 

I Ill' radar ·(lpt· At ~Ill'h tilll.". till ,.'1 "'1(11, 

III~ I us" In thi~ ml'l " .. tI. ·onlt. ot. ." I I It.lt 
.. h.,,, ~ up ".11 tin Hit· ""1'.' :lIId I II.'at· I I. lilt 

I{I'! i til!.' II :I' II,,· all lin/! Jl 'lilt, .lIId I h,. c.iI 
I ulallUn' .Ir,' hll ,·d i.r<tllllti thai I",ilt! •. \,It 

h.lIlllh (h,·I"'1II1; I" till dlr,. It o\.tt I L. I II" t 

Identification-Friend or Foe (IFF) 

AI Iltlll~h rao\ar ,'lIn I", •• 11' an ""j,'I·t 'III" a, 
.tIIl'i',·ralt or , ... ~c1 a. 'IIratl·". it 1,1111111 dl 
! Inl{lIi,h IWIII.·j·n fri.-lid .If cI 1'11. nl~' TillS III 

."1111.1 I. ,,<lrill-ularll' d,Hl)l't'rol" III lin' 1'1'11 
rol "'l\ :-otl)m!'>, !'lnCtJ lit- hriu),:" n1;\\ fIt (tlnl­

pl,·rd. hhn,1 nlllt: of Ih,· tim •• , 

Id, 'ntltic lIlt II fn .. nd Ilr 101 c IFF) "lflllli 

nit''' I I ust'tf IS nn au iliar,l ttl r.,da, In Id"1 
Ify f TI' nd" aaf TI .. • I ~ F . , ,I. II. I, .1 •• 1 

t .,. IlIhllll' 

radII I 

Naylgatlonol Aids 

I h,·Tt,ron·. tilt· II I'tll IlI'anlll" 1< an IlIIpn.\ •• 
Ilwnl """r th.· II. " (If ti .• I I rvl'! . 

Hadar -.ltlm..tt'r~ an' sllt,(,lld radar ,.~,.tt'm 
.·d Itl nll'I\Sllr' th(· h"ight .llll"t' Ihe 'urfa,l' 

of th., t·arth. ,'urh <I •• , 11'(' an' calk;! ah!<olutt. 

altlm.'ll'r_ I"'l'au ., th!')' nlt'a ·tln Ih, Irut' dis 

Inull ttl til' ":lrlh "Ithout n·r. ""11(1' tn "a 
1t" .. 1 Itr "a .. om. II it' pr,· sun' .. '111 (> rarw,. i 
II.· (1111) 1'0/,111 of dolla r.·'1ui ... ·d. :ll1ti ·lflt., lit., 
,.Irlh'< III I' II.' i lilt' t"r~t'I, .. Itlm. "'rs an' 

mall and I', lall\(·I.I' <III ,,1,-. 

3. RADAR METHODS 

Continuous-wave (c-w) Method 

(In. m. II · .. 1 .• 1' ,1",,·/· 1111{ II t .. rYl·1 llIak,·.' us.' 
Itf Ih., 11"",,1. r • IT. ('I. \\ h. u ratlll) fn'<ju,.nCl 
,·I1 .. rv\ I hit h I~ Iran'llIllh'cI '"111 Iliunusl" 

1111..· '111 ,,11I,·.·t "hll h 111111'1" t,manl <tralla), 

frtlm tI" '"111, t· .. t I'll TlCY •• ·tll'r~·\' .,. n'tl.',tt',1 
lid It I r'·'1I1'·IIt .. I dlal1/otl·d ' I h .. dllll1lll' III 

fn"IIII'lIn is kill" n a. Ih,· " 11"1'1""r 1'I1",.t 
.-\ "ll1l1lar dr." I .11 .lUellhl.· fn·qllt·n.·It·, is rl' 
ollml.~1 rl·;"llh \\ h ..... till' /litt'li tiC th .. I hi II .. 
, t 1\ rain I' h. ,'1'11 lis It :IJ1fll'lIlll h,. or It'a, I'~ 
III.· It It-nt r flit· rad"r apflh,ali"n Itf Ihi ,.f 
It'd nit., lin' II " ditT. I',·tlt., III fr' ·'1UI' IIl' .\ I,... 
I\\t"'n th,·II'aIl-tlillt .. eI illlli rt·II.'(,!t·tI.\1t·rl(l to 
tll'I"rnlJlI' I h.· I'rt· ,·uro· an.1 111'111 "f I h,' mo\ 
III .... 1.lry. I 'III llI"'h,~1 lI11rl. "'11 'Ill. falll-

I nt U!'l.t,:, 

\\111t II .. n 
t "Ill jtrt I h.-,. 

Frequency-modulation Method 

II 1111 fl'\l1 I. 11<1 "I tI. 11.111 II III. tf "1 0 11'\ 

I~ 1'11'1" I • ollllllll'HI 11 .ltld I,,·t 1",1" .tlil .". I' .1 

I .• Iti.,,, "alltl, Ilw II" '111'11' \ "I I h. "111 r~r\ 
""III),! r ... It".eI hy III.· : .. 11.1111.1 .hll,·r hUIIl 

Ihatl"·lIl(rt·.,II\·dll,"nlh •• IIY,·I 1'111 ell! 
h'rt lit to f)n:ur~ tH \ .lIJ t~ tlf t hi IUHt t, tllll' I d 

1'''1 th"'III'IVI I" 1""'11 (h. lan-. f ."hl"'III'1I 
Th.· In "U, I" I clllr'·I. til" ii, I" lidS .ttI I h •. tli 
fanlt' tn,\.-ItIII. aUtl tan bt' II I'" U ., fllt· ... IHta 

flf nllljltl '1 11\ Ul , t.u v." s I'rtldUl't it 1 na'IUt'Ill \ 

1111'1 III I h. r. lI'II,'d -Ivnal I"" ,"1 , tlf I h,. 
\l"""ll'r otTt I ,llIdl ar ,... I h., a,,'III,' I III 
run)'" llh'a ur, nltilit 

Pulse-modulation Method 

Th,· ra.!lo fr"I\III.:II.'I· "r"'r~I' <,all .cI .. " I .. 
tr'lIl nlltl"ti III -hurt 1"11. . ... \\ h .. ,.· Inn •• tillra 
111111 may lan' frlllll I I" ,.11 mHT""'('unti (mti 
hunl hs of II . (,,'''nel) If th .. tran mil ('r I 

lurn"d off befnre Ih,· rt'fIt'I'I.·,J "IWII!'" rl'\lIrlt . 
frllm th,· larl{t'I.lh( n· ... ·I\.r "1111.11 I II I flll 1 ,I 
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en Seam A.,s 

, • II r ·Iali\'t~ ilo!l1.11 I . Fllo!ult· \ .". 1<' , If 
vn ,'\ T 1 .. ' ~~l. I "H" hUH' \,,, r~ tilth' iiI ,'r· 
In n ,tho A am. . nlral ,\ inlo tI nar-

.. n .. ,'. If th.' ('n,'rlo!v I run . v
r 

'a .r alill tIll' 
f\'\\ .r h,'am, h (hIT r. n ... I_ 

I' (ura( ~ bl·t! ·r. 

Double-lobe System h 
h .. that th., ~i.:nal ~tn'ni!l 

FI$.!llrt 1-6A" 1)\\ ~ nn th' "i,It' of th(' lui,.' 
\ Irl"- mor .. rapulh h atdut ralt' or • . . T t' Itrl'. ~~ 

\O.n m'ar the aXIS. th r tI p;rl"(' of rota· 
I hanlo( (If "ivnal·trt'I~~ , n~I(''' \\ !lll'h 1/'8\'" 50 
t llln ... ·'·u rs Iwt" ,"'n "I R 'ld'lr ""sh'm" f ·IXlO1t1m. • , . 
and ;. I pr \'I'nl (I m. , r Itr .. ('"ntrlll TI'llllirt' 
1I,'slj(nf'l1 (<If 10(1\11 lin IOJ.( II .. III m .. aKUrtllj.( 

h I I".",ihlt, ,Il,'ura,) I , ' 
th.· l'lj( ," . FI un' \ .6. The tlIIUIJ\t- 0 It 
' ,ZIOIU h :lOvl,'" Io! . \. b\ u"injt t\\,. 
4. • 'hO t1\" ... th' al', .. ur .. u . .. 
s~ ... t.·m.H I , ... , ,h'1l1 ~lattt\rn . 
1 .. 1" ~ In form I h, anll'nn,1 . 1 i" 

, Ih ,llIubl .. ·ln" . ~"t 0 
Th,' pn II.' 1I.1.· ot '. ,. r'llI' anlt.noa: 

I I . ll~lni! 1"1) ,lI·a • 
1\111 lrald .~ . r ,II" ,'d}," "Unw unl/:ular 
"II. "I .. h,,:1 '" a~. ~l~~! Th,' 1\\,,11111 'I" lh'rns 
llt,lan .. \1-1 un' -'"ill~ nnl\. knU\1l as the 
In • r ,·,·t al 't \ III'h ;"1\1:1 1 ,1)!n .. l,; ,In' 

• n ~~ \ t'T J ,IB: ~o .ltll\'lltl.,'" t lf' t Itl'" f'lI.trt 'l'U· 

.... tlIU't! b\ l hl h'f"'
l 

lUU'" u hi.' art'a\ 
I r ~Il!\ ,tl AI Ii, t I 

\ .1" p ... Il\l\·,1 
UlI ' <1 ' II -1'11.1 • ,I . \ .11 .. 

1 I I' \I 'at! {.I .1 ", n.:. , 
"(If • ,\U '" I" llr;" \ l f ,.l111l111h 

"gu,,, I 6 
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RADAR 
ANIENNA 

TARen 

Fiflur. I 1 O.t.,mi"atia" 01 Alti,ud. 

11l(,:t~un'nlt'llt Tilt' ',,"uIIIII "t illt "." " 0I t' 
IlI·m'" lin th,' I'IllltivUI:111111l IIr Ih,' ;1nt.'I\/I.t 

.Irra.l. In JH'I1.'r,d. I h. in"I"a .' I at I .... I Ii , . 
Ilmell, hut It t.1/1 II(' 111'/, h ~'r'·l\l. r In ad II 11 "'11 

til th .. )tn'ul,'/' an'1I/'a, ' ~ ' flf till' dlJul.J. '"h". 
th"fI' is anllth"I' a, I\,tllt.,~'(' ill Ih., -,'II ,. uf til 
n·,·tion It\ aila"I.·, If h., anl"lIn,I '1/'1'81 I .' "If 
arJ:'1'! (,n Ih,' "hll' uf 1 .. 1., · I th, Ij!nal r.·,· 11' .. 01 

I,,' I"l .. I i. th,'I.lr!!,·,. . Th ..... ·f .. ,.,. th .. all "lIIIa 

hnuld It .. /'flt"lt'<I 1"\\a,<I th. Idl ,,"tll \., 
1)tflH1~ J l'(,:()nlt~. 11\1,1' 

6. DnERMINATION Of EUVATION 

TI\I ' n'nH'IIllll)t <I I III I'll "'11 /I, n' '.11'1 I" 
11I(·at., IOnlpld"I) all ,,1'1'" 1>. 

w,d fnt' "",It" P:llfo I'n 0111\ I,, · dl,'w"d "1' 

I .• ' ,IT.·.·, oIf )(rllunol "'11, ·, I,,,, ~ I tyll r. ' I \ 

I .. ',"Ih "hall 

flO" rpn'l \ t' t ' rlt 'r~r , frcull \\ u d lt"t't t lun anfj 

Ih .. dr, 1'11\'( Ii 0'101 I tl.. 'Im "I h, t,," Ii. I", 
n pr,,,I 'h"'" Till r,""'I'I, oJ \\;1\" t',II •. 1. 

LuI h"r Ih.III I,, · ' Itr .... 1 ";1\ '11 I ,',to hllW I h. , 
lar~!'I I Tht a""ltl"n of Ih,' ti, ItI, al Ih. lar", .. t 

,1"'It·nol. 0111 /11 .lItT. It nt', ' ill the tli. I I\~, tr,l\ 
,·1 .. 11 ,. III'" "11 in \\ ,1\, It'lI~'t h • "'or ")(,,1111'1. ,. 
II t h. , I,ll h "IIT,'n·'It', fur II VI\.11 t,lf}!" 1'''' 
lIon i /I hall \\,I\'-"·I/'Ih. h"li"ld~ 'UlItI'!.11 
th .. I.' it 1"11 (If till' ,II '.·t i· 1,,,,,11)("01 U I hat 

Ih., Piltll '''IT'"'IH't'''' I . ful! " '''''lll}!'lh Iii, 
Ih 11\ .11101 rth ,.. >lult .. t )'r'll1uoI f .. II.·, I1l1n i· tto 
hr~ 11K lll · 1t1 ..... 1. f r, t P:h t' Inht, Int41.1 llu,nlu.t 

.. f "/Ill,. 1 .. 1, \\ 11 h ~'''f' I .. t \\ ""11 t 1"' 111 

DI RE CT RA 

! TAR.f[ ---" !fl!' I[[) 
PA 

'.gu,e I 8 £I""ol,on on V",'ocol """ Spac" 
Po""'" 
Methods 

\, n .. I It .. " 

~1 ~rn.d l·tJ niJJ.l'1 un rtlltlUtl tI ,- Ihl" f. ·" Ilf 
}!,r,,"lltl ,..rl,,< 110011 t,. 111.01 ,II 11110/. II , I,i\" I 
.tl1t t' l1lo1Uhlhud.I\'II.l ,,·'tllllld •• fI, til II Iud 

1 It til 

nlt'l hnd is 'I 1", Ula~ I It,.it P, I'r JUI.II ,h tit •. tU I 
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F"I U'~ , 9 Cor. b,o.ion Cho,' 10 ' EsI,mo.ing 
Airc,off AJr i'ude 

T'III anll'nna" arl' plac~,1 ont' abo\" t ht' otht'r 
to g-iw slij!hlly dilf t'rt'nt wrti,'nl..c(w r age 
J a tern Thl' InLl'~ th n,rllrl' on-r lall hut du 
nflt "lUn"lIle, Th ' ~i~nal~ n'n',n d on the hln 
.,nl,'nn:", ar' ",mparl'tl in ma~nitud .. , ami 
tl,,,ir ra\w. t"I!'t'tht'r \\ i h the r:mR(' Ilf th., 
t.II )o!d. ,,. .,ppli.d hI U ht'lllht·rllnl!'" char t f rom 
\\ hi ·h .. 1 it ml .. is read. l'ndt'r favorahlt' c ndi· 
\I .n -, th,' alti t u,l" ran h" deter mint'li within 
:;\1(\ I ,' .1. 

Thl' tilt ... d·anh·nna nwthoti ml'a~un's tho' 
.,n!llt tlf l'lI"'atinn dirt'd ly in thl' sam e way 
I/ .. It " Zlmll t h '" ml':l--<ur l'd . l;r<lll nd re llec tion" 
art' ,lIol<i,·,1 h, u~inj!' th., "),,,t l'm 011 t a rj!' t" 
wh,,'h art· hl).!'h ,·n.llIll'h .-11 Ihll t t r a n . m itt l'!l 
"no.rg-' ti, ' .. lIut ,.1 ri k., t hi' g- r ll ll1lll. T h(> al'l'U' 
ra," "f thl" n",lh()O d .. ~ 'lHb on th,' frt' '·"pat' 
I'd I.·rn :111,1 tho' alllirty "I til,' "1" raIl r " I,,· 
• a " th (In· arj.!..t l",,,ititln IIf thl' ant .. 1lI1. 

,.n,'~. I ',,"bll·.It.h,' ~ ~Il'nh art' "omm,'IIII' 
""," II lilt rt., "thl' ,,"'':1,,11111 \\ Ith II hidl th.· 

.. u .'Ium I P tu,t,:d 

SECTION II-FUNCTIONAL COMPONENTS OF RADAR 

SYSTEM 
1. FUNDAMENTAL ELEMENTS 

11(1\\ II ,It' . It' ) II 111'11 

(If H'llt I ,,/ II II r.d I IIII,h." 
"hlt·h 11111,· lilt' 

f igu,e I 10 Functionol aloc. Oiog,om of 
fundom~n'ol Rador 5y •• _m 

RES1RICTED 
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Th' tran!;milter gt'lI .. rat"< Ih., ( ,-, r·r (radIO 
re/lu,·IIl'.") l'nt'l'l:"~ ITl th • IOrlll III 

"1'1 II I "UISI'~, . h(lrt. flll ,. 

Tht' anlrnna sy .. l t'm la~. ' II 
frum I hI' tr' . . II r f \"lI'r ". 
I I an:;m,tt,'r, r:llhall''; 1\ '11 hi 'hi' 

, ,rt'<: Iflnal twam. n't"'i, ,'S 'Ill" • t ' 
( h, " 'uHf ) .• n' unllng-
( .. i \" 'r.· 11\ ., I itt'",· ,·.1 ... ·, I .. th,' .... 

The rl'('t'ht'r ampliti"" Ih •• ", II.. , I n I 
rl'lurnt'l/ I" th .. I' , • ,·11 " ... d .I r~l't allli r"pr"dll\"" t h, " 
t, ' I t'U llul"'·~ III I, .. IIppl ... .! I II tI ... Huhl ".,.1 

T h . d ' ' 

I f Ih
' In h,rat"r pr(lo/lh'" ,d , . .1 Illd .. ,II III 

I. ".'(. tI pul,l': III II 111.-11'11. 
n h / "/"dl luI' 
I' .. " tit' ft·lluln·ellIll"rnl.ll,. II 

Th,· IJ(>wrr su / f 
II

' pp ~ IIIl1hhl' "II \ ( IIId III' 
'(I IIj1't's I"',·",~an f t t , It'm ' '. ur It' I"" ral Ion ,I I h(> 

"mpfll1l'n l ..;. 

n, r:III:.r 's t'm I I \ .I.i _ ,I' Ih '. . ,.111 " '11 )111\111" 11 "" 111' 
.• .. lun'III'I1''' lIl,,(I. I 

.t'"ll'" III FljI'lirt. 1. 111 ' A .. ( lallr:t m ,rr· 
l~un Hill t,)\t1r , I .. It ttl tu,tI :0-.\ :-.tt~nl nl",-
0111' phI" It"tl'. funt·t",nal, "m""IIl'IlI~ \\ rtllrn 

• ,1(lml""It'1I! tlr -I ill I -
lI.a~ I". p. I fornII'd 11\ "'~ , . i' Il' I lind Ion 'It Ills II ""\"r th I' r.1 ph.' ~I('al "'Oll'". 

t I 1\ ' ... ana~'l (lh'·I1I" .. ,.II,IO 
, If "n 'l'I I, j(r,'alh '1011'1111 •• " j" • 

I Ij!' h.· fllnd Itl/I d 1>1(1( k I ." "h' 
"Io'rIn' h,. l'h'~ II ,II III" l,t/>!ral1~ II I I '"11 ton 

lith n 01 ttlt \ tr""t< 

2 . SYSTEM CONSTANTS 

"." r ... I;lr , t.-m hll ,I"~ 1,1 •• .( \ • 
II rt III "Ollst:IIJ" 'II. I \ Hit It 
l.,nt 'or it J) lrt I ul' It \ IIIIl t~ () (hi' l' (un 

I 
' , ,il" • 111 I d, I 

" It. 1III'IIl".1 II " III... ."11111"', 
r lI~rt to l,t~ l'UV t · ... l • &l '. lr.u \' rt·'lulred. t ht' 
'1. /tll<l Ih •. pr .11 I, 'h, ,'r.1I 111',11 ,,11\'~I',,1 

c,.i\ 'n .. th . '1" III til ~, •. " . ratlllil ,H.t It 
... ,.I¥".I 

Fur I hI' tI,·( rill . / ,. lnat""1 01 tflllltion 111.1 f!lr 
1.-. ('unU' tltr41tJlln ut th,. tran 

II Ih II mitt. d I'll' .... , 
; '1:"" atl" I'''r lul\ til I I " 

.lIlt"rlI .. 1 It"!lld "1' hi ,1111 U d rI, Ih,· 
11110(111 r ,. < ,.-rH'r fr., J.: . dll. ,(1\.'. Th.· 

, /I" "'.'. t h. 'h.,rl!'r till' 

\l1I\' l'll·njlth ,lOti h .. nn· thl' >imall .. r i~ th 
tt'lInl\ arnll fur II )til- 'n .h. . .' all· 
~11!l'1' th .. - I' '~ 011 I'n,,~~ (l( Pllt ,·rn .. 

II 10. 1\11111:11 r,lIllatilll! ..J,·nll'II1 is ntlr 
nUi \' a h,l/f "a,'" 1""1! F . 
IIr'l iI" / • Hr ,III alllt>rlIl;\ :Irnl\ 

. K .11 I lY. hal "Ill' lit" patl .. rn I ·1· 
(!lr II hight'r Ir"IIUo'n,'" . ,.. 1.IfJ·I'r 

11'1: 1;'~l::~:;~'I;:'~:"':lfnr~r::~al i~" and aOll'lif,il1)" 
1 .... n.,.\1 /. ,I . _ . . rlil.'" "/ll'rv,' at ,'x 
I I.~ I fr "lllh n,·It·s 's cumplruill'd I" 
h.· pl""lral Illn~lnll twn .. r I h' t I 

II '<I Th .. " . ' lilt'S Itl /", 

f 
'I' mowlI rllltl .. hI" "nit'.' i mpral't i ... t\ 

.iI' m' 1 It' ,..,,,Ia. " I ' I . ,\ - P' ,~t .. "'."; "f ","'\·Ial d l" 
~ n . Uloll~ t It· ..... "lr· u-' 

"IJ)I'hllt< 11 ," t ' • ". I 1, ,1(>>\ a~ t h., 
t kl • n"tI,·.lheg-rolllll\t-dg-rid t n ... ,.· 

• "tr'"1 t hi' 111 t • knot, H.. . . It ~f:).!"'h" rnn. ,'IICf th.· ·'duor ... 
t •• ' ,tt '" I.' .• and ", ~'nllt" It"Jt'~. III ~I'II 
, r.t!. hI' In".ltll.·" 1011" an' III' "I!IIt',j I / 
III t'r.,ltt froll..- .. , . (I n', UUI 

I _ (',,,.11 11.10.',·". Irall~lt IInw and 
I,":;;: 1I11IUI·I.IIH., "lid 'apa"lt"I"', IIf I h," ;,1.,. 

fll,' I"" "~ "I r r' , III I I. It I' "·'III,·n.·\, "(lrmal\l "'." 
... IJlt'l":tc\ h pt'" 1"1'Olltl, in unit r If I 
th~tttJl1t"lfl-t'lrt'\1 0 'Inllt 

" ' ". (Ill pr;tI'llt·.,I_llo· lilt! ,. I 

().I:tIlllil. d"lrtd,fll.octIClll'tlh, ,nt'F ' to 

• I" t'"nt I lIfI In:1 tIIhll1ll'l!':" -I" r, '1U"/I 
"r .. 1 II',' 1'0\\ I h ' ,. ,. a •• In j!t'lI 

.,, • 11\11"'" nd "I till I I 
ruttVt ~ art' tIlUI,\\1 l' rPihl t d , .. ,'Olil' • • :tn, . 
h. 1', III tllih. ,Itl, ~ III "'1 'tlf III 
III)!" t t"1f r~\ ,d , ,'l.llln r .tnd 8. lid.!, 
.'"t~ tUI\.1l I Ir'I1I,\I /1I!:!. 1",,,,,,,,,. 

I , t II I _ I r lilt J t (l I P r t 
I" '''Il,1 1.11)110 'I .\ I ll' r , ,111<1 
\,'\ n.lrt.\ L,~h).",t<\' .'''llIlIld'l Iltlltfdlft 
~Il.l I.ln. qr I,t t. fill f Ill! IT" rill t 

Pulse-repetition Frequency 

,'lIt1i, '.", t 1111" '"I-I I.. - II .11.",.1 I., f\\, 

ran-IIIIII,·. / ,,,,, '" I". It II , I I ' " 
'HI\ l;.u·..., •. t I, .. -\I I, lu I 1,'1111 It 1111111 
'11 I " It \11111111111 nl" 1/lIUIII ""1" 

• '. ranj.:.·.tf tit. , I,m Iitl -
IllIn .. r tilt •• 'h", ~ fr," lit •. ~l:,'" 'I'tlt' ..... " 
",.t~ "III I, ... r. 1"" •• " /1\ 'Ii .... t .. '·, t: I.lnl t •• , 
IlIl pul ,., TI,,~. It I~ II all nil 
tI",/. 'h' . n, .. ", .11\ tlllll' ",1.I\.tI ft • 

II, • t f, "'111"111" \\ I . I 
I , I' II • "'1'1'1 ,t 11111 II< I • "" I". """I r"l 

\\ II " II", ;".t'·IIIl.. st. III I ",I I I' 
(011_1'1111 I' I II I " .. " a "0 t 'f. It- 't .Inl .11 t tit r~\ t, ~ 
t.ll~d III. ,Iltlall\.h It".t tin •• II '1', II 

11111\'," lIl/it 11'111 Illlrnl" r I I IlrtlW t \I 

IIlIi I hi' t r'Ul -mit I . I ,. /111 • ..,. ""I~" 
lIal \\ h ... 1t ~\Il1 "HI tort/ .. r ttl nlllrJl .1 'IV 
tl (''' l'ill produl'l a \:.,. ( 111)" Ind .... llin" on 

Il tOflpt t 1"1'4 tJ Till P') SI f I 'If t' elf ht 
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~I\ \' "tl t· .... ~htll.ld .tpP,,·:l.r "1 t" 

I " III' " :t,o;11I lurrlnv. 

Pulse Width 
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Thl "IIt'ratinv n'dl' uf th.' radar t ran~mlt . 
I'r l': n h <I('"crill\'d In t('rm" of lhe fra<, l ion of 

till' tollil tim!' lhllt r-f (radio fre<\uelll'~') en· 
l rv" i~ radlat d. rhi.' tinll' r,'Ialion. hip 1< 

,'all",1 th,' ,Iuly c .1., and mlly be rt'pr '~t:ntl'(l 
a~-

pub .. \\ i,lth riuly l'yde 
111,1",'-n,,,t·titiun lime 

Fnr t'xamllle, a 2-ml 'ru ... t'('(IIld pull«' rellt'alt'!! 
at tho' raIl' of ;)I.u Imw~ I>t!r. conti rt'pretlen t ,; 
a dut\ "nit: of 0.1)(1 1. ~lIlce the l ime fo r 1 <,yell' 
I~ I ~Il(i" '(und, or 2,000 llIi.:n', ecOIl(j,..: 

Llk wi"t', till' rati" be 'H'l'O th,' I\\'crajtl' 
p,,'h'r and Jwak pow,' r may lJt, t'xpn'""ed i 
I,'rlll" "f tilt' duly eye"": 

I\\t'rajlt' p()w('r duty t:) lit' 
p<ak pow l'r 

In ht' uhme t'xllmplt' It llIay 10" a,."uml'tl that 
t hl' \14 .Ik IHI ",r i-. 200 kilowatt.'. Fur:! mit'ro­
'!" '>n<l~, Ult'n, :!1lI) kilowalt,; of power ar 
,I"1I1al,I,'. \\hllt· fur tht n'mllioioll 1,99 mi­
l rosen.n,l. z. rn " .. ,,'r I" ll\ailllhh'. 

~In':t • 

.n .'1 ~l).:'t 1~'" t'r I" .Ik I ", .. r x .Iu _ ,.~ ti,' 

Fio ure ' " " . 'otionship of ".0. ond 
A"e,oo," Pow., 
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10 INDICA10R 5WEEP ~ENERAIOR 

INDICA TOR GA Ie 
'lANGE MARk GE NEI!ATOI! 

o MUlTI 1811A' 
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TI""NG CIR(UII 

r--------, 
I I 

fRAN Mill! I 
I : 
L___ J 

U l-~D~ ... TO SWt ~ (.( ,fR ... r 
I III .oTO "'IE 
RAN E ...... ~ ,f f~. l( ~ 

fCEIYER G ... n 

f igure' ' 2 Rep , e , .nto, ive Met"od~ 01 Tim ing Ro do r Sy,' .. m. 
3. TIMER 

'1'1., f'lIh 11"11 'f ! I Im,'r Is II. ill lIr,' that 
1I11r<llIh ,"nn,"'II'd \\1\11 Ih,· ,-, .. 1,11' ."<II'm 

p,'r t.' III •• ddilillt' IIn1l' r,'l .. 1(011 Irll; \\1 h 
"I h '~t""r untl thai II' in f nOli twlll"'11 
r II -I of Ih.· "n'l' .. r I"n~ h. In J.WII, l'lII, Illt'r. 
.11" I" " pr.11 IIC,.I nit t h"t1~ I f III ph III~ til" 
1I1111i~ n''1U1J'('/ll,nt. 

Timing by Separate Unit 

'I hI' 1,"1 " -rt'l'di,i"n fr.'qu"IIt" (all IJt' tI. ­
!t'rnrrn," fry all 0 'llllator (1\ an.\ taIJlc Iyp .. 

lh h i ..... \ Ifl .. \\~i\\ n "ttl, ,II. l 1111111\ h,.11t,r. 

.. ,. .• hl,,",UI~ (,.,111.",,1 I h,' "'111'111 I II" II 
'!'IIr." I., II", I ,In 1'111", haJlIII~ "11'1'1111 I .. 

l,rl,d,"1' Ih, rl"llllII'tI 1111111'" I,ul L' 
I I' I .. I .rlV'II' 

... ., \ • t \t I.ai 1\ }111..tI t'ultllHU,tllnn~ III 

III ,'1111 \\ III h III II \ I., II "I Til,· 111II1I~ ,,' 

.l H~ 1.1I.'d ,(lllIpt""'ul \\UI ht' ;U t UJll,lllstU d 

lith II", "1111'111 IIf 1111 tlllll'r '" 1.\ "1,10111111,, 
.1 t Inltr1)! JJ..fJt.tl f,ulu II. 1. ctll "II • I d' II h 

1111'11,',1 fin 

Timing Within Transmitter 

Th,· l/"il/hlllll"r, \\llh It· .. Ik'la!." '11'_ 
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4 . TRANSMITTER 

Self-pul e System 
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I.tlor \\ It h a ""dall)!,ular I'ul" of .11 ,'ural .. h'­
Inll'll \ loll . A m".lulal"r I:' .t l'ir 'ulI \\ hid 
III,pll •. I'u\,,'r "Ih. r.r os 111,,1111' III ttll' torm 

o .ltm. ,I. I]I)!'II al "Iii II.!,. rl'" anvu!:.r 1'1I1 I' 

Tht. oIn,,'r 1 In')!" r." b\ t It.- t 1111\ r III .. r.lo,r 
'" II ',UI .Iill I h,- f'I p, I i I n ral. "f I h,' ~ ll'm. 
nit dn\' r. \\ h,·" ,.i)!'~"r •• 1. "hal'o'!\ a rt'l:tall­

Villar p'II.:,> of I .. "poT lilll! .Iuration \\hll'h 10 

lurn "IH-rat.,,; til,' 1I1"(\lIlator Th, ' mll,iulall1r 
III II rill 1I~11I'': th" I il!ll'\Ilat" \oltal(" tn tlll' 
,..1' 11~ 11I;.t"r l I'r th,' I'r,·tlet .·rminl'd Jlul-IIW 
lin". Thth Ih,' ran~mitt .. r fundi·1I1 ma~ I,.. 
"III'I"II.t out .. ~ 1 hI' l'omloil1l'0I Iwtfnrm.lI1 cl· of 
., tIn\, r. a 1111,,11I1;;IIIr •• lIl.1 :on r·r ""'·llIalor. 
'1'1, ",\\1la!<lr .wl,.. It",':t I""" I' .. mplil,,·r f"r 

I, .tn\!'r :tlltl \11\".1 l'\\lt. h f"r tilt' r r .. ,dl-

1.ltor. 

5. ANTENNA 
TI, t,,,,, lIt1n ..r II,,· '1111 ... 111111 ""I,'n i, .. 

t.lh.' II" .·11I1)? 'rollll Ih,' Iran,..mlll.'r, null­
at. I 11111 dll" II.wll t. .. am. pwk up tl1l' n·turn 

RfSHI CTro 
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Use of Two Antennas 

Use of Single Antenna \ and Switch 
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" fEN .0. 

~T A, 1 () 
If .o.MPUIiER 

[~"'PlltltR 

30 TO IH 
1 f AMP(lHlR~ 

0.0.1 
05 It Al , 

' igure 1 16 ,.o .. ib/e Distrib ution 01 Reeei"e, Components 

6 . RECEIVER 

Th .. fundwn or till' n'r, " .'r I 

Components 

It .. 
tnl· 

n, r ( ;.mpI1l1., mal n '1 , ... I'r. "/ in h.> 
• ,·r.lr'·'IUt·nc.\, r Irtj{., anti thu th. 1'.', 

'11u181).'nal mill' I,.. f ... 1 directly to tit., mi "r. 
I, fllI~ I'a, ", it I' .It, ira!>lt· t .. II t' a~ h.'rt a 
, I'll ,I.input tr;m'ml '''I<ln linl' a~ Ih •• d"'-Ilm 

r. '1 11 1 .... m.·/I ,. allm\. Thu". I h,' mix!'r lind Ion" 
11l •• t"r mar I." 1" .... 111'<1 do", tn tlw T-ju,Jt'. 
n. f thl' tran mi,slnn lin. iUnrtl." hat tit,. 

n· ... " .. .! r f ",,'rJ.D' IlIltl It. tI'II\t'",,1 • th 
Inllo",. illt, Ttlh'tI'al,' 11'1"111"/1<"\ h. i .. I'. 1"'III~ 
t t·h.lYt·tl to t}a ." r 1.l1I1if1~ hOt; 1\ .'1 "t',npOllt'rtf,.. 

(lnt' or h\., '.IJ.!t· ... IIf i t lIlI~'lttil.lt1t1l1 fir. 
"llIt'1l1n, ~ l"l;lt, d 1/1I111.,,1t.11,·1I a II. I' I .. 

Inl I·r·local H . ..,t'IJlatf r .. LlJljl. furh lUHIIfI)! 1.1 It 

I'n.IOIpiltit'rtuIltT'd fll"\"11 "f,'lalol"a'I"1/ 
.Ifl"" ,'I,.,u"I,·rod 1/1 '· •• II\lIIII\.: Ih, "II I"I~ 
• ... 'pj' ..... 1 "..."1 .. 11 t"tllt· l"4'fJl.-1.· "!"I\"t 11l1l1 
Jlun,·,lt ~ 

Tho: .flmp'lI1t III 11'- th,' r:hb, n'l .. il', r l11a~ 
I., ,11 InhUI,'t! Ihretlt~h Ih. ,I t,OI III ,,,I'll II 

lIlalIlwr I h"l th('ir pili 1\ III ItI'-1l1 il I I ... 11111" 

t", f FI·II1.: 1 Iii Hithl,"I,'" on,' 1'1'1" "111'1 

1111' tlI-lrrl.ulh'" ,.1 till' nuh .. r., .1\.,. '''III 

IIIIWIII.' II Ind. OIa\" 11 p •• s II.". I .. I ... II •• tilt 
I Tt"IIl"lIn' ''''1\ "1' 10" III, lit II III I h,. 11111110' 

d,al,' \hinl ,I of Ihl' :llIfl'llIla itlld Ih., 1101"11 

.100plillt r IHolll.U III lit, \lll/lIl\ etl Ih. I/"h 
, .. ttur. 

7. INDICATOR 

Th., 111.111.11111 lh,· th, "'10'11 .. 01 Sl~llal .. III 

proolun' 11 Ilsualllld".t1I1111 ut lit,. d.·",r,'" III 
(ornlatinn Tht' ,·.llh"d'· · la~ I1SI'III"'I'IIII' i~ .111 

Iilt'alm, !rum,-nl fur th.· pl.' ,"11'11"'/1 11'- radar 
data "lilt'" if /1nl fllll~ "het\\ a I arrat i,," IIf a 
"in ,1"I/IJ:ll1lill "Ilt'h il. ,,,lta!!I', hilI j.!11".- ;,11 

RESTRICTED 
1 S 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

1 yp s of Co'hode-roy 
dllo,cope U ~ d 

THIS PAGE IS UNCLASSIFI~ 

RESTRICTED 

REUIVlR NOI:,[ 
GRA 5 

TARGP DEA 
"~E"D 

M)GET~ TO Ht 
IGHI 

t .. D AHEAD 

o 

T ARGFl "IIOVE AND 
TO T E RIGHT 

T ARGH DEAD AII(AO 

TARGH BelOW 
AND TO THE lEFT 

J 7 TvP'" ° Co,hod" Ray Oo<illoo<o".., 

Type A-seon Presentotion 

RES TEl' 

file 

RESTRICTED 

:1110'" Ih. Iintl'nna heam is hi~hly riirt..,(,tive, 
hi' maximum rt'(;dn'd ~('hua"pta/', wh .. n thl' 

I nt.'111l1i I: rlOlntinl{ dir .. dl,' ,I t hI' !"rlwt. 
rtlll , L) ruta inl( the antl'11I111 UIIIII th. ",'h'I 
\luI ' Jlr"dU"t;., maXlfllum cil'It.'diult- un Ih,' 
", l'n, .. n IIldil'allun IIf din ..lion in :vimut h 

ur l'h', at iun I'all h" tthtailwd, 

Type .-Ican Presentation 

Tht B -«'an (FiJ!lJrt, I-Ij/l) \,1,,1 r'lli '. 
,l)!ain.-I aZII11l11h, l 'slIallr 1111 "1,,,11"11111'11, lit' 
lillo" i~ 1I~"'1. The W",'p,'urn'lI! 11,1\\.-lhIOllj.!1 
I h" '('rlU'1I1 ridlet'llllg ('lIil~ .-\ Ikl I I"fltll)! "lIr 

r. nl rnntmll"d b)' Ih,' ,1I11I'nll" I 1 Iti')11 1111\\"-
Ir'IUI'11 h., h",.jzlllltal dCll"I,tllI).'. t111<, '<C, II ,II 

he IW', Iti III of hI' 'Nth." ", ... " I .11111'1" 01 

\Ii II thl Ikl, ili"n in azimllth 111'11", 1\n1t'l1na, 
\ IIi. h mal ,,'all a n'/!lOl1 11(1 " ~IO d"J!rt I'" 1111 

, IIIH'r 'itl,' (If (It'ad al1<'11I1 TIlt' ... ·1111'11 l.rll,tl 

I u,,',1 ''1 It an Inl,'11. 11 \ -fII"t1ul"Il'" • "01" 
(I "II.' I h., la"~I'1 irulll,' ,,,11 ","'1 al III 
I,· 1..-.·.·11 

Type Coscan Presentation 

Type PPI-scan Presentotion 

'igure , 18 80~rc Compon"n,. of Rodor 
'ndlCotor 

I~ I'll1t ",I rlldl .11t :1).'.1111 I 110' Ikl II Itln III •• zi 
1111l! h, uI" I" anll " I hr' lI~h : tif' tI.'j!rt·, ,Th. 
1'1'1 ",n lilld" '011 ItI, rahl.. I "I h,.1 t h,li III 
"IIIII'nWJJh d, -'11'11. drill" an to. ,I .. \' ... "Oil 

tl "f, nlll""\ k""l'irW, )!roUl" 'I'll! ,,,lit I Int, I 
(' l It lOll, alld 1111\ 1)',11 Inn 

Components 

\ 1"'1' .hu.l lI'n \ II I 

ott Ult,t hud ..... I d.d I pit t'U' ,11101 rl tlilit If ) 

\\tIPI:Ilf111'ul4"("\"\1I 

,'\ In, \ h, II • d 

8, POWER SUPPLY 

Distribution 

III till' 11III< lit It." 01,.1"1 Hill , I 11 .. 1.( I I 

111111'1'.1'. I III ,11"1"\\'1" I"ph I "PI' 
"ltt"I,1 .1 slIWlt' 1,It~k l 'unlll,"';,II,,111I 

hl".:k 1 n'II"" ('III.II",',tt,,,,. \t'" J1 '~IIlIllh." 
th.11 all~ 'lit" p,lI\"r '111'1'11 ,,,"It1 "' .... ' ,til Ih, 
1~1\\ "r n"llIlrt'l1wl1h .. I /I rutl.,r ,f'! I h .. tit. 

Inhllll'l1 "I th,' pi" II al ""1111""1"11 "I th. 
,~ "'111 rna, I" lid, ,I t. 111.,1.., 11 j'upr:" IIt.tI 
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1. GENERAL 

Introduction 
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Th.' p,,\H·r· l1P\ll~ fum ti"n i~ Jl('rfurnll'.t. 
t1wrl'for!'. hy \ ari.1II t \ 11"" of . uppli,', db 
tril'II"'" timon r tI\l' • in'lIit ",In p(lOf'nt s c.1 th., 

r.,dar "'I1I1\,n ,"t 

1111. "\I,·r •• tlo", li1I1", In th,' fur",,'r l'a;;e. th,' 
1'1 \" ,h.m n in F wun' 1-211..\ Iwn,"ll'~ a t ra,,;; 
milll'r 1r1~I!I'r, :0111 in II,,' litH,'r \'<1"" It \w­
\-aUnl4'" a ltnlt1r rl)!).!\~r. In ,,-itt l'r 19i\:-ot·. it 'll'rVt·S 

'" tlh' fI'f.'n'm',' p,.illt Irelm "hkh th,' (.tlwr 
"P' rat",n~ .• n' Itm.·,1. 

1111 "','ond tilltill~ pub,' ,.,h,m 11 in F.).'"lIf1· 
t :!U(· J.rHtf"'~ Ih,' r~n.i\t'r ttl nutke it ollt~rati\',' 
,hlnll).! ,,"1\ t h,' 1'1'411"'\' " .. rtinll .. I' 11ll' puh" 
,n'''' 1 m .• hi' n",',·,;"ary 10 )!at thc r .','I'I' "I' 
I~ Ihi~ \\,1\' III "'1111" st"!" ill "llIeh :hort mll1l 
mum ralll!"" an' Imp"rtant 'I'll<' 'I' R ,;\, itl'l\ 
lIol"mall,' hmi .' thl a 1110 II III til' Iral1smittl'l 
-')J!lta- (··r:tt1nn,. ... thp' rt'\t'l -tr to a \alul' \\hi .. " .. 

"'~', 11,,1 ,L,n "V" t h "T~',lal mlx,'r. hu t It m:l" 
11,,1 1','. \. I 101. \"il1)! fll lit' 1'","'IH'r ,'In' 'Ill " 

\\'1 .. II hili, kllJ~ '" ,·ur-. I Ill' ... ''\'1\ "r rt·l1l.1l11S 

1l1"1"rall'" f .. r all in • f\.<1 imnl. dza ,,1'-: j .. 1 
I ... II,)." 11" rall~nll,~i .. n .. f till' \,111,,' ThiS 111-
I, 1,.a1 I r'·'llIln'.! IlIr n ,.1\\\.... of 1111 n ,','1\' r 
.. • la, "f II' 1'I1l.t1 . "II~i I II,' II IIH' "lat, 
ulti IPl n \ .1 .i)!t fit ttlt· fir:--l \\\4' III thr,,' 

I 1 L,~" .11' ,.'rr" .·.t.llli illl!" till tr,llI 1l1l11llW 

'" t , ., \t t 110. II I." I III l·\' II ,.t! .llId lit 

( ; 

F'Qu, 19 Typ,col Pu/scn of a Iloda, Time,. 

IUS PICHD 

I. ",mE 
PUI F 

RE ['~U 
GAff 

"-4I("'Q 
A'E 
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o 
o II ' 

II :: 

~ LJI I MA kE~ , ,I 
E I I PUt ~t' , I 

: I: ( : : : ': 

L' 

.. 't 
A'f 

... tJ £. 1 L .1 .. JL 

CO f II I ==FlL-':i--_-JF· • n I 

If th .. I ub., r"m;\il1~ in all o),,·r .. tlll).! "nn,l1-
li .. n t1l1rinj{ th" "nlll'" rul, " )wrio<l. hnth th ' 
f"n'.\1 d :<,\ 1' •• 1' and I/lt,' rdurn It .Il'<' "ill b, 
vi Ihl".I'I' that <ill'nat- "P\ 'arilW tin th., 'n't'lI 

I I 11111 tar)! 'I~ \1111;;1,1.' I III' dt', inti r.lII)."t' "ill 
."tll ", c '111 "'II'n III Il1lt'rpr .. tatillll f. dIll"". To 
11"'101 Ihi". IItI"'lft'uit: "flh,'c'llth'J<1. r'l\ IlIltl 
\" ,nlll II 1'1' 'r •• 1 11111 t .. h" <,('"trolll'dl" "1 n'" 
11111)."111.11 ,"It'').''t' III 1.".111', 111 Fi)."ur,' I 2HE Ih", 
•. 11. I h .. " II 1., h., p,,-III\'" .llIrill).! til\' . \\ •. t'l' 
lin. 'Hlol 1- I'pil, d III I h .. )!rid tlf tilt' , .. ,I hll.Io, 
,.1\ I \I " I", •• hlt " I Ih' hia ' . Ullil !I'nl It to llIah,' 
I '\,lI.tll\, \1 III '1IoI.,flh. '''''''l'lim,.,tlll' 
):;nd 1 r. I lJlhd 10,1 hi,..h hl'IS ""1tllli"n ,1I1t1 

.I~·I tI ,.1111'1111\10.' .11'1'1111," till n'JlJalllinv 1'01_ 

tl"l1 101 t ht· 1'111.. "'n,,d ,'lIIln"t aPI,,'ar Oil I h. 
0', III" ""1'" 1 h., ~al!H' n·"ult an' ohl.\lllt tI It,· 
'II'P" Ill).! ,I JI\'lI'all\ ')!al ... III tlh' ,·alh,.,I,· 01 Ih" 
III/Ii, at"l tIll., dllrlll).' I h., ~ "'I'" 11111., 

'II ,. lIIo~1 ,'11m I 1011" "" " II \,tI",,1 "I " II 

nl.llill).!ran).!t'tllrt'dh "" h'IlHIIl'at"rN'ro,n 
IIl\lIh.,,< th,' pr"lltl< Ii, lI .. f rall~t' mark. r \11 1" 
II! I,. illtli .. al"r t'II'('IIII" :.nt! ~tl p"nI1lJlosill)!' 

F'gure 1 20 Time Ile /ol ions/llp of P u/'es 
Furnished bf Timer Shown in Figure 1 19 

h,'n "II Ih, ,,,I.·,,. ulplIl "i Ih, 1"0'" '1\1'r Th,. 
,,~ IlIal"n "11'1'\111 \\hlt "~""h" tI,· th"II,a.)«, 
h'Il.1 .... ll'utt'lf 'J\ 4' rl·\:t;tn~"ular filii t' lilt 

III h.'d 10, t 10 IIIJI' r.1 "11 .. \\,, 1111· i~rll"" I ;!III' 
I ... · 11'11'''''1 ~' •• I, • n •• t,J,· Ih., 1.1' .. 1...·1 (11,11.1 

10 01" 1,ltt- tiUlllll" f t S '-'1·.'JI 111\1 jt"h Hili 

rll.t.\ 111 t·lltltllh~ltl\. til IH~"a ,\, 'hptllt! n~ 
"lIlh. 1111 II r"1 "rtlll.nl .. t II. 111011;., ~.,. 
t ,.·tltH 

r, p,o\ld,· Ih., 1""111'11'" 11111111 pili. Ih. 
11111"1 Il'n ,I III 1,,01. \h" 1' .. 110\\ lilt.: 

.\ I"In\ll "apalll" ,I. I.d,h 111111: th, 11111. 

""""1111' n 11'1"111"11\" nils 111,1\ I". IIl1ph II" 
~'nd "'''1111 "I.tlt I I IJI"'"III~''' .,111\ I • I" 
Inn p.lr\" ):a" I~ 1'" "111,,,,1,,1.01. I , 1111 \\ t\. 

t ... , 11I,"dl, It luul 1\11",.'111. ~ I ,I 11I~!lt \\Irli 

11 •• k'" ' " ,lila I", 

" t'.tn ... IIf (urm ln' thO' ,It ... irt'd " ,/.: n;.I, \\ Ilh 

Ih .. pr" pt'r limt' rt' )n lilln .... I'h,' , "I;" III< I" I. 

'hh"r,'"1 11111""1,. lall1l~1 • " •• ,1"'1 
""l'iIl;, ..... "'11111111,'" 11111"1\ zI.r.II"1 nlld ,J, 

1.1\ 11,1\\ II, kl< 

(·Ir,·lllt ... ,hl~Il't1t Ii til p."t" tHill' ,'nntpplIl,ut 

lro'lIl tilt' I .. ;uli,w "'T,'d "I .111"11,, I .tllol In ,I. 
\1\.'1' 1'111 t' I .. Ih., I"a,\ \\111t""I,lzsI",IIOII, Itt 

,1"01,, tilt' !.,,If''I' aJlll'hlj,.r~ allol • a 11,"1" I. I 
I, -\\ lll' " 
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SECTION IV- TRANSMITTERS 

t. GENERAL 

Seledion of R-F Generator 

q .' Ih I,', Ear" I'lil'lII. ' .' 1m' rill' fI1a~l1t 
r, 11_ \\t·r, .. t II<' 1\1" Ih,lt I'I'CO,I. ... t a 111\' 

I' \\,'r 1 til t' ,mil .• 00phlll tll "thi' I'r"I"'r mal!-
11'ud. 

2. R F GENERATORS 

Triode O scillators 

RESTRIC ED 

lUNW(, 0 .I'OPIATf 

I ODl , .... , 

"'fO p;\ E IU~. A H DE 0 

1 ",.,0 t A fino[ A' 

I· 
GRO 

.- t .L • 
J 

1 

Qj) 
~,f( WMO A 0[0 f'll or 

'igu,. 1 21 R~p,~s~nloliv~ CircUIts 01 Pus" Pul/ Oscil/olo,s 
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. 1(' Th 'r' I n DC \"lta~e ~hCl\\1I ill Fij.:'ur.· I - • ,. I n mi .. ion 
I I II n'!ore I'ra , .. n til" at 1"', t • I I .. :tt anv 

1 I • Itt h,- ,',It H ,I, II hlll'I\.l~ .. {'ou~ t· I r itl"n,.(lh.-
cI"~lro'.I.I~llrl-t-l.>y atlJ'I-tlnY, c 

,,11 '1"11 t.II' , 

"gu"t' 22 DIagram 01 Tuned G"d Tuned· 
Plote Ring Osc./lotor 

Ring Oscillator 

!If T;1 C ED 

RESTRICTED 

Th ph~ ,.1,' I ,'on, lrurtion flf Ihl- rJn~ 0 l'Il 
latllr lI(1rmull ' is .lrnIIlMt>J tu ha\" th,- tuhes 
/lIarI'd In an npprllximal .. eln'/,- 1\ i h lh. t,lnk 
cirl'uit un the insirll' I)l th .. <'in'I,'. rhi~ tlr 
I illl):,lml'nt Vt'rmlt '.1 mnwtrical ,'unnlfti"11 
h.,tl\,,-n "in-ult elt'm, lit:, all.1 all,," 'h' Ilul 
"It '"IIJlhlllt til Ih,' tnlllsmission lill.' to I., 
r"I.IIIH-I, 1mI'll' ,'nu,..trllrti"n. FI).'m t' j.2:{ 
~h" "'It' Olt'thc'" (, r oj,t"lIlin~ puerrl\ Irllm 
It· 1.1111. "II'. III! < fI c' platl' hnt''' art' ,-uJlII"rl.,tI 

\"II"'III~ l .. I""'1I the t Cll.l'S, "itlt the ,h"rl 

Ih, I"\\"r "11.1- rh" po/arll\ 01 
\ "lIal."c , Ih. Jill " . I" I in<lll'aft'd allei tillS 

I Itt • un, Ills In tI,., ~h"rtllll! Lar: til 

I,' In~f.'r c f • "·'rl.'" 1,1It' I 

.url"S tfa It ( I lilt t.:, tI 11 III hI I.t t.' 

,."dc·" III ".urs I • Ih, ,", \111 

~ I ).?" 11 'tid t , ;t f('\\ ... otltre.I ..... :1lld 

t I I "·!.IIII ,I, 1111'1, t .. "I" r.Il<' 

Magnetron 

Tth" In:U..'lh troll I .... U t 41 d' 'tll r f J!t Ut'ralill 

.. t (re !jU. lid", .d.O/,., titltl lilt'):"" ~,It, I'l'r C', 

'· Iltl. ,'111,·, -t.tlI'IlH'1I1 "f 11,1 fn " lllt-lIl'\ III tills 
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If th.· . hal' "f ,h.· mo,lulatinl( pul"e n d 
nul h., ulI1tr .. ll'd al"l·uratt'l~· . the trlgl( r pulse 
from the tim r ",a~ bt> amplifi d in a power 
amphti"r, Tlli' 1. thl' "imr,1 .. t form of driHr 
m.,dulator. When lh pulse .. hape and dura­
lI"n mu the aCl"uratdy l"nntrolled. Ii> in radar 

t' " .. t :-hort ranj!p, more laoural dr ·ult. 
ar' u."d .• lIl'h applil'atinns gt"nerally require 
a drin'r 10 whkh the pube I~ forml',1 by an 
llr ukial trall"nll~"i"n line, and then appliNI 
It, a modulalor, Th,' oc,'lIrrenc(' of th . pul"" i. 
,untn.lll,d hy thf' output of Ihl' timer. 

Bootstrap Drivers 
Til 1111( t"trap tlrin-r II ... ·" the trijCjCer puls(' 

t rllm h .. I iml'r to "tart th' di" harge of an 
.lrT Ilkial lilll' thmuvh a Ita;: tuhe. The pul"e 
tnrow.1 i. ampliti .. d hy a h." ..... trap amplifier 
trllll\ \\hidl the drh"r tak .. " it,; name, lind is 
.IJlplll'd til., ('IIm',' nti"n"l modulator, 

,\ ~iml'hlil·.l ,'in'ult 'or pro<!ul'injC a rf'dan­
\.'\11.11 p.;i "It: h.· u .• ' "f an artiti ' ja! tran,, ­
OIl:- .• j"li ho.' I" how n in rljC!lrt' 1 2-tA, Th.· 
,h,lraI'lHI. 1I 1001 •• ·I\an,'" lit' the transmi"",joll 
h 'lI IS :!.-,HU "hUt!". rhl· rlh~i:--tnr. R2. arrt) ~. 

\ 1.11 I." It pUI 1'111 "I' "h. d,·\·pl"p"·,, I: 

ARl'f C '" !WAN"MI~SION liNE 

'" PUlSE 
I SION liNE 

2500 

f'flur .. I 24 ,.,oducf;on and 0 ;sc"a'ge of a 
Rectan9ular Pu'se 

RESTRICTED 

Figure' 25 

BOOTSTRAP DRIVEl! 

R5 
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'-'ODUt,AT ~ 

'~AC T 0 

0\ .1>" II II " -~"i lJl.' tJlllllJ ' I IU! , \\ i! II ,I I •. , I' 
1"aolIlW t'd~',· I. It p,llI I ,. ttll' 011'1'" tI ..... IIJ." 
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\\ hh II i- nllt i .. ·d ,lirt'('!ly til j.!round. ant! a 
Illl'ans of ".,Uplilll/: th .. ri~1' ill potential o( th .. 
'1IIh"oI .. · t, thi "l"t ... uVply, 

Th.' urtitil'HlI lim I" th" oun'" of Vlat .. 
\(,1 II).!'" f'lf tllUl' \':! ,I\lrlll).!' th' pub< • and i. 
I",latt.o! frllm ICffnJl1,1 ".\' rj'!<lslor ItS, The only 
"t),"r ",Ith I/o vrllulltil IlItI'Ullh r ,i.-tor R!I in 
tll' C'a hoch' IIf I uh .. , \,;1 TIH'r .. f,)r(·, as the cal h, 
,~I .. flf \ ':1 ad ," Ilurinj/' th .. \lui" '. tl! ,'ntin' 
"ir uit "I' \ '2 I, rai" ... d th ... same anwunt ahllH' 

j1'rHund Th,' oIrop aa"," RI.i I. mulO ain d h\' 
th.' di,,'hlln'" ,.f th(' hlw. anti i~ aPI'II"'11 Iii 
p.,th' '1'1 \(,,'11 thl' ).!'nd anti catl.",I., of \'3. 
'1 hi i- t h,· IH,"t trap ad illn. "')-1, .. 11,·" ''''('alls" 
h,' illI1l'ht1t'r ral ,.~ It" )frlll'I'in'llIt \"Itaj{ In 

orc"'r til rnallllaiJlll <'1111 tallt jlrill-illlIlIl. \\'h ... n 
th •. ,rlllin,,1 lin. I <, .. np" tl'l~ di-(·harVt,d. Ih,' 
.. I "V' ,lifT,·n·II ... · "n'"'' Itt; 'h~al'p4'ar', and 

t h., \>olt'll 1.01,,' til>' )frl.1 .. I' \'3 iI "Ill'" I .. ·~, me, 
_I ~)'l \,,1 _ "tit 1"', 111'\'1 to 1111' I'ath,,,"', alld 

" III .. ' I III;II\" n<Il11'''IIIIII, tIll).!' '1'1 ... nllldula· 

Line-controlled Blocking­
o~cillator Driver 

IIf!>1 1£0 

hI' 1. lUll 
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I ~o ' l a 

F'gll,,, , , 26 Li",,·Conf,o/led Blocking Ouillalo, 
Sc" Inal" CirCUlI Dlagraln 

th,' pill l' , it nla~ h.· It·pr. "nll'd" .1 ",1l1I \,,11 
hall. n \\ Illl ""larll .\ a in,I"·,lt".1 111 FI).!'III'1' 
I :!i 

j,ll) lilh' lI(lnn.11\ ." 

Fig lire : 21 Equivalenl Clrcuil 0/ Line 
Conlrolled BICKling O.cillalor 
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"00-1 1-
0"'0 

,·'It-
f'9"'''' 28 Waveforms ,n L,ne-Controlled 
Blod,ng 0",110'0, 

1lt'l.'atln' -lIf!!,'. If 11" .laOll'in' \\\'r"l'ro\\ld,'d. 
,t,,· I "'II i\.· '\1 1I1~ ti l ,h., " ... elllall<>II miVh 
,aU-' 1 .• 1', II k~"'fill '.,f I h. "ir,lIit. 

I'll, \\11\I'!Or n pl' lh~ ,"IIIl;ll-!'l' it ·bt~ ..,-rul nf 
\ 1 I ,IU\\1l III Fi~II'" I:!, \ TI" ,It!!hl II 
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I' A 

~ · 0 :@ . 
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9 T n. ,II r "",'n Lin Conlro/l"c/ 8/0c~ln9 0 Clllo'o, Df/ver 

Rt'l C fD 

, 
I 

"'I"'''' 30 Modvlo"otl Puh ... 0' MaC/ne"on f, io men , 

It III.t·p 11, I' t I I' t ,t III II ( I I 

II. ,II III III 

Fi~ed Spark-gap Modulator 
I· , . II I- . , ' ~t I J t I I f I L"' 'I J I t 

It" I t It uJ \.u IIUI" tlllil .1 11111 t III 1\ ilt 
Jr., .·r.tfrtl.tr 1'IJ!h Jln\, I It" I .llf, 1" 1,\ ,11 
.11.11/'1111' ",,"1. ''''"11111 I"" • "r .. ,wll 11,. r • 
J.:' tit 1.llcll tlUf.1 \\ II, hllll' ". \ It t nit ,\ lit. h 
111)'.10-\1<,,"11.11,1"'''' \1'1111 II ,ali". 
1.11" \',,1' ""10/11 " "I Ih. 1111111.,""" "II Ih. 

1 tI\\i·I·II~llIdllllt.' ~:IJ:u it\ Ilr flU' IJtl'.lh ". \11 
\fdl.lJ.'t ~It 'It~h 1° .1. \1\. 1111 tlll\ll(1 ."h,11I 
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. I h "n ulating compound. n'Jlta\lwr hll .. , Yo It ~. .. 
Slhl art! ,all,',1 "polt ... 1 hn 1', 

I'h' It·, II' • ircuil of til" Ii d .'I'ark-I(ap 
m( .. llI·)llt,~r i. ho"n til FIJl:llrt' l-:J:!B. The 

I,ul~.·"!tlrnllnl/. hm', "hil'h may bt' ""'It~ ~r a~ 
('uiU"nlln lull' or th,' IIrdinary artlhl'18 r 
• I' 'I' lIar .... d frllm thl' P"" .'r Ul'Ply ml _Ion tilt', ". .. . I I 
h '1 'h L I ,mel \' 1. Tht' Imluctane of .1 am 

I r. 1I11 f hr. form a n'SHlIlint the' ,·lIpat·lllinc .. (I t t' m , , 
l'ln'ult SII I hal t h .. \ ultlll(t! Iil'ru"S th,· Imp le,ml: 

, II· I' At th,' pt-ak of tilt' p"sllI\t· ""IIII/, 
1(. n." I at.. iderablv 
I hI' hnt' is l-hargl'd tu a \'0It8I(e .n," . 

I th [)( ' <upph' At thIs tIl"talll thl' hivh,-r I Ian e . . . . I 
Irll,~JlI r pili,,' is applit'd tu tht' auxlhary t'~-
I I , an.1 thl' sl ark iraI' cunducts. Tht' char­
rI)ll . [ . I( It n ' 

'l\'ll'ri"ti(' imll tlan.· .. of th pulst! urrntll t 

'1 m'lIlt' "(Iua) I._ Ih., Iml)l'dalH't' uf th' ma~nt.­
I'rfln'"" Ihlll • Iw,half of Ih. vollage un th,' lilt' 

. . I' . Iht trHI"nl'lroll rOI Ih(' 1:-. lnlprps. t" 4111 ,,~ ,.. 

.Iura Illn of 'h .. 1'11\'" 

'j I 

J 
.. T .. 

1 

Figure' 32 fi .. d Spa'. Gop Modu/otor, 

RESTII' teD 
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I I tht' j1'ap bet" en trigger "ir C and t'1",l'­
Ir .. d,' A I' hrok"'n down by a tri!CJl:n pUlse. Ihp 
n <ultlllg 1><). ili\'e inns "ill 11,' .lltrarit'd 

" r I I h., l'I drool' R ane! "III lht'rl'fllre 
" u c "r 'ak-dl wn 'n th "pal'l! bl't" .... n A anll 
II lltl' tn. tan! IIf di"l·harj!'t· r8n bl' .'nntrl,lIltl 
8<1l1 ratl'l) tn lhit< \\a\' EX)}t'rit'lh' "h .. w Ihllt 

tH' ,' .. ntml of litE' limlt1J( of th .• It,. hul'!C1' I 

.\ th~ ralr III tubl' mlll 

flqur~' 33 ROlO'y Spo,lt Gop 

Rotary Spark-gap Madulator 
It. 

1\" .. 
('. 

j.!'ap ,·nn bf 

Figure , J4 Equivo/e"' C;rcu;, of Spa,. Gop 
Modulolor 

\" t h I II It\ .. , hr.·akln" d .. III 1\ park val' 
I I, l'au~' II l,'dr".!.'" I .. IIl'prnadl ... adl 
oth",..11 h,· t in .... ht' !CUI' I. 10 tirp TId rail 
II' al, omph h.-.I 1\" rtllallllll' "IW .. "cI .. of tIlt' 

l!'up.'11 a II Ih,.'11TI -1I'h • II ,.~ I hal II .... I!'IIIIlI'I~ 
I'/I~~" · a fix.,.).-I. Ir .. tI." a. ~hu I n In Fill'lIf1' 
I 3:1 (In tit., ,.tlm' "ra,·k .. II II h I .. ti .. II t'h-(.' 

nlt,.'hlllllsm \\ I I I III • nit-tal I "11111 111t-r In pl., 

I ... nt tnt .. r! 'n'l ,.' \ II h .. 11"'1 1',11 t o t 111'1 "I. .. 
nl't'llIl. In a.) f II 11, I .... kl _11,,1 Ill", .. . ap' I" 

p .. led In all I, a.l" II' .11101 1"01\1 t ht, rolan 11'''1' 
"In'uil til pr.' , l'nl I r,'II"lIIi SIn" 01 r .. t'nl'l ~'I 
In ulh .. r rar'ts .. t I h, ' "ltlll/lIlll'ni Thf' , park '.1" 
hnuld .... k .. pl •• 1 ,"11 Iilllt "n'.SlI r. to """I.tll' 

l'on"i.\t'ntl.I' It i, .. I'I -nafh Importllnl thlll 
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rain of 01, mp t1o"nl1aJ ,"n . Th initial. UrjZI' 
of t'll rv\' II nll,ltt's Iotl\IN-n hI' magnet.c 
fll,l<l /Ire 111111 th~ indur or .m" 101'11' \ harlce of th~ 
,'al.a Itllr If Ih,'r' 'I'rt 11" rt>sisl. nl'!' III th,' 
l'lr,'UI , thl' r rrl'nt would b an undam!. II 

35 CapaCl'or Charge and Oiuh'Jlge 

inl' wa\l' tFlllurt> 1·:\'iUI. anll th \'nltaVt' 
" I'"ml '\ w'lliltl I'an bel ween (l and tw.ce tht, 
appltE'\I \I,lta!!I'. 1'lIrI \' (F'j!un' 1.~'iA). lIml ­
t.,<,r \lith rt'<i lantt' in tht' r1rnllt, thl' I'ult. 
a!!'t' at pomt A .~ a damlwd ~IIW·\la\!· {'un,· 
(Fil!ure !·:l:'iB I \I h.d\ \I ill ult.matl.'ly die nut. 
I .. in in\! h(' 1'''p:I''it,or ,har)(t·(\ til I ht' toUP!)'" 

1M' l'nli"I,.f 4,GIIII \olh. 

'4 

I ur 

II Im:h altlt\ltl.·~ 

BJ-, 
, 

• • 

• .. 

rh" dallll'tl1)( «lUs\'" hy (hI' rl.'''l"tancl' 11\ 

t 1.1' ,·.Ttll.1 IInlll: th,' fir'l :\1 IIIJI; of voltaire at 
,,"Inl A til ahoul ,nOli , '.,It". Th .. indudanc .. 
.~ adJu,I"d til mak., thl' fn~ut'Ill'Y of thl' o"Cil· 
la ."n 1''1ual t .. un .. ·half th,' \lul~t'·rt·l)t'litilln 
fr."IUI'Ill·\·. s" thaI th 'l'ultaJl; at l)flint A \1111 
b ... , m.1 tmum at tinlt' t l • If thl' s\llll-h ." 
"1",..,.1 al Ihi, IIlstanl, Ih., n,lta!!I' at l)flllll A 
i.tll~ III I,,'r .. (run.' Fi)(ure 1 .:~;;C). allli tht, 

1 111 _,. furmm!! nt't wllrk d.st har)(,'" thTOUgh H 
."1I1t·" R i: "qual Itl the l'harnl'teri"ti{ imll<·t1-
lIn", .. t hi' n·J 'If'rk, a puis.' nf -1 ,000 H,lt 
.1 "nl'iJtlHh' .s 1, .. "tlUI"o! a. rtl'. II It, till tho 
,I .,r~, 

, 
'4-- ... ,.,GNfT ON 

• ~ t 

".... t t .ok l 

• 

36 r"0'9,n9 Dlod" 'I' Rotary Spark Gap Modulato, Coreuit. 

OJ 10 
J -I 

.. 
i • 

F,gu,~' 31 AC Charging Th,oug" 'nduelnne .. 

~9udrel' 38, Pulse T,an.forme, in Spa,lc-Gap 
o U 0'0' C"cu" 

I"rnkr: ~ .. rl't· : "\t'r.II imptlr ant pnqw,,.;,,,, in 
mu<iulalllr l'qU',IIIWnl. III thl' fir I pl.H·I' tht \. 
m.l~ hI'. u,.;,:'lll dl"II~" Iii,· mlllt·d.III1·\- It'H.I ill 

pul I 11I·,·u.l:<, dl.tII~.:·~ from .1 II1Kh \ olt •• j.( •• 
10\ .' IJrrC'f1 . nurl'.~ tn it In\~ "o!t1!j.!' • hi),!'h"l'ul . 
";'11. uutpul. "" ,ill' \','r. a. In th,' :"I'OIn,1 pl.w 
t h' .r,ln .... ttlrnlt' m'", )..' U~,·" as a II JI.u:i \ . 
"·"'I""~",\ .. , ... 1-<illtholl.1 " .11 • ) 11<."11111 os,'.lIa <I' 

" "I.t. \",In Ihl third plan', tho t.all,. 
inrult t nlil~ I r\,' tU1.uiatt' 1)(" :uur\.t". 

• r, !Il(. I ", IIm"lI "'" 01 t hi' pub .. I ran.'. 
,nn,", .111 ,. ",," 11\ Fwll .... I :~. 1'1 •• , pulsl' 

111"'10'0\' .Irut .. "'\ ,'"pd. dl.II~"II"III'lrtl 
II" I 11/10 III""WII ttlt' '"II1IiIl'\ "I' II,: I' , 
1("111 • '1', rlln 

t t tun ... l.dJtl I ... uell:\..; ttl .... , •. p "" 
Ih,' I,"m 11'\ \ ,It, ,t . t I ·w· II a OII1I'It 11I)(11t·,. \ allll' 
n ,.' Ip,.".'1 I' h" 11I;))(lIdro" .• ·.11 .... till' nl'tj.( 

", f"lllll ,11,,1.111, ,'.1 \'\'111", II I "t • 
d"".I; II I ' ' . I lilt'. c"".,,, 

I~ \\. " "/,111 .... ,lIflllllli:' 1I.'J""rk '10",01 
'10 ".I "" 1.1' I.udl In \\ .th~tlllill lilt· Illdl \'"It 
'1J."'OI. th ""lSI ,.".Il'itlllJ.' Ih., m,lj.(nl'trllll. iln.! 
'1~1l h.II,- a ) .. \\.,. I'h.lrll,'I"",,, '1' iml't'danp 

If \'4,1 .tg'1 (,1 lllt O lIe)\\".', ',UI, " ttil t'hal~'in" 
rh,l Iltl .. 1, I r JlUV 11111 
~m:JlI. I' I' , '!T' ""11111'1'1, 

Figul .. ' 39 S M d I epalaftan a/ Magnetlatl and 
o u a'or Cf('UI'-' 

I I. ,",,'1\ 1'.111.11 "I:-(.dlltl'OII<. "",.11(11)"," 
III' " '" ,III'"ilt.. I D. ",ralol' til ~I \':11 II., 

1111 .1111. 1111 ...... 01 It.· hulk\ I""\"r UIII( II' hi' 
I ',,"""lltl,'r h, a ,'1111. i.Io·rahl" .I! LIIlf<' '1'1 
, ",I.. r I . II" 
.' I alTunll' J. H·d b} t uHllln): .. lUll).." C'Ii.1 j,d 
IIIIt III \\:\\\·)(ulIl., frullI th,' m.IJ."1o 1'"11 ttl til • 
..lIt,·nna 1111" ,'\ r I I' ) t I . ' . "ny r 1I1,'R It'nd lit l1\·d,,· 

-,' ",,,'ral,oll "I th,· l1Ia~'li'lr"lI un '1' II ,: I 
,u 'h I I " .1 " .1111 

'. lin!! '~It'" shlluld 1.1' :1\ .. iell'll if po ·~.ilil 
An .tlh'rllill.", In Ion" r f 11'11', ,.. h (0 ,',.'lIatl 
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~NJ 
CURRENT MOOU1~TlON 
CONTROl 

0--- TUBE 
T'M G 
I PUT 

VI -1 l ~ r [~.~.' C 01 01 

I 
'., 

1 

';gur. 1 41 " ocl O.og rom of Solu,obl. I"dueror ~odillolo, 

th., ma)(ndnm tl'l ground Tht> maj{l1 .. trom 
platt' I'urrent pa~~I.'~ throllgh thl O1alllwlrOIl 
10 ""ountl, tllrI1ugh JU and C;l III 1)}1rulll'I, an.1 
1111' pul. .. -tran"formpr ,,'('ondari!', Thl' ,,,It 
.Ill( .It, elupt-tJ a, rll," R ~ I~ pmp"rtltlnal to tI" 
tH' fllg~ ('urr .. nt tl()~ ill,rz in th O1I1/rlll'tron and 
th,' tiarnpln)( dro,lp t.p('au~t' (':~ hlt,'r, nul Ih., 
urj{"s If It I~ cI.·:<irt'd ttl ha\'(' an <lllpr ... imat., 

In'h atltm of tht' nll'j!'n .. trun pial" ('urn'nl. 
rn It'r rna \ ht> .:unne..'It'd crn,,, n-l. If nil m .It'r 
s ii" irt't1 . th .. dn'uit ma~ II ,Irnpliri .) hI th,. 

"lJnlll!lIt IUn of t h b~ pll. , (,lIpatl!'lr". and lIlI 
Illt>r tap, •• f tht' hplltl'r thlll,.(.)rnwr 11111\ 

I." KTtlumlt'd tn I'rll\ IIII' /I l'I .. (", Irl'lIll I .. r I h •• 
pllit.,. Olrl'n 

Satu r able Inducto r Modulator 

III t"ad .( l·ro<lul'illj{ a 1.1\\ 1"'\I,'r 1'1I1w n.) 
1111 II ,'lng II, ,r 1o:,·II .. r Inj{ hI ·n 1)o'\I"r 

pul •. (111m an IIrtiti< lal lin I ·Rlurahl,. in 
dUrl< r CliO I ... u,t'oI It .. II '"Itch tn <'lin rill th,' 

nli .fi~('hargt' or II n ,t work IO! I'",tilll ( 
Imlltt·l.\' "quKr!' mudul tlnj( Jltll~1 
hal!'rlt01 of IIl'h \ ~'f>m I. '\hn\\ 11 
I -II. 

ht' 

( cr I,. the capacitor i a rna IllIum. the 
t ulIl.". indudor lIwitrh, 1..2. iii cloSPd and 

th, '·lI.l'al'itor voltaIC!! is appli('d a.:ro,. th 
'net ron I hrnURh C!l . 

-\ ,atlll.iI.l. indlldnr l'3n h.'lht-d It- 1\ \\ 11..11 
III " It .·.In I.· .. ith"r 11 \,'r) 11Igh illlllt'tlu",'" 
., II \en 1,,\\ 1001',·d.ll1n', dl'llt'n.hllg Ih,' nlll 

dlt,,"! ulld"r \lhkh It "I"'ral,.,. Thh \l1C1., 
,han)!l 01 impt'<inllc., I~ IM.S ihl .. hl·,'nu".' I h .. 
'on' "I til\' alurahl., illcfudor, ur nunlln"ar 

(hll .I~ It h sum.'tllllt>" ('11.11.·,1, is alural •. !! h~ 
,. r Ialll ,.", h.\\, (,lJrr. Ilt In t h., .... JI A graph. 

c ,.!It'd a ",1t~nt"tizatlon !'un t". III \\ hid! I h. 
IltI .jPII II', II h,' l .. r I~ plott"cl a~alll. t I h,' 
.tlrr,·111 III Ih., ,·(.il. I. ~hll"n in FIj.!'lIn' I I :! 

rh" h"ll l. ntall'"rtlon. IIf th., run., an', all. d 
th., ..... ,lIrlit ,.1 rlj.!'llln hl"'tU~I' /I c'urr. III mort' 
1'0·ltll.' Ih.ln A or IlI l1 r,'II"j!'IlI",' thall B '/III -

11111 nClls. an 1IJ,·n'u (' III th. Ilu " I n II . • ,f 
'h,· • o n' I Il I h.· "'/ri,,11 lot'! \\ '·,'n A alld II I h., 
1111 .I.'n II !II tltt' (·.!n I. dln'dl\ I'rnpllrtlon II 
10 Ih., .'urn'nl IIu\lillJl In th., .·tlil '-1Ilt'. th, . 
.. 1I1Ij.!'o'Rall. all in,lurlor i,. proportionnl to 

th., mt,' IIf .'hllnj(1' tlf th., mlll,',wtl,' 1111 thllt 
hnk" tit. · "oil, n.1 Vtlltlllll' Ill'p. 'if" a,·rf)., il 
,q"'n the ".". i IItumt ... !. .'\.'n thollllh th, 
"urn'tli mR\ It· ,·hanj.!'IIIJl ,r llh "'r,, ."Itall" 

• r.l~. Ih .. IIltiu\'tor. II ad~:I .1. It .... t nrl'llJI . 
II It II II \ (lItKIC" in.lu ... ·t! III I h.· 1'1111 h\ II "hang 
IIlI{ mall'1l'1 Ie' lit·", . It ""Is II' ,III 100' ... dan •.•• 

f iflU'. 1--42, M09n.,irotion Curv. of Solll,o"'. 
Inductor , 
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-O~-o ' 
• ]0011 

C3 
OOJ 

L3 r:t\ . 
5",~~7C'4 

I 

I 
F • IE CAPA 1I0~ 

AC o~s powu sUPP T 

Schema'lC C.rcUI' Diag,am of Sofu,abl. ,,,Judol MocIula,o, 

\' ~"l1 th,' l'lIrro'nl.('(mlr •• 1 tUt." ." l'ut htT hy 
tlo' nt.'!!al.\'o':" Ill!! ,,( lilt' timlllj.! "II liar 'wa\!> 
th., ti.,ld arllund 1.1 starl" tu w11<1p:<,', A high 
\lIltil~n' Wllh p"lant~· a~ "hl'wII 011 1.1 J. .~. 
dlln d al ro,: Ll 1,\ th,' .:"'I;III~ing tit'ld. Th." 
\lIlt,,1['" mnnwlltanh ,hort·I·.n'U1lerl uy thp 
I. Imlot.tann' IIf I.:! ('~. and Ih.- filtl'r ~apa, I 
tan" /llr.,,, Ih,' l.:!O(l·\tllt I'(o"fr SUI pl~" 
It Hellll!! to r ... " r-I I h ... ,hn'dum of tinw IIf I , 

,lltllr.llion valut', 1.2 
• 'lr;.blt, in"tanl, 

IIfSHIJCTfD 

RESTRICTED 

or (.~ through capacitor C3 .• inl'e lht: capaci. 
1.111(1' (If (':1 i,.. lib. ut I;' lim,· · I!rt'al",r Ihan 
h I (If (;4, and inc L2 i)l II I.", ImlJt'dan~l', 
I'pro ImaH'" ) 4,O(lU \'/llt. 'Ipp.'ar. aero"" I h .. 

nl gm I ron Th, polarity of thl' \'lIlt.lg., on (' I 
I "u,'h that Ih .. maj.!nelrort ,·alh"d .. j,.. mad, 
1ll'l(ali\e With rl' rwd to tho' 1 l1'1dl'. ,'/111 ITII: 

') ,'.lIatlOn. 

Illitlall,' indud ... ' J.:l b a \f'n 1111'11 11111"" 
II'"I' 10 h,· 411'. har,,'''1 .11'."11,,, ('I. 1'0 

IU. ( th~ curr"nl in thl' jll.ll1.-1,'r IItHII" 

dlang!' in. tantly Huwl"·r . altt'l .t1 "\II tI.: 
n,i"r ~('l'lIn(j. the C'urrt'nt Ih{'flu",h tI._ ill""" 
or ha~ built UII In an appro'fln"" 111"'"1111011 

,n,1 1~11'1f din'", ,hunl8 tlli' rnaJ.:'lIo'lrflll" I It 

a c()n~ anlly-eli'a a in):' imp"danll' :111<'1' h •. 
Imllt·danl'! or I;II'I"'oml" Inw, Ihl rut" of !Ii 
I' har!!,· of (' I i~ inata .. tI. \'1111 illl! I ho' mill! 
nO'lron to gil nut or" I'IlIa '"n 'Iukkh', Wlthlll 
tIl.' 11.;1 mll·rO ... ·I·ontl ,>I'tuxl, fls('lllali"n~ of it 

IIII.!!/-' 11.,,10 aro' prolll1",,11 hI" lilt' m"glll'lr .. n 
III /,.11 ,f Iho' lat I Ihat till' 1''''''' '<llta",,' (Jt. 

t" !tum ) ·1.01111 1',,11 

J-. \ t , 

SECTION V-ANTENNA SYSTEMS 

1, INT.ODUCTION 

General 

Efficiency Canslderatlans 

res 1111{ t inlt' 
Thu. , 1/. t'<I('h 

C-, l I', I ht' .'HI·' .~ J U t'd 10 prutfu(. h • .I, ..... Ir •• tf 
r,·,u'l. \\111,,111 \\a IIIIM' l~\"'r II, lI.ull\,' 
(He1l1 ... 

Fill .111, l. .. \ "r all dJi. ,,'I,n • hn I, t .1 ," 
.t I" ,..iI 10111 •• 1' .,,,,.I,, •• IH,n I .. , "IUth Ih! 
,\ If'!II I ,j I. II",'" Will p"rrIlIl ('''II' '111'.111, 11 
I t tit' tlh q"\ It • I. lIal"l(l\\ httllrl 

Angular Accuracy 

I I." ,at'I" \ " ,I ".I.or 1111 I I, Jo, .' .II~" 
III 111:1 1111111 'I' ,·11" ;iI,(IIl .1. 1~""1 "" h.1\\ \\." 
"'1' ,0111"'11' •• • ,111 ,,,I. I Ih, dll.',I1,," .. I 'h, 
r .. tllrn 11!1Ii11 It h.a I,,,,,, h", n 111 _II h'lIl I 
t 1.11 H lIarl'OI" I .. am ,- I,d It'" •• 1,1.· I .. II/III tI .. 
111.1. 11111111 r,' IIr" i~II.11 .itn', IIOIn I 1t.1 11 " \ I", 
011(' II, ul,I,· I"h. .\ ~t"111 fill '111'1 .. " III 

lrtJI ,Itftoate",.",\ 1)1.111 .. ." .. 1., flltH .lIt!lltrel 

2, CONICAL SCANNING 

General 

Th., I'rlll<'lI'I.· tlf luL.· ," .1, hlll)( ('an I ... t' 

t .. nc!,·t! ttll{'\I' ;"'o'llral .. allllluth and "'0.\,,11111' 
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PA TH OESCRIIEO 
BY LOBE ... IS 

REf ECTOR 
AXIS 

fll>ctur (FigurE' 1-45) . The t:oaxial line and 
dipoll' arE' rotatt"d by 11 !'Canning motor at a 
,,~ of 20 to 60 r('\'olutilln. per minut 

The Ilpparent snure*, of enl'rgy for the para-
haloidal refiector I~ the dt'1'trical center of thtl 
dipole a,.~embly • inc.'e it is off center with re­
~pt '1 to th r fl 'tor, the ln~ prn<tnl't'fi will 
be off center As the Cl'nter of the dipole ro­
tate. around th ax!. of the reflector, the lobe 
i. rotatt"d also. 

The chid disad"antage of th method illu -
tralE'd 1100\'1' i. that the dipole assembl,' IS not 
lmlanct.'<l mechani ally about the axis of rota­
tIOn . A "econd method has Let>n used in which 
tht' dlpol I ... " mbl~ rlollt'ly re emble!' that .of 
Ih,' w. t .. m de"rrilwd pre\'iuul!I\". The 'oaxUlI 
hne I~ at the l'enler "f the refiertor, and I, f)f'r­
feeth' . tralght amI properly balanced. Figure 
1-46 '"hows a dipole; element A i fed in the 
normal manner by direct ('onnection tu the 
inner conductor. The path for energy fiow to 
d,'lIlent B i. made long r by cau. ing the en­
.. rIC' n fin" frum the in. ide of the uuter c~n­
dUl'lor I hruugh hole (' and around the out"lde 
of th .. ,'0;1. ial Itn ~ to. ('Iement B Thi!l mannt'r 
(If f .. dinlC. "Iu. h .. po~itinn I.f ttl baz.ooka 
and thl' hd thai Ih.· clip ... l!' eh'mt'nt!l are nf 
differt'n . hape, lCi\t~" an un \t'n currt'nt di,, · 
I rihll IOn Tnt un \ n Ili~trihul ion rliUlle. th 
, l"I'lr" nl cen ('r of lilt' clip"'" to mo"c from 

.. pi y-Il'.11 (. Till r, Th r 'fnr,' , lh" I'nt'rgy i 
r.-t!" • ,·41 fr m h,' par'll~.lnicll\ a "lil(ht angl' 

Fig4l,. I .45 OII·CeMe, Oipole , 
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• th, lui,.. All the dipole i" rotall'<l , lh .. pllin! 
"hidl th.. nerg}' i. dirl'l'tl'" dl'snit. ~ a 

round the ('('nler of th., rell {'lor anll 
th rt·radlat I n .. rgy dl',.nilll'. ,I 011(' ~'h inK 

t It' lit, irt'tll"onical l<l'lln. The llllz.",ka or 'luar­
.. r "1\ l' halanclI1g .l .. liun n1< Ulltl'(/ on Ih., 
.tt r 1(llldudor (.f th 1'''11 Iftl lin,. Ill,,, PI' 

,tandllll{ "II'",; lin thl' tran. mi ·Slol1 

f'flu,e I 46 Colt.truefiolt of 8ololtced COnleo/. 
Spalt Dlpcle 

Waveguid e Conical Scan 

SECTION VI-RECEIVERS 

GENERAL 

/"troduct'on 

,IXED ROUND 

... " ~'DE 

F'g"'. I 41 COitICol Scaltltiftg wit" Waveguid • . 

lIt ". (II'IIII/o! \ IH'" l\·r,·II .. till .. 01 rllund 
',1\. Vllld, IS It ,.'., m Ih,' (llh' r 1'1111 of Ihl' 
"a\ p).."tutit t 

lIlt' 11""'1 .1101 If 

" ttlt lui trl 1.llId .01 ·tllI"" loU. ( 

, hl)\\ l1ohlll,11'11 Inlh. <'llnl .. 
U III' th, 

'" tn'III.11 
mall 

.• H'I'I 19o1lal "I 
".'.hal' • rtlh'r.,\olt or I "111 .11l1l'htuol,' /lwl 
.lInpltl\ l/i"m ttl lI, c 1111 m "'I1III1r1., 'I h," tr.,,, 
t~'." 111~' fir 11 r,lI/ar •. , I' 11",1"lor" (lltll'ur 

Iltl/1111 III Ihl' u/>Ilil\ of Ih fl' ""·"1 to utlltll' 

\\,I'lik 1'1'11."( .(\ sil{nlils Thf' \\,'ak"r till' . 1j.!lIal 
\\ hii'll Ih,· r t'i"pr I'lm II~I, t h,' vr'IIIo,t tli,. 
,'If,'dl'" ranj.!t· IIf Ih .. sf'! 
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Signal-to-noise Ratio 

1'1" rdl' .011> II po~sl]'h' hy using manl' 
t •• ~:,· (f .,011 !iIi, •• h.n t<l huild anI' ·ignal. no 

mnt ,'r hOI\ \\I':th, til all~ c\,'sirt·c\ amplitulh, 
Ilow,'\, r. hen'. r(' pr., ,.,nl '" all plN·trieal 

raw\om di,.tnrbancp,< which 

olhl'r. cau"in~ a 1'"ltajH' 1<1 develop aero !I the 
conductor, If thp It'mlwrature of the conduc­
tor ri ,.:, I h a)!i II ion of lhe el...:tron in­
\'r,'a •. ~ In bnth rlin'ctiolls ", that thE' in. tan­
tltnt·()U~ current j" yr.'atet', • inl't~ the noi!le 
1·.,lt.lj{e gf'ncra ,I in a c,'ndllctor is the fR 
drop from thiS l·urn·nl. the amplitude of the 
nui.·,· lullnK" im'n'asl'l'I With an inerealle of 
"Itllt'r tt'mp{'I'ature or l'ondudor r .. "i. lance. 

:h(,t l·ffl'd i" lall~ .. ,1 hy ir n·gular emi"l'ion 
from Ihl' Uilliodl' of a tuht'. T he elet'tr on flow 
In IhO' plah'l'in'uit I'aries-lightly in the num· 
I",r "f ,I .. dron" n';lehinj!' tht· plat<· from one 
in. tan tn llnulh,'r. ami III the lelocilil's of the 
indil'irlual .·Il'c·tnm .. , Thi, I"r~ .. mall curr nt 
\ .,ria inn protim"''; a small ",,!tav,' I'"nation 
alTOSS Ih,' Iliad en p,'dant'l' of Ih., lube which 
is kn •. "'n as noi:." sine,' th ' Irn'Ylllaritit's an' 
,'nhrel" randllm Wh"n a I'o"tti"p gri(1 is 
plal',,01 In t h.· \·1(>('1 roll pal h to (1\1 id" I hI' pIp,·· 
from Ii,,\\ \\ it h tilt' platl'. tht, shot ('ffl'Ct I~ 

mal!niti,"\ h,'rall. (' tht' tlil'i"i,m nf th~ \-11','· 
t ro ns I ,d." irn I.'lIlar, For thi" r<'"S(l11. mult,· 
I-"ri,1 tul"·,, r,' IIm-i.'r than rind,·". shot l'ffed 
.",,1,,· 11 in,miz,'01 hI U'II1j!' 11 hll'h mulual'l'oll­
,J (1"11,, till .... sinl. th., slj!'lIal.'onlr,,) flf th .. 
,I". r,," ,In'am I- I!nalt r than in a Im\ mu, 
t tl.d \ IIUdll1 ~Ua t' t uht); for t hp ..:aml" n·lat h fA­

n'H t It \t·r. An ul('rt}a .... ~ In tht' :-;pa(lIp charvt,· 
1,\ Ill' (.) lila n.'nl I'ml,,·rallln·. h "on1l'fim .. " 
1,Iptni il 1)1"" hllW ""l ,'IlI)' 'i .. n \lIriatioll , 

J/£5TIIICTEO 
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I NIh 1 .. 
1S 

Figure' 4' Grounded,Grid" AmDlifjer. 

J.ti,w from th,· ..J.·,tron -Iream ill"To'a" .. " 
\\ 'th J rI'lIUell'·,I, '" Ihat 11t1'·(' (t'tlm thl- ·.lIIn. 

f ''''11(1" hoth nn IoandwHll1: and Ih., ltlrri.'r 
frt''1l1en('~', Any olh('r 'Ir:1I 11,'Ids ""Iernal 
u llot' ull,· mll~ pr .. ,fucl· -Imdar (IT".'ls, 1/1 
.d·1I1 ion 10 ""Ilallc, pro.lu,,·d III In"utfi,'h' t 

Ii (·ring of tht' platl·,'oltajl"· 'u""I\' 1 ... 1111.' 

f, ,'d hOI'~ are parttcular!, <II' "'pllhl., 'n "I r I 

his Indul'(·d·nui. t' 'nltaj!',·~ :.rl' mll1imlZ II 
bJ l"w-imIH'dilncl' '11','111 ,. I". 10111')0( lilt, I' 
II ~ ,In.1 horl 1 .. ,,,1, 

. ·f Am,.lifiers 

pr "i'talllJlIj.: 11 • Illl '1111.11 'i •. 1 

IUpa "1' It th ,',Irn"r fn. 
, u. r.( ~ bt:'('(lrn(o, hiJlh. 'r R. :aU (0 of not t'l'Ol 

"",alllln • o,,·n·t'II-ynd tuh." ar .. m U'IllIll' n 
t th, higlwr rallal fn'lllll'n, We, Th, in 

IU, 1\, n'al'llinl'l'ofthl'c.,th()(I,It"d at th •. o' 
ft, 'IU. n, II ~ ,au,,!, app ... ·'·lal,I,· 1I"~ .. n"rati"lI . 
T'j 1~lIal lultllR'l' .llId "art.,f he nllis,. lull 

'. ar,' :"1"",,,11 "'''Iall~ b~ till oIl'~" 1l"I.ili"n 
fh 11."., T. IIfinl{ fr,'m ranolullI ,IJli I,m "f 
, Irr II L" I\.'en h. pia t ,wei ~ ro-.'n I/'nd. 
I \. \' I, i nul alft'dl'oI. I"nll .' !. .. th 01 th, 
u r r"111 no \ In Ih!' rulh"d. rh.· r.'sult i .111 
I I II r('d'J(\ IIIn IIr sivn"I.I" nois ... rat in 

,\t .·\1 .... 010 II' high fnqllf'I1,",. th' ,',I pad 
1\ n'lI, 1.1Il. ,. h.'lw"t'1I lIh,· ,·It·ml·nl- hC'enmc_ 
'I' r Hrl III IrlOo1t,,,. Ih .. Vridplalt. ('apal'! 

IdIlC,· t"IIII" t" ('a U '<I' mstallilll \' \\ hi, II rna\' 1'1 
UI IIlal ion" Til,· jl'rid,!tH'athod,' '''Paci-

tlillC, t,'nd ,II~ .. f" . hU111 th., "~lIal 1 •• 1 .1/1'" 

1 h.· rO' III i. to hUIII 111l' '"' ,-ihlt. )o(al/1 "I till' 
lulo., ril" fllc .. r alf"I'lllll! Ih,· .. hIli" II pro.. 
tlll\" :lll1"lui.'" 1"" h,,\ 0' I .. ,'n ,II ('II'~, of III 
. ,.·t Inll III. 

It "fI" I"'" 1,·0\ 'lilt I hal 110, Irn 1[111.11 "mis 
It III "I lit "lIh.,oI., •. 111, I·d 1111 .ll'l'an'lIl 11111\ 

" UII "'nl 1/1 I h., vnt! i,,'utl \\ ItlHlllt "I .. 
I folD.' n a hllll.' h,' /1'11<1 1'1'011 I h, .'at I .. d, 
1'111 "1'",1111,,· .,1] 1I1I'llt rt I t 1111 I "II" till" 
\\ hll'h I, ad t h.· vn.1 ,'In lilt TI" hwh. J t I , 
.. rrll'r 1'''''111''11,\. th,·I,,\\, .. I II,. "'jlllt ,,' 
Islalln TIll' tI"\'I1t Ii I"'alll I' \ ,,,.01111 II p 

.ll'plil'eI I","al ""lta)/,·.I 1\.,11. ,11'01 till" 1(111" r" 
I h., apl'aro'lIl illpul r.· I tall. ", Til '1'1 t 110' ,,11\ , 
1<' .. 1 vrid ,"',1111 ""II Irll.t.·,llrollI 11I,lIl1t.lIl"" 

,llIti ,"11',1. IllIn.·" Is 1'.11',111,·1.·0/ I" I h,' .lIll'.II •. tll 

IIIJIuI .... 1~I:tn,,' fIIld • 'I'alll:,n •• · • I th" 1111.. 

F')r Ih,' ,Ihon.· re" "II 1'1 .IIIIIItI"1 ha, .. 
n"t ",','n II "d •. I.n 11,,1\ III 11.., 111"'1'0\\1\1,. 

1I,,,,i," -\t til.· I .. \,'1 l..oIal ""IIII't\l'Io'~, mllrt 
or /0. ~.'t1 t,,, I"n )(11111 hit, 1""'11 ,,1'lllIlIl~I 1,\ 
II Inv t"h .... "j' . l1Iall pll\' ~h d il" t" r.',hln 
1111,'1"1. dr,,01,· 'Ill'an\;uh ,. alltl II.. .·1" I roll 
,.qla,ltall,,· HIlt I Ih,· ,J,dl"" 11.111 II I I Ill' 
MIlItI!'I.·, h"rl 1":,,1 to. IIII' tl,II"~/o'II,I\"I""'1l 
"",01 ill.1Il ;o(t"I11", I .. 1'4,./11,,· fl ... Il101tltlillln', 
-\ "Ir,',", \lith Ih"l{rltl ~'r"lJl\lI,·oI.u1l1 'h, •. Iy 
lIal PJllil'd til th., ,-alhnol,' I~ al'lI tlst'ful ill 
"xtl'lIdlllg th.· high fnqul·IIt·) hnlll III r f am. 
,,"'il'rs -inn' Ih., Jllaft· to vrlll (·a)!: .. 11.11), • 
th II act nnly a .. a hltl "n Ihl' pl.tI •. !'i .... uit, 
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Figure I 49 R,f Amp/ille, with Lighthouse Tube. 

k patl ,I. III out .. r l'vlllludor of t ht' ICrid-cathllde lint! b~ 
h,' ,apat'itnn; C7 and l' which lire huilt into 

th .. tult ,and hyp'l".· radio frequenc)' from thl' 
metal "hell that form .. the ba;<e of the tube to 
lh(' ('.Ithode, Grrd bias I,; furnished by the po. 
t'nlwm 'I'r Rl w hkh i. 2et to give the corrt'l'i 

plait· furrent, Plate voltal{e i!' supplit'd 
Ihroul{h Ih I1lt"r madl' up of '''. ('5, and R3 
It 'att'd In-id,' the pI te line Coupling to the 
n .. "tl '<ta)('1 I. mad by mean,. of a pickup coil 
r"l"itiun I hetween tht' Irrid and plate line~, 
H 't:IIU ." of th grid-plat· hnl'. llOm rl.'gf'nl'r­
at I\'t' amplitll'atiun rna\' hE' r(>lIli7l.>(1 Oscil1a-
i"n I I.rt" ,'111 ... 11 by pmpl'r loading nd I.,. a 

lillll of tI. Tnd 1I1Jlllt tap, 

Blocking and Recavery Time 

Th,' n .. ·• iVl'r, hnu~h partililly vrolt'l.led 
11\ a T-R IIt'vict', rl.'l "1\"1''' a strong. ignal di­
r; . II frum tb .. tran, mittt'r, This Ignal ml\\ 
(lwr;lr" .. and hlO('k tht! recelVl.'r and render 
It inlll'n<ltl\" to. Ignals which follow, hortly 
aflE'rlOaro. ThUll, Ihp minimum rang(> rna)' lot' 
"riau I' 'mpal red I.)' the rf'('eiver' inabihty 

In .Io·lt t !'ll!'nal~ from n arby t.arg til , Th" 
hlo .. ~1I11!' rI' 'ul (film 1':'«'1'''. ivt' uias dt'\el ­
'" ~I"n .>l1, .. t h tuh"" h~ the ,Ignal, U. ua\ly 
In .1 \,111 '~lIl(t' whirh is T/,,(J. tane (·ollpl'd. 
n", 1,10,: III/!, 1,111. may lit' ,II'\"f'lope-f1 ill' gnd 
urr. n , or Ill' e {l'",h p curnnl thr.,ugh a 
ath"." hia"mg r. I~t()r If It i" bypa!<~ by 1& 

Call1(ltl)r. The stag~1I prt!(:Mrng th(> second 
oJ.·I", tor are /101 usually. ubJt'ct to blocking 
h, 11'1 e Ih,' ,ignal ha .. not h" .. n amplified. uf-

RfSTRICHD 
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ri.'lently to overdrive the tU~!I, . ince induc­
tor rather than resi. tors ar U!<M in the grid 
It, ,III, and becau!l(' any cathClde biasing reo i _ 
or Itr~ unuypa. !!('d. 

RI,l(king in the \'idl'l' IItag('!O can he prp 
't'nted, or its elft'Ct minimiz(>d, in p\"pral 

\18)' , A gatl' pul!'e applied to 011,· or more (If 
h I-f. talr's may pith r bia. the tull(> t .. 

t'ut-off or remn\l' the sUlrply 1"lIl1g!' ("r Ih" 
J r .. tivn of thE' tran. mltl,'d pul. \\ hl'lI II 

I"' nt'c ~sar) t.) rf'('t'lle weak "illn.lls .It I h. 
dlrli".l I)()!I"ible mom .. nt aft .. r I II., tran mil 
t'11 pul~ ,a. in AI Hlllillmenl, I/"Itllll{ I_ lI"t'd 
If the ~('C(lI1t1 d.-I dOl" pro.hl< t'. Ill'.:ati\ t' 
lui, " lhf' fir t \';.It,) ~I J.l"p m." 10 .. II"I'.! d- a 

limiter. Any signal o( too great amplitude 
merE'ly drl\ .... thi,; tuhe to cut-tiff and itM out­
put i~ limited In 8 pn'dl-termillt'tl rna imum 
amplitude, If th bia 1'1 ~up"hl'd frum lh,' 
IH)wt.'r. upl'l.\" thr,·u".h a loltagl' dilider whit-h 
dra\\·~ n lar ...... r'''rr,·nt. n \" P~(·~~':. condu -tiuH 
I,,' th,,-tu!',' "r.>(lu,..·" tlnl) a nt'lrliglblt.' voltay •. 

1111(1' III th,' hl/'~llIg re<i. I"r, Wht'n blnt'kin/! 
d ... • 'kTllr, ils ,Jllralion i determllll'll h) Ihe 

lallt" il1\oll".1. Thp 'fft'd ,'lin Ill' 
""J.'t,ti,,"ahl .. h~ makinl{ till' timl' 

allli ,on"~lul'lltly tilt' re','Il\'('rr 
hort a~ i I nlt'llt·ahl .. R\· 1"lIlinl!' 

lIlt !O' r,'SI_lctr III Io\"f'a. 't'd, il tlllit roll 
-llIlIt I. 'I •• d .. I r,1t ",',d" 11 rn 

SECTION VII-INDICATORS 

1. GENERAL 

Types of Scan 

I rt' ol.lr,,1 or '1m-I.I~'1I111:' t'l. It IS II U 

,!i'-,rlllol .. t" ronl'l'lItrate Oil (II" on .. tar 

it." \\,-11 Ii" th' litny" anti 

J\ thlnl q nf apl'licatlt1n i.. he "<;t' "f 
I. r II, ,lIft'raft mtt>r ,'pti"l1. In thl" ,·a. 1', lh" 

r " r IIIIh'1I (\r musl pro\'id., n uj!'h mfor-

malion I"r 1'11" airilian to I ... flllinl''l.1 III an­
nth"r, "., that II", 1\"1'" ("~"Iln, IIr 1\ 1II."lIh,'II­
,),,11 III II I'll ,'d 11\ ,"l1jUII<'111I11 \\ith it 1\(14' 
H 1'811 

2. RANGE ESTIMATION 

Methods of Estimation 

\ gl\." ral1)[. ,'an t. I.'"" . ",. cI t.\ Ih, 
Ie.ta) It·nlClh of tilt, '\\'" P "II a tall,"d. 1;1\ 

IlIll\' ,'r"'11 If tl'" Ir,llI,.lIl1tlt·tll'ul·, ..... UI'~ at 
I ht, b"~rnTlIl1)!" "I' !til' ~\\ ,"'p tilt ranJ(" "f .1 

I til')!"" I mill I ••• ""llmal.,oI h,\ ,,10 "1'\11111 ,h •• 
[r:,l'Ilon "I' Ih., S\\, "p It'lIl!th h.,t\\",'11 IllI' 
tr.III·lIllltt'c! I'tll~ .. alld tho •. , h" Jo,IIIIIIIII"" 
"I' Ihl.· k,nd ,ItP"I1c1"n Ih. Jllell'lIl1'111 "f II,. 
.. ,,..r~IIClr, ulld an' iliaci .. I. s ,I' .'lIral. t., "" 
nllnlil1panl \ .. r t ht' \\ ""1' 

1ft I", 'a,hr "'111111111\'11 b I n~t."I.·d III ,I \" I 

1Il,Inl'nl 1",'ullOm, Iii"" m,l' !.,' a 11111111" I "I 

II , .. I tar).'. t \\ ho~.' r'lIIjl.,_ ,rr.' 1.11.1\\ n, Thll~, 
t'\ .... 111'"111 '''I lh,' ~I\f"'flllla\ I, a,','ura ,," 

<lIhl.ralt-d, ant! th., rallJ,!""s .. 1 "thl'r t"·h,, .. ,'all 
10 •. tlll1"I,d \\lIh 1'1'11'1"1'''''' I" Ih. I! kn"\\11 
/ltll II I 

E"lImali,'n lit rarw., i' llla.I" '''''11'\\ 1,It 
mllr" an'ural Ity I hi' Usp of ran).'" mark.'r' 
whlt'h .!rdol., thl' trOll'" Intll .'IIUI1I tlmp inlu­
'lIf,., ~1 :I1·kl'r ., whidl IIPI',';!!' .. n Ih,' ~\t '0'1' II 
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Fig ure I 5 2 Range Ma rler Mul/;vib ra la r 

the inlt' f (lnt,-ht.lf ""'iIIation (,f 1.1 and C2, 
t tht'l'nd of Ihi- tim, Ih m\tngl' Bao,S tht' 

tan" cin'lllt h:." .'" ung to It. maximum nega­
t i\,' \ alit" aU-III!! t hI' ~tart e,f a . <'Cond cy II' 
"f t .. ('In lilt actlllll , Thu- \,1 and \,2 an' 

3. RANGE MEASUREMENT 
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110( thi~ di;;tanre by m a.·uring thl' iml' rl'­
Ulf, d for r ·f ener~y to Ira\ 1,1 oul tu a target, 

r. ti.'Ctt'd, and tn rt'turll. Pn i.<,' ml'a'\Uf • 
lent (.f ralljCt' requirell thl' Cl urllt" m <l un', 

m nt of ". tremely. hllrt timt' mlt'r\'a!. , Tht'~", 
n ,n I, lIrp 'l""aQ'lr"d 1;) :'(,01 m. 11. \If ill 

tr"d Idnjl lin accurah·Iy-{'alibrat.'ti \'ari hi .. 
f,'lay Iwtwl'l'll tho' tran",mlttlli pul. .. nnd th, ' 

" pul. 1'. on t hl' illlil~tur S('n n 

t'\~raI method, oj proctuCltljl a \1I 11111,llel, 
11\' In m,'n. Uf t' rallVl' ar,' III lb,' ill " I t IIW 

,tllr I'qulpment, Onl' r')mmnnh II • ,I nwlll",l 
I to ~hift t hl' phasl' of I he 'Ill' \\ 1\ ", V. loll h 
Inll" thl' mdkator r~latl\1' t" the III,' "'11\" 

Ih h lime,. thl' Iran: lm!l" r Th. pha. t' hif; 
I ,'d lu dl'la~' th .. a, tiol! "r . um., nrl'uil 
I ht' indicator hy ,I measured lIumbt'r "f 
trllat dt'jln't'~, alld th"nfor til mea. un' 

I' tlnw in tam. (If I hI' IWrJ'IIt e.f nn rn'''' 
tl" ~m .. wan' Tht, "1m,,,. hillmg d~~ in' 
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usually IS )It'art'd tn n .Iud \\ hi. h I, ,ahltratt'd 
In y. rels or olht'r ult.lbl~ UllIt: "f rall)!'\', 

Th. nllljl,' .. f a 1,lr)!" I 01,1\ III " 101' 1111'<1-

Jr.'tl h.1 thl' U t' of II un 1111 \\ III II m, 'un s 

ttl" nl r!1'ttl,fn tlf h ,\ Jl \\11 ~ij.:.t· al (ht' 
1""11."11 at wtm'h th., ,'\'ho pub" .11111 ar on 
Ih.· ,;\\",." '1'1 Is mdh,,,' d"pt'lld. tin th., ('11m 

I, '."<11101 I h., S\\ ". JI \ nltag'" \\ ith a l'alil'r,lh.' 
\artall" III \"'lJta~n', IIId It 1< IOh"rt'lIlh- 11<>( 

II, ,,'urlll .. a~ 1I.Il"t I'hll 'e.shift.ng' mdhll(l . 
II."" \ " II d", < Iii" "flllslll, raltl,' IJ.'I' in 

• <I .. I llid,.. I't II. \ \ filch il i d''''ln',1 til 
11IIa- II r "1:, ttl ,I fllir t, gr.,t' til pn,,';'.ttll 

(I t. r 1I11'th,,,1 IIr m,'a tlnn)!, rim ,. ill,'luci,' 
Ihl' liS, ,,' 1\ .1.,1,1 • lI1ultl\'ihrat"r, an alllll ·tl<' 
tank "mpluYIll)!, nil e<l and a m •• \a'" .(\'.Iul, 
"lid t'lt h"fll I , cI (,lint rnl of tho J~' Itloll .. I I h, 
"\\t'''P rt latl\"1' In a I \'d mark. I III th. Lit, 
of th" IIIdi"ilt, r . 
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CHAPTER 2-FIRE CONTROL SYSTEM, 
THYRATRON 

SECTION I-INTRODUCTION 

I. GENfRAl DESCRIPTION 

n ... 1.·( In.all~ "r~· •. .tt" .. "01.,1<' ,'un rtll 
\ 'nr all,,"· h.· !!tIIllI.·, I" h,·I ... II • d 
Ion,·,. frllm tilt· ~'Ull" \\ hi. h h.·, lI.n 
JH()\ui.· ... (or co,h' fltr~tth.1l fli t~1 \\ 

t PU~\t r IItI:t arS.!l'l aI'Jlt'o:l(tUI1J.! th,. :tit~ 

(r tI" all~ .lIn·, 1'0,1. Th" \. It'nl i d." 
.1. II'r ",,,rat".n 1..-1\\"(11 Ih,·alulI.II, (,f 

• • I • IHI to.HIII) (I'd al'(I\·" t'a 1.·\ d. and 
11111 arnloll'lIt ((,011 ... llur,. ranj!t' "j 

., ( I:.! 1 F)" :,2 t' I ':!!l G F) • 

r I r lin' ,·,lthl (·It't trio alh (1110 ral('d lUI" 

lit Ih,·upp •• 1.11 hi",,," 111/101 II" '11'1" 

rlvht fo .. \.Ir" (UIT.t.lh'·IlI'I.,·,'I." .lil III. 

nt. I" 111'1'0 l"I)!hl all lIlt ".'. Ih.· 1'1\\,·, I, It 
itlt lu ..... ·1 1 ... 1"". · .. ri)!htall ('l/rol.O"'n.,. 
lurr .. l. 1111" lilt' tilil IlIrr. I (.·n I'w :.' I) 

I'h.· I II ITt' I .11,' 1111111'.·1,\ '1>1111011.01 .11'" 

"p,·ral.oI 1"1 IInl " \'n '..:ht Ill/.: 1.11 hili III" .. ". 

r.lelar ('1 rh" "\,'n ,whlllW ,t.lll"l1 II.' ,h. 
UI'".·,.I .. , I lor\\ aliI "lthl III)! .. t'll i"n. I h •• liP' 

", .. r1)!h[ 'un, a,.,1 S'J.,'htlll)! "1 •• 1 ",". t hi' 111'1"" 
I. tl ,.( I)!hllll),f ,,1 •• 111111. Ih,· 111'1" r IIlthl .ft 
"h""1! . 1.,1,"". th,' !O\\,·, 1 .. 11 att ~I)!hlllll' 

'1.11,"11. th.· !<l\\,·r.rr~·hl .Ift i)!lIIII1V;. I.,t,oll. 
tlld h.· ,It,.·.· iKhlil1)! .t"linll Th .. ,;FE r ... I.lr 
• I I' I, "., -\:-; ,\ 1'(; :1. 

nit' B ;lti r,·mott··,·.l/llr,,! 1111 ... ·1 s,. I"m h.I' 

~'·\t·n )WI/nl',.,. and tllt'..\ \l't ~.:1 rad .... "JI' 
"rHlpr E:u'h fl f th,· ·,·\"I·n )!lInn .. r· "p. rHI,'< all 
,.!'ti.al i ..... hlill ....... 1;ltl<ll1 \\lti<-h '0111 rill '''h' 
tllrn·t. • '0 inl,·n·ha" ...... · (.1' "onll,'! h. t \\ ""11 
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"qu, .. 2 2 Upper Turrel. 

II'P" f .r 
h'!1 • lid 

"flu,e 2 J Scllematic SIIowin" Uppe, TII"et 
Mov.men' ,n Allmlltll and lI.yalion 

II~STRI £0 
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Lower Turret. 

Tht·n· art· Iw(. 11I"t'r turr ... I~. luw 'r 11ft I .. ft 
11.1 ritcht (Figurt'. 2-4 Illl" :! Il). Th .\ h. \"t~ 

1111 r.) 1m tpb' :!6 lI .. grl't'~ ul'tin' ml!lO lI.,­
'I.·.·. downfir', Rotation In aLimuth I~ hmlh.t! 
, :!o(} tll'jl'rt·l". I I'" 100 d ... gn'.,,. fut" IIrd 1I1lt! 

I U· "'j..'TI" af from a 1'< •. IIIt'1l trlli"ht till 

III tht' 'idt'. Tht' ,'ulll lIr f"I1I1\\. r I,,\\tr h,' 
guns III both th., f r \ ltd unci aft 1)(> 111011 ttl 

pn Vl'nt 'Ilt' J./'lIlI" "In","" I h ... :lIr\llanl' "trul' 
tllr tirt' II1krrupl.'r I'rt \t'nl" ~df.inllr.'t..d 

Figur. 2 5 Sell.mafle SIIow,ng lower Turr., 
Moy.men' in Alimlltll and f'.vation 

'igur. 2- 4. Low.r Turr.". 
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F'gure 2 6 N os" Tu",,' 

Tail Turret 

1II.'ch.WI rn nth"r "HIlI"""'nt,; ar : 
d trv, r" II,' motor-. alit! AI' motUr'4. 

figurp 2 1 Schema',c Sho .... ' ng NOM Tu"e' 
Mo ... m .. n, 1ft .l.im u,h a nd Eleva';on. 

IIESTIIICHO 

RESTRICTED 

"gur. 2 - ' Schema,i, Sho .... ing Tail Tu"e' 
Movemen' in .l.;mu,h and Eleva,ion 

2. GENERAL DEKRIPTION Of 
SIGHTING STATIONS 

I)!i.llng tation, II, 1'0 t.~ a gunner In 

I II)' allli in (lllI'ralinll a rt'mnt ,I) ':011-

II. d I Irr.'I, I'on,i, < of a rt'UtI" I',r ~il!hl 
I d ,I 1,',111- (II lI,dil'.ltin)! ttl ,111'1111 tllrn I the 

f igure 2 9. To,' Tu"., 

mg. TI ( rt'll\ult, nHI 1' .. 1 turr. I ;1,fo'llI • till 
.Iin 1'\"11 .'ighllllg slatiuns ,<, dl'SI~lh'd Ihal 

Ih .. J(unnl'r .. IIrult'llt'd frllm th,' 'hl"tr~a,,, 
til thl' '"'plalll 11\ Ih " Ir,lII'patlnl 1"11 I .. 
ur,·s, (';tn I lin Ihl' ma inlUl1l ,Ir,'a from th,'lr 
IIldl\l(llIal sl<lllt"" 1'1111'(' ,tI. Ihr." h.1 I. 
1\1'1" •• 1 1)!1I1111)! ,otWII Ih "I.. "ul.-Ial. 
:. 101 I I Ii. 1111 1.1 1ft' Th. \ .h, I \ I ' " Ihl'll III 

f igur.2 10 Loco,ion 0' Sigh, ing S'o,ions 
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El£VATION / 
~OT/IION7 

'2~~ r-'P'---

"SU'. 2 12. Sellema,ie Showinll Yo.e Si"ll,,"" 
Siollon Movemen, in Az imu,II ond ElevatIon 

1'1>('r "",)!h In)! lailltll. Th,' 1,,·d.,~t;1I 

r~' I' 1I~".t ill Iht' Im,,'r "'I!hlill~ "1,.110'" 
[i I h. ml'phl'rl' I~ Ill' ,~ u.-t't! In tht' 'Ill. t· 1""1 
, 11 1:.Il'h "'ij!hllll)! atl'lI1 t',m nlO' •• I!~ ro 

,lllIeh Ir""sml!" I. ad "at., to th .. ,'om 

Yoke Sighting Station 
I'.· f'llr PI' 'r ,"ok.· "il!hl nl-: t.t!WII an 

j: I ~l/ II "rllnti,' ! hI' )!1J1l1\t r '" It h ~H 01,. 
IJllln' anti :111 d, vn'" tI,.\\ IIlin' "h,-

flll"l O\,·rtr .. \,1 zinluth Iraq'! '" :!., 
"' VI''''' Ir in .. ad, III ,·,·tlllll Ib.tII '"\; I 
nm"lIn.'nb melul/,·II lin iI r!'tillt'llol 
,oIafr .. l!~ro,·tIlP' ti-l!-,un',,:! 11 tnd 

Pedestal Sighting Stotion 
II" '",,, IO'hr PI'''' ."'tal .Ij(llllll)! -1:.tit'lI 
II b,' t"1t.:\:ttt'cl, 1I,'pr(o .. ",I. IIr rutalt'ti hy tlh 

'.lI.n. r m '\'lIIjr th.. ight hllnd1"". f.1I \':IlI"n 
ni\ .. 1 is Iimilt·cI hI 611 d,·j(n ... · an.w, a III I !l(l 

'n '" I III" hllrizllntal Azimuth tnllt'! 1_ 
IIth"r \,,\11 

n, n IIrt': II (1' ..... 1(\ fl'"'''''''' hnd 11 ro·'III... '1 

(Fill"lr". :! 13 unt! 2· II) 

Hemisphere Sighting Stotion 
I,", h~mi"l'hl-r(' ~Ij.(htln~ "t.Il "'n, I "·:,t,.,, 

1101 101.1 ely (In lh .. ,', nt"rlint' :tn,1 II h,' 
, I r... uriz,·" t· tilln IIf th., lilrpllill.'. 1 •• 

rll '1It.,lIv m"unt .. d. douhh' prt III ''''n, "1'''' 
• t "tll·"Ij..'lll-d 0.- t"!!I\·" t h .. j..'unn,'t 11 1'1'111 

h,'nll. ph"n' "f '·llIl"ll. fht' aI"" ut 1111 
• m "hi"" I. a htlriwntal hIli' I,",klllj! "".111 

HE ATION I IIOrAl! )N 

'. 

( 60 

90 
'-

Fillure 2 14 Sell .. ma,i, SIIowi,," I'ed".tol 
Sigll,ing Stollon Movement in Al/mu,II ond 
Elevotlon 

RESTRICTED 1 
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Fi9u,~ 2 16 ScI,~ma'ic SIIa ... i"9 Hemisplle,e 
S,gll,i"9 S'a"o" Movemen' i" A.imu,II a"J 
(leva, io" 

('" I,'rlinl' "f I hI.' I!un, (parall:a ) , anu th di '-
1,'Illl' Ih,' ;tr~·,.t Ira, 1.'1, hd \\ l nth,' ti m thai 
th., P,,<oj"l II., It'a\.', Ih .. I!un :II,d the in"tant 
II ,lroI" < th,' lar '<'I Il'rt'dil'lifln), Halli. til", 
I ar.dla" and pn'(lIt'1tun (llrn'('llOns a r e ('om­
I II ",j .. nol 11111"';11' in thl' "Olllputer ou t put a' a 
ir,~ll ,'tal n'H",'ttl/n whifh i~ th 'n ~t.'nt to 

lilt' :.'bl II ",mtro.1 tran"f"rnlt'r~ nn h,' tlr 
n .. (""ntp"" n ""f Ih,' ,,,mllllt,'r ill"hul,' lit 
m"t",. .. , oIilf.,rt'ntr.1l :,'b"n... and "')II rol· 
I r.1I1 {urm. r :-; .. I~\ n .. I FiVlIrt, ~ 1 'j'l, 

Thyratron Controllers 

F gure 2 Jl F,ee Gy,o Computer 

R£ST ICnD 

RESTRICTED 

F'gure 2 1/1 Tlly,a', o" Con'rol/~r , 

, Il,' \, h"'h tak.,~ ,mall AI' (nur wnals 
1'1 th." dsyn ('"nl .. ol tr,lIIeIlIl'm", ... allil c('n­

I Ih .. m " ) 11'1'0"0, .. 1,,, dn\lIIl!lht,turrt'l 
(Int' nmlrollt:r Is r"'Iuit't'd \" .. r "dill 

I 'hl"'I>I1II1UI, r Cnmhtl1.lllltll I Fi ' In' 

Control Panels 

lunction Boxes 

lu,'at.,c\ Ilt'al" ,'adt tUI/',', 
it lurr ,~t"" inl{ Irall'!' rnlll", 

r~f r Cnnflf'..:t \r Of tlrinl{ ('(/nta( or, r,1 '"IU 

"'(1 aliI, III contract'r, .'Ild a tun,t 
(, "ilch In ~f ,td,'1 !l07 'Ill ,; I Jlln,'II , 

111' !ltll" 1Ill/: tran,'I"rm,'r t'o nll,,'UUIlS 
If ('han~' Ii \III a I.ornllnal h(J;lt't! fllr '~II h 

rt I""atilln, In mod,'l 'llfi7171l 1,-1 JIIIII'tl"ll 

lit., Jundioll hox i, ,," Ih'h.,,, tit i ('urr ,,'1 
r Ii (tor an) purtiloulilr turrt'l,~ kill (FI).'­

~ ::!Il), 

Flgur~ 2 19 , TypICa l Conlro l Pan,,' 

Figure 2 20, Ju"ction 80., 
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DRIVE o MOTO 

--.. crr;-t, 
""'t AlO 

"'¥RAT G'" 
CO .. at E 

"gu,,. 2 21 Sequence 01 Powe, CirculatIon . 

Basic Electrical Connections 

RESTRICTED 

~'ATION 

, P"ASE 

lie 

,E"'[RIITeR 

o 
n 
o-SElSY 

n R 
SIGNAL 

OTHVII ... rRON 

O 
OUTPUT TO 

wun ~ 
DRIVE 

MOTOII 

o , O. Ell 

figu,e 2 -22 Sequence 01 Ope,atio" St.p. 
Cou.ed by Movement 01 Sieltflrtg Sto';on. 

(wn' linl' If ~I~ht and Iht· lurrt't'~ hne of fir 
Thl' hnatr.n ('''nln.llt'r amplifiMl thl' t'rror 

",rnal \ itultt" and ,'''11\ t"rl it Intll L>C powl'r 
"hi' h I~ I'nt It th,' urrl't·driv,· motor I" 
nlll\,' lh. tllr .,,(', IIIit' "f lin' illt .. aliJtnm"nt 
\\ nh Ill' I~htlll~ -:1. IIt.n·, lin!.' nf ight. 

\\ h. nih., "lilrnm"nt I" '(lmpl!.'t!'. th . ill' 
1/1 Is trom 'h .. (urn'l ~ .. I'YII 10 thl' ,h\,ratron 
( In n II. r dbal-!,o'ar nd thl' urrt'l I h .. ld III 

II I .... I'll Itllll/ 

3, PRINCIPUS OF OPERATION 

Remote-Control Turret SYltem 

RESTR.( EO 
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I Itln 10 thl' S'I"),II control Iran,,(urmer 
Il'd on Ih . lurrt't. The (lntr .. 1 I ran furm. 

r hll\'\' un output \"olt .. 1I'1' (cAlh'd Ih "error 
'I I") "hkh I. propllrlional III th,' <iiffl'r. 

I ('. III th .. din·l·tlllll_ In which he ighting 
t Ita .11 an.1 turr .. ' ar.· I~lintlnjt . WIIt-n they 

I pOllltlll1C in thl' "amI' (Iirl'dilJlI thl' ,'rror 
I 'n,,1 I~ Zt'r, \olt Th .. 'rrllr, ill'lIal lI'"e ttl 

h) ratrun (,('"trull,'r "hl,-h furni h, lit 
I 1.ljl'· .. t h.· IlIrr,' t m .. lur" prlll'urll4llllil t .. 

II ,rr .. r '1lI'nal Thl' turn" n, 11"r~ lilt till'" 
Inl t'n in . uch 8 ,hr ... ·t, .. n It t .. n·duI" th., 

, n "r .iltnal to It'ru. 

h .. n '" lilt III 1 It,· 
, ivlllllJl I"" 

10/lalll/'l,·"·I., 11111",<1 

Externol Power Requirements 

.rn m J r nH.:t 

I I \{ It 111.'0 hllc' 

I"lt. I I ,. II "'II'r I I'l"" 

1\. It'~ ''''r -'i', nd • I I C\, Ir' 

The Serlyn Sy.tem 

\ :,·1 yn jl'l'Ol'ratur Ii.. It- 1.111 IrI'" un.! 

"9 11'. 2 23 Se/.y" Syste", Diag,om. 

.. n h,· rutor \ III.· I hI' thl ,.,' '.' ·on,larit· ... I". 
\' Ilc'd l~tI cI"lff< from • • Ith "tllt·r. 11ft \'ound 
'IH tht, ,I •• I"r (lll\' "n<l .. c , " t of h ... \'\' 'IHI. 
artt''' ,,, ,·llnnt'{· ,·cllI.!!. t. r to lUI 111.1 't" . ... hapt'tI 
","dllllr I Flgllr.· :!:! ) Thl I" w, r lIppht·d to 
I"'prlm,,rv j.' I:!(! 'olt 100 nTh· WIlt'n a ... ,'{. 

fllllfar\, ""Idllljl j- hnl'oI ul' if It I h,' prilllar} 
"illciinj( Ihaf "",'onclal' ha '"i \ .. It~ prll. 
du, ,·d ,I' r .. , I " IIJ .. ro .. r 1. I"tall Ii th. 

\\ tTl! It Pl1 I'tll .lfl,1 'tiro 
llU1 • Oil t.n. Itt' nt flu. t It ft, po,.t lOll, 

s. 

'i911'. , ~ 24_ Se/.,," Voltage E"o, Signol 
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1111- \'(.It. ~t' I- In pha,,· \\ i It tIlt' \"I.ll;I)! .. HP-

1·1,,·tI to tl1l' nJlllr (,I lIlt> g-I'n, ralur; on Ih.' 
p 111'1" "'''', I I- I "d'·j.!"ft·t..; "lit III' ph,bt,. Thi~ 
\,,1 .')11 h IIf ,11 {.dl .. d th .... : rrur, i)!ual" (Fiv­
lift' :!-~ II. 

A :,I-vn iIlfT, n 1,11.11 j..'I'/l .. ntlur ha 111I' .. t, 
."ndlll~ -'UI 1.,lh Ih,> "Ial,.r and rulor, each 
,11/I,lIn)!, .... a ... tI l:!f! .r!')<I'l'''' Irum th.· 11th r. 
\\ ih Il I h. rlll"I" \\ 111011 Ilj.!",. an lllll'd "1l with th 
... ,ltor \\ indill~~ c FIJ: In' :!-:?~) tlle thr It., in 
( •• nlln),! \l'ItH}!"~ 41ft' trans(,u'mt .. d unl'han~\·cl 
, • tho .11'1'" If).' A I""tur n,talllll1 IIf '\ dt' 
}.."I' t .... "nul hi ... t hi ~anw t hanJ!"tJ In tht.' output 

\ I., YI ... d'" an ;ul,fit lon.a] rot:'1 Iun It X dt.gn (" 
I h, ! U r .. f h., )f1'1l"ra .. r 1\ !luld halt 

4 . INTRODUCTION TO CIRCUIT 
DIAGRAMS 

'y ' 'y 
R 5 

figure 2- 25 Rolor Winding. Lined Up wit" 
Slaror Windings 

win" in I adl 0:011.1" and th., units to II hl('h Ih. Y 
.. trt' l·onnt'ct(·d. 

The Elementary Diagram 

(ReCl'r til Tahlt· I.) An "'m"lItarv diagram 
I~ u,wl lu ShOll in implt· f .. rm th ' I.>drit'al 
rda iOIl,'hlp IlI'tw,,'n I'fmlJMlI1l'nls of the dr 
lUI .. III it ~'. ,h'm. On lll .. l'II'n1l'ntaQ dillgrllm 
ditTerI'll! Jlal' s nf ! h.· amI' dl'\'ilc l'un hI' 
~hll\l II in Iillf"rl'lIt IIIl·.III(ln". \1 ht'n'\cr lhl'~ 
tit mn,1 ('''/l\ ,·nit-ntly intll tilt' draw in/{ of th •. 
!'in'ull (' .. mUinO!.tll'n l..ttt·r-Il\llllt ral d"~ll{lIa­
Iltll1 Irt'li I·d til Idl'IIUf, h· lan,,"' tl"\'i , .... 
Fur t' ampl .. , ;j rday up"ratln!! ,'oil mll\ I ... 
1!o·slJ,'nat." at J\:!fI:, It ('lIrn' 'N.mlm).' ".,n 
ad- , h. n l·r th,· . an' I'"'alo''' II,,, h, ar Ih. 
h:~O(1 d. - 'lIalll'" Th' In'" • " .. 111111<,,10' 
ha r hl lh~\ Ct .. 1'" .l n'la~ 

The Schematic Diagram 

tlJ.lvran Ill .. ldt III Id J t 

U-' of III hI' "I. IIh'/l .,n .11 .CT.." 

It. ''''~'/U in at.- IfI<u 1"" • t h. 
d.O\l\1 5, \ ... tt~"\'ln'pon'rtt .... 

The Wiring Diagram 

The Interconnection or 
Cable Diagram 

I ,I! ,.,'r,uP -hr)\\...: ) t' ,I -t, t fI:-If lUllIH,l(o. 

I. \It, 'III (hll." I 1 •• 1f t •• r 111 \. 

PESTI1ICTfD 

--. 
, I ("fOJ.\Or- t,lt., 
.. 1 l.t'flk.,"~~ f.II", 

RESTlUCHD 

'AILI J 

NOMINCLATUI. FOI 
'''ICAL ILlM.N'.U DIA.UM' 

•• hun, '1.lh'" 

,.,,,,"_ fA'",n 

-_. 
""' I •• ""'''.1 

t til r.c.'A ,'v.", bf ... ~"r '{I' I h~r.tl'on I .unffuU. , 

.~ 

"" HI 
\ Iwu.J ............ uumrtC't 

''''P'f''''4 P'''."'ttlfnfl.' 
",,'"m .,c,h 

( ttl .. ",ncr". P _., R, •• L .. , 
'H 

C .. \ ""n_ (vn,,. .. 1 •• , .... ,. 
",,,.L.,o ,-\ 

( it' (, ,,,,.('\1 ,In ... , Art.L., 

'0' 
(ltlll ".nln. (!tuut A.'I' ...... ,. 

,.. 1 vun P"'llftonln. ,,,, 
Mln.III.:-..,.I 

tor.. t r\'.C'r (ut ... ,. u 

Kl PC' •• ' ( uI'uol Arf." 

11m". a"I ... 
"'" ".,. •• , 'n,,,.h,..,1iL R.I., 

n l .... , (4.,.I."ur A., •• 
I\. I : "",.n """I'" ( ,,'h,a .. for 

1_ P .Uf"." UUI a.I., 

• luf.e, a., •• I eft 

t\. I ( h., ..... ""Ia ••••• h, 

l'" fUI"1I (,.,,",., 'u, 

~ 16 t h., ... , (.IRI., .... ", 1 rh 

..... t h.r.~. (vfluun, .,.h. 
(l" 1.,.n I., .. 'rl" .......... .. 

f om •• k,. Pu. 1t.1., 

'UHf" '-"nll flirt •• • ".umwh 

t ""',,,." .... 1., \.u".",h 
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h'm All illtt'rnal ",'nnl'dlull.' o( tht' unit. 
th.'m:,ln·" art' omit t'd. Tnl' Ilut~uinj.( tt'r­
min:!] (lr l'irtui number" an' indicat<'d or 
II Iccl in he tahl,'" giving Iht' l'abll' mak UII. 
Thi .. t .• I • of c!a;\l!mm i" \'I~r~ u .. , ful Cor ill. 1111-
1'ltlLln and ch"l'klnR pUrl''''I'S. 

5 . TYPICAL REMOTE-CONTROL 
TURRET SYSTEM 

A )(ruup oC t),piml control circuit,. (r .. pn'­
st'ntlltl\ 'of any turrel . y"tem) will be det'l­
,.pt<d an. thl" ,,<'ction. using an upper-forward 
lurrl'l y ·tl'm n." an xampll' A uni-:<wllch 
l'unlruls thl' "I rat 11m of th('"e circuit. in Itl'" 
.. I ,'ps, frllm an ",. f" 1'0 i ion hI r adyinl/ thl' 
I Irn:1 for "ur ... rattnll " 

Circuit s Controlled by Uni-swltch 

Th. Itr,t pos.tion ill Ih .. UlU·:wllch j,. thO' 
"" afn,.up" P"SltWIl This furlll:h .. s -inj{I .. -
"h , .... AI' Io()w,'r tl) hI' glln and complll .. r 
!.t'al 'rs, 1'1>1' .... and-by" p()~iliun, ht'rt· AI' 
1)('\\ "r 1. SUI'VI"'li lu thl' Imt'-u lay" artlnl( 
lIr, UI! uf th .. th) rat ron contrull .. r . ")lour 
ul"'n" po. i Ion; .. n .. rICII.·s th' ulk.r molul, 
III",nin)( th .. turn'l oIonr. "OllfOratlt n". "nt'f 
viz" th., n'lr«I' Hln m, hanl-m m, tOI. and 
'·'" .. n I, h.· lIrr .. 1 inll> 1'".-llllln r .. a.l) for u-
I It, (··r • ..101 .. II 

.Ir ... t I'" ... itwn-"()ff." 

\\ "11 h, 
\\ ,1111 
lIlIll ,,, 
/. ~ ,II 

of a .,w,lt'h an' d","d, :l'ndinR DC Jl!'WI'r 
IhrulIvh 11 ,h'ur Imll t ~\\ lit h tll a ,'ontartor COil 
\,IIIl'h do, .. " n"rm.dh OIJt'1l cOl1lat'ls, Thi. 
furlll,h,·, thr.· ... pha"'· AI' 1~.Wl'1 to Ilt' e1l1or 
mil "r Th., duor "1lt'1I' until I hit S Ii limit 
"wlllh, "pl'ninR Ih .. n,'rmall) ('/O.SI'(/I·ontal't:. 
tllL\'nt·r/.dl.ing thl' l'onta"lur l·rnl. and opt'nint{ 

h.· ,·,.nla .. t , st"ppin)! the dnur motor, 

Fifth POI!ition - ~Operation". Whl'n tht' 
11I1I·,witdl is thrll\'l1 to lhl' fifth ("OPl'rII­
twn") position. th.· normally open ('onhtl't" / f 
a . II It,'h an' dosl·d sl'IHling PC puwer throuj{h 
t h • ~wit('hl's to a l'Ontal'tor coil. c'lo, inv lhe 
nllrmhlly "pE'n ('untacts supplYIIlJ.!' I hrt't'.phalll' 
At' powl'r to th .. relractlOn motor. The turret 
l''(ll'nel" lInlll it hit~ a limit "wil"h O~OInl( 
th .. l10rmally dos .. " ('onlset,." d .. -('n .. rgi:dng 
tht' r"ntact"r ('oil. allll ,'pcninj( thl' contact,.; 
~t "pping t h' rt'lral t iun mt'Chanism moh)r. 
Wh .. n thl' limil s\\ Itl'h IS actuat.'tI hy thl' full) 
<,,,t"nfl,'d tllrn·t. it al'lCl ('Hnned, DC p('Wl' r til 
hi' ('"l1tml IlIl\\ l'r [)(' bus. Th turret l'annol 

0l\\'ratl' lIntil this l'in'uil is l'r-I rj(lzeu. 

('oolroll'o"er , Wh .. n the turrl't i~ fully fOX. 

1<'lId"d, thl' hn,' is l'I'l'rl(i7,''fl wlth;1 '27 \olt 1)(' 

,lolltr,,1 p'",\'r. Th" hnl' earn.,,, Ih,· ('ontr .. 1 
p"\' .. r ttl th.. following ('omponl'nts; glln 
l'hurj{l'r,. tin' -motur Il .. lds and brak .. ". cun­
ttlllr n'la\', turrl-! hmlt r('la~' . ('omputl'r. 
i" IIO)n -wit('h, ,,·tldl' light, ntn)( .. rt'"I, tor 
lam. ra mO!lIr .1011 h"lItl'r. and jtyr()~('()pO' 

nH t·,r 

·\utomatir Slc" .. nK. Th,· )rllns an' h .. ltI in 
,." p .. , It lUll "h"1! t l' adi,'n lIil('h I;; nllt 

,It'pr, ""I Th,' 10" 1111( r1ln.-form,·r ~u"pll(' 
., " .,,1 ~I~II"I "111f' ·ta lol' III Ih,' ,·lIntr .. 1 
1:,11 1'llIlIr- Ili1oU1f1i th., n(lrmally d""',1 

.\,\ .' I)." f' la .... ~ 

' hn'{'(lmputinl/ Opf'ralion. \\'h"n th.· .. dl,.n 
an ,'m..-

. tom IIII': I ran"lurlll, r 

( IImpUln In ·out S" it('h. \\ h, II Ih,' :\\ Ilt'h 
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I" clu." d. thl' complIt .. r bY·J1a~. rt'lays arc 
'lII'rgiz('d. Thl.' action ilh"rh th" comJlllll:r 
lit" thl' • el. ~'n S\'strm bet\\I"'11 Ih •• :l'Is, II 
., lI'ralurs ,lOd ,'(·byn tran 1'.111111'" <1110\\­

n)! th,· ,,"mpul .. r tu milk" all 1I .... <I,oIlulr ... 
t II tn t hi'" Is~ 11 "il/1llll. 

Turnt Safety. witch. Th(, m1lnuall~ Ol)tor 
., 1'(1 turr t ~af .. ty ~witch i~ 10l'at. 'll fill th .. s,' 
"'Ill Junction hux, When Ihi~ sWllch I: "1"'11. 
11(0 IIC "ower I~ ;<uppli"d In th .. s\ ,1t'IlI, I hu~ 
j.!t'\('nting Its "I"'ratinn, Thl~ h to I'r"I,'\ t 
IInn,"1' w,)rklOj!' un thl' turn't 

Firing {'inuits-Gun Safeh S" it h. Wh.'1l 
tl", gun !lufl'ly ""Itch I: cill. ,,01. :!7 \olt,. lit' 
1M \\,.1' II ill 110\\ t,. th" ,·on t.II'/.' ot till' hrlll~: 

'IItal'tn".lIrm IIlt'tl thl' tirilll/ trllrl/"r l. "1""'1'" 
II h,'n thl: s:lf"I~ s\\lt"h i, Olll'tI II" lirlllJ: 
'r,ul s "an tlnl h, ,.Ot'rRIII"1. 

('amf'ra Circuit. Th" l'aml'ra "ill "pt·rat,. 
\ h.·n,·\ l'r t hi' .. nng I ng~"r, th,· ){l1II sal" \ 
\\ Ilt'h. and tht: l·amen. sWIll'h art du l·d ( ur­
'til Ii"", ffl.m Ih .. D(, ,., nlrlll p"""r hll" 
hr"l1l/h tIlt' firrllJ: '\' i ('h, I' 11l' ,·amC'TlI. ('n"I' 

, 1.1111.' II n la\' 10 Iht' 'amt-rll. and til I!"'" nt! 
'I '·oll)."h thl'l'llm"m s\\lh·h.l '\"111. _, \"11 ,tilt 
,,' Po\\ ,'r i< furnl!<hl'd til I hI' "HllI,'ra h"alt ... 
lid .. 11lI,·ra molor frllm Ihl' 11(' "lint 1',,1 1'0'" ,. 
I. Ihr()u)(h a I'd", 10 It· riM I til tho ,,<nil 1'.1 

lilt· .(lI)u"ta!.I,· tln'rnlll ,'ulIl,,,1 ',I!I'", th, 
all! , I at.) "p'l'lIl .. I'llI'll h"rt I illlt (i"II' t I) 

I II(' " ... ·"1111.,) HII,'r th,·lrl)!YI·r I n.lu,,,'" 

I.un .... · tarl Firin". lt tl, lIol'n ally IIpt'n c"n 
I ,(th.·turn'l hmlll •. I.II'''n'd,.,,~I.:!7 

• I rupl"r "wllt'h· an' "lit II. I h, fir. tIt .. n., ,'I' 
h IIf till' I(UII, \I III I~' illt ·trupl,,1 I hI' In '. 

nt"rl'ul'l,' r alllllmatH:ally intll'l'upt, I h,· hrl' 

, f th .. j:(un" \\ h. 11,'\ ,'r I !ll'Y an' tl ailll''' al some 
p(lr inn IIf th .. airl'larw :lrlll'turt', 

('ircuils Enerl/i,ed, Wilh tit ulli·,,,it('h ill 
I h tirth po. lImn. all ,'ITI'UII>- pr,'\'wlI"ly 'm'r 
.:'171'" in t h.. '''·(In,1. hinl, a 1111 (IIU .. t h "" I 
t wn. al'l.' still l·ner/Ciz,·t! 

Olh", Cirl'uil .. Within the :)stem. Out."f 
~) ndll'lI!lI~m Fin' /nr.'rrll pliun . Wh"m'\'I'r 
I hi' t urrt'! I" flut .. f "\'ndl ""I1~m "il h tI ... 
~'jlht (/ir ,·nllullh Iu trlln~f. r (mm the :11. 
'1""-" ') Iht' I .1"'1'<1 S,.I. yn l'in'uit~. tIlt' firmj( 
,lr,'1111 al I illt. rrupl 'd Thi. prl'H'lIts th, ' 
KIIII frulII tUIIl$! "hil .. tlH'Y un' "lewlOjt inln 
illll!nnwlIl wit h t tlt' "Ij(ht frum an arl'a ()\'I'r 
:1 dc/Ctl"'. 11"1\\ fr"m th., Itn,· •• 1 ~Ij.(ht. 

IIa('koul ('in·uit. Wh"I1,·\, 'r tlw )funn"r 
Ilark. a tar)(,'t 1"\('1101 tIlt' a/.III1IJlh ur ,·1, \if 
111111 limit" 11\ th, II'lIn. th" tu,ft.t Il1ll1t 
,wIll-h.,· arl' 11.-1 ualt',I. 01"-1'111'1 jtlZln!.: th,' limit 
n'!;I\'" ill th,' th, .... Ir Ill' "nf"fllI"1 HI1I1,h"t't'n 
n,oclmj.( 1'latl' \oltilV' frtUn Ih,' pld:.· thyra 
tron in th· ,·hllnn,·1 thaI pU"\ n·oI tit,' tllrn I 
III Ih, ,hn·" .. 'n III "hidl II \'a mll'llll(. :11101 
lIJ1t'1l1l1)f II", III Ill/>! ['ir. lilt \\'111'11 Ih, ~lJlhl I 

m ... ,·,1 ",,"k lilt', tl. r.tl1v.' fir Ir:l\(·1 fll Ih" 
)filII,. th,· ,'h" 1,,1 1,,1' I t' "PI''' l!t' till.·, 11"11 
~1.PI'JH Pt l \\ t'l ttl tilt tllrn "l .. t" .. 

(" .. ntour ..... l/mH·r ( ·i rl'1I11. I h, .t,m II" Ir.! 
I til \' "1 of Ihl' upl','r 111'1\ t II"" II", 1Il'\I:lrtl 
tla",'l flf Ih,· !<'I\"r turn'l I IlInl",I/ h\ II,,. 
• "lIt .. 1I1 (roll,,\\, r h, all alllfllllil 01'1"'11<1111)( fill 

11.1111111 hP"'"I1I1/OI'h, <III II,I-.,dl"" 
I~ l1t. .. lt· .... "'ar\ n prt·\t Ilt th.· ).!'Utl~ trun, :-ltnklllV 

tht' .lIrpIHIl,· I'll . ..1,,).:'<, Hlltl III pft'\"lIt 1111' 1111' 
IIf hr!' from 1>"1111101( lit I.'unll,'rs· . 1)."I>t Ill)." 

1,Ii tl'r." \\h'lI tilt' ).:'1111111'1' tr,(('k '11:11 K' t )ot 

\'011" th,' ,·I,·,,,t'"11 In",·1 ,,( th,· Villi 1'lI\arol 
tilt' fll~,'la)f". a ,'''lIll1ur hmlt \\ II, II I' 011'\11 

.,t .. 1 Till' <'ut, "If tilt' I~'\\"I t., tho 117.lIlIlItl> 

."nd .. It·, ttl IfltI lIn\ t lllohtr, t h,' hr.lkl'~ Hrt~ 

.11'/111,·" 111 ". th ,Izimuth .'lIti """11[11111 lI1"t"r~ . 
"Old Th, rill ,,'11'1'1111 I" Int.·lnll'''''' 1\ Ihll tlr,' 
U'II\OIlI limIT \\ Itdl !'III .. If all thl ,. ,'II'I'lIlt , 
th"lImlT . "1\.-I1'·,llInoll 1'1"', Ilfltll Ih,' IUrt'd 
I~ mo, .. " 10'(1 k .. /I th.· ... IllI11l1r II"",·" I, til, r. 
".1 loa, )'IIlIt, 11"1111 fill' I,(.tlt .llll1lUth ,tlltl .". 
\ .111' II fUlld iOlIl_ ,,1111'11 1>1111 I h,' 1/1111 IUll'k 
tlrr III,· ('olll,'lIr1ls ,1 •• 11 U· th,· II-'hl r..t1lrll!( In 
tilt' ar'a II f tin'. Wh"n till' sll!hl Is ntu\ rJ from 
th .. lo.illt at \,hi"h it 10,1'1 tilt' I-'lIns 1111 thl' ("Ill, 
tllllr, th,· j:'lIn' "III sit JI-i"lIn\\ tI ... "11111 Illl r • 
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Figur. 2- 26 Typical Con'rol "on.I. 

t hl.t b. h.,\ f"I1,," thl' (Cmtuu r III smalilOcre­
r. • nt., 01 ,1.·1", "hellll'''lOl1' ither up or dO\~ n 
th .. onl.ur. 

Operation of the Cuntour Folio ... Cir('uih •. 
fill' "Ollt"ur;lv. itt-h I I,' 'Ialed \\ h.-n tho Villi. 

11 th' • lint. IIr W'.'n n Jrm,dly ,I"s .. .! tIll 
~w lit h (l1'.'n,o.;. It d.- "lll'fJ.:I1.," tll ' • uib. nils 

tI. "Ill 1'''1 t, I h. ,It' ,. I I ;111.\ a 101,11 h "h,llI-

Operation Instructions 

th :! I I 
urn. ,Ion I" 

(O(,nt r I 

pand adJ:I,'ent to the , ighling • tation which 
I. to be (ll..erat d Tht' , qut'nce of the lIwitch 
1""ltlons is a~ folln" . : 

"01"''' This i: the first pOslti{)n of the uni ­
. \\ 11,·h. 

"Warm-up," This ill the, t'<'lInd PtI it ion of 
the uni-"" itch. It ,>nE'rjti£es the gun and com­
putt' r hl'Bter". 

"StaJId·b~·." Thi" i" the third po ilion of the 
Ulll."witl' h . It energize. Ihe thyratron con­
trollt-r. • el"~'11 gent-raton., IItowing trans­
former, gyroscope, alld altitude potentio­
mt'ter. 

"Door OlK'n." Thi" is tht' (ourtl. po!!ition of 
the uni·switch. It enerllires the door motor 
IIp<:ninll Iht, turret door, 

~Operation:' ThL is the fifth and la. t POSI 
tion of the uni- witch . It enerlllLes thl' retrar­
linn me,'ha ni.-.m and extends the turr I into 
J'O~ition rpady for u~e, 

Waminl{: Wh"n the uni ,,,wlh'h i. in tht> 
"01 ralwn " J'O"llJon tht' gun" V. ill tire, if 
loaded, "h"n th.· al'tlOn swi\.Ch. lCun aft't)' 
. "itch. and firin" trl){Kt'r ar" rillsi'd , 

()pt'ralin/t Ihl' Sil{htinfC Station (Figurl'!1 
227 "nd;: 2~) Tht> rh"""I:,t (4) 011 Ih .. ~IKht . 
in).!' ~ litilln I.~ turl]ed lin t o adju!!t tht' r ticlt' 
III rr"\lt'r hrll.'hlll"~" TIll' fiJi ml'nt ~"it"h (3) 
lOll t h .. r. t i, I, ,i).!'ht i~ tlipl'!'c\ tf) make "urt' that 
1~.lh tllllnlf'nlllilf lh,- flotidt' hulh work . 

Th., "'11111/111 H ,t.lIltl 0\" s"itlh (Ii) on th" 
'ljThllll~ . tallon h IUflwd to th .. "in" po. Itilll], 
/'II. "'JfllI"('h th .. Cllrn pult'r III your lIillht. 

rh.· wurnin h){h. \\ hlrh hght>l wht'n tht' 
,. III/IU ,·r I It .. tantl.ln," mu~t be off 

rh".lzlmuth, ''''''I'ln (7) i!lrt'lt'a.l'dtQper­
nUl :l£lIl1uth mll\. m .. nt lIt the l'ightmlC sta­
tlll/l II th .. ,ilthtll11! ,:tatiol] mow!! too ea i1~ 
• r to •• ll.\rrl, h., U71muth (ri,·tlOn adju tmf'nt 
( t;) I. w< d Th. IlI,k null" luo"'1] d with It 

r·'n. ~ .. lIti li .. ~lr'-" turn,·" with It , 'r"w 
d .. " r 1 lrnlnj( th., "Tt'" d".:kwj, > lll{ht II 

Ih, djl,. :rtlt'll "llIlt· t·"untt'rd ... :k" j". Io<,~­
('n It 

Th.· ..).'\I.tllln ~to" 'I'l n (!I) i. rl'lea>l d to 
,,,'rnll l uJt·all( l .<lu~ n Rlmt'm .. nt of the IIlght­
IIJIl lat inn If IIt'Cl',.·ary, tit.. It'vation fric­
ifill "rlJI/-lm;>n, f 11) m!l~' Itt' u I'd . 
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Each UPlwr (lnd I"w('r turn·t cnnl,tin. 11 tirt'­
IIlll'rruptt'r "hll'h utumati.·alh tnterrlJpt. 
'ulllirl''' h, n th"SWII art' Iralll, .t.'1 any por. 
I II (If I h uirplalll'. 

E,l('h Ul'p. rand JIl\\ ~r I urr I l"Il11t:lIn~ a 
• 1I1,'ur follo\\o'r Willdl aulnm'lljlall~ f,li:t. 
)f Jo\\t'r thl' gun. III Iln'vent Iht'lr hili In).' 
Iny part f I hi' airj.iJ"I1'· IIdj8l'1:lIt til t h,' Ilir 
r"1 \\'ht'll 11\1' gun ar.' rIlI:(·.1 I.r 11I\\. n'd 1..1 
Itlt nmtuur f(.llo".'r. thl' )CIIII "1lI1, .. ntrulhlll! 
-I),:ht ar lI(1t In 8hgnmt'nt lint! 1{IIIlIlro"~ .1111. 
I1UlIl'ally mlt'rrupt.,(l. 

Eal'h turr .. t I. JlrrlnJ.-.1 \\ith "" alllum.ltil' 
I,)wjng CIrCUIt. Th,· IUrn I Kun~ auh.ma I_ 

•· . .!I) n"l' or d('~tt'nd 10 tht' hOrlzunlltl ""~1111I1I 
"1(1 rulal tu th.· allmu h )<Iow puslt IUn II " 

1I,).'n'l''' out I ... ard from f .. nl ani 11O"1t ion. 
\ hi r thl' gunrlt'r r"h'ase. hIS arlion .·\~Itt h 

Ir I ht' ~Ighlls mj'l'd nn I h,· 10" ('r I urn'ls <lr 
.It·pn,,,,t'd nn Ihl> UPJI,·r lurrt't~ Ilt'\ oflll thl' 
"nlll lie )l'un traIt'!. tho )!un' Will rt'malll 

('IIII'd agam"t hI' sl"l' ill ,·I.· .. alh.1I alit! th,. 
linn).' I'lrl'Ult i. "I"'II,t! 11\ a 110111 s\\ Ilch If 
hi' gun- an,i hl1' of Sight ·,r,' mlln Ih:", 1\\0 

or hr,·,· dt'gr,"·s lIul flf ali)Cl1ml'nl lht> tinnl! 
'IrCIIII WIll h,· "ll4'n.,<1 I" Ih l• "II ~lf,,,\ n,.hr. 
r 1-01 tir., int(·rrul'tcr. Th, l{un~ II III fllllo\\ t h,. 
II II1IUlh mU\'I'nwnt t>f thl' "'ll{ht. wlt,'n' lIot 
uuit ·d h\ I I .. · ,'lInlllllr (11110\\, r, anti ,h"1\ I h.' 

-hI lin" gun lin' lI){ain III l,h)7un1t'nl tI, •. 
'111 \\111 r :um .. mll\"pnlt-nt III, h'\.11I1I1I 

Gunner'. Preflight Dutie. 
roun (,h~k, .\ ~ Iht, )l'un. art' II.. n'adlb a.' 

Ibl. dUrll11C tlll{hl lh." mu I", III Ilt.·d, .. I 
r!llmg C(lIl(hlitlll "ht'11 ill~t;ill,«lln thl' lUI 

I, I (Th\!\ ~houlli I", .·h .... k,·" Ilt.'r nnal1,\ h\ 
hI' j(lInn"r I 

Afh'r it Ita I"n dl'll'rnlll1 .. 11 thlit th., gun, 
hilI .. I·.'t·n .1·rIll,·". th I,rt'."{'hhl .. , k is n' 
IIIU\ d, and th.· h"r.· nd ('h.lmh"1 o( h· gun 
I rret .. IIr "1Pt!d out. 

T!ll'lIdJl1 llI1g ,'rt" mil h" Ill{ht IIl{lIin I 
th' buff .. r dl<k u th .. h ,d,platt 

rh,· gun. 0111 I hI' prOI 'rl,\" Iu w'at .. d nd 
III"H Oil "1'It·d tltT 

Caution: Th onr .. Rnll ,·hllmh .. r qhould l1"t 

". oil .. d bt>f"r Itring a. danjlo-fIlIl pr,.,.,.ure 
may d It'lop 

Th.' ){un, art' th.n install,,( in th,' lurn.!. 
(If th .. in~tl\l1all!llll. mad.· hy III her. ,It should 
I.t· , 'r" nally 'Ullt'rq "'d by th,· gunll"r ) 

Th,' )!\IIl. mu t ht' Ill{ht 111 th,'lr mount. 

Th • gun dl .. r~:,·, 0111,,1 It. ~t"'lIn'lr mtlullI, .• 1 
(" Ih,· I{lIn 

.\mmun ition and mmuftlliun Hounds-
ruunlf'r (,hl'd •. ~: 1,.'111" •• r. hOlild lit' USI',I 
III "h,·. "In' Hl1IlI1l1nlth'n. 

In 1'" til n I I.'rtdrm.·" til "thaI tht· link" 
Oil th. nlllnd Irt' 11l~ltl"/I"" "urn'dl,: thaI 
Ih,· nllllld, \\1 h r.· ·I~·.-t lu ",,'11 IOlh'r IIrt. pc). 

. III11no'" l rn', I": I hlil I h.·,... ,r.' nil "hllrt 
roune!,: Ihal Ilw ... • Hr.' 1111 l'IIII{.·, IIr hllrr_ III 
Iht' ("11I1It!" 

All nmllllllllllO/l IIlth 10.) thit-k ur t .. o . thin 
",Irll. tl'lI nlll~ I. ,",'n\l.\,·.I.III11 ,<'"I.ll'l.t! IIlIh 
I ·rf.·.·1 :tml1ll1ll1tllln . 

All r"IIII.I~ II hich h •• \", tit" I'-d .. r ,I..{ •.• 1,\, 

prJnll'r IIIlhl h. ., pi ",.t. rllllnd hllllltl "t' 
• h·. 1. .. 01 (or ,"rr.hlon .•• 11 I'n'''''n IIl1k~ or 1111 

"rlll·,·r I,,·ltlli~ 11111 I I.,· •• ·"I"n·". h,-It" an' 
d , .• l-,.t! h~ YlIIIIII/ll! them Ihlll'I),:I. Ih. I .. at! 
111)1 11I ... ·h,Il ... 

,\mnll.nlllllll h .. "lIl1f" III 111'11.,<1. UIII ti" 
I,,,,, a'l' 1"lId,·d. 111;;1.1111-' ... ·111111 Ih.!1 11,., 
r"lJnd~ P"I n III I h .. '·"1 n·.-I .hll,\ hill ,ifill till 
nlllll1l.,1 

nit· hlld.\ II( I ht' .-:.rl rilh!',' !'a,,' I" "Ih'e! h •. 
("rt In ·,·rlll1){ th,' nllllili 1111 .. th •• 11111 'alill •• 

III •• nlpl ttl "",\,"1\ , .. nlmll!)! 1<'\11'·11" •• an' 
,h .. ul,ll" luk"IlI11 I'n'\"111,,,1 IIoll1\ J..'I'I I 111)1 1111 

I hi' I'rlll1t'r "I t h., ,'arf rllll!" '.'\." 

(Rull"n " 011\11111111"/1 mu,1 11111 I .. f,'" lilt" 
Ih., (,·.·,It·r 111" halll III IIlItil Ih,· ~ ·1,'1\1 h.o 
1·"('II .. h"·,,,'d 

n ... I1l1ImllnlllOn fllllnt!, ,""IIII"f on lilt. 
11th I illJ..' lallon ... nt TIll pan"1 ,,1"'IlI.t I,. 

elllI'''.·" tn . ,.,. thllt II I III "nll'''f \\IIr"lIlJ..' 
or<l,'r: It IIIU,t "". t'l (11/' Iht' InIal I1Umh"1 .. f 
rllunt!. 10 I", "arrlt'd tin I\t')(l mi""lnn 

S, . lem (,h~k. Th .. rt'll1oll'.cllnlrnl lurr..t 
\ st. m j" ICht'n a prt·tlighl t'ht't'k. tn '<\'1' th.ll 

(>\,'r) thlllg i. in rt'achn""" IIlld '',It'rntinll prup 
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,'rl) fur h,' ~"m"at mho ion. IThi in p"diun 
j .. \"lnuaIl~' a dupll"ati, n (If thaI whi,'h j .. 

m:,d., IJ\' Ill' j.'Tntll1d mail1l~nanl" l'rt'w.) Th., 
).'Ulh :tilt! 'l)I"hl houlel PUIIII ir. th., ."ame uir ,,'. 
t on It h, (ompul"r d,.,·, n.. 0llt'rale prop. 
t'ri., III Ilt' )l"ro'ln<! nl"'r"lltIlI,t1 prdli)!ht cht'ck, 
,I,.· ,'omll'l •. ,' ,Ioilld I., rt'/Ilan'd \t ith onl' 
\\ hi' h h ' I' 'r',lIn).' 1'I'<Jp .. rl~'. 

'Ii I.'lIanl.'tlu~ Ch I't'k , Th.· inh'rphune and 
11. h"alt'r art (h ·,·kpd 

Bit, ,'I',. M h~ yoke and Ill·d,·;;tal ~i){ht~. 
h, '\111<10" in ht' lll'mi .. phert' .-i):"ht. Ihe l'il'!'ht 

,. th·( ·"r. Ir!'!)r. and 'ky lilt"r~ nn Ihe yukI.' 
allt! I" d,'- • .1 'I 'h'" mu"l h" cI 'an. 

H,. h fil:onwnh of th .. rt'lId,· lamp .hould 
'111'11 

Htn)! ·.lI1d.I ,·ad "h!h mu. I fund",n prill' 
.. rI,' lin th.· ,_ to " and 1',·d .. "I.t1 "i)!h ... 

FI'I,'ion .ul},,, nit II' 011 lb. "I)I"h Is made 
"HI hl -':'IJlht .... ('\\4'd Jlrt'p .. 4ratflr~· h.- t : kt'-otf. 

, par.· rU.'1! allrl' I",.. -howt! I,· nadll._ 
.1\" 1;01 It· 

Warning : A ch.·,·k i .. mad,' to . e that the 
la' ruund hit ... 10 'ell r .. mo\"ed from the cham. 
bpr. 

Th" .,nlnlumt If n I .' art' emptied, all am. 
mUOIli')11 i" r .. mll\,'d !rom th .. uirplane. and 
t.II ... ·1I 0 the arm,.m .. l. 'l'dwn. 

Am malfuncti('n uf til .. r'm,)tl'-control lur. 
n'l ... y. h'm ,.,houhi bt> rt'portl'd to the R. .T. 
sp""iali:!, \\ h .. in turn will analyze and report 
:.11 malfundi"ns !o tll\' Io!round mamtenanl"t' 
\'rt'W. The R.C.T. "Iw<:iali"t l'hould keep a rec. 
ord (If the ~tutu~ of the equipment including 
malfun('tions. ~hortagt'S of . parI' part", I't(' .• 
and will ,,1,,0 n('I.' Ihe time and kmd of repair" 
a oj an) ot/wr thanlCt''' mad . Thi~ lo!! mu. t h~ 
I.epl, )Ialfunl' i"n- hI th,' <lirplalll'l"IUiptlleIlL 
Irouhl" lamp,.. t'I,' h .. "ld h.· n·,.orH'" tit 
lit):hl I'nvin"'r fur r '\,1IIr'. 

Gunners General Infarmatlan 

/1111- to" a" ... ulllll'l~ ,lnurat .. , 'h UI'. <:t 'all I" 
• ltt.l!lh" nlt I lit< II)!I ,. lI't •• 1I1 prall it ". 

Tht" ,rul, h .. lId hI' folio", t'ji dos,-I '. 

t tllncl 
,,, ,: ,"Il"1 1,.,1. thrllll~h 
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hI' rial''' with one eve, the othl'r I'YE' hould 
't· 1.1.'1'1 op .. o tn heip in s,·anlllll)!. 

The gunn r ,·hould Il'arn to r ogni7.l' fight. 
I' at a Jllanc lind to rt'('all thl'ir winlC pall 

'lult'kJr. When an m'mJ' i" ~ilo!ht ti, Ih .. tar. 
",t·"iz knob is turnt>d until Ih prop"r wing 
pan figure is \'isihl,' in the upp.· .. rlghl l"'n"'l 

"f the rehel,-. Th c .. nter dot (If th,' I' 'lid,. " 
I,l:'~l'd on the larK .. I anti Ihl' ranvl' "h( ,'1 
turnl'<l or I!'ripJ)e(i "mot)thl~' tl) k".,p tlH' fllChl 
,'r's wingtil)s bar"I}, frumed h~ t h .. r, I H'I, 
('Irdt'. A . mouth, ~tl'alh. ea,,' nIPIII11l \\ III 

!'l'p the clr('le tht! rilChl ~iZt at ," pn 111"1,,,,1. 
Th,' rangl' figur.,. ill hundn-(b of ft','I, ,'(lp"ar 

II the lower 1.·Ct c.)rlll'r III' th"" ·tid,. 

. otr: If the tar){d is , .... w.·c! fn,m Ih,' III., 
:1 huul;) he rt'nwmb"r,-c! Ihat tin m,). t light,-r,. 
hI' fu l-Iage i. horlt>r thun the win~,.pall 

Thl' Inrget .• lzp knot. is 'el "Ih f, .... el., 11"" 
I ngth. fir, if thl' "in)!"pall -"'ling is I".'d. 
Ih,· circle I.' k.'pt •• litO" h .. y"nd Ih,. , no!, ,.1 
hi' fu ... laR"-, 

Tht ,,·IIt,·r dot (,f t ... n· il'!, :Ij.!'hl i· "1"\.1 
fin the mitldl,' of tht· liR'h ,r 1111" Ira 'kln/l' h 

m'H.th lind l'olllinu III nlln' II .. • )rllllnt'r Ita' 
,I cd Ira, krn,... hl~ jlrtp 1111 ht' h.lI1t! \ I • I 

or ,,'Tip" houltl n" ,." rh.rn)!,t! until Ih,' 
,>!hl,-r b I it ,.r fll," Oil' "f \ It \\ II till' 1111 i ... 
~ rrlll)! if h. d"t I' 111111111\',-01 ullin).."" IIh lh,' 
<In'pl IIr Ito .. " I'a hml,' h. dol ·1t""I') I". 

mO\ f·t! hal'k ,1(>"" -!l.lt }I'II.,·,1 rh" j!lln' 
~ lIuld lint I .... II,,·., \\ hilt t I,· .tlm I' m"on It t. 

A Hlidinlr O,uhfat d (;un". ,'111, " th· tip. II 

"IT ranlt • of ma, hil ... ):111 ,·n I h.· H,:lli i" St. 
'1'1,,.1. h"r,· I- ,,1I'a,', Ih, oIan)!"r Ihat ht­
'mn"r rml~ lin· 'Il 111.11" round" "linn)! :1 

nlCh· allm I. I h;11 t h.- )!IIII,. \ III I,p "' "r t',ll,',J 

art' r.-I.'a .• -,1 

11~'r Unil\ 

"'IIIHI It,· lir I wi hill a "h,)rl I 'ri,t!. Ih,. 
iiI' r~'''''I''I' "hall"'- mil t I.- 1.11(I·n 10 ,',,, I 
11,1' jlUII~ "linn!!' a 11111 III Ih .. li)!,htlll)! Th .. 
, '.1 nlt'an for df,·, 11\,·. pn·n. ('oolinl!' of I hI' 
l'urrt·1 I" t(, 01/1\ " I h.'m l'Ij!ht nllt 111111 th(' ~lip. 
In·am. pninlt'd fnr.- and afl .Inrl al a :l0. 

'!.·gr.'t· Iinll'l,· from hltrmlllt,,1 C.,n· ·~l(tuld ht' 

takl'n. hnw, \ {'r, nut 10 point th,'m at • n, tl('r 
hom""I'. TIIt'~ .'htluld 1 .. - l·{luled. awl Ih, IInl'l 
rl'tllll:t.-U for III filII mrnuh· ... lf tll"r,' Is tin" 

Runa ... a., (;un. A "rllll:\" iI~" j!un . huultl II 
p"mh'" a\\l1~ Ir.)m til .. jlllllll""" 0'\11 ,llall' 
ltJlt! 1111 utl"'r homh,I" III Ih,· formatlun a 

rh. 

1' ....... 1' Brt'at.t'r Button ... fill' ptt\\, I' lolt'.,k"r 
hutto" .,,, I, "'''1111'1,1 p;II\,·I~ IIp,·rat.· lim, 
\\ h·,1 hI., 1''1 " \\ h .. n a (;11' 'ut' h tfH-tltlilIl,.tI 
Ilr (J\. rh.·" ,.-01 Ih, I,r,·"k.-r up, ns nnd ,·u :< olf 
ttlt' 'lirn-nl ,\ IH'--Ihl, IIldlt al h," I hal I"In lilt 
I r.·. I.'·r I'U:!. ""dl i 1I1<,a "I "" t hI- ,', n 1,,1 
pall..! ....... 'JI'I'I1.11 "III I'.' Iii.' lurn I., 
'lId,<I h'ht. ,01 .. 1 ..... I.d "II 'hI' !'t'"r,,1 

I'aill-I. .111,1 hI 'I,.;hl I't II< I,· h)!h ):" 0,,1 \ '11' •. 

th·,y",'rui,,"p'rallll)!, Iflh"linllll"tri)!!!"'I' 
tl pn" t,tI I"r IJrllljl" '11111 fl. I It"'r ""I' 01 tI,,­
round... ,nllnt.-t s ('I't t.Il,- t \: lr,'ult hr •• tl-.., I 
I II :1 Ill ... I" "I' 'II I u... .'1 I h, "n ali, r _lilt! 
~t..rt 11,· l tn'ult \\f" ~IH~ ,t.jr.!.t fI, tlu unl 

I, II 1>" ,h,- t')t Ir,,1 I',IIH'I I lIlli" d .. ,T •• lId 

Ih, • ),tl·.oI" I' ),lIll ,", 1'1 III d IUlIoI II" 11111 

"Itt It I IUI'II, tI 1'11'1. I .. It 
.1111 Ih. 

i"II, all 11I1t·I'I.d "t' IIl11l't \ .",', "lit! "I. 'ttllrt d 
"ll II .. Ihyr.llrlll1 ,·olllr .. II, r I" I, .... ,' II( 
I·,tt,·r .. Ih, ,'In lIil. 

\\ arninJ{: II I hl'n' i, a dlllill' I,,·t ""." r. t 
':II)!;111 "II,·tII' Ii!!h "1' gil and 1"1111111111: I • I " 

"r Iii In)! lilt .. it 1 rlt'l1dlt ""lIIh"I, I I,,· "vltt ... 
shnulol Itt' all .. " •. " I .. ";,';q',. 

TI1<'I'I' ar,' 1111 hard alltl I.. I nih·, f(1I ,"0,,1 

in~ .,,·If 1I111idt'd dama!:,' nit, 111;1111 1"I1I"ld, ra 
Illn IS t .. und"r land" hal hlll'lll'IIS 10 I hI ' 111111' 

"h'-11 Ihl'.\ an' )"-111).' '1II"hl".) .• ,Ilt! til ""'1\1',' 
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lint,s" hieh are on" fool .,part at J.O 0 fe L) 

A \ fY largl' detit·rtinn \\ III al~o be obtained 
wh.-/I tinnK at a h"am atta k, To a\'oid fhi". a 
'u(d,' lun., IS all"""d for very bomb r in the 
forma IOn. As ."W"I a' Ihl' sight gd. illlo this 
zon . lh,·jCunncr huuld Illkl' his finl!t'r (Iff the 
trij.!~ r. 

SECTION II-TURRETS-UPPER, LOWER, AND NOSE 

1. INTRODUCTION 

Th: ",,' : .. n "Oil lI:n, in"lru, Iflns for th" 
n l'rhitll, f th,· 1I1'1lt'r. I h,· 1,,\\ I r. and th,' n"",' 
lIrr.' ~. uf th\..' r,-n111 ll-I..un rot urrt' ... \ . t'm 

III h., H.;lf> "Irl'ian,'. 

Th, ·llI strucI".n_ [I1r th'-l'\t:rhll I tlf hl'lall 
Jrr_' ,,1rt- contaJJh tf in .t :">l'Jlara tl hl[tndln.)(~k. 

rhe In"lru 'llfln" III Ik.th urr,· handbook,. 
f.'rm it ~,art or Ih. , ('"mpl,'1l' lIl,trurtion,. I~_ 
:-\lh ci f(11 hl" Iwra Itln ..... ·r\·1\ t' ... tnll o\.'prhaul 
tlf ~ttl B .• b r m( I.'·,·"n rill lurrd ,~·st .. m_ 

T .. ,·!t· \·ation aml aZimuth m,)v,'m 'nt. tilt' 
" ... ·rall dlmenllion .. and hI' \\,'llo(ht< of th. 
dllft'ren lu r n't. u.·ed III Ih,' B.:l6 r, mtll , ,,', II 
Irnlturn·t '~"I,' 1 an }.'", I' T.hl,.1 

2 , GENERAL DESCRIPTION 

inslruetion. are ""nlhinl'd in a :<t'purate hand­
bnllk 

AJllil, Uppt·, and the ImH-r tu r r<,L~ a re reo 
ract<lbl" into tht! alrplant"s fu~eluge. II f('a. 

lur(' whit:h r .. du('('s dral/' (Fig un'. 2·2, 2-4. 
and :!,tl) . A fin' II1t,-rr upl .. r whk h pr vents 
Ihl' po ~il,ility of oama)!"l' inHidt't ( by thl' ai r . 
pllln'·· .. (I" n I!'un,. and a contou r follower 
whlt'h prtH'nl, Ih(' po,sihl"t) of l h,' gun. 
" riJ..illl{ agall1"t th .. fu. ('Ial/'e all t he gun!! are 
"unl(' alnn)!" lhl' ('nn tuU r . a r(' installt'll in C8t'h 

(Of th .. UPI>t:r and th(' lo"er t u r ret:. T he no e 
Ilirr ,1. hf't·au,,· "f It · 10(;lllOn III lhe ai rplane. 
" nnt r .. ra,' abl" and I~ not .. "u'p, ... d "ith a 
ir .. in "rrtlplt'r or a I )ntllur full"w(-r 

I-.;.,h turn-t I' ellul(lp .. d "ilh t\\O 20-mm 
mal·h.ne Io!:lIIh "llId, ,'n' nllJunt"d "n a addl 
:. . .. n Iolt \\ hl .. h 1-. III turn. lIluun ,'d In th 

rllll[ a.'.t·mbl)· . Th iS 
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"9u, e 2 30 Rear View 0' Upper Tu,re' witlt 
Oo,"e and Top Pane' 0' Gun Enclosure Re,"oved 

rh" ammuni Inll I", all lund ~ 1/1" i~ l'ar 
lit 01 III aOimuni lUll 1m" .. , \\hl' II lI·t'lIltlHh,.tI 

},t' uirplant', .. trllrtllr" A '''parat, .Immu 
I I I"n btl 1:< /lrtl\ illu! f"1 ,'a,'h gUll and I h, 
r, ulld , (>( arlimlllJill!ln. \\ hich •• r,· IInk/'J.! lu. 

iI .• ' fl·t! I,) th.· Villi 
h l lOlJglr 11, ,,10). .tnllllllll:II.1I1 dlult". An 11111. 

lIO'1 III I .. hlt·r •• II,lhl,'" .Indaf",'dnlt't'h 
Ill, m lIn ,·.It·h )!lIn III Ult· H '". II"" " ','J.! of 
I .. "nmUllI Ion .. h,' }.'1111. TIlt "J'" I,'t! am. 

"IUllI Ifill' a ",. ,tlld link an c(.II t'< (".I frum 
, ,. ~'1Jlh !II thl' u "1'., I IlIrn'b 111101 tilt' n,. 

It ','1 Thl' UIS,,, and III k,. rom h,· Itl\\ "I 

g In, an- "J,d"JI It rUIIl/h 1 " Ill'" r 
III n tl-. hI"'" .Illl o f I,.. 

Upper Turrets 

It.· !"'Ir til " .. r 
f, r h"lr l',1I1Itlur (.,110, ,'I' '. IWI!' lir, intt.t . 
f 1I'It'r". th"11' Io:'llll • II Il'g"r- 1111,1 Ih"lr "I\~t ­
"It I Irllk "J'~' ( I"r\ ,hut.- I FWII" :.! :.!'l anef 
, :lit), 1'11., Io.t It· a i'mhh. \t 101,' 11 lllaJ.." up 
, n," UPI ,'I' I III rt't aI',' ef. '1 lit,·,) ill <1 .. 1:111 in 
I,,· IIlII,,\\ 11lJ.' parajrraphs. 

Innel lU1d Ouler Hin\( .\ ........ mbh . ThL' a, . 

'cmhly i~ h.· ha,jl' fralll,·\\t1rk uf tlH' turr£'t. 
Th£' .. ult.:!- rill)! Is ,. Il'p"rll'" antlll<l~iti, n,·d m 
till 1Il1pl.llll' h~' l"tI II ,.I IIp,,,, .. t .. in Ih, air. 
plan'" ~lnl('ltlr' all.1 10\ tll'lI mJl\'abl., UII­

,~ II s of I h., I'd ral'! illll mu~h m"m. Tht' illllt'r 
rill)! I' 1'''''lli,," ~I t·, th ... , uh'r nn~ hy nnlo!' 
10,.11111 r, It up""rt" th,' :atldle anti th .. a7l . 
m Ith :lilt! , ,1 , \.111, II tlfln'. 

OUl er It'"!!' Illl 11111,'" trnlo( as. ,'mllly C(,". 
I I .. 1';< -'"~'I,' , '.1111 r uIK," \\ hieh Ihe r l'. I 

III 'h,' " ft' PfOI" r h sIII'P('tr ll'd ( F'~lIn 
., 1 J I I h., IZlm I II rinlo:' ~"ar (:.!). l."lI,·.1 III 

lit '"lel' 1111/01. I "'I' "",iti,," Ih .. l'''','r rin!! 

1",," I ilL:', ,'11Il h III lurlJ P" Itlnn ' th.· mnl'r 
':IW' :) 

RinJ,l IJ .. al in,.;>. I'h,' I '\II nnl{ bea rin~: art' 
Itk'« ,.,) I" t \l, ,'n h,' InlU'r anti llult'r rinj{~ 
nil \ 111',,"11 .tIld 1'''-1 JOIn tlr., II JIlt' I I Ill)! III 

tI .. , .,11. r nllg 

Inn.·1' Ittnjr and ..; .• ddl .. S uppurl .. . Thl' inn. r 
"II ~. I ~ /0-'111'" ~ '\"', .,nd ... 101'. tll'l"JlI- II .tIlt! 

11 .1 m"~I1"'"lm , 'a-tlll'~ htll.·d 1.1. 
'1'1, 

Figu,e 2 31 . lo"om View 0' 'nne, and O ulp, 
Rin9 Asse,"bly (Sltown in Fi.fure ' Uppe, Tu rrets 
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Figu,e 2 32 Top View ol'""e, o"d Oute, Ri"9 
Assembly Up,.." Turret. 

II. I· , 1111." ,-II r,' I.. ·II:! II ',Hldl ~u". 
j-Irl Tilt' ,'I,-'·atllllo dn,!' n .. t-mhl~ and th" 
«'IIl"'lr "I 'ow, r ,II. mll'ln ('d on tht' ristht 

all" , .. i.tl. IPI 'r! 

• (Itt .... 1Iuf 
1'lllIltUj II b, 

., In h hllll .,witl'h and 
If' 'T. 1111,',1 'II thl' lilli' r 

.' •• llmulh Inn,'l III 
\\ I h II ~ .Il'strt. 

1 FRONT GU SUPPORTS 
SADOlE 
EAR GUN SUPPORTS 

STOP 
LIMIT SWITCH CAM 
ElEVA!1 GE". 
SECTOR 

Figu,e 2 33 Saddle. Secto,. o"d 8,oc"', 
Assembly 

Azimuth Drive Assembly 

rJ\. ,I "II1>h I FI~ur. 

RES! 'CTtO 
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hil-h i .. loe tt'd on tilt' Idt ~addll' 

I)ri'~ \tutor. Tht' aZlIl,uth lin\!' motor t:!l. 
r tt'd I 1 horst'p.'\\' r, .. a "'''llarlll''l\ " ,II 
... d" m"II'r willch rut"", .... llh ... r ,'I •• 1t"1 " ,II 
{.IUnt .. rclt 'l.wl_' arl'orcilnl!' 10 111' ..... 11"1 fr.1Il1 

h., thyratron (,,,Ill r"I!t'r. rh" IIII'UI ,,,Ita¥. 
rom thl' thyratrun ... m mlt.'r rl'j,(ullllt .. th., 
I' or ,p.'t.'\l, A . olpnoid·lll'tcra l't! Iorak., 10. 

n I 'd at Ih, hl.-" of Ihl' mlltnr pn'" III nlLl. 

I!'un Ira, .. 1. I h,' ,,,knolll ''''''lIml', I'Th rlliZI.tI 
and n·l"a~t'., tht, brakl' Th,' "rak,' I'an h,' r,. 
I'll. "I mlllluall.1 In 1\\ CI I'rill~ IlIad"d I '," • 
,'nt' I(x'all't! dn ('al It lilt· of till' m"tor. 

(; ar ..\ .... mltl,. I h,' "".r train lie lh,' aZI 
BlUlh ,It It(' ..... t'm"b pr<lvidl·. Ihl' "I'<'l'd T ••• 

,1111 lion 1It<,"'an 1,1 dnll' lilt' tUl'rt'l 111 aZI 
Illulh :ulIl In ml.1 " till' tand .. m ,\·byn rntor~ . 
rh" II' in .1 ' I'm"') I" d1'i"'n Ihrough a frk­
flnll.·IUI h "'hll'h I'ru"..:I" Ihl' Il.'ar I rain frurn 
I' ... .i,·., ~h()( k \\ h.·n Ihl Il\ln~ r .. adl th"lr 
n ImUIII IllmU! h hnllt . 

1'0 ... 1' ('.8rtng . 1'"" I'r t 'lin, t' th" I IIrrl'l In 
aZ1tI1 lilt i lr:lIl~nllttl'd In,m Iht' Illntllr 
I Itr II/o:h th .. Ill.... ralll of I ht' aZImuth ,lrI\!' 
I • rnl; \ a .. 1'"11",,, . Ttl., moll'" 11l1l1U1I t~) 
I FIII'III., :! '1.1 I fill ~It,·~ 'I h I h., IlIrnl' j.!'.· .. r 01 

h .llIkh lind st. ,tr.~ a"~.'mbh Ii» whl,'h 
tlrl\.· •• Ihr"Ullh I",,, ,pll·t! n,./th lion IWltr 
fall'" (II anti l;j) thl' IIzimuth dn\!, 1(t'llr 

(l:q "'lIch In lurn nw 11 .. , with fht' azil"':th 
nn .... ll .. ar (I:!) fin tilt' turn'\ , ukr rlllj.!' a"~cm. 
I h Thl' turn·f i tln\"'11 111 t'lth"r din'lliun, 
III 1,\\1.. (.r,,,ulllt'r.·It .. 1.\\1" •. dl J .. ·ndtn .... UP"11 

th· dirt 11'1\ of n,latl"lI "I thl' ,In\l' 111111111 

~'II'J~) n J(IOIM !' .... tlinn ';"arinl('. II,,' tantll III 

, nl r ,I ".111 101 fII, I .I~ 111.1011, "I I It 

-\ II -ulllrlli I rilll ["r1II1'r ,t"'l'm"h 1111111'111<',. 

h.\ Ill.'an" IOf an .,I,·,·ln · (tlnlr .. 1 Il(n .. 1. thl' all 
mLJtlt r(l~ltllln lOt' till' hn, Itf Illhl 
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"'OPM WIf[fl 
~·ORM H.o.F 

SHAFT ceAR 

sr SVN CEAR 

~fI~YN ADJ'JSTINC PINION 
TAND£M fl5YN UNIJ 
CONT 01 IRANSFORME S 

f, ... "TION DRIVE M 0 
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:\Ianual Azimuth ~Io\l! ml!nl. A handnank 
I'rl/vi(it·d \\ ith 'Hrh tUrn'l fllr m. nUHI rola-

11>/1 oC thl turn' ..\ crank Iddl'l. r (Fiscure 
.! :11) I rrn \ lcll d 1>11 Ilw "01 tum ul h,. ~"aI' 
'1111 of Ihl' aZimuth dn\', a"l m"l~ fUI l/I ..r 
t ."n of t hI' h nd. rank. The l'rank 1'1l1l<l1lt: ~ I h .. 
-l'lJnl'd .. nd of Ih.· dull'll antl-gl':lr •• "','m"" 
haft in thl' go-ar unit. Bt'fun' I h, I urn I . 11 

h.- r.,tah'ri. tlot· hrlikf> 111 Iht· "ri,,' ",nil" mil I 

ht- n-I,-asl'tll,), ml'an" "f tilt- I" IIk,- r.·I ••.• ,.1.-\ 
"I' ,;{). Apl'r""mal h 7(\ n \I>IUII_'" til ,h, 
"anderlinI. art· n-qllirt'd 'It I ,1.,1.- tl .. '"'''' 
Ihrough It .. "mplt-l .. iI'limUI" t,.I\' I (,f '1"(1 

oI'·grl't'~. 

Elevation Drive AIHlnbly 
Th,-('It'\'ali"ndrl\,·.I~,'Il1I.1\ rFI).,'III'.! :11;1 
hlt-h i, 1'\C;II,-cl .. n Ihl' rtJ(hl -:ul.lI.. ul'l ... rl 

uf thl' innt'r nn)!, il. ,,'m"I~·. p"rl"'m~ h.,-, 
fUII'-tilln~ It "IIPI'Il,-" till' 1I1t-.'haIH.,oI 1"'\" r 
r, "llln·d to tin\<· th.- addlt .,nol j.!IIllS In ,.1'-\11-

U'''N ADAP'ER 
GfA HOU 'N 
r ANVEM ~El v S 

"gure 2 36 E'eval ion D,ive A .. embly 

nd ... ·u, ... r- tit \.'1 tit} •• np r .1'.'11 .It 
'~Ilthu' UP'-)' tl t (f It, III' 'Ir If.1 tl141' 11 lL. 
df1\tl II utnt 

Fire Interrupter Drive 

J.."'·itt • .,:tI 

1111 I ,1t1'1l1 

Iii,' ,\Illt OIS 

,'II"" I I ·,~· 

m. I, .. \\1111 ;tIloll~ cln\,'11 11\ II,,· \\"rlll h:,ft 
~.·"r 1:.!7) 011,·, ncl OIl tli, ~'t:O" and 1.11 " 
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Contour Follower 

(' 11 "Ii" pall, 1"11, TIll' ,,,n our pal tern ,'an I .. , 
ad III It d II I hal any I onlllill-fllll"w"r a"'- .. I1l­
hI- :If I .. ' II-I,d \\ If han, lurret. 

Thl flllll IOn lie I h .. ,'''m''lIr foll"".'r is Ie) 
111111 Ih., <I.mn",tr" Ir;l\d (If th(' ~1I11" (f"r 
1111"'1 lurn',), "" th., ulmOlnf tra,..! tfeu-
1.1\\,'1' urrd.). rur all aZllllllth p .... ltion" .. I 
h .. tllrl'd, III "rd"r III pn"'t'ul hI' )!lIn" "rtlm 

hI! 1Il~' II", ;lIr"I;I/W f.til'l'll! a' thl' ~lIn" ar. 

\'!JIII! ,linll)! I hI fll~l'lal!" C IInlllllr, and ttl prt 
\'t'm till' ).!'IIII- fr. III ,'ollJlilll! al I h, ."10111'1"" 
l'unll.;,l :--tatiun 

Th., Ion "III' I"II"".,!, a"l Illloh j, IllIIUllh',( 

"II Ih!' inll", nil!! "I' h. IUrn't :IIHI,'lIn-I,,1s III 
h,' 1'.,11,,\\,1111-: ""111 I I<lI1l'n 1 Jlart- anti :1".,'01-

bh.,-' bllll~lI1)! a" .. l'Il.I.I\ (I) (FI).:un :!-:J"Il, 
"01'01 \\ h.,,,, t'am and \:hain """'Illlo" (:I:!J 
\\ "rill /:11), alld I.imon (all;' 

T he hCIU ... in j! .. ... "'t'mb l) 1" 1ll01l1l1t~1 .'n t h., 
I'WIiI IUllh! illidl. "'II'I'''rt In th ... 1'011 h ClI I h. 
t·II·\.di"n"L!,;tt t'\{ur" \\hlt h Ira\pi!'" b .. 'l\\t'tJl 

Ihl 1"0 Iti. 1'1"1 .... , III' lit' h"u"iuj!, fl ,'011_ i"ls 
.. fill<' 1,,11 .. I::!) and \:ha1ll I::!:!) a~~"n1"ly, ... )11." 
,1I,d lor,. h. a, 'lIIhl.\ I:!I). 'irilil-' I~), atl-

10 n f'1I1 • n'w IIntl "1'1'11.11' (::!:I). und (\I II 
/111111 "II, I .. ,~ 
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p,.rl of lhe huu.-in):" <.lilt! t'I'\,,~ a" a nlt'dlani 

" " Oil b;:-nl!l\f "hkh Ihl:' upp\'r t urr ... /tlillS 
• .tn oit')lrl'." or Ihe !o,,\'r tUlTd )!UII: lim 
"'\al.,. onl~' H: pt'rmll"'" It, lh. ,trt'll'h ill 
hI' "h,lI11 .. r I h .. \'III11J1/'1' "illll .. 1 lit' 1'1"1111/:, 

lIlt' total mll,,'ml'1I1 nt (h" rull." ,tIIef Ion. '1..1'1 

, <,'mltl)' h hmilt,,, tu aPJlro'illlal.'I~ lII' h 
I', Ihl'lIdJu-Inh'll ,,'1 .. , ,tlld 'I'IIIW 1,.'f"I' 
thl' ·Prlllj.! hullum_. 

Th'I'I'art-ll,"itlllll "lteh""ll.II \\1"'" 
,I ladled III thl' lIl'I" I .. I,t! .. t Ih, )'.,11 .,1,,1 

""d lhl' "Ihl'r 1 ntollllllt·,j 111101,·, Ih., lid I ."1 
Ult1llt "('n-\, and ~Jlnnl! Thp 1\\41 '\\11, let .u,' 
,\Ir"eflll "I'ri,,,,, \ \ Iu'll ,'111 .. I -\\II.h,~ :hlll 
,',,01, 11 l' ,la" ill Ih,' tIiIT., JII'" 1 It,ll It .. , I 

nl"'viz!'d II h,,'h l'IIIl1lt'd, a 1'1i1j.!)!1I111' I'ln II , 
1,..'\'1'1''',' ,'urr.·1111 ililo I .. , h Ilirr., dll'., 11'" 
Ilirs Th" rda,' th"11 'Ills .. If 1 ... lh l'I",;dl,'/I 

,!lid :Izimulh efn'l' 1ll"I"r" 111 !lit' .!11· ... 'i .. " 
Ih.,,' an' rnlatin)!, _1'1 th, ir brai..\', ,III.! I \II 

(. t! till' linll 'l'Ir.'11l1 1'/11' UI'''''I \\ ill/' oil (-. 

,. , IIJl motl"n "' lh ... tUIT'" I",fnr., ,I d:tfI/: •• \ 

I, Ilfllught UPIIII lh,' "'litll\ll-lnl 

\I Ill'll I :II Iliait'd ,." 

lliJlhtml'nt -I It" ,'ntl 'I rill)! I" I .. , ,In 
1 1'1',' 

\\ .. rm , .. hc ... f ( 'am a nd ' \'ha in '\ ........ mbh , 
\\"rm a nd Pininn, ,.\, tho lilT, 1 I '0 ,tl.,,, ,II 

,l.lmlllh, tho I.ill/lln 1,\11) \\111t11 n. hl'- \\1 10 
It'aZlnll Ih'Il')!I.'.ar II:!) I n',ded,I'I/'nll!)' 

h, \\ .. I'm ,\ h •• f ,'1111 I roll iii ,'d, 
lh., (' ;1111 i I'1I11t't!1I1Itnd IIrllllll" II\' "11111. ",,01 
II I lIT II tift> flllk III l'IJlJB,,; tI )\\n 11111 Ir,h'k 
101h thl Itll 1111111'. III' ,tlufd"'"1 IIlII~ Ira,'k 

n. I hi' lUI rd ntt>' '" 111 ;17.llI1l1t , Th.' all1"lIl1t 
uf up-lint! dUII/I mllll'nl< lit I d.,t,'rllllllt>d It\ 

lit ff!"nll·!t'r .. r Ih"l"am If th,' IlJtlllnn "I' th',' 
link j~ pflltlt'el :l)!.IIIi.-1 th.> azimulh Ir;l\t1 .'1 
Ihc' turn'!. III. :t~lIn'nlt'nt 101 illl.' a).;I'1l 111 mils. 

t h. 1 rt':-..ult In~ l'ur, \' r, I I'l (', l'nt s 1 lit 10\\ tl)" tIlt 

\'a Illn Iintit fur Ul'P' I IlIrtd-, Ind lip,,, r ,'J, 
lall"n liml! fm' 1011. , IlIrn' f h., (,lin. I,ll/ 
h,' I 'ai~l,tf Ill' 11l\' "!'t,t! 'I~ ." I Ill' I It., I"IIKI It til 

I h "ham loy n"',III" III I hI' till "hlldd.,. ~llIl'I 
'111' Ihaml'll'I' ,,' tIll' •• ,nl i· li,.~I, I! ..... ' hl'l", .. 1 
'10, ,111\. ,',11111,,1 I", ..t1ll1l~I'tI, lh,' to 1\ I • ,III 

10,· '11(, 1':01 .·01 11,'1 )\\. !C,,J ",' II (' t'll-111l I I IIJV 

II 

f'l, 'IrI. 

hllll'l ) 1"''1ko-'111I1I II~ t.~'r ... 1 .. 11111' ". 

),,,,, '" I,,,' IIIJ.!a~'1 II" 111 Ii, Ih, tlI'I" , hUlIl 
~\"ltJ I ,I'III"ltcl \\1.11 II. 1i1'1''' 1111111 

S\\IIl'1II S IIt'll1,tl",l.lh"UI".t1 sl .. rl .. alllllllth 

.. lid I,f. ',111'111 tI"l\. 11101, I ,crt "h I)!)!", I , I, 

Itr-, I II ITt II! I ,"I'pllttllill tlo. dll.tll,," lIlt' 
.If I 1"1 Int Ill).!. II.. 1I11.lu, 1".\ t .11 t (L .tud t) I 

.1/',111 I .. II.t KIIII- .11" I 111.,11 "lIb'IlIl'1o II. 

fllllll ,\I I I h .1.1 ,If .tIl lh •• I I I. 1II1 , tI.'rl ' 

"·I1t1·11 "III ,11111,1" 

\\ hI{ h ha ... I ht ' ,lrl. f lUll ""I It 

hnlll '". I 

Interrupter Assembly 

Tltil""ll.t 1,.1., illt\tnt "tll.l't 

1"111 "rt11111"1\ I p\\IIJ,."1I1I fI·u. tllt I I 

lf1dh.l1t~ \\btH I til IInl 1·,\\,d.llld up 

"lit .. III , IIl111th P" 1111," I'll I (Itll"\\,II'( .. r 
,1111 I" Ih"l1\1:\t"t l/l '"lIt, .. 1I1I 'I Itt III'" 

1"111'1"1 ,. -"1],I.1.t I~ t11"llfltl dill t I. 'I'll. I 1'1111' 
dlliiturt I l,tlt a hUll 111' Itl tl"t!ult • .! t~lt :t 

"rulll a ,.11111.1.1 (.), a '''II. h 1.t1r1a~., , Ill, 

ancl,. "" 'It lOll '\\ III It (III) "1,.,1,,11 I III ""KII 

It I' lIall!!., Oil I hI' h"II'"I)! "I' tilt' 1Il1.., ,u"l, I' 
;ei la.'h II til thl' 11111, r rt 'W 
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Both _ 

M~ """9 

F'qu,,, 2 3' Fi,. Inl."upl., ",olech ""p/oll. I,om its OWII GUliS, 

",,01.) II- 'It. 2~l:l), it - .,11 h, ull ,ti),. nd 
\\o.,nl! "Ialt'_' (:! arul :!7), (Jill' ~nt.! plall' (27 ) 

",'" "~ •• ' " lam [n,. wll"at In)!' the azimuth 
/.,-III,.n Thl drum a __ ,'mt.ly i. I!earet.! to l hl' 

"lInlli! tl I!' ,'1' "',,'m." (l!l F'I-: 'n' :!.:l5) "11 

Ih., I,nll 'Ill)..' 0 o\.'r. Th.· a7imuth go'ar a~s,'m. 
hl-, HI I ,rl1, m(',I,,-, 1\1 h lilt' aZimuth rill)!' 

1!.'Uf (I:!) fill h 'oul,'r nnl! "I the turret. Th,' 
-1'11\ butt"n ""cralcs a ," ill'h "hirh t ur n!' 
lIr. ,\ h!th In h ("lmtrul pan(') in th ' j.!unner' . 

10 1 ] 18 

21 20 19 

11 P0511tON SW'TCH ... CCfSS COVER 

.5 'U81' J 

.0 NOli.. fAR ... ZiMUIH OlllvI 

27 INO PI"'TE W'TH C ..... 

o f Pt." £ PlOI 55 

"gu •• 2 39 III' rtup'", A" .. " bly Pa"iallr Oisassembl_d, 
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I GUN :1 fffD ~[I..H"NI5M M II f JEClION ("HUH 

Figu,. 2- 40 20' mm Mochin. Gun Showing F,,~d M"chanism alld t.1I~ f , ,,cl ,o ll Chul" 

.omp,lrlnwnt \\ hell th. tUtr"t" t,,,\, d ,ontl 
r 'ad) fnr r eirlldlon, 1 h.'n' i, "n,' .,'1 "r , Mil 

I'iltt rn, fur la.:h gUll, Thi" l'I (II paUl'"'' 
r.'prt'~ .. nts urh art'as a, proJl<'l1 rs, \I '11/o! tip,-, 
" l', fu r which fir., mu I h· illl,'n IIpt. Ii. Tn 
IIIsur~ grt'ater int .. rrul' ,'r a,' 'unll')', thl' rlrul11 

,mllr rutat .. s J il l:! I; mit'. d' fa.1 a 
III mm',. ring 011 till' turr' . 

:\\il l.'h Carr ia ge.\ "I'mbl~_ 'I'll>' .\1, "1\ ,'ar­
",011'" (1:1, Fil!'ln :!,;J!II ""II ' .Ii,,, 11.,.. .•. I"'" 
It liol1 ,\I'll'hl" II:?, II, .. n,1 I;), 'I \n .11 Ib, 

, \\ ttl he", un fur "a,'h ,l{IlIJ, ,Ir.' "rrllall~ 
I.. of: and (III.' for lh. 

'I h.· ~~Irriall"" .. _ 'Irh "n 1.\' II I ,n~' I, .• d ., •. \\ 
II '), lurnl'oJ h) lit' t.'1t:11\ IlIl j.!'1 •• r "<"'rnl,1I 
(17, Flletl,. .. :!.a:,) on I h .. hOIl-1II • "1\ .'r Tit, 
• 'Ir a, -('mhll h lin\', II III' /I It. 110/,. "".,1. 

I 1)0\) " ho~" I h .. r !!1111 j~ (nnl1.1:1 "d "I h .. 'Piil 

1'0000 11 llln ,'''I I t'h , Th., P 
(F'Jrlln' -.: ,1'1) mum. t'd "11 Ih, 

1l'lua ,." III h. drl)m 'nd "Ial" 1:!7) Ill'a,.- t 
Ih .. hnU"1111e I\"r, I,' ,. thn',. Ilrmtnal. snaJl' 
u tlnn ~ "ill"h It i ,",,,,,,'d 'I h.'r t .. onl' I'r II 
th .... tl1I'r or t \l t! \"In'ult-, ;I.',"'nl"ng upon 

\Ilndl 1<1. I br .. ad d. ' .... , ".,r.! "I ""\1 lho' 

)!,lIlh,II'tI)o""lil1' fll' 11", ;\1\11'0,..1,1 

t" h;l\,' -I ... ">lIt I 'III).! "I' Ii, ~ III 11, It .. , Ii 
III' :\I,d 01,)\\ Ii ,ltr '. I i"II' 

20-mm Guns and Accessories 

Fe~ \1t<t' ha ni .. m , 1"111' .!,' 111m ).."'" f •• ,01 
mC,lmlll-I1' I.! I , n'trlt.d'J1I!'l'olll .. '1111 

I ,. l"" ,I. It lII't' .1. IIr'"" 1"1 I •• d "V 1,,11," 
:on mlll,II, .. n lilt" 1111 .:tI lilli' 

01 tI"" 1111. 1t."II~1I1 
ar., "blllllr th, ,1111111111111",,, '1""1 tilt UIlIIlII) 

'111,.11 dlllli' '111,. Ih,' lrllll, 0 "I,pll", 1t,,1. 
tr"m th., anllll l lll'lI"lIlo II, .11101 ... "' 11',," II. 
r"lllllt~, .. n.' at a IImt', 1111" II., IfIIIII'" ,.t I", 
leun ,II lI"t tI",\ ,all I" ':'IT'''o! I," I\ard 11)1" 
thl' ,'hamb.'r j,~ Ih, I'n"'fbhl .. , I. !. .. It 

Gun .\ cC'~'·~ories .. "hl' J,!un a," .. 't ...... urit ... III 
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BUfFEP SPPI HOV C HEORIC TRIGGER 
DRIVE SP INC ~,VE SP "'''' CUICf 

/) ~fATER Y BREECH BLOC .. SSEMBI v 

' ifl ure 2 4' 2O' mm Mac" i ... Gu .. Partially DiMJuemb/e<l 

Upper Forward Turret 
liectian Chutes 

1111 hI's 111 diamet ~r , I, 

I..-hllt,., til Iii .. ,.dl.pt'r A Iliral pr ing i. 
, \ II Int" Ih. f.d'rlt' tul .. , til lo! l \t' It rlguli t), 
fl" I, I. t mill I! ~ till .. ,. ,'itn\u~ hal( , l(l('a t t'(1 
III lit ,lIrpl,IOt' I J. t'lalo('" \\ hll'h hold !\ t h .. 
• It " t " t ,. t' and lin k -, Thl' l'nd of I h~ tu l ... 

tSTR,CTED 

I IN~ EJECTION CHUTE 

EJfCTEO LIN SAND CA [ 

• liN .. 0 ( .. !of EJtCTlON 
CHUTE 

AOAPHR 

GUN 

S .. OOU 
.... "u 1110 800STER 10 S .... ODlt 

11 .. MMUN n N ftf O. If 

II 

fiflu,e 2 42 Route 01 I .. com,"q Am mu,,.,,on 
ond E/ected Cases a"d L,n/ .. Uppe, Turrets 

RESTRICTED 

f. r th Oit,tho'! hy II hi. h tho "ud ", th •• tuh~ 
I.' h('Ie! aho\'l' tht", "t' and link .'''IIInill.'I. Th' 
"IHI of Ihe tub is h It! ,,1.111., 0 .. ,olltllln"1 I" 
I. Ihjon "",1 "prill)!" Ihll'h ur., L,-It'III,.ll" th,' 
"trplan' und a ,Iun)!" on thl' tuh .. I'IItI In rt 

lracllIl).:" Ihe lurr .. 1 "mOl hrlll)! ,WI ilion, th .. 
rubhl'r fahrll,,'hut, ,lOt! tul,l' Inn,,) <1,1\111 lard 
I,d II "I II th, ammlltlltlt'll h"xI'" untl) tl1t' tIll 

,,'IIn tli t hI '0" ,!,rill)! i- r('h" I "ri, Tht'll I", 
• hutt ,tilt! t lI1o., an' d. fllrnlt'd t" 01110" filII 1'.' 

Ammunition Baosters 

"Ill ~!lnrl1 ~'lll·nl'tli run I'tllt.· fill a 

f· (·d,'r. whll I I'" .l ,. n puUt HI tit rh., )..'1If1. II 

I'ull ""'!tllis (Ii ,111111111111 '1>11 11110, I I., ).'11/1 ,( 

.1 fin ~ I'l" pull. f h. f., d. r I Iillllt. d /.: 

l~ \, ~ 

]- -111'1"'] I.,,, lit 

,"P hI'; rill)." h. 1"""11 tl.,' h"I\~IJII-(' ""1"'1 .iII" .tli 
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5 MA,.. Al H£".f 

Figure 2 43 Ammunition 800s'", A .... mbly "or/ially OlSassembl .. a 

. '--- -
t 

.Wf 

h. II II ,. f'" ,,'" h d'"I)!,lIrt' 2 I~" II n,1. t 
"I .! tin" I' .11" t:I), IId:l III .. h )(,"11' (6) 
IIll1l1l1 In" (\\(\ r ,1I.'rs e.l j'l 11t-.. II" lo, armll' 
('>. pring 1".III'~f ILkl 'I'm (2) mountt'd 
II ,. 1'/101 I>, , d a JII'" I h.,.. .1 "01 I) 

2 3 

6 

01.[ 

CllJTCH GEA 
PIN'ON SHArf 

SPRING 

F'gu,e 2 4S Ammunition 800s,., C/ulcll 
Pa,flally OlSass.mb/ed 

t:PfST Ie lED 
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7) Tht'roll ... r, ... nf.!3j!'" the cam" and drh,' the 
pool n(1 pimon haft unlll a lorqu" i' n'm:hl'd 
'her ... the cam. dl'pl' ',. th"11' It'll" n prm!/, 

Wht'n til cam art' dt'prt'~' 'd. th,. rull"r 
\'crtnlV ·1 tht· Rm., 

Function. (Figllrt· 2-11,) Th., !to",t,' .. nil "I' 

(II I' t'n rll,z .... 1 and I h.' prO\'ktl, (~ l\nli r;) 
,,"tatt"d wht"n th., Ilrtllll' , Irt'uit I" 'I., .... ! HilI,; 
tl.n (If th .... pnl< k.'I' mm( th, amlllllllll hili 

,.,11 fur\\ Ilrd unl iI I Itt' p .. 1 t lco" flt I h,' It It 
I W,'I'II tilt" !toos \, I' lind th. 1111" t: '"I .... 
10 a point whl'rt tm'lu, .. n t h., "ilnt 111.1 
IOlllpn·",.ion ,."rull!''' 111 h. 1'I111"h I..!) ", Jll't • 

h, ,'am". Th" r"Ilt-1' tho n (.\'t'l M'II till ,all' 
.lIltl thl' ,.pr"l'kl'! .. an' 11111 rllt •• h·.! Ih"l nll­
'"nj!' of tit ... ('am, ,'(lllllnU,',. Uillil lirill!(..r tb. 
)!,1I11" r{'ciu('.,)< th! ,'oml'n'~ IU" "f till 1WII1III01 

11111 h.'lt to a 1"'111 ,\ h, n' f 1'1111.' p. rnuts h. 
r\lll.'r~ and ,'am. to "I!I(,,):,' and r(Jtllt.' ,It, 
'pn., "l't~ . Thl< "III(<l\flnj.! ,1I1c! (h~"II)!"'l!IIW 

,H'l'nn of th,' dUI, h i, l'u,1 i >!It'c! It, If 'ht'''k 
r" ",till)!, drin- (:q ,'''lI1h', t.·d ht, \\"'11 Ihl' 

• lIddl'n In"d~ 

AmmunitiHn ~t't'd ('hut ..... Anll Hlntlioll ,,, 

~ lid.·" frlllll Ih. ), .. ", ,r III I. I 11"'1) h It, th., 
.",,, nWUlh It) II" Ihl. f., • .!, hut., TI •. dllll,' 

'" lid '-'h'\Jj.!h .1 ,110\\ IlIr Illflluth nun "01,'111 

, f Ih lurr"l ,lIul .'I"\,llllIn 1110\.111,." "f h., 
~'IIl'. 1/1 th., 1 .. \\, [' lurr" -. Ih., (",." ..tlll!'s 

I f PI" 1f ASSF ... 80 
<HT CO H P .. , n 
"S F ..... ~ 

T P PA H " ~f"'8 ~ 
• DEHECTO 5 I(I~ 

AS EM8 

F'gu,e 2 46 Upp .. , TUrrf!I Gun Enc/osurf! 

t.t ,J Itt H II Ih)(h\,r IJlfJlI.h tu ttlta 1nJI •. r 

IIII)!' 'lit I. J!lJld"I,ra .1" l!UI.h Ih,' ,I III 1111 II II 

"'II 1,·1t II tI .. f ••• 1 1Il01l1h 

Dome Assembly 

01,)(.1' .1 I'! , '1111,);11 rtno\,',f I", 'Ill"" ",tWII 

fa ,'n,',,- Th, n'ar part. f Ih. dUilIP h n-n,II\ 
•• hl,· tn f.II·lh aI, "1'\ 11'I1IL" • t 11<' J,!IIIIS 
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"OTO (RAN" A~~ 
TC Uf Tl;~E 4 HA 0 C~AN 

C1UTC'i A~SE Nl81 

Fig ure :1 47 Schematic DIagram 01 Retracting 
Gear Unil 

Retracting Mechanism 

rI· 

!!' .. ar Ulllt and a tOl'que tuhe i~ fasll'n.-t! un lh t> 
oltwr .. ncl. On I hi- flJlIl<hit .. I'nd of t h ,' tOf <lue 
t Ultl·. a "I'concl crank arm i, fa"tl'nt,tI. Th t wo 
crallk arm' un' ea.:h '·UIIIlI·,·h·c! tl) a plY'lt a r m. 
"n, Opp".·1 t' ,'n.!" tlf !" PI I lit arm.:lr IlIflIwtl 
to t h,· 11110. anI .. ill.· "I h., (Ill t,'r rmA' uf tht" tur­
reI Th,· "II hnartl si.le of I tit' turr l' t lIuter r in/{ 
is hln,n·d tn th .. airl'lan,·, The )!ea r h()u'<in)! 
ancl l ur'lUl·-tlllo •• "nlt·k.'t a rt' mutl nted lin l hl' 
ou t board siclp of th.· airplan!'. A I'OlI n,.(·t"r 
Iora .. ),;('( is fa.-t,·III'd Itl 011\' "iel.· o f t ht' 1!'(,;l r 
huusi n)! f rom wh ich an " I,'cl r il' (·ahl .. go!'" t tl 
h.· position s w itl'ht's ull tht' ,'ra ll k ,Hm nea r 

," he V"ar housing, 

Re t racting Gea r Unit 

( FIJ.(u l' • 2· 17). Th.· )! 'al' 1111 it tun"i Is ,,1 t .. 11 
).,",·ar. (fiw .. t.). Th .. li r s l J.(t'a r i" un thl' I'let·. 
Iril mllt"r. haft and has a rat io "f 2·12(i.lil) to , 
"f lh,' "rank arm, He t l\t"'11 Ih .. fou rth anti 
tit'tl! )!"ars tltl'l'(- is a \'Iull'h (~) "hidl .1I"en­
)!aJr"'; till' Illotor .In\(' frum t hI.' n·.-t of t hl' 
Ift'ar I rall1 W h"11 the ha n,l l' rank ( I I is flilshed 
OIlIto th,' ,It.lft. In turn. till' "halt r"rm~ a P<ll' 
or tlu· fif t h ~"Hr Th.· I,'nlh Jr('ar I' ",,,linl',1 tli 
rod" 10 11, .. nallk arm (:I~)to"th plinl', ( :~) 
, 1,,1 Ill' IIIr<l"" till." (:\I-l"olh plinl'l (:!1. 

t:lel'1l'1 <' Urhe " .. lor. Th,' ,·(".-tri.' ,Iri\',' mll­
tOIl I a lliro' -·ph;",· ~U(( (', .-I ... 2UK \·,,It mut .. r. 

ral"d IU2(ln rpm .11111 n.7li Ill,/,. Cr"l"'l'r Th .. 
II1,.t,.r I: ,quil'l"',J \\ It h II I h"rlnal .",·rI"a" 
S\\ It. h 1l .. 1:t1 Ifll' "t I" 1Il0l h/' is III "Itht'/, tli 
n ... Ilnll d, 1"'IIIII1~' 1,."11 h.· ",.IHn! I "f till' 

fIgure 2 48 T OJ"~' Ju nction 80or. 
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fi9u,e 2 .. , Selsyn Control Transformer, 

,ollt 1',,) ~Wllal A ,.1. nnlol "1"'r.lI • .t brll!.." pro' 
\/'/It' n·la ion OIt t h., mOIl< r arlllalllr .. ami 
h"ld" Ihl' lu r n·t III all\ p,,-itlt.n Idlt'lI th., mll­

lor I nOlt .-n(·r~izl'(1 

Torque Tube. Th.· tlOrqllO' luI", i~ math, of 
. ,'and,'''''' all".1 ,.. 0'\·1 anrl " stlJlP(lrlt',1 throul-!'h 
Ihl':H 1"lIth .plilll' I,,' 11 n" 'lilt' "l'arlng 111 thl' 
Jr.·ar hnusl/l),'. Th" (l"I'''~lt ' ,'n,1 is supported 

III lilt 1 .. ·.11'111' in th, 1"1'11111.' lub. Ior.1t k,'1. ()II 

thiS .. n.l. <lW.1\ frOlIll th,' j!l'ar h'lII~lI1l!. Is a 

a;, t"uth . phn,' W hto Ii 1I1'IHlrts Ih,· 1'1',,"01 
,'1 allk arm. B 11\",011 (,f Ih,':l1 ""ttl or :1:) 
t,"'tll "plillt' (11 th, 1001'1110' till .... lilt· "·.·,,nol 
,ranI. at rn n'III." aolJu t .. oIlll H,llln-lIl< Ii Ill, ... ,' 

m,·lIt::. a. nwaSl1i .,,: I lito' "I" "lIlh.· 1111" •• 1101 
• hit, IIf th, t'lill'! .. ul,·I· rlll~. 

( ' r llnk \rm " lind 1'1 \ ,,1 .\rm .... rl1l'1 1"I,""t 
,-11 rn ,nn t'l,lit"ti h\ tilt" t \\ i It I.tllk .it'IlL', n,o\ l' 
lilt .,u l " 1111):' ,I II., t'"ld III' "hOlI'l/IlIlI.t! 
po It It Ii lu, lit Illy 'lU" ,10\\ II ,;7 dt·vr"l''; If; nun 

ul,· I" I he I, tl .... d "" 1"1' 

Helratll1ln m t'lha n i_m ('"nnt'(' lnr Brot .. ke l 
lind Llmll ~ "I\(· h t'". Ilw.· .. III1.·d,.rlolat."(.1 "­

it ·, .,,1 \\ .-101,,01 tit·, I Ill' ,I ;':< . .-m"h 1\ hIt'll 
~1I1'IH'rt" th, ,:01.11, IrOlll till' .IIllIrol 10" itllol 

Ih.· ".1,1" I .. I h,· "11111 W'lft It.· '1 lit· hnlll 

\\ I l'}U'!' 'In' .'0 arral1)tt'\1 t'll t ht '- I 'lith. .11111 

Ihal,,"' ,\\ltt'h ('111< "If Ih, I""" l' It, tl .. ,ltll. 

III' t .. r .\ lit n Ill' llirt '1 I'\·;odll R it ~ tirllW ",,'I 
tHIn .• lIllllh.· "II,· .. \II, h I'll! .. 11 Ih,' 1',,11"1 

.\ t , 

tt'(HIl ht,.'IUJ! II. t d ,_\t ,. nit t II ttl plll'l1lllS" Ull 

III !:t'llIrllt I .11\ld '11101 lulh 1,1. "t. I 

Turret Junction Box 

Ih,· Ilirrot lUll 1111 I (11':111.) 11. 

",oounl,oI "II th., 1I111O'r 1'110)0.' \1I,J, III. 1''''' I 

I" thl' till 10 t I"',, Ill\(, II" JIlIO.-t .. 10 I ... 

f"lI"w,'r I. III "'T ... t 

Selsyn Control Transformer Model 
2JB15Bl (Tandem Unit) 

Thl'. \,1", n "on",,1 tran flll'm, ... (FIl1'lIro-' 
I!I) W hldt _Ir,' m""nt,·" 01/1 I h., 1111'11·1 011'1\ •• 1 

!".t'nlhh,· \'j I"rp 'pond ., I Itt' .~.·Is\ U )..'I"lh ralnl 

un th,· ~tl1'htlltl1' tath II (1110' ,pt"',1 1101 :11 
spPt'd . t.+ .. ~.\ n l'ontrnl ran:-ofOl'nWf .lr,l )Iro~ 

" icl",1 [PI' huth th.· aliOllith ano! tilt' ,'I"lati"" 
: -I"yn s~'~I"ms Fill' ,·"II\ .. nll-1 ('I' th .. lurn'l 
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GENERATOR 

SElSYN CONTROl 
RA SfORMfR 

ERROR SIGNAL TO 
Til !tAl Or-
ca TROllE~ 

Figu,e 2- SO Selsyn Gene,ato, onJ Con'rol 
Tronsfo",.e, Connection Oiag,am, 

,',Is'. n. an' OIoun(,·d In .. n.lpm Th,' 1'~Ilft',1 
S. 1,\ I ,'11 rill lran,.t t'rl11pr I,. m"l-hanit'ally 
rOn/ll" Il'd It) Ir l\rin~ "tl .. :!l,,,Pt"'d ,'l'b) /I 
,I I.-h. in turll, Is ~l'art'd (II I • turn'( 

A ingl,' :"Is-, n "Iln rol ",lIlsformpr is 
·mall "I ..tn,' cll"1<',' "h"'h ""0.1 t of Ih .. 

('unlr,,1 

app IIrin~ in thl' \I indll\j( (If thl' .. t'I"yn g n. 
!'rator lire r produl'''c\ in magnitude and pi)­

lanty in the :tator windinllS of the ~t'I")'n ('on. 
trol tran Corml'r, IFWllre :!.';U) Th" n'sull. 
mol mhgnl'to Ilu 10 th c ntr"I·lran,.forml!r 
·tator IOIIu('e" a \ollllJ.!e in thl! fIItor by tr n,.. 

{,.rmer aclion whi"h i~ th ·' ,ij!'nal \Oltallt' f .. d 
1'1 t hI' thyratron ('Ilntroller, 

Non-interchongeable Ite .... of 
Upper Turret5 

Th .. upper forward turrets are idenlll:al 
\\ Ilh the upper aft lurret except for the hn' 
inlt'rrulltl'r ram,. azimul h stop. and cast.'. 
:lIltl,link "hu\(' :bscmbl), The fire int .. rrupll'r" 
ha\' .. illfft'r nl 'am patt('rn~ f.'r "IH'h turr'" 
In,r,'r 10 tat.l .. II) , Conlllur-folluwl'r a:.,·01. 

th"l'IInt"ur pal· 

I EJEC EO II 
C .. (~ 

"001.£ ~ur I 

IN tlf' W'N 11,,1£ 

F'flure 2 · 51 Rou,. 01 Incomin" Alftlftunifi_ 
artJ E,ecteJ Ca ... artJ Ljn'IS- L_er Turre, 
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A LIE PP~' 

.\ .. \ .. " 6l 

Figure 2 52 /loute of '"coml"g Ammunl,ion ond f,"c, .. d Cases ond Linl" Nose Turt~t 

'I"",, rJ (t., .tdJ i"t.d: I t.nh 'f t {It.ft'J' 

1 II 1\1' "l\I':I':I.I/lIlI. 

Ik->o('npl ion or I."" .. r 1 urr I. n .. · h\'1 lu\\ I r 
IIrrd •• r,· .'~~t'IIII"lh th. 'anw.l· lit., UJI\lt r 

111 1 rl'b, t"\,( l' ("I' millin' nt."IIti,"lto" whit h 
t'rt, nl"t't.·':-.:tr\ tu ,dapt ttu' tt1rn.~t ... hl( t'llt't':t. 

lhln In un In\',I, h·d .tusHlon. 

C. .1,,';-0 and lin~:", Pit 

),lIn ,II I • '111'." I h,' (,'.·il ,'hutt,,, I'II~~ thr.'u~h, 
r.ttht'r than .. 1',,1', 1/1\' inn,'r rillll alit! . alldl .. 
. 111'1 Ir .. and .... "Idlt, a ~t'I11f,I~ (Fi!-'II .... 2-,> I) , 

I I, I"". I' ( In, I ): H' ,harg"1 ,II' 11"'I}.'",d 
rllr Ill: t.tlr.tthult 1fJ thl·lf)\\t~" :-.hlt· tit Ifl., ):1111 

r ,p :101n1l111l 1·11 tutn. tl'r .. an' lflular t .. 
,·n 1, .. 111'1" r 1111'1'1 I', • "1'1 fur II .. ,I ,· .. ,1.)\ 

pt th .. h(lU'lrt). _"hi tLp ).!t':lt' utili \1 II "0 •• 11 

Ih,' loll' I, r~ 1,1t ,'/11111' III:tI illi. I ",,01 "lIll.'1 
It. 

1'"11 Ill~' .11'. "'"UIII,''' r"n\/I ... I "I till 1111'111 

nil 1'''\1'1 IIlT"1 1111. 1'1'111'1.,1':< <llift'l 11,,1/1 Ih •. 
111'1'.1 lurn 1111, II'UI' 'I''' III I h"lr 1'<"11 pal 

• I'li~ •• 1101 III Ih.· 1'''. IlIon 111 II }1I. It I h.· inl"1 
IUpl'l 1 lllullnl.·.I"n th.· 11111"1 rill", 

(;un .:nC'lo .. ur ... \ .... t·mhh nit } .. ". I' IlIrH'1 
"Ill'I""tI"" I~ irl, nllt'al I .. 111t' UI'Jll'r tur ... ·1 • /I 
,I",un' '·x ... ·I.! that II ha~ four n'm"\alll" pall 
..I" II, .. i,J,·, thl' .... it""lal.· a''''·ll\''I~. '1'111' 1',,1<' • 
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plat-- a, ~ 'mil) I f",,1. Ih't! 1ft tlll' .. id", "f tht· 
~adcl'l' and b rwt n'lI('il~ rt'rno\"ilhl,', Tn th,' 
"Id" "Iall'~ • rt' la~t ... n,,1 b., lowl'!" pan, I a:-
"ntO". top 1',111 .. 1 H- I Ill!." , f!"1I1Il pOtnpl a _ 

• '1IIlol," ~lIId n',,1' pant,1 .I~ ,'m"h The"e fllur 
pall. I" ,ro' f, ... I,'n.'.) ",'adl olh.'r and 0 th" 
OIl It, pial., I,' 'I'!lrk,al '\I,n fa~It'Ilt'r', .... hl\·h 
1,.,'11r :. I I .. , -'T,'I"in r (It I. J.!lIn, , h,' /o!'un 
.. hal'J.!"r ", alld th ... t I'd m"I'hill1l"rn. 

Detailed Description of NOM Turret 

Til" 11" '" liT!'! I, ,'. 'l'nllally h .. :"mfO a .. 
Ih,' UPI'''1 urn ts. ,:\,','pt that I" ha" IIIl con­
tour "i!ower. fir,· antt.arruJl t' .. , or rt·tra.:tion 
Ill. chana-Ill 

J)ift't'rl'nt·l' .. Ikt"l't'n "OSf'TUrT t and I ' p­
p~r Turret .. , Th,' 11'1111 "II\:I(l~un' j" 'Imilar til 
I hat ,'f I hl: JPP' r lurrd < 'Xl'l'pl thai it j" 

I'ait 01 to I" urr -t ,'n .. l""urt,. "'hi 'h, j .. st'akol 
til h" alrplalh' f.ail'lnJ.(. Th" inn r "n,1 IIlIt 'r 
raUl{ I\s", 1lI,I.' I, ,I, "ll:'n"<i dltrt'n'nl I~ In :1('. 

'·"mmllda'" h., ;,Zlmu h "tops and limit 
"\\ It("hf ... I ht',,· ... top' at.d .-v. ileht·:-.: an­

ml'"a • ,I, 'I h. top "I th. nnv " .. m"'~· Th,' 

junrtivn bnx is mnunll'tI ,'rtll'a1l) hl'twe n 
thl' twu /o!'uns. Th Jrun charver, are dt' Igned 
for in:tatlatinn un tht, I"wt'r <iell' of tht' gun 
10 aq,id intt'rft'rcn('p .... ith Ihe ain lane l'trul'­
I Ire', The j"dt'u link. and ca,.". fall throlJ~h 
ttlt' bottom I.f Ihl' ' adoll., intt) a IrnuJCh Inca l'1I 
101 t h,' airplarlt' fu~ la~' (FljCun' ~.;;:!). 

Dome A~mbl), Th .. domt' ass('mhly (tUT­
r .. 1 I·nd .. ~ure) madt, Ilf maKn~"lum all,,~. :JI"~­
Ilkatll,n ~(o. A. '-:\1·29, is "l'curt'd to thl' ill­
nl'r-rlnl!' tlangl' h\' ser(' ..... and i pivoted at thc 
tnp thr'lUvh a "cntcrinJ( plate anti support a". 
sembly .... hkh i. fallt n('d to the airplane fu,,('­
la/o!'l', There are th't' a{'('''~!1 d'lOrll in tht' no"" 
dllmt' Two al·ce.. d"url', on(' 1000·atl'd nn thl' 
"ll'\'atlOn ,md th.> oth"r on tht' azimuth sidt' of 
I hi' turrpl, pt'rmil a hmited Ilm(ount of !It'r\'ic. 
inJ.!' lIf Ihl' turrt'l. Tht' t .... n low r !lITe"" un'lrs, 
"h,'n n'm,"'l"!. pl'rmil I h" in"tallat Hln (If th,' 
nll<1' turrt't I.n th,' ulrl'illllt' "Ith th u dum.' 
m(lunl"d, Tht- fronl !lrn's", d •• or ...... ht'n n'. 
mm"d, make il "",,-ibl .. tl' mount tht' duml 
(·n th .. lurr .. t 'Ift.'r th. lurrfOt i" in 'tall,',1 in Ih. 
Ilirplallt' 

SECTION III-PEDESTAL SIGHTING STATION 

1 . INTRODUCTION 

2. DESCRIPTION 

Generol 

VUnrh'f Irom Ih" "iiI', In'am III' hi' Itlr!lIMIt 
"hilt Ih.\, "an Ih .. rna, Imum "k' a ... ·a n.m 
1 hplr Intfa hillal I. tl tn_, 

Lower-right Aft Sighting Station 

rill loh~tt'r I' "',UIPP!'ti "lit. a 1't'1I""I .. 1 
ljo1hunv:lalllln In "p"r,llllIl!' Iht. hitUtIl, th. 

,,",11 nner Kras!l" !tilt h hand .... h .. 1 and mil"'" 
h.. l!lhl manualh II .. It \'at illll :md Klimuth, 

" .. Id IIf \'I"",n, th., 

I" ,I,' Ilil InOl 'VhlwV latinn I~ tht, .•• 01 fllr 
1,,'1 h h,' l..t t .mli rivhl hli:!tt'r~. 1 hi: d,'suII'-
11m "III, river t~,th Th,' lIJ1prll Imatl' u\' 'r 11 
h. l)Cht IIf Ih .. "lllh1111V tatiltll i, I" t'nh 111( h 1 ill" Ih.· ,'PI r .. IIYlute w('illhl thirtl ." .. p(lunt! .. 
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[RATOR 

~\ S II( H 

figure 2 SS Cutaway Vi .. w 01 A. ;mu'" As ... mbly 

I hlo: \1", :! ., II t! til. 

"mhh 
II I •• lIut h,' J.r\ 1<' 

I;,t h" , .1 r 1 

3. AZIMUTH UNIT ASSEMBLY an' t h., .. ',,) \ II ),'pnt" .tt", ,I 1 pl"'d 

IlIlIt (III and a :11 SIIt"I '" IIlIlt l.!l 111 <llIllIlIth 

gl'at' Inllll, til. lIlt'rl,ot \\1 l·tI (." .• 1Il" a 'II , 
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alllminum.all,,~ vt'ar h"lI~l!l~ (I) .\I~" I ... 
,'.lll'd 1111 tht' ~l'ar hlllhlll~ •• n' tIll ulmplll •• " 

·Ialld 10\' \1 tld, ( I, thl' azimllth 1 .. \\ pill 

(1\1., (hl' .IZllJIulh linlll t"p tI,,· r.,ti,lt ; .. 1 
JUsln1l'nt r1l('''~tat (Ii), ant! lIlt' Ilzimuth In., 
I II III , (fl'W (I~l 

• '~lsyn'll'enerlilor , 'nil", (,hi' S.-l'~ n U1\I1 . 
(2 and II) (Fil!urt' :!.;,.;) "r.- mil II II 11·11 "II t h .. 
Ilear hou~illl!' (II. .'11 fltr as ml', h"IlII'al 11111 

strudion dnd .·Il·driud "p.·ralh'lI ,"·t' It'll 
q-rned. thes· ,',,1"\11 Ullih an' 11I.-nll".1 I., 
thll~e u~ed un th., ~ "kl' siJ{ht III)!" ~I al "'II I I.,. 
·11.,,~ &1"Ylllllli l IS mllllllto·tiIII It .. • fllll .. " 
11lJ{ manner: its IlanJ.!t·t! !'lIti "hi.·!.1. fill I h •• 
;haft elld, ha· an udnplt'r ,,1t.ldll,.1 III it \I 111..11 
Ilt'rm,t" tht' "1·1s~· n to tit ~1I1If.!1~' into II ralo 
toelt'd n'r "" in till' top IIf Ihe Itt'al h"l1 IlIg, 

Thrt·(· damp" huld it H·un'ly in Vl""l', Th .. 
damp», which fit II lcr th., ('dill' "I Ilw St·l", II',. 
Ilal1l!:ed l·nt! ,..hidd, ar.· h"llI 1.\ thr.·(' scn'" .. 
lind 1, .. ·:- \I "slwr" \\ hii'll fit inlo IIIJlP"t1 h"ll'· 
in Ihe J{t'ar hou;inj.(. An ad,lpt"r Is allad ... d III 
hI' lor IIr th!' :H,';Ilt-ed S. I~yn II hlrh I>t'rmil s 

I'nn III'CI i •• n \\ ilh Ihl' It'ael dlt'l'k.'r, TIlt' 1"110"',1 

',·lsHI i: alta.!",.! 10 II ml1ullling "lat •• III th" 
anll' mannt·r A ""\ ,'r i .• pia •• ," "' t'r till' 1 
pt·.·.1 ,' .. I .~ n te'r I,r .. ,·t·t i"n F .. ur "Tt lis h"ltI 

Ih. nli'lIl1lin)! 1'1 •• 11' 111 pl,lr. 011 1,,1' "I t Ih'I.ft'ar 
hnlJ In)!, 

(;t'ar Train, I FIf.!llr.· .: :-,1;' • IIII'll 11111 

V,t.ar (:!) tin t h. t ltd of t tw \ t,k.· "h,1I nlt' ... ht' 
IIh ."1 IIl.-n It III, JlIII' )' •• 11 (IiI ,11(,llh,,1 I" 

Ih, r .. IIr .. f lit., I "P' t·d, ,] '!I ~·'IH·"tltlr (7) 

\- tho \ tikI I n.l.tlt·.! III "Llm·1 I, III ri'''I!' 
, I I" I I·.·.·t,. ,·ls.1 1111111 

r I' .Jt If .Il I II Itt • ~ ."-.. 

In!'rl ia \\ h{,t'l \" t'mhh, rill' lilt rlla \\ h •. '1 

\ II I hl'lll' 2 'It.) I. dll' ,'II 10 ,. 1111111111 III.' " 

'C' \\l1h lilt III "rJIU.'tli·tl. l'par 4111 f)u }.pt'ar 

Ir lin Tilt· III \\ 1".1 ,1I1hlll .. 1 I." \\ h.·t'l 1"111' 
I ... 11I0"t b tllIt I h. III ,n'nlt'1I1 , f 1 h,' '1)!lol III~ 

,1111111 a' II I" 111,,\ .·d ill .llIIllIII h 

(.t'ar lIuu, inl!'. Tit. h"lI 111~' ,"II-i.. 1,1 all 
alUllliUlI1Il "lI,.~· t a lit)! .·"nt.lIl1l1l~ I \\ II Ioall 

io" •• j I II" ,I.'\ "tr"n ~ .. I." s' .. · ... 1 . \ ]s"11 I:! ,lilt! III 

Computer Standby Switch 

\limllih I-ril'tiun Sne" . '1111:- tI, lot 11':1 
I l'IJ.!lIn· :!.:i.'l) "III,·" Is utili •. .\ I ~ lit .... lIIlIll·1 
In ad)u:lin)! Ih., sl..:hll ....... slatl"n III' 1 .... ,.0111111 
nf Ill,,\( 1111'111 III aZIIlIII' h, i. I." al,'" "II I h. itlt 
HI tJltl :t1.lnlllth hutJSltt)!. rivh ., .. in),! fir lotl"'t'll 

lnJ,! tilt· ... ,'1'\. \ 1111. r ..... .... (It" dt"On H"'t' f·. pr\' ... 

-lin t'll Ih.· r"lalllll! drill' hall 

Pill III It .... ,.1 

Reticle Adjustment Rheostat 

\ 1,< k "'11' I ,I. II,I \1.11111 ' 

.. 1, '"Ihlll! 1 •• 1t lh. 101' 11101 101.11111, 
~t'OU hl.U~III).". I II 4" t4) 1111'11 It,. I fit .. tal lu 

IIICH., t hrtlttl'401 t th. btl}.}lln. ,I tlll III 
wh'lnl;l)'t' 

Electrical Cannections 

,I· \~ III t ", I. I· It·. II t, fillt, 110liS tpr 
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l2 O",PUIU S AND BY SWIICH 

EliCH RHt ) IAI 
H ~fll(l£ I"MI' SWITCH 

I~ 

F'I/U,f': 2 59 Locollon 0' Switch ... ond AdjUstmf':nh Oil Pf':df':S#o/ Sight 
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Selsyn-generatar Units 

Th., elp\'atinn , ptsyn,~t'n,'r.l!lIr' art. Ilkll. 
tll·lltll1,·un. trUl'liUll til thll.'" II. 1,,1 (.n lh., "ilkI' 
.Ightlllj.!' elatiun, The 31·<1 ... ·(·'! St'I)1I (2), 
(FI~url' 2·.;7) I- muunlt'd (111 th· n'ar ul Ih .. 
It'ft·hi.ll1d j.!,·ar bux (:1). Tht' shalt l·nll lI( Ih. 
:lI,slWt'tI :(·1 yn ha 1II1 iIl!alJh'r attal'h"d I" 11 

whl,'h pt'rmll. lht' :',,1,,) Ill .. tit lilt., 1\ rnhl ...... d 
r(>('t'. s in lit,' j.! .. ar·h" huu'lIlj.! ,:1). II I" 1 ... 101 
in pia t' Ii) til ... ·'· "I,II1II'S I Ill' I ,,"( •. " .•• 1 \ II 
is atta~h.·d III I h .. rij.!hl IWI1,( ".11' I.. (7. II 

I h ~amt' rnallli 'I'. 

31-speed $elsyn Gear Train 

(Flj.!urt: 2:i ) Thl as"'ml,l) I hUll. Ii III 
tht' It'ft·hantl j.!'t'ar h(l, and l'lllllll't'l tho 1.-11 
hanc!wht·I·1 "ilh Iht' rotor OIf tilt' :11'';1'1'1'.1 
• elsyn gt'n"rat"r (-l) Tht' I,·ft hiIlHI"h., I h 

mIJuntl'd "n llH' l'lld of ,I h"l1l1 \ sij.!ht • .\ Ilk,. 
. haft (:l) "hil-h IS supl'",-h'd at "ithn PITt! It, 
11lI1I·ht·arll1l!' a. ' ... mIo1l.· ... "hi ·h. III tllrll. IiI inl .. 
"J1PO.'ltp'llIt's .. 1 th., j.!t'llr I.", .-\- h"l!'unlJt'r 
tllrn~ Iht' Il'ft h:lnowh""I, ht, ·" .... hl \ Ilk •• ,ql 
I rai t'd ,·r !n\\pn'c! 111~1I1.· Ih, ...... ,\1' ho a 
a rIC" 'pur j.!"·I1r 12\, altill'h,·,! t.) Ih. h"t".\\ 
tln\' ~hart IIr lh .. \ .. k., 111. "11 r ........ ~ a I'mit," 
( l .. n til int"rrnt',lial" ,hall IHltl )!",H ,\ ·','m 
hly (i) '\'~o mllllnl.·" (Ill I hi.' Inll'rnll .• ftal •• 
,hurt i. alar)!" 10,,\ .. 1 ...... r 11;' \\ Illdl nll',h., 
"'Ilh .\ -mall 10 .. , 1 )o,"l'ar {Ill ')11 I ,IIIIrt }Jaft 

hat I h.· r"tllr of thl' :ll I~·t·d. '"1,,, 11 •• • .. 11. ra. 
or ",(Ould. if Iht> limit 't"lh IIf Ih" iehtll1}! 
ralinn p rmith·d. mal. .. :11 rompl..t •. rt.,,,ltl 

ti,m. fnr I'a h ~In/orl,· n \,,1'1110011 j t h, hand. 
wht'('1 H"II.I"'l\rll1L" II" , ntloll,';; 1'1"0\ H!., r ...... 
",urn nf r .tatioll1 (, r Ih£' .... ' ,Ir ) ;If ,. 

I -speed $elsyn Gear Train 
,\ 

Ilitn .. r.,I 
1', .... III th,· 1.1.' \\all .. I th,' rlghl h.lnol 1."':11' 

hux 'J h,' shuft " t"nd~ t IIwlleh tilt· . 1.1 •• \\ all 
"I' tlw V"ar 1",".·ln~ .m.l IS pal'l "I I h., siICht 
\'01.(· (!Il nit, j.!unllt·l· ('an mll.1t' hi' hant!. 

"h.·,·1 awl ..tt ,·at., ('1' .1"1'1'1' .. till' n li'!"dlll 
,slj.!lIt, In ItI., th,· )! ill' h,,, ,th,· 1,,11, w "h,ofl 
(Ill mounl a lo"wl )! 'ar (111) "III, h Ill" h •. 
\Jlh lUI Itl,·ltl"·al h,·,.,1 (12) 1Il0Jlnl,'.\ 1111 1111.' 

"n,! "I' a. h:lit (13) wh '''l' "th"r l'I"I"arri,'s II 
. 11111'1.· ".,upIJIII( . Th' "ouphlll!' C'"lJwd" \\" h 
It r"lur •• 1 I h, I, I"""! • 't,1 ) n H. '\111 " 10"1 II 
III \,.J IC.ar" .. 1',' 1,1,·ntluti. 011., "nmplt'lt' n.,,, 
IUII"I1 III Ih., 1"""I\\h,'.·1 "1II"au,',' (OIW ,'ont. 
pit I.' 1"\.,lu(l,,n III th" r"(lIr .. I Ih,· ) 'p, .•. 01 
',I \11. 

Elevation Suppart Yake 

II 1)!<lI • .! .i'l Thl- \.1..' ':;1 i.' hllll,,\\ ,11101 
'."h:<I,,·.1 I .' I'a ... ,1 till' "'." \\11I,·h is al"" 
,I h"lI" \ -hitll. 'i 1111 .. 1111'" "'11.1 .. 01 ht'arllW 
"1'1' .rl "II 11.· :t(llllllth :l'''t'mltl<·. Thl' "1'.11 

)0.'" ,II' I I), 1. •• \ I tI I., II - I,," ,'r '·Ild. '·IH!aj.!,'s I h., 
)!"; r II aln .. ( II,,· :tZIIJ1l1lh . tI.', II l!"'n"I,lt .. r 
a, '''mltl) ~lIlhal \\ h"n th,· \ ok .. I' 1 .. la .. d. IIII' 
. llllllllh j.!'·ar tnun Is '" III mol 1'111. (III , .... 

Il'ft hand ~10I.· of Ih .. fr,m' .. r 1 h,· '10k.· I~ a 

t,·\t·IlJ11! I ad t .. r II .' III 111"'"11111)' It It \.·1 dllr­
lll~ l,arm"lIllil1)". 

Action Switch 

\\ Itt)! Itlt" .dl)!ltfllt1n 

wltl 1'r(.\JclIIW Ihlll tI", , .. ItI .. ,,1 It" \\111'1", 

a ... • pr"I,,- .. 1< 110. III. IIl'd :\ltol tho • "IIlI'III,t 
... " It. h .. d to "flut:' \\ Irin., tnr tllt' ill t 111ft 
,wit. h Is Itr"lwhl ill .. 1111 .·It \ all. It.l "111101\ 
t hr"uj.!h ., hllll,,\\ \ "I." .... 01 ... ;\1 II.· t h. to 'olt 
'\\III'h hr .. ,wl. tit. tr"I1"" tI..,\. It tI' ,:11.\ 

111' Ih,,!t'1 h.'I1c1d,," \ I"t 1111'" 1111' •. 
hal t ". t Hlit I,.' • III t , "I II .. \\ II IIIJ' ,IJIII pro 

\"111 1111.1,,,· 1\\, 1 II IV •• 1 (It.· "" II IV \\1t"1\ '" 
1j.!1t I 1(.1,,,,,, h ... lIl'1, 1;,11 011'1''''' Ill. It 

\ .11 ItO I , 

Right Handle 

Till halt"I.· (,il 1I'llllt· • .! .-,!II I 1I.lIlal 

111 ,,,nl .. 1I1 1 .. 11 .. I. II h:lllll\\h.·.1 III 1111111111 •. .1 
1111 lIlt' rJj.!hl h.m.l\\ h,·,'1 1'1 .. , I'.IIW.' ",,,"II •. h 

IIlllllnl,,1 oil a /..'1' .. 0",·01 ,hall \\'111'11. "'llIl 
tllI·IIuj.!h I lit' h .. I1,,\\ 'Ij.!ht \ "I.", hall anol ,,,II 
Ilt'd \I Ilh Ih.· ~'.'ar 1',1111 "I' th.· ... ·(111.·, t .. t 
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'-I~h It i, hd.! 111 "I,ln 11\ a pili ~·a, Illal,',1 
pHl }.;t \'I1J.!~i 't .... H j..!TUO\ \.' II tit sL.i ft 

Sight Yoke 

(F ..... "r. ';,1;'11 ,-\ l· b"IIt~1 ~n,,, \I I 

UI'I'.'r In~ ,h.t I,. 1",eI (I moullt tilt' ,i~ht. 
Thl, \'okl pi""" itt t \\ ""11 Iw arrn,. III 1 h, 
til lin \ ok. and I' -uPI".rt.,,, h~ ht' t"u dn\" 
haft. frum ht' ri)!'h .111<1 I. 1'1 halld" It 'I" 

T"'J pin, •• n I., -ivht mllllntln)!, "lIrfal'!' a,,· 
nn' prop,'r alrJ.(lInlt'nt "I' I h ' n' I lit-d. r "iJ.(hl. 

Th .. fnlll IIi Ihl' ) "k,' IS tinll"ti and lapped I .. 
.... 'Ipp"r a t run bnu.'kt j 

\\ 11Il'h ~Ullpnr ~ on .... 
t lid Ill' np J.!"\ ro:-.~ 01 It .. unit. Tht~ nHHlnlln)! ~ur 

fun for the ir II hnll'k"l hil- twu Pili, t" as. 
,.lIr,' I'r"I'''1' "lrl!nnlt'n IJt Il., hrat k,'l an,1 
h.-nt'", ht)f~ 1"0:"« UPt 

Elevation Friction Screw 

rhl, -.1 '1"\1" \\ Id"h 1'1',,\ III,,' (1'1' ;"IJu, 
nh nt of .1l: dra)! d.·..;ITt·,{ ill t}H' lll\"'nll'nt of 
h,' ... iI!111IIL! 'lalilllllll .1"\,, I'll Tllt'ln.' i," 

'II (FIJ.:III'f' :! WI 1- I all d "11 th, 
II fl rol 1 Ir, r1L!lll'll;lnd V", r !lo:\, Tll!htt'ninv 
r It ;o't ntnj.." nf t~t "'l,:Tl'\\ IJh,· rt-·a~~ .... nr ,it·. 

,'r,";tSt'S prfliSSUTt' ol! .! nlt't.i.1 .... hot· \\ hit-h h.b a 

ftlt lin. r that rili III h" tln\" -h:tf "r Ih, 
~lJ.!ht \ I k,' ,.l. I''''k nul I,,,'t! I I. .T," 1111""1 
lut! hI ,·r ht fra( lUI dd'u ... tn t'n' l nl'ttlt. 

Elevation Stow-pin 

figure 2- 60. Sig'" Yoh 

th!' gun. an.l, If the SWitch ,11\ the contrul box 
I~ in the "('ombat" p .. "ilion, the j!un" \\1111111. 
mt'dintt'h' b!'lCln to tir ' . 

Elevation Lock 

The I'IHati(ln I .... k (1) is l!,,:ated belween 
t h.> riv-ht ele\'atinn han,lwh,'el and the main 
\'ok ~"'r"w:; nn tht' yuk,' 1,I('k are tightened 
lu hIllel the .'i)rht III ",II "atllln durin~ har­
m(llllzinj.!' 

Limit Stops 

)Inunt " on tht, (un'r (If the 31 "pe,'11 Y"~lr 
hUlI'lnv are thl' ~ lip,.. wh"'h limit th,' Ira\l'l 
(lr Ihe ~Ij.!'ht In t'1t'\'ahnn 

Electrical Cannections 

Th .. w irll\)!' fur thl' St'I"\lh, r..till,'('[ur .. iVh 
j.!'yr"~,,,'pe, ('am ra allel tirrllj.!' triv-~er b 
Itrmwht frllm the allmUI h 01.',,1'01101) intll Ihl' 
IIt-\,all"l1 lI>1s"mhh- Ihnlllj.!'h the hollow ~h:lfl 
:illrl ),,,11 trl1l' .. 1 th,' "','\allon sllPI~.rl 
) .. 1", 

A&imuth Scale 

RESTS! ( EO 
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Indicator 

(Figure 2-5~j), The indilaftlr ( ) I.' lin iude 
WhiCh, tog th!'r with the IIZlllIuth, ,'all'" how 
Ihe d gree, in azimuth of the line uf 8ight, 
It is located to th bottom of the left and right 
gear boxe~ uf the elevation unit. A point .. r, In. 
,'sted on the ('enler of the indi"alnr. \ '1 rla,'l< 
'II1tO tht' a7imulh ~('al' tn il1di",,11' Ih,' t!"VI'I't':I 
III azimuth, 

Gyroscope 

(Figure2 61) Th" r1j(ht hlr, t "I ~i~ ht 1I1~ , la­
lion has one frl'l'-",) n'~l'Ill't' t !I) It i~ mnul1tt'o 
()~ the, ightinlf ~tlt Ion to furlll~h the mmputt'r 
With data 'lIlllight mOV!'ml'lIt, both in t'11'\ a. 
tlon and azimuth, ,0 tht' l'ompIIlt'r lan ('aleu. 
lal!' the ~orrt'('t pr!'dlclll,"l!, For furtht'r 1Il­

f IImation on I'lImplltl'r,', 'N' AN J 1·70A, .fit 
For informatlun 1111 Iht' fr "·~~'ro"(·nIW, ,toe 
AN J 1·70 A.52, 

R.tiftector Sight 

Th rt'litll'Ctnr ~ijlht (I) (I-'Ij(urt':! ,'it) L. 

mounted on Iht, RighI ~'\lke, II hll,; 11 DC rltnjl' 
output Tht, sijlht on the }>t'ue .. tal ,ll!htrnl( 
slatu n hall I ht' a"s!'mbl,~' "'lIltulIlInL!' the nl I. 
rll'Ctor plate and Iht, "1",, tiltt'r" 1\11:I\'hl'.1 hI 
thl' unit. II thai th., Jill(' "I' Iglrl I" ".;ralld ttl 
Ih!' I .ng /lXI" (If hi' 'lJ.(ht 11(1,1\ F .. r furth, r 
IIlformation n'f.'r "A,' 11 70 \,\ 12, 

Camera (Gun Type, AN-N6) 

Thi .. ('an1l'rll ii, ~ 'mil'" (I, 11-'t¥lIt.!! ;'!1) 

with the c .'cptlOn of Ih"l':lm,'rlt adapt .. r len., 
I. (;u\'f>rnment. fnrOl hl'lI f'Quil'ml'nt p. : 
Army , 1'lo'~lri('nllnll :-; .. 75·;hitl It I mllunt.'c! 
II.I)<)vt' th .. r .. lillt'I·lol "IVhl, an,l i, 11,1'" til 
make a perman!'n rl'\< nl ( I' ,' .. mila ad i"n 

Compon.nts 

, Th!' ('umera I 11t' 11;111111 t \ PI' ",I h .1 11I:l,lo(.1 
:lInt' contlli111 njl' rift" 11'1'1 pf him 1'11,', tand, rtl 

J)t'!'d I~ :<lxtpl'n fram,'. J 'r ''('ond nlthnllll'h 
I)wd of thirh'-tw" lind I. h '-four frnme~ 

,>;>r l!t'('()nd are u"talllabl., hy ,I't IIlIZ' the cam. 
ers lIJlt't'n knob, Plctur' are tllkt'11 thruugh 
Iht',IKht rerit'Cting /lla",. h\' m(>an~ of a ,'J)t't'ia l 
perl!!<.'ope Iype l'ltmera·allaplt'r len., 

NUT 

r .... 
8 

fllllSlf >1fAO ~['" 

Q FRH GY O~lOr 
10 MOIJNIINC', lU • 

IS PAD 
I~ AMf A 

figure 2 61 Gunner I ),de 01 "ed,urol SlgII, 

Operation 

\\ ht'll til" KUlIlIl'r 1''''' \ III 111111~ I II¥!:, I 
thl' (:anh·ra at'llf'lI t .. rts Th.· tanH t,l rt, 1t'41 
t h,' lann t. Il'Ild" 1I1l,IKI', lal~' lib', ,nol I hi 
rUIlj(t' .II. t.llln> .\n 11\ 1'11'1111 ",,"11'1.1 ,', lit Itll1,' 
Ih. I'llllln' tahll1l) .1< I lilli, fttr a hlllit. d p,'n'JeI, 
aflt'r I h. ¥lIl1lh I I." nlt;1 ,.,J I" rirllW 
rlKK"r 

Camera Adapters 

,FI~lIl' :!till 'Ih, I-II III' Ill' 

• ,unl'r" adapl I II \\ hit h I'nahl .. "trW I ,1>< I, 
,'aI,'" "elJar. nl III !h,' !I'lith" Illf '1l!ht "llhilt. 
j(raph th,' target /IS II api 'aI', 'lII Ih,' wilt n . 
tI!'ctnr plah', Th,' adapt.>r', w hll'h lin' mini" 
lur!' PI'n. "J1('S, mount "11 Ihl' I'anwra Oil Ih,' 
yok!' "ivhling station, thl' a,lupll'r " !!'II,Js 
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(-"tt'll d. \ in·s. In Ih.· n'n:ute-conlrol turret 
') ,,1,'111 .... I;;) n an us,'<.1 hI Iran"mlt the 
.t ~ Il.lr !, ... ,iliun (If th( .·Il!'hl and ':UIl 

Selsyn Generator Madel 2J 15A 1 

1'h" SI'!. ~ n In'nt'ra or I .. mt'l"hanll"ally, a 
mlnt;.1 lin' ),iIMllar. rlllalinj!'·lit.'ld . thn·e'llha. (. 
alternator 1'h., rul .. r i, ""unc! \\Ith a .inglt·, 
I'ha~,· rllnn'l1trall'c! wllIll.n)!'. allc! I hI' ~t.lt"r 
"ilh •• Ihr'·.··pha~.·. c!1"lnhul.'tI" Y"l"ClIlnt'd"(j 
"mdln)!, 

Elednl'all~' th ..... ·I.·\·n ad" a'< a trall.­
[ .. roll' r . 'ilul n,ltal!'t'~ al1d turn'ols art· . lIl llle 
nha, ... Th., rotor I. t'. ('It,'d h~ an ultt'rlatin j1 
"/lltaj!" suun','. (lnl' phas( flf tht' ai rcra ft ·>, 
hrt· ... phas', ~1I1).l'~ .:1(' po"('r ·uPllly. By 
rao,forml'r Ul'ti'JI1. "ullag .. " .(rl' inrlun'c! mtn 
h, Ihr .. !' 'Ialflr windll1)!'·. th., mllj!'ni t ud.· 01 

h., \ IIltUj.!'I· in "lIl'h 1I"pt'l1dlnj!' 1I'~1Il th,' anj!'u-
Iilr positl(lll .. t t ht· r"tnr. 

:\f t"'h:tllil'alh' ht·. ""'\'11 j!' '/lenttur "Ollsi. t . 
.. f a stu or ,·arr.' m/.!' a lhn'I'-I'oil wmding. It 

Til or ('arr~'1111C a ,mgl!' \\ inlilllj!' IN hit'h r" 
'. oh I'~ lII"iJ' h., t.1 or, an !'Iltt ~h !t,ld flJrminy 
JI,.r III lilt' hOlblll)!' IlIr hI' "ll'nlo'nl-, anti a 
• unn ',' or [( r m.lklOj!' ,·I,,'ln •. 1I 1''''IIH'.llOn 
\ nh thl' :t'I,.' 11. 
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Figure 2 63 Conne .. t;on W",ng Dlag rom fo, S" '.yn ,G"n",otor. Macl.' 2J/ SA ' 

Th .. rut.,,. III' th., . .1'1'11 ~" .. I at"r I ,'lIt'r 

j!'IZt·d hI 1HII(}<'I •• al!.'r'lIlillll~ l'Ulr.lI! 11"01 

0'" Jlha ... • nf till' .lIr,·r,lft·, Ihr.·.··I'I1:I'. SUp. 
JlI~ "nun'(' Thi~ pr .. dUl'l .. a llIal.'Hdl" 1111"- III 

he rot"r windinj!' \\ hll:h. in lurn, and I..\' 
Irlll1sfnrnwr ad inn. prudu ..... , a \ .. I ta!!I' III 

.·ad' of lh.· lhr.'" \\ indlll)! of III.· " ;11(11, '1'1 .' 
rulur i 'tan'd til n", I)!h III)! '!,ilion 'I' Ihal 
I. thl' <ll!h j" olll\(·d OJ.IIIIl.d" , I h •• r .. fir I 

tHflll'd. \ar) III V Ih,' \OIt.WI 111.111(,,<1 Int •• III 
,.Iallll',olb • 

5. OPERATION 

Principles of Operation 

C.enl'ral. .-\ . 'I~), Ill)! 1,,11',1, 
1'11,." 111 Ihi, III .. HIIII •• k, rd'c~ 

I tl •• • t"r!J 
tu th •• 1 Iu., 

<1,I.."hllO).< • '11111'111. nl. 'h.11 I h. Ij.(h ,111.1 a. 
(""S('n • qUIJlI1I. III n • II I" II VIlIll,,'r III Ir.1l I.. 
UI)." I tar).."t·' :'0,1111 Pl ,'r"lt Ut~' t nlnl t'l~ lu, .tt",) 

~lIn turn'l '·"'·(·lltl .I.~. ,I Ighlll", t.ltlull 
("tlnlpl"! t·~ •• 1 ,I}.!'}! l .t nh. n If Uhf\ lOj,( t hI' 

il!'ilt 111 anrnlllh atlll d. \;tII"II,.1 dlrt't·ti.,n IJ! 

"hI' h tI.. i 'h I' IH 'III III1).!', lint! II Ill. 'a II ' .. 1 
r'lfl .. ,nutf III).! If . fht- ""atlp 1 IIiV \ :--tt'n. .trl,i -

1(111 1n r"tJll't·.1I " r •• ui 

Pedestal Sighting Station 

'11, I"~ d.· 1.1: ",j~~ I I ,: 'III Itlltl. ur 1\1" 

;t/III Ih. ).:11111111' "'''\~ II 1,11111.tll,1 III "olh 
;.l III Itl 11101 .·1,-\ .111 nIt :.1 \ II 1'"11",, "I' 

,It'll 1 "'Iti. th. nlt'all' lIt 11l",,:tll"/! Ih" 
I'II'ItI>"1111 till' 1,:111 Inlh. ttlrl'''' 11I"1'1I';,11Ilj.!' 

I h,' 'Il·hl. I h. Vtlllllt'r KI i"" I",th hand" hl,t!, 
,11111 nit"'"" th,' 'I,:hl mann.d" III ,I"\aliofl 
.lUd in allrYHllh T .. t nlar).", !h., VIlI1lIl'r', hl'lci 
Ill' \I 11111. Ih,' '1l!'hllllg -(alion I" hult.'11 t,,;. 
pl"l. \\ hn h 1-, III IlIrn, '" all.II'h. cll" Ih •. lIr 
1'!;1I1f '" Il'lId un' I hal tl all,.\\ . th. , lId LillI! 

tallon u I'rllll'lltl., ".,11011 Int" til.' ,Iall(lfl 
.lI \. lr.ttl'p.tlt'r,i: hit \'1 . 

The Selsyn System 

n .. ,. IIIl1ltl ilflcI (·1. \,111" 

til' "!Ifill tit tptttt lin ~11IJ!1t 
hi ,nfl Putl'l" 
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SECTION IV-YOKE SIGHTING STATION 

1. INTRODUCTION 

rh,s,·lti,)Il C(lH'r~ th., d""l'riptllln and lIl)­

"rat lOll III lht, yol ...... ,,"11 ing :;t.llion. moo;:l, 
:!(,:-;H ~1I1 alld :?('.'RII>2. de:-il(nl.'d and manu· 
r"lllIrt·d !" . h' (;"Ill'ral Elet"tnl' ('''mpan~ fur 
th.· H :~6 H,·nwl.· C. II n.1 Turr'( :~·,t.'m . 

2. DESCRIPTION 

Upper (Yoke) Sighting Stotion 

Thp f" Ir lIPPt'l~ ),!'unnl r ... · Pt." hill .... art 

"'1111111",11 \\ :rh \ 0" .. t ,' l't· I Fil.'lIr,· ~ Ii I) 'I Th 
II .• - ,tll""- 1I0d.·1 2(':H 1111 .lIld :?l','R 10:? , 
Th .. ,l.tr,·rl'n,·.·),,· ,1,.. ' 11 th., I I" mod,'I" h., III 

th· I"" II.n lIf Ihl ""II. h (11m Oil th. "0J" 
"pfl r l." .Ir Th II:! 010.1.·" ar.' m,'UI\ ,·,IUIIP '1· 

1.'1 IIr\\ •• nl and aft 

Azimuth Unit 

Th i" untt (Flgun' 2·6;)) furm" he ba f • .Ir 
the 'I)!'htinll station and Iran"mit", signal volt· 
ag." to indit'st .. the IIzimuth po!lition of the 
"igh It" hasi' a"semLli l' ar the callt alloy 
I!'ear hou"illj.! (l6). the azimuth gear train 
I FilCUrt· 2·66). th., tWII :t'b~ n llent'rator:< (If> 
,1I1e! Ii) (Fil!'ure :?·6,) (I· and :ll.,.pt'ed). and 

h{' "Y" y,.kl' (10) 

Gmr Housinlf. The !!t'ar housing (16) con. 
si"t .. of ,In "Iunllnum alloy u1.~tmg which con· 
tain. tilt.' azimuth gear train an.1 \waring. for 
·uPlk.rtin~ the holl!)w ~haft forming the ha.1' 
of th.," y" ~ ""t', AI~(IIt)cated on th{' gear hou . 
rn~ an' t ht' ,'nml'utt'r lltandbv . wikh (It) 
IFI~1rt 21i1l, n' icl' adJu~tmt'nt rht'O"tat 
I III), Ul.lmu h trld",n -,'n'" (]4) (F,gur 
'2tj:il.llU"ltUnuu -\\lld,1l1 IFillurt'2·6i), 
and In. r 1:\ \\ 1"',1 ;t .. ·.·mhl ... (:1) 

Azimuth Gear Troin 

A -\,ur )1'1 .Ir 1~2). kn.·d to thl t'nd II f th.· 
, , •• YOlk., h.tI t ,·nll"!..' •. III itit'lItil'al "llUr Ilt'ar 
\.l-l) ,.tt.l,h,·d t.lth "'ndof thl 1 .I>t.'t'd S .. I:<~n 
v II. r •••• r rutor haC , A~ I h .. '" .. vokl' (12) 
I r I 111.,.( III lt7.IJ1IU h. th., 1 '1Jt'.·.1 ,',,1,) n (1;)1 

Inertia Wheel Assembly 

It, I" It., "hl,·1 12111 '~lln ·nl" a ,.1I11t 11 

I..'.,~ I I 1I11',hIIlJo( I IIh th., ,.,01. I •• rvl'intt'r-
1,,11 " "'IiT 1o",H (I'tlthat tirt\. It,,· ~'Iar 

[51 I ED 
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Position-out Switch 

Thl· \111< I .• 2:1) I FI~·1J1"'.! I~ • ., i I. ,1,01111 
th 'g,'ar h"U-IIlI!' und,'r I, pUI g. II I":!l • n 

'h., "nd of th., "y" '0"" ·h,lft It i, 1I"",.;lII.d 
II) a ,"'III 1:!1). (II h,' untl •• 1' HI., of thl' spllr 
v·'ar. wh. n h.· ,ql: hli,,~ (.I(ion i,; mlln- thall 
11/11 cI. j.i'I'(·,,, 1ft •• ( tilt' "rllat!~lII.' Iltl. llioll Hnd 

('II\.'; off (" nlrol PII\\,,!, to th,· turn' TIll' 111 
010,1.,1 ,,'lit, h ('am I I ... ·alt'd lin ht' "PP":'I!" 
1.1.· f I h,' -pllr ~"'II II "Ill t h.· ()~ OI,.d •• !. Thu,. 

It he "llIlI '\Iitl'h i, ,'I •• ,.·t! "h"11 th ••. 'lllht 
II ' . t.ltlt n h III .1 P"'lIion to • all".· th .. 1'''_1. 

FlfllI'. 2 64. GU""~'·. Sitl~ Vi~w of Yo'~ Si""'i",, SIal ion Mod~/. 2CSR401 and 2CSR402 
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then will mon' inlo (",)rn', ponti 'nr. "it h the 
,'Ightmg ~tation. 

Sellyn Generatars 

Th se unll, «FI~urt' 2 6:;) 111\' nUIlIIlIt-.! \ "I 
I ically on th I{ <Ir housing (16, pptlsit,' t h., 
00 yo. yoke shaft \tI) (r{lm the gunrwr. A !lan~ .. 
on the !!haft encl of .. :tlh • t'ls\'11 fit" ~nll~l) 
into a re(,l'"'' in th ... )!,'ltr hou~lIIg Thr ... , 
clamps hl'ld by 10<' k wa. her. IInti ",'rl''' '. 
"hi~h fit into tappt·t! h"I,'" III I h., Il"al hll'l 
ing, fit owr th I'dg IIf th' fI,IO)!,' n" ,'ad. 
• .. I~,\'n The" ... damp;. 01;1\ II" 1"",'1'111'" t,. 1" I 

mit zl'rolllg Ih., ,'I'I"YII" 

Computer Standby Switch 

Thi~ tOl{glt' "" it!'h I II) ! Fll{ul" ;!.(; I) i 
mounted on the (flint <If th" azimuth lIlIIt l{I'ar 
iHlusing Tht',,, Ildl ,,110\'" thl' !"t'I'YII "11(11111 
from ht·. Il{htlll)! ~tall'lJI .. 11.\' pa 'S thl' lum. 
pull'r lind fW ,Iirt'dly to th .. COllt rul.trall'" 
( .. rnlt'r 011 tht> turn't Thu" It l'an milk th, 
'I,'t m nOllt'Ol11l'UIlIIl{, If I ht' "(111111110 r " 
dumaj(ed hy i!lIl1tirt' 

Azimuth Friction Screw 

Th" as""mlJh (I t) I Fllluf\' :.! Ii:; I, I." all'" 
Ull tht' nt'~k IIf tht, Iort'lir hlll"lIIj( uPIO(,silt' Iltt' 
/orunrlt'r, adjust" Ih .. "<1_,' \I 1\ h "hit h Ihe ~IKhl 
l11a~ I", rutal,'t! 1/1 azimllth. Ilj(hl"lling '" 

11)0:-.t JunYlht- '('tt'\\ j,ll rt ""'-.1" 01 dt \.n,'"f th •• 
fnl'lllOli ,ll1th., rol.,tlll/or h"fl III 'II .. '" I' .kl' 

Azimuth Staw-pin 

Thl' a711l1uth "" 1'111 """l1\hh I!I, (Flit 
11ft'!! t;~', h""I.tllll f"'11 ,I Ih., 1."11111"1 h., 
'\\"'11 h' azmlUlh linll slop_ 1111 ht, ha~.' of 
Ih, " Y" \'01.." ht II1tO.1 r ... ", In Ih,' IlI'd, lit 
Ihp aZlnl "I, II/III )!,'ar hOll 11111 It'll"" th,' 
~ll{ht "rt'ad'ld\' III "l 111111 I h \ I .tll. '1'IInj..' ;tllti 
linllt ',r .. " .• ",'111101, h. Itl I, IlIll III I ' • OU I" 
ur tOin" J}tJ', Jun. 

Azimuth Limit Staps 

-"'0 Iim'I,I, I II I ,I' • ,r,' :' II ). ,,111.11 
r ,/1, I~I, tlr I' ..... 111 "d.1t ,'I nil' "lth I,~'k 
1111 ,11ft' ill (,.11,'0 III tl", ,Im\ pIli Ior,Il!..,'t 

,hi.'h I. IIttUI'i"," I" th. 'liT 1Il''-' '101,. \If th" 
")"" yok,· Th,' "(Ill'_ 'Irl'< .. aJot"lli l1 'I a hUntP'T 
I:!), atl.ld ... d I" Ihl' allntulh Jot"t'ar hOU"II1)!" 
wht'n lh, allmllth lra\\·l hll\l Is rt·,. .. hcrl, Til 

limit th, azimulh 11';1\'," (If ",It'h i).rhtillg sta 
lIOn I11prp in Ih., .ifl quadran! .. I' ')ll\'r<lllon 
th 11 ill Ihl' funl,lnl qU:II!rant. ,I lonJot"l'r linti 
" "I' i. I'rO\ illt,.! in Ihl' for\\' rol Slel,' "I' th,. 
tllll pin Imllkl'l ~11II"r adju tl11l'lIt~ ,,( tIoO' 

t nllt·1 linllh ;lrf' madt> hy l'kIM'mll!! Ih, I" " 
11111 and IUrntll~ tht, -tlill s,'n'"" In <lr nil •• , .. 

"'quin-" 

Electrical Connectionl 

~ 1'·,'ln(' .. 1 " nrwdllln~ fur il1 .... mlll)( pO",'r 
aliI! nUllo! 'In)! I!!'ltal ar .. mad. thnHl!!h a ,"111 • 

11. \I. r 1101, ,'''1. "nll'rtlll{ Itl!' hac" "f th,. 
""n'lIll U I( IOIt Ih" left .. int> 1'''''I ' r I' I.rou~ht 
inl .. th,' rol"r and lakt,1t "If hI' "tatllr "I' ,'a, II 
11I.Imllth S.,I"'n thr"uj(h ,at."·s " 1I'II,hll)! 

fronl h, "t,·, of III,' ~','ar h •• tI'in~ tn "'il h 
~ .. !'~'n "U", l'III1 ... 'llOn" I" t h"" .. lintl" mflllillt-ol 
"n lht, 'Y" .1'01.. .. alld tho ,I)(ht y"k .. art' mad,. 
lI .... ull'h lilt' h"lIolI "haft alltl Irill of I h. "" 

\·uk .. II ,,''''Hhl ( lur f II thl" .'Otl. hi th t • _trot', 

" Y" Yoke 

Th" IIl\lt I .. 'I , ,h"pt'd h .. I1"\,, :dUlllllltln. 
;.11 .. \ I,I,IIII~' f 10 1 fFI)!llrt .! fl~" \thl." 1_ '"I' 
I 011>,0110, I Ii 0 II .. \ ,II.. IlHltllll,'d 111 h"<l111I1/' 

Figu,. 2 68 Clos.up Vi~ ... 01 A.imuth 
8ump~,s and Stops 
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F'9ur~ 2 69 Closeup V,,,,,, 01 Fi""9 G"p 

o\"t'r t h, 1I·\!'r. Til, tri).')!'l' ,3). IOl":lteti at tht' 
"!' of t h ~np, l~ O\lt'ra "II I Y thl' fir"t, ()r 

I "I" 1i11~,'r Th. II, rl'lIonl' ,w ih'h II) j,. a 
1'1I'1, hll t(l) w hh hI- "p.n, "t! I.~ th .. thum!> 

Range Grip 
T!.. II fl 11;111<1 ~ril' I::!;;) (Fj~\ln' :!-Gti) I' 

h.· ranVt·-adJu-llO).' I!rip l;t'arillll' l'Onnt'Cl" 
ht' vril' I .. a "h":\\'. ,'alol., (:'!'i) w hlt'h, throu~,h 

,.ddit lnnal ~"al"in;r nn h, 'I;rhl Y(lht' ( II ), I~ 
"IIIIIlt't' ('c\ III a fl .. xllol" ;ohafl (II, Th" fl"xlill, 
<haft, I,., In urn, ('onm",t"d hy v.'annl! tu th,· 
n'litll'I'lor ,.1J,."ht (G), 

One.speed Elevatian Unit 

Gyro and Junction Box 

I FIl!ur,' :?­
rwht-hand 

I, .!hlll"Il1CIlIlIt-,J 

Ele vat ion Limit Stops 
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ac1ju,tml'nt.' in .. 1"\'3Iioll Ira\! 1.'al1 h .. mild .. 
h~' IUo",'ning thl' IO"k nuts ami IIrning th., 
top: 'rew" in thL' fact,' of th., ,1,,1' III elr <lUt. 

Elevation Stow-pin 

fh., <'It'vatilln "tCl\\ 1'111 (I. I FIJ.." Ir. :! \.:'1 

ICl('all',f m'ar til .. ,,1,,1' !.ump,-r" hI' Intn am, 
.. him·d n' """ III tl", " Y " \01, •• It "IIW~ tilt' 
Ight In II I""rilnntal PMllloIlI, A 101111. ' prinll', 

al1ll limi l ",'n'w a",. .. mhly, hul,f lilt' Pill In il~ 
""ut" (lr "in" Ptlslll"n 

Elevation Clamp 

Thi" Ils: .. m"It', I .. , ,tt,'d .. n h. I ~I"'" t'I. 'a 
tinn unit. aolJu"ts th,' ,'"", \\Jlh " 11I,h Ih., 
'lghlJn~ , tall .. n may h,' rillalt'd in .. It','allun 

TIl!hh'llJllj.! or 1t"'~,'nJrJ~r th" ~ 'r,'\\ ill~r '(hI" 

or dt'I'r.'aSl': I h,' 1/1 l"II"n till' ~hn ft of t I", 
ri~hl hand a r lll c,l Ih. "Ij.!ht "nk .. , Th .. clam" 
"1m h .. u,,,'d ttl 1/ll'k tl1< "lId I ,I ,'!-, in an)' ,-1,,\ a­
IllIll PI'Slt inn dUrllI).," nlilll11t'nalln, .. r t Iii' , IlI:hl­
Ing" .,tltlll, 

Sight Yoke 

, .. !-" -Whh ar" n"t "IIIlII'I"'" \\il h a.', 111111 I 

Wt'lJ{ht: If1~t".UI..1 nln),!'l'r, 'UJl~h r:--pllIlJ,!' I' 

pn., ,".,cI tl "'III1!t'rh"),III'" t b., \ I"~'I t 101," I t 
hi' ~ /11.1 alld II~ alt. .. hl,.I. '1uil nl, Ill. Th., ",I.. 

I,' "Olin." kef h, II II"', hlllli.,tI hnl-- t:! ) (Fl).," 
IIr,':! lilH IlIlhl lij.!ht -h"lJd Vrlp \\IIi,h III .. " 

ht' ~h.rhtln~ ... :tftoll ) I ,.It. V.ttl Iii as Itlt" hand 
~t.I'''' at" turp·d 111 "tt'\.ltlt1fl . 

Gyroscope 

~," I lj'\,r IJ.."htlllJ.." ta "'II 1,1. cII" III. 
• ."IU (1)1" et) 1 I U10'dlt.·dt'1I1h, "'I,htlllJ." 
laIIC'" I,. Illn I-I) I. , "'1111 I,'",. \ Ilh 'I)!h 

nht\"nh" III a7Jtll I t UIt} pltl \.lllnn 
IFI!.:III ·.! hll 

Retiftector Sight 

1 hi' r,' JlI".,t,,), "I~ I I t.!l, 111""111, t! .. " II. 
• I.,,,,,, , lid "I' t ht I~·I ) .. h. Ih' _ ,I If r,'I.p 
.1~lIal 

Camera 

Camera Components 

rh, '1fl"'~',1 I I, I,', "III \ I I It It ,. I. I', 
Zl n, • IInl:tllllllj.! fif!, I,. t "I lilt 1 I" t .. "I,lId 

nt Il 

I'll 

Camera Operation 

"'lh •• tudlL··'·:'Ug-, tJI,t .l fh t \1 "\ tIIIiOlolJ 

tnlllllnll1lUt· tIlt Ph_lll'l .h tflili. tilt .llllllift d 
I' nlhl, :11 \'1' th,' g'IIIJlh I' h,l /1,1, a,,,1 III iiI" 
Jn~ 1"·I ~)!"r. 

RESTRICTED 
2 61 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE 

RESTRICTED 

• t i l 

"gu, .. 1 70 f aploel .. eI v;" ... o( Yah S'V" ' In StatIon, /IIIad"I . 2CSR4DI alld 2CSR4D2 

J1lST C ED 

RESTRICTED 

Camera Adapten 

mu~t h.­
tlnn ... 

3. DEl AILED DESCRIPTION OF 
SELSYNS 

A ,''''~~ n I 

•• (tlr ('II (r'~lIr 2 71l ''''I.'I~I .. t 
th,.,,· '" "Jlilnl!" II' '" 1I,I,,j \ I hill II I .. t .. d, 
l.tnllrtall·d 10". \\ Ill. h I hll. d 111., h,- ,-fld 

• 'It I C'II t h rl J 
h" he-... 
IAlv' 

.; Lo I Illtll 

F;9U'~ 2 " S~c,; olla l v, ..... of S,,"),n 
G~II~ ,a'or /iliad. I 2) ' SA' 

lIHJ .. lI~ lonnt'((t,f ,., 1.111 .Ilt till 111,' t'llll.tt 

lI'r, lid.· 1111 th, ,(01/,.1", nul!' "1",1\ • .110..:.111 

,It I rHO." "IIiUlt l, tllill ttl h, tll(1)1 I hi' (nJlLh 

Jlln, nUlllt',1t°tf fI ht },r •• h,· .It t 1.11 t.t III, Ii 
., " U " and ",. .. 
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"f.t to'lJ.dh*. t t n. or like\\ j~ll nil!' ...... \ ar~·in)! 
h., \ .. I' ,11.'" 1110111. t'd J 111<1 I h., "I a ,'r ,'(,i!,. 

4. PRINCIPLES OF OPERATION 

The Yoke Sighting Station 

Ti. \, k. 1).'1 mv latlnn I~ oi Ih., rt' ill,,,-, 
or \ 1'" ant! h. ).'lInn. r ntll\t·~ 11 manu"lly III 

~, h dlUllldh ,II d .,!t'\',Illtln Th.' ~I.'l ... 'n fol. 

The Free Gyro Sy ste m 

I l I II ,ltt t t d 1 ."-r 

I'ut,'r' h., (m!!l\! tra't'r't'd \'.1' tht? target durinlt 
t' l'I.,.h,II"1I ('''ntlll Ill/.: Inll' IIlt"T\ al.:\ . 

• HI,'nlh. I .. V\I'OI"u'ldinllltroml'lI inR.,iJ·, 
"'lIt 10 prt'(11I'1 till' "'ael l'orr',(·tinn IWC\',~ ary 
I" li,hall'llIl! tht, I!un- •• h ..... I"f Iht'lllrl!.'t Ly 
an amoullt I rop.,rl",nal " h.' ran!!'I' nnll reIn· 
In,' 'pt'l'd 01 lit,' .o\\n ... hip and targl·t. Th., 
Il~T" de ',., II1IS h\' \t'ry ac(urat.,ly m 'a.-uring 
I h,' alwl., traH'r"l'c1 h) I h ... tarRt?l rlurin)!, thl' 
I'TI.'<II .. Inn ,·"ml'utln),( 1m,' int n',,1. Th!' frt' 
).!~TO=",(·fl'h.~ ....... ,) numt'd ht' aust;"l it i~ frl·~ t(l 

mon' 111 all\' dirt'l,tion "ithm approximately 
I;) tI")!,r t', ;,f I h., )!'\ n"I'''Il'' a:\;is Th, motor 
~haft axi, ot' th .. )!') rtl Is parallel te, lit' lint? of 
'I)!'ht TI, .. ,'a),(illJ,!" mt'lhanism "nd point. 
III "ani thl' larvC'l A ... th.· ,'I)!,hl mllH',', the 
,'ntlTt' 1<.\ ro m"\t-~ \\ 1111 II ~n that thl' mutor 
, ,aft ,dwa~' POtn ~ a","~ th., hIll' of ,i!!'ht. 
\\ h(-n t h" IIr1'1" ri~j.tl'r nn Ih, sll!htinj.t ~ta­
\ Ion I,. I,n',,,"\. a ~nl 'noid In ttw ~\T" i,. t?nl'r· 
~Il.·d an I (h,' <:1"ln¥ ('IITIt' i, drawn a\\ ar from 
'hI' J.!'~ ro m .. (lr franw, Th., hou~inl! Will ,'(10· 

IItIU., (II 01"\" \I h thl' 'iJ.!'httnJ.!' I'la ion, hut 
• t' m'llo/' "halt \\ III la\" IllIInlinv III th amf' 
dlro', t 1"11 it dltl at t hI' in,'I,tnl il "a ulIl'aj:!l'd, 

The Retiftector Sight 

T .' r..tolt"'·'"r 'Whl i,. a .hn'd'\bWn tqw 
on trUt .·eI that 

Camera and Camero Adapter 

". 'In', d ,.d,lan·n til lilt' It'tl' 

rt'lth .. (.r II/'ht. (0 phn'"vraph th .. lar~"l ;.s 
"wh rHIII,' t .. r pl"t., (Il" 

PEST CTED 

RESTRICTED 

i)'(htinp; ~tati,.n makl'~ Us" of a t'anwra a.t"pt. 
('r. Thl' adaptt'r is II minialurt· i'l·ri"·,,p. anti 
i~ mounteel un the camt'ra . 

Installation of Elevation Selsyn. 

Tn tallatiun of the ,'It'\ati"n . ·1 \n'" i, 'I" 

f .. llow, : The (·tluphnj.t huh i,. til lall:'d .111 th •. 
haft of the .'t'b\'n and aclapl.'r II.", rnl.1\ ,lilt! 
''\'urt'd "Ith the I .... ·k nllt Th., t.",tll I" 1"'''1 

tlllnt'd (In th" , ,·I .. ~ n """pI in)!' hilI> ~ .. thaI t 
\\ III fit int .. Iht' ,Inl .f th, , '"I·" n IIlIt alld " •• 
hl' :el. yn in tht? ..J"\·:lII,,1I 'lnii h.,u III' 

The thrt'e Sels~ n ('llI mp". 1,,(,\, \\ a, lit'. lowl 
.'Tt'"'' are n'plal'etl 

The clamp. an.' adjuslt·eI In "IIICItj!I' th •. 
Ilange of thl' .'~'Is) n (·a .. tnJ,!": nd lilt' damp, a',' 
II)!,htent'd ill 1'I,·lti .. n. 

Installation of Retlftector Sight 

The thrt'e Sels~ n cla mps. I""k \\ a'h,'rs ,lIltl 
( rhe slj(ht nr )!'\'r!1. ('(lJl('. huulrl nfll hI' in"tllll,,11 
ulltil th .. b/ll'klll"h le"t" 1I111111c1I1I-tml'nt" ha\ 
I.t't?n mati, Th,· si~ht ~I, nl,l ht it', lro III a,'­
(ordan(' .. \\ II h h .. m"tnh'li,'n ~..t (,Irth 'n Ih 
In~tru("i(lll I"H,k A,' 11·jIlAA_ I~ l"'fnTI.' In. 

tlllllltinn ) 

T he iKhl a" "4!m bh j, m. unit·" 0 I th.· "lJ.,"ht 
\I kl'. Th.·. i~hl \" ltJivllt'd .. n th., \ok h\ I".) 

tI""I') pilI' .tlld f''''''I,,·d '"Ih .. \,;k •• \lIth th, 
lour ""I"'''' Itllli 1 ... ·k \<1) I " ~ 

Tht' el~lrica) ("onnt'C'"r I a .Idl.'d to Ih. 
,.,rr'''l,''pt.tc:Jt·cnth.l IIt'HI\fh.1 llnl 

Installation of level Gear Support 
and Shaft 

I'h.· 1"'\1 I J.,'" ar ""J~'r .lfId h ti ,.n II 
(:\I/"t! it' h,lI. ll, 

T h4! be't'l 1I't'3r 

'IIIt.iI, 

11"11 'I' 1.11 .. 1 

Installation of the Gyro 

1'1, ..... ' ". ,- 'II I, " •. 0\ "1, 'h, '1.101 \. k., •• " 
(, II .. " 

Ih, ••• m, ra 

T ht' 10 rn is ,1;1"" d iliin I , r'.tr "ra,·'" t 
"'IPP"f 111J.," I h.· ~\ rll ,\ I h .. n., h:U1t1 II .' IrulIl 
!tr.II!.., I II I.,dt .. lh .. IVhl \01."\\1 h h"lw" 
,r"1\ :illd Ilkl. II it h,'rs 

Tbt' Ihrt>t' ""'t'.. "hl'h 'It un II ... frolll 
.Il t.... t .. II, ~\·r .... ,ntl t h, dan" I/I~ '. r. \\ 

t~l. ht n .Ir ).:'\.n blfh "-tit. ar,- flJ.."tltt fit f 

T ht' 11" ro j unrti"n bt" I" I h., f, 'rwa rc\ n' ," 
: ,. It 'n. h,~ \ t.~kt· .,rnl 

Installation of Come ra and 
Camera Adapter 

fh, ,,"..,nll r.t ttlld ("'lUl' J .... udapl. r Ht III 

1'1 I.·t! :0' f"lI11ll ~: 

Tht' ''''",l'fR md 'h" , •• mt'r.1 I!u",d •• , •• 
• 11 ,I,t! "th ... I., ,., tilt t lito 1,1 1I1t1I1IlIIlW 

I r,lt'I.. .ndlilt ',lItlt'r,1 •• I" 01 10 t " j'IIi1Ic\ 
al,,11 1."".1 \11th """ tit I 

1'1 .' I III ,ra .. 1.,,110 r I. /I 

I,., n rtln \. d. I. "'1'1 ••• tI 
• "I \ f II I 
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SECTION V-TAIL TURRET 

1. GENERAL 
1'1, 1.11 ' IIrr"I. mod.,1 :!n;ll:!oTI Rl. is ap­

pr()xim"t.-I~ '1,llt'rJ,ui \,h,'n th' .. ndo, ur' 1:­
m"un .,d (III II. I dJaIll,'I.'r al mid-~ .. di"n i 
III lIJdl," .lnd i ... 0" rail h 'I!!ht b ,107" inche~, 
J rol\ .. b 1;; dt'j!n.',·,.. .. aeh "i,I,· of straight aft 
III allmll hand th .. I',\(, :!!l·mm gUll,; I ra",1 
III (j,.grl·'·' 01110' Ilr h"I"w (','ntt'rlin,', Th(, 
/Cun, mm' in l'll \":1 i, n incl .. p .. ndenl Iy (If mon'· 
m('nl in azimuth 

Basl~ assemhlie .. , .. ml rI"'lnj! th!' tall !urrf' 
,.n' d.", nb "I 10 d. \.111 in h., 1'"11,,,", inl-' para· 
,:raph , 

Gimbal Assembly 
TI" ',n 1;1 .' ""I \ (II •• II,:-un' ::!·';~I 

6 

p ATE ~HMl 

~ ! 0 .... GUN SUP! ORl 

} fLl CHU E 

~ l"ATIO GEAR 

SWII( H S~(" lOR 

,ig"'" 7 73 Af, V,.W of ,,, .. Ta il T"" .. " 

1:- I. na,lI f,.ln ,'\\urk "f 10, tail lurn'! lin 

"IIIi'll ,II " lit r p:1I '<II t I,., lurn't proper an 
m .. Ilt,,1 It ro a '" III 'Ilimuth lin upp,'r (I) 
,11,,1 Inw. r trunOl"lIs II:!). I" .. 'al,'" at tht! top 
,.1U1 I ton, III :1 t ' i!lmll .. 1 I'h,' u71muth , top 
( ',) ',101 ,.zimllth limtl s,",ltd1l's (6), mount .. rl 
('II h,' l·IO,I. .. I, 1111111 Iran'l in azimulh of til 
•• rr,·1 1'IIt' .. It·, .• 1 ItllI .... tllP ..... " .. mbli('s (7) an.1 
h It \\1 I hI' II) IFIl!un' ~-7:I), abo nlllllll -

I I'. Ih, '111110.11. hnlll Ira, 1'1 In ,·I{'vatiun Hf 

tI, .•• I.!'., (III) I Fll!lIn' :! 7:!J anti tilt' 1!1l1l ~, 

Plate and Sector Assembly 
n ,. "/11"\' (I"'HI:\) l~i)!lIlt :!7:11.lrt­

.I t •• a;'O\,' tI .. ' gImbal. I~ ~wld statlonllrt til 
,I" Illal," 1'10 t un It~ till' 'PIl' r lrunm"n 

ESTlIICTED 
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Fig"'. 2 74 Ta;I T""., wi,,, G"ns MO"tI'ed 

(6) tf!j!Utt, ~ ';-1) ;\hl.-" 10\ '"'' ,11 ,",(,.11 " 
Itriu'ket. t 1 and!1) Th .. ,lllII II h drll., IInlt 

( ) t'nww'" tL.· j."l~'r ", (or t';l, I oll.,t! t,) lh,' 
1'1,1 .. lfil. tIl orl\',· 1111' lin, t 111,11111111 h • ..\7. 
!11l1lh \1'1" alld , lOp "I'll (:1) (F'gllt, :! ';:.!l 
.ire fa. ll~t t d ttl tit 1.1.. t 

Saddle Assembly 

the alil!lIn1ellt of III .. ':lIn h.rrt', Till' dl'\alion 
l!,'ar S!'l'lur ( J t FIlllin' 2-7;q loulh'tI III Ih., 
illt' of th .. :ultlll' I~ t'nlllll-" If hy th.' ,'ll'val,o, 

t1riY(· piniun tu 01<1\,' th,' ;'all.ll. ant! j."1I1I" '11 
,,1 .. vntiol1, 

Azimuth and Elevation 
Drive Assemblies 

Th,' linn' ,s"'m"".,, for nlll\' .. 01, lit of th • 
I/lI\ IlInd III aZlmulh and III (-\,'\ation an' 
Idl'l1lllul F"r '1IlIpli,'Il) Ihe fullowlng d . 
'l'rtl'llllU \ III I", (If th., 'IZlmul h-<lrin' aSM 01 . 

hh •• ' II, t·" (or P/}o<I loninl! thp turrd in aLi 
mulh 

FUn{li .. n , TL, '111111 Itl' (in\,' t Flglln':! 7,,) 
I"'rfnrm, \\\0 fundlOlI It 'UPl'hl'. tht> Ill .. -
< hall .. al "II" ,'r rt"jllI 1'".( til dri\t: I h turret 
Ilnt! l!l1ns '" .. 7.1 III U 1 h allll I prm id",' t.\t'dnl'al 
"'lUlpm, nt \\ hl"h ",,1. Is ill '011 rolhn. the 
I~)sitllm hf till' turr. ( alit! I!lIn~ 111 .1711llulh, 
I h,' thr.·, mlllll 111111 01 tilt', 71111111 h a~.','m"l\' 

:,1'" til' olnn· O1t1ttlr (II, t 111' ~" .. r a"~,'mhl~ 
(:~l.llnd lh, :0\'\11, ( I ). 

1 '-\OTOII 
'2 8114 E II£lEASE 
3 GEAR AS EM8t y 

4 SflSYN CONTROL I ANo,fOR ... [ ~ 

Fig"r .. 2 75 Arim,,'" atld EI .. va,ion D,;ve 
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';'I"\t'. a~ th. dri\ ~. ar of a 1.1 n tary It('ar 
:"- !'\ I n1. 

rh. ~rn.11I IIlr w·a.. l. altal·h.~1 to tht, 
,11.\ .'n I ,I iUII 01 t h 1I1'lnt'tar~ g." r !<y tenl. 
I n1l' ".,j \\ ith a larVI' g.'ar 11U) on tht' main­
.In\., ~.'ar ~h,tft. Tilt, main drive ~t'ar (9) 

nit h., \\ i h h,' azimuth H:tur gear, driving 
hi' tllrr.'t .. ithl'r ('''X'kWj~I' or counterclO<'k­

\\ i~l'. Tht' !/'I'urs lIl) cllnn!'ct th • I~rn (12) 
10 th.· maIO driH' shaft. The clutch 8!<lIembh 
(.tl prllkd,:: h., I!:t'ar train from excell, i\. 
-hll.:k,. \\ hen till' glln!' fl'ach th"ir maximum 

aZimuth limit" 

Set, n . The • t'),~ n u,,·d on the drive a.­
. f-n hl~- i, lht' tandl'm mlldel and iii j("3n'li til 
ht' main.dr!\ ' ,.haft. Till' tamft.m ~el yn em­

I""h. ~ h.,th th .. 1'~l't",cI ancl till' :U-"'flt>l'd unib 
III l.n., ,a.w, Thl' _ haft IIf till :II-"pt'ed rutor 
• (,'I.J. uuhidl' th., ra-.' ancl j,. I!'l'ared til thl' 
'113111-tlri,,' _ haft (ri),!lIrt,:! .6) A" th., .U1/1I1' 

hi' :H·,.Pt'.,,j IIll1t \\l\lIld r"\\lh" :11 

F'gtJr .. 1 77 E'~m~n'ory Wiri"9 Oio9,om of 
I"~ S""y" CitetJ,' 
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Eal'h ,d:yn con rnl ran,furmt'r consists 
/,f ht' folio" illl{ ba. iI' l·!t·m"nls: a 'Ita tor, a 
r tllr, an Inti tllt'hl, ano.ll'onnt·c IIr Tht'volt. 
a!:'l' lin th., r ,t. r of thl' ~.'byn control tram •. 
form,'r I: ra "d at l:!fJ \olt" , EI 'trical l'on· 
n,·dIOll. n h.· .... 1. 1"11 control transform.'r 
lin' mad,· IhroliKh ,'(onnl','tur contacts idt'nti . • 
Ilt'd II) R I, R2. S I, . '2, and S:3. TIlt' I hrt't' "tator 
\\ rndinKs nl" 'ht' l'nntrol tran:f.>rn, .. r are el ..... ·. 
trlc:.lI.\' ('onnt'.· ,'d thrulIllh "y:tt>m '" Iring tn 
lilt' "lat.,r \\mdIllK" m tht,> S .. j,'yn gt'n rator 
SII thllt Ih(' "uitag(',apPt'arinJ{ in tht' wllldings 
of h,· St'l~yn Kl'n"rator ar' r prooll(,l'd in 
maj.(n,ludl' and p{.laritv III (he "tatur wind· 
III!!" (If th,· ('<lnt roll ran,fnroll'r I FiKUTt' 2.77) 
Tht' rt·~uItIllK mal{lwtl,' nu" In th.· cuntml . 
ran~forn1('r stator induce: a "01 «Ill' in h.· 

rotor b\ tran~f"rm .. r ae ion whlrh IS (h., '11{· 
tal \'"Itag,' f,·/I "th., th.,·ralrun controller 

Thl' . il{nal mdkatl" lit' dltf"rt'Ilt'" I.l'I\\"t'n 
(h., lilw "f ,udl lit h,' radar anel h lint' of 
,iKht uf 1,(, VIlli, . 

2 , P RINCIPLES OF OPERATION 

U""ITl,ally, the turrd I mad .. ullllf thr" 
maJl/r ... .I'''tl'm. : th" ',,!. )'n . y"l ... m. h· IImi 
. "ltd,. lind drlvt'·motllr s) '1"01. and th .. lirlllK 

t·. tl'm Em h of th,·"t> ).1,'01- ',1 III 1·(· d"al 
\\ It h brlt· h 1 Fi)l'ur.· :!-7"1 

azimuth itri,'" motor tn "u,·h a direction a. to 
n'ahl{n the turn" azimuth ~ell<yn rotor with 
th,' stutnr sO that tI,t' ,'rrnr ~I~nal aero .. th .. 
rotllr i. rl'du,'('(1 tn z"rll H,ltajl:.·. 

The limit-switch and Drlve-matar 
System 

The azimuth und elt',ation limit . wih·h,',. 
arl' protect 1\ tip, IC(''; W h it' h l'ul ofT DC p/)\Hr 

to the drile· motor cin'ults when the turn·t 
ha. reaehl'd th,' limll~ or 010\em nt in aZI· 
muth and in 1.'1 \ alion. The 27-\'0It bug in tht' 
thyratron controller I. cunnl't'It'(! to the turret 
safety ~\\ It"h tn tilt' jundion box. From thl" 
switch th{' Itn .. i" ,·onnN·h·d to drculI I.reaker 
1'8-5 in th nmtrol pam" The circuit break r 

III lurn is ('Ilnnt'('\(·d In lin .. 1ol:~ ""hi"h IS dind­
"d int.1 t WII \.)lta!!.· palh" . Ltnt' 1·' 3 i: ('on. 
llI·d .. d to t ht' lidd: or 1>11 h the .. I,'vation Itnt! 
thl' azimuth "ri\(' motur: "'gr(lund Lill lola 
" .·"nn .. d .. d al.·" If) Ih .. t urrd limIt n'lay~ In 
thl' th\ratron ,·ontroll,·r. and Ihruullh th .. 
r,.>ltlY, t·nlt~rVt"s 8 .... hn.» .... 55. 56, 155, and Ill6 
10 tlU' 11.100U(h untl .. Ination hmil . t(lP: tn 
~r"un" If. fur Ill. tan~e. th .. turret reat·h(·. 
it· ,I"\a illn IImll III 11111' dlrt'Ctrun. om nf tht' 
1'1 ., allnn Itout . "i h.,. flrlt'ns. If I( i. :wil .. h 
• '20:/ \\ hlt'h "I" n", r"'a~ K III III Ih(, thyratron 
.. .,111 ttl/"r 1."""01". d(""n"r~11I'd , Imn1l00llIt ... 
I~. th. "rak., ('''II III th .... I,'\'atl<ln mot." I'" 
lit' .'1It rj.pz d. aile! I • hrakl' IS nlllm .. ntarll~ 
al'l It ." Th .. "a.·kllul n·llI~ K~la in th" th) . 
ra'llIn cllntrllllt'r I d.··.·n.Orjo(ll'·t! and 27 .. nIt ... 
I' "vall ""I,li.·d III tit,· brakt' ('",1 in the motor. 
,·n 'rKIZlnv th,' ... d dn.1 n·I'·II. illll the brnk.· 

·rl'v.,t illll (In\ I' "Ircuit a 1111 
'anh l prill IJilt'S 

The Firing System 

li. ~\,!lh. 1I"r an' 1I'"ht'.I\\llh 11;'\'1,1 • 
~ d. -; I hrUligh lint· -1-1 \\ h"n hum. 

\\ (h "'I Ih.· ('1m I rill I,:wl'll. in th.· \\arm up 
)In IIll1n Th,· linn" . nlplIUld" an' (,IIt'rviz\'I1 by 
::. , ,It· lit t h roll II'h line 61 Tht' Kun-charg r 
" 01 " .... '~t('r m(Jtur rv cnnn, ted in ,l&raJl I 
1/, ~. milt or" art ('nf'q~llpd wh"n rl'lll\'" K26 
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and K27 in the jundion I., rt' ,'n"rglz:oct. 
Line: 1711. 2711. :1711, ano! lin.. 171, 271. and 
:171 UI',,\\ 20 "01 ". I!lll ,~"('lo" 0 th,· d <lrll 

,·r,. and tIlt, !Joo«. r mnt,'rs, I ill,' I) .10.1 
.Irl' th., th"rmal o\erln.1I1 hIlt s III r:n111IHI lin 
th. I It.lrv,·r 0111101'." . 

SECTION YI-B-36 HEMISPHERE GUN SIGHT 

1, INTRODUCTION 

Tht'o( Jlrt'itmllllln .·,l)I'ln.·.·rill)l' lit llltdi. It 
t untain t.'ehnll.d Infornl,.1l.,n I .. t tit t :"'h1f ... 1 
Elvdrie ~rod'·1 2( .'1IolA2 1"'1111. ph,'r. , ',~ht 
IIIK '1.1110" m:,nuln, tu ... ·o! I" II.,· ".11 r.,lIoi 
()pll(',d Cn. In!". Th. II/I I II .," .\llh 1/" 
(;"n, rill EI,·I·lri.· Rl mo .' ( onl rill TI.rllol :-: 
I.·OJ ill "nth th.· YB :H; <11101 II :lfi illrplums 

Tht' h,·mi. "h,·r.· . 'vhtllll{ -talilin "nal,1o 
th,' KUnnl'r ttl co, •• rol tho nil." III"t'! 1"'111 

""'Will p.ll'!. "I' h. \ "III ur.' 111 th, h"nll 
ph.·r • 'I~hl t:! I tIll' tf"~I' 'a IIr Ulllt 

Functian 

Descriptian 

Characteristics 

II .• I.·" 
T"fI." iii)..: ,·tl,tI 

1.1 " It" 

\\ • 1)'1 t 

• I! III1W 1.11111 -

\( tIIg 0 I In ' 

H.ln'lI ~ \, r." It" • 

\, r I hili ':.'lIl'lIIg 

1'"1 11 1''' 01 \' ,I,ll." . 

1:,0110 " 

I ,t"! t "\"11\\111,' 
·'It .f"~ht 
I .1'1 \ '''"1111 
qO It t:r,'1 

II. 

F, tl II n ~I(I d1fT{l{'" 

lit J t, ""''''hln 'III (I, '1 It. :-. 

VIII' I III rall~ln)l' /II •• Itall. III I • "I 1"1011.0110\ 
tl qllt •• - ~dp It·, I·r Illt'.t ptf till t t t rJ)!hl (t\tl 

rol ~rtl'. ,\ 1t"Il'1O "1 1'"1111' 11111 I" Ill. III'. I 

RESTIfICTED 
2 71 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

, THIS PAGE IS UNCl.ASSIFIE~ 

RESTRICTED 

"I"rat 'I~ (Ill airplall' alii.uTllt "the "I!!ht 
I .Ira':1 1<1 "In ulal.,,, Ih., :lIr from th .. dom.· 
,llld ·.;JC"h ('h .. lnlh'r .. ·tett u' dl 'In:;ltor:-o dt~. 

hultull1\ Ih. "'alt',I"I' I,al. ,ml':trlmt!ltb .. 1 
th, 'I~ht. 

2. THEORY OF OPERATION 

The Hemisphere (Nose) 
Sighting Stotion 

I " h. nll.'1'11I r.o -whl ill),! ,.la· ion I,., a "t;l. 

(I"',olt"\ I)!litinj.! it,:-.trulrlt nt u:--pd It~ th., nus,' 

V'H1fl. r (I I r .... " a LarVI I .11111 10 !"t'muLdy. 
I "II 1,,1 'h., ""'1' Vlln tUIT. I Th" ,'i~ht "ptl 'al 

, .... nl ,linT'" hj!ht ,-.1\ ... fronl all\" \. hn ........ n 
IH'"1 III a h. m""h,n,' li"I.1 ill to t h., ,'\.' otf th., 

..\ . ',·1 \"1' \ "'lpnl. t·ftn11"- ..... '·,1 of HZl. 

',.J:..\ n', r.trl,nlit..;. .all ~ 

The Optical System 

The Free Gyra Systeln 

Th~ ~yrn IS '1"1'01 to indi,'at.· tn thl' ,'omput r 
I ht> 11ll!!1., I ra\'('l SI·d 1,.\ th., (ar)!!.'t during the 
pr.'didlotlH'umpllt Ill)! lim .. mtl'r\'al. .'pl,,·ill. 
falb, 111l'),!~ ro 1,.,1I-1-t! III Ih,' "<Imputing rircuit 
tn prt'dil'I thp I.'ad Ulrr,'dwll nf'I'p:<SHn' fnr 
a(h :,rllill/l' th,' )!lIns ah,'ad ,.f lhl' larl!"t. Til" 
!!,\r .. ,1"<,,, thIs h~ \l·ry an'lIratl'ly measurmg 
Ih., allvl" tr:i\· .. r,."cI I,,· th., tar)! .. t clurillll t!ll' 
pfo'lIi- ion,,'lImputlO),! tim" intenal. The (n'l' 
I..' ros""I'" is ,u nanll-II h.·I·au. it is In'" tn 
m,,\\' in :111\' dirt'di"n 1Aithin approximat.'1) 
I;) dt'l!rt·t-h

';, ~'f tht' J.!yrn:-o("pr~ axis. llnvt'lllcnt 
ttt thl' nUl r,,1 j..'ril''' I"'''lllOn,.. Ih,' 11:) ro unit 
"Ihat th,' mutllr ~haft i, paralld h' th' line 

uf ~i)!ht a" Innv as Ih., !!~Tn j" ca)!t',j \ \ 'hell 
thl' lirill}t' tril!!!.'r Oil thl' "ig-hlin!! ,t .. lion j" 

I'rt",.-u, a ,,"I,>nUld In Ih., !!,' ro Is t'n.'rj!izcc\ 
<lnd th. caging rnn., is ,1I'a\\n awa.\' frllm th,' 
~'\'I<I mHtor I ram.', I hu" fn'l'illl1: tht· )!\'ru , Th,' 
hUlI-lIIj..' \\ illl'ullt I III It' 10 he· nw\ l-tll,\ th,' "Ij(ht 
gl'arlOj..', but t h., """ "f th,' mutm' shaft an(\ 
)!)T" t1~ wi .·.1 \\ III n'malll tixl·d in tlll' ,am.­
din'I' "II.. II \\ as at th,' ill,.,lant It \\'a, 
tlnt;u.r,.t! 

The Camera 

Tilt 

The Ranging System 

~ ,{ fln. ,'on1-
.'''11 1, .. II.·d manual,,· 
, ht t IJt 'r:dul .. I t~r. t 

The Desiccator System 

'2 
(~ "!CHD 
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The f'y('pi ('I' chamb"I' and th., ohj,,(·t ivt'. 
If'ns·n'lI a 't'mLI~' ar.' IIl'rm"tit-all~ .~('all'd 
units, Th., '1' l'haml,..r" hl!' t' ,·hal'g-inj..' und 
l'\.I('uallO)! valq'" Ihruuvh \\huh Ih., .lIr ,'an 
11 .. (>\ at uah,t! and t h,' I'ham".'r ,'harj..' •• cI \\ It h 
1111 IOprt )!a,; Slll'h ~" nitl·ug.'n , Th., "".'pip", 
I('ns ('('II, a l'umpll'tl'ly ,,'aII'd unil, IS .. al 
nl()untc'd 0\ l)r tht' rt'ar ()pl:'nin~ "f till' t'\ tlplt, f ' 

"humber,; allli Is nol cI",i,', :itt-d . 

Thl' nrnllatfll'\' ".\', .. m "ri. .llltl I"IIlIP, .111 

Ihrnllgh th.· ,hallll .. r" ,,( tilt' 'I~hl III' tie i .. 

.,.llIl hy "lh"1 111'.111>< .-\ Illllllp IIII'... II 

Ihrou~'h d, .'i ... ·alll • '1IIallllll~ J.II". Ihrtlll~h 
.tllInlinunl Plllt·:-: to t ht r).Hllt , S)MCt\ u11 t r ..... :h l' 
lit htt, tit J~,·oPt· tuht,. ran),!", unl!' .. 1 rt tn.tn ftlld 

I,ll Ii III Ih, PUIlII' Till - ,y.-l., Is "'"11111111'" " 

""IV ,II. 1'"1111' I 111'11.", 11 

SEmON VII-MODELS "," AND 61. 61 RETIFLECTO. 
SIGHTS 
1. INTRODUCTION 

This ~,'ctinl1 ,'ontain, .ft."ni,,1 i\.· ,lal.l, (,u­
h., modd" ",J" and .. " .. rdlllt'l'lo" SI!!ht,.., dl" 

:;I/I'II .. d anti 01:<11111;11'1 IIr.·" I,,· Ilw l;"Il"l'al Fl., •• 
II'i,' C"mp.lIl\. (:,'" T.d." I. FI~IJIt' '!.'9 .1 

Th., IIlstru,'llolh • "nt;lill"" III h., S .... lltllI 
form a pan til' tho ,·ompl"l. III t rllf 111111 S Is 

. u~c.J lUI' 1 hi" lip. ralinU litht 't'l \ lUI Hint hp 
U\ " .. h.JIII of It., H ,; ,,'m'JI. ""II It I till I. I 
1"). ftlln 

General Description 

Th., ",,,.ft.1 ",'" :11 . ./ ..... 

:1(11- • hlJ\\, \ t r. lI:tlU 'I rlllhl1)t III 

par. ar.' oIill.-I.nl and ,.1.' 1111' 1III1'I.'halll'" 
aloll' lh., 1II.,d.,,"'/·' ro 'III". ",1' '1).'11 h •• " II 
1"'11.· 't .. r "lalt-,lill'I" alld ""Ij.!·.III1I.lot :.,1 '>I),'!. 

hn, "I Id:1 I 1',11',11"'1 
'lx'I,. 

I If it I III)! 1 I lOll 

Ea, h -I)!ht rllo 1.,1 111',,11. .. 1.( rail)! •. 1111'111 
.1l(lIal I.. I .. , .... 11111111 "1. I hl'oll),'h ,I r,.n),'.' IMI . 

F'I1U ' 2 79 Table' S;g"" and rheu Locolion 

Detailed Description 

II lit h •• ' S'-'Il' "1 Ih., II· .! '" ". pI •• 1 
, t. 1111 .... 1 ". lit. Iolhl. 1II"I!.III,,"~hll.' 

h. 

Illtu .1 t It 1111.1 .. ".1 It I II III dnl 

... ·llc·lt- irn.,v, • t h,' I, .)")'1 l'" til 1 lit I.tl I nllr 
r .. ,. I I.), \I hlt h 1'1'11 .. I I lit .. ..1 ,,'1., IIn,Ij.!" III' 

\\,.r" IhrJllwh II .. ''''''1' da" (pq "lit" Ih., 
)1 .. IWIII 111II'r.,.. (~l : I I", \I;\IWIII 111111 "I \I II .. It 
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H .... EVIR ... , RfTlCLE 
5 'AIIGEl SIZE Rf1ICLE 

I fA G£l SIZE 1 PUT 0 
17 'S DEG ff "" RO 

8 COVE GLASS 
19 BEAD 

80 Portlallv hplodrd Vj"w af Rrltfl clo, Sig'" 

2, OPERATION 

Principles of Operation 

tlptu',ll '\ .. I~m, f F,v 110 

rn' 11 t . I' I. i. .unp p.n"" " 

lS R CnD 

I, Th., 111:1 
r, 
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CO'VER GlASS' 

TAIIGfl RAN E 
RETICLE RfllCLf ,f'LTER LAMP 

4.S MlRIIOIt NEUTRAL INOle ATO I ENS 
RETICLE RETICLE 

ligu,e , - " Schemafic Diag,am of Op,ical SY'fom af Re,it/oc'o, Sigh' 

anI!: '-I "I"reel filtl'r, Iht' ('('ndt'n, .. nJ.[ It'n~. and 
an indl('a nr (jist (ma k) hal has a "Irclllu,' 
",>4.'nll11( hI' Sll,' "f th., maximum rl'l i, It' 
lmall'l' Th., 111111.011 .. 1' ,Ibk ("f.nlain nn "'WIl. 
'nl1', \'111 inln Ih,' in"idt· ,haml'lI'r. "'lI,h l"'r. 
nlll pa-.'aj{l· of Ii hI thrfluvh Ih.· lar.r.·t "II,' 
and th .. ralll/'l' II U lIlt'rH I,., Tlli' hll'hl ,'"nlllill •• 
hrollll'h tht' n·llI'I., :J", t·mt.1v ""I'f1' I is 

hrnk"n lip in dot "llIl'h orm tht· n.I ..... 
Hna '.' III ad,iJl'lOli. h .. I.IrJ..','1 "IZo' Itlill I.on;r •• 
IIUIll 'ral (1IIullllllal.·rI illd.. m.II''') alt. 
f ,rllll'd. TI " funnl'll n' 1,1,· IInlt).'I' I~ fl'lIi'd ell 
up\,ar.( 1/\ tb,· 15,d"l(r.· .. 11111'1111 IIrollJoth 11" 
(")\l'r j!'lass tn thl' n,tlt·\, .. r pl.ll, \{ t .. i p"lnt. 
l.pprllxim.Il!·h 9:; lll'r ("nl III , ,,1i~'1 pa '" . 
Ihrnuvh Iht' pialI' 0 I ... · :\lalllo!lll m'rr ..... ( hI 

ollrr", I. " .... h"(l1'1i anti I'~·all-II. \\1111 I •• 1"'(" 

I' h., p'lll'11 as •• 'm1JlI, Ihat Ih,· hl!'hl r. \_ 
frum tho r"',l'l,, flurr. r;lr.'"lllhtllal,.d Ill' n",d. 
l·arall .. I, and n·tlt'l'h dba, k tll I h,' r .. ,lt·" 111 
,.lalp Appro:oomah-h II p"r I' 'III nl Ih., n'. 
nthillin", h)lht i, I'a ~,'II 111'011 ... 11 tht' I pll!'l'I. I' 

plat." 'mil t h 'halanct. :!III 'I' cl'nl, I , .Ie .. t 'II 
"",Inl Iht· t'\t' nf th j{llfInl'l' Tilt. IIv" 

nHII fl.rm n I mil)."" IIf t"p 1',' ill,· It allinfillil,' 
III I"nn' t IIltimt, l. Am' oltJ"c! III "m' \\ Ilh h., 
I "ntl'r flf hi, r ...... 1 imalo!" \\ all appt .Ir III tho 

.Im.· 111I~III1'JI, Irn', 1'1'1'11\.' of Ih., til I.Ut, •• "I' 
h. I!'unnl'r', I' I' frllfO tht, r'·II,·(,t,,1' plalt. A 

,lilo!ht mlt\ t'ml'n of I h!' Io!unn"r' t'\ t', 1[' I1r 

Ii!)wn Ill' f,om ' ,fi.· tn "1111', "alt not ,-halll(,' th,' 

r.-Iatin' I,,,,,itiofl (,I Ih .. larj.!t'( ,lilt! tl", I'dld •. 

1111 h. 11l_"f" 1I .. 1;1t I' "' I h., 1.,1" I.· Ilall~" ItI'II 

Ihl," rdl,I'·"'"III.11f1 a"'llllltlll,.I"I"lltl'llll 
till' r a 'a~.' "'- Iwllt t .. ("rill 1111', ,·nl.,!' d .. t .. I' 
t h .. rt'lll·l .. II1111V,· \ h"11 I h.· :t 1I1!'1I1",- r, 1.11" II 
,htl) or lh,' t hn'. 1'" i,'I.·,. \\ II h n 1"'\ I ttl ,'"dl 
"tI,,'r i dIan).", d n .. , "tHIIII'l' tI. 1"1'111111' till' 
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F'gu,,, 1 81 Po, .nll" Eaplod"d V." ... of R",./l",to' 5'9'" S"OWIn9 ,lie Ran g" and ,,,,, 
TO'9'" S"" Inp u t G"Ot A"""gem" .. t 
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figure 2- 13. To,ge,.Si .. Inpu' Knob 

t r J,! r,,1 il'1t' jrd thr"uj{h .. t: .' rir t , urfan' 
mirror, In t his wuy, tht, \Inlpt'r cl"t. "furn! 
thl' r tide Imult!' arc, d.'Ct\·,1. Chanlt'in~ Ih • 
\,osj illn (If :111,\' rt' kll' Ch:lllll 'S tht' r"tall"n. 
, hip flf thE' ~Int. ane! thu- <hnnJlPs til .·, I ,'. 

lun ( f n I idl'.ima~ • clo ~, (FI)!IIl'''~' ~ ) 

Tht' 1\\ ./ n·t:lanj{ular.slt"l't'e! o\wllin~" in tilt' 
incli, al· r n·ti" . I r mlt pa""uj!t' of hlt'ht f ur 
tllt'larlo!t' -izt' lind tht' r,lIIj!c' IIHli('aticms The 
n r r"w -1 .. t alJ\'n~ thi~ "J)t'ntnj! pa~: • Itj.!ht 
", hichl.<um .. tht'inol('x mark n hl'rt'f\ed'Ir 

Use With Computer 

1 A GET SIZE RE TlCLE 
NEurRAL RETiCLE 

( 

I II .. N.f HUNDREDS Of ~ ARDS 

]A [1 S'l[ ... , A\URfO ,"< ff[l 

'igu,. 2 84 Re,icl. Image Ad;u.,ed la Span 
TO'De' 0' ' .sOO Ya,d Range 

lal .. ,1 1111 Ih, I .. ft.h.lnd ,-.tI. ot tilt' IlpJl(') ivlol 
;11101 III front. t t h.' ~'lInrH'r Oil 111' IIt ,.I.'"I.,1 
'IJlht.ll11111 h., IIJ!un' '!ill" .ll'llI'ar' on till' n 
tl .. "t",· pialI', \\" th th, Sl·ttlll~ iliad .. , tilt' YHII, 

IlPr .dms lhl' si~ht 1>\ 1Il1t'1IlL' lhl' 1"'IIIt'r clot III 
tilt' rl'ttrle Imavp to Ill'ar .. II the !;II'Vd. 

Ttli' j!tlnn,'r atlju, Is fht' eli.lm '1.1' .. I th., 
rl'li .. lc· III aj!" 11.\ tllrnllW III .. lilllj!C' ~'r", <lr 
r 1I1j.!"t' \\ h"I'I) , .. 11111 till lin II .. t d"t _ J ",I 
'I ,ill t Itt' I.II'~'· 

Use Without Computer 

3 RANGE REltC! f 
4 INDICATOR RETICLE 

figure 2- 15. Individual Re,icle, 
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SECTION VIII-THYRATRON, CONTROL PANELS, 
JUNCTION BOXES, AND INDUCTION MOTOR 

F qu,,, 2 86 0 ..... ,." " ,ew 01 Tllyrol,on Conl,oll .. r . 
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I. INTRODUCTION TO THYRATRON 
" .• JI" ... .J I II .101)11 ,alt 'II, "'" Ii III. n I.;tlr 
I It· IIt~ 1"1 /. II I tlllt,.. II, r 

Detailed Description 

1·.J)'1I1 II \ I •• n.1t lUll' ,II., ." •. I ,iI III tl,. 

. \ ... t~·ln. 

n.II •• p"rtll" 11 I" thl Ihn' Ilr"lI runtrollt'r 
m •• h,- fnund Itl ht' t ulltl\\j,w plIl.h,ati .. ,,; 

\. II 711.\.\ ·;H ("It't'H inn .III.!.'., \ i< " In 
• r1l. I. ":. 'ur Ih.· .\I ".1t I 21 Fit 7.\ J H. Ill ... 
( "II r .. 1 T Irro'! • '.' 1"01 

2. DESCRIPTION OF THYRATRON 

Test Equipment Required 

Tit, "·';tJ 11''- tOll' 

Pie & 
.,.'" No 

. : 

: . 

"f' r F' ~"Jr, ~ -; l~ 

No ..... of 
Unit 

t \ , .~, II,. 

" d .. I .. IH" 

Il :ltr t't tllIll, ,·"nll' .. 1 lurlll 

Intercha ngeab ili t y 

3. OPERATION OF THYRATRON 

' .. I.· I~· I. ,. 

III 1'.,1.11 I .tf 

A,m, Type 
D.,I.no"on 

'k I .. ur h I a ~, k., I I .... 

f.pll' .. ' .. 

; .. 
I • 

I .. 'I 'IC 
1 • 

------'---

',gu, .. 2 87 Tobl .. 22 Equ.pment. 
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a~,'· I tl tI ~""l'~ nut ur phit "ill tht I'hust'in . 
I t'rll'r, ant! th"11 fed into I h .. ,i1s'Tlmlnator 
Th .. clisuiminator llutput i~ a nt' \·',Ita~ .. 
"h ... " allll'litud' is <llrl'dl~ Ilrol"'rtillllal tll 
till' AI' outpul Inlla~' nn J \\h",,' }ltllarih I 
Id,'rmint·dhrth .. r lall\'·l'ha",,,flh., ('in 

put \'oltage. 

This DC \'Ctlta~l' i~ I h,'n lilt,'n •• 1 In I h .. tilll I' 
'''<'Iiun, /I fe'll ha,'k \ulta!!,,', "hi"h 1M ,. lUll!' 
flllll of the rill,· of ,·h.ln)(,' "t tund ' IIII1I"1 
armaturl' "olt,)(,. I. rnlrodlh .'.1 1'1,, ' •• •• lIlh., 
tillnll of Ih., f.,,·tI ha~k .1"1' 'Iul 1>11 \ h.,tllt·l· t h., 
:11· c'r l -sJlt'l'd .'I'I .. yn I j..'I1 II I I ~ t'\ 0'011\.' Th. 
f",'d.ha.·k si!!'nal j" 11 o·d I .. I.'·l'l' tilt' . \. 1"111 
(runt <I""iJla! in)(. 

Aft .. r bt'tnj( alllpliti"<l III \ IItL th.· (I,' \ lilt 
a)( .. is f"t! tn twin-trin.t .. \"11:\ rho .111 I'ut~ 
of Ih .. ,·,.thud.' Inllo\\,',. aro u.',·" ttl ,,"ntr.,1 
Ih .. t rlJ.,'/(I'r I h~ rat rolll. \\'It h ~,'I'., :.-1 \ II . i " 
nal, Ih" lIutl'ut. (If h,' <'llth"tI., roll,.\\1 r llro ' 
h"tll Tlunus S('\'t'll \"It. · [)(. With a ~ ... S\ n . i". 
nal . th ' oulpul .. f nno' or tlto' ,'a h"oI •• 1 .. 11 .. \\t'r~ 
\\11t ~" n(:!!'uti\,' ("ilh ""'''0",1 'l minu s «'\"n 
\·"It, ) ,,1111,' tl,,· "II"'r "Ill' "lit ~-, p('sl li,,' 
Th .. oUlput that Vo,'" I I Itl\. Will '·:IIIS" till' 
h.lIlI. "I' tnlf~-"r tllratll'n 

t'OIII 

,·,Oll/h',·I.·d tn t h,' .\( ' hll.,· Till . b"III., 1\ 1"'/1 
'·lIl1tiudll1):,. ,"'lIn'r a I',,'ltl\.· \,.ltil~'· til h., 
urrd IIlntor, Th,· .. t h 'r bank h.1 t 11<' 0 at h .. I." 

,'nnnt'l'!t·d til till' At ' IlIw ,111<1 tho It IIII', d., 
11\,1' a 1l,' )WII\.· \nlta!!'I' . Th. dlrt"'11t111 til 

"hll'h till' n ... tnr rotal",. d"""lId .111 til" 1'" 
litnt,\' "f th.· OUIPUl \ lilt Ij!"' . 

In "nlt'l' to " ,,1;1111 hnw thl' thyratr"l1~ .. all 

tI. 11\ ,'r II \ .Inabl l, I II ' \ o!ttl)(" ,.nn,,· ,. plana 
11"11 "I' Ii"" a I III ,.11 rllll WIlI'k. · mil .( ",. Ifl \"'11 . 

I h~ r.1 r"II ' lin' If." lilh·" trind. ·,. pr t'" rllth',. 
'1'1", 'nd ,,, ,n 'lit ,. .. 1 t h., . tart III' "oll,hll' ( lOll , 

" II II I'll II 11 .. ( ,( .. ,. ,·"ndlll'\'''II. Th., ,'"1~ \\.1\ til 
1 •. 1' "'IIo1"l'I'"1I .... III 11'\ till' pial .. \"lta~'I' 

''''''1111' /\'''00'' n'·v,.I1,,· "I to 111.11.1' tl1I' I'lat" 
,UIT"lIt 7"rll. \\ 11I1l:t1l \I ' I"lta)!", I apl'l"." 
tll tlw phI'" h., III" .. '~11l ,'IIII ,f1ll t nnl\' dunlW 
'ho I'll I 1\'" hair ., \'.-It' n ... r' ·t'II'·. ·. \\ 1"" I hi' 
).:rtd i~ 111;111" 1111" 1"11111 ' ''''11 1\. 01111'111).' til' 
,· .'~ltl\' " half·n,·I. · III Ih, ' plat.· \llll,w.' 1111 
111 1 .. \\ III larl ,'''11''11, illl..' , .1 101 \\ III ,owl.1I 

II I. ! III ,. 

~)T[ I1AOf O AREA INOI Alf lC)NDUlIION 

(URRENt DEPENDS UPON (I lilT Rf ' IS1AN'( 

Figu,e 2 89 Schematic Drawing 0' Thyrotrott Cont,oll"r Choroct ".tics 
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7 ~AFFTV S""" H 

"qure 2 90 Upper ond lower Turret 
Conttol Ponel 

C'RCUIT 8RE""~f 

fR a 5AFETY 5WIf(H 

7 CAME A .... ITCH 

8 AITlrt DE A'if) A RSPHD 
HAN, for 

Figute 2 91 To,l Turret Control Ponel 

Locat ion 

5, JUNCTION BOX 

II .. j' ,I rt> I< u ,d III 
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Figure 2 92 Cutnwo~ VII' ''' 01 Motot Mocl~1 SI(250JI9 

II." II I!II III hI • II. I',.hl., IIIhl Ih. tU,rd I. 

r4H I'll IIII' t allhrJl It\ 1\\11 l .. l d. I t I tOIl! 

1'11,°", th\t~~"11I1I ,'tlulr •. lft-" .Iud Clllfflli pjllt~1 
It .,d 1111 1 lIlt' ,".,hl,- \\ hit t In IIro I, .ltt lI,f,. 
Ih. Jil l" 111111 I." 

6 . AC INDUCTION MOTORS 

Ih,'lllll" It", e", l,f.1 1.11'-•. rnl, .. 

,til 1." .. 1 h,.ld 'I .. ".·' -II '''Il.J:.!~, "I I I 1I1~~I, 
",1\ It',J ' ~II, 'lid , 1\ 1II.1I;{·! • "It ;11', "tllIll'l' d 
'Jlhlll'WII,'" I,I'''J.;. ,ill 01 an "\"rl",,,1 \\11,1, 
\, ,,',. I ;;1\:::,II.II.~1 11,,1 ",I\":,(l.I.!O 011. 11, I ., 

t (1'111'1'1 d Ha I U IlIr t I It .. titt ;u I J"I\ "II In 
t.d,I,' 

1'1." 1'"11 .. ,, ill)!' 01." "I Iltlll I al'l'l ... ,hi, I, 
.. lillI' t,'r 111 .. ,10·1 .... \ " I't "I .. 1',' ,hll"I, lit. ' ,'1'1' 

"1,,·,1111'.011\ 1lI,'nl",",,, I I 'Will" ~ "" ~ "1, 
:!-!q) 

RESTRICTED 
81 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

J 8n c-",ulau.rmhh 
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Figure 1 93 CUlaway V,ew 01 Molor Model 51<408J12 

Stator Assembly 
'1'" 

It " 
Jh • 

Operation of AC Induction Motor 

I I 

'\I tnll'- hl' I '" ;", .. 1 \ .. h', Till,.. I.II~" - •• 1" -

III~ ,urn'lI IInti II'" •• 1 hll:h 1.lr Ill· • r,p". 

RE Til TED 

S 'I E 01 4SSfMB 

DRUM ANO SlEEVE A Sf Bl Y 

B~A~f <> OE AS ["'8 Y 

!NO " ElO 
fA ' 
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o fAN 

STATO 

oro 
9 'AN 

1"1 P 0 fNO 

t. .m 0 

II 6fARII 

F'9'" 94 Culaway View 01 Molor Mod 151(40J120 

Figur 2 95 Curves Showing Relalionship 01 
Spe~ Currenl. and Torque in on '"due/'on 
Malor 
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(hl'rlu .. d " ftlll'dllr . .I,. I"aol th.'rmalllfo, 
tt"t. (1 ..... :In' u~t'd ort m.- 'llllt(lr. ttl pn'\'l'nt 

t)" ntf~ (,I" t rnnt 0\ (,rllI;a III r ,\ tu'Jl a ':rt·"ttlI" 

lu.uliltall II .. nll.1I i ,llIph. d. Tilt u\l·!'I .. all I" ,o. 

It't I. r ('1111'1. h IIf .( IIU'rm.t1h· •· .. "trlll!.·" 
\\ I ,h ('lIlIl1t,,'1 d in 'l n .. ' II II hill\' • "II "f 

Ih.· IIoI\l'r .','n adllr III a JIIII<' illl1 If'X \\'IUII 

tilt' '\\,it.-h III" liS. h • • 't n al"lllr is <I' l'1Il:r 

~iz.·,1. Iwn'ul' " I" 1lI1J~ ('f\lIlads in t·,,, h "I 
t hrt'" lin,'" t .. tht.' moillr, This pr"h·"!"r i .... " 
,ltiJu 'k" thai if Ih,' mot"r .·urn'nl hl'l'tlml' 
I II~h" r han Ililfmai. a mOI'alll." tliaphragn 
"1"'IlS a pair " f l'pnl<ll'l,.: and l'llh "IT till' P"I\ .'r, 
l'l'pn ...... Iinl! "f tilt' /11,,101'. th,' ,'olllal'l" rI"",' 
alld I~\\\"'r ('an "!ralll I,,· :1\lph.,,1. 

SECTION IX- FREE GYRO AND COMPUTER 

1. FREE GYRO 

General Description 

ill)!, ,,,t. I1l1ld;t . • IIII,h t:!' dill II I' .11101111 h 
(1111 ,Ind l'I"I;tti"n C.!I, .·.·b, n~ 1'1", .. th, f 

'(HD 

RESTRIC ED 

SEA P N 

"9ur~ 2 96 Cutaway View of Free Gyro 
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and hral'kt'l a~'<l'mbh i" .·uppurt,-d in h ~I!n­
hal ring (2'2) b) two bearing "in- (7). Twu 
adJu lable counlt'rwpi~hl,; for IlItlan"IOj( the 
a. >lemhi!" n- mount .. d lin ol'posit siel S IIf th •. 
hracket. Th I'ad~ frllm tilt- motor and :.-1-
~yn. tutor art' broUlChl to a .. Idlllp nn IIII' of till­
motnr. Flt~l{lult· leads l·onnt'(·t from th.- 1ll"loI 

damp to an aolJun-nl damp 1111 I h,- "imbal 
ring 

GImbal System 
Tht· j.!imhal sl ""'Ill (I-'I)!III' !! 'I~I in 

"hkh Iht' motor and 11.1'\\ h.·t·1 "-~'-llIhh I­

:,uPPllrtt'd In Ilt'rnlll II~ mll\,lllI'llt 111 alll'.1t 

rt-clinn_ con"i"t~, ,'1' ,-ntl"lh', 01 t ht' hra"k. I 
.. nd ,lll! a"",'ml.l~ t I ') I FI)!lII., .!-'IIi). ,1 .. -
J!lmlml rin)! (:!2) .m.t till' hlltlsin~ (I!I) rho 
I nll'kl't allel pin ass'-mbl~ "hi"h I . Ii;\t'd t il t hI' 
mot"r and Ity" ht· .. 1 1\"" mil"', is prill 1.I .. d" It II 
a ~I'I of t"" h,,1J lo'-artll)!" allil Iw" thrtl~l­
",-arin)! lil"k" -I'al,·(/ ill I h .. slIlt" I)f I he hral'ki't 
lin it. huri;loIntal a. I,. nil' hl':ll'kt.t-ht'urtll~ 
,n:i: I'; Ilt'rpenlii"ulur tl' th,· )!~ r" motor-shaft 
u I". Th .. I!'imhal rin)! i 1II'(I\'ill.,,, \I it h "Ilo'''t't 
(,f t I'" loall." .. il1l1-d h.-;Irtll)! I'ln al,'n), It,: 

h .. rtzolllal ."Is. and '"'" ,'I OJ!' t "" I.all h"ar 
III)'~ and Iwo thrllsl ,...Irin~ (Ii~k~ al"rtJ..' II" 
',-r l I, al a \1" Th .. hradH-I ,11.1 I'm a"'t'mloh 
Is '1IJ1J1orl,-d "11 It,. I",rizllntal a 'Is III tliI'VIlII 

hal rlll~ hI 'h - 1,," 1..111 1"'"11,'" 1.> .. ",'11,... Pill 
\, hi .. h ('II)!")!,, tho I.all I" .lrllW 111101 "';Irin)! 

• "mllllllll)! 
:'"JlI,-

rill 

Tht- po"ition IIf Ih,· mo <\1' and I""h.'d n,­
".'mhl,· \\ Ill:in Iht' hou._IIl,l! i~ ,-h'drkaJh 
Iral1"Olitll'" III Ih., "lIml'u!"1 111 tli .. rI'Ol(J\t'­
,'untrol turn', I ""-m III nlt'ans "I th., .. levII. 
I lUll anti azimuth :"1,, n" Th .. rlllllr ) t Fill 
lin' :!-llj'I .. 1 1,,- 1·1,'1,11 i"n . 't I. '11 as "mill.' 
I m"ullt,oI '11 I h.- )!lll1hal ril1~. alld Iht' "Ialllr 
11\ h 1lI11l1l1t,-d on th"lormkl'l anol pill 11"""111 

hI< Th.- 1·"I .. r (I;II If th .. azimulh S,-I".I lilt' . 
.... '·1111,1\ I~ nlullfHt·.1 in ht' ~.\·rtl"'(·I1I~ housin}". 
and II" ·1;11," IltI) I muIIIII .. d "n th,- Jlimhal 
lin)', 

Selsyns 

Th.· a .. un 1111 ;,,"1 ,-1"':1 lin Iialo-ral allli \ ,'r-
11,,111 dd ""111111 . ..t'~ n ... tH- \analtl'-'\'IIIt,,)!t' 
tran,I"rllll·r. III \\ I"dl lilt' .... ·,·ollllar.l· . tat(lr 
\nltalo!"- h.1 flUid .. n "I' II", rdalil,- \I(lSltlJlIIS 
1'1' t hl'I.1 III' an.! I'rUlian r.,I .. r \ "lilt,..." Th.­
~Iatur ('nil a~:"'nlb \ \"UH:"iI:-ot ... tlf a t(lroHiat 
(d""lI'hnut .. hal',-d I "indlll~ "II a lou lid up ,,1 
rna)!lh·ll .. rin)! 1,.mlll;.tilll1", \\ hldl prlll'jol, a 
I"" rf'1 111'1 a 111l' lIu\ I'.tfh '''I' 1111' ~IHI"r lIu\ . 
Th.· ,'1111 I IIIOJIIII ,,01 11\ an alullIIIlIlln 'a" .. 
\\ hh h , rill,', " I"" nil I rllm U1,·,·hltlli.-.iI <lUIll 
H~~t' ,ulIl PI'( \ 1&1_· ,I lilt .Lll "t rnuHntlllJ..' tf .. 
tat llt" ("ht' rn I·r ,'IIIt--' ...... t a f.tnd4 ttl \\IIUII.{ 

,.111 'II _I LUnIJI.III I 1l1·1j.!11o II< ,(III rho II .. , 
'1'" ..... 1 .. 1' 1111'nl"h", 1111 .d.ht I. "" III WI., I" 
l·iI h .111.1 ,tI~" prll' III., .1 n '-,'II r 111'111111111).' 

II .. 10t"I' 

Caging Mechanism 
1'1" nr, I" 

I hrts • 

t'n'IU' \\ III., h.· ~f" I n I ll1h Hi't Ii , rilll' 
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"gur. 2 - 9. Gyro Caged 

fiflur. 2- 99 Gyro Urtcaged, 

figure 2 roo Gyro Caged ana Afla;ns, Slop, 

F'guTe 2 lor GyTO Uncoged ond Agoin., SIop_ 

F'guTe 2 r02 Gylo Uncaged and loclced 

Operation 

I ',1 

PES! TEO 

f Ilffl­

tlloI-
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ill' th., l,r"didion-l'ufllIHI inv-t ill1l' illt"n al. 
Th!' mot, I of th,· g\ rtI i a '27 \ "It. (1(' tV(l£' 

IIntl I" "wrgizt'd \ Ill'n tht' IIl11s\\ ill'l! l,,,,,,,to,d 
III th, ,'"II 101 1-.1114 I I t h,.o \ II t .. t h,' ",I \I1d 
I,~ " IH) It'''11 ('hI' $:\,.n to m.1I11 " 1I'rVIi!t'oI 
\\tWIt th{' IIni, \11, h. 111'1 I,,. till ", 1111" 
01'1'''' 01' tI,,· "liP' r.ll ioJl)" I" ' I lfln 

Principles of Operation 

2. COMPUTER 
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pid!.', ., "I,'nu(\' hat .oml'u l'r wilh Ih,' lur­
n' -,'j.(hl \,1,'01 \\lIh \\hilh It bd()llj.(~. 

E,.dl ('IIml'lll.'r w,'iJ!h~ appro imal"b' 100 
JI .. und~ .• II'd Iho' (IIllr ,h ... k mllunt tOj.(dh,-r 
\\1 ijlh oil' 1"'111111. 

Description 

WII 'n a nOlH'IImputlll1{ "y~!t'm b USt'd, lht' 
",m.' ,'''rn~t inllS mu h" akl·n intn account 
in ,rd"r I hat ht pro, d II, \\ ill ~lnk' (h,' 
larJ.!· , 

Computer Corrections 

All ,,,mpul,'r I "rn·i'lI .. n- I an I.t', .Ia 'ifi"rl 
illt .. Ihn',' jlr.,lJlh, nanlt'h , "lIlh'III'~. paral 
la,. and I"ad "n·dll·lIun. Thl"'" lhn',- '·~rn .. ·­
tinn~ .Ift' ,lIhl"d ')J.!t-tht·r alit! lITI' ~"'l'In 'i1I1~ 
in r"du ... ·" illtll hI' fl'moh'-<'ontro\ lurn'! Y"-
,'m a~ iI ,illj,t!t· tll tal el)rn '!Ion, 

Halli .. tic ... Thl' 1",lIi.tll" ,'urn't,tinn ,'oml",n­
';It,·, t II' h, \\ lIld.wt' and jl'ra' ity (nn'p" that 
("W.',' a pro '" Ill. 10 (It·, lat., frum .1 ,.1 raljlhl 
11Ilt' at I 'r "'''VillI! Ill' mlllZl .. of I lit' j.(1I1l . 

I'a rdlla . Th.· "aralia .'urn ... II,," ... mlr~n­
qll' f"r hi' "i"t,tOl'" aloll)! th,' IIIIlj,tiludlnal 
:"1,.. (It h., •• irp\an,' 1 •• '1\\""11 th' lurr·t amI 
tho ~ij.(ht thOit I,.. ... ,n r.,11t1l1! Ih., turn·l. 

I .t'ad !'r .. d ir l lOn. Th,' pr .. dl, I itlll curre. tion 
,orupt·n a f' lor hI til .tfll t 1 ht' ann.' tr:i\ ­
.1.lronlllll·lIm, 1.·,,1''' "!II, 1t.1"· 'I,,!o:un 
1111,1 I' - I'll.., 11, lar~·.1 

Basic Operation 

\1 • 1 I. t' , .. , t. at) It l t 

\ r r"f1 p.-ra Ir 
.11 I • I~:! ~, 

1 111.\ "I ttl 

" Ii .', I 01' I" ,I '1/1 It) ~7; ph 

HI" '-11 '" \.1111 ,.,rol· 

ESH to 

RESTRICTED 

Ope-ra t ing Limits . Thl' cnml'ult'r i '<I., ij.(n •. r/ 
tfl I'pt'rate cnntinuou~ly in any 1II1,'rnal am­
bit-nl rio lOll I mllC'ralul'e from 67 (' (~(l F) 
ttl ,3 C (11111 F) _ or fulhnll tl' mperalun' 
frum :J (. (\00 F) tn Iii C (II FI. at 

an) altitude'" -I",'en ','a 11".1 and 111.110" 1'., .. 1. 
Th!' computf'1' rna) h" "p"rall'" at hll!h,'r It'm 
I',-ralur,·" fnr <hort I"'rh,d" fir tim., 

Th, "omllllll'r "ill 1IllI'ral., 10 an, ~'llll " I 

mulh Jl<l~lljtln :llld I.t·I\" ',·II· j d'·~'I.,. ~UII 
t'lp"alitln Jl"~lti,,", 

Tht, llIaximum , ........ , 11,," 110.11. '" I •• 11111' 

dll('('d II .{\, ... ·11 "iyh I :11101 l."UIl ".11'1'1' "1111,11. " 

a:l mils (l~lt"').'I't, ) 111,17.111111111",.,1.'\11 110>' 

Th" '2i ,·olt. 11" UI''''' '011:11."" 111;1\ '.11'\ 

ffllm:!G 1 lo:!. !1, .. lt . ' Inclll t' II ~. '''I. 11111 

' ·.I..J,' '''I'pl) ".,hajl., nt,t\ \'11" Ir,ml 11111 t., 
I:~II 'oll~ 

I.imih (I f \ n·u r:H' \ . \( 7," 1" 01"1."1',· .. , J!; III 
"'. 'at 11111. "II 'all( 1'111'1'., I lUll' ,'1'1 \\ I hilI 

Operotion 

Tit" guns an'. Ill'n'fon'. alt, .1\" ill .' '" t 
ali~'nnl'nt WI h Ih, ' "Il."blllll! !.IIIOI1, tIlol HII 
,'orr" lun 111""1 II,·, Ilm.tI, of 11\ lilt· j.(1I111l. r 
Th., sil!hl "r :l1I1t·1111 •• IlII1 I" :l1It,,'.1 .• 1 Ie 
.' I illl.ltl'tlp" tt 10/1 ,1111 h I h, J.:'llIl1h r I" It'" . 
frtllll ,·x,.. rOt 11,'1'. \\ III • "u" III I"IIJI III, III 
In!,., III tal'~1'! 

Computing Remote Control 

1, . In ,. : li,lo' •. flttlt. l"tI' , j,J .... tt 111 I" 

"'Inul t' i1 hp nt'fj, UflII.U 111,.... .... \ ... 1,1111 III til 

fI't III II '.1111' ((JIlII' I t , h .• II., ,·ff •• I "II! h. 
1 '11 d~ .lIul II, 

•• ( \\(1 d.'r' 
lOll 

\ 1f""1 inl{ Llcf"r ... 

RESHIICHO 
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f '9ur~ 2 106 No Pr~dic1ion Co,,~c',on R~quir~ 

1 ',;, I t ... t\',·ltnr- frll'n t"" 1!',II1 lu tlu' lar~\'l, 
II I~ I h. II I. lin ' " llllll tha t a hUllt . ) rII, k,. 
"t., II I ,',hunt ,,1.",111 01 a Ih II1I!' Inn!. 
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TARCH 
Of 811 IEl 

SECO D PO!>ITION 
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!'I'n.,.'II .. n, b"th lit, pt'ClJt'llll. ",,11111 t.II~" 
t',I,,'1 '" h" 01"'11111' pOI.t <I.rilW II. 1111 • 
.. r IIWhlt.l th, prr .•• • It 

Inpul, RI"lu,nod II "101,)' n ••• 1 11..10 tI .. 
Jl'l'cllf lonl'/trll' ,flt.llp\unl,tJlt'l 'Ull uf. .. 

t.lill II. full I IIII!' I'll "mali"n' 

po Illfl, :'1 ',II·m.'nl .. r til" wht .i f "'r I It.· rWI: 'r j 

I'rt,!<~"l. \\ h ld1 r,,/uin' all IIld" ,,'I.m of ! h. 
Illial IS!tll pll.qtl;U, autllt 11lt41~tln of It", 

fTWI,ll11 lit .I'.n fruCII hdt po JUolI, 

Tltt .11l1 i nl! l 'urr t',' llltn ... \1 1. •• 1t I, I It I 
1.1 • tlU" I rtdh 1011 t, 111tt II", ", •• utd. d tl .. 
) (II t I II' l. PI (,if .l 1I)!)t tut.tl l(ltlll I'll 
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Th,'~1' \' rti,',11 and lall ral <1":1,, iun, an' 
IIWa un,1 in \11 I'lan,,~, a ","ti 'al plall\' 
hr.llwh th. )!un hilI', and a lal<'ml plalll' \\ hkh 
"lItal!l~ h,' )!un 1111(' and wlul'h i ' I~rrwnd,l" 

ul;.r ) h, \,'rtl(al pl,.n 'lhrou),"h th,'gun hnt, 

From th., pn'n'(I1I1~ di~('u, ~i"n is :Cl'n th"t 
all balli, II,' and parallax ,'Hn'dlUn" a re ,:al­
,'ula .'t!:I' \ ,'rlt,'al and 1:11 'ral <It' fI ,,.:liuns from 
I hI' ',d lIal )run posil ion to th" future t a rg"t 
p .. s,lIlIn, \, hIlt, 1,'acll1rl',lidiun i" cakulatt'd a,' 
\'f'rt ital and latf'ral ,1t-1 1"rt ion~ fmm thl! p rl':<­
,'nl lin., IIi ",i)rhl If' Ihe flllu r!' tar)! .. l po"ition, 
Th" IInly 1",:"il.l,' l'flrrt'l'lin)! ml)" m,' n t" of 
th,' ).(1111, h,,,\t VI'r, an' in plt'\ a iOI1 IIl1d 

azin 11th Thi: m'('! "ltal",,'unnr:<inn Iwt\\(' '11 
th",,' \\0 s..t: flf \,'1'11(',11 and latcral d,'I1",'­
t Ifill ,lIwl " and I h., art lIal .... rt't'd 11111 :In.,:it'': 
thl=",. I"" ht· 'une i,lrt nf th" ftxi ('ol)\t-rtf'r anti 
Iii. ., al"'urn,' IOn 1I1l1t. 

Sour('e flf ( 'ompui e r Inputs, All input" to 
110., "lImplII.'r an :<ul']lII.,o\ from th,' follow lilY 
,"lIn'(", 

TIlt' allitu<l. -allll ' /lir'I"','<I haml" I "uppltt' 
a 'i)rnal prllp"r ill/l,d t., I h., \\ illcla)! • cIT. "t 0>11 
Ih .. prOJt'l'lil', 

Th,' Sl'lsyn nll1lrlll (,In-Ult t •• th(' c'omput l'r 
suppli,'s sivht <'If'\ aticm, "i)!h t -azImut h . gun­
('I, '\'ati(ln, alld Kun-azimuth pil~iti(ln !nd l,'Q· 
tiun~, 

Th,' radar ~I'I sU]t]llif'~ ran)!t' infurmatilln 
fnr th(, tail sy"h m, (lilly, 

Th., r !'lllll'dllr ~IKht lin till ~ightinj.( stat llln 
sU]lplil's rall~l' IIlfur mati"n fo r all tu rrt'l~ 
tl t hl' r than tht' tall turn't, 

A l!yro~c(l]Jt.', \\ hit-I! IS mOllnt.,(\ on the an· 
lenna ass,'mhl~ (radar) IIr till' "ightlllf{ ~ t a­

lilln, "UP1111I's I a.lmt,)r matilln, Tit.· Kyrollcollt' 
m"asun',' th,' :1I1)!ular !llu\t'mcI11 (If t he Irack. 
illK aXIS 1/1 tht' \'l'rtlt'al and latl'ral pl,lI1t's <lur 
Ill)! :t tlm,'·of.llight inlt'r\':!!. 

Thl' L'lIml'lll.'r II '"If, "Itu l,tt., the Kravlty 
,'orr. '<'I JUII, ThIS I" ,Idol. 01 til I hI' '.allp,lil' and 
paralla ,nrrt"liun, anI! I" th,'I'at! I'rL'(IIl'­

Ii. /I, to ).(1\ , Ill., lilt tI , ','1 ru jioll null'ut whl( h 
I- 1"''llllrt,,1 10\ I,·)! In turn'! III lin I. r that Its 

II '11 t! II., III It" ar~ol 
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CHAPTER 3-GYRO PRINCIPLES, 
THEORY OF BOMBING 

SECTION I-GYRO PRINCIPLE - PHENOMENA OF 
THE GYROSCOPE 

1. GENERAL 

a, i., "ltl( h pa<,.·~ I hi uIWh II". nlt'r ClI Jrr,l\ 

Ily, anti it I n 1l1"'llIt.,.I Ih, I It I~ 1' .. ,., tt> 1'11'/1 
or tIl III Itn) dll ','uun Ihulll I III ("'II ...... r 
)(ra\'l \' anti \\ III rnulIIl,tin It,. P1l1 ,I I III I h., 
>111m,· dlrt',tioll unit" ",'nt, lint ItI, I .. n.' Is 
appllt'd to It (-I'" FI~llll :1 I) 

2 , CHARACTERISTICS OF THE 
GYROSCOPE 

Rigidity 

()nt~ 01 tl., l'\ II' 'f ')', '\\0 Pi I~d l h" H 

tt l llS.11t IS )."'\ 1" t Ill'hO lilt t til PI II tlilt 
l~\ro ... (up" IIl1rtl;t. til I Wit!' \ '1) I I I II 

I... ()t1H'1I1U,·!'; klln\\ II I I tit •• wi, 'It, p[ :11)\ 

nlt.ltul r hl.h 10 llli t I \t' t pLult ul I"L, 

tUHl IO'lr I{ dl ph. t 111.1,1' \\J t II i'I." nlf,tl' II 

__ til k,.,!, nil ... 1111., ,1", "\1111,11. h III ., 

~II,II'hllrl" II 111lth 11I11·.d,'1I I.adlll 11'1'1111' 

f ....... • I.). h,IIIV" (h,.1 1.11. 
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Figure 3 2 . Characteristics 01 a Gyroscope 

('e~~,oll I~ II hI' "quatnr. Tlll' r l', in four min­
IJtp~ l.t !!yro \\,ll ill pan'ntly pn'n"~ l i .4S mib 
Th., amullnt IIf aprar.'nl pn ... ·t·,~iun II 'c r t'a"" 
1\: thl' ~\ r., i. mo\'t'd to\\ ani tht' north or 
"outh P<J'"", \\ hl'rt, appan'nl prel't'~sif)n i ... 
zero. It l"<lnl)1' cll·terminl'll. in n1l1. . lh .. amount 
or al'part'n rrf't'(' ',ion hat 1:l k t·~ " lac tn fnur 
minuh" in an,\' latttutl.,. hy II.-in j.! th, •· .. ua-
inn; 17,15 x rn, jill' or the latiludl'. Appan·n 

F'g",e 3 3 Appo renl Precession . 

'CTED 

1igure 3 ... Gyr05copic Pr ceSSIon 

Induced Precession 
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F'gu,,' 3 5 Hand Rule lor Pr",ceuion 
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:h.ll ht· 'tt 

lit" 111,111',1 

3. HAND RULE FOR PRECESSION 

ii, ""Ial,h"h .. d IIn-il I,'n "lid Ih"ll ["n', nil 111"­
,',,- IIJ1l \\ OIlJ.l t.,k .. pIal." ThlL a spinllill)! 
~\ ro!,,('ttJh tau htl nlft\ ecl in all'· din" i HI t ... 

.'a~lIy a, a j.!yrll ,tl r -1,111"\ id.,tl II ~ pin a I 

r'main" par"lI,'1 0 II, IIri)1'inal [,<>'Ilion if 
sl a,,' Th., 1/"\ r", Ih"l'.,rnrt', I'n'\'ld.'~ "tuIJllil~ 
t nl~ .:u!alll: t lppinc- It:-- :--1 In ... ,is. I I al ... ., ar­
I"r.'nl hal a "Plllntill/" 1/"\ r .. ",', I'"~ ~an lo" Ib.~1 
I .. I nl\ ,cll' -laI1lIi7,at"'11 tlnl~ III plam" • nnillin­
II1V It- ,,,Ill aXIS, .,nd [lJr "'mpl ,t" ... t . ,.lli,ll-

1"11 In t" t'rV plan.. \\ 0 )1.' rO:"i('0l't:;..;. ha\ jn~ 
tlll' l r 'Pill ' ' ' I .. at ril/"ht all)!I .. , III ... adl .,ttwr, 
.,n' n"llIlrt,tl Thi ... is wh). as ,,1111 ... d isru"sul 
lal 'I, " .. h it It trlzon!al j.!~ r" lin th.· 'I alllhzl'r 
lin ) "lid a "'rt ~.d jl'TO I III I h. loIImltsll.dll 
111111) an r.'qull" ' ·oI ,,)!h ,· <"l'nlpl,·I ., "Ialtlhza-
11011 t.'III'''''lltI,I~, -lo'tn ,.t Ih., 1'4IllIlJ-ivht. 

SECTION II-THEORY OF BOMBING 

1. INTRODUCTION 

It .... t' :~ , • t" j'lIn, Iorh:h II., illt 

• 11' .1 • 

2 , THEORY OF BOMBING 

J R£STRiCTED 

, , 

~-
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figure 3 6 A.riol Artill.ry 

thorouj.t'h "!ud,' ,,( Iklntl'IL)..' I Lo'''1 " 1t.'\I, IN, 
"ill sh .. " what dala nll"t I",. t-l III ., tilt' -I.:ht. 

huw It i. ~t't Ill, allCl h,m tilt' .... mit I)!lil lI" • • 

it !(I ,.,1\ t' th,' 1",mllillM' )Irllhlt,nt I h .. h"nl"IIW 
prolol'm ha I"., I'hrl". lh., ,"111,_, I'roltll.m 
and tht' ranj.t" proul.,nt. \ '''lIr, ,. m.'alb hal h. 
h .. mlo mu"t Ira,,·1 ill th.· rJlCht din'" lOll, h .. 
h. to"ard ht· I '-I r)!, , Kall.:, m,'ans 11 .. ,1 II 
nlllS Lt" n'll·a, .. " th,' r"rr ... , "I"tan"" I",c'k 
fl "III I h .. arK .. I I'r fl\ .'r II 1'1, nlllr,. I.rohl,-m 
" fUld) 'IIn"l .. A I,onlh al";1\ ~ 11111 ' III I h' 011-
r~l:ti"n III ,\ hl'll tht' 10r"lan. I, h, ... It d al II ... 

nwmt'nl ,,( n'l .. a ". Th.n,flln·, tl.. "OI'lr-,' 
prub:,,", I ,,1\<·.) h~ pu IIII)! Ih.· .ill'l'l.,1lt "II 

th.· .. rn·d I.. atllrtM'. T,) I I .. " r t..r,d h., ralllil 
pr"I''''m, -on,," hlll~ II I-I I.. klWII II .,!,uut 
f..thn)1 It, ~II ~ 

3 . FORCES ACTING ON THE BOMB 

General 

f .. rward ",lodlY (If lilt' .,irplant· ,111<1 th., bomh 
r.'~:Jli,\1 !" th .. ai~ I" mil," tnll' lIirs l'" .. tI 
11 "\, ). (,nn 11,\ .. lid trill' air p, '0 ,Ir .. actllW 
(,n thl' b"m!. .d th., ,mt' ltnw lluI'in)! th" 

101 .. 1 I'lw",'1I n,l.'a "; .. 1" impa!'! tl1I' IWlnth ("I 
I"w" .1 r'" h 10, I" O'( 'n 1 hI' din .. t Inn 'If I h"st' I" 0 

r"r,·,· .. , TIII:< Imlt Is lall.'d a,hud Ilnw .. r fall 
I \ TF) 

Air Resistance 

I'hl tllII'd f"r,,' "tT .. rtllll/" tlll' I'omh III It" 

/11 't'l I" 0I1t \\ hll h ;It t" .I~aill I I h,' lir I I \I'll 
{'hi- I, I,,' " ;lIr n'~I_ .\/J, .•.. \\ III'" Iru., all' 
111 .,1 I- ,In\ilJ~ Ih.· 1"111110 ( .. rllard , Ih .. ;111' 

1111'" Il!h \ III h I I' I .. 11110 nl'I\,'_ I" /'I' 'I tllll.' 

tl .. - mil I .. n Tn .. lwl' \1' I'll . til' ,lfr 1111 Itt.s 
hl \" "Jo.'am.1 tit., 1011 11111. 'all" Ii)! I "tt)! I ... 
filII.! Ilh ;\11'1'1.11,0 'I h, <iI- am'" 1111 lit, )..'r"uJld 
rt-uhlll)! frtlm II 1',' I 1.1111 ... h"llIr\\ard 
1It,,1 jon .. I' 1111 1If'II1h I~ ,.,II.·d It. ,.il"11 .tI I,.,... 
In ' I t " .. in'll' \\a~. :& .. It ... i:-.t.Uht at ... a)..tHlu ... t 
I .. f"I'l' .. I' )..'1'.1 11\ nil, ""1 I til" I.'n,h Itl 
• t ,I I • Io"mb III 1111.!:1t 1"11~,.'r IJllrtll~ II, 

,. '1' •• llIll' r"'lIlIr.1I I",. h .. h .. t111o 01:011. () 

air) tar t' , •• n IfHh I,) nit \t l fur\\ald lit dl 

1.111 , "Ii tho )! , Hili 0'.1 \\hl' hilI< t1rplaJh 
fl,I\" "1111", It. ",1.,,'111, I \' ,,1\.,11, .1 
.1 ~ .. 

4 . BOMBING TERMINOLOGY 

Trail 
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airpl,lnl' abo\"<' th, tar~d. or th \t'rtkal dl~ 
.• nlt' whll'h thl' 1I0mh mu~t (IlL It i~ abo af. 

f,'<I .. d I,,' Iru, air"I'I· ... ! anct t",lmh hall! ti.­
Th,' nl't~al 11m of f, II ftlr ,at'h bombing alII· 
tuel .. , tru"llIr"I" "d . and yp o( h.,mll hll~ t'li 

d .. h-rmllll·t! 10\ Iru,l al tI rn r and I. jCin·n ill 
bomhmlC tahi .. ". ATt- inl'rl·a~ .. ;\ a" bombing 
altitudt' in('rea. ....... ; trut' ainoPHd int"rl'a . .s; 
balli"l ic ('Ol'lIicil'nl dl'Crl'a. ........ TraIl and Itrt ual 
tim.· of fall .Ir .. Ih,' tw" (ador~ \\ hit-h mu,.t tn· 
~"I in .1 th,' b"mh~llfht Th,': l'lualllm or fall 
i, ,.. mltl tht' ~, .... rll" homh"ijlht 11< a ,h,k 
"1't:.~1. but wh .. n 'nml' (llh .. r ",~ht" an' 'I" 'd, 
Ih at"tual tim .. "f fltll I .. "pt in fhrt'dly. Trail 
I, ~l t n II h,' 1"'mh,,ijCht "" a mIl \'alu . Th . 
tahl ... ~i\t' tht' .. orn ... · actual timt' of fall or 
h .. ,-nrr,·,·t di .. k .1"',·,1 Cur ,'a,'h I.,mllln~ alti· 
\1(1.,. Iru .. air,." .• '<1, and "1)(' of b,)n~h. ~iml' 

I"rh', th,' laltl,'~ ~1\" thl'" nt' 1 Irall''',r .. at I 
I",mhin~ alull"It'. In .. • air~p ... t't1. and I~ I ,f 
b"mlt Th,·r,'f"n,.I·,'fol"l I Ilt' .. i~h ,'an el .. nn~· 
Ihlnl-!. Ih,' h"mhlll~ alii uti.'. U'Ut air-Pt·l·tl, 
a III I ~ I'" of 10"0110 Ilht 10, In uralt'. \\'lwl! ,'or· 
rt~·t trail allll.1\ Wtlllllll·ot lall h.,\"I,· n \.h. 

-----.... -·-~,-=------------- -.... I .. 
TRUE A.IR SPEED AIR RESiSTANCE I ( 

") ~,J 
\ h : 

\ -..... 
\ TRAIL ---t.--:, , 

f'g"'" 3880mb Re/eaM alld T,ail 
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Actual Range 
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Figure 3 '0. Wilen Sigll'ing L Equals Drap ! 8amb is lIeleased 

all<' low:! uns :til .1Il)!lt Ihidl .·lIlolt'nd 
• dual I'HO)!", Ih,·r.·I,\ )'1('.' Ill)! tI •• , I roll " 

pCllnt it} ."1\ \. f"r t h.- "'0 J,- rt '~I"I 

Sighting Angle 

T,.ue Ve,.tical and Bombsight Vertical 

I' Lt, ";' '1" "I" . rr, .tIl, l\ 

I I. Ih.1 ,1111 I.rl .1 hilt ,I r.f",,"n· 

a IIIl(' \\ 1m h i. .·'<at I II I 'f!I('n,!J,'ular to I I t' 
¥l'llln.1 I f Ow lono.lt.-,vhl b nut ,,(wrlt,,·.1 ,·pr· 
r.-lIh,1 • hll' "fnf.rtnr.·it "t'I'Up\\lllnlll 
h. 'rll' \.'rlll'ai. 11.. ighli n )! an~I,' ancl Iht, 
dr"I'Il11 V llI1!!l. ·,r.' OI(-a'<ur.',j frllln th. ,,'rli 
('al rtl' n n '" lip I \ t 11.,10,,011, i)!h ," ht·' h, r 
till I I h. I rlJI ' • rl" ,tI .. r "0' ..... Fil'un' ,I III 

Range Angle 

II. n"l~'" "lIlll" I' Ih., .III!!I .. 1,,'1\\11'11 tI", 
I," "I .vltl .HIII lit., Irll., ,,-rl ll-:II. At till' III 

I,.n 01 n- . ,'",', I III anII'll' Il ifT.-r. f rllln I h., 
,ltul'I.IIl· ""vi., 11\ th,' lImount I lw \.'rlil'al 
rd.'r.'IIf'/· I ., II of th., ru,' \ I rl/l'al. 

Actual Range Angle 

(\1: ). 

11'1\.;" .. Ir In I,,· )!rllulld I h., al lual ranvt' 
<Ii HIli •• _ It I., h .. mhsll(hl ,tot:- up 10 a Irut' 
I,·rli .. ·" r .. l .. r.·n ... • and l Ilt' II< mhing Ilr obl"1II 
h, •. 1,...·1\ (In.pHI.\' ~"I\'('II, I h .. Il r. ppmll: IIlll{t.' 
I tilt' 'tII .... s Ih"lIdllal ranJ.!I' ItIIl(11' and al,,(, 
IJlolt'nd~ I .. it lIal r,. lljl" nf I ht' hilmi, 
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A'" r IN M'l!) 176 ~ 16~ " 

D~ rPI G ANGLE fAN [NI • 1000 AR IN MIL ~ \Allo l1f A ""1 IN fT 

F.gure 3 " Drapp.ng Angle Tangen' . 

Whole Range Angle 

'I'll. ",h .. :. rail ' •.• "vI, f \\ I{ L I 1 I ".ln~·1 ' 
"hil'll ~lIhl.'nd~ "h.d.· lang. It 1- mt'.I<un·,j 

from h,' trll,' "rtll,.1 ,of Ih, 111- an nl It' 

Il l tl,,· 

Trail Angle 

TIlt' all)!I.· II hI h NUt. 'J tis tl ail I • alit·" Ih., 

I l'lIli1n~I.' {r. , III hOIll '!lIIl, 1'.111 I ¥I\ III 

lIId U .. ,lIn h'nlh ul nllb 

Tangent Values of Angles 

1'1IH!.I,t 
IIPpll It., 1.1., 

Itdj.u ,'II ult-

Reading Angles From the Bombsight 

Th.· "arlll'IIL.r alljl 'nt \1 hldl r:tn t.{. ,.':111 

.111111],. h"'lIb 1~111-11,,1;Jllv,·nl .. III •• ',h .. 1' 

plliV .,n~.' 11',.11 I'I{'\'_ I 1'1 .. Ici. "~I 1'''.11. 
h,' .lr'·I'(>III~ ,til ·1., I lilt a. I lIall'lIlWt, anol 110., 
hit· H4 Ji.lI tilit U t h. til' 1-1'11l).1', ns:h- i l)lunhln .. " 

0111111.1., I I: \ I II IglIII '\ 111 11t.·1t 1 .. ", 

1, tu ,till 1 \\ .1\ 

(,," 1 ! 

\/{ 

IU , 

\I n fl 

H \ 

:-;111 •• I h.' lI:1il HIl.,I. I \ ""lpal1d 1\,11 III •• It. II 

I' 1\\. a_1I1'\ 01 III nlll r,tI till 111'111 III ,It'~'1 •.• ' 
\ 11111 I" till IIwl., \1 h. 1'1.111):' III I III III 1 .\ 11 

.tlW" "I :l IIlIb It. ,. t 111· .... 1 "I' II III1:l, an 
. lid., .. I' :1', 11111 h" "lIlllg. lit .. I 1I11:1~, (In. 
11111 Il,tl'lltl" a til Ltll ••• HI 1111' jll"IIII.1 "'111,,1 

tn 1 1,11t1t1,,1 Ih,' BA At 1 II HIlt B.\. 1 /lIil pI 
I nlll "lib" nil' 1 I I "" tilt' '1'''"l1d A I ~.lln() il , 
,1111111 "fll,1I1 Ilhl.nd 1114111 1'1 It I. I. II 

111111111 
I 1 'lit I' I 

1,114111 

1'111111111.1 H \ 
'1 1111 II I 

1,111111 
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F igll'~ J 12 Wlto'~ Rong~ So' ... ~d by 80m b,ig '" 'rom GS J{ ATF 

I I. " I " S, SOLUTION Of THE RANGE 
PROBLEM 

I . 
1.1 I • I .• ' \\ I: ! 

\\1. 
Headwinds and Tailwinds 

11 .. d.' 1;. II ~ •• J .1', I "'1 \ ani \'" II \, 

lSllllCTEO 
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TAilWIND CAUSES 

AN INCREASE 
IN ACTUAL RANGE 

/ , 

tf"OWI l> CAU~~~ 
.. Oft ["Sf 
A(TUA RANGf 

F;gu,.3- 13 Solll' ;on of ,,,. Rong~ Proble m 

allol.llr n·"i.·lan,'", tllt,ft· i a fourth f"r,'e tid 
inl!" 011 th{· homb III It" t1i~hl allol alfl'l'illlj.! it>; 
tr"J"dury. Thi~ is Ih" .!'/'I·cI t f th,' Willol, (\>11. 

'Id,'r lir't th,' ,.impl.· I \\lnd "t>nolillllll ; 1111[­
winol:llntllwaliwind" (,h"liI tthlll'I"".,I .. ,. 
ahout a 11"1111\\ IIlII .. r tail\\ Illd I Ih •• t II tI, I)' 
lIf1t lHf,'d 'h,' Iru,' air IlI'ltl of 11l' .lIrl'\;'I'" 
,'inn' tJ .111 ,1.'1'<"11<1 11111\ "" t rll.' ;o.r"I'" ,I, 
IW'!lIt.,"~ ultillld,', :1!I.1 'I'" "I 1."011.. n. Ill"., 
;0 hl'ad\\ inti nllr II lall\"'1I1 11:1 IHI\ ,'II" I "II 

t h.· amllunt of Irall (; I'll II lid. ""',1 i.' h,· f,1I II" 
\\ h"'h i, IIIT"d,'" b ' II h. a 1\\ lilt "I' a 1.11(-., illll 

,I. Ih,' h"IlI!. 
nlUs hI' tlr .. pl"·oI al II ~'n "I,', .II htl"', frunt 
Ihl' t.tr'd III Ilrdl'r I,) 1111 I , -I II III1·an ... Ihal 
Ihl' dr"I'I'Il~ IIl1ld,' mu. t I,,· KILtl,·,', \\'111'11 
ther,' i· a Ini/wlIl!l hI' h"lIlh;ll~hl ~ .. t~ up :1 
drllpJlinK IInK!t· \\ Ith a lar)("'r t.II1)("'IIt. " -ht'll 
Ihl' air"lall,' lh s oIirl'\'tly 1111" /I "a"winol, all 

h,· .... ,~ 1"\ :--ult .... al. rto\ t.' .... , (1 r.H~),!'l dllUII-"llt .. ,.d 
I" I"", .tnol I It,· a'" 11011 ',Inlo.', I~ ,mall.", Th., 
I"'"lh Id,llh.".I"I· .1 III',' mali"rlan)'""lIt 
"I Ill' tI"'pl 1110.' It 1I~1o 

Crosswinds 

\\h,· '1:. \ ,.1 ,(In. Ir.1t :on\·,I1 .. ,<\, .. " 
,. 'I'I I, "Ill 01, , .. I,,/., ,,,IIII'd,,., I" ''''hlltol I I .. 

r .. '1l~1 ! ).' .. ~ 1.1 .1 , lit tat" 
I~t I Is 11\' I I h,· ~1'''11I1t1 t' I tlo • "III' .. I \ It. II III. II 
I" t(l., "" d Ih. ,.sI", , .. ,lis fll. 111'1'111111111" 

II,' \\111<1 11111 I h. 1',111 II,,· •• lIpl, .. II "I' 
",,,01 .lltli,"'lIh 1"''''''1'''11 10 1 •. 1 11I"dr,','1 
ol,hlll II., ,III~'I, "I n .. 01 1.,1\\''''" tn" III ad 
In .... III" III'" """1'-•• ".sll,,1 II .. ,hIlt :t'wl .. 
\ I I h.· 11111'""111 •• 1 ".1.'., '. t, III 1111 I II'" ,'< 

,11'1\ 1I1~ hlltl th"11II pi 1/11' "nol Ih.·I'"IIIII III till" 
0111".111111 .. 1 h" ... h,w IlIln""h,,1t'h un .. d,'.,o,. 
atl 1t'~1 t.tflq' 11'·).~11t I" tt·tlun' th· tllrv •• uci 

\dl~ H\ lit th, "'"I11t Ih." Il/o!ith • h"\\\'\,'r. 

""" I IllU,' ttl ,11'1\" Ih,' ,1111'1.111' 1111'\IartJ al II., 
:aO'f' (rup :l1r,'""Jh ".1 a Itt hu"t1, n·l. a t' 'rb,' 
"l't'"tI of t h,' \\ 11101 ,',.11 ,'s 11,,1 h arrplHlIt' allol 

"l1mh til dnft till' "an", tll"tan't' ;1\\1\\' frullI 
th, I tll·lwlllhnj.!' Th,·r,·(IO"·, I h., 10"1111> al\\'l1\ 
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lav .. !.,'hlnd lit, ,tirl'lallt' in ~Ilt' lin"lIf ht>illlin)!'. 
nil' I.IImlo II ill tril. .. th,' grlluncl b.hind tht> 
:url'l:lO". :1I"nl! I h,' 1"IIj!i u,linal a xi: uf Ih" 
,lIr"lan,', :1I1t1 d" \II t:tftl "I' 11'11. 'I) Ir ", .','. 
r IVUro' ,I-I I 

Crosstroil 
If th .. ,lIrl'lall' rtlad,' I!,",.I a I nit' ,'(lIH" 

\\ hl"h w .. lIltl pa"" .lil'.,,· Iy "HI' Ih.· tar)!,l'l (a 
,'"lIislnn ,,,ur, d, Ih.· I.lln b "uultl .. rik, th .. 
vrlluntl down\\ ind .. l he tarjlt't, J'ht' .lIrpl<lllt' 
mil' , th., ..... flln'. 11I"!."l!tlot! II Ir.,,· ('tlUrs,' IIP­
\\ ind IIf tilt' tarj!t't. Tilt· tli"tan ... · Io"t" ,"'n till' 
tru .. ,'0111' ... " .. I' th, airpl .. n.· ami till' ('olhsinn 
"our",·.,. calft.tI • I ..... stratl 1('1'1. ('ro:;"Ir:1I1 I,., 

nwaHlr .. ! frllm Ih"IH,iot IIf impa ,t 10 th,· 11'11" 

'"lIr<.' Th,' I",mlo,ij!h aUlomal lI'all~ nW<I,., -
11r,' ('rn"" 1':111 ( "", ... 1 rail tI,·p.o."- lin Irail an.1 
.Inf, '1' .. m,,!..· lIs ",IOll'lIlalllln. lit .. Iollmlo ... ij!hl 
\I '.'s "hat j" .'all. tI tll1' tn.' til lilt' tlnfl anj!I.· 
!'lit' 'lilt' lit all all)!,I., ill a rwht Il'Ian)!,Io' h tI ... 
Slla' of Ih. drifl anJ.d,', Th" ,illt' tlf all an)!,h' III 

a rtJl111 Irianvl .. j" h,' lIumill'r r,'slIltinj! II h." 
lit' "JlP" It" Sid, i, ,1t\'itl.,,J b,' till' hYIl"ll'l1IlS. 

Th,· '1.1., "I'I~' it, h., ,h'ill all)!''' I" I Ill' 1'1'11 ,­

'1"\11. I .. \\ 1'" tlllI 't' I' tl", Ir:1I1 II 'II' t' tilt' 
I' lh,' cr"",ll<lll 111\ "h'd 

, 

".n J 

"gur~ J 14 Inlluence 0/ e,o "",,,"a on 
Bomb' ''9 

I. 

RCCT 

• <'our" tiC th,' :llrl'lanl', 
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Figure J '5 Bombi"g Stolionory ond Moving Targels , 
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f igu re 3 16. Bombin" a Maneuvering Tar"et . 

-1.·.·,lof h .. tllrll .• \ \ 1,,'11 :10 alr"lan .. Inl\ d· 
II'" ill )..'rolull.I.!· '('d "I 1;;0 nlllt·, ""r h.,U'· ,,, 
o\l'rlll lIil( a train rt'lr .. allll)..' al ;;11 mil .. , "l'r 
t,"lIr. tht III rpm II .. " arluaH \ 1'1" 111).' '' Itlt th .. 
I ralll 011 Ii ~11t ... d IIf 11111 nil,'" I' r hOllr TIll' 
I."m"";: 11 .... 1\ " r", II", 1',· .. ,1 ,,' do.; n .It 

d ,nil: II" th., tirnplJlnllltllll:l .. Wh .. n thl' lraill 
HPl'rll,1l •. , h,' lurpl;I/l" t I' -Ill' t! .. ( 1"i"'''lre 
" ~,I(' nlil. - \,"1 h. ur alld I un- 'I(IlI'nt I~ I he 
III "1'1""): 11Il;:1. b I,"'j!"r :-..'. FI;:lIr·:1 1:>, If 
I.., Iram m."." In II "lr.ll/.!hl hilt· ."TII. ~ the 

I r;" Ii , t till' ,Ilrplll' e. Ih.· bomt.. hdll handl,' 
he -\111:1111111 JU"I <I- II Ih.· larvl'l llIoH·mt·nl 

'\I n .trill nlll-• .t 10\ a <,ro", \\1I1t!. In f,,,·t, 111 

_, II lilY "l' I h.· ('.1\11 " tth'n" '"' d,lf .'rt·", t' 

1\\.·.·,. I h'fl ,Irifl and all;1. \1011 tar;:. I ,,,lion 
I" t1. rwh In '" II' \iI-I', Ih.· •• 'q lanl' OIU. t 
I •• ,nllll"1 to hi' 1'1;:1.1 .lIld .1 ... ,ur.I' d up 10 
n;:1 t 01 ,1I·g.'1 It I I. •. lar)..'.·! I" m"\'Inv .11· 
.1\.'1I1I:11h ,it I , ... , t, ,uor I ant) ;tl ttH un~ 

lIlll •••• r I \\11 d I- '', \lng, It \\Ulllcll,,· \"'~ 
I a,clt. cI !. rllIli. Ih. 1'00d "r d. 11''1' ma Ill'. 
11,.111 ••• h I'll IHI 11 WI! fillt. malll'ally (II",,, 

h. ,"I I II I II IIr t' I 1111 

RESTRICTED 

SECTION III - SYNCHRONOUS METHOD OF BOMBING 

1. NORDEN BOMBSIGHT 

Th. :\'" .It'll ur " .', I h' ')Ollllt 

2, SIGHTHEAD 

Figure 3 11 M·Serie~ Somb"gh, 
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Function 

Th, ,\.11, he, d' prllllll'.11 flln, 10 n. ,,," In)! 
(, 'r r"n/(\'. I, 1.lr!'ll'd 1)11 t.) I fI'" matn part, 

Th l' rate end . \\ hidl nm111l1ll'" lh,' ,-,all n· 
',:t, \""1 for th .. I,. mh, 

T he nplica l"",tl'm. hrllll!!h whidl th., lar­
VI't l:-- .h:-ot·r\ t: i 

Th e ' l'rlit'a l f.t ,\TO , .dllt h "tahlltzl.''' 1111' 
01' iI'S " hat mil and pildl IIf th .. airl'lal1l' 
\\ 1\1 ']11 0111",· h,' Irll' col ,i!!ht frllm tar)!"!. 

Solving the Range Problem 

TI, 1'.11. ,-lid 'OO-h'lll" tilt' .. ,,11I1''' (If ATF. 
j!rflulld p. ('(I .• 111,1 Irail til 1'11011'11 " the cl r "1> 
pIn!! :\C1~h', Frorn tht' bOl1lbing labl~::- a r c "to 
larn.·" H., .ahh'~ of ATF and Inlll whkh aTl' 

,o·t ill () I h,· ,igh!. Tlwn I!rt'lInol"I"'1 d rt'maln' 
tl •• • .. nh lIlhlJ<)\1 n fal' "r, Tt.. ratl' I..IH'\' i" u, ,.t! 
l In ht rat t l Illul H oh. fur ... 

0111"'" an atlditi"nal.lblann' on thE' lIi"l', Thi.; 
additional eli.;tann' i.' proportional Itl adual 
lall).'I.', Th ... di, tan", !"n,m thl' l'E'IIt-'r of tlw 
di l' II. , hI' roll .. r 1:- t hpII "!,(ll~'rti (, r al I, wilolt­
r"I1).'.- ;lntl tllP rolkr'" 'Ilt',"tl "I' rulill ion i pro­
lJ<lftional II VTounel'l)/'1'11. 

At Ih,· 'i,m,· tm1o' that th., ratt' knot. p .. :-i­
t i(lll~ th,' rllll,'r lin th.· ,Ii,\;. il p.,,,itillll" till' 
drllp"in).' an!!I,' Index on I h,' tan).'t-'n t st:.tlt', 
Ihu.- .;..ttln)! up th., ,'flrr", t dn'ppinj! a n)!,l .. 

Th,' r"II"r ell'I'" j" Irall.;mittt-'cI to a mirror 
\\ 1tll'It n'tlt fh t h" im,,/(,' of IIII' a r!!,'t int,. til,' 
H,It,,,,,,,, .. fhl' mirrllr is hllll!,'!1 in ,,",· It a man­
III r hal lilt' rolll'!' clri. (. dlan)!,I" t hi' an!!l, ,.1' 
!'t'th'" jon;1 tI I' '<1rl'l:lI'I· :ll'prml\'h,.. he 
t.i "J!'l~ • 

Thl 'IJ.!JlliCl~ an)!t. a an~·I1I .. Ill .. nll' .-h"lllI 
I,~ t tit' ,i)!lilln!!-.IIl)!I, mol., '1'1 t' lIllit' I an II,· 

"'11 on 1 lit d.'I!f(-,' ,,'a It III t h., 1I1.t.- \\ inti .. \, 

\\ Ill'n 1111 ,'Ight III)! angl,· Inti" i« ""<:I, I h 
"1'1""11<' 1111- dr"\lpllI)!-alll"1t 111<1"" Ih" ';I).'hl 
alltoll1a 1\ :tIt. I ,·I,'a-.', th .. 1~llIIh If th, r"ll'a" .. 
It·. l'r I III' n" n ",'.' hn', 1,\ I'" ot n It'a" 
l""'rs (I," kl~ t,. I", Ill'ld Ill' mallll<lll,' .\ n 
,.lh.'1 III, - In hl·n, - 1""1111>11 \I h"11 rals,-d alld 
h,. tll I,,· I- .I,'a,,·d aftl r lilt, 1,,'mt. " n·I.'aso,,1 
rh, Ihird. 1 .. .-\" III th.· (J , 1""1 1"11 and I. 

1 .. <1'" It- o·11 :tut,,1I1.llhalh allt'l til' homh Is 
)'(,I ... t,,·.1 

Brl'~n \ IH brofl lzI TI).! , hU\\t ,tit". tlu' lICIt [It 

lJ.:ht rull t I .. . nlad, un til tarll" Till" I III lit 

'1.11.",.\1), If at hwh"1 nl I ,,,1,-,. I I" ,.11' It 
1i1l .. 1. Is 11,.,.1 "hi II gh.·, 1';'1,,,1 t il "I.tn'nlll 

lIf II" tnt .-rur < r 'w l 'ltlj! .mglt, lrllll1 ,II <\. 
vr. . "II d"l'r'-I \ ' h.,n tho targ ... I I'll' \'" d 
Iptt-. milf'l'l dn\( • luI, II,s "II!!:!j.!,'1I IlIl'OIl 

nl( 'I" dll\,·,,1 till r"II'1 t"tlll mitrllr. 

\ 1 I"".,), ahllml.' • -."1l'1I mon' t han ,II ,It . 
f .. nl ani \I.-illtl i. CI, ,·.It·d t h, ,. 1.'n.1t tI 
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CHAPTER 4-SIGHT A-IB (GUN-BOMB 
ROCKET) 

SECTION I- DESCRIPTION (GENERAL) 

1. LIST OF COMPONENTS 

Till' ,j,'I, ,.'1 

(Fil! In I \1. 
Iu .luuf.lt 
t h' or,. 

I ,I" I 1\ \. "I! 111111 • 

t 1111 11I'd III I. 

2 . GENERAL DESCRIPTION 

Purpose 

1'1" \ IH 

J tt'.lnnJ,." ( Ill 

~11J1t 111111''', III lin Oil' 1.11'1101 

\\ Iu'nllar. "lrali-IIj.!'·,lltJ'"1 \''1"1'"11'''''-''' 

"" t" I d III.hlthh II" ,lIl,,!."I' 11'1'1 I I. 
•• IHI-I t""1 tl.'111 \111\ lr 11 ,,1"1'" ' lIlt ,It. I 
1""ll1h •• I ... ~ h, · I \\.11 III!..· lilt I II ',1 III 

tht \.t ,I ut ,"'until, 41t rUt ",Ullf. tl.U h Il~' 

Ilnuld ltlll Ulth ' fllt Iput lit tht .,,,nd al \1 

II iiIi'll till' 1,,111' 111.1\ .I.", II I. hI II,' \\ ,I, t 
HlIlIll Ii 1\\. ,,,' tu.n IH 1.1 •• I l.lllIIII Il.t1l 

Ih-J,. II, "", 111\\1111111, •• 1'1'1.111, 1 •• UIt. Iii, 

II n" 1 , ... n ,u, dl' lll" ~1111 

\ . 

(.111 ', t h., t,l, \.tt 1 III ,IIIP,'III1,'111. I til,· rut,.1 11111 

.. t I h, IlIq,I.III •• 01 .. 111 II .. (·It,.11 11111.1 I t1f 1111 

n·111 \'Ill "\" •. 01"'11.1 I I \"1'1" IIdlt 111", 
I It,· ,,1a'1I' "I "\ 'lin" 1, •• ,1 t I,· :111",,1.111 I It,· 
IIlh.'I".lli, .k,holl' II I I I IIl1ullal '''1111"'1. lIt. 
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tll'xihlt' ('It'Ctncal ,'ahl('s, I'Xl't'pt fur the ('om­
pn"'r ancl h(' loumh tarKI't wind unit, which 
ar"""n n .. cI.'t! h~ a IIni\('r<al jllmt ,'haft. ('on­
"''1II1'ntl\' the 1(l(atiHn of th,' ,'"mponent , ... 
0"'1'1 rur thl' h\" m( ntiun,'d, nl'o',1 nI)l hI' II _ 
','rmm,'t! h,' Iht' fundtunal nlatJonship bl'­
tWlen Ih,'~, The ~ll!hl h .. at! anti o,.,mputl'r, 
how ('wr, mu , t b.' installed in profJ('r r .. la­
tinnship tn the airplan(', The eight head pro­
Jects th reticle imal!t' nn an opticall~ tlat "c,'­
tum (If the pilut',. wind, hit'lcI , Thl' ('(>nlpu({'r 
conI am,' tht' two gyro" whkh pro\'i,I" th .. ref­
I'rt'n,'1' for cakulatinn of th(' "redictiull allgle, 

Figure 4 4 f'evat ion A .. ltmb'y , Gyro R.mov.d 

('umpull'r, II,', "rl.J'i It'r (Fil!'lIn',. -1-2 and 
I ;\) 1'''111.1111'' tilt' pnlldl'al nwd'allH'al ""m­
pun,'nt .. wh"'h ... 'm"I1I,· Ih.· I'rt'.\Jdhln anlorl, . 
• 'r Ih,' thrl' IUllo·\u,n. tlf Ihp ~il!:hl hmnlin', 

hUll I 

I Ii, \\1 I I t ".ral,',1 
pl. I",rf ('''II~ ,.nd ,II matllr' • Th.· ~'\ I'll i, ,'oli-

ESTRICTED 
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F'gur. 4 5 Sup.r.'"vation Au.mb'y 
/8ombing A".'.rome'It,) 

I .. l ft I "t hi" dTlltl "1. for. 'HI)'h kilt .tlll , 

1111' -hatl It~ IIIt'an'''/ 1I f.,tli ,11'111 I h. 11 

F;gur. 4 6 f'.vation Gyro 

:11 1.1I1I'.ral" ... • Th,· 1I1,.I,I,\.tl1'" ,b 

,-011.1\ I' I.nu\\l1 ,'~ II,· 'I "n IlllJ.!'.1 ,.1, r III 

I' I r" ,." all 0' II I ", d U/l1\ \\ ho r. I h. -IJ.!" \ 

1 ill till' 1"'1111.1111' IUlh I'll', II • oil I' 1'IIIlli 

p.dl of a \\'I~·ltI. 1.·\,,1' •• rlll. ,1111 , III I""" 
rnalh 1",11(1\\ ',TI .. ,"tllpu\"r hUll Ill)' .tI." ""11 

talll 1\\" 1t,';,I ,'/' ,"III a 111111"'l'at .. 1\ .11111'01 

u )!rt\ t·, n It In I't II.tl t"1l1t"'."at un'. 

"111 \ "It.tl!' 
l IItllll IInlt 

I''''''p II' ,/Jill Il'w,,.. 1'1' 1\1" 
~(It(! 11. r;..', t 011111 \ l ttl,· {I)flll""fl \\Itt _"I 
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1'1101', Ill'll! lit I 1~lol1 .Lntl II il hl/I I'II~\ ~.rnt·~ 
'hilt.. vr I I. I'rll\ld",1 lith 111"'[111"1_ all.1 
",,"frol IhLlhmll.-tlll .. dJII.t.dprifll 001,,1_ 
:~tJnn 

Th. prin, I pal 1',1n1f"1I "lit ,'''IlI..lIlI.1 III lh. 
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Fig II'., 4 10 f,.,,,allon Mota, Au.,mbly 
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mirror in a z,'rn-pn,dkti"l1 pl1sitwn, The Il'l ,'r 
ab" al tUM .. " ,," Itch",. whkh n mO't Ol,,'r­
a inl! PO\\ t'r CW01 t II .. ~ild1t ami prol id" a 
rdid .. ('Ird,' imav" of IIxl'd d,amt'It'r, 

Ran~e Dial (F'j{lIrt, ,1- ) rh" lial n'( onl 
thl' t .. \r~t'I ranv .. III huntin',ls (If fl'(' iI.' dl'­

"'rmint'd by the ran~lOj( Ul",'IIIt>., f,'OO1 ('nlH'r 
radar or manual ran!! .. data. 

Rt'('l'ptadl' PHil (F'j.!ur,' 1-!l1. lyllt' A~-
3102-PR-2 -16P.l'unlw,'ts Ih.· .. ivht h"all \\IIh 
an l'lectrical ,'ahl.' I.'adln!! to Jon .. " SII('k .. t 
.:U on lhl' Amplilil'r. I I'IIrrip" mirrur 11I('k­
uff (>xcitalion and ij!l1al \,,1 aj.(l''', ttlnlUl' 
mutor ('urrent. and a 2 -\'I,1t ~in'ull l'()ntrnll,'d 
by thl' "(·ave-ulll'aj.(('" 1('ll'r swit 'h, 

R"I'l'ptarl,' .12111 (Fi~ur' I-til, In'' A,', 
:!1fl2-PR-22-1·Il',l'Unlll,.·ts the eight h,'ad "'Ih 
an 11:'('tricallahl .. It'alhn!!, t .. ,llIIlI'.· "lo'k"t :-;:11:; 
on the amlllilil'r, It ("Irr"',, ranj{" data 1111.1 
l'nl'r!!,izlOg ellrn'nl fllr th,' "ulh~ \\ hi. h I ril-
1 .. 1 n'ti('I, Imaj.(p Illurmnalions, 

Amplifier 
Thl' amplili," (Flj{un' 4- I:~) ,'oIHHill'" th. 

lit dr .. nk ('II01I""len .. III I h .. "wht. th., ,lIr 
tI,'n,.,t)' unn (" Ij.!ur., " II) an.1 -IX rday,. I 
Is ... ho<·k-m"ulI ("I, prul .. dl'ti bl' an "a, Ilr n' 
1111,1';\1.1" 1"11\ ",', and ,'om",., "ti til" ,'r UllIl" 
III 1\\, h. "I." tll<lil <llltl" .. and h, <Ia IC PT!' -

Fig",e 4 12 Ronge Cone Dri"e Assembly 
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Figu,e 4 14 Densi'y Un" A .embly, 
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'igu,e 4 - 15 Amplifle, Receptacle., 

a npl .. , hI' ,'Ir, lit 1,,'1\\'1','11 th., uimllll'r \'Imt 1',,1 
and th., n'ti,·I .. mtil'x dot 1.1111. 111 Ill' ''I)!hl 
h •. I.1 I" lompldt'ti through 1"\111 .11111 • :\1:; In 

th. amplilit·r. 

STR C <0 
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Figure 4 16 lamb Ta,ge' Wind Unit 

radar and manual rall~1' dala I .. til., 1I111pllli. L 

R,\('k"t S:lo ,'olln.'.'t~ t" ,. ,',I hit, I ... ullllll tn 
th{, "",'k .. -Sl' (illl! IImt. 

PlUg 1'4111. onn,,,' n.1 ('al It I. atlllll!' t .. I". 
,iJ/'ht ",a:(.'r l\i. I "1101 1\ "'>(,Ia I,d lilt'llIt 
break. r' l.urp!;'I'" '''llIlplm'n l. 

RA C,E POTENTIO PER 
.. ND CA M AS t .... 61 , 

Bomb Target Wind Unit 

Till' homil.tar",,! Ilind ,n'l 1l'l'un Illil 
{l",I~h of a rulnl,,"I. 1',.111 • r ,IIHI Ii .,.1 tI:. I 

It I~ n"Hlllt ell II tth III n'." h .. f 1 ht.' plltll I h., 
,,"Inll r I n'''"I1I('d Oil tho ('lIl1'I', nd III •• "I 1111 

.,hat \\ hi"h pruJ'" ts 1I111.,rd thl'IIIIj.(h h •• h.d 
and 1.'l'nllnal<·, in a Ull" _ r. al Jllint, \\ hI n tI". 

"I'- 1' •• 111111 alltl '\\It. h sln~ I 

Radar-range Gear Box 

Th .. r:lIlar rail)!. VI"I!' , ... , 110'1)'"1. I I. I 
("(I,.t'ou h. nlJUIHIIH nt \\ Ill\. h r'll \ I I} ,I 
rail:Il' "I' n:lIIl1.d I I ... d.lt ,I 1111111 II _ I mI.ll 

II ~ fF 

Figure 4 17 Rada ,-ra"ge Gea, 80x 
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F;gur~ 4 18 Radar.rang~ P,,"off Ass~,"bly 

.I·:.!i I AI" •.. ,1 (.lIrplallt> "'Idip. 
) .lld \\h.t:"tl fnr\\~trd ratll.!'· (ata 1,'0 It"r 

1'1 .. 111'111 Ipal.llml'''IIlIl 

• roo I I" radar· 

bl' d.'drk.t1 dala irom th(' radar Junctilln II",\:. 
T'h,' data rotat '" the mo "r ttl" po~itit)n Whldl 
i" n'pre. "IItati\<' IIf tarjr t rang!', Thl' mr,t"r 
I' l'n,yid"d with limIt \\ it. he,; IIII:l r,', ilil'r 

ndl\, rk whh h PI' '\l'1I ,'\'l'rtra" .. l. 

TIlt' ,radar·ran).'!' g'. ar box i prudd, d "lIlt 
(h" in<ill'at"r and ,'ulII1l'dion' dc,;crlu"d in til<' 
1'"11",, in r Ii,;t. 

Th,' ranI! ' dial i.' YI"ilol,' thruugh a," indow 
ancll~ !!,ra<iual"d in hUlI.lr ,I,. oi fl'd frllm (lOll 
fl'l'! til 611011 fl' ,t (Fillur" 4.17). Thl.' Ilia I 
f"\f)rd:-o tar)!~:t ranJ,.! t. 

H.".·p!;ld .. ,1 1111 (Fi!!'urp 1·1-;'\, t,\'1' A~· 
:lJ II:.! )1;;-:.11'. (""l11,'ds \\ ilh a l'a"'" Il'adin~ to 
pall 'II lilt' ,lmplitil'r. Thi" l'llntlt'r1 inn rarri .. ,. 
th .. \( d.lla IIlItlJllt 'If thl.' raclar ran~ .. Pl,'kllff 
and I h., [1(' d.lla "lit (Jut (If h., ralll-:,' polen. 
tlunh.' I L 

'·17). tnif' A .' 

F'gur~ 4 19 Rang~ Po'~n',om~'~r and 
Cam A .. ~mb'y 
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Figur. 4- 10. Radar Po'.n,iom.'.r and 
Cam As .. mbly, 

Manual Ranse Control 
Th.· manual r:1I1~1' (' .. nl ... ,1 (Fivurt, I.:! I) 

('nntalll~ hI' l'um\I<IIlI'nls I' till'll I'l1aul" tl1I' 
pilnl til in".'r ran)/'t' data Int" til!' ~I~ht manu. 
alh, Thj" I: n>' "~"ar' \\hl'n Ih" a""'I('ial,'tl 
radar ,1'1 is nul fUIll'lI, IIl1l1!. Ttl,· ('''1\11',,1 ,'lin 
lalll. h", "I dW-<:IfHl ,I p.,h·nll"nwl"r. TIll"" 
Ulilts ~'nl','rllll>mplllll'nl In tho I.ular Jun, 1"'11 

It"x (alrplalll'tlllJI\Il.'l1ll. I'll, 1)1 "1111'111 dal:, 
Ilf III, 1',,1"11 IOl1kt.'r. ,tilt I Iii .. 111111 IS "I I .. 

hI' prJ"t. n'l.n'" nb 1.11 .,,1 J':IIIV" n" fat., 
bf"r'lIrol.'o\lo, 111o'I'"d,11' 11111. IIInh .. tilth, 
rad.lr rHll),,'IiIJlt (,I II. Wi t III thl' IIlIil Ih. 

d.~t 1 I -.. llItUl I t ~.Hll rUlhlllltl ;t!o\ l,lIl:u 
fan).:1 data 

S81' 

' .gure 4 21 Manllal Range Con'rol 

'I lit· \·"n,u·~·.I"n .... t., th. Oltttlu.d nlflJ.'l ,'uta 

trill aro <1"""1'11 ... 01111 'h,· f .. 11 ,\\ IIW lI-t 

\ (It'~lblo' ~hlllt I 11\ ... iI.1I11l "II" 1'"lIIlt. , I 
(FlR'lIr,' I :!II t., III. ""t. ntl"nl,'I"1 0111,1 

\\ it, h., .• and I. :111 I", h. lIrpla'h' "Iwilh' 

Ih'I,tllt' <,<,nlrll\. nil. 1"".ltl.", i.' .I\I'~,'n "" 
'''I1I''l1i. Il'i "I' "",'rat inn 1'111' prJ"t. I,v r"tal 
Jlh' th., Ihl'IIttlt· ,·nd of tht' fI,·xIIII,· .-h.ltt. III 
. "rH , IIIV" d .• t .. inln th .. iKht 

I" prf/"c\,," With all 11I1t'rnal 
t.l~tI). ("'Wlln' 4 21). 111-"':1.1 

1'1"1'111,1, ('OI1I1","i"l1~ I .. tho 
11'. ',., ,,"t I hro.wh 1\ h .. I,· 111 

"ivld,' 1\,,, I"atl 

f.'lIlntnll1V l"lld , I/lI'llIdllJ~ lillI' "llIdl ,'"rrll" 
tho pHh 11'''"11 t"I' 1''''1;. If ,,,ltaV" .1',' .,1,"1\ 

I" th .. nlll •• r )11110 II .. " I" (,'11'1'1.111' "'1" 11' 
llll'lIll, 

F;sure 4 22 Roch, S.IIing Un,' 

Rocket Setting 
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rh .. ~ ab arl' ;HIJu~t("1 at the , amI' umt' 11.\' 
t" " ,lim lJriyh .. kn ... ~. Th dimmt'r control 

i, prfl\ 111"\1,, II h n'n-ptal' lt> pn. tn'" A. ' .:no:!. 
) I: .:!I'. "hll' h ,"UII lit'"I s \\ it h a ,alii!' I,'admr­
" l':lOl in tilt' amplifit'r. 

3. INSTALLATION 

General 

ttlr 1In,I"onnl" til • III r ... : kt't.,,· IInr- IIlli 

Thl' lot:atwn of ('al'h nf tht' eight cumpollt'nts 
(If I h~ si!!ht is c1t·tt'rmin,·d I.y the fUIl("tiun 
IIf th.· tnmpfIlll'nl, h~ the t\ IW of airplalw in 
whl('h h., ln~tall;ltl(ln is Iwin)! mad('. and iI.\ 
th,·I,·lutth of tht'I'flnm"'!lII)! ('ahl.·s . FOllr ,'om-
1'<IIIt'n s (,.:is/hl h,·ad. <,umplltt'r. amplitil'r and 
ralbr ran!!", mu,t 1111 llt .. r thl' "Hme ><erial 
numb, r • • ran mdkalion til;. all an' part t1f 
th., ~all1l' .,iJrht. In aeJditillll. Iht· si)!h! hl'ad 

art' d.·,'·nb .... III th .. itlll"" Ill$[ Ii,,\. 

nit (" ml'"l.r mll,l 10. , In talltd~" 
• , II. II I.. ;, lrpl., n,· I in I, \. ', Ilwht. 11 
(,rr t l) alwn. ·,j 

II S RIC ED 

lUI • 
1111>. 

RESTRICTED 

SECTION II-OPERATION 

1. PRINCIPLES OF O'ERATION 

l·h.· nlf ' Inll fir Hit ,lIrpi.d" 111 \\ I l it I tltt 
SIJrhl Is lIl ·talh'.t 1111'111 . h, " Ill.· 1,,1111 II '\1 ,1.1(, 1 

m"n',san lor .. , 111111.1.,1 i'.n t,f I II I 1,' .11.1 1'''1 
all).!'h' Thl' .tat., ar, ,h 'n\, .I 1 rlllll I h.' 1'1"" 

"HOCIT'! 
i' IMP AN(,I f 

GRA IT 0 P 

(O?~m°;,"' ___ ..1..Y~~It-_. lE"() Glf 

PHS£ 1 
T"IIGtT POSITION 

fU Tl! liE 
TA GfT PO 1110 

IN aoMBIN G 
TO ( )(;MP ANG [ 

I ZERO 

GUNFIII BOlo' ' 

Figure 4 24 Gunfire one/8omblng Ago.ns, 0 Mov.ng Ground TOIg'" 

R SIRI 1 0 1 S 
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SURNING 
P(RIOD Of 

I'CCEllRAl '.G 
CHARGE 

,EAD 
ANGLE 

Fisu,,, 4 25 Roc"",';,,, Agolns' a Moving 
G,ound To,g,,' 

Th., pre',llt'l I!lll an!!,I, i~ mad,· up .. 1 til\' cur, 
\',.ll1r - ""l'n'('IICHI all·l, .lIId Ih ... It'ad all!!,l" 
(FI).tun 121) , Th,' lllnatlll" con",'I",n al' 
,,11 .. 01 1.,1 Ih., ,<I!!hl « IIsl,t-.; pril"'ll'ltlh .. f tl.. 
'"rr",IW/I "pn,.. :Ir~ tOI j.fnlllll' drop J'h .. 
). , .. I an!!'I" i~ tilt' a,,!!I .. 1,1'\\1.· .. n till' hn, .. I 
slJ,rht II I'n'.,'nl lar).','! posililln and Ih. lin" 
of I).'hl I" futun· larlft'l 1'''~ltion, It i, 01·, 
'-rmln -Ii 10\' ran)! .... projl"'1 iI!' \' .. Int'l y_ all(i th,· 

angular \'l'll)l'ity of th, Iiiit' flf siJ,rhl a" I hi·· lilli' 

fllUIIIIs, or "Ira"k"," th, lal'If"t. 

3 . GUNFIRE 

Th" ,I !C~.I lho" hI:' /, .. 11,1\\ In).' IIIPllt, 1'",' th,' 
,'fllllrol "I' Kuntin-: 

/{IWKf' Iradar or mallual). 

.\n)!ul:.r "'Iudl,\' of till' III1'plan,' abllut th,· 
.,1,,\ a 1'111 aX I' (Flj.fur .. ~,2 ). 

:\ncul", ",1""11.1' "c lh,' Illrl'h",' al,,,"1 thf' 

tidl!!!'!llIn aXI' (Fif.!'un· I -:~(i), 

Anll'lIlar 1 .. 1"1'I1~ IIi 1111' airplalll' "bOll th,' 
"'In r"II,'d lilli', IIr "ruU" I Fif.!'ult' I.:!t» 

\Inlt ph. 'I'll' 1'1''''''111'<' buppli.," Ily h .. 
d"11 It\' IInl I, 

H,'sul all Itll al' a,'n·I,'ralloll, in. hulinl: 
jln<\lII' alonll' Ih. oI..rI".'IHln a.ls l,uppltt'.I"~ 
Ihl'j.fI',\\1 1,,1.0)1 a '1'1,' r .. mt'\"I). 

1'1 .' ~iKhl II I"~ hi' d .. ta IIlIJlIl lI,t. II Iii th •• 
1'"'lllIlI. l.ar,ljll'lplt 11101' I{>I "mak, th. fnl 
It..-,\. Ifljot' , urn'( t :0":-.. fur Vll11tir~ 

it \'.,10,'1,.1 II. ta,~.,t 

I" \"'I"d" 01 Ih".11 .".1. in): ,<1,.,,1.111, 

( I Hutatll,n .. C il. al lao 1.1Il).!' lIirl'lali' al.,"t 
I. ""Ii 1 ...... 11 lint, ,"r"II",. 

cli t:ra\'Il\' ,h"p .. f th, pn'jl'dil." 

• I All' oI"lI~lt' 

f I IC,nJ,r' 

(nnllJlIl.dIHf) \\Jth thft 
.hlllllllll' ),,·hilliror • til, pr .. hlll .. 11 II", h" 
111"0 1 .. t 4 lf" C "frt'l tll , I~ Let ... , d 11,,,,U tH II 
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II E OF SIGHI 

r AUt t' 
'<IN. I 10, .1 

tUNTROlllD INE 
P4RAllE TO 

WR£SIGHT liNt 
OF GU SI 

I 
I 

HEVATION A IS 

L 

, 
DEflECTION A~IS PERPlNI'ICUIAR 

TO CONTROlLED LINE IN PlANF 
VMMHR' Of AIRPLANE 

D[lt! liON .. OMI'ONENI 
Of r~f['1( TlO", .. GIf 

RO AlrON ASOUI 
HIE .. liON A IS 

Figu,e 4 26 The R"f","nce A".s 01 'he S'Uh" 

:ur pr." <urt' pick,'01 up),~ an .11"'1'11111 Itt 11,,\\ . 
illth"lllr"t'n~III'lIl1i l (nnl .. J,o·,onlu"I,JIII h 
til ... 11l'1It1wS in I Ill' hnlllltllllf .In ,'I"I'lInwI, r I , 
Tilt (·ahl.ratlon I~ I asl'd oil tit ... a -llmpl III" 
that tilt' adulll pro' tiro' \anall',11 IIlth ,<111 
hllll' fnllml. tho' stand.utl )In '~lIrl' ('ontl 

tilln "C" i Ita"'d "1"'11 l'llll)!' IIllorm:!1 1"1. 
/lndt'r hl'a,. IIm\lll"1I 111.11 IIt"HII)lIaIJl','arJl 
II K th.· ~Ij.fht f .. I1 .. ·.,,.. •• prop.'1 )1111"1111 ,III'" 

aJ,ralll t II (ar~' t 1 1II·.t "«Il'hl 11111 hllllW 
Itn .lltH 'k, 

4. BOMBING 

F"r 1~'m).IIW t h· ,1·1 u, s lilt 1 .. 1111" 1I1~ 
dala illplIl 

AIIVlIlar \..l'><.111 • t h, 11'\' III' "bllllt II • 
"I .. , al "111 a Is I Frvu 1', I:.!h I 

ArWlIlar \ ..)Ol I 1 .. 1 III .,trplal t' ,tI" u I,,· 
(I!'fi,'('w n a I (Finm I:.! ,I 

LIO"~I r :II'("'!o'1H1 Ion .iI III' I It. ,1.rI,·,·1 i"l1 
II i ( upph,'oIlt) lh, blllllhllw III', t'!'·llIm..t,·d 

(omlM,llt'lIt IIj ~rll\ 11,11,",11 ",'J, r 1\11111 

allll1l( lh, ddl .. tillll /I h \'III'l'llI'd 11\ Iht' 
""lIIlunS!' a ... t I,'rllnlt'!o-r I 

JnJltal .. d IIII' 'PI"'" ( ul'pli,'" t.~ Ih!' 1 .. 11"" ' 
in I h(' r,omhlOK an'd('r{J1lI to'I') , 

al '01,11111 drill' 
h, 'Ian" ,,).wll, 
C') \\ 11111 

111 •• 1 11 fl" 
tIlt 1,,1 

.11 -\Ir I"'.'d "I 1,"",10111 • 1111 pl.ut. 
"I 111\. ,II .... 1., .. 11,om)."I).: .tII pl.lI , 
CI 1{.tlwl' 

1:1 II III. 

1'1 ad, IlIlIdt nt. ~ ).t' 01.11110 01 hi I' I"" I h •• 
h"lll,"l1al .1«1,'11,·., I,' \\ hillt 110. ),''" It 1,1).' 

Io.-llinol Ih',nr)llalll 1'1''''1''.1,'.1,1111,111 1\.1 

,w. 1"lllIh.),\ I h." 11"" "I 11111 "I I h, 11-'''1 1', ,II 
h ",IlI,,'oI III :til n' I I'll, I III 11101 II" \\ lilt I 
ltllnltltltll "otnplt·tt·,luh It tl. 1II0fti .1 

IIIW I", h., 1I,Ia 1\., \1'1"'11\ "j I '\\lItoi 1\1 h 
ro I"" I I .. II" .1Ij.!.'1 '.111.101, , II I lit I<1I1IIt. 1.11 
r.1 '111.111111 , 

S. ROCKETFIRE 

Fr"l1l I h, ·t ,'Uol)l"1 u "I Iii" ('<IItt 1'111 It" 1\1'1 . 
'ill II. d 1,.1 all','r,lfl .11101 lin" 1111111 "It' .... 

1,·lIvl .... I.tlllllllllll.: 1.111· ar~ sllllll," 1 .. lh III 
10,,".1,.. alld I" prllj.·t III. fil .'0111 11111 ).'1111' Th,'\ 
an' 1Illliar I,. 1'"l11b III hat th,'), "nll\l.·,It'., 
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NHEC 10 CH" Nfl NOT ~HaVv 
IS 5 MIU.~ TO [LEV"na CHANNEl 
sur aMI ~ "CCElf OME Ell 

.." H In~',' 
I, II \, III V I. "I It •. 11 .tt kill}' .Iflllan 

6 . nEVA TlON PREDICTION 

.11i "V If..· 01, II ... tl< 11.1 i . 
\ I. n I r'l.rt r nt." It\· • h,' ,I, \.lIi"n '''' i-

RfSTRICTfO 
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bUll uf Ih., mirrnr \\hil- ft·tl,·"t- Ih<' rdld,' 
im;w,· til hI! flilot·., \\ ind hU'I,l. 

7. ELEVATION GYRO AND GRAVIT Y 
DROP ACCELEROMETER 

BASt 
TO 

F.gure 4 28 E/evatjon G.-ro and GravIty Drop 
Acrele,omete, Simplifi .. d S(IIf'matlC 

8. ELEVATION GYRO PICkOFF 

I lit .·1,·\,,1 "'I\~' r 1.,1.,,11. 'I' .11 Inl .. I'll 

,·1. Irl(.oI,ivlI.oItl" II.· .. ·" 1'" .. 1 tho V\III.1f1 

ESTRI(HO 
19 
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}U' 

PH It 11m 

n .• ' ,)!rllli .'un. nt \ "u I ill)." a r t' ut t., t h., 
Ilux \\ ~ h'lI n' "It t rr,m t~It'" iIi,, )!, ('urn'1I1 
,Ind ,urn'nt J lIId 1(1·,1 10 th. m h) trall"-
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MAG [ TIC Fl U I 
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Figure 4 30 Pic/(o" SImplIfied Scll.malIC 
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~tra .·d 'hal. ft· .. '~ '·t n alllo!III;,,- 1'''. It 1,," of thl.' 
armatlln'. th., pl<k"tf pr"dll'·t·" a <Ig'nal \ult. 
:tg't·ltf,·nn., ponri,n" m.'~nlllltl .. Fur I,,·r. th,. 
pita", or h., \'oltalo!" tI"!,, Hoi, "l'"n he dln.'(. 

linn of r"I:, I"n nf 'I .. • armalun t I 1111 h.' "1111. 

"'KI al" I"' ·11'1111, Tit,· IIUI"II ot tit· ,,1,,\'. 11011 
~o ro 1'1 knlf I~ .. "pli"d ; .. tit" dt·\ a inll amph. 
ri,·r,'hanl1ll.lnillldnll'lI 1,'th".Ig'n.tI.lht'am. 
pltli. r n'l' iv ... 11 r,. ·dhat'!., "'J!nal r"pn'''''l1ling' 
Ih.· t'I'·'·atlun "tI~i 1"11 III' lhi mirror, Thi~ ",ig' 
nail" d'·'t'lopt·1I Ifl tI ... ""'''11IUII nllrrllr pit·k. 
utf Bill:!. \\hil'h i", .·1,·, 1'1«::111., iii. ntl,'al with 

h ... 10 rlt 11I"k"rr, 

9 . ELEVATION AMPLIFIER 

1 II,· ..I, .. " 1"'1 .• ml'iJli'·I' I FIg'lIr, 1.:111 (Itn 

SJ. ,,'f tub, \':\ and \'~. 'g'dh"1" '\lth as"". 
,·lal.·<1 ('I101"''''''nl ..• IIt! I~ 1'1\ I I d III Ih. am. 
pltH'1" IIl1lt I, p Irp.".· I. 1" l'I'a " a . i'llaf 
wllll'h drill'. lit" "I.\.'lnll'l1Il1rUr I.nplt. 
l1I"t"r B) II:! ill .J '·',rn 'pond,II ... • \\ it h h., .. It •. 

tinll IO'n> and till' min'or, flit' pha~l' of 11l' 
Hll'lIt. \\i'!. .. "' .. ' ... nc.' tn th,' .'x"itlng n,II,I)I'" 

tlf tilt' pidwrr", mdl •• ,It·, lit.· dirl ... ·lulI1 of I" 
I""it illn .tlrrt·n·lIu·, 

A pllrtlOn of Ih.· IfIPllt ,"11.11.."', t"k.· .. t,,"m 
t hI' (·('nt .. r tap elf t I,· "nOlan' \\ wliing. i, .11' 
"Iipd in .·.'ri.·, wilh t',IOll(lan \\ Inliin)l' 7., 
T! is ~in'lIit appli,'s a ,·.,f1ll',·lhallnj! nlltag''' tel 
Ilrid I "f \':l. Th.· "oltaj!t' mar It,· ,hanj.!,·t1 h\' 
ml'an, of pnlt'ntionwl"r It 1 • [ll'rnllttinl-' 1111_ 
JII~tm.'nt fur :i1lr ditfpft·n ... • IfI spn"iti, i ~. hl.'-

\\',·,·n tht' g'~ ru pil ""If antllht· mirrtlr pkkutf. 

Th, .'!.'\·atitln ,·h.lIln,·1 input 'tIltaJ,!I' inti" .... '" 
('urr.,. p"ndilll!' · .. II"g',·: tn I. .. , h .·.·tlntlarit'~ of 
T:i, ,""lmlln~ hat. at I h) tn' alit I nd, r tli~­
\·u ........ ;on. [h(-h'(\ .A(· \UJtUJ,[l'''': .U·t' pn it" t' .It 
t ... rmin:tI ... :i and; Tit.·", ,<>1 'W'· ar,' """Ii"d 
ttl t. .. lh 'rid ... ,f all1pliti,'l' \';llhr,,"~.1t lh"j.!rid 
,'UIT!'nt limiting' ""'1 lors It. ~ and I{ !l Till" 
t ubI' lIol'm:"I,'· is nmdll" II!.! Th. g'rltl "ig'It.lI ... 
ntU~I' tilt' 't,ltilg't· at pla t .. ,I ttl 1'1,,' alltl t "', 
\,.,ltaJ,!., al plat" :! ttl f .. 11. Tl " ..r.an!.!., In pl,lt. 
('urr"nt I: "ttlll'!.'c! I hroll).:h II an,fttrnll'r Tli. 
Th,' ~ ... U/"Iar~ \ttltaj.!'t" . tTl; ""lIltl I t' I'". I 
I h _,t ,rnltll:t1 ~ ... ell (I , tor t ,. elJ ~'IJI_t1 (on 
dlllo" t 'II nlt'd , 

Tht nllll'llt lit llt'trall , rmt'" Tli t·,' .. IIIlal " 
\ III.hn!!, I aPJll!.·" Itl tI" ,..1,'1111101 n', t ,1,,·1' 

n"l\',lrk l'lel,uull HI Th. '·II.'I\\l1rl-, rl<. 

"t 
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In . nlln r Ilhl ltll' Tlh. nnllh nh tor .Id , ..... 
I h, .• rm •• III',' .,h •• 11. ilfld hu, Ih, ruirrllr. III 

.1 ,Ii"" tl"" ,111,1 ".1 1~"ltlln I h.t! \\ III lann·l 
tl .. pi,!.o' I~I tI 
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RESTRICTED 

F'gure 4 34 1\1111<11001<0/ Schema,,, Oe"JI'y Un,' 

II, t",qu.· III tto!' allll.1 

11. AIR DENSITY UNIT 

110.· n.lrr".- ,"",t .... n, I \11 It n. ahlu'lI),:h 
tfl'l,·rmllll·d pnn",!",I" h\ orplall.· mut I .n .1-

inl,·rpl. I. tI h\ th.· ,,1,· .llIon ~!\ rl', I. ill 01 ."ul. 
)1'" III 1\\11 ul<hllolllal '!lII'-", s "I d.lla (FIVIII< .. 

,,:,?,) T ":tIr.I,'n·'1I\ IInlt i~"n, fir th.· ", Th., 
urllt I'", ,.1\ .... baroll" I rh' " ... ·".Ift' and II' •. " 
till" IIIf"fOl"t jon to " .... II.dl, "till rol h, lie' 

1111"' I til' " I 1\ II \ HiliI' I, r 

ltUtlll • 1, It IH. SHll •• If tht pJ.tlh Iii 
tUde. I 11. ... 'd ct ... • a n,,'., IU I' tI~ HII th·n II \ (ht 
;111< 1',,1<1 '",11 •• \\ III Ih.· lilli' .' ":tilt! \\ It II .t. 

1'1· •• ,,·,1,,1""111" fill 1I1"IIo,ntt.lo'whaiallk 
:lJ.!t' tnd """'llt,t" J!\cll. fot.tft· ... thl',lIlIl Illl",.t!'fI 

1'''IIl.·t.· .. H .. ·• IFavll'. I :11) nil I "t",II." 
(Ok! h "'fllt" It,d III t , .. '''I'llt ,,,. lilt III t h • 

• 1l~111\11\ 11111'''111 I' •• ' II '\\11111 111111' I I. 

12. RADAR RANGE GEAR BOX 

rad,lr.ran)l'" ~t II hu tUlll.llI .... a n101111 \\ iiiI'II 
I tlrl\ o'n!o\ II .. · IlIr)!.'t !·aIW., data. Th.· mitt. II 
1 '·unllt ... ·I,·" In 1111' '-"\IIr .. t a I'h'kolf anti d ... 
to th,· arm .. 1 II,,· '-;III~.· ,".I,·nt",md.·!' t FWlIr,' 
1 :11;1. Th,· pi. kllff IlJnll~I,·, all \1 WB . .! I" 

RESTRICTED ,5 
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\\ ht. n lht- ~~ ro I'r \·tl.':-;'P~. It ... prprl':o-.··;.iOfl i:-.. 
1'.lf lall\ n' trainl'cl Lt~ Ih,' (unillt' lall"' d hy 
h, ' !'lHr"lIt In h .. ~lllrlll'" molor \\inllln~' 
rhl< l·ur ... ·llt i. th., "'/1 111\' lIy lurn'n: It '11_ 

t. 's tht' j.!\·ro Iltr '1'1", a, IIHlil31t,d in tht.' 
II I lid,; cilaj.!ram (Flj.rllrt' 1-~6) If I IIf'r~ i" n., 
s"lIslfi\ ily ,'lIrn'nt. Ih' '1IfTlIt',,, mOlur hal' no 
.. fT",· "n J,[yrn prt'l'c~"illn , If Ih., ,'lIrrl'llt i~ 11,(' 
),[r,·al",,1 allm' I'" h~ r"Ilj.!~ anll II .. nslt," chua, 
lo·n. n'-I ra Int i.' jrr,'atl"1 Th., "I I tTn .. ," mulot, 
i .. u,,'d also for .,I.'clril-al ,';I),[IIIj.!_ For this Jlur­
POst', ran)!.' anti den~i ~ data an' n'mo\'pd 
frllm hi'" rhiti\'ll~' .'hallnl'l mplIt. Thl' stitT. 
n.,·s mutllr t1l1'n n','pi ... ,,. a ,ll"lllh ma imum 

"lIrn'1I1 thrlJuvh its "'indill!!," anti hold,.. th(, 
arm.1 lin' tirml\' ill "llI'llIral" pO'ltinr. fhlll 
, ( f lun l'ayt'S t ht · s:~ ro 

A "Implitit,d ",'hl'rnatll of a " IITIII",' motor 
Is j!l\, II 1/1 (Flj.rllrt' I :1. 1 \\ J (It I hI ;!1IIl.! lin 

III Ih. po,ition 'h"\\'II, lit .. air j.rHP n'lul·tallll'S 
:,r. ' th., "lilli' OIl all 1' .. 1..,., If II" armalllrt' is 
tU/'II,',j ·hj.rhl"· d"t'!\\\h., thl' n'llldantl' at 
1'01., I and :1 incr. :lSI'S, \\ hili' at I~ll,'s 2 and 1 
It cI," rt ',I""~ I'hll" nllJr."I" ,,1111111\, (rum th. , 
;1I-m,I'ur 1111, ""I", ~ .1IIt! I than (rllm lI"l., , 
,illClot ult .. th .. ,lrnJ .. tttr.· B 1 ttl( nt't intlu\\ t., 
hi .tllIl.illln l lnu ... t .... 7..'ru. T;'('n l4It, "onHI tit 

fROM 8 II1ROUL,1i 
GUN 80MB REI", 3 

A R ~S DI('A E DIRECTIO". OF MAGNET IC FLUX 
IN POLES, C.AUSED BY EXCI IN(; CURRENT 

"Ville. 38 Sri""en Motor S,mpl,fied 
SchematIc, 
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(hsplal t'm"I,t 

1 S. MIRROR DRIVE LINKAGE 
FOR ELEVATION 

Thl' ""'Ialion (Ol'Clth' mill '1, .1' \\,,11 h P, 

.'!t·lali"n mirror Ph " .. n. 1 hnll,.'t1ln 11u' ,I, 
I '121 r I 

16. ELECTRICAL CAGING 
~1 .. 81l (I Mf I!~ 

f II It "'A I 

Fig,,'''. 39 R"",cle Imoge 

fI~f' IIA"'"R 
1\ , MA , 
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1\ 1I1\III,lm,,1I 
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!t'\-,'r, \\ hl'll in th,' "Ca)!,'" I" '~I lon, \lill t'1l­
l!ilY,' a "Ill WIth a fork that i- lix,'" to tilt· ,1,,­
"nlhn arm;,tUrl' ;.haft .. 1Il" huld t h" shaft 
t .. a,"', Ildh',- Inll l'al!'inl! I' .11',,111'" at th' 

l',lIIW lim" In a 'Imilar mallllf'r, 

In "Idltlllnill till' m"l-hankal adllIn. ttw 
!t'\"r "I II art IIat, s h,' /own)!t'd SII Itdll's ~ I II I 
and :Itlti, S .... I "h SI II in ,'rrupls thl' plait' 
~uJl"I~ fllr ;tli thl' :lmphli,'r ,'hanm+. (d"\;I­

tilln, .It'tlt·di"n. ','n,itivit~, allli ralll!t'), \\' hl'lI 
h,' amllhti,'rs .• n' IlIo~,..ratl\l'. nl) sil!llllls an' 

f.-d I) h .. t"nllll' m. I <1r .... II hkh are al readv 
h,'ld ,. ,-:t.1\' 1.\ m",'hanit' .. 1 01":111 .... Thu>I ai, 
thuIII!" I h,· )!~ n. IlIdwrrs ,,"nl illll,' tll I'rellh' 
..,i,.,II"I.. th,'s" ,swl1.ds an' illt'tf,'dl\',' ~ .... ill-h 
: lOti, I!anj'"d Illth .'1U1. l'\ Itl 'uhlll's th, . 
,'In-I .. n' 1.-1.· bulh \\ h"11 Ih,· s\\ltdl i" pla(' .. d 
111 Ih. ,';II!'" 1'''."ltIOIl At Ill' sal111' tllll', :10,; 
, 11l'rl!l/, s "It'n<lld L2'1J Th.· _ III.'nuIII hfb th" 
,h k ,hap' d ru\ "r II hit-h _,hi.,ltl" th., tar ,.'t 
Il101{ bllib Thi·hulhi"IIll'lwhl.nlln'"f"rth, 
,1,,1 .tt t h,· '-o'nt"I' IIf I Ill' rdll'l,' illla),1' Th,' oI"t 
Is ("rl1l'd 11.1 it "nl.dl hili" .,1 th" ,. 'llIt'r IIf a 
r. t 1.-1 1'1", n 111·1., I, "Ian'" h,!" ,., nth., bull> 
all': t ht ,,,it IUtlJ"op"ratt cI ,'11\ tOr. \\ hic.'h .. ' 
'I 01'1'" I' .... " t IIr " h"l,·.1 I" \'I'lIlt·r. Th" 
n'!" It·. 1 0\\, \'t I' i pro\ leI"1I \\ It II an annular 
rllll! tll"'n'lI," ,hid PUll it pOl ..... ", 'If a drd, 
"I III!!; :," II ,.1\ .I~ lit, ",.!It r., I ""t \\'111 11th,. 

tra .. k~ in ell·f1'·l'tion). Th" rllll"nmpont'nt fur­
ni. 111''' Il\ th,· tilt ()f tht' ~'imbal improv'~ the 
I t'rforman,·t' (If th,' "wht \\ ht'n trllckml!' a 
tarll,'t that is b ·In\\ th,' atlackin)!, airplan " 
Th .. II!·tl .. ,·tlftn llyro IS nnt pro\ id II with an in­
Jlut frlllll th,· I!ra\'it~ drop 1I ... • .. I .. rnmett.'r. but 
< t h,'n' is .. thl' dt'fl 'ct inn data rhann I from 
J(~ rtl t. t"rqllt' nWlllr i~ "llIlllar 0 thl' l'1t'\'Il­
linn ,'hall/wl ~h(l\l n in Fiyur,' J 27. Tht' mirrnr 
"rin' IlIIka,"t' ht'!\H"'!1 tllrllll,' mot/lr and mlr 
ror i .. diff,'n'llI I>' ... ·au"'· i I, m"'t's"ary to tilt 
Ihe mirror In a ditT,'r .. nl plant'. 

Th,· d til'ditln t"nlue mt'tor I" mounted in 
thl' dt>II.·I·twn mlltllr and mirror a~-,·mhly. Th,· 
armatur;· ~haft tlf the turljue motor e tt.'nd~ 

thrnUl!h onl' pnd of thl' housml/:. It carrie~ tht' 
mirror <Irl\" IJaIl-lIrm muuntloO t ransH'r>ll'lv 
lin II., "Ult' .. I'lld Th., hall (,n thl' hull arm en­
!!,a!!,,,, a f'lrk platt' mllllllt,'d on an arm that i.' 
rr!!'l<lI~ ,".nm'd,·1! to tht! nUrn'r Wh"III11e arm 
I,. n tlllt'd I,,' till' h,reIU,'III11t .. r. Ih,' mirrur tllt~ 
in ,1,-II',(,II"n I ,.hlluld h" n 'nwmh,'rt'd that 
tilt' hou<1f11!' \".nt:llninv th, Ilnka)!", Just ,It,­
. , rihl'tI al ,,-lIpp" I., t h .. mlrrllr, Th,' h"U~III/o!. 
nllIT"r. ant! d.-tl'·'·'I,.n nllrr,'r ,In,,' a It' all rt,­
t"t"d h,\ tilt' •. !t.\ .,!I()II mIrror Itn it)!,', 

19. RANGE PREDICTION 

Th.· r.tII!!"· "1',',11 111'1' ~ ,t"m 1'",.'1\',·, {rolll 
,til tlllt~1<1t "".11 .... th" IIlf, rm.,tl,lII \I I i,'h rI'P-

20. RANGE SIGNAL (PREDICTION) 

n I ".' II( -.,'1..1 "hid, .. n)'lnat.,~ III tilt 
,.,d.II·I.III~·1 I'" I'"" It .. 1t7,; (FI~lIr. 1,1"1) . 
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T)lI' "'I 'Ia.,; I .1' AI '+a" \ II h 4,rh' 
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'''Ill'dn\l' (Fivun' I.;t.!j. TIll' V"ar rain \\ hi, h 
,"11111 d~ H20:.! and H::111 ,Iri\ ,',.. a ,am. Tht' a,. 
"'''I,I'''d ,am 1"lIo",r Il'iln"lah-' a vIIIII,' rod. 
Tt..· IIl1ttlon or th.· viii".· 1· ... 1 i~ tran nnlt, II ii, 
n"'all" 1,1 Ih,' l·al\V., ,'1IW link Itl tI,,· illllnlllla 
I ,r I ub.· Till" ltd.,' i" .. 1111, nlllth· nf '1IIart~. 
alld pia ... ·" '" thai lI)1'ht I n.m h.· .. in I., bull> 
,hllh'" in II "Ill' I'lld. AI th.· 11th. r l·nd j" lIll 
"I'<I'IU" ,'a\l anel th,' "HI,' IIf t hI' ! ul,.·. "x""pt for 
a narrll\\ ballil !1I-ar t hI' rap ,·Ihl. i" ('oat I·d \\ it h 
an oP:ulw-lini,h. Thl' IIvhl ,hllnllJ! I hrullvh Ih,-
11I"t' .ml·r)!,·, Ihrllu)!h h"h<lnd. or rillto!'. 

Th'·lilIlPt·elI'IHI of lh,' luiit' proJ""" int .. Ihl' 
\ ,'rt,-)< tlf Ih, 90 .J,·vn-, ranJ!(' '-0111'. th,- I'onl' 

01111'1 uh,' ax.·, h .. lIl).!' ""in",""n\. Th,' in"i,lt, "ur­
fa,'{, "I lilt' l'''llt' rd!t·\'t" li),"ht \\ hit-h l'trikt's it 
frllm t h • d .. <Ir. nlll"-,hap,-" an'a (In I hI' till .... 
Tht· n-li,"'!'" Iwht pal It rll i~ a ,·trd. , IIml i,.. 
Ih,' ,'''lIl.·.' of tilt' n Ii"'.· imav,' "ird .. \\hkh 
ap", :or" .. n ht- "JI,,\'s \\ Illd hll,l,1. Th .. "i,., of 
th.· ,·In·l,· 1I1<T.· •• ~." a" hI' Jllllmillator tul", 
muv ....... (ftt"pttr Intu lht~ r;lllJ,!t· l"tiUt', anti f1l' 
.'n·a,,·,. <I~ 1111' illllllillal'." tubl' n'c,'d,'s, TIm,' 
I 1"',17., "I I,,' r, Ii, I.· ,'U', I.' i, ,'outr"ll.,,, II, th,' 
r;iJlJ,.."t· cI.t .1 'tot.')\, t In rn th,· Ha I.lr ~·,·t .\:'\ . 
A\'(; :. 

24. MANUAL RANGING 

EST ICT[o 

II' I. "\"nl 'r.,d.ll -1'1 LlIlun th,' Illlllt 

.. "I Hili I ,"1111"" I, " 
h,lI"lI, lit 'h,' 1111" • 

• tII r ,I.d, tI", h ... t 

25. OPTICAL SYSTEM 
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35. GUNFIRE OPERATION WITH 
RADAR RANGE 

Th. r •. II"\\IIW '"111 .. "1,, mil- I" III tll,- I'''~i -
1"11< IJ1cli<'alt'cl. 

R·l(·h.I._1'\ Ill/! 1 '111 ,r ~ Fll!lJr, I J!I) a 
"11'111 ·bl.mlo." 

1:<01111, 'ar,l!1 t \\ lIJeI 1 1'1,1' (FH."urt 1.:;\1) 

RES TRICTED 

8tl'uratd~ lentt-red lin tl\t' tar)!, l. Thl relld!' 
urde \\ ill,-hange In "iz It, th .. r,lII!!,,, chanl!'-~ 
Th -l'ird .. \\illlltl'''OIt' lar!!'l'r:t. Ih,' ran~,' d,.­
I'r'·II"t·~ and ~malJ..r Ih tIlt' riLPI).t' ;1\( I"a~,'" 
Thi~ adilln I ,'''lItr"llt-d IIUI"rllall'lilh I" II,.. 
ralllir .·I't a "cl<·ml!·t! \\ Ith Ih, lid AI', I Ih,. 
lar!!'t'l ha, h"l'n tr.Il·".·" -111''')11111, \1111(1111 
~liJlJtII1!!, fir klddtnK, for fuur or It,", .1'I)IIt! 

tire t he Kun~. 

36, GUNFIRE OPERATION WITH 
MANUAL RANGE 

The (l<l~itlfm Clf "IIl'h ",,"11" ,.r ,hi 11111 

tHIn 1;< th.· sanll a. Ih, ",,·\tIl'1I ["I" l'UIIIII, '" 
"rati"n \\ ith radar '·;!IIP'I·. ,\ Ilit "III ,I<ldill" I 
hlHlllnl' p. '-"pllllil rho' ,III hllllll.oI "nll "I I If\ 

tilt· \\tn!!,"pall 1.11 .. 1. rFll.'ur.· J JO( nil "n. II 

i.' Kratluat,'t! \\ I h IImrl\lIlJ.:" t rnm ,,/I f. 
1:!1l f",·I.1 :1111-1 b, ",-I III c"rn 'I Illtt \\1 

1IIIlK.'''' Il "I' tli,· 1.lr~l· 1o"IIlK atla,-k"d. 
"''''1'110" pn·\'u""I.1 nllllli"II"d I' tIll' lIlallll.t1 
nlll!!.· ""ntr,,1 Oil Ih Ihrc.III.- Tht t'lIIllK fli 

till" l'''lIlr,,1 .,. II. ...10\'11111 I h, 1'011,)\\ Ill\.' 1 ..... 
I,·-r.lph. 

... ·ari'hlll!!' f"l a t.,r~1 ",'arril'c! "lit III tI " 
'an t nl.HUh', H. fur )!lIntil,· up .. ratJon \It I 
radar I.ln....,.'· Tr:-llh.IIlJ!, hO\\f'\' t'. rt"qulf ..... "It­

"Ia "'Jllllth. 1Il.lIlU,J1I, .. " 11I~,oJltnll .. Ih. 

37. IOMIING OPERATION 

1.11 ,I. II 
In\\IIW lunll"l /lie III It',' III II 1I1t1 •• II,,1 

1 "dill "'IJlI~ '''11" IFw" I 1!4I ,I 
• ~ u. hon I .• 

38. ROCKETFIRE OPERATION 

.,·k, nl.lIl. I" It 'I'd I~. t ,II.\\",~ 
Jltl ,III III 1 I" II "11 I tilt lit ,I 

H, II 1 '.Il'j!1 t \ I II II I, I .1 II! II. 1 '''1 
• I K 1,. ~'IIJI' 

REST ICTfD 
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"Ca!r,'-un,·,.!:'. " It'\l'r t,n "i!rhl h.'ad (F if,:url' 
1, 1, j i' ,. lI(a1.'".· ... 

"[lllll brill"h .. knol, (Fl).!'lIrt, 1-") II al h, 
1",,1 IOn \\hl,h VI\'". IItlsfac ',n' fI,tkl"IIIII­
mlna'j r, 

:"an tlllL'" tor afl!'" I,. .lcl'IIml'1i ht·d In 

th, -amI' m.mner a. fOI j.!lIntirt, (I1"'ration wi 
raeLlr ral L'"" Tral ktnv arf.!'· "IS al'cl)mpli"hl'd 
In Ilt. SCinl\' nlH.J1nt r a:-.. fur J.(unrlrp opt'ratil'tl 
wi h radar ran!! • tlr manual rallj.!l'. a .. th" nl't· 
nl,\~ lit. 

39. FIXED SIGHT OPERATION 

Th. ,'ijlht ma~' hI' USN! 11" a li '\ ,·,! "TIl j.! 
.'Ivh .. If ,t.-,in·d, It I' :-''llt·n.,r III h" u" 1 •• \ 
rill).' I·h 1"'(";llJ" h,· rt' Iflo, Imav,' aI"';" 
o I", a' an IlJlinl',' lb.tan ... · IrOn] hl' I lie" 

.-\ t\\oltllh "'ldl\\'I~'" nlU In 41 thl' 1-1:.· 

Ilt' •• i I Ir, ,Inll I", \ill II • C •• 'I'" m;",dll!n 
nh~U t I "ft t 'ze't A IUldJ!t .and Ir),!t t 111 t'.u). 

40. STOPPING 

Til r mClvt' hI' ,ight frum tl,H.' rat lun "I"" 
Ih, ",ijlht ma"t .. r" . \\ I l'h (airplant' lIluiJl­
m.'nl)" ··"tT:· AI.'C) placl' ht' '\·a$!,·-un,'aj.!"·· 
It'\','r tin t h, _il!ht h.·ltd at ''''all'''' (Fill'lrt' 
I I /. r '!!\n" \\111 l'tlnlllllh' Itl '1111, th, 
h a ,'r IIIr Ih, daOlI,.'r",on lIlt', Ilflll", II,,, IIr 
:,rm"tur,' ~hal .. \\111 r"m:lln .'n rj.!lll·d . and 
hi lump J ,'r 'I I t' I , at.·r, \\ III r,'m,lin I'n.'r­

~Ilt ,I rh .. ", it,'"" on I nth' [(l i IIll't ion .t~ 
I, TIl! a th., :t1I"I'I,lfh', 'OWl'r ",tlr " "UPlltl'~ 
lUI". I' 
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FLIGHT PATH AT HIGH SPEED 
MEAN OPERATING ALTITUDE GUN SIGHTING CHART 

AIQPlANE MODEl P·~a.1 CItE AND UP 
.< FOR U)E I AliGNI G GU SIGHT FIXED GUN 

j + 
I INSTALLATION DWG NO S 30f73443. 3OC73~1 650 , AND (HART NO. 3OX73509 IcEV ' A CURVE lASED 

~ - - -.- - - ON 12.1 ()() l8S GROSS WT. MEAN All 20.000 FT 000 

VERT . DISTANCE I HOItil. DISTANCE 'r- ~ .~ 4 . ~ 

FROM ~ OF GUN fROM Ii. Of 5~ 

.~ r4~ IOIIE TO It Of GUN, AIRPlANE TO It - -
SIGHT REflECTOR i Of GUN lORE , 

S()()-
r 

~ l. AND R WING GUNS 46.000 L 38.229 Q. - - - -f NO 2 l. AND R. FUS. GUNS 28.900 '1 I~OOO_ 450-~ 

I'\. NO 1 lAND R FUS. GUNS 27 .6~ 9.000 f--.S ~- i--'- r-.. I r I I , .fOO-~ 
+ - - + t- ~ K +- + . T ! ->. 

i i 350-: 
~ G~N ADJ r- ~ K t ... t- - f-

:>, . . I! I 3()()-

. t . :---~ , - t- . .. - .. - r--zso 
NOSE DOWN NOSE UP I--t-t- 1 . + 1-- - . .. . 

200 
-r 

I ! .. + - . ~ ~ . I . 
MilS -21\ -10 0 't 20 30 40 jO; 60 7~ r rr T!:T Ir· T I~ I • iI I I~ ! I DfGPfES 0 7' 

ANGLE OF ... nAcK 

F'gurt! 5 , GU"Slghlm9 Chorl . 

2. TARGET PREPARATION 

, ,. 

Preparing the Airplane 
:\ 

I 01, 

lS OED 

rt ntul .. .1 .1001 t h.· 
.r,· In tall.·" li n t hi' 

fhl' Jlln~lt Ihit n,,1 

RESTRICTED 

TARGET COMPUTED FOR TAS 549 MPH AT ME-'IN 

AlTITUDE 20.000 FT WT 12.200 l as 

01£ NOS£ JA S C MIllED 
f R Ct AR'1 

Figure 5 J NOfmo/ )0<111"9 Arto"gc m en' 
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' ote: It I impof all hat II", \'illd~hit'ld 
"Ia-' I: dpan, 

Tit" I, \ ,·1 I r"la '.\ J.) n.".111- uf tiH' I-.nol. 
,r th,' tram,· '1I1li! th., hall.! 1.,\,1 i~ I1l'prux,. 

III •• pI> hndlonlal I, it I. I h,· 1,·\. I 1m ""I., h.'r'. 
uf (III tur. 

H.' Illokinl!' thrnllll'h th,· . mall h"Io' '" h,. 
t')'''I!II'''Po of thl' hand 1.'\1:1. th(' knoll is ud­
Juslt'd IIntli till' bu""I,', \\hit-h I~ \Is","~ 
thruII~h th.· ",n·JlIt·c,'. i- tt·nlo'rt·t! till It I'd, ,._ 
(nn' m;,rk, 

:-;"X . n'lt' sil!'h throuJ,!'h Ih.· illlika ur .md 
th.· tarJ,!'pt i. nilsI'd nr 1.)\\ .·rt·.\ 10 ,i1i)o!'11 h •• 
:<i"ht ,,,j)u~tm(,111 01; rk lin Ih,· larl!'l' "jth th,. 
huh!.l., r .. ft'r,·n('~ mark ill th,' It'wl. 

Th '1'1 (·1 indic:.ltt)r i: n'mowd. 

Tt.,· t ar~'l't 1.< noll' rp,ul,I' fllr I",r ·sill!' llW 
and ,huul;l I I' atIix.,.! ill P<I;;lt il'n. 

3 . SIGHT ADJUSTMENT (K - 14B) 

I. '/1.,1 I'U \'l'r i ... ".II",t,'d tll tl..· 11Irl'l .• Ut' 

.lrmam~'l s,·It'·!llr S"I th is turm'll 10 

t;un"ll!'h! pu:itiClIl is adjus\t>d "II that Ir~ rll 
slJ,!'hl ah"lls II Ith lh.· r:J,!'ht hand nilS" on tht' 
tarll' I. EI",'ati"1l ,ltl)lI s ln1l'lIt,. an' maclt.· at 
tlh' It'rti ':11 :. /'1'11' in th., "'I!'ht Illountin)/, 
Itr.t( 1-.1'1. L,,,·kllut h IWhlt·". d ft,·, ,'.)ml'Il'!. 
i,l!' ,1"1 al 11111 :IIIJI",1 01,'11 • Ad III- nlt'llt for 117.1-
muth i· m;"I,' b~ turfllnK th.· two ~1'r"'":1 hy 
IIhi,'h thl' mount is PliO ,.t! in Its hra,'hl. If 
addll,"nul a7.imuth allJu"lml nl I: IWc·,'s.an 
th,· nltlUIl inl!' h"lt is 1c1O",·n,·t! amI th .. "iJ,!'ht 
til 'at I rutatt'd. Thc' adJustm ... nt I" aC('lImplish(,.1 
IJ\ Ih.· .htTl'n·ntiHI·t"oth.~1 aolJ\1.tin~ ring. 
ThL' rln)/" ,'ontJlininj! J(J!I tillt' tt·..th lin nnp'it! 
.tnd :Hi ('o<trst' t",{'th on th" other, IS "lind. 
II I, h"d bdw!·.'n the fillt'-Io"till'd rin)/, at\adwcl 
III till' ha" .. uf th.· .. i~htilljC h"ad, anti th,. 
l'IIilr .... - tc~.t h.·01 rlnl( inn'rl'nral"" 111 I lit' 
rnnulltll1):, Itr:lt'k"1 Till: .,rran)l.·lII,·nt 1" rmlt -
I.lr"t'llntl 'mallad u~tnlt·llt .. t""tlhlll "Iu".(lr 
mll1\l~ ,nt, nul. A m"n'mt'n (If th.· sil!htilll!' 
lu>,,,I"IImhlllt'd II ilh thc' dltf,·rt'ntiul rin)," a" a 
nnil, (If tin.' I"rlrl' t'~'lh. f"prt's"/l!: In 1i"l!rt'I''', 
"hil., II mOI"nlt'llt "f Ih,' "'j.(hIJllIr hl'lIt! "Inn ... 
til' "'h' ,n all I •• I h. ('('('n' , nh:l :ll! t11')/'r.·.·s. Til 
mak,· .. Is t. !tor ati.lll m. lit till' mounlin" 
hoJ' filII I h •. rt 1I1000.'tt"l Ii Ih., rt lainll1l!' rinl" 
11t(,o.:pn.·,J, 

4 . SIGHT ADJUSTMENT (A- l B) 

'11 ,. "t<, , ,,\. r ,,!;.It, "11 Ih.· <iJ,!'hl hC·II.llh .. t 
• I" " th,' -ll!hl ;'up',wht 11 t! H'IJII~tlll II ,~ 

,1 \t,\ 

I."h,,­
III Ihe 

III",. 1.111 '.u, •• ,"1 

U STRlClED 

l'nlag,·-t'aK~· 1"I,'r I' planoll OIl l'Il.'..:..'.· 

EI"vatiun-mIJuslm, nt IUt.'k.hlll i. 1"0:' n d. 

Whll ' nb"t,rt IIlI! I hi' n'Jal i. ,. tod\\ ... , I h,' 
r' il'i""lma):,,' dul 1I1lt! Ih, r,·fc ,', n.·,· Jluin! (Ill 

th., hon iehl .Irl(' t. Iht' d, I,ll" n .\tIJu 
lIh'nt nil! is 111'11,'<1 lilt ,I tilt' r,' I, I. illla)( •• '11.1 
n·f,·rt'IH·,' I"'int art· ah)(nt',1 in • I. \,111' n 1 ht 
n·ll .. I,· ,maK 11111 rl'l ..... 'n.,· lk'in 11111 I I. 
:th)ln('(1 \1 he'n lilt' \\ r.'It.·h I, "'" It "I Itw h. 
aliju .<1 inl! IIUt "I all' ,,( t I .. 11,.1\ III}! Ill. I • 
lIi~1lI 

Tht' Itt( k nut 1. 

Th.· til'tII', I'", I"".· I~" .. IJI1 I'll 11 I., 
I~ I, '" Ill'C!' 

\"hilt· .,1 •• nll1~· h. ,.1..11,," I t""I'n II. 
,.. I wit· illlav,' .IIltl th,· r. "·r. 11('" I~"n on h, 
!."n ' I ,ill tall." .11!.·r\.·I.·.·tlOIlIIOllll t'III!.':l1ll 
I- tlll'lh'd II lit II I hi' 1'1-,11.1,· d .1 I •• It)!,wd \11 h 

5 . BORESIGHTING THE GUNS 

(.\111 d. 
r. O,II\f d 

"II (; 'II .oll'lIo,d 

/.t ,I 
vI .• 

R[ST '(lW 

\I\(h I~ 111'/1.·<\ ,), Th.' 
"II 110 .. '1-:111111-: 

Figure 5 4 Wrenc" 50 col 
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,11101 1/1\\.-<1011111. gUild ('kl ng.r .. n t:cl'Fil:­
lit. ;..,.-1). 
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r"II¥. "ZlflIuth, and .,1.,\ all,m pI' ht' .' lll' l 

tOi Ill' l"ntr .. 1 (I d .. f .. I1-., • <.jul l 'ntt'n!, 
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6, PULSE TECHNIQUE 

" 'I " I., J 11." It;:h-

rall/J" til azimuth. th., tiirt'dional anI, nn:! i, 
rutat.·d .... that it l·tm tl'an~mit radio .. n'·I·I!~ 
In t hI' dm'dim} Ii,'sirl'd (Fil!url' (;-2.) 

Pulsing 

i'ub:lJj! a 'U hit, Its '1IlIlt. tlllll.' '1'" If l1<'l'l\­

tr:ltp l~lll'rv) un a J,!i\('n :trt';t nftfJon l'nnu),!h .• t. 
til<' <III I'nnil rotatt'''. to )!iH' ;l vowl. d"ar n'­
turn from th . t.lrVl't, th., pul"l' mllst I ... tran,­
mittt·t! a t a hi/Jh-rl'Jlt'tltilln frt'qlll'nn' If th., 
J.luls .. ~ art' tran"mitt .. d t.I(' IIft.'n . hU\\'\l'r, 
thE' r<ln!rt' (If t hI.' l'<luipnll'nt Is linlltl'li by "lit 
allowinj! {'noU!rh tim.' rllr tilt' l"ngranl!'t' 
ech ... ,~ to return U"flll't' tll1(1th r pul"" i!' tran,,­
mith·d . For m"tantl'. sUPIM,,,e Jlul""" ",'rt' 
Ir.iII'n il I,d at. ratl' ot 1:!:iIlI'I'r 't"'IInd ',h i, 
wuuld all,,,, (lII'~ 00 mirP"('t'lInl b h"I\\ t'l'n 

pul.- s, so unl\- tar~~ sup tn a rallKl or ~ 
I:! I 

ur 'i.t 11111., apprll"imalt,h nluld I •• , n', i\'t'ti 
'fIlii. , It l'an bt' " '('n lhat a "I1mllromisp nlU" 
I .. ·, rlll·k b .. l\'t'('n ritll~'1 and PIIt.",.ro ""II i •• " 
,;tfp. 

"'lIne 6 2 Reflection af Radar Pu/s~$ 

RESTRIC'W 

TRANSMITTER RECEIVER 

';gu,~ 6 3 lIod O'o",om of a ~'mp/~ qoda, S»"~m 
7, THI PLAN POSITION 

INDICATOR (PPI) 

A ba:-.k r:hl:cr \ ... !t'nl 
IUWI/}J(c',ml'U'h'llI • (t'lIIl 
11'1I1Ia. OIlId illdlt atpi 
111"'\; I 

TransmiHer 

Tht' trail- n 'It I' j.!"!I , r.lt. ,. II~·I." I' 

IIltra-hwh 11'. ,'1 • III r PI.! • \I III II I' , . .,h.1 • ,\ 
h,' thl' :IIII<'nll'" 

Receiver 

Li\ 1I)e l'l'j II 

Antenna 

Indicator 

I h., ,,"11' 

"d,' rOt' 1111" 
la fUlfil I'.t\ 

8. CATHODE-RAY TUaU 

Electromagnetic and 
Electrostatic Tubes 
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SECTION II-GENERAL DESCRIPTION, FUNCTION, 

AND PRINCIPLES OF OPERATION OF 

AIN APQ 13-2 & 23-2 

1. FUNCTION OF BASIC 
RADAR SET APQ-13 

Th .. prrm •• n I' Jrl'''~'' ',f h. A:,\ .\1'(1 n 
1- In ' • • \".1 a 11li!'1i all ill1lh·lo"m"ln~ , 'I liUI', 

IllJ,! (t\tf\',t:--t \\,',1 ht'l \'unfiltI4Hl. B"l'au:-;. ,'" t-

III u! j,'i ,lh ,It-tll iUlln. it~ n ... lIlt .... ('annot ht-' 
"I.. I ".1 a- "r.','I'".11 I .. 1lI11111).!' htU n'lh"r a 
.IP.' "r ".IIf. t II l .. mblllJ! Wh,'l1 ",'," 111 "Oil 

Ih, :,\" ... 1.,,, I,,,mlt-I).!'h II. a,'· 

2 . FACTORS INFLUfNCING 
FAll OF BOMB 

(h,rr7Ulll .• lla).!'l. h. pl., •• :I., h~,""I-I.J..1 

,,1>1 ... h, ;,11,,· ah"ad If I •• ' I )11 t ,I 11111.1 • 

Till, .h,tHl1lt' IS •• 111.,,, r;1I1 

Frtllll Ill. \,·rvhn..t.!J-. 1'1"",11".1.\101, 

h.tl th\'.t! Ittl"" "I h. all',r.lf' \\ III ,.tft','1 II. 
\.'1 I al I.I).!' In th,' fall lor Ir. 1"'llIb, th.. lit 

pl' ," "t h., liiall \\ III alT." h .. h"dzfllI ,.1 
I a).!', and Ih.t 11t' l.trll,·,lIar t\ I" .. , h.\I1,I, WIll 
"If"l't h •• lIr n'-I-t. II 'P. TIlt'n·'''.... h. hr.,.­
ra. t"r- IIItltlt 1ll'1I1).!' thl' ( .. II (I· .. It.'ml, .In ,.III 

11111.0. "1' .... ,1. .,"d lo .. mh· ~ 1" 

3. BOMBING nCHNIQUES 

Optical Sighting (Narden Bambsight) 

PESTill( EO 

RESTRICTED 

Y. U 

Figu,e 6 6 "/0" I'os,r,o" Inc/icaro, ,.,.", 

Rr ro I In).!' h., dtlll.d., 11. h. Ih., 01" ratclr 
'" III t th .. IHlrlLC>lIlal n.. h"lr of 11 I" ·lttl •• 
dlrt'dh" un th .. plan.··. 1'1\.1'11" nit I I:tI", I Huh 

U.III t .. r!!lt,,\ • II", """It. 
tar).!', t tn hI' " .. mIl.,., JII 
""11110 n·1 .t •• IHI. 

Synchranaus Sighting (Norde n 
a nd Radar). (Caardinated Visual ) 

\ \1It1ln'II'''1 1"lIll,,,!.,,,, .!>"t ,.,01 
rh, I'nnn.n t 1111< t 11111 fIt till ,'h.tl'l It",J. " r 
nllll., lh'lllir .1~htln~v all~I.~. 11I1)!IIW Ir"" 
711 Io • .!1 t1")!'rll' .1I" .. m th"plUtIl' t"lh,' tal~'" 
It I. 11.·01 :"~n t .. tll'I"rmllll I h., ~lallt r.tII).!'., "I 

"11\" 1.11·1:',1 It I~ " pol .tI". t .. """'1 1111 Ill' 1111 ' 
lant rail!!.' (If IIn\ t/lrv., \\ It Illn lil nllll'~ .11111 

I .. ,ft-t. I'Im'" I. oIar altltlldt' • \\111. th., lanl. 
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\t,', !!:t'r ('ondi 11111 . Thl: <II. t .... llnn 1' ,11 IIU \'" 
,·oml"'II,;.lt-1 for rt adil~ h,' a<lJ\btlll 11 III th.' 
,'J. In"'wrill'I' IlII'l halll"m, Btl""·\ ,r, 111. 

(orm of sil!nal dl"tortlllll ,':tn \ ... ",,'n'ollll' 
t .. a ... ·rlalll n.klll II) II1It fl.' . ill)." an ad )Usl­

:.1.\1 n'n 1\ 1Il~ n'I." ltd \\ ""11 1111' linl' and Ihl 
t. 11'1) I ,\\ rlll'r, 

In P(, polar dITlIlt .... appro,im:.lcly .·qual 
1·;t!UI'.- ,,' 1""1 in and nl'p,til,· loIta)! s art' 
.1\.,,111'.1 all.·l'Iw ('h' tn th,' hnl'.'l hI' tran; 
ml' till)! l'n.! AI hI' r"l"'il ill~ "1111. Iht' 1',,1:11' 
r 'Ia~ n ' l"llti to h., Ihn'dittn of Ih., 1'111'­

n'lIt r'l h"r thall "It!! m:".mi!utll· .• \ u",', 
\1:., ""Ial' rltlult ~I'llt'r:dh 1I",·s I Ill' m,lallH' 
('''nolucIIII \\1 h a ~rtlulltl I'\'turn. hu !"" 
nit' ,tllI,' \·11111h,,· ,'r" ma~ h~ u"'d A :! 1',1 h 
)" tar ,'Irl'lilt r(tlhisls of t wo 01\1' \\al 1,.Iar 
.' r,' IIt- ,IIuI I" .ult:,hI. lor IIlIpI,', 0l~ rat lOll 
I,r.,n<l. tI h. 111:11 lln'IIIL an' sO arrall)."1 j 

(h t1r \\ Irt~ "Irl-ults. Ill).' \ pt \\ fit "r (llt'r .. l 11'1 

" I hi' IInlllt'o\ til .)/It ,lIn'I't inn a a I III!' 

1. EQUIPMENT 

Major Components 

Restl ct. d 

rltu'"IJI)! '1It­
h'lI:11I 

F,gu,e ' · 29 D I & H I' up .... a Duple .. r eletypew,;ter Ope,o tion 

t,. 
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, -lIm.11 Itnt' IHI ,t Ih.· :111'" IHllt' prllil alld 

It "II 11111 
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Auxiliary Components 
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","'raIl' Ih. 'a ")II, 1I1ld abo r durt'~ he 
Ilr .• h)pnl 41r nl:l111 f IlHtJll 4 ~'Jnn' hp f"it"Jlin .. 
t IWIf I' 'I"ln a ,',,,,sult'ra"Io' a!llUUIl of 
llT:t1ll ,'It. 11(,' til """ II 11\ lit' b· t III rallll)!: 

l'olldllltlU Ft rl 11< rlllon'. II ~"Il. ('n .', fu"l. 
l'artll'lI iarb wlwlt the ' Ialinn 1- fllM'rateo ('11 
a t\\. nly- lour hOUT ba. I", 

4. REQUIREMENTS AND PLANNING 
Fur plnnuiul! .,!t, YIX'\\r\ter "y~ll'nl" llncl 

1,,1 I, rt'\\Trt r ",!ulpml'nl IIIslallation::<. mallY 
fal' ors I1IU, I I con~lderl',1 in nrdt'r to insur 
..tticlt'nl anc! ", IH',hliou. ~t'T\'ire, AdHlntag' 
of Il'lt'lIh{.n cirnlib should be II-ken a' oft,'n 
a: p"""ibl,' b)' :ull('rimpo,;inv t('I"j(raph cir­
~ui " on th,'m Thi" praeti('(' t 'nels to t-ffee! 

'IIuumit'lI, buth in thl' amnunt fir nl:llt-nal 
II "d. unel in th(' l1umut'r of operating p,'r­

"mnel required , 

Whl'lIwr tt'll'typewrrl4?r ,'quII'm.',,!" ItrI' 
11. '<I nil ellrN't (point tn'polllt) ('in'uil tiT ill 
a .. I.' \1"'\\ rrlt'r ',' :Iem, I h" full, 1\\ II1Il fill" 
I TS an' I 111 l'urt:J II I 

d) 1) '" a 1111 ,'. "f IIml t .. I,.. "TVI'd 
II/ (;, .. ~r; I h. ~tll .. ('a:l"n .11)(1 \\!'alh r "Ull 

,11'1·1\ • 
<' ) 

ell 

Re tr I J 

RestHcled 

SECTION 4 - TRANSMISSION LINES 

GENER AL 

II, 

It'll lI,d .01. ,It, nl'! I I' "f t I", 
It rnn tin \ t·'; fli lr:.tn-"Ull .... inn Illlt . 

"'II "I lit' lIallln' lif tlll' .• IIIl.', and 
'lrnllt ... 

o'dl"ll \\ ill -,'n,' a lIulIl PUfI'IJSI': tu 

lilt ... ,h ... ·.\ IIltl'" I 11,,1 ell U ,d.,. ,1"0 
.. Uhf til 'I\t· •• 111 u,trodlhllill III tl. t~tl 
I"" II V ".( '''11 tin ,'an" I' ,,'k,,""'1\ II" 1 

tI'1I1 11111 I I", .1('1""1111. eI \\1 h til ..... ".d.,11 
tll'~ . lid hnlll:&lI"lI~ "I Imll 1111" 1"" II,. III 

..r.!. r III ulld"r~t,,"d Ih, "rlnl'lp" .. (' '.1111> I 
ul>('ra I lUll. 
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2. TYPES OF TRANSMISSION LINES 

, t r.tll nla. loa .. l,l 
• ;\1.111\ •• i 

Field Wire 

Field Ca bles 

f igu, e 2,34 f ive·Pa;, Cabl_ Cons"uctian 

Opell.Wire Lilies 
0P"11 \\ In' hilt'" h.I\',· Tt'lal i\ t·ly low lfls~,'s 

.11 vOIr.' alltl l'.,rri,·r fr.·qll,·!ll'it>s unci ('a tR> 
11,,'«1 ttl pn\\ul,' "jrl'lllts "lIh ~atl"f;ldoQ 
tr:lnsmi. ,'1<.11 ,'hand"ri, til'" fur IOI1~ 1i11l'~ 
\\1 hili" lh,·al.·r of II,,.'ra inn, . Illth"u!!,h lh.· 
U 't' ,.f rt·' .. ·.II,·r· 'II r .. ~lIlar IIlll'nlll, j" slanJ· Su bmarille Cables 

I 

.a 
'7 

~.----=-: 

figure :1 3S (ono.nl Cobl" 

3, NATURE OF TRANSMISSION 
LINES 

Electr ical Char a c t eris t ic\ 
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Re",ided 

r duce 
r '11.',''1011 10" e. , ml,. 1 1 lephooe 'Iuipml'nt i~ 
d. 'IIW d to havt' he appr(). imat charact .. r­
I I 100p ... dancl' of th.- Id.-;d tran~mi. sion hne. 

\ttl'nuation and freq uency Di. tor tion. 
.'IIl'" :.11 the po'h'r -nknng the trao~mi. l'ion 
hI,. t th ' input i not r l"ed at the output 

w!, tht'rt' I: a defimt .. loss that mu t be a -
.'JCI:It<'d \\1 h th ('hara~ eri. tics of the wire. 
In \t'I,'ph,lO' and t.:iegra"h praclict'. thi .. 10. ~ 
I' c.,lI,·1I "at I'n'la IOn." The attl nuation of a 
ho., I' no cun. tant for all fr qu('nci , that 
th., h I,' I" ,':d l,'d IIPIJO to tram,mit. Tht! hight'r 
tho frt''1Ul'lIl,' th" hlKher the at .. nuatian In 
oth l-r wonb for 3 KIVl'n IlOe, th ... attt'nuatioo 
I' Jlr I~Jrtl\lnal (, th frequencv • ince the 
Jrl" frt'qlll nC11' I rt' att nuatl'li to a lel'sl'r 
dl'IH '1 h.ilI h., hljlh fr "lul'ncl('", distortion 
uc,'l r, 1.0\\ f r"'I1! -nd,·, art' tran. mitt d b t ­
{'r han he hl)(h fro''1'It'IlCIl'S anti thereforp. 

ur' ("'It''r UJldl'r"tn"d Thi ,itstortioll is 

" 

\\0 

t ,'ap,'rltanu' .. lfect, ali<I n· ..... tann' 
II ... \\Il,'.Tl'UIt. tru, t"lk m \ 

--~ 

result from thl' leakalle current between two 
circuit . Normally, WIth propt'rly maintained 
clrcuitl', th,' in. ulation is suffici .. nt to mak~ 
the cro~~talk cau"l'd I:.o~ Ipakagl' only a mlll'lr 
cun. idl'ration. Crosstalk may be prO(lnc db ' 
magnetic effect; that i , by th magnetic field 
of one circuit cutting the \\ ires of anothl' r 
circuit, and inducing a current in thal ir­
cui I. Becau. of the greater :<eparlttion of thp 
wires in an open-win' Ime thert' is a g r at('r 
diffe rence 10 th \'oltage~ in each wi re of thp 
adjacE'nt pai r than will OCt'ur in adJ3r'.'Ilt 
pai r", of a cable. Thp magnl'tlc effl'ct in an 
open-wire pair. therefore, is greater than in 
a cable pair, 

Capacitance ff ct I!' cau: d b~ the diff,'r­
enc!' in the capacity b tw('{'n the wire~ of 
two circuit>l. Since thE' capacItance increas , 
W' thl' , ('paration of th ' two wirl'lI den 'all'. , 
It i" rE'u"onable to eXJX'ct that he capadtancl' 
eff,'ct \\ ill prOOucl' CrO~l't31k in tht, circUlls in 
cabl :< Thl' diffl'rpncl' of potential in one cir­
CUIt "au~"~ a dlff .. r nce of potl'ntml in an 
aUJt1llling eircuit, producing cro. stalk. 

Iblohl" ',(TUI. II II. th III cahlt' linl':I, "hen' 
.111\' l' r .. ~' alk heard ma: be illduCl.od ~imllltll 
Tll'llu .. h' fr. m II lIumb<'r of othl'r CirCUit>! II 

r.'~ult uf Ih, do,' I<rou"in)( u! th wir"l' 
\\ 1 hm th ' rabl,. 

tI, (, d 

Restnc,ed 

'h" illl fOtflll'.·t/ It." 110" 0" hIlt ll1I1' Io. 
.. 1\ .. hlllll1:d".1 t,." atl, 'jUIII,' 'I.JI,ltlltn ,.1' 
JIll ,"lnll.t1I~:t ~I'l'anl 1,111 " I t It " lilt Ii 
ru:ul \\ 111 prm·,· a utfi"I"lIl dl~1 JIll" f • 
IIt·flll.1I \ "I!:.j.!" • "11 pilip cI 111 .,I.'t'ln. ,.t 

rlh •• 1111 ,~t.-IJl .. 11 " " '\1'''' 1111' II., hwh 
',l)~t tr.tl1 fllJ=",jou ~\ .. lt'tn .... a ).!'r· Ilt'r, t l:t 
lOll \\ 111 I." r"4I1ir.-d. 

Tr ansmission Loss.s and Gains 

than 011" 

millh' lI I, 1111. 1111,,...111\. 

tlb lJIlllUI (' I IKI\\, I' 1.111 I, 
".1 t 

I I 1'111. I' If 
II ', I \Ill III I I 

Correction of Transmission Loss.s 
Th.· fnll,," III! i a 1I1t"o' tI. 1.111." tI. ,II 

silln tit' th., IlJo'th"t1 10, wh it h Ih. J. II 1111 

Re"n eel '245 
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11111'1, lId 

Ihl' 

rt till •• tI 10, h" I tt ,I 

--

IPI!' (hl' r at II, int Ih',lr a n'JI", .'r ,1011, 
,11111 on. dr.'!111 i, carr) ill' th,' \\, Ilk Curn'Il1 
""I('rlll)!, Ih., 1111'11 ,01 IIH' r,'," :1I,'r, Ih, ,'II 

""I ('lIrnlll)( tilt, ,Irllll)," 'IIrl'o lit 1.,,,,1 I .. II 

,rl .. t., \\llh th., ("ir,uII ,'arnll,)! Ih,' \\"1. 

"r I Ill, ",,11111 

Figure 2-4' T"pes of Transposition 
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Restricted 

1>. \\,'11 1"1"")' lin" and tt'hl'hon.· 
IlIle It 111 tII\ ""~. i',U',IIl .. 1 \\l11t IItllt' 

.tll II II 

t ,.11.111"11 C.1I lin " U'"ld,'d, F,.I' th. f1111ll;,1 
III IIILill 11111 lun IIf tilt' • Ii ... 1'1,' II' Ihl v. 

101.,,1 ill I • .,.." '1.,r.IIIIIII, hOllld 110\t IIlh 
<''''III for Irllll,mi, 11111 ,~, 1.'1lI . It .. ,.'\" 1'. 
:hl \\11 - 11(11 p,'n\'p 4-ul. ctUalt': gr"ah"r ~ I'aru· 
III, \, III ha\t· '0 1"1 l,tf4'C'tpd ill tJnipr tf) rl'­

dUI. I ht· 1I,.i"I' 1(\ it "lIllki,·1I1 I~ 11l\\ ":11111', tn 
111 • .1 ... 'h., II i" 1"1101, If :lIh'qu:Ito, ",·p.lrallon 
n!tl\ lot lx' ,ll~lIJlf·cI. it nl:t\ tit· tJ"(f',,~;~r~ 

tu ntak.' U ... t' 0 1 ~'t'rt'lill nll'a:-.urt S In adlhtlun 

I .. IJ:lI"IIt'III~ :ltlll ".11\"1""1111( 'I .... 1.,1. "h .. l11· 
n>lldurlllr Th. ,. n:.', 111'.. III1.tlh n"IIIII'I' 

Ih,' <,1'''I"'r,, 1.11 "I' tilt' ,·!t'I'lrk:.1 III"il~. Th., 
p:.rtltillar I," hlliq\It·~ \<'1,' tlllIl·"It:.1 wllh 
• ai'll I 1I:'liulI, hul II dud,' !IIIi'll 1111'aSIII'I'" a 

r •• , •• tljJf,·nit lit •• t th. 11'tll l funn,'" f,'!l1th'{O. 

111'11 • "I" III ,'rti,." "I 1110', III Ih,' JI"\\"I' III,' 
'11 n',1 l,," h,' harlll'tllI ' (111"1'111 III Ihal 
.. ,, r, I .'1'1' I.d lIHlII)!nt'UI inll,. .. r 1 h .. IH '~'.T 

III" l'olltllll t Ill". I r,,' iot, a t,t'\ 1.'1' .,1., "',1':11 
1.""114 ,. 

11Il,,1~ " 'I" It , , 

, I II mill'" ,,"arly I".'n aIl11Ith"III,O)" 
III 't"'I"I'1It i. S 1'1111'10\ "01 I'll 1 h, I"" 

4. TYPES OF CIRCUITS 

General 

art "'a. iii, d 'II t,," \\a\ 
' . a I ilhH • IrulIl.: III " 

II' '(II', Ii II": (u 

'igure 2·.2 G'oUl,d Relu,n Cireui' 

11\ ,k. I h. /0,., I ,,'," I (I .. "II'" f",'lhl It 
.• 1." 1(, him 

Unbalanced Circuits 

I,\all 

",011'1.·\ (In'ull H. 1111 • .II • I III).: Ih •• 1111 

II'· ... ~r .. tllt It I'" litH' .lI\ III ."III){II" , lit, 
1""1.11 HI\! ,'uti, 

HlJ' .11IU)..' ,1111 .tI', II ,",ei III lit Id "II" \ 

li'fll III 1'1.&1,\\\ 1111 Sib'.· liJt rflfl~trl" tlot! .,j 

'"111'1., IIJof ,,1I •• nl"III (1I,'uII ttll ... 10111'''1.11 
It ' I,,~· ... ,,.h, 11'1"1 """ III. I, ,., , .. 14 ph., .. , ,h.11! Ii"'. 'I h,' "." """ I 1 .. I' r \I II ""Io111W "11 
a m:OVllt Ii., , .. r, . '.1'" filII) INoI"II., 01 I" 1'" 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE. 

Re""c/"d R""r.cted 

or .I.all <lllI Phantom Circuit 

y..,'f, ..,aOAROS 

Figure '·45 8%nCI"N Crrcu.' 

II II 

Balanced Circuits 

Figure ' .... 4 Simp/"" C,rcUIt Figure '·46 Plton'om Circui, 
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'1 \1 Rp""cted 
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1.11 'l!' I. ,I l'l flO!' • (111) 

til, 1.11 ... •• •• 111 ,",tis \\.11 I .. 
h lilt-III ,~I I~)ard 

SECTION 5- FUNDAMENTALS OF CARRIER 
TRANSMISSION 

I. GENERAL 

t .ltlJ",1 till nlllltan d"\"/lIll1h,,,1 III 

lUI \\I r l' \dnllrlUf1halI11tl I' tolIn , r 
/'Ill, ,I,·\l·!.,I'Ol III Is ., nt •• IIIl' 

I.i' II h., ;. 1,1.1,' .,lIl .. I lit. III 11.11 III. I 

:t).!i'Jlhll flo'l!llr.'uhut III fJUu\ ,-,HI II1.t 

I. 111'1, ,,,,, I PI'!' 111111.,1 I h".lugll I h., .. , "I '1/1 " 

II dfql Th,' ,. "\/lIl' \'111 hI '"I,h'l 011 
"Ih.-. oJ III t h,' '" li"tI 1 .. ·1 .. " I II .1.1.11 lOll '1/ 

Rf! strrct"d '} ~3 
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Restricted 

1', II, f'r II I 1'111 111,·1' ,'llIllIIlal, "I UII 

I, II. tI IIlfJlillhl.IIII 'f'm,~" 'Itts. 1.1k, \\ IS(', 

1,\\ 1,1 Iii, r, ,11'1' II I·d III Ib, n·" I\m' 
1>, r II (.f I h, · h·rrnill.d 

3, EQUIPMENT 
IT" nn"l1 (', mpolI"nls of I.·",,,hon,' t~r, 

tll!'ldl "flllllllll'lII ha\i' 1""'1) t1t:sl·nl,,·d ill ""01 
• 1, .,11 ,tI,,,,, h"c,1lI 't' Ih"r an' pn'''''nt ill all 
1f.1 I I' "0011'''1 '" I of I:U'1'1\'1' H/IIIJ1ml'nl \\'f' 
\ III Ill\\ • '''lnll'' hI fUllt'li",,, :'11<1 ~haral' 

• rl 1C tll:-it P:U":d.· itl'nls "f nlili ar.\ t ,ar .. 
I I' t tlIJll'n.t'IlI 

I. ",,. 2 SI T,I phone Term,",,1 ('f , A 

F .. , 1'''1'1"' '" It' IIi "u 'ill". (':II'n I' "!JIIII'­
n ,"I n,:.\ I", tlh Id,'" lilli, IlIn'l ('1,_ ,:it.,. 
I 11111'; "I'IlII1I,J! '·qlllpm"I}t. 1,,", "</1111'011'111, 

.Hld I'll v-mg "qIIlI'Ol, nt. .\ ~'. lIf'I' .. 1 dt'. np. 

liol) fIr Iw, .. In" ,- IlIg' thl'r \lIh th"lr rill{'. 
I ion 10 a ('arri,'r ,,) l('m i,.: gl\'('n in I hI' Iol 
I.,,, ing paragraphs, 

Telephone Terminal Equipm .... 
T,·I,·phlllll' tl'rmmal 1'1.',).( ) i" thi' Ita it­

"(1'111'01' III of al)\' l'arri,'r s\ ,11'01 It pro. 
\ 'il)". four t")l'phfllll' 'haulIl'I,,; dWIIII'" I at 
\'"in fro'qu,'w'\', lIlId ,'h:lIl1l1'l" 2. :l. ;11111 ~ OIl 

I'arri,-r fn·'llIt·nci,·, II till' rail nl' I inl!' t, 'r. 
milia!' ,hifl,'11 Ly Ikmllflulallfll} h;I\'k 10 th,. 
\'IIi,'" I rt I(U(,II<'I'", a Ih,' r(· ... ·i\·il:~ t('rmil.a) 
.-\11\ III' all IIf Ih ('F I dlalln"b ma} I~ . (·m. 
1'111\ "11 \\ ilh h, (I '.:! "''''~ra"h "'roJilial 

I \I hll Ii will I,., II,' crib,·" bt. 1" III 

IIlh 
fll tl' t ~ .. nflll ,11 ft\ "I 

05(11"TOI 

TO 

!llf GaA'H 
(OU"MlNI 
CHANNfI I 

SEND 

REL4Y 

tH4f'<Nfl 
fIInRS 

Fiflur. 2,52 Elementary 810d. D,Oflrom 01 Teleflroplt Terminol CF-2,C 

II 

1)(' nn'lIil in path (II tI ... f'lIl' 
half tllIpll'x (II' full dlll'l. ,(>. 

.. , """II! \ t,,, ~laJlh ,,', 1,,11, 11 

\ I I'.i 111,.\ I., II ,," l'j'ar.,I.'" "1 III "!II 

11II1,111"n \\1th a (T:! In Ih., l.ttt,· .. ";1 " II 

('J 1\ '''''"u''I,,'i.,~ (h\,. '" r d,allll .. 11 ;11'" ", .. ," 

\\1 h lh., "i):,lil II', '11I'>n"11' III Ih,> ( I :!, I,ll 
"1." apart III 1111 \""',, .. ,orl¥" Ironl ,Ill III 

ROHt"fted '159 

• 
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ReJf"clHI 

:110 to :!.1II11 ,·'·cI".... Tho-n,rnn', wht'll ("ur­
Ilr, "I" ra 1"11 I, II ,d, a 1'1-' :.! alld ,'F-fi I all 

(' )nthlll" til ol,,'r;tlt' t\\,'I" t\"'-\\a) ''''''j!I'lll'h 
I'an'nll 11)/1 III ,'urh tlin'c-

\ I r' '1l1lr, IIlIh Oil, rh,lIlwl .. f tilt' ,,~ Ii. 

"I"t. ,I 1', It'ph,ul'' T,'r011l131 ('1'-1 1'111 ,'. 

'til "", ~",' a rll\' IIlIhr;lIIl'1 III 11,\, \'alth' 
I ,rr t r 

Repeater Equ ipm ent 
, ~ 1 . 

n p,'a('r" an' r;''1uin,d, Ht'llt'at'r Cr·:l-A I 

'Ul1llttl!'" III IIlI' lour· \ rl' lilll'. Th,· r"I"'" (r 
ha~ Ik,Wpr "'luiltn "lit, Imil:,r to that ,It th,' 
1,'t mill .. ); anti prll\ 101 .. " a I'Jlllralt' "<jlJalizl'r 
:llId anll'h'i,'r 'nr "u,'h ,hn'dlUn (If trail • 
rnl toll, \\'h"1\ n'q,urcd ('Ir th, matnlt'lianct' 
III I ... " ,t,'m, fa'III". ar,' prll' ((it d for 
,dkulj.{ lJ\"'I' "halllll'l 1 A Ro'm r;d lIutlin, IIf 

(h" ·".,llIn'" 01 H"p ... ,(,'r ('F-!!-,\ (,,11,,\\ : 
:\[ an f"r t"rnllll,t1ill~ till' piral-fllur t'; hi,' 

Itt •• ,I'h dlr,< lOll. \\Ith pr .... 'l·tlnn Uj.!'Hllbl 

I.vh Illll~ all" I' ·tnUW(1U ' \'l)lltlj!"~, 
;\t, :011" f"r prtllldinj! 1\\11 D( ' ~lml,I(' dr. 

'1111 III ('a, h dirl'l ion I1\"'r I h,' ~piral.fllllr 
,',11.1., p;lIr~ 

'1'\'(1 aml'liri.· .. ·, "",, fllr 'neh ehn'(' 11111 "I' 

F.pu,,, 2 ~3 1 .. , qraph Terminal CF-2 8 

• , d 

F'gure 2 54 Rrp*,"'''' CF 3,A 

Res/r 'c/eel 

'.' III h 1"':alt'cI adJ.,n III to it II , lal.,cI 
erminal. If IIt'st' IIlIit .In' Ollh' III 1,llIf.' 

I1parl. a '"~ par:.I., l.t!klll': 1:11;111111 I m:tI I, .. 

1"0' "It·" 1.,\ '1-1111{ r,-I.'phon,' l'lII! 1"1', III;; 
or ','parat,· ':,-Id ,,,",, fo"'lbll," 

("/In-'e I' I" land ( I' 'i 1 d. 

F;9 11 ,e 2-55 Rrpraler CF·5 (2.W;, .. ) 
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"holl" < 't alld rh., lim', h' rllIl!'.'r l'\lui"n ,'II 
r"',",n.!' "th. 1"\\-fr""IIt'II.,, l'tlrn'l~f, r,'c. 
'Ilie" a 1111 iii I r' i lit :!IJ I'," h", rOIl ',', It til 
"tolte·fr,·qu,·n .. ) 1.." 1l11':II\S tlf a 101111,:;11\1 ""d. 
os("l/latnr nr ,'i1.r" fir. and ... ·1111 it out 'In'r 
th· IJlIl' Th., nn),t,'r at th,' n'll'i, ill~ .' .1 lOll 

"I~'ra" III re'l'r",· to 1'/II\n rt th., 1111 ,. b.ll·k 
tI th., I.,,, t r.·I/' •• 11, \ n qlllrt'" t In",'Kizl' h, 

,,, I l'hbll;lrd (lr t.·" /lh"n, 

4, CARRIER SYSTEMS. GENERAL 

F'gure '·57 Co"ier Hyb"d CF -7 

CLASSI FI F.~ 

r Co~e~brid 
Iop.n wore 

converter 

02 11 6 

02 11 6 01116 

20,8 J2 2 0:1 11.6 

f igu re '·511 CO'fler SI' ,'e m, 

5. TACTICAL CARRIER SYSTEMS 
'I 'n,1 ·1 .... f' .1; .t; 1 •• 1 r f I , I III ' .Il 

'\, ,'Il!' alit! th.· t. p. (If 1111., Oil ,<tIlt h tl, \ 
.,·n' lIormalh II, ";1 hr.' tabul.I"·" III 1-"1 'II ... • 

2· .•. A dll'tl ,!Un III ,'\,r.tI .. ( h. f I"., 
,,110\\ ' h"I\)\\ : 

Rest",t d • 1 
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Restricted 

Spiral-Four 
rh. I" "', "(jlll'nlt 11 fit Ih~ "pir.lI.f ur 

• IITI. r I It m or th,' IIlH nille '-(llnll.tuur 
I • Ill, IlIdllcl. Ih.· '(". It'ph"!,, T,'rmllllll CF. 

I Hl'J l,lt'I' I F·:I .,1101 III lit ... ·:~an l'a"I~. 
. I'lr,d.four ,,,,ni,'r "'llIlllnlt'n is II,' iVIl<'1I 

II •.•• 111,\ fur 11-.' ,I- n I,h,\' it':d f"ur-\\ Ir~ 'y,_ 
It 111 '1\ ( 11"1., .\ '" mil" ('( .;::; , r'll!llro 2-;J!1 

,Ii,mil lI ' all~ h., arrall~"nl'lIts for 

I,'s thall 11111 nlll.- Xurmal 1'E'Ilt'att'r ,Pltl'-
1IIj.!- an' ah"11 1\\, 1I1\·ti,' mil. anti .11' 

11111111,11 h.1 IIUl.-\' and. \'all:,I.]., 1"'1 'alpr lI'alll • 
,\'11, r 1IU1 'I It,w, onwwhat 10n).11 r I'a,'. 

1Ilj.!- ",,11 Ii. u-,·t! \Iilh -0111,' "Onlphc.llinll III 
rnaintt1nnnu' 

\\"h"1 II .. III It /'111 ,.h"I. r. II( alt'!'s ar.' lI-l'tI, 

:0- ill 1'11:111'., :! :;~I:,. llr,'llIl h'/Ij.!lhs up tit h,I'. 
1\ .fi",· nil I, '" or mill', Illil,\ It.· lI-"c! h\ In­

l'I"'a-ltlV th' Irall'nllt 111 .... IIlIll'lIt "t hi' fl I' 
IIll1al- ) 1",,11 art· prund,'" III h,. l'rrl1illal 
'111111'1111 lit fill' .j("'lIl11l'lbhlllg thl J.:'.1111 l'lI­

d'T r.,\oralol, noi." all,l .r .. , "t.tih I'4Hltillioll", 

1'11.1,," 1)(' Ch:Ollll' I :or'·I,rmld,oI .. \".!' tl. 

=CHI 
= C .. 2 

='H3 
=C"4 

F' II IU 2,59 SpifO/ 4 Co,,,e, 5YJ'emJ 

R str,ct d 

Restricted 

qUlr., 11111< h h" .. ('1 ",11"11 1"IWlh anti I',. 

1It'.tl. I' s,,"CIIII! till' hIgh '1.111" 11.11' 1111 1"11 
I ,·rt'Hrrll.t1lll'. 

Carrier Hybrid _Systems 

Figu,e 2-60 eo/anced 2-W;,. Corr ie, Hyb,id SYJ' .. m 

Re1l,.cted 165 
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Re,t"cted 

110'1:.1)1. ,1,1"1ll 1\llh IIltl,' 1.,I.lud., in th, 

lIlak .. Jl 01 I h. lin IJllI' Th" ('arrrlT hI Lrl4l 
\" t Inl J f(lf 1I t' \ h. rt' p:ur '-if·t ' .tl a )lft'-

11111101 and tI,,· ,II .. 111 • I" LI' 1'lIIln .. d, w,lhm 
h., ('" 1'.' hJlI! "'. uf Ihl' ,~-I .. OI;, lrllll I,d h.l 

II p"rllnJlar lrllt Irr"Vlllanltt,., l',-, <If tht, 
',' ,II HI "It \ ,'n irn'vlll,Il' lrlW: In torward 
;ir~ a~, IIU. "qfJlt nil :a 'Invlp 't"(tlull t.a. i' 
I,,.ol'id. d n .. alt"OIl,1 i. mad" I .. IIb.'rl I: ry(' 
.,01"'1111- flf )(.011. th:'1 I ,tilt· \ , I t m lila,' hp 
II ,.I III ,I illd IIlllr' t'ln'lIl .. n a 1':111 IIf WIn' 

(,11 IIIl \11 IIIrrt'a. e til,' r .. II)(1 11.1 :tllI )( r ':.1 
"nlollrl 01 ..;,uc.:h l'a f· 

Thl' (·:IITH,. II I 111111:<1 .,1111 tts :, .... (·lat'.<1 
h\ l.nd ""II 111," I.. t'p:lr:,I! d ;,,111 1'1>1111(',­

""11 I .... II .'. nth<· I II .. m:ult' t'll., .. til-wIn' 
loasl_ rill •.• 1111'11';' I·d .11 J'.Kurt> :!-titl, " h, 1',' 
'1'1,,,1 h,llr t alolt' b -11/1'0\. '"1111"" rn~ ht'lf'r 
"Illl.d l,' tho 11\1 r"I" Th, "'paral'''11 ,.f Ih,' 
I II" II n," "f .,., "I'I1I1'n n,," I", 111111111 ,10-. tr 

.. Ill. III a 1'111,1 ',,"~ ,'a"'" It ")(\ h, 1> •. II '" II t h., 
'" Inld :lnd I h., .. !'t·II-\\ In' 1IIIt, 1'",." arnp!t'. 
" en", I.,. d, -In'd "I'la" Ih,· 1.'rnilll .. 1 ,'.,'IIP 
"f'U If ({ It~ f' po t'rI I t ... 't· 'tt ha 11 nl.1\ 

I,,· (,,,"It,"rl''~. '!l 11,,\\. I',. Ihl "I':.rat1111 

Pair-Per-System Operation of 
Telephone Terminals 

f, ..,. 16' 1'0.,·1'., Sy.' m 0 """01'011 0' fel.pltoll. fe',"IIIo/. Cf. ' ( 

;U-I IlI.!'1t 

, t In '~. t h,~ 

I' r.dl 11('\ , .. ~" uf 1' .. .1 ('h .• Ill' I II ",rit! " 
,tI t Iw lillt' at It II alll," hI ;.h,,"t !I tih It 

n'I·'r/1 ad.illSl"!!. tIlt' lin'ull>; \\1/1 II t SII, 
,.tlp!' ~"". h,w ('ontllllOlI-, 

I h,' nn'lIi "'I1!! t h" I\lth Ihb ~I 

t.-nl Th .. r:tUIIlI"""lon 11\"" 'ht Uptl) 'II". 

lith' III Ill.. ,III'('CIIIIII I :.!UII 11.1;1111 .1 , •. 

\ hi t' ~II 011-: :.!,:!CIII l'I d. I '111"1",, II III 

Ih,' "lh,l- """". '''11 t",. 11' •• 11-1111 ItllI C'''n 

\,IIHI I., ".In\.'\ .. ',,,, th, "I~ U-t''I11 III \ "pan"" 
It ad (1 ~ J I f; :tlltt 20 ~ "!" :..! 

figur. 2-62 Opell-Wire COllverte, Corrie, System 

Re" "cled 2 I 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

""rmal n'p<,,,to'r .JI. lilllt'l' "II O. () rUPI 'r·. tC11 
i "ll!hh to 111111'1\' milt· . 'Hi, ,. alld :1\ 11I1a101,' 

Wh.'n II ,·d Us 

6, MULTICHANNEL 
VOICE-FREQUENCY CARRIER 
WIRE TELEGRAPHY 

THIS PAGE IS 

.tOlt' \oi, o-fr "tjUtlnl' band . ~ 'inl,,1 ;tll{,,(~lIs op­
t ra illn (If ,"\"'1':" ( \1 (l to (II, II (') I, It ~'rlll'lI 
<II' III il1.l~ lit· ubI III1t·cI In Ih. \ 'I,,' IIIIW,. 
'.1 II II h t rllill hun~' ,':11",11" {,f Ihll'l, 
"I" rat I III . (.'Intult"n, 011 oJ "l'all .. 11 III t'ut II 
tin"1 IOn I. 

(' .. lfTh·r tlJ, .)!r·lJ'h s .. \ ;··""nl:-; :lrt' 0IK'r.lh,.i on 

\\I)-\"r, lJn.tJ,t:-.. fuu, '-\\u', tlll'Ut .... nr th,' 
"ll·lIvall'nl ill "hii'll Ih,· 1.11 IIlls Ion In 1111' 
til" .hn-<"II"II. IIUI""'lId,-"t. In tIl" \ 11'., 
,an,,'r .'Io-~I"I\'h "Ilt raluHl. ,litf"r,'1ll h,,­
fllll'fll'h'" :Irt' u:--.t:d till' tll\' (\\n dll.'\ rloll~ ot 

tr.lH,nu:-- .. j.nL In tht' f,,',it"it' Cit fuur"\\lrt. til,. 
-,1111" fro 't It n. It" 111:11 I,,· 1J"'d ill hot h dlft .•. 
11"/1 \rh'lI II ill~ lilt · .1111,' 11',·,,11' I ,' It ' s tn 
III 

CLASSIFIE. 

c 
[--

7 SPEECH.PlUS.SIMPlEX AND 
SPEECH.PlUS.DUPlEX SYSTEMS 

1'''1 . 
tt It 'J.lJ l h ... \\O,.l\t d ;,l unt' hi tht' t lilt q't l IW \ 

tn''I'' '",.' .1' (:1011,,1' 1.71U1\11,~1 11111, . 
'\"'IlIipUItIIl.'J., ":.nltll 11.11, flul,et 

I 'I' I -II nov allol 1111"11 fll't",j l"r II .Irhlll' 

R"""d d '} 69 
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F,g u,e 2·64 810ck Dlogrom of Spe ech.plus.Duple. Sy"em 

SECTION 6 - FACSIMILE 
1. GENER AL 

THIS PAGE IS UNCLASSIFI~ 

13 v 

lOOP 

[ EC .. H 

EQUIP"' f NT 

lOOP 

2. PRINCIPLES OF OPERATION 
General 

;,1 • 1-.1.\11', •• Ih h. I tho "'\ I,. 

I 111-1111 • d ".«. 1111 I J • Ii 11\ .1 " II I 

OI~Ecn IN Of ROTAlIC N 

, '" 

F'9 u , e 2-65 P, inciple 0' Foes.m,le Operot.on 
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Restrlcled 

II or,' Iwhl I l"l'lh'c-t.,c! from lh,' (:0,),1 
Th" l,hlllo·<",'11 "" Ih!, n,II.,!' f'd II 'hi 

h •• ' 

ImplIl t' 

1I},lIh Il'a,'"l, I)\t'r a r.'gular H.ic.' ,haunt! 
I 11'. or wdlo) 10 Ihe n'~' i\in~ 1/';'11 r.l\tr, 
\\ r t'r. tht prnn',' i:oo. n .. 't'r .... t ... 1. thll' :t t UH­

II. 'r"I,I' dUI'IIOn I" Illllit lip frum Ill" rw. 

, , I ""'" 

TransmittinCJ 

pl'illllll)." :1 n l'ordll ~ l'lmp h l'U into Ih,' 
''In'UIl III n'plal'(' th., "II ('In,' "Yf', For fh. 

1'1',1 ('f1ll!.:'C n l'onlln~. ,I tylll rt pI. rl" III 
rt I.nfr' ... · "UII)) 

Contrast 

h.r I.', 1111 n". /'''111011, mill h ;.tt'·l1tjOIl 

11111- h. ,;lhl 10 Cllfl r •• ~ Co/ 11,1, t. th., dll. 

f,'r"I\" 1",tll"'1l '01;,,' alit! II !tile, IS indl. 
,'alld 10,1 th,' I1Ja\lnlllm : 1101 n.llIlIl1l1ll1 . '1:'1Ial 
.... h" .,.'Ila til.lt rUe1,\ t).t "ht;ilflt'(! 1n)nl hll l'Up~ 
" I,,. trall-1I11 It,d 111.1(," .. 1' \Ihll,> n1<l\ 10,. 

mad.> to )!I\t' l'lIlll'r Ih., ma\lmum or mUll. 

mum Igllal ,tn'n!!,1 I, fl,' 'in,d Thj~ d"''''nd~ 
IIlklll 1111' \ I'"~ fll r'·I·It,ht.'1 WII b"llllr mafft' a 
th.· r"I"'lIlng ~ta ion '-'Vllal ,'II'I>II~'lh i~ 
lllt'a'lIr.'lI III d.'rib .. l.., and I, IIlthnllpd on thl' 
db mt I. r, Thf'COIn-.'cI ,'01111' •• 1 raI1V.· i~ II h, J't' 

th., ,\t'a).;. sl -Wll:oI r,'n·il'l'd I Jlht tr(lllV 

"II""vh "ro"·IIrd. "lid 1\ h"T!- t h,- ilia Imllm 
-lgn,d \I III n't'lfnl a dark 'I' I. pos-ilol,' 
111111111 tho> lilllllrtllltll, of h., rt'''"rdlll~ 
'11t It".! h'illg II "Ii For" "mpit', III f h •. 

r".· .. nhll, nil hod. If till lila I. 

U(' J!rr~., • t },fl (UI ... ·ll' 11 J\\ in),! 
Will ",,,,,,' 11 It lHlrn h"I ... 

"P I" t"r. Ih" .I,lllal 
'I hI. I~:t h"I,t It-rm 

'1 e tll<t .. d 

R.Jt,icl.a 

1"llut'"ted. di:<engagl',' th' drum·feed mechu. 
I. 111 anti mow: the drum along the, haft. 
r it'ad ,crt'w. until th' liKht [,.':Im stnk", 
I,· ,hlte :"ot on th,' pha •• • ring, ;11111 H Ih' 
rum turll,. a .. ha~l' lJul.. I. Ir.IIl'mitt'd 

Whilf' the ph as.' pul. I'S an' lJ"1II1o/ Iran. 
mlttl'd. the receiving " lwratHr -l'ts hi drum 
II pha e with thllt of till' Iran nlltt"r h\ 
{t ing h is ,eledor wlh-h at th,' .... , .I·lIftl 

I h"lu" de,' lgnation, Th!· phust· Il1Ittllll I 

lilt'll d pr ·,!<t'ti (.'umpl('tillg 11 'lha. InK' ir"111 
l'llil! in the trail. n 'n'i,er, 1111. lid ual.·. 1 h •• 
I hasing magnet 1<0 that II -1"1', tit .. tirllnl 
(roll1 turning until 11t(' 1'1 a 1111( l.ul " I u, 

lI"d frum the trllll.nlltt illl( ma.-hil\l', .\ 
1111' pha:!' pul:<(' j,' fl"'f';,,'d. I .II'IU,.Io-, th •. 

grlt l again, all"\\IIlj.( Ihl' 01 ru Ill. I .. 1111'11 

IlIi·lIl1 . This ''''rnlll t hi> 'anlt' "I"llt i,'.11 
1M , "n hf)1 h .lrllm. tot pa " I h" "alUlillg 

1""llh at th.· san", In'tallt ('arp mlhl I,.. 
I,.. i ,·01 n.)t n tOUl'h "Il h .. r of thl' oIrlllll 

If I r lhl'\ h:t\".· b 't n plta .... '·.I.,.r ht· Pl'Pt't .... 0;; 

I., h.II" to h.> n'll< :.It'd 
fth ntillf t Ii atl(,J\ p. tH'n' art I \0 Jllt'th 

d 01 rt 1'''I'<Il/I~ rho' "hol,vr:I\IIII., II" tit, I. 
I I t h.' cllr, n rl'''onlllt)! OWl h,,01 

PhotoCJraphic RecordinCJ 

Direct RecordinCJ 

I>in'ct rl'l'orchng j.(i\' tht' 'arm hlUl'k MIt! 
'\lhlt,· n'pr"oIUl'lluII a tl1l' un)!III.t1 11,,". \' I', 

d'-')!/"'l' of d,'t:lll and half·tllth rt prodUt'lloll 
an' o;al'rtti~f'd 1\llh thl, llwth'HI "r I., "111111, 
trall.ml""ioo 1\,. compar tI \I Ith fl""ltlle' 
tran mi, Illn., • 0 further PfO,'/' Ill)! 1ft'. 

'lulI,d IIltl h,'n- 1I)!<l1IJ. lht> l'tmtra t ranK" 
11111 t I •• , •. l..bl!, h"II as 12.tlll':", 

'" lhl Ill.· hlld. I"!t,,tdtllo; I'ap'>r, a mll;1i 
• \lalt"I l'''I',·r. tt'I'I"l"'~ ht· .. hotll pallt" 

I) ,." III I h .. lltill'r II)' t h, I ,Th. prl' un' It I' 
Ih,- ,I I III till tltt \'It! 'r lan,', tlln·,'tl\' \1 ilh 
lit. 111' ullllllj.! l~lIal 

3, FACSIMILE EQUIPMENT 
h U"lmil(' . :ljulpm l'nl ItC I :!fI, rhi 

mllt'hllt· 'lIdlllg 

\ "II a ',,, III Ii:i "tI", \I III Hulllll' \ IIlIt '" 

Iff <;11111''' hit tid I", ",; .. hlt ;lIall.lltl" t .. fllr 
Itl h 11111,\ I'harg.'d (i,'nlt "r.t~" 1,.,II"tl'''1 
(ut" • n • r~"t flC\ hl''- rat ,on 

R''''"c ted 11] 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE~ 

ECTIFtFR PO'NE 

uNIT PP 86/TXC 1 

ReJ,,,cled 

I,..R ... N"'S 

Figure 2-66 Facsimile Equipment AN TXC. ' 

I .... ~"I Ii" .. It """KI I'a 1'1'" \\ 111 IIln I h 
I'U'· "" i"r a" 1',ln" l'I\"t'! nll""'I" A~ rXC' I 

h. W '· I:!fI, a 
I- rlll' l1l<h,'<I atlfl 

4. CAPABILIT IES OF THE 
EQUIPMENT 

. 'huu ld COP) hI' tuo larlW fu r a il1!!,I •. 
" III mission. I I (':in ilt:' I,rukpn in ,l(:tiofh 

J Il'lIch I·ction Iralhmitl.,d .1 P;II:t " 1\' and 
n r'lI- pml,i.·" III tho ,,/'t'lu I cor I, r ar"" 

t, t',Ubrtlj jf,U h.tvf" bt'tf) rt(tl\'cI 

" II);!' Ill' po il,l,' t" "lwluJ;l.lf h •• 111.11 ):,. 
J ,..·,JIIU· lilt' ,Il. 01 II" rlll'\ III I ... 11.111 _ 

, .. 01. TllI~ \I,,"It! II,·,,, I d 1'11111',·" liP"" If" 
"'111'1 or Ih,' '''fl, I, be lit • .,,,1 "I, t" 
'I11I1II1 'Jf lidall III tlB ""I') 

5, LIMITATIONS OF THE 
EQUIPMENT 

1'"'1011''' 11'11 nil 1011 "qulIl';1 It 
•• 11\ IlIlI', "II. \ Iolt'll I "al.III1' t! all" I,., 
111 I"" • !llld • ",,, I ,"~ 't I, fill I ... !, I .. I ., 

Tr"n~01j~ 'j"lls of :100 \\"nb 1"'1' 01.11111' ;,n' 
pI> 'sibl.· Oil fa! mllll' 1'\1(. lilt' 11111 

In ""all~'" hI' 
l"l!l'.q,hl" I I",' 
I 1.I,·t It· tI,l .. 

I "-"hl'.· I th, h. Illthod 1)1' 11.11 

/l-lttlllJ.: I II t .. JlI)!,' '/li', II "rw, .11 ("101 • lid 
II 11,· r .• I, m.II'I,.." 
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III t.jll.~ fl. all 01''' 
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It \\ hleh I: cit- II/"I .. cl fur fllndiun~ II I\t'r 
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Ill- .dlf J III II tall 
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It."ricfed Ite.,,,,ted 

Figure 3·2 Physical Characteristics 0' Vacuum Tuite. 

"d., 10 gil dirt'ctly to th .. plate with 1\ mini 
mllm of rl'L.lrtiati.,n, Thl' adclltipn of thi~ 

third I!fit.1 prodlln':! a Ii" -t!1l'ment tube called 
a pentmlt', 

Beam Po"u TUM. The bt>am power tub, 
a fnrm of I,'lrod.', l!i abtl 1I 'ed to cirnllt~ 

\\ h"ft' Iht' "l'("ldar~ ,'ml~"I'Hl I" rt'duct'd IJ\ 
.1"'1)111111)1 lhl.' ,'It'ment~ 'tJ that Ihl' l'I.'clrull, 
rawl in ~hl' t~. rulhl'f thai dnfts, Thl' 

hWh ,'olll','nlra lOll of nt'gati\'.' lharlCl' r'· 
d,"', lit' I lit, II lal I,,· \\",'11 plat" ami I'ft't'll 
).'nol -I I II ;,'l1tl- to 1,1'1""11 thl' "'('(lI1t1:,r~ 
tit 1 ...... : Hl 

tI'lrn' til he I"ISI i\" 1",Il'lItlal 
\mphfiralion: 1'111' uhili ~ (If the Vacuum 

I, ttl l'flntr,,1 a 1.If)1c po\\cr fir ,'oltllll'l' \\ ilh 
1\ -l1mll po\\pr nr \,oltage. Thi" is '>111' of th., 
IlIU Iml.,I' alit U'p" of tht' \'acuum lubl', 

()Millalion: Th ahillty of the vacuum 
'uue to gent'rate high. frequt'nc) ultl'rnating 
, IIrrl.'nt. ,Thl I, accomplished by permitting 
p,lrl of Ih tube output to "exl'ite" Itself and 
• ,,1/,'1' an alternating current to tlow \\ Ithin 
th., Circuit, 

Frequency conver ion: The ulllht~ of Ihp 
\ ,'l'uum tube t recl.'i"e ditfl'r!'nt I r"'IIIt'lIn 
Inputs and to prodUCt' a IMalh IIItf .. r"nt 
Ir 'qu('ncy output. By illlrodUl'lillg 'arlll"~ 
.. ,It,,~e,, of different Irt'qul'n"h'~ 1" lilt' I,!t' 
fIIenl , the re"ultinj( l'IIrrl'1I1 11 .. \\ .. an h,' n 

'"mhillatioll of or ditfl'l't'nt'I' bl'l \\ ""II II.I III 
, ,I frequencie~, 

\Iodulation: Th(' nLllil\ Hr Ihl' luI ... tn 
'1'.\ Iht' frt'qut'nc.\ or amphtud' of It~ (luI 
II at all audio rate, 

lletl'ction: Th,' ahlht~ .,f Ihl' lui,., 10 prn-
I ft' a t'lIrrent tlow from a modulatt'd \\;1\1' 

'hH'h will COliform to Ih., orij(inal ,llmal 
I'd tv morinlall' thl.' \\1\\1', 

Ihhl'r wws includt, thl' COII\'"r, illn \lr light 
; "rll'\' to l'Iel'lfi 'al '·II .. rJ!~. alld \ in' 't'r"a, 
',h" I,orm!'r i" l\l'l'om"""h.,,1 I.\, Iht' ph'l II 

• Irl(' !'t·1I anI! th .. laUpr br th., calhoOl' 
r,\ l'Ibf-. 

Thi' l'lInsl(lt'ratulII of Ih" \';tt'uum lub" 
rlt I It' It ~" shuuld tt" sulficil'nl 10 ,'r"dul'(' 
r d.' r,.';,nl""V '~f ~hp gPllf'ral "'JII,'id,'r,.IIIIII' 

/(11.11/ Ir:tn--mr,. 'Hill alit! rp<t'ptiUfI 

I 

Figur. 3-3 Simple Oscillator 

It.st,,c1ed 

3. RADIO FRE9UENCY 
GENERATION 

H, 'fur" IrUII,'mIS,1/)1I of III \t'll iV"1\('1' 1'1 
I'ud", n1l'lhutls nlll "t' I1Iml., il IS 11I'l" ''''an 
10 "1'\'l'lul' n ,'arne!' \\an' of rad ... fr"111I 'lin . 

,I hl' dl!\ Il'" thaI v,'nl'ratl's Ihl" t'arri"r \\an' 
I" 1..""\\'11 :Is al\ ... l'Il1ulllr. 

The Simple Oicillator 

.,\ "'"I1I'it- "'lIlIalor • IIl'Uit h ~hllwlI in 
"W"I'. '~a \ 1I1l1111j: thai "\\'1 ... , :-; l'all I. 
111101\1\ III "111"1' 1'''11'''11 \\h"11 II I: Ihrll\\11 
It'fl d 1'01111',: ... l"4tJ'.UI ut ,. Ht .. " ..... ttl., hat 
It'l) 1'.It'ltn'us \,11 II II 1""111 II", I"" 1'!.,1t' 
tl' t hI' 1101 tllIl ,,1.11t' .. r' th . 1.11." ... 1111 Il"d'dllj.( 
Ih., ""IIIIm plat., 1lt-j.(:,II\.'_ If fh., 3\\ildl I 
th"11 Ih,,"\\/\ tn Ihl' flg},I, tI",. Ira d. 'Lln,"s 
I\h .. h ha,., ~alh. "," "n II", ",,11'1111 phI. 
will r. Ill'll /I II", IIII' pl. f. Ihl'IIIWh 11101'1\ Inr 
r. filii, ('/'".t1111jr a tlIII\ .. , \ t rn'lIt ,11,,1 ,I mag 
lit'! I,' 111'1<1 I,ro',nd L This :ltI'''1I • "",dll'" 
hI' .'J.drull ~h.,r~'p "llIdl ,I 'I ,'1"('1 rUII 

tlU\\ In t hI' ('ir",,,1 1'1", m,lglll I" h,'ld III 
l'oJIa" .... tll),!' If HI U' •• ... l .. 1t.t},!(1 4H t. I.. Ihlll U 

~.I' ,"l1l1l'llllll 1'111 111'\\ \ •• It,,~, "lib III. , 
,1l'<lI'I'" ,1",\ Iu th,' 1"1 pl,tI" <II<I Iltl'!"'\" 
(,ill I U)··lt ,~It'I'lrlln to JI.II I IIII 01 Ih. 1I11f'.I. 
1'1.,1>, f urr. II \\ 111 I h. /I 11 .. ,\ III thl "PI t' I', 
dlrt'I'II"" ha I, Irlllll HII' 'OIl' "bt. I" 'h,' 

• r----. 

Figllr. 3-4 Simp/. Vocuum Tub. Oscillotor 
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Rest,icted 

1",( "Ill platt·. :"Ull tlw lJ<'llu01 platl' hac an 
t'lt ... 01 f'III\:tr HI:-> ~lnd l"llrr 'ut tlU\\ ~ art"" 

11 ht ('PIJCI II., dlrt·,'tll'n Tht' ratt' •• t \\ hll:h 
'III {urr. n \\1/1 ."cill., " I a"k nnd furth. ur 
11 Jre'/Ut·lle\. \\111 b,' ".·t"rml/lI'd 1)\ Ih 

.. I II oi J. a/lll ( . Th, lar .... ·r thl' \·alll. of 
I. .111<1 C. th,· IU11~t'r h tim,· n "'cI'J I) 

IlIIr~<! ( This '.·~IIIl.' 1/ a IlIw fr'qll"III'Y 
\\',·r, · I nol ft'r th(' n'sl:I:lIlce of h' clr· 

h, ," """llIation would cOlltinul' 111111'11-

II •• \. • I. tli' cir!~uil rl'Slstancc cau~('s 

III'C ... ding "s('iIlation to be of I,'s '{>r 

h., r suit that l'n'ntually 
h,·ro· IS n" lllrr 'n /luw . In ord r til han' 

fllrlllt'r t., cillat ion, it is l1l'c,'''''an' to IIrn 
h.' , \\ i' eh to h ... 1 .. ( 0, har~.. h.· ,'al'aCI IIr 

anc Ih"n to 1111' r1J!ht to sarI th,' ehilin of 
t \, III ,'!lalll . 

Th,' • rll/ill 111'\ r('la 1"/1 I ill . ~: 

/ 

~. 1..( 

"gu, 3·S TlCltl." COl' Os"lIolo, 

lit Ihe urn,' lim .. to provide a path rolr t'xc .... , 
t'1t'c rHns Willdl ml~ht pill Ul' nth., 'riel 
Tht outpolt of thl HIlK- I' alllpllti'lI In 
, r,h'r to U·I.I111 o,eill.tlloll·, It I 

10 n rn I ar oi hi ou jlU (I It ~rltl 

ClrClIl1. 1'111' j k110wn .IS "ft, dh.,,·I\." B~ 

plaClIl~ ,<fill In I h.· 1'1.,10' ('In'UII oil. ('I'll .0 
tht' J,:rui (" ,I (:---.'" F\gllrt' :1 .. ;),. \,.I.tl!t' 1 
inllu ... ·" 10 tht <rid ,'In'lIll Ir,lllI Ih. pia" 
,·In·tlll. 

A~ eli l'll""t'd I.,tt'r in thi- 'e~II"n. ""rtain 
'lib,·" .lIllJ,hfy in a tlitT. r.'nt m:lI.ltt·r ""1'1'1111-
Ill).!' lJlkHI tht' 01.- h'K;! of PlJttln~ \olta~e lin 

lh.· )!rlt! 111 thl- ,'sdlia ,Ir I if I h.· uh,· I. 

~CI l·Ofl .... tt~Ut. tpd .ll th· t·h'c run tin\\ ) ... \"f-}r~ 

IIn.1 \\h"11 111/ \Ui a~ .. l' nn lh,' ~rItIJ. th" 
11>,· \\111 -1.lrt 11"'11'. lur.1 hI' 'IPIt' h' ctr 

I"" d. ,·1.·, r"11 11.0\\ 

c 

1 illll,e 3-6 Hartley Oscillota, 

I, t d 

c 

I,gll,e 3·' Tllned.Plote, Tuned·G"d Osc,IIotor 

It s. n.. " \I, II 
tI,,· r • "'taltt nrl'tlll '·"'t·. t't ... ,( 

had. i a'TunJpltsh,·oI ill tI ... IIl"t It ,,11', 1111 
th, ('r) stili !'t.'n't'. tll t .' Iahh~h a t'n </1"'lIn 
\I hid, will not \/In :lS ntllrll ., .. """ , ... III' 

WI h Ih,' "011\ "lit 10111'" nIt! ant! ,"nol"n",,' 

Restricted 
J 7 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

4. AMPLIFICATION 

General 
F,g ure 3-9 Electron -Coup'ed O.,,"o ' or 

':J- - ,0;;::. . , .. 
:-: ;. 

" g u,e J 10 C'O .... , 01 A",ph"co';on 

II •• d 

THI S PAGE IS 

L, ... (I~l II. -
In h,· tn it 

CLASSIFH.~ 

Class A Amplifiers 

\ 

Class. Amplifiers 

F;g ure 3- 12 Push-Pull A",p""cot ,on 

Class C Amplifiers 
,\ 

S. MODULATION 

HoIl .fl"i.t,,\ \\oI\f .Itt '.11I.'1.!"., tHI 

,. HIS! 111 till f.'fH'· ,11"-.' llit.t tilth nit 1 hi d I 

tlllp!., I III IInl"'" th.· III,Jh~"I!'" '1'" 
tho ".!\., Th.· Illt ,IIlId, \..11"\\ II I" m, .. IIIL, 
"11 Il, Cit 'It'l! III hi" \\ ill ht' hUll ,.1 
(l .. mph lilt 1111",1','111 {.\:\ I I.II''I1l1 
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,.~ , H' .... .. • 
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• ! . . 
I, . 
I .". 

. - -

, C'td 

Re,' ruled 

1·I"h:.IJI~ 11111' flf 1111 111",1 f.lllllh.1I .' 

I 1111,,1111:111'111 I- Ih.11 .. I till' 1.11'1,"1 I r 

r Il·th 1,\ \ f 'JoIln,",1 III lip, It it 1'1I11ht 
1111 ...... Irt' ot lilt' BUild '\;j\t 

I. phl'a)!", ('al".'~ II". n 
'/I ~~r;IIIII"'~ III \'an ,,"I tWit 

Amplitude Modulation 

• 11-

\11,1,1111111 . · IIlll,lI,bll"/I III;. I,. d"lm,.! •• 
lit' \:11"1"\'''11 ." lIlt lroll)! It 01 tlu !U ' (, II 

i nf a Itausnutlt-, ,11 ~Jll:t Hili.' It 1111-'Ul t 

I'" I'll' I ... '111 '\ h. - III "' ..... Isl .III.! 

IPlt' III IItI\\tt' d(tll l"duV CI till ,llIfa. 

I '1'1' 'II It·s J I I hi' .' ,,1111 fl'. I ,. '"- 1,11'1 • 

E C A"lff AM'lITUDf 

f -..AODulA tiD AM'lITUDI 

"flU'., 3 · 13 Amp'i ' ud., Modu'a',on 

\ It, 'I' IJl 

I',j 

Th, 1'1" /I 'I' 
fn 1\ I. 
IflU fit 

h,. Iltiliod ri:t11 ,I \\ I I 
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".". t .I'r, l ,I il.l,lltl!lf t'\Py"al tn'4j\H'I1'-U' 

.\ III.tlllI 'iii ILIi :1I1:.!\ -I- I_ r" '1l/lrt·" III II",/.'r 
1 I dt't rnlll t th. n''1~h !Illt I,r, :-Of'nl 111 lh. 
",I\t· ,\, aI''';'' tll·.1i .' ,,111/,1., II th .. HI ' 
• Inl,'r" lOll 1.11,,,\.1,, and th.- ,tilth .. fr,'· 
qU'la 1 1."~1f) ,·,dt. qr I "lIp, ,tI .. lit \\(l\,' 

II I ('''1,(''"1 ttl(' fo/l,,\\ II,)! /1'1 qUt ", I,· 

I·· "ld. lilt 1,1 •• 1 11t''I t Ih.It .... 
.·t ,'1 I.d tl.trnjl'IIH : 

.. III fn 'I'll Ill" . 

1'111, r, 1(.' t r. 'I ,,'n( I. 

t"1/ hI 

:.:,''' ~( 
tilt hI 
(I~I k .. 

r pIJtl. t eAN 
/ ~.,. to • 

F' g u/e 3· 14 Cor" r Wave and SId e-Band 
F, quencles 

Resl"ded 

Figure 3· 15 Metfoods of AmplItude Modulation 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS 

F'91ue 3·16 Frequency Modlllol ion 

CLASSI Fl F.~ 

F'glI,e 3 · /7 G,ophlC R,'vlew of PrincIples 0' 
Frequency Modl/lallon 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE. 

SPECTRUM DISTRIBUTION FOR A MODULATION INDE X OF 1 

'-4' AN 
IN! 

SPECTRUM DISTRIBUTION FOR A MODULATION INDEX OF 2 

Nf AN 

UJ,Ii'[ 

SPECTRUM DISTRIBUTION FOR A MODULATION INDEX OF 3 

f,gv'~ l · 18 ~P",',um O .. ,,,bu',on 'or Modu/ol/on I"d,cel 

f' ,~ 

1IIII'r,II.la ":lllth. 
I"tl III \ 'III 

'igure 3·" It-dance.Tube Modula'or 

R"", d d 
I " 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

'.E Uf', Y MODUlATION MOIOlt Sl'EEO 
"AR"~ AS VO'CE (HANGfS THUS 
V.~YI "ENE.ATOIl.nEOuENCY 

F,qu,,. J](l Compn",on of P"ncrples of 1M ond PM 

• ".1 

THIS PAGE IS UNCLASSIFIE. 

lato!' (.,uk Ihmut.:h ('" :'1111 th,' filament "Ir­
llllt anti Is tlil'/l lila,!. In nct as a ""paoloI', 
Ih' \anlll~ thl' amuunt .. r curn'nl 11""111),:" 
ilrtlll).:"h Ihis III .,', II ""parill\" t'/ , C ,itT •• 
h.· ". clllat .. r ,'an 1I~ .. I,,· \ .(11,,01 Th. audl 1_ 

n"llh'II," 'tllt,,~. pn .. hlf •• 1 b, 1111''1'01'111'1'" 

'I h ""uplt,t! tl,,-. "vh lh,· Irlln~""lI11er I .. II". 
~r,d .. 1 Ih.· I' .(dall." 11110,· r~ l'im .10. (1I1 

I"lt Ihruul.:h tl" lull. "III 'lin III 1I11I1I,h •• 

1''Illtn<'\ and Ih. 1',,,,, .. 'lli,t' .tl.ltl II II. 
I d." .\111 l:In TIll" III IIII'll \.11-10 I". '1, 

"'Ih'.\ "I' I h.' .. ~. 111;11 .. 1' 

Ph",., \I"dula .. ,r.... r.. IInd"1 t" d I" I , 

'I 1>I1..11II11,:t furn .)1' (n',I''' (II' III' Iid,.II'", 
I II 1'1\' t r.:\"!l'\\ H' 4,1I1! ~atUI'.ltlt.r I~ I .. tdttl 
"'lI.~t· IH' prifh Ip"" In\ohf'.' th .. , rt',,, LlI', 01 
1111110111., ;.l1u', \\,h"1\ (u.-n'111 .I",,~ hi" u).'h 

• " .. II, ,I lIIa~'n"'" 111 .. 11\ ' fu.- ... • I.' ,et 11(1 '10' U 

Figu'f! 3·21 Voltoge Puhes in Non-Linf!ol 
Moduloto, Call 

I'II!tlCf 
OKIlIAlOlt 

151 A' 
A.Wlil 

I,' 
A.Wl •• I 1Kr. 

F'9\)le 3· 22 C"cu;t O,oglom 0# 1M Ttonsm."", 
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Figure 3- 28 Typ ical T,ansmitting Anlenno 
Syslem 

Relationship of Frequency and 
Wave Length 
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ReJ,,,ctea 

"J .... 0 

------... +- -E 
A ,lIuwote, he Cl1rren' dostrobutoon for the horo, 

l Or: 01 comoonenl of cunent I('t the ,mage and corre· 
,pond "9 pm , of ihe oCll1ol o,,'enno 8 ,1I1"lrote, 
f ( vt nlcol con ponE"nt of thE! currpnf In' ,rno9~ 

or:d COrrE")r ondlng port of 'he actual anterna 

"g"re 3-40 Hori.on,al ana Ver"cal Component. 
of C"rren', 

Th.> nullO 'a"'" fr"l11 ul111nna \ (FI~I1"'> 
a-II, IJJ.I' arrl\l' at POlllt I' III 'paCt b\' \I", 
01 t\ln path.." tli. ,hn'cl palh \EP an.1 tho 
rt!I!,·I'\' d palh \1>1"1'. 1 h., . In Ilvth of II 
. Wllal .,1 1'"l1ll 1'1 ,. th r"ultall III h .. l\\Il 

\\a"'" nat! IIIK th.,1 1",1111 TIll' r..tl.·,· •. .1 
\\a\l' t l .. r h"I"l<llJtall~ INJI •• rlz •• 1 \~"'.' I Ull 

t1 .. r~n,,", " I '11 d""n·' 1 "Ilt'-h." , \la\,.I.·IJ~ th I 
pha'" n'n'I'sal at Ill' 1'111111 ( I ""11"(1;011, and 
Ai. 1'It~t ... ,· 1:- lurth, r .1 h.~·. ,{ '!,'.:t ~l r r'. pt" t t 
thaI lit" I hi' dll'.· <: t \\,'\1' I"'lall ".1 t.l' IlIltVO'1 

palh Iha It nllb tra\',·!. Th· · :.11 .1111.1 \ I, 
h II III I , :.1",\'" Ihl' ,ar h alld h., ,m.tVt' .... 
't Hila i:-- h.'tllt·,t at h, :""'anlt- dl tath't' it"lo\\ 
th. ~'T'I\IIIt! Th. all 1'llIl, , alld II 101.IK" lio' 
.... a hnl' \\llIdl I' 1"'rJH ndilll].,r II tilt' "aI,tlt 
al p01l11 () I, th.' ,h~lal1l"1' 0[' IS \'!'rI ).:n:.1 
,on.pared t .. h, thlll 1',1 h \ 1-:1' ma~ h · ")11-

11.1'1,.1 1 ... rall.'1 til palh 111-'1', ('"n,-Irlil'! th. 
I!!:t, \C, thnllwh pflilit ,\ .11'.1 Pi rl't'lI.I'(lIlal 
t. lillI-I', :1I1lt palh, \E "IU! IIF :.1',' .\-­
"I n I II t. \., !'arall.!. 111'1 )!.·.·111' 11'I('alh, I 

I- • \ id"lIt tlt:o h.· r .. I!t, ... d l.,.11i It ,.)..'1" t 
,.11\ ,,,,II ,. l'Il)!.' I hall I.. hI' 'I I' ,tli 1.\ I. 
.n. I I' 11(', II I • 1\\"'IIi" I ' lu. pt., thl 
p .. t!,I",r'''I' 1,,,I'\I,t\.I.rrl. \\111' 11 
tI. d.Il'I"Il' II Ii. I II h lI~t" I "Illal • 
• 'It hal! \\.1\ ,1"1 )!' II • I ' :, 1\ .. lid IlUIl I .. II 

Restricted 

ony d \to"' P0ln' P th~ fif"ld str "gth \N,II h ih t'\uhonl of t ....... o 10)\ on 4J rt'ci hom ,h. ont. nna , 
(l'cft-d am t t'" rO\.lnd Th rt fI'(lf"d ray r 1'f't h torlhpf'" tho 1 .1 e d'f 

+\ tp.d toy or ~'"o'es. n cll~l' "om If, 'OlOgt.: on' nno 

Figure 3 4 r Oireel and Rell .. u"d Roy 

1:, If • . 
-' 

til· 
'"~ "'lfh' 

Ih 

I II/ mall ;uwt .. ", I,'. :tIlVI.- t., tll,llI Itl 

,I, II. ,.1 till :11 ~'I. , I I • 

t'l It r f j,1t t d II , HI 111 tit' .1 , I 

.·,1,1., It I h.I· 

.1 

(I, 
II 1\ tlt).I •• 

:. , I'nlll ,. 

1'. 'II, ': I:! ho" tho It 1 1"11 IIII' I" 
h\ll II .tllh fllIa IH.'J)!h f .Ihll\( )'I"IIUI II .dld II I 

wav.- ;, Ivl • . fill" h"f"1/1111 :11 .lIld \ l'I"I.,.tI .11t 
t. flna..;: 
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"..,. U7 , ..... Dr •• -.-. .... ........ 
"......, ........................ , ..... ...... v....., ............... .... 
.... - o...H.If ........... ....,. 0,.. ... . 

' ... ,.,.... , .... D' ....... , .... O"""ic DI-
apMI ., ........... Pcrtterre .. ,.. '.i ... 
""-' • v ....... ................ ~ 

, .... 0 .................. ....,. Orw,", . 

fig.,,. , ~ rllre. D ... ., In , .... ~Jc 0..,. • ., ........................ , ..... 
About. V ........ "." ...... , ............ 0-.......... .....,.0,... 

dlr.·l'! 1\ I I 1i •• r.ld.n._lh·. in I hI' 1.'rtll:ill'lan ••. 
If ""II.htlllll ""nnlt. /I IIt'wht ,hllilitl I,,' 
,It .. ,. n \\ hll'll '''III .nl rat. lilt' radi .• IIIlII : t 
th.· 1.·rt .... tI a II!! I,' rnn I :<1111 .. "It. t .. r II .. , 
1"IIj{lh "I Inln,.ml 'lUll "alh .111.1 "1 rllllll)' 

In'4li"lIl'~ .-\t II"(IUI'III'II'" :11..1(11., :III ml')!a 

,,"'.,.. ,,111'11 t Itt' "P:tl'(' \\,11.· i, I Itl' I'rllH'lp'lI 
n .. ,,,\, of "l'npaKatlull. It h 1"',1 t. h:t' •• tho 
wft·lIl1 .. a Itwh a' 1'"",101." 111. r.'a. II", 1I .. 

I.t hn cu.r", "'" a ... to d. ;,1 Iht .,"It r,u t , .. 

j , r).'"\ .tll. udnJlJ! (11)" "III flit \ 1\ I flit \ It l 

tight II .·d. h"", 1.'1' •• ,h .. dol I (. I" II 1t.1l 
• ,,"11 \I III lIot ''1'1" .Ir '" tit.· I, '1'"1 of tI .. 
I". I " d,,1 "'Wi,,. "r 1 •• d, .• tl"11 

Raclt." illll 1,,,1 t '1'11 1"1' III IIIII/.t" '" "11 

•• s .,1',' din', ttllnal III tilt' 1t1l11 . .,III..I .tlld 
, I't 1\ "I plan, I'h.· h, wht III 1 h,' •• nll 1111,1 

II' , .. ,. h;iI din 

Ill' th.· r .. cI,:tliulI patl! (II at 'I"roll I. rtlt.d 
a/l!!I' 1'11<' ".ctt.·rn r"1 n' <'1I1e''' It th n clol 
lIa Ii hn.· ... 1'1' •• "n th. r.ClIIlCIIUII lilt. II It 
.111 lilt tl,,· .lllll·nllll ;It 1111 liZ I III II II 
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• 1111 III 

JIt)" III- •• ntl'uu., \\ 
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Figu,e 3·56 Oi,ec',ve PaHe,n 01 a Ho".onto' 
Half-Wove'engt" Antenna 
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T '\ '\ t • bO\l~ o f nonre\ona nt a ntenna dps ig n The 
urr' 01 fall. off ,lowly fro m the trar.,m," e r and a the 
r",.nu ng ,e~ ~t(" but ,here are no stand' ''9 waves. 

Fig ure 3 -59 Terminated Long Wire Antenna 
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Rellroc ll'd 

part of lhl radiatIOn \\hlch I, dir,,'tl'd tll\\,lrd 

thl' ItJlHi"phl'rl'. (I I' 'n,lill/{ lIl'on I'armltl., 
"lid II lUll" III thai 1")lIIlII,;t, 1\ ell it ' I h., 11',111: 

nlltt .. d fr."llIl·lIl'I, II,., ~k\ \1:1\1' nla~ t" I .. I 
III pau', IIr relUrJlI'd Iii tilt' "arlh II) th .. r"III, 
1.1I1t'11 ctf .. ct" uf rdlt'dlllll alI(I r,'fnll'tltlll 

Tht' Iropo"'pheric "a,\, ill Ihat par t "f ,II,' 
otal nlllJ:llion 1\ hll h UII"I'r){,~ 

"r"Sf'IIl'" of thl' ",Irlli. nil' }!IfHllld \I ,I, 
h.h I \\u cUnll>t,nl'nts tilt" (,f 'h, " I" Iltt 

urian' \la\'I', \lhidl han ('artll j( 1I,J",j '\'11.' 
111(1 t h., tit h"r is I It,> I';t('" \\ ,1\ ", 1'11" '1',1\0 

\llIl,' I, Ihl n'~I/II;1II1 til t\\"" nll"'ll, lit II" 
lIn'l'l \\all' alld till' /(rulilld rl'!lt'd.,oI lOll" 

Ionospheric PropoC)otion 

t •. I"t~ :In- '111ft 01 tht· ... t la\ ..... 

I ",pit-d. frum tit, I.,rtlt up: th,' I', 
I,,,:! I,n,'r' Th," "1"1',1',, 01.,\111111 h'lgh . ,...; 

till' 
:111 

J UlIl' 1),11 

I) :11 tn rl) 11101, 
I tJd I" " .. lilli, 
I I ; I .. 1." 1111. 
I! 11"", .• h' :.!.-)U n,oI,' 

II" .mh.-, n,l\ 

II 

·ttl 

\ ut, II It h.ilil I h .. ,\\" II til t, II ,ulul 

h\ t I U III I.uilll \\.1\1'''' \\ Ih I"'qlh III It 

I., I \\11 II 11.1:0 flit" d . J1i~lld J.J lIit 11,.d1\ 
tp.'11 fht \\.i\' t'".,tt i.'a\III .. ' I lit .11t 

l,'IIII.l. 1111 \\ t\t It 1\111 1'1'\\",.,1 IC!T1i II" 
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R~.tflcfed 

\ h"or-p l ion. f' r a 
h(· fl. ~rt ,. qf 

1'9u, 3 66 

For \\'3\' ~ OIl pr-tl,. 'hln~ tht' iUllllI·J layt'r at 
Ilr II ar tht' ( 'r"'-nlll ular. th.· ('h: 1111''' III IUlII­

Z'I Ion mu, t kl' "la",· WI hin .t tlllfl'rt'III'(' in 

h"/I.:h' IImpamlllp to a \\an I.·n .... th: h.'!l t·. 

1II!l'bphl'rtc rd!.·elll)lI t. IIlIrt> HI,t In 0<:(' r 
at llllllC.r 'l!\'t'l"lIgth.' (Io\\'l'r fr('qlll'neil':). 

TIlt' rad I I \I ~I\ C I. ~", unit' of I " l'nt'rl!'~ 
III I r,n ·111l1!' tltro !l'h th luno~ph.'r' This 
,tilslIl1llion los, lII(r,'[tsl''' \\ Ilh IIIC'rt'a,lnl( 

11I1l\1.'l'h'rh' d"IIS1 ~ l'nll~lIalh hl)!'h itlntl...'l­

tHIII. ("~' lally III h> 100\\'r :trata of he 
1"\lI"ph,'f(', ma} C.IlI:.' c .. mllll'tc abS(,rl'l ion 

of Ill.· W:I\'" .-III'rgL ... ·arl, all of Ih., alt,nll 
It III i: th. n'sult of Ih., wun' I'lIkrillll' allli 

1 •• (\ III' Iw wn." ph. n', 
\ irtua l "rig h t. Althuul1'h th., i,lIhl.'ph. fie 

ta,,'r I. a r gwn of 1'IIf)siclerabl .. 11I'pth. I( IS 
,'IIII"'IIII'I,t tn a' 11(/1 I a cI hmto.' h"ilCht. 
,,:dlt II h" "\ Ir lJal h,>I)!h(." 'I hI' \ Irtual 
twirh i. h., h'll{ht frpm "hi. h a • impt" n­
!I",'ti"n w.,ulJ 11'1\'1' tlte ',lIll" .'n\,c! :b tl1i' 
lCr-at\lIal bo.'ntltnl1' \\ h,dl It't!lalty tah.'· plM\' 
Th.' \\a\1 foll .. w, th,' path Tint I Fi)!,urt' 

nlll .. d th.. the Iwndlllj( t"",,s 

,,'uo, H(;'Vlot 

Re,'"c'ed 

• I 

r"" 1\'9""" Ireq ency ,hot", II b .. , .. II <I d f (0 0 '0 rf "0" 1., (01 po 

"9U'~ 3 67 R .. I",tl'(l1I Choll 

heal f,~ t t'1()1 , Ir I 01 Joy,.., 
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Restricted 

kip Zone. The area between the pod of 
the useful ground wave and the beginning of 
the sky wave l"PCeptlon is callt'd the ... kip 
lOne," The extent of the "kip zone depend, 
llpon the frequency employed and Ih :!tall' 
of the ionOtlphere. The higher tht' radio frl'. 
4 uency employed, the grellter th .. I'xlenl of 
the skip zone incrt'Il8I'I!, For a givl'n fn ... 
4/uency and critical lIngl • the e1(tt'nl of Ih., 
~k.p zone will vary with th height "f thl' 
layer in which the rt'fraCLJon lake!! ph"'l' 

The "skip distance" mll~ be " .. iln .. d WI UIt' 
,Ii, tance from the tranllmittinlC anh'ulla I .. 
the point of firilt ground rl'tlt'cl.on or Ihe 
ii, tanct' between uccesllive ground rellpc. 
wn,. It i. ea ily !ll't'n that lhl' ~kip d."tanre 
arieM under the same ('ondition, a. the ~k.p 

:ont' (Figure :l-6 ) 

!\:urmally, the wav(' anl1'le~ at thl' Irun,.. 
nllt in)!, and r!'l'elvlOg p(lint~ art' appro i. 
mn el~' the. amI' for am giH-n Iran:lmi .... i .. 11 

I alh. It i" rl'lIdlly 11()!<"ibl for Ihl' ionll~ph .. ric 
'Ian' In pa " through Ihl' E lilH-r anrl hi> n'. 
fruetl'd back ttl ('arth h.\ thl' 1-'1 ur F'2 1;1\' 1", 

I" thl' ait.cal fn-qut'ndp, 111'" hi)(,hl'r in 
h4'.'I' la\l'r~, /)epending lin th .. ":1"1' an~l. 

(n'qlll'ncy, and ."n(J'llht'ri~ l'owlii i'"h, II I, 

" metim "poss.bll' II (~4rf\ II ('ommUlli('1l 
t '"I via ('il h"r thl' F , F or r'':.' 1;" t'r,,," hp 

,nil' fro'quency, 

Opllmum Workinlt 
'111m u,abl 

The MUF i. conl'idered to be r liubl 50 111'1" 

cl'nt of th time, As the (r 'quenl')" uf 11 

"av(' i. d rrl!8sed tht're is an in rC8:!1! In th .. 
pr41babllit) of the "It\,\, being refracll'd to 
earth . It I:' I sible to achien! a rt'liability 
(If !IO I>t!r clnt by ,electing a !!ughtl.\ lower 
ir 'qucil ') . Thl lowl'r frequency i. call d the 

• ,'ptimum w,'rkll1g frt'.luenl.'Y (UWF) and It!! 
'1IIu4'~ art' f'.tl\l·lt~h .. ,1 by h (oll",w inlC ria. 
'10111 11I1'~ ' 

1-'1 Mid F 1b.l'r,. OWF-Ml'F O!l7 
I-':! lllyel UWr- - MtTl>' O,~5 

It I. .-t." 'n "d hat httle l'orre tion i. reo 
qUlrt'd (ur thc r-; lino FI lay r:l . Thi, i:l \lu 
III th' r ndom varultlon ill tht' iOlltl ph"rl' 
b lIIg confined mOllth t •• the F"l IU,\'l'r, 

l.OWC!>.1 t '~ful High fo'r~uenc), rhe "'>­
t imum \\ orkll1g frl'(jll,'nry i~ tilt' Illghf':ll 
nullO fr (jUl-n.',' that can lit! ll:ll'd fur rf'll1lbl. 
,'lImntuIII,'atiun along n j.(in'n tran"mi. "Ifln 

,'ath 1I" ""v,'r, II ml"'! all th· ,'"mUluni"H ' 
Ill-II 1"qulr.IIli'III!' "t mJlltur,\' "lllIa 100b, 

fr ," ,('11"1\' :1 lit h.'r I h.ul Ih. OWF mu. t I~ 
II. ,'.I Inl \\ e "'''''' thai, fur II ~'I\">n tT; II 

Ill', 1"11 path, fr'>'I U"'H'1t uh"" th, ' ('\\' r 
(",m,,,! h.- r,.Jwti lll~'n (lIr corn ' !;Ult "011111111111 

,.11'"11, I tll' .l'I'>41Iorn 01 IItftli(l lJlIltl (rt"11I1'1I 

IIIU Ill(' m,ul" from I h .. " h'I,," 'h,. 
.1\\ J' 

al,,1 I d.'t"l'lI1l1lallon i lI~uallv I It, 11111 t 

.Il tticu lt PI'< /t1"1II 111 fn'IIU"'h' 1'1"".1" III''' 
, , 111(' flf ,Ilt' III'hl r .. III .. ' 

IlIno .. pht·ru' ah",'rptwn .ttI... I II" , ... 1 • 

II II' 
I tlls ",I. ('I , 

lit til ., 10UIl 

\Imll'pht'rll' (lr man,nudt> nu, .. t' III It. 
\HIIIII ,.f lh .. rO"" 'I\','r :tll' IIlllon,II11 Lit 
lOr III t' t hit hill~ ,h., Lt IIF \1 .. f ,1111111 

ph. riC ItOht' I. Ji.!, t llf'r Itt-d Jr) f J IJPh al .tn .IS. 

mount. 111", <lilt 1 tI" '4 rl an'a '1'111' IIl1i I' fao' 
It,r mil I I .. • lak"11 IIltn 011'1'(111111 I ~ ,rl"'lliltr" 
III th" ,It' .. '~n (If hij.!'hl~ dlrt'c! jona) ,wI. nlla 

~IO '1' such ant .. nna. ma\ d.,fo·at Ih.'lr in. 
,'nd!'d purpm\1' ~h(\llll Ih.,y I,,'am th., r.ulltt 

WaH- along a portion tlf th., Ifrt III 'Ir,I., P,IIIt 
\, hich I'a~ 'f'" t hroll)!'h a zonl' <If h Wit : t! nUl-

RestTlcted 
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Res'rlcted 

,II, I,"l' a n"ll,nxalldth 
dC t Ir\ 

Ihfl'l' )Pl. 

-1·a~ .. n:t1, .1011 "111. pOI 

Thl W"lll) ,jOUf hUUf n.ia \"n "I' th,', :.(" h 
al}llut 1". a't~ u.I1St' IIlIt (.nl~· a \a1'iatl n l 

in II 1t'1l-.I\· ot til< \'l~lJ,,1 It~hl, hul al {I d 

""TI'.I'O'HI·IIW \,{natloll 10 Ih" i nl.'Ii-lt ' ClI 

'11,' IIltfa\ wId radlallon hat pa'''l' l'fOIlKI 
) t ' llllln'ph,1rt'. 

lIunn~ Ihl d .. y, thl' IOIi",ph<'n' ,', '11:1 ~., 

I., I' WllIzl,d I:tlt'f Al llI)!h , h,. \' ',,'r, onh 
""t. \\,.,kh itillile,i la~t..:r to' ht~. it l:-- *'111l\\11 
a- h "Ii\ ~lll InW F~ \a\"r" 1'h" llIVh lilli' 

I"::! I., \"t"' I .... f(lrnh'.{ In a l"oltlbu: t )I .n nf til 
d;l\ 1;111 F I ami F~ ];1\ I I' \\ hii'll lIlt'I)!"' JII 

l' 111!!"1 lin a I 1111 ',lIllt' tn'IjI\t'IW' 

trau'nll:--:·q,IU 01. f41r ria 

R."rocted 

ullprt'(1 il'tablt' ion{)~ph{,rI(' \'arJation.'I aro> 10n­

,'sphl'rit- torms and "spuradk E," (st' ,h'li . 
lIillllll 1It'I .. w,) 

An Il)ll{l "ht'rlc slurm j~ IU1~ mark"ti (lr 
IIdol.,,. oIl'\'latlllll from nonnal cuntfillun, or 

la. l'r h.,jllht ur crilical frequelll'). :11 'h 
.'lIlrm~ lila) la .. l fnr iI ft'w nUfllllps (If r .. r 
'('\,'ral \\t'I'1i. and hl\\" a tl'llIj"II(') ,,, r"I',',t' 
.. \ .. rr 1\\ 1'1\1) -St'\t'/1 da) s, C"IIlI'ullllll \\1\ h ,h., 
l~ri"d III ,olar rotath>1I Sun ... I" It I .. lit .' ,,'lId 
In corr h,tt' Ih,'s(' torm:; \I ith ,.ular /1< t I II \ 
luno~l'hl'rlr storms /lrf' 01 .. , I pr." .00"lIt oIl~ 
IIII!' uIIII"uall~ \ jull'lIl .. un~p.,t ad 1\ II , "h"11 
~11!:'1I1 10: .. ruPlIOII~ III II,' I,., IIlt~I'r\'f'tI "I] t h., 
-urfa,'f' Hf th ... un, The .. 1fl',·I' .. f i'lItlsphcl'll' 
1m 1lI~ ar .. m "t nutlet'abll' in th .. aurnral 

IlInt',; (I,.:\t" Plllt'ring rOlllChly arnund tht' 

lI .. rth alltl ~lIulh JrI.lIl1allr.di(· p"",~ "I h., 
,'arlhl Ilurtn)l th"" 'lorllls, a IItlrmalh rl'. 
h.,bl" rr'''III .. n .. ~ ilia) llt>t'flll\.' 1111\\ "rk •• hl., 
.lIld radII' 'WlJab !llay \\ l'lIk.'n "I' dls:Ol',"'ar 
"Illlr,'h. It j, 1"'lil'\I'd that Ih.,~. 111111 lIal 
<il rllpl ious "I l'tllllmllJli,'ations ai,' ,':lIb.'tI 
1\ .t 1 rt nlt'ottuu inl rt·.t .... l' In IJiI ra\ iuh,t ra 

.fr •• (0)11 .. I Ill.. un. hl'ou~ht ahtllll 11\ Ilt' 

• ru 1"'"11- 1111 It· "" rf'I"" Tilt -t I'''"~ Itl 1 • 
\j,.I. t •• dia 10 11 atunH,'s t h.- l('nli .... ph.·,l tu 
IIt'h all , 1"111 I hal , • .llo' 1~'II,tI II'" ,,10 
"·h . ~1 , •• llh'l' thall rdlll'lh'd til lit "11" h , 

\lIl1th"1 tllIlI lIa l 

..... 
• 'Inglt' and \lulll,lIlIp Tran.,mi ...... lon. SilK" 

h.·ro' i, .1 "",illlt. , limit t .. Ih., lh'iJrht IIf 
tilt' la~ t'r . it may b.· ... ho\\ 11 ..... t.·tHllt'td, :tlh 

figur. 3-69 'r.dittab'e lonoJp"e,ic Variallon. 

Restricted 
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from rapidly \'hanj(injf ronditi"n~ in thl' 
illno~phcrl', till' latter ,!<'\'urrlnj( wh, n tran,· 
ml "I n ~olllhtion~ an' n'I"llvt?h' 'aul.,. 

Itfrequ"l h Ic.:ur th,lltran'ml 'j'lTl (I, 
(htwn, an dlt "rent f.'r wavl'~ ot Itj(h I~ 

rliif.'r,'nt frt'tl1J"n,·i"8. ,,(I that in h,' l':I~t' "f 
vui,'" mot!lllat .. d tran"mi""ion, il1\'o(\'inj( frl" 
<I U .. 11('11'.' (htf!:r1nK "hghtlv from I ht! ('arrll'r 
in fr "IUt'n,·~, Ih .. carrier and \'ariou, :lid 
hand ,'ompont'l1l. ma~ not Ill' propaj(alt'd In 
t .. Saml' relative amphtlldl'~ ancl ph~I."" lh .. ~ 
had III thl' tran:mlttl'r. Thi~ "'f"'l't, klll)Wn as 
·':-o.t·Jl6i' h tl' fa(Jiuj.!:' ('aU~t) 't~\'tjrt~ di ... or iun 
"," till' 'il!nal~, l,,,pt-"i.llly in Ihl' ,'a:, Ilf frl'­
'1II'llcy,m'xlula .,rI 'IKllal" n' .. i\'l'<I o\'t'r I,thf'r 
1",,'1 lill.,·of.41j(ht I'aths, Th ... fI, tort \1111 n'· 
.. Ills fr"l0 Ih,' (ae'l Ihat th,' lII"t .. nl:.n.,,,u 
'r"lul'IlI" IIf the F:'I{ "il!llal j, 'U")I','I tn 

(' II'lImal \ar)a jOIl,:(1 hal whl'll I"n \\;1\ 

r,'a( h a 1'1""'1\ ilw anll'l1na b~ .htft:rt'nl pa hs. 
ht', .hlf. ,!' In 111 'lalllan'~Il. fr"I'Il'II"~', Th,' 

, III ," It'h l'/lm· 

l ~ lur-hl( It. h P""llk. III " "ral 
II th'" , II,t\< IH, kl~1 up 1,lr..-1'\ hI "adar 

H,\lIi " \\a\< an' b"111 lI'IIm II tI.ll 'ht h,lt 
latl, a II ',',ull III t"lnlC'tllllll" till IlI\., 
alll\. ~1'1"·r,·, ['hI. h"I1c1inlo.', 'or n ra\' lOll I 
V"II' raIl r "'O~"III1't1 It. a Jir"p."t~ of li)'ht 

R",t"ct"d 

It i ... "I\lalh ,I lit. lillI, .l! I'.td. \\. \. 

IIlId.,t h III)' lin IIPI. ,II'" t' " II t/ I 

I'll. 

dIll 11',.1" 1111 ""'o.d \.11" ,II 
palt.'-II or :.t nl.jitl " It I pi, t "\1 d t t' 

I llt- .!tilIH hflPUI l~JI utUI\} I' It trll" 

Re,tflet d 

\I 
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/IU\\< \. r, In n'r-hun r"~IOII', "nllth" 

\\ .tn ~t'r t lIm'lIt • t '\.t t ......... I\.- tU'll(luur h""" ht't'lI 
oi, "n I'd ,," hwh (b 5.(1(1/) "·f'l. Th . am .. u nl 

(,f I,; Ildln~ In n'~i .. ns ai".", thl h"Ij/'ht I 

tj rn:~,-lI~_ t ... t nt k "lnd.i.r,) c-i n ".":;'1 Lt rt. rl)r.: 

IIr.· ::·.1 lilli, tralt'~ ht, normal radar pat .. rn 
untl'r uflrmal alm""lih"r\c <: nclilllln". FW­
Urf' :l·':! t1lthtra ,." tilt' -hal'" h:.t a rad:oI 
I al t'f" m,ll a sum.' until r nn",t:lIJllurol a 
m" pit, n,' .. "wlitt"" , 

terl 

in ,tw t' 

\\ III b,' "LSI'rn'd 

Figu,. 3·7r Roda, Lobe "off.,,,, in S'onda,d 
Atmo.,,".,. 

Figu,e 3·72 Rodo, Lobe Porte" .. i" No".tand, 
a,d A'ma,p".re wi'" Due. Fo,m"d 

Figu,e 3·73 Ref,action of Rada , (ob". 

)!,rl"tth .I\.I~· t t.tt." 
". rnpan!'flrt CI tht' nUI).!'l' "" .. "tit 

The "aml' "'Iuipm,'nl, h"\\,.\\",, nla' 10"11 ',.,1 
or "JIl", ranK" "l'ardl ,11101 th"11 lIlt pi.· IIf, 

I Iliff,rt'nt With lon/.!'.ran,...~ ,t'.lnh radar 
lit 1.1 r .... , t 111:1\ 10, an :lIr,r"f litl, ,.r a 

1 !Jndrf~1 mIl ~ away, an I t\1'l1l).!' at .1; f'" \.1 

Res/fletpd 

It 
I I \ \. I'll I ,I' I I 1 I lit d 

III 

IIlap h t I\.tt l I .. t.:q "": tntu P4H'" 
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Re.loded 

Figure 3-74 GUIded Propogo,io" 

c 
DUO 

F'gur.3 -75 Gro,md-llosed Duel 

d 

Figur. 3-76 f'.vo,ed Duct 

R •• t"ded 

Figure 3-77 D.formo';o" of Lower Lob •• 

Retlncted 
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Re,'"cted 

\\'b II Ill' radar 1" loCal.-1i "I hili Ih,' tlll·t. 
ral ).::t., ('11 :.inratt II~Jn)..' abm,- till' du! t 111.1\ 

II rI. ro-a • I h)..'tlll~. lIlId In'!llwlltl~ Illl" f­
f"III'- r. II),.'" lIIal II, :Iwh Ir 11ll· ... ·a ,.,1. If 
t h. al ,I., <If l'Il-vatlun ul' thl' ttlrl'l' •• r I, 
),.'n~ I r than <1111' <11'):'1'1' • Ih' .,tfl:t't· I,l'l'um, 

lIIappr.·l'iahl, and failur - tll (It'll,,·t th.· ,11 

J.:' .·allnul hI' .llI rrlJut ·d to I'x(l!,,~i\ I reI rat'­

t"lO. 
T I. j:tuil d pror.aj::,ti 11 i. fH· ie •• 1 III h, 

\ ifF. I'llF'. an.1 :-;llF band". Th" ,:rl':lIt-..;1 
,tT,·"t I' """l'rn-.I \\ hen thl' \\:1\ dl'n),.' h. ar 
III h.· oroll'r of a ft·\\' cl'ntim 11'1' •. 11""\'\"1-1'. 
~uIII,,1 pn'pavali'JIl ha: 1"'l:n n'p"r .' I \\ ilh 
\\. \, I. 1.)!'t1b liP to .lIlt' anti (./1(·-hal· m .. t"r-

FI\.:lJn· .~-7;j IIlIJ"trat,·~ Ill' )..'1'11111111-1..1'1'11 

til". trat,-, h.- .. 1.-· 

h.· 

I 
/ 

THIS PAGE IS UNCLASSIFIE~ 

II ". 
\\ I • I 

01'1'.1, I I., 
t dl01l . .t tHo I,d III Pit \ ll' 

h,> (11110' I \. n 11111'1111 II II, 
01,1. !'I1I1Il"t"," •• r anllOll'.lI,oI,"·I·1 '111 11,. 

(h('r I and 1"'111,"''''111.1' •• III'. I 11111 .". 

,'I'I1d,,·,tI m"I"" I" IIIdll"""'llI'.' II. 
j.!1""tlt\ T,.aPl'ltw Ill •• ' ')"111 ,h'l) Ilr. 111(01 

lu",'dl,I,rlmlIOollili h.· 111\\,. 1:11'1 I -Iuh 
a..; t, I, Irll .. rt~'·' fll :d hi;, til." 10 '" 1111,1" 
111'1. IIII' df .. '1 01 th.· I,·I1\,,, ,,,al,,,., 011 11'11111 

II"" Ihal i~. "h"1l Ih,' 111"1 Illn D. "'.I 
IIni ro" .111\\" IIlth ''''Wlrl • 'I~lt l '" ,I" j! I 

Rest"cI"d 
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al l'n'~\'nl, ,. ,. 'rt for 

I n Ell "''''', ,1H:h II" tilt' 
(', ntr.1I :-'h·dltt'fr.llil'an 

IImnwr III Il hs lit 1!l t:l. durl­
\\t"rt" nbc, t \t',1 I'll lIine d~,~ .... nu of '.-n. Fr 
'I1II'nt ral'l'lI1~ ha~ ai,,, 'w, n n!.sl'n'I,d 11\ 

,"nil' par .. IIf th,' Pal'ltlr At Blh,'r limr .. 
allll pia ... , , )(11111.'" proJl:' •• Inn Oll)(ht II' \I 

111111 ,,,,I \01." urr .. nn', ''''I"'''i, I;~ if Ih,' hllro. 
nll't rI pr., ,un' I: j(t'nprall\' 1,\\\ ;IIHI h· 
\'11" ,trlllH!', It "<'Ill .. ,uh'j"ahll t o I" ",,"1 

a "ath,'1' Olli'l r with r"lrarll to al1~' /!i\'1'11 
IO"lI!iI\', 

In .. nltt trJ dl'tt'TOlinl' \\I'athll"~ intlu n,'!' 
IIp .. n ra I.,r 111 II '1lIanll ali,,' \\n\, h ... vari­

n'fr;" 11\1' ill,l. \\tli hd 'ht mil' 

(;uld .. d prnpallatl/.n "n'lIr. 11101 ... 1 I elil 
I\el\ 11\ IIH' lo\\p', ~,1I1 II 1'0 .. t ,.1",\,' tho 

~rANOA'O 
MIG. PlfSSVI! AI!. 

ff ~p 

F;lIur~ J B' 

"I 
" I 

Subsid~nc~ IS;nlo;nll) in H'li" Pressure Areas 

Re,/"" c/ 

U",PHAIU'( 
INV(PSIO fO'''IO 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

I, I d 

THIS PAGE IS UNCLASSIFIE. 

Space Wave 

-~--- ;7 

'" ./ 
~/ 

Figure 3-82 Tit_ Spoce W"Vf' 
III It. 1',', .. h.d aJ 1,1t •• tll II III '/ 

R(lstrJc '~d 

I ' :! /' II 
III/ 

1'1 
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OPTIC,,". ' .... £ 
OF SIGH" 

T U[V..rEO 
TWA SM" ER 

"gure 3-83 Curved fartlt Geametry 

d - nIl. ..nil 
.J ,. "ti tl, .. ,LtIUU 

r.·. I 

I hI' ~l hJ''<' .. r )(rllund n·II.,. 11111 alltl 1,,1 .. 
'''.0 (II h.o 10,. II .II-':Ih ·,1, .1I·h,·f III thl­

t l 1'J1. 

8. RECEPTION 

General 

\tOr'lun. 
Th .. n'(' l\"t'r aC"IImpli, h ~ thl4 purflns.' b~ : 

(,,,II,,,'llOg (h > tran~mit l·d .Ignnl. 
• (·Io·rtinJ,!' the .I",irpt! fr,'quI'Ol·Y. 
Amllhh IIIJ,!' (h" rad ... fr"lju,'nc)"_ 
II 'pting Ih.· sl~nal. 

Ii '/1(' d 

Amplif\'ins;r th If., I' ·I.,d iV'nal 
R"l'rl<lucinll' Ih., 'iV'n:d frlllJl • kl'lric.r1 

Cllrr nl (0 "IIIlt! \\U\, s 

CallectinCJ the SiCJnal 

Ju'" :'" (hI' (ran mittilll! alltelma .H·I .1 

:1 radiating l'uil til ,111l'r~tlt .. fll.t)!n, tH.. \%1\ ...... 

'II t!OI'S till' r,'p"I\'IIIJ,!' 'II.II'lIl1a al'! : •. II 1111 

to in!t'ft:!'lIt tho nWJ,!'lwth \\;I\,·s. lb.- 1111.1: 

'WIll' Wa\.·.· prll,h".· a tlO\\ III'. IJ'I"III III I .. , 
n It"lIl1a "hid. an t.rlllll!ilt lilt" II, " .•.• 1\. r 
Fur ma\lnlllm .'!lICll'Il,·\, th., 1''''.'1\ Ilig an 
Il'lllIa "hllllld hll\t' thl'lIll1e 1",IHrJ,:"lIUIi OJ" 

lilt tran-mit IIIV' :1Il1. IIl1a. and th,' hi '1I"r Ih .. 
tr'·'I.II'II"\ tilt' mil"" l'ntll':" tllf' I " .. t th., 
,If t'IlUil. 

SelectinCJ the SiCJnal 

(,h.· lir,t sl;,,:.' ,·r till' r ·(','h. /' I' n"rrn.dl,1 
it tint" rt''''"H.tllu' C'lrC:1111. that , .... .u t'111I 

11101 "'11110'/1",1' III "I'll" IlJth th.· lin o'IlIl:l 
('I1f. 

AmplifyinC) the Radio Frequency 

Detectinq the SiCJnal 

.ill :al .. hu l nnll" f. lit lrau nuu, (J a 'Ih'h 

II II,,· ". ,-rll"1! .. I' I'.lIh" -i~lJ:tI, -lIpo'r­
h, ,./' ~h II... M. Olr I· \1 III"''; . n' II "d, 

Res'"clf>d 

Figure 3-'4 Oiade Oet"(1,o" 
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lI.strlcfed 

Figure 3,'5 Discriminator C"cuit 

I 
OO! Y k 

. 
"[ 

A,f 
AMP.}. It 

F.gur.3 -.6 lloe" Diagram 0' Superb.te,odyne lIecei"er 

I,,, d 
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Restricted 

I .. ea l oscillator, nli "I', IF amphti .. r", d.,t"", 
or, and ,\ F :IIlIl,lifi .. r. Thi. -IIf," n ill 
~'Wllrt':I 6, R) ;uldill~' tilt' II'T". ,Ir~ ,'0111. 

1'011"111" til Ihi" 1\1 ' .. , r"C"I\"r, It I 1'''. 11.11 
" C<lIIY, rl It til ,I 1Il'"IIt 11l.\ til' 1'111 " 11111' 

lIIu,IUlat lUll !""ct' I \ l'r 

Th.· ,itlditi 111,.( "'''111""'''111 IIt'n" ".n to 

d,·m ... llliall' fr ",II"lIn III ,dlll"t." "11'11,. I, ". 
th., hnlll~r ant! Ih' di-" 'nminillor, . \ 10" It 

r •• ,Ilir. n" lit .. t th,· ~ ~1 n •• 1\t'1 h 'Ia:.t 11 I .. 

,.bll' III ,,, •. I h, r. '11111"'.1 "Illd "' II' .,11, '" I' 
,r. a l,·t! h~ tla., It·.lI''llIIlI,'' I II 1..111,( \\I'hlt 
IIlI)(hl I,. •• 1 

I'.adlt' th, d, 
t.·, I.", A thll,t! 1"-'1"'1"'01, II It"t th,. d,'-

[lot, tor HI di.'l'nnlUtabH· b .. (':1,.:ll.l,) nt lUll 

\"I'II"~ fro ,,'It'IIt'\ \;tII:01101l III" til pllllld, 
\,In;, IfI""; 

. !nil 

III th.· 11~1Il 111111('1': th •. 
I •• ' II ... fI,d .' \;"w t ltllb 

fr ' lI1l th., n'e, 1\','1' .tnt! U"'lh"1ll to ' rlV'!'.' r 

11,'\\ 11111". \\ Illdl :u e ,"m·,'r •• 1 •• "'1111.1 
rhh \'1111\ ,or .. Jllli I, ,u,olllpll",h,'d ,,~ 'Ut\IU~ 

( liT. I" '10\\ 'II ,1<',"1.1,'"\"0 \Iltl tl" PilI,,' 
I» I. II ~ /I t 1 

tI, 'II, 1,1.· III 
tilt· 1'1,,1 "1 '" h.I\.' III" 11111111 • 11I1\ltl 

,lid 1'1.·. It 11\ ,,' .h.· "Wll h"lId 
,·f "II nlllt .. _ 

I il !til I).' utln ,111\ ",," II \\ I.tt I 

•· •• 11"" I h. 'ir~I IIt' ''' ' 'lu r, n,.- "u'llIl I II, 

I'h'l' t! .,1 d ,').';1 II .1, t, ,"'' II .". I Ih. III 
t4'1I1.·d',llt·t'I'qHIlt.\ I t&lIu.IJJ.d,ti'ltltrt! 
.tl ., I. \\1" 1.1.1111 tn'qUt ttl \ lit lit t , .tUI'" r 

l t;tJ t' Itt' J •• t.1I II I. d,.lI(I', d. I,', ftll" ,H,d 

IIlIphll.l· "I. ("1111>"",,, I" • lit ,"I., •. 111." 
III 'I 1It.lpld ,0111\,11'1" III \11 "'Itl 

4: 'I I I'll t nl t h. pt"all'n I tc. tI • 

•• 1 I,ll .. ,. Ih, till I I'lil "I 1\ 1111 h 
""I'P'It-dp d.·,~ I I(lt III nil I J 

, I J .lJ lilt 

It d I I d 

\ ud lll I n'qul'nn \nt"l ilu .tI' " Il . II, •• It 
I'" .. I Ih.· 1iIHII 0/. I,·, I· I \1111 I, ., dlr"'1 "11 

n III .11 ,11 •• "I.lt., 1' .•.• ,11 •. 11' 1 \\ III, It 11\ II .. II 
Ita Uti tlutld. Un;tll " luo ... 1 uf tilt "'lIlInd 

I l,,'fndllt'Jll)! clt,\ h ... • utlluf i \':11" Ill),! l'llt fI"H ... 

tI' a filII'" hi'h ""I .... II I' II",,· '0111 til "Ill 
I'h(l IUr,h" I' ,1,,- ll1lth .. ''''tl'1I1 Tit .... "mph 
til-at i"11 I 11" 1 nl. Ih- ,'1" , ,\ fir 11 III ,tll It 111111 

Restricted 
3/9 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

F,gur. 3-'7 ".n,ogrid Conve~er 

r h Ollt"U • f th.· 
rt',ui~ for ftlfl-

THIS PAGE IS UNCLASSIFIEL 

'jU~!lCl. lh4l j,. at all dud19,[' ll!. TIII~ I\('r~i 
a7."" ;wdllJ fr"qll"!l r 0 I,.. f.'d tu th': hllal 
aud.o amlllli"r lrom \\h,eh (Joint It I' fet! 
... h r 'pruclul,'r 

.\utllmalll' "Illume Conlrol ( .\\T): Bt'­
ca'J't' til.· Ir'lIglh of ratiiu sigllal,: will In 

c:n'aSll ur tit' ~ r 'a!'oi£- in lran~ml"siun, ~ I~" n~l~­
e~,ar\' to [lro\'ld~ a Ut'VlC which will II1SlIre 
a e,m',tllnt n,lume l·n·1. Wilhout su h a r .. 11 
lurt'. the n[",ratur would kit! furl'<'u to ,Jl at 
tho' <t't tln rl contlnualh' operate thl' ,olum .. 
contfol' "udJu:t the output. 

A t) pi al ~imJlI!' 'IlItomal ic \"lu~lI' c(llltf~1 
is hU"1I 111 FiKlIft· :\- , In tht' (hodt' rlt'te~­
lor, th.' more p""ill\'" th., platt' th,' ~ff'alt'r 

I h., • u rr -lit t1t1\~ , Ro'"' ' tor R ma".- .. X IlCIW­

IIH' ill f.'.' 'It·c I " r, 1'h,'f\·f, n', tht' 1lI0fe 

po 111\ " h, curro'nt tlII\\ till th,' platt'" th .. 
1lI'.n' 11<'jI'<lII\t· 1",lIlt X I ... cllm,·s, 1''''', ){fld 11\ 

Ih,· ra,II" Ir "ju"nc\' aOlphll"f n'('l'I\t·~ • 
101 •• , fr.,m hiS p .. lnl X, Thus, h,' jl'ft'a ,'r I h" 
"jI'll,.! In,pr., "t! (In I h,' pI, " u( he til't".'lur. 
Ilw nlOl'·' III' '" 1\'1' h,' "",.. "II t h,' r;ulw I r, 
'j I lIe\ .11lI11),li, r \\' hl<'h In turu n'(llh ", h. 
f r Jo."'ln:lI .tnlpllfll ... 1111l LJKt'\\l t', \\t it tv 

h .. ~rlll III , .• ")111.' I, , 
" ...,Yr,.t t'r InIJil,l1t'at "II III 

,III II " lot J' on r"l (II \011111, I, 

Figure l-" Aulomo,i, Volume Con'rol 

Res/rocl d 

SECTION 3 - MILITARY APPLICATION OF RADIO 
1, GENERAL 

In cu n!'urrnil1j{ til th,· i. principiI' fI( ,'um-
munlt"atiun .. , 1111111"1.\, rt'liahllil," (,"uril' , 
.. ~t'd. ,,("unom,'. fit' ibilil-,. anti .. ~ .. It'm ,nl(' 
j:'ralllln il b lIPl'aJ"'1I1 I hal r·"IIIl. III II \ "1'1 

""~al'''''l'ati''""atfllr'' a 111111''''111 1,1 III 
'''"f "f lh,','" prllleil'l,. ~I" ," ( 111,,'"1\. tI,. 
II,illl,\ a 1111 s\ h'llI lIlt.l1'r'II,,,,, 

In di~"IIS'"W I ht' a~'I'I" It 01 111.1", '''Ill 

mUIlIl'" '''11. II i, :,,·PII 'l'fI.,I, '''' ('1\ ,d" II" 
r"a"'I1~ ror """'IIIW \llIltlUs halld' III II" 
. I " trllm fllr I~" l/ol' 11111'1",'. alld tI" Ir 
:11 "Iaall"" t,) ..\,r F"rn' fUll"IIClII 

2. EM'LOYMENT OF THE RADIO 
FREQUENCY S'ECTRUM 

Till' ";,,11 .. fn'lI'hll' \ '." .• I I' ,IT" • 1" ,I "r 
,til I'W!'II,':" radial hili 1'II11kl' , r"'111 ,:0 !." .. 

Low Frequency 
I 

cl' f ,round \\ 
to",/I III 

rHjlll/'" hi~h 1"'\\' r,',lltall,lIlI 111/1 I ... ltt.11II 

t lat' til' In·d ,,'n\t r.lJ."t'. 

dl 1','l':l1I " "I' Ih,· IlIlljl' \la\. f,'IIKlh, II ,.I 
;111" hlKh lit}\I"I' n'Cjllll'. i1. I"I\-fr. IlI"III"1 ", 

lr.· \t't \ h.-.,,·, and in 0111:;1 ea ... t':-; :tn 11 ... ,"(1 
"1111 \I h, II I~'nll;lllt III 111'lall<llll'lI I,' t"a,.III., 

alT, • It·" h) 
H oh',- ('Oln. 

fJ nn in11',.r 
, 'I' lht lI,un.'J,htt",· otlt ',rh- " \\ tt_ 
I 'llal • (: I, 10 tI r. 1'''1,1 " .. f I .. " fr., 

'1",'''1" h, t"I"" I"" al ;111 

I, ,,'pi rur ,'P"tiah I'd II " III Ih., \'''". 
rpJ,rltlfl .... rU\\ fr,'fphllhO\ 1 r.ttJ 'flU S141rt:-. 11 ,I nr 
linllll'd \.dll'· IIl1d"r III • I (·"","t"'II~ . 

1'1 plt'al I. .. " (n'"Ut'nn J' '1IIIpnlt'ni AI 

II til 

till, Ih .. 1\ .. I' It II)'. 11.1 I. d 
1,,1. f I I till , • I "'11 I 

Medium Frequencies 

, td 

'I, ""1111 (,," " , • , 1111 h' ·\tlllil k, 1 1'1 .. 

\ hi,' /I 1'"1.1 .. I /twlll\ II, 1111 f, "" It ' ... " 

,,111..1, :11'" II •. " ,\1"11 1\,." III '''IIIf1I, rt I,d 

Ion ad,. I lIu,-k Tit." ha\,' ~'",." ~'rlllll"J 
11;1\" r..I1~~.· ,'\I,·".IIIIIi' I .. ;1],,,"1 11)" 11111, 
and a IIwhltllllt 'h\ \\.,\" rdllVI III I' 1', 

"f lfilill mil" "I IIHIII' 
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t4lqh Frequencies 

THI S PAGE IS UNCLASSIFIE. 

h. hi)!h·fll' 
ir -'III' Ill. 

II) - r. nit h I. lIg 1..1 j{" JllIlt I 1".I\fll", hi . 
'1.lItHlJI 

r I ~1.ll1l1"r (If pol. liz •• t It n I- II" n Il.cI 
\\,t.\', ran .... n'l' 

Yery-Hi9h-Frequ ... cy 
It <::In bt., aid '\Ith. u 

r.Ld)u ra HS!c~ 
'ro qU.'lIn 'uli 

.\d\antag e'o " f \ er~ . hl l! h '(rt'(,u .. nl·~ .trP a .. 
I"IIm, .. . 

( .. II I". th •• 
I .n nit • I .. 

Re""cled 

", II I~ I"" II 1'-1'11)'10 t .. ,\1111 .. I! til II 

"1'1. 1"1111' lh"l1 Ih,' 1"\\(,/ II, 11'111 , 

,-) I I "I :tIT.", NI h) f1llrm.d 101,,' I h"1 I 
t hiul." . 

1'1 f it UIII • Ih •• tII , lilja, lI- •• " .,r.' lI1.dl. If 

1- pOl Iltl' 10 nelll"Il' hWh ~ailt I" II I IHI I 

I., I dlllO'l lI II \ If h 01 m:t1' 1"'11.. t 11Ig d. "" . 
""Io1.lr .I, \'" , III I lira'" it';1! l UI "Wh frt 

:11,- III/III. I 

"h"IIo" I h. 

Above Yery-High -Frequency 

3, GROUND RADIO 
COMMUNIC A liON 

General 
f " 'f I ' 1\ t t' 

hll I I J ,.I 1 I 
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th .. t'ommUlli('aIlOIlS off1Ct'r ano rt'quire 
.'on"ld"rabl., planning III unl r tn aehl \'t' 
Ih,' dl-~In>d rl'~ul - In or.Jl'r thllt a propt'r 
I, 1ft , .. I.>,> l,d, it j" IIl'I'l'-~ary tl) ('rIn~idt'r 

"\I'r;d I;.d"r. '''lIeh will atTI','1 thl' 1'1111 r . 
lilt T .... ".' fa .. (Irs Inl'iulit·: 1,-, hlllcal rt'-

<jllll" TlIII t-, l o\ .. r and l'rIn,. alment, alill 
I· ,.1 

in a 
with 

THIS PAGE IS UNCLASSIFIE~ 

hf)uld 1)1' d .. ar of nil folialCl' nnd .It'n,, .. 
bru'<h in ordl'r to attllin thl' j(n~atl'.t pw 
!<ihlt· etnril'ncy, 

Man·marl!' nb"trudlonll art' anotl1('r 
"f)\ln't' of ill I'rf"rl'Il('f' wilh rllrlw ,'Ommlll1l· 
('at Inns, It i~ inlld\'isabl!' til :<!'ll'l't II position 
III a IlInllf'!. hl'llt'lith all IIn,!t'rflns , ur II stf'pi 
hrllh~, \'lIliE'r Iht'", ('olltii twns, rt,<'t'ptioll 
\\111 h Iml'o'sibl' >oi I'"~ a larKI' ,<Illtlunt of 
tI .. · .'Il,'rv, \\ III hI' ab'''rh.·,J I,,' thl' s " .. I 
I rill'! II n Huti,filll!' h.- w,'en radio ' ttl ion 

\\ill hllu\.'r tr'ln-mi""I'"' and nt'l' I.m ill 
mlll'h th .. "arlll \\',,~ II' ,til hills .Inof mrlllr 
:till : •• .. 1 1111.1 rt,illf.n ,," "ollcrt'l. hllil.! 

If.,., art· 'Hlr (.tfI'IHl<r In thl. n~I"'11 
hall ,«."d.,,, lllltldirw' 

II ,'P' of 1),,1 •• "irl' hilt ,slid as 1.1,­
phol". 11'1f'j(r'lph. alld pllrlil'ldarh' hWI 
\olllll.'p r O\H'r lint". /ifllll,f h( '1\'llIdrd II 

It .. , :-;II,'h win' 1i00'~ .d, 

Ilt"rf,'rl'llI'" 
('ar" mu 1 h,· 1.lkf'n til 1',' Ihat radl" III 

t" II~ an nil I, :lIt,cl "" 1'1 .. ,' IIIK" III r 
~inl''' hi I~.I po "Iltial .lIu r ... • .. f in l'r 

ReslfICt"r/ 

1,'rt·UI., b"lw"'1l adla"'111 't:ltion_. Ha,h .. 
tatlllll.' radial,' h 11'11111111,' fl''''11I 11""'_ a 

" 11 II- lhl' fUlld .. " "111111 t "'''111' II< \' .\ Il,'ar 
h), ' t. tllll1 may It .. /lhl!' t .. dt ,~,t :111<1 am 
~'hf.\ thl't' harmnnil-, \\hlth ,':III " 1IlI,'r 
1"r"IIC(' \\Ithin it a,~I~II .. d rtl,.hillV Ir., 
'Iupn,'y. (;n'at (an' mU-1 10" "".1 ",1 \ II" 
:h - I'laCf'mcllt anti ",I .. , It'n of 'I" 1'1 " )." 
.rre()U t'llt 'IC:-O :a":'J!(lH'd ttl ttt'ti It tlC\ rUf du 
,.il,'1! radln~ hI' au" III tilt' 11110 I't, I." It , 

1'1111111'11 a loft \'(, 

1n additIon, It I, 11(· ... ' al \ til' 
IHeal cummand rt'lluil"'Ilt'1I1 III 

( ... 11 tlf radII> station -i(ls ~III .... 

d\\a~'" s(' n 't' Ihllt hl,ld'IUal't"r Id"'11i I'. It 
I h.· ,'tallUlI~ !<hould Itt' ('I .. , 1'11\I1I).'h til 1'1 I 

Iiall' th,· ft"lulr('d ", n "1' 1111 

to at ral'! 1I11.1l .. • at ("lIt 11111 t. h,. I t·. 111/1 t)f 
:111' frll"1IlIy hl'adqulIl'!I'! t Th •• 11111111111111 

lI,m,tlle' dictalwl' h"1 \ ,,' II h,'a.I'luart, r 
11101 Ih.· radiO ' t. IIIIIII I :!ilil ,I,'nl ) 

.'It." hllul<1 h,. ,..t.,,!, 01 "Ih.. h. I I I 
1111111 "m,'rand(U1ll1:llJlI{,1I "'11 I 1,"1 \ I It 

Radio Call Signs 
/( I I 
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Example of on Inco,,<!cl loco han 0' a F,<!lrI Rarlio Slallon 

• I II, :.dl'hfl' , -,q t tit l'll t" tu. lu 1 I I' H t I 

'" 
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.. nlpl .. ttl III 

11f. If I l") 

illll' tn ddl" t a II "ak"r si Tnal WI h a I,. ad­
phu,lf' than It II h 1\ IIIlId~p"akpr 

Jamm,nl{ i th.· Ir:lll III, ~1"11 .. r r.ldhl ig 
II I \lllh till' 1OI,'nl IIr Itinckllljr "111 or 10 

ttrll'rrrlj( 1\llh r:ldlo ('UlllnlU,rr, ali 'II 10, thl' 
Pllri'" e or ,au~ill~ dl.,orj,:<l,rrz.tlllIlI alO'lI;.r 

JlI'II<llIjr Iroup, p, Iii, r:\I.· lanlllllll)!" 'f 
r •• dw ,'ommulli"ati"n 1'.1 lit" "111"", 11111 I 
I. ,'\ Pt'l 1(',1. 

,Iammlll~ I. nHlrl' IIr It - .'11,·,11,., .It 
1' .. ,,0111'1( up .. " tI\I' p.,",'r "I th .... 1111 IIIL' 

ra"."lIlIttt'r ani! Ih,· t .1 p,' "t I" ,·d." I ••• 

lt in"", racilk t'd 1.'nnunlllJ.! ~I '-n:d IlIa\ f if1l 

.... t tit kt-)'t"t ('~'ntlntlI)U", \\[1\\,,,,. tnnt', \'Ilt tl, 

m '<.l', Inlllan(ln stnl II. IIr (l111I·r II JlI "r 
"' ,. SIIo(III1I., Th" .I:tmm'nj('Ij(lIal' 111:1\ 

I" unllampul. nmpliIUoll'-moollll.ll. of, !t. 
l.lt''''~-rnfl''"lah',1. Clr .1 t'llmh.llal.IIII .. t 

I I.· ,0 f f"qui'nn sh.ft • olad,' hy tit., op_ 

'I''' II", lIlay \ .... "mplll~"<1 In .dlnl.llf' hi" 
(llI.IIII11" A nllmh"r III Jarnlllln" tran. mil 

rs OJ;)) It .. II .:>d . Inltllli!II.· .. u. II" .11 ur""r 
tu (,,0\ tlr Onlt' raciiu frt . ,l1t1Ih y I.lncl 

Th(' ,'fT. "111·,'11.-.. IIf r'ldlll ,all1l11l1'l0( n!.ll 
to, ro·dll,,·d If ,t I. :lIltil·IJI<lt.·d ;",,1 pJillllll'o/ 

-I' ,"',·"rtlu I'll Th, ('1)1 hould il1\ Iud, 
.1011111111,11. IlId .. !)· . ' (I.u •• I,'d, fr,·'tIH n, It" 

Ih lit Inlt'lion' Oil Ih"r II ,. III c .• I' of 
r I\() J,IOln'"lj( ('h;llI)!illll' I r'·'IIl. 11('\ \\ III 

• ,'1\ Yilt- l'ulltd'lIl 1m, t, "'lnpl.l, 1111 

I l '".lJ.°·P ur mf' "':lJlt ~ I t~ttlrt, flu (l'1t UI\ • ;UJ 

r I I ht· '11'\\ fr, '111'",) .lIld 0'1,.11110(1' h. '''III 
I II II tran. nHtt, r FII"IIII :I III 1111 II)! lin '11" 
r'f/u.n,,· llIal !>,. 0111,,"11111\1" .1 

'h'lwhl hat Ih. dian II. J I lin I ... II' r III 

• : Ih,·r,'fllr,'. il I "" .. 01 I'nl,,') I .. 11111111:"11 
,nll111 rll ll<nJl -WII~ till Ill,dulllIlI'lllIll" 

tll_t' lhal 1/11' 'I1t'nll "III I"/lihulo II, In 

11 .. h.11I1l 1 r.lth,'r lhllll I'll I h "'!I"ld.It'/I 

, work "" .lIluth,·r .. h.llllit I 

Illh 

c) (h,III).'" .,111 ~'I", lid fr, '11"11(10 
dlr '( to 01 III Ih.' C (II 

Transportation of Ground Radio 
Equipment 

H: .. I,,, '·'1llipo. II I III'''I.:or;.II\, h 01,-11 
la." :tlill II - rll"'.lhllrh I ;.r""III,.d ... :\ 
"n'" .. I. lit 11\ I h,' '.11 1\ If f, "/11.11 I 
P·I k"d I 'I Ir'lI "ortallO', 111'11'.,llIw"'!IIIr_ 
OIt'III 11111 I.,. pa.· 1'.1 a/l I It,,,,I •. ,, I .. pr"I"( ' 1 

It I.OIll <III .ltld dIrt. 1\1 :tlh, f. hold, .. I 
Ih, " • .,1 .• 1111111'0'111 IlIltllI Ir'lII "'h" 'rli 
d, 1",\ I,·" III 1 h. "1111,· I. lid., 

Representative Types of Ground 
Radio Equipment 

II": II, • ~I tlllolIVh "" lit III" II 
til II' .. , t., ,II III )..'roill.d .,.,h" "1111'1111', ( 
"1111.1, •. ,01 111 Ih., I 1111"" ~llIl.. \,1' 1'<"11 
\ I'rh t ... hllll.tI D. ''''1' '''11 .. r I,ll Ir • I 

-h .. ,\ II, ,11101 or "lh"1 • I 1110 1,,0/"01 III \1'1"'11 

.11 1\ rh •• · of" nlll 1"'1'1',' •. ,t! til 1111 
"CIUII'tlh nt (If thl lI.duro· 1'''11''''\' 1111 111111 
I .,1 I 

Th .. b.· d.'It'I1. I .110( IIII~ anll1\1,,)! I I It.. th.1 

, r 'rt r trallllnll f,f r.lIilo ffpPT.H( 1 In rt Pt' 
110 th., Int,·rr .. r,·I1.{' 0p(·r.llllr rllll I I .. , 

r~IIII'd III """r,1I1' lhrllll)!h 1"111\ lilt., 

'fI'", "f nIl II' .. •. It lin h. "'1 flllll101 h.11 
1(, ""rlli. tlln,' nwdlllatwII I mllro. r"ad 

1111 
.( 

""" IIrll I)(h ,amll\ln~ Ihall 1 \\ or \11" 

.. lul'IIIOIII In .... ".IPral. Ih, "1'1'.,1 o1r 1I1a\ 

t lUll' Ih. dTl''''I\",,, ,,!, lalllnJlIIl: 10, I" I' 

rill" ~ th.· (tl II lilt It.): "I" r:lt lilli' 

ll) l'" h. I'n .. 01 hlll'l (.1' til" n"'II"r 
J tUIII' !lut a 1lI11,'h a 1"" "1,1,, "I I ... 1111_ 

, •. in'" <11'1111 1 

4. AIRIORNE RADIO 
COMMUNICATION 

General 

1"111 l'lil IJlII'~ IIlIoh .. d 111 Itlrl"'rllt' rad,o 
c;nnlnIUl1i'"atItHl' .ln' U .. • ;lnH'it thu tl t'ru 

pltt\ ,''/ III ,.:rou.1I1 r.tdlll Tht IInpflrlalll d.f­
"'rl'n,· ... " 11111' (Ir tI" 11:"11 Th(' radl" r,'r :lIr 
b .. rn,' I"IIntllllll1h'<lII"1l I hanollt al'''''d 10, 
.-l'IO'r,,1 I, .• tur.·, (h.11 11",· IInl 1111(111",,, "l" II 

R"""cred 
387 
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REMOTE CONTROL EQUIPMENT 
AN/TRA2 
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Figure 3 .90 Radio Set AN TR C.' 
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Reslllcfed 

~rllllnd r, .. !all • "WPII" lit 1'111' fa" IIr~ III' 

\\ I~II , • pan', all illl,l,', Itlld anlt'IIIlu <II' IIo!I1 
mil h" ,'fill "l,'n" III Ill' 1111 I I II t I<lll nnd 
.11'111 .. , 1111'111 (H :I I rltllrr II' radiI) ("lllll'm,'nt 
A: hr I Jo!I.lnll', tht' "Itl'm mn~ flllt apI' ar 
II '.. (nIlU', hu aft, r 01111' cOllsid,'rut\l)n, 

It I <lI'Jlan'n Ihat hpy \I III imp",,;,, Jo!r at 
Itnlliallfll\'< upon pl,r!lIrm:llll'l' Th", flU'. 

"r d .. III) play . IIdl .111 111I11I,r .1111 rart 111 
til ol""Ij.(n III,d l'\lIIsll111 till I I of vrllunJ 
1'\1'''1 11 11',,1 

\\ ",vhl I 

nIt.! i­
EIlI'h 
I I'm,' 
IrIClu 

(JII,' pruull'm III l"111111'('\ iOIl with dp,,'gn of 
alrhorn eledmOl" , .. ,uipm lit i: that of 
high,\'oltng( nrl', wh,'l1 thl' "'1uipnlt'll 
" inK uperatt'J lit IlIgh altitud,'s , Thl' (h· 
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Figu, . 4 · 16 hte rnolly,Pulsed T,o ft , m ,tter 

\Vhl'ne\'er a r,'cl'in'r ,~ "'" rat. d III d, .' 
proximity to a t r an, mittl'r, a C"rt:llil lIllll)1I111 

of I'nl'rg) in('\'Ital.ll) finrl~ I \Ial in (I th .. 
n'CI',\'p r di r .. ctly from th,' tr"n~mitkr II) 
m,'lIn, of stra\' l'lIJlllcitancp of Ihe input, ir 
,UIl I.'ad,', In I",' r tain in, la'h'" s, ,'u,'h ""lnlal~ 
n'sultlllg from hl' main tranSlllltll'rI JlU"" 
011,,1 10" I'hminlltprl ('n Ir .. l\ fr. 01 th" Ill' put 
of I h,' r"""\'l'r. Th"r .. for." 11ll' rl' t i\ I'r in"ut 
CIII'UI! mu~ 10" j!:t "'!. (lr tunlt'oJ .. tf t1l1nll,l{ 

th.· tim., or rlillsmi "'11111 II Ih"t II ",II '" 
"lImpl ... I), in,<,'n,;,ti\',- ":IIl\ r;,11 1/l1l1.,1! 
iglla l 

... ~onh·t i'np~. Ii' tit· lnd.I,' til C Hlp1 .. :, .... nHtll 

alii. lIIl" - fI,- t r"11'111 , tl'd r:"fi".f""qu"/I"\ 
,rt rj.!\ E(I f hi' r '("f'l\ \..'r f'lr Inlill)." 1'11'1'0 I'.~ 
""I\( \'t'r, I h,' 1J.f1l,t1 ,lln"'111 :1\ ;"I"hl. 1 rOIl1 

h,' Ira/l'rni ""11 II/I' ,s '"~ Jar!.",. th"t th •. J't, 

,','/1" .. 1/11'111 l'illltit llIa~ til hi" /I'd ollt n., 
,'au- III' (lIP h',I{h "I'll Itllil \ "f tl". r.'C'I",','r, 

th, • troliV ~1)!'111t1 .. ,~" ,,1I1"all" "hk'kl/w .. f 
1 t' r' "i"'1 t .,h,-s \lIlIl'h 1'1111'/"1 H(' ~d" 

,'It lilt nil. 1.1",'''11110: ""'lIr. I,,·.· .• I ,- Ih, 

gr',lll I lIiall ,'UI"lf Ilntlt III' th, " .0utlll""I_ 

,. 
'AlOfT 

figure •. " Simp'e An'enna System for Transmitt,ng ond Recei .. i ng 
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It.st"cted 

Electrodes or coils to d!'ttt'ct th!' pl!'ctron 
beam by m"nn~ uf lhe \'olta~\! (lr curn'nt to 
1> .. (lb" n .. d. 

A nuore~ent screen which I!I (''Ccltpd by 
th .. h..:lroJ) IlI'l1m tn prod ICI' a \ I~ual in­
(ilcatwn IIf the pa h f"Un ,,·d h~ th,' I'II-l't ron 
bam. 

Th .. fir:t four par ~ of Ih .. cathotif'-ra. 
tube con~titut .. what ill cummunly kno" n a" 
th .. ""Il'ctron Irun," !linn! th .. ~ ~ .. n .. ttl ll'l'n 
t'rate and direct the .. trt'am of ,'II'Ct rf>nSl lilt .. 
8 beam which con~tltutl'lI th .. m(lvinll t·I,'m,·n 
of tht' l'athode-ray tub. 

Ewctrostali<' ~necti(ln. Th., ,·i.-mt>nh of 
a tYPIcal l'athOtJe rav tuhl' I'm"I"\'IIIj!" ,.!t'l' ­
tro'lta IC dl'ftl'Ctlon are showlI III F'i~un' t­
~:I . Thl' l'll't·trnn~ emlttt>d b\' h "111111,,1 .. ar .. 
fOl·U. , .. I and cl'lt'ratl'd h\' tlH' Ill' Ion of th,' 
llrlCl and anndl'll Rv virtuI' nf th.' a\wr U" 

III th vanllll . tuht' ,'ll'ml'nt~ lind Ih., f"rlO 
"f thl' ,,}, ... nt' fi .. ld ar"uIHI Ih., "" .. II .. d.· .... 
th,' .. It'droll Iwam i, •· .. n~ln(· ,." IlIth a \Jar 
ro" twam whlt'h pa ... s.·~ hl'l",,·.'1I ,'ach (If 
h .. 1\\ (l ·t't .. f deliI'd I 11K pia .'" 1 ... 111 .. ' n't\l'h 

ifl)( thf' ~l n"'n [n tbl" tulo,·. Ih.' Iwarn I­
f, ·u" ... 1 .w.! ddl,·("t.·t! I" ,·hdrn .Ith· Ilt' \.HI 

I f a \"uila!l" 1'- "1'1'111'.1 t il till' honloflt:lI d.· 
:1, dlO\! I'I..t .... Hld mad., I .. tar Ill. olllt' "n' 
d ~ rm in .. d mannl'r. h.· .. I .. droll lit am 1':1-
In~' 1"'1\\1""11 Ih : .. pl.llI·s nlll I,,' lIultl" 
\,If I'tI~1 Ion ITl ",uell:l n.t.lln.·r that t t 
\\ II \\("1' fro nl ,III' d.' <lr h.' ttlll. • h. 

10NTAL 
,--() .... K1'....;; PlAI(~ 

hg I .j 3 EI ('ro 'a'" Co,ltod,,-Itoy Tub" 

r.: I '"d 

It.strrcted 

Figur" 4 - 24 EI"crromagn,1C Ca'lrod"-Ra~ Tub" 
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3. TYPES OF OSCILLOSCOPE 
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SECTION 4-THE APPLICATION OF RADAR 
PRINCIPLES 

1. GENERAL 

""dar i till 
l.u l II I 

, , h pr \I dol, \ .It I , I': ,I. \1 (.' I ••• I I 
1'1 \ 

2. THE IDEAL RADAR 
1'1 II ,,,' I I., ,.,01" "I I I " fu tI'l 

Is ""fllnd lO ll" tfH' "111.,11 lad.l f " .UII I 
I 1101"". II II II II IX fUll.! 1,," II h,,1t It 11111 I 
h:". III 11,01,,' 'u fulllll I' '111 < 1"11 . 'I II.. I 

11.'111 ,01 Il1f"I" ,I '"' I It. II .. "I..,' /I" I tllr 
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.\ n,., Il."llal fr"m Ih,' I, ft 1,1 .. • 
II th., ,Jgn,,1 frum II1\' rI~hl 

H..1I 1 't" 1 t·rt· "II , • .j 
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F'flure 4-31 C-Ty,.. Itadar-Sea,.. Display 

pot.1 n'l,llt " tllnlllth ,Inlo!" " awl 1'1"\1. 
h" t. fl7.nnt:d ('I'ur,itn:!! ' and t>1,'vat;on 

I rwh 110 ,\ rt!i1 I. .Iz,mlllh, II.! \,1,,\/ .... n 

.\ In raft 1I11t'r ",,, hIli L' u.llly u <'(I With a B- ) j)(' copt' (.lIrUOrn\), 
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I I,ll" ,,'. "lit. I 
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Figure 4-32 ItHI-Ty,.. Radar-Seap Display 

1I."l~t' fI.' .C'h l Jud i",II," (H HI , 

,- " r"Ill.1~·I. II 

Re""ded 
4 33 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

Figure 4 33 Lightweight ItHI -Type Radar -Scope O .. pla 

III:hl • I ·hl H.tll1:I' " olchl Intill,llur ( lUll, 

THIS PAGE IS UNCLASSIFIED 

lun. ~p.· .. d .lI1d ~'·n-{·. lIuml, r • ud \ 'Il, (.f 
lIl,·r. ,0, .. nil r cI'~nIlJI'II. 

·r.· .. t.·r 11t .11l 1'111 I,,· ohtaitlt'oI .It pr.' • lit 

n., ./, Int ('"mrnllllh'a inll H ... lrd h • 
. ... n', d IIP')II hi' /,.11", Ill)! th.· oIdlllllilln 
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1,111\ rangc· 
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Restricted 

I' l'allah'" of vivinv imm ~liatt' infurmatiun 
l'''"I,.'njJlI~ th .. :Pl' .. <1 and : •• 'n:l' "I til" air­
!'r,If!: tid I: al"il"III .. 11111: "lll'I' tho all'· 
lr,tlt II,., I .... II 01''''''1'\',,01 hy tilt' nular IIII' a 
.,Ii,rl I" rill,l IIf tinH'. 'I'll.,. tlln' lil'l .. ' Illl."t 
I", • II nl111.,Il'1I in tile fll un' ... jlll'!! tlwn ' \\ III 
lI"t I,," Itli"h'1I1 tim, to ,'mplll~ it \\ Ith fa--ter· 
m, \ IIW all'l'r.t1 Th,' "I I'ralot', may makl' an 
,,11I .. a ,,01 }!I ",," cOlIl'('rnin~ thl? numh"I' .. t 
" Ifaalt III IliKhl but it requir .. s all 1"'(1 n'ml'I~' 

, )'111,,01 <J 1"' l'a III' hl'l'"n' an,\' d"I!Tl'" 101 a,','UL.· 
.:' I. ohlainabl .. by thi" means, 

3. GROUND RADAR EQUIPMENT 

LiCjhtweh)ht Radar 
'1'1" , ,''''dim, til' radar "'Iuipnwnl lor it 

.... 1 "'I purpo,,' IS 1I,'Il'rmllll,,1 l1ut H"k by thl' 
,'1,ahllIti.·s III til\' '''~III"m,' tIl, hill a!." 11\ 
IZI' and Wl'l)!lIt fa('!t 1' ... Fur "xilll1pll', \\arn · 

In)! "I 1lII' approach (of h,,~tlll' aircraft III list 
I" 1':0\111.'" fur fn,nt ·lilU' 11'.11'1", '1'" ,atl-I\, 

• II. rl'1111'1'ntl'l,t, a Il l!h '\\"'i~1I1, ""ardl·t,p., 
r .• dar h n'quln'd '1'1 I radar' nlll t hp h~ht 
,'1\" I)!h 0 b" tru~k tran"I",rtahl,', and .'e 
r IjC~"oi enuudl to \' th, alld .ou..:h tr",lt­
not rll \ lIunu, ... r of rad~t.l· :-.\."t:-< Iltl\\' hl)Pfl 

"II, 1'1'(' "t! w.th tb,'" , r"llIn'mt'nl:- 111 mInd 
lh· tn·· ... t ~H·l't.'""IU] o j 'hl"'(' l·t ..... I fl. til,,) 

\,;.; TI',' 1 R, 1 .r '.'an h or Ul'\< diann' 1'"1'­
,lIultt. A:" TI':, I U (nr hl'.)!h l lilldln~, 

A.' Tf'I' IH • "IWh 

ih.rl rail),:' 

436 

l'lall~' fill' h,'i ).:ht.findill~ of aircraft, It i!l \' T\' 

u "' ful III 1'l')!IIII.,; where groul1tl-clutt r or 
I'vrmalwllt ('t'h".,,, limit th u"e .,f .,tlwr t~ 1'.'" 
"f radar, Thi,' a,lnll1t,l)!l' i., "btaln .. d t hr<Jlll."h 
th., u, of a 1'0, kill!!, \'t'rticalh ·Ilarrm\ la'am 
Th ' ~luiprnent b lilt nded to OpNate in .... n· 
Junctioll With light·weij!'ht, ~!'arch lyp<' 1'<1-

dar" such a~ the AN 1'1':·1 B, Such a l'"m­
hinalitlll of l'quiprn nt make,; possible groulld 
"' llIr •• 1 of ain:raft. Thl' A.' TP -·10 may ht' 
h .... kl·n dowll into l'ompont'n • th" hea\'i ilt 
"t' whl('h wv.!!hs 170 pound~, It can be 11\. 

,'laHul hy a trainl'd crew of s.x from carr)· 
in~ ,'a"\' t" .1peratll1j!' p"s.ti'lIl 111 ahuut thirt) 
ndnUl,'s, The indicator employs both R H I 
and \ · ,,-:3n pn'sentation, .An 'lperating crew 
"I' l\\() i~ t'l'ljuir .. d, 

Fixed-Type Radar 
Th .. problem of lip"lgning and building a 

radar \\ hl-:h Will operate for long pen(IlI", 
\\ hit:h \\ ill Ot' IIblp to supply informatIOn on 
lar)!., amount,; of air tratlk, and which wIll 
I", an:urate to a high degree has been solved 
10 a eerlain 'xtpnt Three t'xample~ of fixt.'d ­
~ \'" radar, that i:, not dt'sij!ned with mtl. 

hilIt, a~ 10111.' .,t thl' primary con,.,iueralion::, 
"n' ,hs('u:" .. tI ~It)w, 

Th' tir"t larvl' l';\pal'ity radar to be cnn, 
,trlll'll,.1 was th AN CP:· ! ur ~fll'ro\\'a\'l 

E.lrh Warui:lK It i d"sl~naled "alr·tran,,· 
1 ••• rlaLle" "illl' , th~ cnmpOlwnt;; cuuld h,' rar· 
rll'tf h~ it l'arlo!n·t~ lit' IllrlTaft . It i. II ~ .. arch 
r'ltl,lr l'mplo~' JIlJ1 mlct'(,wan'" t'apabl~ of Im\ 
ami hl~h altltml,' co\erllgt', It provid high. 
h a~curatc ranI>(" and az.muth tnformatlOn 
rh pr, bll'm (If it .. l!el .. ction I~ largely Ol'l'r· 
l',.me b\ th frequency t'mVloyt.'d. Time nf 
a-'''''mlol~ from ('rale. to (lperat JIlg p()~iti()n 

n''1l1lr ':i II m.nimum of three dar!! for II 

traill!o(l ,' r w of ",nety m n 
The infurmation deriv,>rt from thill radar 

i prt·".'n "d .n two way", ~earch Informatlnn 
i' pr .. ~ ntt'll by R,sean mdkatori<. Informa· 

I n f\lr the ust' of per!lonnl'l eharlted \\ Ith 
(,,,"t rullin!, air raft I!I pr .. " .. ntl'.1 on PPJ · 
('Ol't'. A: mallY as fivt' R·!<l'an Imlll'athr. 

\\ Ilh 'uIJu,;tahlt' azimuth coveraltt' from 40 t" 
IUO t1t.'ltr~t'l\ /tnt! :10·, 0-, and IOO·mil~ sweep" 
JIl any "t'dor from 0 to 200 mile.." may be 
t'mpluyed With each ME W , Tht' B-!'Can Indl­
calorll are normally set so that ('arh covers 
90 o r le_ I n this way. B·sean No. 1 

Rel1f1c/ed 

F'Slure 4 ·34 Radar Set, A N 1PS·18 
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Restrrcted 

pr .. hlt· m imp .. , ed b 

"lIi ... ·1 ;",,1 
ot Ill' rt':, 

t lH'n an' nl:l t 

, r;u:t H.ll sut I IoU Is Ul1t l 

I til ht· hlll'.d II at I .. 
,\\ 1\'11 \\111 not b m:III" 

ntdl"' tlu Jlrt."~""lr,· ". ""Ir IJl~\·..;,stt\. \\tll 

1,.. (,Oll'ltt. ra!.). rt un' ~;.II,t,.dt)n than tht> 
1'" "II 'II IIl'm. III fl,·rurp iI " mlllt·t,'I~ ',It-

011111011 lila \ \" .io-rl\ ,I. Yr.:! 

\!Ilha\,' .. I,·m.llkl" 
mat"n: b all.1 Ill! IH~I • 

Other Requirements 

i-:tluil'n,"lIl 1(.."il{llI'ti h. atbfy. th' navI­
V,.IIOIl, \ • .,mltllll{ alld ;lIrl "rlW tI,·lt·n"IH' , n', 
.(lIn nWII\, I" '" \arl",1 and III Hleh \afl" ~ 

Ita t hi. "I'J"(\ \\111 nnt III di'~u" cII Ill'n' 
It \\ III Io, II d IIIt·d. lIo\\I'\"r, ill " nlum' IU 
( ' 11:11' \ r ;', III Ih,' l"'I' lUll oil t·.(I1'" tlf "qulp-

1111'111 '111111" ,·d III f Indi. nal,'ommlllllca loll" 

\ .-It'nb, 

R 'tIC' d 

CHAPTER 5 - VISUAL AND AURAL 
COMMUNICATIONS 

SECTION 1- MILITARY USE 

CAPABILITIES AND EMPLOYMENT 

General 
\. 

dlli"l1 
\\ hit h 

111'0111 
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1. THl DOT AND DASH EQUIVAlENTS fOI THl INTEllNAllONAI. MOltS! CODE AlE AS fOlLOWS 

(A) AlPHAIET. ',4) 
A._ 

1_ ••• 

C_._ • 

D_ •• 

E. , .. _. 

(I) HUMEIAl5 

1. __ _ _ 

2 •• __ _ 

3 ••• _ _ 

WIG WAG 

H •••• 

I •. 
J. _ _ _ 

,,_. -
L. _ •• 

M __ 

H_. 

4 •••• _ 

S • •••• 

6 _ •••• 

DOT 

0 __ _ 

1'. _ _ • 

Q_- .­.. _ . 
S ••• 

T_ 
U •• _ 

7 __ ••• 

8 ___ •• 

~ ---- . 

f'g"'" 5' In 'e, no l lo nol M or< Cocl< 

•• I 

v ••• _ 
W. __ 

X _ •• _ 

'( _. - -
Z __ •• 

0 ___ _ 

SHORT PAUSE 

DASH 

SHORT PAUSE 
INDICATES SPACE 
BETWEEN INDIVIDUAL 
CHARACTERS 
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EXAMPLE OF AN NOMENCLATURE FOR 

A COMPLETE SET - RADIO SET • AN ARC-6A 

*AN 
COMPLETE SET / A 

AIRBORNE 
R 

RADIO 

ARMY-NAVY SLANT INDICATOR LETTERS 

'ndlco.11'I9 "o,"~"clo'ure I, AUI.ned no meo"""g _hen 'NStALLAflON 
be''''9 applied '0 0 (o,"plet. preceded by AN 
, , . no. 0 compo"e"' .--a,rb.,"_ ,In,'.U.d & 

• UNITI D NA "ONS 
STANDA.DIIA "ON. 

A .'or,- , uled as 0 prell. '0 
o type "umb., IdentIfies 'he 
i'em .1 hoW',n9 bern .'on ' 
dordll_e d by 'he A,my 0' 
Navy o"d anotner United 
Notion 

IltAMl'lU Of AN nI'l NUMalRS 

'yp~ Number 

AN ARC . 3 

"AN ARR·4 

AN CRT· 7 
(X A -I) 

AN 1"S -5 ·" 

Indicate. 

Airbor"e , od,o communlcohon, 
tit' Na . 3 

Airborn. rod,o t"ece • ..,lng s., 
N o .. J,andordiu-d b)' 'hr 
af"m, or Hoyy ond onOlhe" 
Un·'ed Na'ion 

",,·,ra't Itodlo Lobor.to,"y dr . 
... lopmf'·n'al ,,",odel No 1 0' 
OIl' '''an1portoblt radiO ',ant­
'T"ft'n9 H:I No 7. 

lruI'''''Cf •• ' H o 1 '.f'" r. _cd 
rodo, , ........ ch Ht' No S 

ope,a,ed '" air croft ) 

'_I,. ',.o".port_le (d.· 
.igned t. ... "'0"'. 
porto"'. ot Ifo •• d ift 
.... dfic.ti." Of' ",ill· 
tory cho,..c,eri.,I,,) 

G--ground. ge"erol 
,'.,met UI. (,n,lvde., 
'''0 or mo,. 9,0"nd 
,"U.llGtio"t) 

M-9rOU,." . mabU. 'ii " ~ 
"all." ., op.r.',n9 
un" in a v.hicl. 
_h"h ho, no fu,,,, · 
ftOft orher 'han 'f"on. 
par""! the equ,p­
me"') 

'-grow"d, pock cr por _ 
table (hoHe .r man. 

V-ground ..... *"Itul 0' 

("",oU... in v.h,d. 
d~lj." .. d f. r f"" (~ 
t l."~ •• h., ,hon t:o,. 

'1""9 radio e".",, · 
"" .~, . e.c. such •• 
tOl'\k. , 

'~oU"". t'."~.rt •• I. 
u--ee .. _,.1 wtUky C I .. • 

clIII4e. t.. ~ mo, • 
• _ .... ,.1 , ..... U."O" 
c t . , , •• ..rb.,,,e; 
.hl, .... ," .,. .. .. _el, 

(--<.r,.er (wi,.) 

'-tth.,o."ephle 

G-ot ..... 'oph 0 ,. 

' •• e 1''''0". C wi,. ) 

--.n'erp"'o"O ."d 
pvll", ..... ,. ... 

M--me'eorolo.I,.' 

N-•• w"cI 

'~.d ... 

S-• .,.ciol 'YP.' 
4 hea' magnehc .. 
etc" I or 
combl"a',o" 0' 
type. 

'-'elrphon. (wlr.) 

V-y"",., ond light 

X-fau,mll. 0' 

'.1 .... 1 .'0" 

Svmmory 0' Jol", Army.Noyy Nomenclo,vre System r 'AN" System} 

'or Commvnlcotl_ o,.d Associated fqvlpmen, . 

"'PI '01), III I RESTRICTED 

C 
COMMUNICATION 

INDICATOR UTTERS 

I'U.I'OU 

A-eva ... ..,." ........ "u.. 1110 ' 
pie'. .~.,..,.". .e'.) 

(--c...,,,,,,,,leoUo,,, ( , • c • t" f n • & 
trO"I ... 'n",_ ) 

D--41,..e,lo" """er 

M-recordln8 (t"dude. 'o,,"d record 
,,,, anti plet"". 'ok ,,,. 

--.......)nt."on,. ond ,.,t 
('n"ud,n. ' •• r.) 

H-ft."'eo,i."ol 01., ('"etwd,,,, ott 
me'.,.., .... '0". compo .. & 
"r""'e"' 'ontl'nl ' 

P--.-opro"",I"1 C '"clud.. ,.""net 
p,.tlu"". ond ptt.ur. prOf CI1",) 
eq"lpmen' ) 

O-.pe,lol or comblnot on 0' .... p •• 

'--.earch and or d e-ct, ... , 

'-hon"""" '''tI 

RESTRICHD 

6 A 

NUMBER MODI FICA TlON UTTER 

""ODlfI CAtlON lIrTU 
'f, n"mb, '011 """n, h 
.p CI Ic (o"",pl.,C' :te. • "p,"@n, 1""'ca'CH lette., ..... no' , Q 

.0d,f" .'lon , tf r. w II be &.Its_ " d to .a~h mod, cot on nof 0",,"c""9 
Int.rcho"9

pob 
••• , ,. of , e u-" 0, Pqlol'P'"f""t, IU 0 .~ole- •• "*.' ." tom 

'pe,'ol ... 0 ..... Ute)' w.1I b. 0"'19" .... '0 '"cil(a ' e '","ct,ono' ... flrrct-oO"9 abd" ... 
ond nol " ro".',I, 'O,"pleft' e":~t ho' ond m ,"or'lo(o' "' uha,.. ob"",. 

the .um. J.Ht',.... Yond Z . ,11 b~ t,urd 0"',.. '0 dC:"9nCJ' ...... 0' equip_ 
ml!nt ""od,fi d b., (haf'tq"'9 .h~ "P'" ... hoqeo ph, ...... c f "q",~ C) ",.,., 
,,.d,c.o'tt th r .. ·.. ht:l"Sle Y 'he- ' cllnd Z th •• h rd. . 'h '0""" .. te 
ond .he .. ~ leu.(~ ... IIf b ... t Odd.ho", to 'he, ,"odlr."at.o., I "." oppfl,obl. 

ADDIT aNAL INOIC"'OI' 

XA-A"c oh .ud 0 lobo 0'0'''' 
.C Co""p (0'''', 51S1 pI \OborOIO,y 

Xl Co~p f .. o". "'SI"ol labo"CI'o.y 
•• -'ot" M ol"tlT'lou'h Slvnol lOb 'oto"" 

N - fif o ... ., 

1:0-I,unnto.,.,,. ~.g"al t.ot. ,."to r 
-.ft At,..,,. '"'Clo"o S~'Y'U! 
•• ...O~C - D ..... on I. 
~r .. to." •• I.~' St~"a l ~bo, 'O,y 
~W-WQ"O" labO""bto,1 • 

fro'''''''1 .t-" 
GUI " d '''P 

REST leT 0 
PC 
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AI 

AM 

as 
Af 

I. 
II 
IZ 

CG 
CI( 

CM 

CN 

CP 

C~ 

CU 
CV 

cw 
c'< 

CY 
Of 

0' 

'1'1 
G 
GO 
GP 
H 

HC 
HO 
10 

I(T 

l( 

1M 

lS 

M 

MO 
"'I( 

"'L 
Mf 

~. 

o 

OA 

Pf 

PC; 

PH 

~~ 

p, 
PU 
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EXAMPLE OF COMPONENT TYPE NUMBER: T-2B 'ARC-6A 
T 

MEANING: RADIO TRANSMITTER 

TABU OF COMPONENT INDICATORS 

'am,ly 
Home 

An" ""0 S..,pporh 
Ampldicu 

A",("""o A'h."mbhel 

Ant ""OC' 

lottery prima,..,. "pe 

lottery U'(onaory type 

A."d.ble S'9"01 Oe.'ee. 

., Coble. & ',o, .. m,no" Un_ 

C,y.'o' Klh 

(omparoro'or, 

Compt"n.otor. 

Co""Pyt.,. 
(r,.to. Un.t. 

(ou,.i'"9 Un", 

C~""'lPrtcr. f"Je-ttronh., 

Cove,., 

Corcls 

(0\1:. 

0.c""9 Had. 
D)-noma'an 

'"rnlty,. 
Generutort ( 'fOe ,"U 
Gon,am.",:, , 
Ground .ud. 

Cry •• al Holdt:,.. ( ...... , oul "'''''01) 
A., Cond,tlonln, Apporo.",. 

Indi(otor. 

,".",la'oft 
JunUlon Uf'tlt. 

" (' YIn, D ",ee. 
lIn (O"U,,""O" faoh 

""';"""0""9 Lamp. and .",Ib. 
louchpcoo".t. 
MIHOpho" ... 

Mod", lg'or' 

Mo,n' nonc. e I( lh or (q,,'pm.nh 

M",Il.'Of"Olog •• ol "PPO,otu~ 
Mo",,,t ,ng. 

M .ut"Hbn ow. 
O.(,llotor~ 

Opet ot,F 9 A, .... '" kI II ..... 
"ole ,.,t" • 
~19f"O~ A,t cl(>. 

Photo puph c A." (Ir .. 

P o..,t-. vppl e. 

PIO"ut Iq ... ""'f""h 

IIDw", 'qu . .., ""t, 

o fino'lon, 01 '.ample. 

N.' '0 b (o",hved a, Itr"~.'n9 ,t\c opp',co*.on of 'h fo,""pon."' 'ndl­
CO'or '0 .hote "ems 

A"' .. "no moun" mOil bou~, mo,' ,ed.on, 'ow .. " •• c 

"ow~, o"dio. ,n'e'phonf' rod,o'r qUf'",y ponOFom', tote 

Comp'.. A",oys porobollC 'yp mo"h.od 

S .. "ple ~ Wh.p OF h·1 I(:OP" loop, "'pole, ,-=flt:>C'or 

I · bo"erte,. bo"ery po(il, etc 

$.o..-oge bott"",e' botte,., pac'" 

1"lIen, Gon9' horn •. etc 

Con"ol b •• , 'e,"o'. '''"'"9 e.on',ol , (0""01 v,,,, etc 
• F, (ab'Itl wa-"o ,,,,,t4 ••. etl: WI,h 'erml"ob 

A k" 0' c .. ""ol 1011'1'" 

Anol.,I .. , or compare-. 'WO 0" mO'4:I '"P",t '19nol. 

lIeCfrtcai & or me(hanltol (omp~n,otl"9 ''''9",10''''9 0' atte"uatlnv op 
po,o,v • . 
A mc(hCtn'eol & 0' electron'c. ma,h.mO'I,ol (o'cvlottng "nit 

Cry,'al In "y,'ol holder 

Impedo",. (oupl'''9 d •• ,ce, d,,.e,,.onol (ouple" eft 
11."'0"" oppa,-o.u. for (hongl"g .hr phaSt frequ "<y or '''-0". 
medIum '0 o".,h .. , 
COY,,'. bag roU (OP rodome nocelle *''' 
COtt' w .... 'e-","'"Or, 0"0 compot"1I:" coblr1 0' ., and non ·.' 
ducto.,-, 
• '9Id ond teml.rtgld ttruCfw,f' ,.,. houII"G 0' co,-"I"g oqulpment 

Dynamoto, power ""iH 

lonef . pun. noi ... . h:lep"'on .. Woye 'rop' etc 

Chol" 0 ~"'. lobI., 
II ""CO, pow,', 9 ne..-o'or,. wlthou' prlm~ mo" ... ,., 
Go",m .. 'er, of aU tfpe' 
GfO"''''' Rod. "01. , f"( 

Aha Inch .. dt!, ~o,pho"t' ."nl' 

H otlng Cool,n9 . dt,h",., d ....... '''9 p'couu. r wn'h VOh,., ... " u"lu ." 
A,j"'u.k pion pOU"on . tole",ohan pono,oml( (OllblOhro d.o', & "'~'r" 
!nd"U""1I 1.9h, etc 

Stro'n_ ,to"d 0" f .. " ""ov9h e'c 
)"""'01'1 tack" • ·""",.nol boa. \ lon""ctcp pont·" IP'( 
Me(honuo' ... It!(f,,,ol ond e' <t,.on.c " .. ,. .. r. codett Interrupt«,. 
In,lvd , .P,,'lot appa,o,,,, . ""h 0' cobl. plo •• hoh,. .'C 

S poro,.~,. "'OVI d .ovd,peol.:e" 

lodlo . te ... "ho",. 'nroct' ho,," .. tc 

Dey"e 'or ..,0' ... q .:ampll'ud • f,.-quf'''c" 0' ph ••• of ofte,,,o",, ... ,,"'".'" 
Rod,o . ,,,r pt..", 9,"erol uHII.y etc 

Mo .. nh"". fro,., .. " "and., ~t, 
fqvlpme", "0' •• h ,wu clo'l,fie4 
Mauer ',.q", ",,,, blo(".no m .. I1I".bfCUOU .t, ,.,. '." oun,.,." 
••• fS 
Ope-ra"ng un", ,"ou,,'.d 'og,..h .. , n •••• f,.,·. W,'If' 'o .... r.d 
Cobl~ hang .. ', (Jo ..... p. et( 

Con'o,n~f I.ft ..- •• t 

Non r.'O""9 mac""". 'ype 'ueh at .,b,o'." pac' f."1 '.,. ,ho,.",o -
'ret,,, _Ie 

t aoc' m.'erfologlCo' l.or4" mop. plo'''"1 'ob • .,. 'c 
•• '0""8 po .. ", equ'p",_"' (Oa(op' dy"omotor. 11e-"'I' mo'Orl l.".. .. Wt ~ 
• Of'! trpe " •• ".. .'c 

P[ "-II I ESTlUCTED 

RESTRIC ED 

2 B 
PART OF OR 
USED WITH A R c 6 A 

NO. & 
MOD. LETTER 

Mod'ft, •• i ... I."e,. Will 
be .11'8"." tor each 
", ... ifi,aUo .. -hen pa,-" 
or. II. lon8e, ,n'e,. 
chenl •• a. •• , D"'. ten, 
""",III.r. _III III. 0 •• .1.".. '0 ,ompon •• t, 
".t .,." .. Ic."" & me. 
,"',,',o"r ,",.,.(ho"I1'" 
aa.l •••• wh.l. 
rh. c ..... p .... ". wm ,p_ 
, .... I,. .rt.'no' no""." 
clet .. o ."On 'hovSh 
I ••• , mode port of .,tI., ... ',"pm.", 

SLANT 

Sian, • .,0, ul ... 
po,,«n' Qnd , • 

TABLE OF SET OR EQUIPMENT NO. 
INDICATOR LETTERS MOD. LETTER 

."".110 
• O~ 

S 

'" I , 

f) t 0' l "p 

". '.bbl~ I 

I AMPLE 

• ID ... I. 

( 1 1 ".C T. 

' •• GI 

Se. 'obi. t 

llf AN TYPE NUMBERS 

.. "'r' .... ' No 10 peu I .f 
., VI d ..... 'th 0, "Of'l.~Dftoble' 

,od·o no..-'go,IQrt I.' N" 8A 

Cen"ol boa No 11 po,t of OF 
u·.d with • Olnl.. ,,.1 Nu 1 
f f' aen,,'ol ... hi, ... , adj. 
tom 1"'1 "I ntoon. 

t 01 .. , N .. for W""fOral 
U'Clvnd r ... cJlo "qu.p"" .. "1 
POlt of 0 tpt"4.ifu .rot 

'able of Component Ind"ators ICon'dl 

5 
U 
sa 
SM 
IN 
Sf 
T 

fA 
TO 

" fH 
T. 
11 
TN 

S 

" 
U 
UG 

v 
VI 
WD 
W, 
W", 
WI 
Wf 

aadlo & "odo,- I r. •• ,wr, . 

•• (or ... p. & .e-produ(., • 
•• 10,. Atte~b', •• 
"odlo r,.q .... ,,\\" Un,h 

lullc I' Cobl •• & T,o" ''''''tUon 
lin. 

e •• , Au.mlt".' 
lop. & , ..... 

'h .. It.,. 
' ....... chln' Au .. ", II " 
i"'U,hboold .. 
Stmulo,o,. 
Iynchron '.f', 
'hop, 
lodlo & Itodo, r,a"',"~I" ." 

, .. If'p"on~ Appcuot .. , 
'1m ... 0 .... '6"' 
frO,." '0,.",." , 
1.1 .. roph Appo~o,v. 

loor Kit. or IQ"."'" 
fooh 

'''''''''9 &,I" ... 
f •• t (qui""".,."" 

r.I"·YP ... ,I'"" & loulm lIP 
Apparo.v • 

Audio & ~o_.r C """"0', 
., Conn_".,.. 

Y Md ... 
Vr. ... 1 Slenall"9 (qui"", 
, ...... ( ... dudo,. Coltl •• 
'our (ondv,'o, Ca"'., 
Multlp'. Conductor Coltlf't "n lor- COf\d"(to,, Cahl • 
th, ... COndtt.lcto,- Co",., 

'od,. 0' 'OdOf f.(e' ... ,'I co.,..tt., dun" ... ,uh ca ft. # _. 

t" •• co •• , •• 
Tupo 'oul",u'r d,t( ,.09"fltlc 
fle,.,.1C if dIO"'( .. ,( 
,.. h .. I1.,..o",. ,.,. dIG' qvct'lc)' ~.,..,c .. otu, 
., cb bl c .. "'. ... d~t .. tc ... thout t. '" 0" 
_"'e-"no r..,d ..... eft; 

N o, ~'tt'. 'CQ' COld I, 
, 'il t confut on .. " f -., ". (U'Ur. flO' f 

(ld,., \l.,d .oda. f,Q.'''''eh. t 'r"n, " 
On un' etc 

ti 0.., , t ... t p,otrtf", .h Itror ~t( 

~o" .. QI '''"poc' mo'o, ;;hoj., f\ Ir, .. ".r r .. '" f 
felepho"' . fl.t CO,," 01 pOw F Jl n" ••• c 
'hqh. olluoh fu, , 1'9"ot eh 
Iqu,p"'.'" to '0 o,d nu'f" 1-0 , mo • tu 
Ho.n ... ,hUp' h 

(.om"''''''uol,on, fO",_ ma .... '!' h we n 
ltOn''''ltt~F ,.. "'ulo'ft, tc. 

Mh(elton~ov. ~"·phCl,.e q .... p,"C'n' 
M.t.hQ",.,ut and I clr oni( , ,.,.ng "f'. c •• 
'FOf\"O"""e-r ..... h n ""t'd u. a , POh:l'." It 

~IH 110"_0", , I~Vla.,h PPI prn. , 
Mluelfa,..~ow' t 01 (U' '" I 't 

All ')Opt'. ~"~pt line CO'Uh u...., .. 
II Ce'.e •• frO","",. ... , 01'1""'''0 "'c 
, tt & m o.u, ng ."v'V'" t n .. ludl"e f 1m, o"'""no 

p,ob"., t e 

M.".lIonetou\ 'op •• I .. ,,.p feul ttl! qu I m n' 

Un'Q"'" plug. , t. .... t Q" pt.,. p', 
U"ion, pl"'9' .0' ...... ' ho .... cow,.1I"9' .. opt ., "Iha"... 

"ang., .1, 
Co,,, doll ••• truc'" ',a+T., ... ( 
'Iog ."fI, oe"al panf'h ,IV",II lamp .qu,p",~n' 
,,,,.w .... nOn.' wi,. ",bl. & c fda9'" In bu'" 
I"clu .... "0" ., .'f~ ,-ab'e & co,d0tl_ ,n bu'" 
Inc.twd •• nan.' """e (obi. a co,-dogr In bvlt. 
'nclv .... non I' .'r eobl & uu dogr in .... , ... 
'nch, ... ., no" • , cobl. & (orctQ9&< i" bu'" 

RESTRICTED 
A~ I 01 I • 
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'" ... 
'" 
~ 
C 

i 
Z 
C .. 
<: 

.., .., 
2 

~ 

~ 
n 
"., 

C 

TYPE 

AN (tC 1 

AN , (I,.. " 

AN CUf . 11 

AN ",IC., 

ryPE 

AN n c ,1 

-I 
AN TlC.l 

AN TIC •• 

fREQUENCY 
RANGE ( Me) 

RATED 
TIIANS 

OUTPUT 
(Walts) 

TYPE 
EMISSION 

'YPE 
MOD 

fREQUENCY 
CONTROL 

PRESfT 
CHANNELS 

INSTRUCTION 
lOOK REMARKS ---- 1- -.-- --.-- - - r--

- I~O 'Q::- I I .olro I am .ta' • AN 16 ,." (O",,,,u,,'(.,'o" Wit" .Ir-

I 3OC.'2 ·' ;:~=p,~~:~"::. :7; ·~."~::::7:.·. 
I .".. a' 'he t.",. """ ; volc. 

I I ,,.0"''''''''0" 0" ."y 0"0 0' fou,. 
f,.."u.""Ot . 11th' ver,teo' hetf . 
WO"O 0"'0""0. mo"nt." 'n 

I polr. 0" SO ft . ply wood mo.tI . 

100 -:J'. 90 to". - nm .tal - AN 16 V.,.IceU)' ~olorl." ,wo CO",... 
lOS .01,., JOMIN2 . ' eur" ,_t. , ..... o4lulp",.'" 

I with ".''0" h'.""ftce'I.,, _ po,t. 
... Ic ...,M,e ... '."""cotl." eM 
tI"'''',e ... out "ole. tro.u",'u'.". 

0' ~fJ-O -: ~:~t ' a".. om "'0 0' - fM " . 1077 Lo., 'y,. fo.,.. ... co., ... o ,e4Uo 

+---
yol,. .,.t ,..... ...,.... .,.,JO" ,,.. .... 

ml" to". "' .... .,04 .11 .. e., u. · 
t .. , A N ".yl"I, to p, •• '''. c."..... t., .'ru_ft 

---- 1000 .w -- I' 0... "'a ., - lM " -002 0. ........ "' ... ".; ...... , .... IDcll . 
((,.." ampl I I i .,o1 ,.... f.r hllh , •• er, h 'lh. 
'1 0 to 'l 0 i tp ..... ",.",.tlc (0. 'ro",,,,h . 
t,on, 400 ,w .1... ..... ,.UtpUo" o",ptO"'''1 
IIC",.. "mpl 1 loo volcc I __ h",o • .,Ip",o,,' if. O ..... 'ion 

1 0 '0 " 0 '. the "or",o' f""cUo", of 
, '''.ltl .... '. IMI. ht lel ·J99 'he '0"'. 
1 S to t. O . "."."""0' po • • , .,"pHfier 

I ..... 0". , ... 10 ,e, •. "., ore 
hew.... I.. ,h . "."""'"1", 
Sh.'t.,. MO · 17, with 'hr •• 

.ATED 
'REQUENCY TRANS 
RANGE (Mc) OU'PUT 

fWo'ts) 

"'att,_ 2000 
20'0110 tl"d 
".', emltl . ) 
IS '0 II 0 .00 

Ii ... .... ,) 
.lOCI ,, ... .... " .) 

' 0 '0 t OG \0 0 ' 

'0 

'10 '0 100 '0 ~ 
10 

I 
I 

ttttlio ,oceh,o,. ..... 'he lotthm. 
o"~IJf".'" hou,." ,n tho ope' · 
o,i"1 ....... , MO ·17 0' "O ~'7 . 

j 'o".".t thr •• " , to.. 6 • 6 

I I 
,_,0 ',ueln 'or ,r."I"orto"on 
1). " whip 0' holf·wa •• doub . 
, •• 0 .... "". 

Charoct."I"u of Ground .odlo 'cru'pm.n, 

'YPE "'PE 'REQUENCY "Run INSTRUCTION EMISSION MOO CONTROL CHANNElS 8001( .EMARKS 

I 
-- I -... 1M 1 '·.2. Gr."",tI , ",.tt ... : ~r.w,".' . apet l.f • t.f .1"1'. A ,ho""., ,..4.0 • '.I".,p. 

I 
,.,"OM ''''ft, c ... "i.,. .,hU, .. ", . 
In. _ .. til 4vo' , .. oce.di..,.", • ., 
'.C.~'.ft i.. ..wi, •• " '0 rh • 
.... ' .... 1 foe.II"o. .f 1 •• '0 S.t 
SCI ·1". f.-'_", ... , hou ... d I" 
,.,,,.. ,h.tt.,. "0 · 11 .r NO . 
17 ,,. . ... ",., '."I~ af , k_ 
•• - .' ..... hft.,. h. 10 to " 0 
M r , , .. .,. .. ".,,(., (on'l.'UO" Kit lilt, \00 Ii", .. t'o",mi't~,. (oy ."0,_ ct.." to 1,0 Me Half 

•• ".,., O"'onno 

'''' .. 'o i 1M ".,.0' 
~9r """. 

......... , . ~ mul~h 

C'''o .. " .. , o~ .. ~ .... 1", '.'''.'. ..... , c .... ,. .... I."", .... , ...... p. 
me"' . .... p Of 10 . po_e" .. ,. 
' - I tf~ ,0 .. tr.1 'hr .... t.,.,.", 
Ilj i"ec' ;."a l o,,"oy on 40 ft . M •• ' 

.,o'e. I", .'0' t M 11. 21>0 1 i"u". t.,.,.., • .,o , .et .,,",10' '0 .... ,.c r '''(Opt h., .",tr'fl'''' 
@o .. ",ttl"'4"" to 'nlU",., (o",'nw . 
0 ,", " t ' I"WI" ""'" or '0. pow.r 
b , •• 'HM , on, ,.ol Th,. ... ~I. 

"'.". a " .Ulon.1 orro, on 40 
', - ,.un~ 

----- ---.,.-- - ---- l..-.-
10 to 100 '' 0 .,. "01 ,. 

10 
f~_ .tol r", 1 

UC I 
e q" •• 1 

•• '."0 Ot 0 '.P'.'''' .totIO'" 
High or low po • • ,. by IIw . tch 
(0''',.." , .. ,... _It",o,., dir., . 
tlun.1 Orra., o ~~ 40." ",,0" 

Clto,oelc,hllf> 01 Ground Rodlo Equlpmen' 
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~ 

'::' 

'tI 
'Y 

m 

~ 
r. 
m 
U 

RATED 
"UQUfNC'- fRANS TYPE TYPE IRfQUfNC)' PlUSH INSfRUCflON TYPE RANGf ( Me ) OUTPUT fMISSION MOD CONTROL CHANNELS lOOK RfMARKS (Warh) 

AN T'C.' , 0 '01 .. 20 10· mo or TM 11 . 21>03 Two "e,.I",.,-"o".",..".,., 10. a~d 7 s · .tol 
u.~ by I,o'otpd ",nih 0"'0""" 1 • t.., 0 , 1 S-
wow . I""'''tt.d L ant" ... ,,,. wIth 
tovn'erpoh. or holf· wave on 
tf·nno wltho", (oun'erpoiu! 
Low., 'tIolu., 0' pow.-, rhon 
.hole I"dl(a'~d moy b~ ob -
'oln." .. ~ .wltch (0""01 

4 r ____ 

AN TIC · ' 13)0 '0 200 yoHe pwht' moq"f",on TM 11 . 626 lodlo terminal at ,.Ioy . ~t UOO 
",.ovld". ,Imultone.u. two way 
(ommlol"Ic.'lon on .Ight v.". 
't~qu."cy chor",.'. 'orobolte 

L 
refl.uor type o"'e"no. 

_., ~ I 

AN ,., •• 4JOO 10 WOlf" pvh ... ",.,.tron T" 11.032 
lodl. 'o"""lto' 0, ,eloy I.' 4000 

',.w1d •• I 'mvltoneou. 'wo-woy 
(ommuftl(o.l... .'"' .IVh, voleI' 
'reque"cy cha"neh '.tabolh: 
r.floe,., type on' .. nno. , 

t - t - -I 

AN nC·7 100 to '~6 0' ,"o lft' .,o! T .. 11-.'7 Tron,p."obl. hgh' .... Igh' ro . 
d 'o •• t . 'ro"'po"'abl. by • 4 
man '.om Quon.,. "'Oy. whip 
0' Yo .. ,f,al brood -bond ... , .... t. 
on 30 f. rno,' 

·W'ur~ '-0 .01",,., 0' , ••• , O"f! ''''own '"poro'"d b, a .Iont ba,. , ) ,n. hl,ht'r .01",. In genera' oPpU •••• 9,0"nll, 'ro.up.".bl. and Yf:hl(ula, 
.~...-otIOft , the 10 .... ' ~o'u. '0 pon. op.,o,I_" , 

fYPf 

AN f" .• 

)C. -"4· .. 

IREQUfNCY 
RANGE (Me) 

2JO '0 HO 

,ra", 1 5 
to 12 .s 'f"C 

, S '0 11 .0 

RAffO 
fRANS 

OUTPUT 
(Wa",) 

" 

C"aracterlsrics of Ground Radio f"u/pm.rtf 

fYPE 
fMISSION 

_ole 

fYPf 
MOD 

I ... 

fREQUENCY 
CONTROL 

mo (t.mp 
(ompen_oted, 

PRfSff 
CHANNfLS 

IHSfRUCflON 
1001( 

TM 11.611 

1M .1\ 6 

'III' 11618 

1M 11 23 1 

RfMARKS 

'0' "n"t: th_""'ol 0' muhi 
,han",.' op.'OtlO" wl,h .pi,ol. 
foul' COrri.r '.''''''''0' .qu.p. 
ment Half wo •• d'pol .. and 90 
cO"-"'eo, l'f'fI."o, on 40 h mo •• 

lIoct •• '.'~I"a~ ••• .$IMll •• '0 
Atrt,; ,_C •••• Cf"P' hot )ufr,do"' 

ad.o ,,'10 '( ,~t S'MILA. TO 

Ah T.C " ". '.p' hO, luff,eien, 
.qu·ptn.", to in,,,,. (O"",,"ou. 
',",YIt. 'Gt 0 r.p*o,,.., sto"On 
"'01' -Owe dlpo'. Oftd 90 co, 
..... , .. It."OI .tt 40 It ma,t 

," 40 H 

G"O","d ',a''' PO''ftbte- fa, 
,-", ... , ·fiJl .. d UJe- 0'" ol'HJod '0' 

'e""o!e cun"ol, I .• 0' " .. ""D"' ~ 
'""' ."' .-d l 0"'''''''0 _ i'h co"'.". 
"'POI'~ 'ran,por-ted b .. ye""f 
or (O'go a",rof. 

ICI , '" 'tGn, 
0-2 ' 0 o . 

to 18 

CltaractO!risliu of Gr ound Radio Equrpment 

• ... to. I O. 10 ~Db ·h" . loon 'J'P\l toUI' ,.""" 
tad.a ' DI'I9'" 9,o..-nd ,talio" 

1'0'""''''' to"(' ,"od"la' ~ d 'U;! 
nol , uu"9 "·N 1otl';',I"'U. '0 p,o. 
"'df ' C.O,,'IC'\ for o,r,ro', no •. '. 
ot,,) 

'" m 
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." ,., 
"Z 
S? 

TYPE 

·Vo 

~C • • 19' . r 

"1. 499 

SCI 399 

~ 
~ 
'" E 
0 

S(I·)09 

SCI Pl 

'U·5]4 

TYPE 

ICI ", 

~ 
~ 

'" Pi ... 
;; 

S" •• 2. 

HI.6J4 

RATED 
'REQUENCY TRANS 
flANGE (Me) OUTPUT 

(Wa'fs) 

't!e , 
, to 10 

fr .... , 20 400 
to 11 0 100 
, '"c. 1.S 
to II 0 

I 

I 
--I 

200 '0 219 I I • 

2 ',on, '0 
100 10 lU 

TYPE 
EMISSION 

,. 
ton .. 

,. 
.Dlc~ 

wole. 

to". 
voice 

.ohe 

TYPE 
MOO 

I ... 

'R,QUENCY 
CONTROL 

.. •• r 
.'01 

.tol 

a'o' 

Mon".1 

''''''"1 
(_'01 
'01 ) 

PRESET 
CHANNELS 

Cfta,oef_,'s"cs of Ground RadIo '"v/pm_n, 

'REQUENCY 
RANGE (Me 

2 re •• tY.r, 
100 to 1$. 
SCI .", 
100 '0 ". 

RATED 
TRANS 

OUTPUT 
(Wo'fs) 

----

TYPE 
EMISSION 

'on_ 
_olr. 

TYPE 
MOD 

'REQUENC., 
CONTROL 

.. " ..... 
'''''''''' t c,.1 
4'01 I 

PRESET 
CHANNEU 

INSTRUCTION 
800IC 

TM 11·,.3 

TM 11111 

TM 1,·60) 

AN 16· 
40SC1S7l·' 

AN 16-
40SClS74 . ' 

INSTRUCTION 
800K 

AN 16 . 
40SUHS l 

R'MARKS 

A'r tran'por'abl. cll,ection 
fI .. d.r ',owid., ln,ton'oneo"l 
w.lvoUy '" .. ieot.d bearing. 
Impl • .,. a non·,o'.'1"9 type of 
Adco,k ontenno. co",",1"9 of 
f • ." .p.,." monopol., on" 0 

'0"'. an'e"". 

SCI 399 I ....... 11. . SU·499 I. 
ai, t,.".~.,.,.~ •• ; hl.h ~o_., 
ro.U. ...,Ioft .'",11... t. SCI· 
399 •• '0", .,ron,." for " ..... 
port.,io" by 01, I)." whip 
0' holf·.,o"'o "."bl., on'o",,_ 

'ock: op.,Glel on ':ry Ite"er • 
••• f,o", ., •• lo .. a,y ~o.I'lo" • ., whip. 

Mob.l. "o".mltH" •• to,;O" f., 
,'0",,41 (on".1 .f fl,h •• , op. 
.r •• lo", U... hoff •• o.. dl­
,..10. on 15 I, plYWOOd mo.' 

Mo ... I. retel",n, ".' io" for 
"ollnd (oft',ol 0' "Ih,., op· 
.,0ttOft. U... holf....... • •. 
pol •• on 7 S " plywOOd "' ••• 

.EMA.KS 

M ••• I. "·f "wlon "u •• ,.h~,. 
o. 0 ,. •• ,. or ho",.t' ,'o'fO" f.r 
"'~M 'o"tr.' of ",h'er op 
.,.,. .... . J.,. o~' •• "t .. 1 ~ .. , 
''''I' .PI. o'''cratt h •• '"1 100 '0 
1 S6 II" r.4 ••• ~lIlp",."., U ... , 
.dc.c'" ."'_nno wI,h sentlno , .. (.Irt,., 

-- -- ... - - ~--- '-----;'" ----~-----

Inn '0 .")0 

00 '. '$ 

...... 

.... ",,.,,.1 
'''''''"9 

Char aClfUISIl15 of Ground Radio EquIpment 

AN 1 • • 
40SC .. '4 .) 

AN 16 
40SC16H . , 

Ai,. ",on,-ort •• ,_; 
"""lIor ". 

fe. · jl2 _" SCI , '4' ..... orn. , . , . ..c.,.t "',ott ••• f •• .,...-. .. \I'. V.'''C'ol h.If.woy. 
J ." •• ",,- on SO ft . mo., 

A,,, tron.portoble d .t .,ot io ,. ".e. P"".."Uy .,tfot .'",ilOf' 
,,"II" OJ a fl •• r d·' ,tot_.ft Of' 

WIth the adehtion of •• d •• ,,.. 
S(I..624 , 0, 0 hOfftflr d . f ,to 
'ion _ U.e Aa(odr ontf'n"qo with 
Htftung 'a,,,.,i., 

~ 

~ 
n ... 
\; 

~ 
<II 

il 
Pi ... 
"" 0 



TH
IS PA

G
E IS D

EC
LA

SSIFIED
 IA

W
 EO

 13526

TH
IS PA

G
E IS D

EC
LA

SSIFIED
 IA

W
 EO

 13526

~ 
~ 
'" n ... 
"' o 

TYPE 

A ... He 3 

A'" UC • 

A ... A .... . ) 

AN "'N -7 

AN ARH·II 

H/EQUfNCY 
RANGE (Mc) 

I. 11. 

'Hoi"" 
0' I. , ) • 
~ 0 '0 " 1 

to 0.) &. 
, ~ I. '.0 

131 6 , ll3. 
o"d JH 0 

o I t o 1 75 

0' '0 04 
OSS •• " 
2 .9 t. 60 

RATED 
TRANS 

OUTPUT 
(WOfts) 

100 ~O 

TYPf 
EMISSION 

to" 

'0". 

fREQUENCY 
CONTROL 

.tol 

,"0 

( .tot 
(01 ) 

.'01 

PlUSH 
CHANNI/.S 

" 

POWER 
SOURCE 

, • • ~ d ( 

,ev d , 

"'It d., 

INSTRUCTION 
8001( 

AN U ·JOAU3 1 

REMARKS 

'Ot '1 - _0)" p lonl •• to· plont' and 
plon~ to . 9' ound <ommunlC''' 
',on ",,,,tomoH , '",nlny of trant 
m.ftcr and t ,'u .. ..,.·, upon ,n 
' t:r t lon of " ,.uo l. 

AN 16·l0 .. RT1J ·3 One Pt ,""" chQnn~1 " bl,.'twC't:n 
AN 16.0IC2,4 · 1 0 .2 and 1 l Me and t .. " Otf' 

bc:,we." '20 ond " 1 Mc Hoff 
pow., h ou,o",o,uolly ob. 
.ained "pon tt:ochlng on elti 
'"d. of apptoa; ima •• ly lS 000 'e •• 

A ... 16.l0A.N5·' hutr"me,,' l.ow App,ooth gln'e 
poth reu:l.er. OW'P"" o' n t. 
Uti."" fed Int. 'I'o""pO'"'.' 
me'.' "ou',on of ha'ilonlol 
,o'"'.r of "'e'.r w;,k '.'p." 
'0 'e"'.' .f met.r 'ace II •• , 
pll., '"4,co'lo" of _h.,her to 
ft, up or ~o." to r.mOlft on 0 
p'.~.'.'miftC'd 4e"e'" ~a'h '0 
"o"nd 

.- Mo""'OI I IS. 01 AH 16·)OARN7·) leeeh,i"9 o"d d'rect'on , fin4'", 
,., which mo)' be "st:d a. on 
out.",.". 4" e".on ",,4«r , a 
,,0,,40,.d ,..uti ",." or a thield _ 
e4 loop reee,,,., 

'011\. t",nln, 400 c,el •• 
•• Iee and 

21. , 4·c 

, ... Mo,",,",ol 'I",; 4 ·e ,.". ',",il'l 

• AU uh 0,. e ... "I1,,, •• · m.d .. ~.'.d 

Clto,octerlstlcs 01 AI,borne .odlo fqu/pmen' 

AN l6 lOAIN11 .J l.eel.'''1 ond t"rochon -fint"ne 
.., whuh rno)' ~e us •• a' 0 
direction· finch: ,. , • '1'01'40,.., ,. l! 
,ei".r •• , a ,h'ehf.d I •• p , ... 
'e." .. , 

'" 
~ a 
~ 

i! e 
til 
til .... 

. .., 
.... 
~ 
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TYPE 

WEIGHT ('on.} 

MAX. RAHGE 
(miles} 

fREQUENCY 
(Me) 

PULSE-UNGTH 
(MICRO-Sec.} 

PEAJ( POWER 
(IC"" } 

ANrfNNA 
npE 

POLARIZA-
TlON 

ANrENNA 
GAl,., 

BEAM WIDTH 
Azimu'" 
Eleva,ion 

INDICATORS 
A 
PPI 
B 
RHI 
J 

ACCURACY 
Range 
A.imu'" 
Elevation 

SHftTrltS 

ASSENIBLY 
TIME 

AN CPS-1 
EW, Air-trans 

66 

210 

2700.2900 

I 

700 

'o,,"otl, ,,,hndon 'e. by 
Ii"o.". dipo •• 0",0,., 

Lo .. ~r beom-Vert coUy 
High beom---itorll.on,olly 

o. d ,r •• 
3 0 d~ere.t 

StG""'" No Mo. No 
, ·s 
5 " 11 

" 5 7 • 

I, m" 

l doy. 90 men 

AOV ANT AGES "'Sh frO"', hondH", capo, 
-I,. go." ,o""nult-.,. .f plo'. 
"ltV ,ood tow and t'llih 
"ngl. '.~.ra,~ ',. .... 0'" 
from ""'9 dtf'iculr,t'. 

lINiIT ATIOHS 

RENIAR/( 

Hllto",,, No ht 9ht~ 
Imd i n-9 pro. ,Ion 

M ct." d • b. C."'eo, .h .. 

.N CfI"" m.""h d on " ... h." • V. heft ioU d _.fh 0 

" 19h. hnd r '0""'. a ood 
q ."nd e.on" 01 • odar 

I 

RESTRICTED 

AN CPS-4 
Mobile, air-transport­

able height finder 

IS 

10 

2700· 2900 

• 
no 

Elliptical tection of " .. .,. ..... d feci 
~" 0 wa" •• ",de her". ( ••• " ....... 1) 

Hort.o",.1 

A,...o. 3500 

., d •• ,e.t 
12 d •• ,ee. 

2·} 

1·" 

,-" 

• M , e 

4dQ$I"abi" o •• tut1lh. Mder to .1 . 
mo,· oil 0' ."e ......... ,.-ch rodon 
uu_ o. th AN (~S 1 

C"aracfer"f/cs 0' Ground Raclar .qulpmen, 

APrE D ~ I I ESTRICTED 

THIS PAGE IS UNCLASSIFIE 

AN CPS-5 
Air-Transport­

able EW, 
Mobile I when 

Modified I ,. 
200 

n,o· luo 

• 
250·500 

Pew.bol. mount.d ." 
1S 'ower 

"o .. , •• n,.' 

1000 

2 degr ••• 
9 d •• ,..~e~ 

--
I·S 

1 · 11 

1 Mil 

.. Jome.w., ., 2 ' J 'Oft 

.r"' .... for mobU. 01'.,.0 . 
'ion 

, .. hour., 30 ,"~n 

V.,.y molal". 

H. height. "di", 
pr • .,,, on 

RESTRICTED 

,.,,., 

WIIOHT lton.} 

"UQU.NCY 
(Me) 

PULS.-UNO'H 
(MICIlO-Sec.} 

pIAIC POWIR 
(IC"" } 

ANTENNA 
TYp, 

POLARIZA­
TION 

AN CPS-6 
Air-trans_ - long-range 

EG GCI and general 
traffic control 

,.5 
110 

1700 101" 

no 

, porataolic. .co' at .. S ,. 0." ther-

H.,hont.1 

ANr.NNA 10000 "00 1100 
OAIN l'OO • 1500 

------~------~-- -------
"AM WIDTH 

Admu'" 
lIevClfIon 

INDICATORS 
A 
I'l'l 
a 
RHI 
J 

ACCUItACY 
Itanse 
Adm,,'" 
lie "allan 

SHfLrfltS 

ASSIMBLY 
TIME 

AOVANrAGES 

. " 
S 1 . " 

.. ""t" 
1 ""II .. 

)00 

t 1 1:1 

10 1 
1\ I, 

'u,tu.h , 'hr •• dl"'U-n\.onol "oto 

'0" '" 

AN TPS · l 
Transport. 

able. LWEW 
long.range 

search 

2 > 

'21 11 0 

t>OO 

D'pol in" 
nt 1 S PC" abol" d 

~60 

1 1 

'-Of' ,bliity Ian h .. 

hand '0'" d 

AN TPS·l0 
Trans­

portable 
Height-finder 

60 

9090IH,,) 

10 

\ip'lftDI 

11 000 

1 ('\ d 4-J' t. 
01 dr let! 

11 

1.",1, 

SO m I , 

10 luti I, 

) h ., 

liMIT ATIONS No he •• ." finding pro lImllt"d rann 
... O'fy .'''0" no. d .. "9nrd 

'vr ul"'fnuo,,,, op.ro 

---:=::7~~------~~~~~~~~~~~~~-+ lion 
.fMA."S Char.tt.rll.f"" by .... 'h frO"', ha"~.lng Good '0," p' ,.tln, 'md. h 

cap.cl,,, •• 04 low on.'" '0. ,... h.-o"..- '.auh ,odor 
H'gh 'e'olutlon _ lIh 9004 .(('uro .. , 

Charoc'erl.fies 0' Or_lid Itadar 'qulpm n' 

RlSTRICTfD 
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TYPE 

WEIGHr ('on,) 

MAX . RANGE 
(miles) 

IREQUENCY 
(Mc) 

PULSE-LENGrH 
( MICRO-Sec.) 

PEAIC POWER 
tICw} ----

ANTENNA 
TYPE 

----
POLARllA· 

TlON ---- -
ANTENNA 

GAIN 
--
8E~M WIDrH 

Azimu,h 
EI,,\lo,lon --

INDICATORS 
A 
PPI 
8 
RHI 
J -

ACCURACY 
Range 
Azimu,h 
Ele\la,ian 

- -~ 

SHftrERS 

---
ASSEMBLY 

TIME -- --
ADVANTAGES 

LIMIT AT/ONS 

-
IUMARICS 

P ["-01 

1 

5CR-270 
Mobile, EW 

41 S 

no 

106 

100 

Dipotet & 
., ft ~'or' 

--
Honcon'al 

-
140 

, d gr. t 

10 dt.9'\: 'I. 

, S , 
" 

-
' Iflllhl" 

wa", 1 tIQ~~ bod, hue" 

0"''"''"0 ,raUl" 

1 ,",0",', IS 191 Iff' 

--
o '19"f!'11 10' 

(0""'""0"" g.u·,otlon 

RESTRICTED 

-

5CR-527 
Mobile, EW 

GCI 

4S 

no 

209 

1$0 

- -- -
D,poles and Wi,. I("r •• n rIt'Aee,ort-
Spar., ante""a, 10. ,.,elwe, 0 .... 

',ontml"er 

f- - -- -
HO".on'ol 

60 

--- --
11 dettre,.. 
14 de~,. , 

, . ., , 
" 

f- - -

J nul., 

1 d " ... 
1000 

1 'Won .. 

'1 ante-nna ',allert 

• ho".,. , . lO m n 

Good rd, ,,", ond high ong' 
(09t-' ••• 

- - 1-
..... 0 .. ., "0 ~ ... gk' ftnd"'9 (. t (u to .. t~ 10 ... hOWI( t-o"dl.r.g 
p'O .. I. on '." "0"'( "o"dl. (opacity 
"II (UPOetty 

1-

'haracferhfiu a' Ground Radar E".,lpmen' 

Rt~l IClfO 

. THIS PAGE IS UNCLASSIFIE 

5CR-584 
Gun-Ioying 
Mobile, TC 

10 

70.000 ye,", 

;1,_ 

300 

lotatin, dip.'. I .. 
,o,.obolol .. leflector 

6 

---
"'o,taon,., 

1200 

--- -- --
...... , .. , 
.. " •• ,e.I 

1 7 

1 l -
1 S yd • • 

6 mila 

6 "uh 

1 'Won 

'3 h." ... , 
10 men 

A"'o",,oh, 

'''0('''"9 

lo. " 'offie 
handling 
(apa"'y 

-Z .. 
~ 

Z 
C 

C"II 
I 

Z .. .. ....... 
Z 
C 

co 
Z .. 
~ 
Z 
C 

00 

Z .. 
u 
Z 
C 

COl 
I 

Z .. 
u 

Z 
C 

-Z .. 
u 
Z 
C 

• ... • :t 
t;i ... 

c . o v 
- 0 .. 0 .. 
5 • .. -• ow · . · . ~! 

· · j 

c 
o : . 
o ,. . 
j 

< o - .. 0-o • 
.0 ... 
11 

... .. 
~ ... 

... .. 

... .., 

~ . .. 

.. .., 
'" . .. 

.. .. .. ... 

o 
... 

.. ... 

... ... 

8 

"­
" 

L .. 

. .. 

< .. 

RESTRICTf O 

i • 
[ . 
. ! • 

o 
( 

h! 
.... 0 

.. . 
- '-! 
'0 

~ 
~ 

... : ~ ~ .. . 
~:!: 
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~ ... 
~ 

RESTRICTfO 
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~ .... .., 
Z 
':I 
;:; 

~ ... 

~ 
~ 
'" 
~ 
0 

Ei ..... 
'" n ..... ,., 
o 

• " .., 
Z 
Q 

SET 
NUMB'" 

,ypr 

WEIGHT 

'.,QUfNCY 
(Me) 

.ANOr 

PIAK POWI. 

ANTENNA 
TYP' 

COD'NO 
TYPI 

PUlS' 
UNO'H 

.fMAIKS: 

SfT 
NUMa,. 

TYP, 

WEIGHT 

'.fQUfNCY 

IANor 

ANTfNNA 
TYP' 

ItfMAItK S 

AN TPN-2 

TrDn.portobl 
r" pond.,. beo(o" 

1 '0 U .. 

,..134 

Uno .f .Ieh. 

so to 100 w.,,. 

Quor'" ..... d.polt' "out 
, " /1 '0". , mounted obo.. 0 
_ ' uc" ... '0""'.".". mod •• f 
12 , ••• 

'"'."o,et'O" .ft. ,."Iy . Any ,."'., .. _,&." .' :r Mot 10 ' cod. 
I,"e,t 

10· 20 

Hom I'" MetOn f.,. co· op.'."on 
_Ith ...... "0 ,,,,,.n •• lon .'p. 
".lty fo,. ...... 'hu.. ,,,ppl, ",II · 

AN UPN-1 

Ult,opor,abl. 
respond " beo(on 

17 

3156 

lin. of 'ight 

~o _an. 

AN UPN-2 

Ultr.,.,., •• " 
, •• po"do, Ito.con 

100 

3256 

LI", of •• ,h. 

so w.," (min ) 

~-+ 

D"pl • • Un,., orro)' .f ,I. , ... ,.,. 
dlpol., 'or 'ro",,,,ir""t o'u' ,I. 
for r ete"'I"9 

"ply •• n, 

0·. 

1", •• nohOn on ,ro",,4 ontl .hl,. 'or "te by pa,."oop. 

D.,.... II" •• , err., ... trip" . 
dlpol.. for ,e.olwlnl_ ,Ia for 

"o",m'"in,. 

Io,Iy . ... , . 
0 . 5 

••• co" ...... ,.. ' .. ,.rrol .. I." Ity I O~,","o, ,hi" 0' eroVfMI S· ..... tI 
,..tlere 

I 
Choroner''''CI fill lodor leaconl 

Y J-1 (NAVY) 

('r.",,_ 0' ,hlp. bOlo. 
' •• pono.r Iteoton 

100 

171 III 
SIO·UO 

100 

15 t. 1S0 _oH, 

2 •• rtl,.II, ... ,k." 1.1 ..... 1111 · 
1'.'" on • 21 !'IM1f for hl,h 
f,olfVo".y.. , for I.. .r ... u.ncy. 

10,1, 
Gap, any 1 or 2 I.".r. of Motte 
eotle . 

10 

u.... ., . "owl, •• lo"ol .ltI '0 
."~'eft.. • .. ui~tt.tI wl,h •• ."h 
r.4eN 'H' .~.,... ." the Ire 
..... ,,'y eta"tI •• f 171 ,., 0.,4 
510· 1\0 

AN CPX-1 (CPX-2) IC-150 SCI-695 

.""'0,.r090'0, ,. ... pon •• ' 

SIOO Ib, 

IH 117 

lOO 

g'Po f., .and ""4''''' 'It~t":c,o" 

, .. ,. 'Y".m '"'~rr 
I" alr(Iof t f,o,..., 0 

,plQ •• d Oft I."'" 

a'iII!'! trO,.. po"d .. " n,lollrd 
of .;','h 0 (od .,.ci 

-fill •• A ,cop 

In' .. ,.,ogoto, r.'pon.o,. 

7$5 lb. 

'51 '" 

200 

T w C d'POI .. , with .... fII."o", 

U .~d '. 'ft'~"090 t .. Qlrbo,n.., ' ,on,po"d . "1 
'r.", all Qf _~'c~: «odt'c:I , .. ,,1., i. dt~plor.d 
&f'\ onociat,·d '0401' UC'l P, 

fqul,.men' 

A.,. ... ,. ... ~o ... ,." •• ,. 

•• 1, •• 

" 

' .... t ,."n, 

"a"'.' _D1 " ""'''"" U mOo,nt .. d on wl\d~, 
.iClt .r f U)f:1oq ... 

•• 'tl"'." pul, •• '''o~ tht! interrogoto, It 

,,.'OP.cf ''' '0 o t)t'ra'IOft and rptrO"'",o t , 
cod.d p",.,., b ot . to 0. iglnol I""·"'O.O'DI' 
I" lh. fOf'"m of 'h _ «Ddt' of f~ e d.~ 

'" ", 

~ 
'" n ..... 
9 

~ 
~ 
'" 
~ 
':) 

~ e 
CIl 
CIl ..... 
"Il ..... 
trl 
~J 
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---------------- -.~.----------
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RESTRICTED 

AN APG- 13A 
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THIS PAGE IS UNCLASSIFI£ 
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RESTRICTED 
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... 
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I!ESTRICTED 

AN APQ . 13 
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RESTRICTED 
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ConAC Manual 52-1 
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noTES TO nos'rnUCTORS 

1. The nttac:e" COla"se h.'lS '.-een pre;nred for the ur?Ore 0'­

t::-einine O:'f :cer r ~n. lioncot!l:l1s r ':'or.ed Officer" to function nn l' i 
r.,aiological defense pers;)r.nel C" ~ble of perforniI1£ ~urve:" ofi'iccr 
~nd ~nitorinC duties . 

Aimen should !lOGseG~ :' ~::h :Jc~.ool education ~n' b.~\"e ,.. 
::un nUl:! AGeT lovel of 00 ~s p::orequ:cites to atten ., ce o An 1n<1i­
vidu:!_ obv:ously lmfitted for the co trse Ehould be drop-oed, ~r he 
\lill 1I:1~de ir..struction. 

" G!"~du:!tes of one of the Armed Ser.-iceo Ro.diolo iC'll Defence 
Sc:-.oolc ~e the only indiViduals qu:'.lified to llresent t!1e bull; of 
t!11s instruction . Cer~in individ=ls, without ruch tr.,ininc, but 
vi th speci~lizeJ tr~ininc in 0. p:!.rticulnr field ::'."1:." preront thc ".)r­
tions dealiI'!€ vi th medicnl "spects, claooicnl ,h,ysics Anti. nu-:lear 
, h;rsics . 

4. Course =terl0.1 b.:ls been dcveloped to prerent t!1C xxi::l1.c:l 
:!.::Dunt 0:' naterlal , ssible in e. short tice . It is !"eco!'!I:::lendeil., 
therefore, th.:lt the cource outl1ne and sub:eet Ilnter1 1 oe precented, 
e::nent1nlly, ve:-batin. "lesser 8l:Punt of instruction i r not dee::led 
adequate to train 1ndi Vi dua Is e1Teeti vely in r'ldiolo 1enl efe one 
duties. 

') . Lecture out Ones 'lre cOD!,lete vith t!:e exceptio~ of tho.e 
periods devoted to !Dni torinf; fiel p:"O blens . Local \":'.r1n ions n 
.,v:J.il.abil1 ty or instrunents, radiUI:l source r o.nd trninir.g facilities 
m.l:e it desir'lble th.'lt there eriods be eft to locnl instruc rs 
for detailed prep.'lr'ltion. The inst::- cto:- sll:>uld rpend at leaot two 
lI:>urc in prep~ation for each !lOur of instruct:on in order thnt 
students· questions =y be ancvered pronp ly, :tecuratel: "n sil!!: ly. 
The charts which :u'e included with each subject outline 'lre considere 
an integral p3.rt thereof. Local repro uct:on of the"o ch,"1r r- i r ~e­

oirable but, if inpractiCOol, they can be re 0 ucod on bl:!cl:bo d 
with a min11:lUl:1 of e:'fort. 

Consiier:!ble s1 l1fic'ltion 0 hiEhly :m'ulvo i"~eno!1en."l '1:1(; 

been employed in the 1nterests of easier teaching. Thic ci!'mlifi­
cation IDS i~paired ot:-ic sclenti:!"ic "ccurnc!'. 1 :' :::'e1.' < n .. tunces, 
but this is felt perI:lissi Ie :'o'!" the sco!,e of tr3i lr.~ enYl~ one,l. 

I . Adequ;; e fncil!.ties 'Ire esoentinl for the con1uct of tnis 
course. These include., ClnSsrooD with student t'lbleu, facl1itie~ 
:!"or evenine ,·t:.tdJ y tuden 0, :! level, secluded are:! or 1.'ell-I!,:-h 0 

building for calibrn ion lIOr!: 'lnd a re tricte "'"e' or r~tr.-oy exer­
cises . 

e. It is reco=cnded thDt the theory of c'llibr'lt on ~n'i i~tru­
Dent oper"ltlon be '1U€ht urine the interin period endir1£ he ?!,o­
cure!:1811t and distri butlon of r.:>diation 'ou::-ce .. '1 detection ir.stru-
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ments. The r actica' arplication and field p~oble~ for thic train­
ng ill of neceso:: ty ha· .. e to be !lOstpont>d until such tilte .:?~ the 

~equ1red cateriel is aval13ble. 

9. 
on .3 corn 

It 1e recommended thct e2ch student's final grade be based 
cite ccore tabul2ted ae follows: 

l-1axicUJ:I N1l:l:ber of 
~ Points 

General Atti tu1e 10 
Exe~ I 45 
Preparation of Calibration Curve (~~ Outline 12) 
C~litr~tion of 2~3A Survey Meter (Tr~ Out11r.e 16) 5 
C- lib:-nt!on of 247A Survey Meter (Tng Outline IP) 5 
S:n-ve:i Ex~cise \1/263/\ (Tnc:; Outline 23) 5 
Sttrve~' E::e::-c1ce v/24-A (Tng Outline 24) 5 
Ex:ln II 20 

TOTAL 100 

An ir.diViduL!l scoring le a tht'.n 70 should not be considered at:: 
c:lccesGfull:' cot:nletlng the cource . Succe::::ful students cmuld 
be ~ ... :u-ded ... su1 table certific-.te. 

2 

.. : .. , . 4. 
~ .. -
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C 0- "0 Tr.g Outline 1 
0900-~0 Tng Outl1r..e .:: 
1000-10;:0 ?ng Outline 3 
1100-11~0 Tog Outline 4 

~ l..'H:::: _ £"....n1ze ion (A01niE'tra t1 ve T!~) 
Intro Ju~tion .d E1storJ 
Atoruc r...rtic1es. Su-ucture o~ Matter 
E1ecU-O-~etic Radiation & Ra dioact1vity 

1300-13"i0 'lng OUtline 5 r.uclear React1ons, Ato!:!1c Fiss10n nnd Chain 
Re;:!ctions 

14oo-14~0 Tng Outline ( Explos1on Pheno~a~ 
1'"'00-1""0 Tr..g Outline - Effects of the A" n Bonb on the nu::lBll Body 
1600-:650 Tr.g Outl1r..e - " " " 

SECor/!) D\Y 

0800-0850 Tns Outline 
OQOO-~O Tog Outline 
l00C-1:;0 Tng Outline 

8 Renew of Bas1c '\:-1 t!:=le 1c 

1300-_"'-

_4 rI -14"O 
-1 C 

1 -1:)0 

1- -1, ') 
4" -14"0 

1--00-1'150 
1600-16"0 

FOURTH D\Y 

': tl1!":e 

':'r...: u l:::e 
':'r.,: "·l!:.e 
Tn/" t t:':'r.e 

Q Pr'lct1 e on Ass1gr.ed ~the=t1cal Pro le!:lS 
10 1o£"...r1 t:os & alcula ion of Hul t1 Ie Hall'-

L1:'e ~C~7 

, Prepa!"~ ion o~ In trUl:lent Ca 1m- t10n Curves 

rotl.!'"7C!] 

13 ?r:n 1 ,Ie::: :- R~l1!l 10 De ee 1;:, Ins b:: u::::e s . 
:'~ 't!o ... o~ :E-::A G-?·i Survey P.!eter -'-

:!. " 

Tog Outline ~, Exa=ir~ ion I 
'me 0 ttl1ne 5 " •. 
T.ne OU _ine 1- OFer~ i ~n ~ :' 24 -A I on Chanber Survey Meter 
Tr.- 0' tlir.e 19 ibll a ior. fu "i:neU-y 

'l'ne Ou 1 ne 
'l'nc Ou line 
'fu€ Outline 
'me Outline 

I :: Stu er." Ca _1l::r" ion of (6),\ Survey Metera 
" n tt 

16 
20 f.bn1 wr1ng ':.'ec~.r.1 _ues 

o 00-0850 ~ ut11ne Ie S uden Calim-e tlon of 2~-A Survey Metera 
0900 -09"0 T:lg Outline 1.8 " •• .. 
1000-1 0 ThE Outline 18 
1100-11')0 Tr.g tline 21 Ind1vidua !l1ld Co llec ive Protec 10n 

1300-1350 'I'n£ Out ine :3 f.bn1 toring Fiel 
1400-1450 Tnt ut11ne 23" " 
l"OO-l~"iO Tng Outline 23 
1ECO-lt~C Tr.g Ou line 23 

Pro Ie!:! - 263A Survey Meter 
" " .. 

3 
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FIFTH D\Y 

0800-0850 Tne OUtline 24 1·lon1torine Field Probler.! - 247A Sur'vey l<leter 
0900-0950 Tng Outline 24 " 
1000-1050 Tng Outline 24 
llOO-1l50 Tng Outline 24 

13OO-13~0 Tng Outline 22 Decontam1nat~on Procedur'es 
1400-1450 Tng Outline 25 RadioloGical Defense Organization 
1~00-1:50 Tng Outline 2~" " " 
1600-1650 Tng Outline 27 Tr~ inin£ ~osrane 

SIXTH D\Y 

OBCO-OC50 Tns Outline 2G 'hctic'll and Str'ateg1c Use of Atoroc Wearom: 
0900-0950 Tng Outline 2G " " " "" " " 
1000-1050 Tng Outline 28 Effect of the Atonic Bomb on Hiroohil'W. c; 

I~asa!:i 
1100-1150 Tng Outline 29 Atonic Bonb Exp103ion - Effects on nn 

Aoerlcan City 

1300-13~ 0 Tng Outline 30 SeniDAr . General Renev 
1400-1450 Tn[ Outline 31 Exaci~,tion II 
1500-1550 The Outline 31" " 
1600-1650 'I'n€ Outline 32 Ac:ronistr' ~ tl "0 Tice 
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TIME: 

PLACE: 

S'rulEI'f'l'S' REF EREtlCJ5 : 

TRAImJ'C AIlE REQUIRED: 

Note to lnab-uctor. 

1 

Class Organization (Adm1.n1sb-ati '"' 
Time). 

One (1) b:>ur. 

Classroom. 

Done. 

Done. 

None. 

This h:>ur is to be utilized in registering students, distri­
butiIl{: tra ining I!Elter1al, assigning seats, and orgP.nizing the class 
in order that insb-uction lII8y beein vith a minimum of disorder. 

5 
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TRAINnC OU'l!.nIE ID: 

I.m::TURE: 

TIME: 

PLACE: 

S'roIBl'ITS' REFEREnC!S: 

'mAINIlC AIlE REQUImm: 

2 

Introduction and History. 

One (1) hour. 

ClAssroort. 

!'bne. 

l'bne. 

Pro jector, Screen, Film "Opern­
tiOIUl Crocsroadf:;" (Mioc No. P23, 
r -;:n1ng time 31 minutes). 

1. When the numbered c.ir :orces, r-:-esently assiened to the 
Continental Air Comrcnd, insti tl:ted their post-vsr cnecicc.l tr(lini~ 
1ll"ogz.-a!!lS, it vas generally recol:lllended that only the best qunlif1ed 
colllll1ssioned officers and airmen be detc.lled as uni t ca~ officers 
and noncommissIoned officers. Security considarc.t1ons .:-.t th;lt tine 
1ll"ecluded giVing full reasons for that recommendation, but plans 
bad been drawn for the trnin1Ilf!; of unIt £8,s personnel in radiologi­
cal defense and biolorical vsrfare defense. It \me and is consider­
ed im?erative that personnel o~ the hi£hest calibre be selected for 
ttaln1n€ in defense ageinst these new IOOdes of lr.l.rfare. The f act tho.'lt 
you are here has placed a gz.-Elve responsl bill ty on you vi th respect to 
your coJlD8lldine offIcer and the Continental Air COl!DUld as a wrole. 

2 . Th1s course is the "Radiological Defense Course for Survey 
and Monitor Personnel". Its ob~ect Is to train radioloslcnl survey 
officers and !ll>n1 tors to be capable of us1ne instrur.lents to detect 
dangerous radIoactIVity and qualify these personnel to advise and 
aGslst the un1t cOllllllUlder In defense a{,;a1nct atocic attack. This vill 
be in addition to present gas defense duties. In a tact1cnl s1 tuation, 
effective defense will depend to a great decree upon the recocoendation 
for action given to the unit comnander. 

~ . Thio cource will e%plore the :ltoe and wmt fOe!:: on In::;ide the 
atoe. It will deccribe row the atom bortb works, what occur:) dm-inc 
a tol:L.c fission and what the A-boeb can do to the h\.lJ!rul body rmd to 
buildings. Intensive tra1n1ng vill be given in the use of in3ttW:l8nts 
to detect dangerous radioactiVity resultine from atocic eX'!1loo10ns . 
And finally there vill be instruction in the defensive meaGures to be 
taken to minimize casualties in an atomic attack. 

4. The work vith radiatIon detectIon instruments 1s the essence 
of the course . Tloroueh traln1ne in the ~e of these instrUJ:lents is 
imperatIve for an area heaVily contaminated vith radioactive products 
looks just like o.rJY other terraIn. The dl:Uleer camIOt be seen, heard, 

7 
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!'elt: ta::'ted or smelled; it i~ onl" ;; the t'!:e o~ instr:t:'entc tik ... t 
it c~n be detected ~d the nececsary mo~Ptu'es toY-en to ~revent 
casualties . 

5. Thie course re~U1res cerwin ::inple calcuIZlt1ol"~ . 'l'h1:: i" 
not :' couree 1n nat leO!lt1cs but CPf'I"Onrntel:- :five ru\l!":: vill be 
spent in the basic problel:!8 of" ca lct.tlation. 

6. The nee(l f"or tr~ined men in t~i~ fleB. is urgent; it i::: m 
::ec:"et th:!t the United StZltes vi11 not alvoys hold it:: Pl"esent ID­

no!Qly on the atollic bomb. Uno:N'iciQl L.lO"Se~ on the time ve !:a.ve 
oe1'ore c.nother Ilnjor !lOver develons tl~e bomb, rar-Co :f'rom one to ten ;years. 

7. With re1'erence to security, no "IDP SECRET" lII?te::-':ol \li11 
be presented in tr.1s cour~e . Portion::: of" the Interial .:u-e claCG!­
tied a" restricted and ot~er sectiono ere not claSSified Zlt all. 

8. A security claoeif"ication t;t;eC: by the Atonic Energy CO:J.­

tiss10n is thet of" "RE'.i!UC~ Dl.TA". It ie a .. lied to hiGhly 
classif"1ed 1nf"0~tion cbout t!le ato:::.1c boob ~c. ato::uc enerey; 
it is e.n Atonic Ener£y Col:!l:l1ssion clru;Cif"ication, not nil1ter:, 
altlxltlE:h it rz.y be found in nil1tary correc:-ondence. T.'le !Qint to 
rel:lelnber is that "RES'mIC'lJ:I) MTA" ap lies tn lnf"orrntion of" t'1e 
highest classification, nnd C!J1d must nel"er be conf"use" Vith t~e 
1:I111tary classification 01' "RES'mIC'lED". "RES'mICTED n\TA" io tv 
be se.f'eguarded as "IDP ~" natt8!". 

9· As an introdul'tion to ikdioloCical Defense, the filn, 
"Operation Crosaroads", taken at the Bikini tects 1n 1945, viII be 
Rhovn. The film give" SOl:l8 ideQ of the force:: ceOinst vhlch ve 
I!!USt def"end ourselvec. Bes1de: the blast Qnd the f1<111e, close in­
Spection vill sOOv a battleship st.:tnding rIght up on its stern. 
Wbat is not Visible 1s the flash of dendly rll.diation _ it can l:i11 
at a !!Iile at the IIDllIent of the burst, or be P01sonoucly rZldlo~ctive 
Dl!terial that is tbrovn up in the IllUShroom-:::ooped ~toc1c cloud, an~ 
Which 1s carried do'WtJVind to fall inVisibly on land and ceQ, cre.'1t-
1ng c denger for !!liles. At times in t:ue course the =te:-1Q ""re­
cented my be slightly at vari.:!llce Yith COI!I.e of" the tec!m1ques 
smvn 1n th1s film. This is due to the fact thllt O!leration CroE'''­
roads vas <l sc1ent11'1c test conducted under cond.1tion~ diff"ru-iI1f; 
flooD coobat. In addition, rneny ne'll developcents ~ve Occurred cince this film 'Vas Dl!de. 

10. There /!ZOe many precautions to be wl:en to protect a nil1-
tory unit ll£ninst the blast of an atomic bonb, but a very 11'l'1Ort.:tnt 
part of the work Yi11 cOnsist of being able to detect the "fell 
out" of rad10active enter-ial f'l-om the atollic cloud and to t.:tl:e 
proper action when such con~nation is detected. 

(FIlloI, "OPERATION CROOSROAIS" \llLL BE SHOOi) 

8 
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3 

Atocic P:lrticler. Str:.cture of 
lI~tter. 

Fift· (~O) r~nutec . 

Clllssroon. 

II:3mucTORS' REFEl\El;CE3: Pur~£Ta.~ 2 .01, 2 . OF, 2 . 0~, ~ . 01 -
6 . 01 . ~ . 09, R~d1olo£ical Defense 
"~ual, Vol 1; P~ce 12-18, "All 
Hands", 1 Jul; 1946, Navy DeI'3l"t­
oen: Cb::l.pter 1, "Atomic EllerEY 
for rUli"tary Purposes", StJYt:~ ; 
Che:oters 1, 2, :-, 4, 11, 12, 15, 
"Gener!' 1 Chelll1strv" Damno' 
Chnpters I, XXI, ixn, "Outiine of 
Ph~'s1c~l Che!:U s try" , Getl:ml ene. 
l)ln1e Ie ; Puragr~ p!1s 14, 15, 1(, 
19, 22, 27, 28, J~, 39, 117, 91, 
Cl, "Intro uction to Atomc Physics", 
Se!'lO (See Footmte*) 

Pnee 12-18, "All It'lIlds", 1 July 1946 .. 
lhvy Depertl::!ent. 

Clnrts appended hm-eto . 

1. DevelorT!ent of he atonic bom: lmC oade possible by an un er­
wt:'.Ildin.s of tl:.e ninute !,vticlec vhich are the building b!ocks of all 
!lDtter . 'lb unc.re'ct..."l11. t:,e re~son Yily an :J.tollic boob \/Orb and vr.at re­
:::ultc from its detuIlf'tion re'lUirec cone .:n:>vledge of these particles. 
It ::: nece::::; ," to blow yhat ~ atom is, hoy it is constructed, bov it 

s fis~ioncc. (0:' s-:-l1 ), ~.: the results of ~uch a step. While co!"'.e­
'.IlJ.'1t cOl1!'l':'c::!ted .:It fu"st ~i£ht, t::e anc-.er" ~e r..either ioposoible to 
1 • 'ercUma. r ":'f'<::J.:t.. cOl:l!'recend. 

2, 
'" of l:lI1tter vh1ch COl!J1Xlse the universe 

d i" identIfied us suc. by ito Olin 

~ no1ecule 10 the cnal1est 
:::t':'ll be th.:lt coo, unJ. ~~ Ie 

c.:lllei ::O,'_L'.::1 L:llvride, 1:11[::t be used as an eX'!!:I'le. 

*Ch.:u·t ' - - i..: incladcd for Xlrc1ble u.::e by t!:e instr eto::-. Its rurpooe 
:1: to illt:ctl,~ e the .. ..:l.r.ne~· in which all nnttm- is built up. 

9 
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St'T~o::C .... 0 b ke cone table l::~ It nnd divide it into ouccssoi vel:' 
~T.\" llel" ."tion~. T"n1s _ i'OCSSS could not go on indefinitely, even 
if "e }:a' the prCl!,er tools to work \:1th ["rolle!'" :md soolle!"' qU2r.ti­
tiec, since us \."Qul roach a POint firolly where We would I~ve onl;,. 
one l"Dlecule of sodium chloride left. Thi~ particle would be ver:! 
e~~ll indeed since about one billion of then, laid side by side in 
a ctraiG~t line, would only cover one ~nch . It would still be l::odi­
un chloride however and identifiable bZ' chel:11cal analysis, ao such. 

3. Thore e:e about 200,000 different kinds of 1X>1eculec found 
r.Dture ~n- ove:- ,:OO, COO addition~l kindG rove been ~er~ed in 

::e l~bo:-:lto!"';'i !:lilting a total of ap~o::imtely 700,000 COMpounds 
.:nOllT! to ccience tod.:ly. Thic fibUTe ie very lAree and if .:l cher-ist 
_J.:ld to ct.ud;r each sepnrately, his cCience would be very CO::1"1ic.~ted. 
T.:J.is 10 not nsceooDJ.-Y, mvever, because all -00,000 di!'ferer:t ::-ole­
cule~ are conbimtions of less t!-.:m one hundred elements. T:1ese 
ele=ente viII ~e considered next . 

4. In the exat!ple cited above, sodium chloride \130 brol:en 
,kn;n to a point vhere only one rolecule vas left. Going a Gter 
fart:1Ql" "!nd l".aI::1nc: one w!'"e oubdi ViSion lroducea l'. totally differ­
ent recul t . bv the tvo parts o';"e' no longer sodiun chlori e but 
one ie a sub~tnnce called COdiVD, vhile the second io called c~lor­
ine; the table Galt existo m longer. The::e subGtances, sodiun and 
chlorine, a!'"e two eleomts. There a!'"e only 92 elements occurring 
in roture and thece olelJente are subotance!' vhich ordirorily Cllr.n)t 
be 1:roken down 1n the c'16~cal laboratory. Sol:le of the !Drs CO:-t:Dn 
elenento v"11ch ere fotmd iree (Le . , rot cO:Jbined c!:erucc.lly ,,'1th 
ot!ler eler.entc) in nnture are carbon, nitrogen, oJCY£en, 1..'"On, 0:>1 , 
oul.fttr and silve!"'. If ve t..~:e a lUJ:l!l of pure silver and cm"l'Y out 
tll6 oubdi Vieion :n'Qcess that ""as applied to the rolecules of sodiUl:l 
c!:loride, 0. !Oint is ranched where only one a.ton of cilver io left. 
Thic atol:! of cilver is the st:IJl1est 1XU"ticle of silver vhich can 
exist and ctill be silver . Wlnt happens when this atol:! of silver 
is divided vl11 be discussed later . 

5. Ato= are the building blocks of cherustr and 'U'e the 
"Pt!xticleo" free. which rolecules arc bUilt. Thus, one ::lton of so "1 -
un conb.nes vith one aton of chloi'ine to for r.: one role-ule of f:odiu.'1 
chlo::'ide vhich we ]'JX>v"!s t.~ble S'll t , '1'1:i(; r.n;' e eho,,'l'l :!c: 

I atom of sod11l:'1 plUG 1 a toe. of chlor 1ne rield 1 ro lecvle 
of SOdiUIll chloride (table s.!!.lt) 

or as it it" written: 

flu Cl : NnCl 

Llkewl.se, two atoms of bydrosen combine With one atom of oxysen to 
form one mlecule of vatc- . This is shown as: 

10 
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:: ~~ _r- of "1:"1:",J 'C~ .:'4 t-!. "t.Jr: 0; 0": ~l :'c r 
.... ·.,tcr 

= ~:r 

:3e-' ."0 .:e 
pvir:t vu'!. 1:' _ t t::e 
tri' uted, 

c ,.0'; "~r t i' or: it ~ -;1+ :'0 ,:e :!. 
,;"'·c: .. r_"c 1· ztc i. on t 0 ~::t.·ctr- • 

___ '0 ~till 

'i'o 'Ie: !: c.::nln t' c ~ 

bop ... tJl"~· . \.;.:t. ~:!' to 
t;:c ::t-u·,t'::'c o~ t:,o 

9 . E.:l.ch of he 52 Urfer-ent .,tor.- i. '0;~:' "'J: 
of electro [l, Y!!"o to m: , -md \lith one e:- er _vI'. r.cut.:.;)J =- . '1':1",' 

Eener'!1ized p1etUt'c of tr.e atom n.,y be 11] u:- ' +01 \ (' 01 , I 

..... in. .. un: 

10. Ti,e cer.er.- n.:':>pc:-tle:- )f the:-e 
uo follvlol::: 

~l' lelo:- ,.' .. 1:'0 r:tc :: , ' 

... "'] .. t 
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"'o~1t1ve electr1c~1 ch'1.r e "nd 1s 00 (,ITlll thut :O,('O(l,OC'O, ('( . (1('0 , 
000,000 , 00( o:~ t he::l ,..ould wo ch onl~' 0 e ounce . 

C. 1':l e ne't'on is a pr-.rticle of =tter whie'! 10 elec .~­
'l:ly r:eutrl "r.d ,re';' ['liz~tl:' ::ecv1er tl:"' n t; e :,!,oton . 

c . The ole ~t.,.·on 1s 0. r -.rtlcle 0:' n"tte:' ,..:1;' 1: t·:: .., 1111.:.t 
,.e';:1 . ','0 electrical cl=ge e .tt..'\ in n: em1 tu e to t; c ,'n':' t ps~'.:' ye 
e:ect'ico.l -:".1" e of tl:e !Toton :'ut ' t: onl~' 1 ;-':: 110" '-:,'. 

~;-

(:Nsnr-. ... TQ1 - REPROruCE 'L:E :rOIL0':n;C ':'.;'>3LE ,\5 THE ABOVE 
TI;r\)RI·lrlTION IS PRESEIITED) 

Fo.:.·t.:. Ie Elect' cuI ~:Jal'P'e 

PI":: 1 
:0:'0 

:::., u:: 1 

elcct,:o .' . 
exto:-< :).~ fil ':' ··!. 1: ' m::'0 

r.:: . B~' :::, . \:0 ::!o:r: Lr~ t \I'~lo ' 
it : .. '10"s , :.0 

: .0 1"'.' ' 0_' r."clei , 
or: I is r.o,\~ ·v. :-
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md this tell:; u- t!lat thEl!"e ~e 8 neutrons in the nucleus. 

IJ . I :: ... to"'e i c :l wo:::-d Mu~h uCed :i:"y. '1b explrtin its 1I'.e 1:: . • - ,,'(; 

:: :ct di[' dec"Cl' 1. to :.e det.:tih of "too..:.c -tructure. In the ex:!. Ie 
·Uote·! nOVYC , the eleoon t Oxy~en v:J~ u:::ed . 1.'e !:l1Cht rerreee tit :: :folIo ... c : 

(I :s-rnU TOR - P.EPROruCE CHART ') - 'i) 

14 . There "~e :ltO"ln of O. ' en, however, which are :::-epr-esented t 0 follol1in;- .:':'::l{.-;''' :-__ : 

1~ . rio", e " ell 0:- t:.e:::e t.lree tYJ'les of ... ':e 0:r.'ccn A t.on "re 'e1' nt t­
cly o: .'zel' 'lt~::::: ~e<:"u::;c e.:lch 1;.,::: 8 . ... tom: :n it::; nucleuo, !Jo"'o'c...- . 
O:l C'. :~C .') -11 -htly di~~e:::-cn VoiGht due to :.e diffe:'on nUl:lber of 

:,=,cce. t . T;'e:::e !1fferent : -'e~ of 

t ' 0 t'U·t:ct ., to:'! .... '.e ~ ton bo:::or.:ec "1: ~ 
olenent 1 vhe~e::ts if " ne't! n 1 .::r:L "c..! l~o e 
o ., diff'o.'on 1f:otope of ho r: .ne cle::e r: . e:{'l::"le, r te thl :: : 

1-. Tin~ :e "ee tm.t It ld ro:-::1ble to S :;h or fjs~ on Rto~ . 
The'<e cr~'T'~es ·• .. e ';> Do· \tele 1'e le ti ns "'1d, by pr-.)!'er cho .co v:: 
·tllots l' ::J t._· 'et atv:-~ , 1. the !T.ethod b;:;r w'Jieh 0 orr.er.::; e c :.'"l1": 'cd 

':'r.to "t:.c.' c::'e:"crt~ or : 0 ~:;0tope of ,elo::ent 1:; J:u;;-,!ed 'n 0 

(n.'ST;IDCTOR - REPRoruCE '._:..?T ;-5 "nd 3-6) 

13 
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,-~-:e..." e:e-e:: = :;)_ ... t: ~e ~co ~e 0_'" ~ e_e-£~t ~~ c'~ r-c O!'"'.7 ..J ,,!", t~c~: 

: ... .:> .. .J~e ..... :' ::.e :: ::-.. ( element. 

l~. E::"r.J. !r.£ t::e '"':""O""e_ -::!.e::: 0: ~ r.uc_ou~ ro:'o · lo~el:' . :! ',er:' 
ct:r.( t-: f~C' t is no e ~ . The r.u c leu.: d.oc.: r..:>t ~ei --:! : C ::l!: c:: ".. [ i 
::-~:~i . , r.ucleus coru:isti~- o!' :.:.:: r.e::-:_ r.: ' r.o :-i:: :-:·o~ .J r :- !:...>' 
.... e : :. the Sc.!Je ~s tr.e au::: of the .... ei~ :~t:- 0:' _ ;"1rotor ~ -_:!: tho 

::c:.:.:t .:>!" r toru- f veiGht of neuu'ons = \o"elc:ht of neucleu:: (:-:.E­
:::"X:E) ::u , !.nste::!d, ::.t .... e:j.:: . .., ut F' le:: :- . '.i.b e:':-,l ~ ir. t',:r 
:''::''~'l'''l 1 uatlon ve t:r .. lC 100:: t.:> n:-. Eir.;- te·r "'0::- ~-::irt"'~ce. 
: ::'::7:'';:' :::0 :::""',.'1:' ir.t~e_tir.t: :". c ~ S ';o'lo."11 c:: !'lic t! ,eoryof rol" tiv't:' 

:-:e ::'''00 f 1.!l t ::.:.. t ter ::.: :-- be l:0r. vo:' e :'11 erer -". . ':"::.: ::: :'e 1 ~ . 
::n'c',::- !s eX!'~'o::sed 1:~' t.!e _i!:!,le :0::-:::uL::l. 

E : :y} 

.. :": ... :~ ::."' :" be C'~~te:'::: ~i~ .:·c:- .. J tlEr:e:"; ' c .:.t. ... l ..... 
~ : ... ~"e 0: t::'e =-:-ee ~ ~!' .. 1 :.t . 11 ::.e 

. ,_-:: :-"'::'e:: :, c~' e 
.... :-o.....r:t= ...;~ ~t~e~ .::c e::" ':~ ': e::: t...; 
':".:0 e:\~::~~e= !" "!: :!e er. !"': 1: ... e~e:.~::· 

·..:.r~t:: 0:- mt .. ~ "'_: e: 

t~:.c:: "t e 

:1 . • e nd 0 ·- -~ -:to::, ~!" ~r~' ::ir: l , C ':U' 1::: 11.1 ':.>:1 -
lion F::.lo"~tt: trC 0_" er.e~:G'. 

1:. T!:le tot:!l er:e::-c:' e,:~~ T:llent o f I'o:-:e 2'" () '.nil::: of 
~~tt.er 1 e('ual to -:: 1 t r,e -:-eve.;," Y'roc ,ced 1 :,0 
Uni ed St ... tes i~ a :ear' stine. 

19- T!:e:::e f"'cts ~o't'ide e clue a~ to wh:/ t'1e nucleu:: \10:"1-::: 
~eo~ than it oPDuld. The 10:::::: in veicht is due to t'1e ~~ct hat 

~ of t!le ::r;oc~ of the co!:! r:ents h.:ls been t-ms!"or:wd Lto 
e::e:'G'. 'l'!:!:: enerE:.', calle tr.e b1n11nc enere:!, 10 -torcd in t:-:o 
nuc leu:: v!:ere 1 "::1ndc the p."..rticles to.et!1er. :henever ::! - . 't i cle 
:= " .... rc~:-:edf' looce :~·on the nuc eus, SOt!le of :11 r b1ndin~ cne _·c:· lr­
rD lor. ~ required ~d 1s rele::u:ed. T!:e enol' :; v;11ch ' c :'clo~ ('c ~ 
it: vr..:tt ve call a to:::.:.c enerr:'. 

TIlS'rnU 'TO~ 'S ;t,!]sTIO!:S: 

1. "l>.'lt i t. e di!"ference bet-Jeen 'm Coto!:! :1p.·i ., :-oleculc? 

2 . .:!-."It ... ..:,·e the b.:>r!.c :J~.::t.i.cle' timt "Ie ~"ound :n a ' to!:'':' 

14 
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CHART 3-1 

TABIE OF EUJlENTS 

INo. or No. of Sym- Atomic Stable Sya- !Atanic Stable bo1 Number Isotopes bo1 Number Isotopel 
Actinium Ac 69 0 (A) Yo1ybdenUIII 110 42 7 Aluminum AI 13 1 Neodymium Nd 60 7 Americaium Am 95 1 Heon He 10 3 Antimony Sb 51 2 Ne ptuniUIII Np 93 6 Argon A 16 3 Nickel lli 26 5 Arsenic As 33 1 Nitror;en N 7 2 Astatine AT 67 0 Osmium Os 76 7 Barium Sa 56 7 07.ygen 0 6 3 Beryllium Be 4 1 PalladiUIII Pd 46 6 Bismuth Bi 63 1 Phosphorus P 15 1 Boron B 5 2 P1atinUIII pt 76 5 Bromine Br 35 2 P1utoniwa PU 94 2 Cadmium Cd 48 8 Po10niwa Po 84 0 CalCium ca 20 6 Potassium K 19 3 Carbon C 6 2 Praseodymium Pr 59 1 Cerium Ce 58 4 Pr~th1wa PIll 61 0 Cesium CS 55 1 Protaotiniwa ;"0\ 91 0 (B) Chlorine C1 17 2 Radium ail. 86 0 (C) Chromium Cr 24 4 Radon Hn 66 0 Cobalt Co 27 1 Rhenium He 75 2 Columbium Cb 41 1 FhodiUIII Rh 45 1 Copper Cu 29 2 kubidiUIII Rb 37 2 Curium em 96 2 Ruthenium Ru 44 7 Dysprosium Dy 66 6 Samarium sm 62 7 Erbium Er 68 6 Scandium Sc 21 1 Europium Ell 63 2 Selenium Se 34 6 Fluorine F 9 1 Silicon Si 14 3 Francium Fr 65 0 Silver Ag 47 2 Gadolinium Gd 6-1 7 Sodium Na 11 1 Gallium Ga 31 2 Strontium Sr 36 4 Germanium Ge 32 5 SU1nJr S 16 4 Gold Au 79 1 Tantalum 'l'a 73 1 Hafnium Hi 72 6 Techni t.ium Tc 43 0 Helium He 2 1 Tellurium Te 52 7 olm.ium Ho 67 1 Terbium Tb 65 1 Itrdrogen H 1 2 Thallium T1 81 2 Indium In 49 2 Thorium Th 90 1 Iodine I 53 I Thulium TIl 69 1 Iridium Ir 77 2 Tin Sn 50 10 Iron Fe 26 4 Titaniwa T1 22 5 Krypton Kr 36 6 'l'Ungsten 1f 74 5 lAnthanum La 57 1 Uranium U 92 :5 Lead Pd 82 4 Vanadium V 23 1 Lithium Li 3 2 Xenon Xe 54 9 Lutecium Lu 71 2 Ttterb1wa Yb 70 7 Magnesium JIg 12 3 yttrium y 39 1 Manganese MIl 25 1 Zinc 1Al 30 5 l(er~ Hg 60 7 Ziroooniwa Zr 40 5 

lA) lIost s cable 11otope - H.L. 0 1,):1 yearl. (8 IIolt stable 1sotope - B.L. 
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n\I~:I~:G OUTLllTE 110: 

L3CTIJRE: 

PUC:: 

.;STRUCl'ORS· REn~'::I;CES: 

STUDE!ITS' R=:r.; S~:CE:; : 

:!..cctro- .. 1S.~r:ctlc P.a iint:on NIl 

:\0. :!ioacti 'I: it:·. 

Cla:;sroo::t . 

.1:i..·a ... ra : .. .J . Ol - G.,n. 5. 07 _ 
::i . ll . 6 . :1 - 3 . 0. , ] a ; i'lo-ico.l 
_c.~(:'!"'r... ~'~~..:1ual, ':ol!4:. I; ptlr-es 
:: l-:: ~ , "All l::ln;s" . 1 J . _~. I e:~ . 
N8. ~;:l :c~:l !" :::-.c n 't ; i u? c.!" 1, 
"At -!"l ie En'J r ,::,' for ViIi tar:' Pur ­
?OSI)S ' • .::cyth; :'n.ra ·'"8.:,1 s .... ... - ;::i , 

1 '- -1 . t:l~ -71 . 5S -~6 , 107 -115 , 
1~0 . "Im;ro.ct:·'n "':0 Ato:nic 
:hy!:;':CS" • ':;c! .• a t ; ha.ptcr l ~ . 
t' "cnc r..!l r::'hc::.iztryll. W<+.:"l'l ~ . 
(.-ec ?ootnot~.) 

?abC::'; : 1-2 . • It J'.11 :: 1 s" . 
1 u ly ::.~.:; . .' .'c.. [;e'1ar~ .ent . 

1. To CCJ::lplete the ?ic r of atoci c struc~re. it i s necos~3.rJ' 
to look into the matter of radioactivity . This is especially in.­
portant since radioac tb'e conttl.!:Ii nat io!1 i s one of the pr inci::>le !.azo.r ... 
rosultin froc ~ atomic explosi on . :t·s of cajcr im?ortance becaus~ 
an overdose of ra ~ ioac·.i vity is j ust as lethal as he effects of morc 
conv'JntiorAl weapons . Several to~ ap~licable ~o thi~ field must bo 
de!'ined. 

2. £ner,.::.s the firs term encountered an. nay be defined 
as "the Ilb i li ty 0 ' 0 \'ior k" . There are lJlll.Ily forr..:: of enera _ e lec­
trical (.ne r~~: , i.eat ener.;;y and cheniC:l enero:y arc he best knov.n. 
Chenical enere:; i~ stor ed i n wood, coal, oil, plants and food and is 
released by the burn ine of these materillls. The Lurnin of these sub­
stances chan,-es he chemical enercy into he t c ne r .:;y anti this heat 

"'The explanations in tilis lecture have been sim.'1ified insofar as 
practicabl(. . ~ithin the objective and scope of this course . it was 
felt candatory to do 80. It is encumbent on instructors to familiar­
ize themselves thorouGhly with all the basic prinCiples of enerGY. 
work . electro_gnetic radiation , radioactivity and ionization in 
order that they may answer any questions presented by technically 
qualified students. 

17 
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Ollrr -:v ::It..y ~ used to ~encrnte clec rical enerGY \'/hi ch is used to operate 
~C' ines y,) ich perfoT!"' ·;:ork . :::nor;;~' ;':hich is storod'"'l.lp or which only has 
th ... ~~ili:' 0 do \-;or :: is "hat we call pot ·ntial enere;y, but energy ?oilich 
is a ctually Join ":ork, \'.'C call Y:in~tic cner e;.v . This work beine performed 
,".-,./ .ot b!! useful at nIl, bu'" S<ElC definite thine i s happening which re­
ql,:rcs ,me r c.: · t o l'l8 '~", i ha?,cn. 7he inrortanco of this point lies in the 
ttct t.at n particl , o~ so"'~ aefi '1i t ':) 1'II.5 S, movin- throu.:;h space ',':ith s"me 

(:e1'i:-.i1:0 loc it~· is said +:0 possess kL'1etic ener ,71. SO!:lO of the -inetic 
(,:10 1'<:;:' \,hic:~ th':~ shoo in- particle has i- ocin !" consu.''lcd (do in;; work) on 
tl.<' nir :11' 01-1..; .ic!~ it is passin' with t he result that the tenperature of 
:.0 air i' : In,; incrc, sod . Th:s loss 0:' ene r ::J' to t.'1.e air is very small, 
'-~~\,<~ 1', nl1 mo::t 01 the n r 'r is s im:>ly bein- t ransferred floo;;] the start­
:'~G r,)int 0; t.':e par~ic lc to he point .. nere it eventually strikes sOrlethinG 
-.I I ~toi's (l'i-ur~tivt'ly 'hits a brick \''-0. I") . It is ,:er fore easy to visu­

a i;;c tle ,a!:s!'lis:;ion of oner- b:1 fust movinG ?&I'ticles which e ive up 
": ,·.! ':'r ·:i,.etic cner"" on collision •• '1 th stationary tar:;ct:; . Less Obvious, 
I u:.; 1. all: ' truo, is t.c transfer 01' cner.::;' by WDXO r.Dtion . 

"'a~'o ;,otion i::: "lost eas ily exp :l.in"'c b' a c onsideration of radio 
~n" - . These -...n,' - a r ::ually " icturo by a sna~:oli::c dill"' r ::t o 

S':'~U(;7 R - ~ 1 P::O- ''::S C!L '.'" 4 - 1 

., :lL i:-:o i t is well to stnt ... that no on(' i:: qui e sur e as to what 
t hes/" ···."a\·os arc . We lUi ~1.t as: "ho· ... do ... e mow such waves e:tist?" ~!l.the ­
r..a. ically , their c;'istencr> nod "r o?(> rtie:: ca." be det.:-r~incd just as we 
JOlOI'I tho. the "wild b l <:' ,'ondor" c. is'..s and ha:: corta ~n 0 vious prop r ties, 
but 118 arc no rorc certain of · ... hat ":ave s a c U:l.lly ~r~ than we are of .... hat 

he "wild blue yonder" i:;. Fortu:-:.a l y we arc on l y interes ed i n tile 
effocts of ,·,avos, not their COl'l?osition , in thi:. cour-e . Let us consi der 
Wl\'-e moti n a:; a bean of oscillat in- particle s , COM!,osition UIv.!!o\\n , 

rav lin£; throu:;h space in s ra i;:;ht lines with a ConSt:l.llt =locity of 165 , 
2 miles per second. 

4. Each type ;,f \'/nve :; 
C ssive peaks of OSCillation . istinguishod by the distance ob:~"n sue ­

This distancc is knovm as the .... u·.·e lon-t}. 

(nr",TRUC1'OR - R=::::;;R TO ClUtT 4 _ 1 ) 

d Covers the entire scale of distance from almost zero inches to hun­
J reds of miles. This _ve motion results in the t ransfer of enerC)' and 
so we define 'the transfer of enere;y by wave motion as clectrol:lllGnetic 
ract~~tion, or as it ' s normally called, radio.tion. Zoos of he etter 
r::nO'o':n forms of radiation are cos!!l!c rays, radar wave::. ::-rays, ultra­
v'olet rays, visible Ii ht rays (the different colors beinG due to ~ir­
ference in .... ve lengths). infra-red rays and radio _ '·es. The followin l:; 
lable 1'1111 e;i ve you Some idea of ,e wave lanCths of these different 
forms. 

(I STRUCTCR - REPRODUCE CHART 4 _ 2) 

18 
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The next-step is to detercine the amount of energy transmitted by the 
various forms of radiation. The shorter the wave length. the greater 
the amount of eDergy transmitted. Several analogies could be drawn 
to illustrate the pOint. one heine that a ship Sailing through a lon&. 
slow ocean swell (long wave length) does not take half the pOWlding 
that it does when going throu-h a choppy sea (short wave len~h). 
Thus X-rays. which have a very. very short wave length. have a very 
high energy content compared to radio waves. which have a very long 
wave length. 

5. The fact that. radiation has several forms. each distinquished 
by its characteristic wave lenbth. should not be allowed to confuse us 
on the General properties of radiation. These properties may be summed 
up as follows: 

a. Velocity - 186.272 miles per second. 

b. Visibility - invisible except in the visible Ii ht ranee. 

c. Energy content - depends on wave length. 

d. PhYSical perception - none. except heat in certain ranres. 

e. Composition - unknown but may be thought of as OSCillatinG particles. 

(D1STRUCTOR REPRODt'CE ABOVE DATA ArID QUESTIO I CIAJS ITS 
UnDERSTAlmrnG OF TilE r.:ATr.'RL\L) 

6. ODe form of radiation which is not CClllll!lonly kn01ll1 but which 
~ will dt'lal wi th ~r1marily i8 glUllll& radiation. G4uurr.a raailltl.on is 
most Dearly comparable to X-rays but has a shorter wave length and ia 
therefore of higher eDergy content. 

7. On the theory that gamma rndiation may be considered a bean 
of high energy oscillating particles (as discussod above) travoling 
in a straiGht line. the assumption is that gamma radiation is not 
greatly different from a beac of electrons. or protons . or neutrons 
or any other high energy particles. Certainly the gamma radiation 
is somewhat different because: 

a. It travels faster. 

b. It OSCillates. 

c. It baa DO detectable size or .. 8S and nonnally cannot 
act &8 an atomic bullet to smash particles loose from the nucleus of 
an atom. but the g&mlla radiation IS transferring enl'rgy. and this is 
what we are interested in. Because of thi:; fact. any beam of high 
energy particles .. y be considered as ionizing radiation. "High 
Energy Radiation" .. y be defined as any ioniziDG radiation which con-
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ains enou~h energy 0 cause bodily harm. 

8 . T"e ele::l8nt Uranium has a most unusual property in thllt the 
atoms of Uranium spontaneously e;ive off nerr;y. This is not a freak 
case . however . since se~~ral other elements such as radium. thorium 
ani radon do like\rise, but V~ will consider the case of Uraniun 0 

.,."ical . 

9 . Ha lioactivity is the torn applied to the process wherein 
certain atoms eoit energy spontaneously. The nature of this radio­
acti vity was established after much research and found to be three­
fold in composition: 

a. Alpha particles traveling at~igh velocities . 

b . Beta particles traveling at very hi!;h velocities. 

c . Gacma radiation traveling at the speed of light. 

All three of these cooponents fall under our definition of high 
energy radiation and thus radioactivity is high enerLY radiation. 

10. An aloha particle is the nucleus of a helium atom, contain­
inG 2 protons ~nd 2 neutrons very firmly bound togethel. These alpha 
particles have an initial v locity of about 1/10 the speed of Ii ht 
and possess rt"at kinetic enerr;:l but have li tIe penetratinG power 
'ue to their relatively lar e size. 

11. The beta particle turned ~'It to be nothin but an electron 
l.n different form. There is a difference between beta particles and 
elec rons as concerns thei r oriGin. Beta particles originate in th8 
nucleus, while electrons are outside the nucleus. Beta particles 
have an initial velocity of about 9~ of the speed of light and pos­
se ~s substantial amounts of energy. Because of their small mass. al­
ttough not because of smaller size, beta particles have much greater 
penetratin~ pov~r than do alpha particles. 

12. ar.ma radiat·on is true electromaGnetic rad i ation traveling 
·.itl tLe "p;:ed of Ii :ht , is quite energetic and has enormous penetra­
~ n.:; power. 

13. Some 1dea of the rela ive ?enetratin~ power of these part~cles 
is sh \Jl by lh" follov.'in- diagram. 

(INSTRUCTOR - P':;PRODUCE CH,\RT 4-3) 

I-i. I is beyon"' the scope of this course to explain why oertain 
ele~nts found in nature spontaneously emit energy. The s~plest idea 
La can be presented 1s to say that at the instant of formation of a 

rll. ioacti're ato::l, that atom was forced to store up more energy than _s 
re uir d to bind the protons and neutrons to ether. The excess energy 
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1£1 rot needed and 'hereforeescapes as fas+ as it 1s poss1ble to do ec. 
When 001' -radloac '.: 1 ~e elemen 8 are S1Ili t or f1ss10ned In the }8bora tory 
+he enff1le3 be.lBnce of >be rellll1n1ng nucleus 18 alwaY8 811ght~ "out" and 
the nucleus becomes fU" It1clally racl10ac 1~. Tbe -- escape lIE'Ocedure 
1r1D8dis>ely star·s to f\mCUon. In e~n 8 vhich are nat-arall1 racl1o­
ac t1 ft the escape lIE'Ocedure 18 vcy 8loY, requirlne 1I8D1 tbDuaandB of 
yearS .0 cam'Ple e. In eleDalt8 vhich are _c1e art1flcial~ racl10acti ~ 
the escaJ)6 procedure ls relati ft11 fut and ., be coIIIP

lete4 
in from a 

!rae-lon of a aecolld to a f~ J8I!II"8. 

15 . 'l'h1s escape lIE'Ocedure 18 called "Badioact1~ ~C81" and the 
ra e at which it occurs 1& called the c1eC8Y rate. If ve take 1000 ra­
dioact1 ~ atoes of an elelll8Dt, A, and e2lUll1ne the decay JrOce8s, we Yill 
find +ba+ a.1'~er ecme c1ef1n1te period of t~, balf - or 500 - of these 
atoms Yill haft completely deCayed and Yill ba~ clJlS,Df!ed into some cl1f­
feren. elemen , B. Assume tbat this require8 OM l:J;)ur. We D)V ba~ 
500 racl1oact1 ve atoms of elelllBnt A left. At the end of tbB second l:J;)ur, 
we Yill be'ftl 2")0 radioactl'ft1 atome of element A left and BO on, as sl:J;)VIl 

by the following table. 

At the 
End of 

start 
1 hour 

2 rours 

:; roU1"a 

4 wurs 

5 wurs 

Badioactl~ 
Ato_ ofE~t A 

Lett 

1000 

500 
250 

l2'5 

6, 
,2 

It 1s aPlllU"ent that each wur, oM-half of the remain1ng racl1oact1Te 
atoms are c1eCAJ1ng to a diffcent lsoto'PS' 'l'be timB that It takes for 
one-half of the radioactive atoms of an elalent to deCay 18 called the 
"half-life". Each radioact1ve lSOtope baa a cb!lrl!.cterlstlc ball-life 
of 1 ts OVll and U> two are the ae.me. '!'beee ball -11 ~8 co.... an BD)rIIlD

UB 

range of time _ from a traction of OM second to tl:J;)uaanda of 788Z"8. 
Tbe military slgnificance of thi8 Yill be brOush

t 
out later'. 

16. 71n1\1ly 1 t ls nece8ear, to cl1sCUBS the JrOces8 l!D)VIl ae "10n1-
zat1on" in or4c tbat the metl:J;)da u.eed for the detection and meallUl"e­
aent of hlgh energy racl1ation _y be un4c8tood. A 8 .. 1es of charta 

Yill hal'P in an un4cstand1D6 of this lIE'Oce8
8

• 

17. I.on1~atlon 18 a lIE'Oce8s in which orbltal electrons, of atoms, 
are struck by high eJJergJ racl1atlon pa8Sing tbrOush their orblts, and, 

21 
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as a result of tl:ese collis-ions , the orbital electrons are ejected from 
their orbit. 

(I!rSTRUCT0H - SBS CHART 4-4) 

18 . Those ejected electrons fly over to an adjoinin neutral atom 
and arbitrarily attach theselves . This causes the neutral ~tam to be­
come ne ~atively charged (the electron is a neca~ive charge ~f slectri­
city) nnd leaves the ato~ rro~ Which the electron was ejected, positive-
1:; hIlr ed due to the proton.; in the nucleus . 

( !~STR CTOH - SEE C!1ART 4-5 ) 

19. At the conclusion of these two steps Atoms A and B are said to 
Le ionized . This is important since these ionized or electrically 
char ed atoms can be effected by magnetic fields whereas neutr~l atoms 
cannot. 

20. HiGh enerGY radiation is capable of ionizing all material 
hrou.;l which it pas ses . To ionize this material, however , takes energy 

and the incident hi~h ener~ ral~ation if finally stopped or absorbed 
when i loses all of its kinetic energy . Thus an alpha particle causes 
hoavy ionization but only travels a short distance since it loses ",ner 
'Jer:: fast, a beta. particle causes li h or ionization but travels farther 
sinco it loses energy ~re slowly, anJ g~ ra'iation which causes 
srill li-hter ionization travels quite far, because it loses enorgy very 
slowl.'. Neutrons are also a form of hibh enere;y radiation and arc CO::l­

par ble to b~a radiat on in penetratin prOpdrtles . 

Are there any ques ions? 

1 . What is '3nergy? 

2. VnlAt distinguishes one type of wave from another? 

3. ','{hat deten:J.ines the amount of enerby tr&nsmittod b' ."I.'6s1 

4. What nay Ca.":.IlIII. wa.':es be Musidered similar to? 

5. ",'}!At is hi.,h onergy radiatiotl~ 

G. four part'cles which nay be found in high energy r adiation? 

7 . ilhat is tho relative penetrating power of alpha pa.rtlclee. beta 
particles and ga.~ radiation? 

22 
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RE 

~ 

Electric WaYe. 

Loos Rad10 WaYe. 

Broadcaet Rad10 WaYeL' 

Short RadIo WaYep 

Ultra Short RadIo Wane 

Radar Way .. 

Heat SDd Intra-Red Wayee 

Vleus1 Llsht WaYe. 

Ultra -V1olet Way .. 

1-Ba72 

GamaaRa78 

Coem1c Ra,-. 

RE 

Waye I.eatn,h 

600 1II11ep 

10.7 lIile" 

1·9 to 3.5 1111 .. 

3 to 32 feet 

4 iDchep to 3 feet 

.003 1l¥)~ 

.00003 to .012 iDcheL' 

.()()()()l to ·00003 1l¥)he. 

·0000001 to ·0000l lDOhee 

·0000000001 to ·0000001 1nchee 

·000000000001 to ·000000001 inch .. 

le .. tlan ss-

D 
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TIME: 

PLAcE: 

~TORsI RD'm~!S: 

5 

NUclear React1one, AtO!D1c F1pelon and 
Cha1n Reactlont'. 

F1tty (50) mlnutee. 

Paragraphtt 7.01 - 9.14, RadIo1og1CSl 
Deten.e Manuel, VOl 1; Pagel' 24-47, "All 
Bandt"', 1 JuJ..y 1946 , Nayy Department; 
Chapterp II, !V, VI, VIII, XII, "AtomI~ 
JlherB)' tor Military Purpoe .. ", Slvth; 
PeragrapJJ. 115-126, 127, 133, 135-

14
5. 

"
Int

roductlon to Atomlc Phnlcp", Selll!lt . 

Pagel' 24-47, "All Bandt'", 1 J Uly 1946, a,,'YY Department. 

Chartt' appended hereto. 

1. !h. ,....., .. t"" t"" p.rt ....... be", d ... o'ed to. " ud>' ot 
.t .. te 'truetur., .'ectro-oo,,"te '.dt.,t .. 'nd r.dtooe't.t" . 'h.,. 
Ph ........ re ..... tt., to .0 ...... to .. t .. at Ouel"r ... et

t 
.... stomic tleelon snd cha1n r

ea
ctIOQ(t, 

2. """leor r"ett..,. .. , be thOUsht ot •• e ........ to <b. nucl.t 
at .tom.. "'-. e,,"- .... '......"t 'bout " ttrt"". "'Ullet" tnto 
• to""" OUcl.t. 21th.,. _t ...... , protoo.. "p .. ""tel •• or .... 
PO"tel •• "" be ..... tor "ull.t.· ....... t .... "'t tyPe ot eM ... 
t ..... ut ..... A >artot, at t,... ot nucl_ '-t, ... or ........ ; 'h. IIIOre ll11portant OOee be1ne: 

a. ReactI00e 1ndUCed bj neutrontt. 

b . ReactlODl' lnduced by protOQ(t, 

e. Reactlooe lndUCed by electro-IIIISDet1c radiation, 

d. React1on. 1nduced by e1ectraa, 

c. Reactiontt 1nduced b,r alpha perticlee, 

3· -eot_ """tt_ .... ot ......... ot "' ..... t bee ..... oeut_ 
".oU ............. to ...... k_up. u .... t .... _ .... t ...... , e.u ••• 

o .t"'te "''''''t"". ro oddltt"" -troa .....,tt_ .... r--'1>l. to. 
certa1n ad41t1oaal h4&arU tOllOV1ne au ataaic Qplol'100. 

~. Pro .... "-"- .... at tot ..... t bee ..... , due to th.tr "'d. 

23 
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variet)', the)' maD possible all a:>rts of "bullding" in the f1e1d of 
DDc1ear chela1sa-)'. 

5. Reactions induced b)' alpha particles, beta particles and 
e1ectro-lle6D8tic radiation are ot -.a1ue in the field of nuclear re­
search aD4 do not sr-t17 concC"D us. At this point It Is ve11 to 
point out that "e are not apealc1ng about the e!tecta vhich neutrons, 
]Ir'Otons, alpha particles, electrons and electro -JIIlBDetic radia t10D 
]Ir'Oduce in the mu.n boq. 'l'be P781olog1ca1 ettect ot hish flDlflrfD 
radiation Is due to ionization ot tissue (a ]Ir'Ocess in-.olTing orbital 
8lectrons ot the ato_ In our nesh, bones and blood) and mt ~ 
CM.neeB Yithin the nuclei of boq ato_. 

6. 'l'Wo geaaral t)1les of neutron induced ~ctlons are worth 
add! tiona! stuq. These are: 

a. S~le neutron capture. In such react.ions, the targst 
DDcleus"capture7 the neutron ·bullet". Thi8 ~s to Increase the 
target nucleus's -.ss (atoll1c "eight) but 1ea"'88 Its atomic number 
(aD4 theretore, c~ca1 Pl"Opertles) ImChanged. 'l'be ettect Is to ]Ir'O­
duce a heart .. 18C'tope of the e1~t belDs boabaZ'ded. An 1 a:> tope 
Pl"Oduced in this .uwer Is uauall)' radioactl'nt and tharetore &meerous 
to }lC"...,JDI81. '!'be all1tar)' 81gD.1tlcance of this t)1le ot reaction 1s 
apparent "hen It Is understood that a neutron f1uz or "baH" occurs 
in the Tlcinl t1 ot an atomic detonation. This flux bomberdB every­
thing vi thin Its range, OTer 1000 )'RrdB, and induces radioacti Tl t)' 
tbereln. 

b. Beutron capture vith Fticle em1sBion. 'l'b1s t1Jl8 of 
~ction Ill)' be tbought of as an atom smashing reaction. A neutron 
"bullet" sa-ikes the target nucleus and kDocks someth1ng out. In tbe 
ma.:or1t1 of cases, this Is a one-t1mB attair vhich bee1nB vith a neu­
tron hitting the nucleus and ends Yith a ]Ir'Oton, or alpha particle 
be1ng ejected f'roDl the nucleus. A tflfl rarer cases enst vhere NO 
DBUtroll8 are ejected f'roa the target nucleu8. Flnall)' a half-dozen 
T,,)' razoe cases are movn vhere lIB 'l'BAlI 'NO neutrons are ejected. 
'1'b1s last 08_ Is "'er'1 Int.ereetine Indeed Binee ve, a:> to speak, get 
mre than "two tar one" and the cba.nces of l"'UIn1ng IS mn-etop DButron 
parla)' are better than "sporting". In effect this JIIe8ZlS a reaction, 
wherein mre bulleta co_ out than vere put ln, Yill continue once 
etarted. Factors be,ond the scope ot this course are present vhich 
]Ir'Ohibl t mst ot theee 1nclp1eot chain reactlone f'rom 4evelop1ne but 
two 1eotopes, m" aD4 PIJ2'9 rill do eo. lIucle1 of these two Iso­
topes, "hen struck b)' a neutron bullet spl1t Into ap]lr'OxUatel), two 
equal parte, eject. mre than two neutrons "hich were left OTer as 
spare parte aD4 l1bcate a large 04>lDlt of surplus 8D8Z"81 (cons1derlng 
t.he 8IKIlDlt ot _ter1&l tmolTed). '1'b1s 18 the tlaeion react.ion vhlch 
aabe PD881ble an atoa1c weaPDn. 

(lElli1CNR - DPROmcB CBARI' 5-1) 
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:':1C e;ected r.CUtr:>l"d; CX"e Very 1::!po::,t.- nt "lJ1<l 3.l'o 1..:le kc:-, Vi th .... h1ch .... e 
llr._OC": ::l.!c one. c.:: • -'::!.ie 1s ?Oeo_ble :;-eC-luse the:r 1.re exnelled lo"it'l 
ntt:'f1('ient: force t;o "ct :1s new bulleto al~d ell t~e the [isBion of !!Dre ~han 
;)no - di tioml V23:J or Pu.2;9 £lCO" 'i'he :>:>Ilner n w!;1ch "t:J.!s reaction ::ny 

1:: Ol1olo'Tl on "tile follow1nc chart and t. !'l 1s wlm we c"ll a c!-..a1n 

~'.:e::'e are ::un:: COlJ!llicat:11"{, fectoro in the product1on of 0235 
rtn Pu:>"Q or. r Dr-ele lar-e eroUCh for uoe in atonic wooPOns. One of thoso 
- c t;ors iu t:he a.bsolute ntlr1 ty to v;lich t Ole iootopec !:lUst be refined. 
'. 0 th" "'''' ',",citS of = '-r",; ""3' ""'nc co .... au,. .". •• ~t only 
. 0 t),e e':tcnt of 1 "Dart: in 140 T'trts of nu t:ural urazu tUn, while Pu239 l:!Ust 
: .-: ;--" 10 in .11eo 1'l-o::t tJ:3S one ~um "It .:l ti;,e a t.:l.sk that staggers the 
b ' " , ,' tIon " to !" difficult,., """"we and ""'unt of equi-.t re,Uired, 

In or er to c Une :l clJ.:lin rooction, oui te a large quantity or r~ble r;"ter!al r.tUst be Used . If a O;"Ell quantity of l!IB.ter1al 1e 
t St of t:le neutrons esca e t:1rOUCh t:' e surfece of the materiel 

'"' nd t':c re"'ctlon ate , s. :'he reL.'\tivel;' lcr e ratio of surface area to 
1 -..0 in :l ~ 1 r-eo:"!etric solid allows title neutron escape. Ir you 

:."1. \"e ., s ,,'""O.·;;.'1-:; L"l.- er1unnti ty, hovever, the neutrons Tll"odUced by the 
Cll'-, 'ton -0>" "'- '=""'t fl: OUt of fhe "''' ' "hey ,p11t ..... ato"" 
:heGe "tIrOduco roro r:ou trons !l..'1d s Ii t mre II toms and so on until an e%-
,1"'0 'T'Y O"ur due to the oUddcn r. ~ •• of .""r/7, The .he at -hi,b 
th" Urn ~ 'l ::nss is . .'ust 1m- , e enough to sustain the chain reaction is 
c"lled ~'e ~ltlcal ~Gs. Less t~"l.n ~ha~ mass will not sustain a chain 
r'C) 'lctior beca lse PI""ct1cally 1:.11 the neutrons prodUced by .fiss10n escape 

!lroU(::. t:,p 'lur:''lce area Vi thout CaUsing addi tional fission. t-bre than .r:t~cc l ~"1.SS viII sUstain" chain reaction since alnost ~11 o.f the neu­
t::- ns nroj end by fiSSion ViII causo additioP~l fiDoion . It is important 
tv lmdoc,::t..

n 

d t:::lt there ore !:nn,y otray nl'llJt:rons 1n the'11r and 'l1ly one 
or t :, s e ~ t:'a:J r.eutrons will start a chain reaction in II £!rooter than rl ': cnl ':'"':'3 ~ . 

9. W':et.:.er o.~ rot t':ere is an exploSion deuonde on whethor the ! ! ~ ' , r(.'a tior. develo 0 in a short enoU€h time . If the Imss of f'iosion_ 
'lb ' e :7'lterilll 19 !!lade strOI'-€ . over-cri tic:::.l in siZe the chain reaction 
'''''c,",-, Vc" r' p'dly, Ene-", Ie then r.'~'.d et an e",Jo.,ve ret- and 
t he f 3ium, Ie IT. te lal e%J'3.l::d:; unt11 it becooos diluted; with dilu tion 
:--ore neutrons occa;:>e through tho auri':l.Co orea :lnd the reaction otops. 
It beforo thin eX>:l.nsion otous tllO re c ion, a tre:llendous quantity of 

enEl!"7 1e relelloe 'md B V1ol~nt. eX";llosio . reSults . This is r . .Dl' the Btom-
1 OO::!b v>rkG . Jo your bomb l:!iFht lOok like this: 

(II:sTRU TOR - IC:PR0LU,,"E CHA..1?r "-3) 
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10. A question at thie point III1ght be, "Why doemot the bomb blov 
apart and the exploeion stop before it gets SZJ.Y greater in vIolence than 
that reeultlng from a band grenade~· ODe answer 11es In the fact that 
nuclear reactione occur in very ewrt interft.l.e of t1llle. One generation 
of neutrons ¥ill cauee fiseion of uranium ato. in about one bunch-ed 
lII111ionth of a eeooncl. Bach succeeslve generatlon of neutrone ';111 be 
twice ae large in DUIIIber ae the preTioue generation of neutrone and this 
means that If ve startecl vltb 2 neutrons and. cklubled the number for 100 
su~cesei~ t1lllee ve would fiesion a fantastIc number of uranium a~s 
v1 th the lOOth generation of neutrons. This would liberate a vary large 
&m:>unt of energy and the ent1re process would occur in about one mil­
lionth of a second - a very ebJrt t1llle indeed. By placing a heavy 
t.ampell" or sbleld arouncl the bomb It Is possible to wId It together for 
a ff!IV add1tional millionths of a seconcl and this additonal increment. of 

1mB lII8IUlS the difference between a slII!lll explosIon and a very large one. 

11. Batura 1 Uranium cons1ata of tm-ee isotopes; U-234, U-235 and 
U-238, "hich are present to the extent of 0.00$, 0.71> and 99."" re­
specti~ly. Uranium ore iB vary scarce, and, if ve use only the iSOtope 
U-2;'j, lese than l~ ot thiB scarce ore can be utlltzed. ObTlously it iB 
dee1rable to find SO_ metlaJcl vhereby the U -238 Isotope can be ueed and 
thus all but a traction of the ore utilized. 

12. Under certain conditions U-238 can be made to tlBsion but these 
conditions are euch that they DBke the use of U-238 in a bomb 1mpr"actic­
able. Bovever, It is poeBible to aD a nf!IV element, Plutonium, from 
the U-238 and Plutonium maDS an excellent mat.erlal for bombe. One 1IIUl­

DIll" In "hicb this II1ght be accomplished Is Illustrated by the follo¥ins 
chart: 

(:uetR\ICroR - RKPBJmt:! CBAR'l' 5 -4 ) 

13. Students ¥ill not be held reeponslble for kno"ledge ot theBe 
eactions, and tbe;r are only ewvn lUI a .tter ot intereet. The 'ftUIt 

Atomic Energy Oo.-1e81on plante at lIIIntord, Vaah1ngton, called p11es, 
are used tor the prodllction of Plutonium. 

Are thc"e 8.D7 queetions ~ 

1. lIbat three thinsB happen when an atom of U-235 f18sions~ 

2. lIbat lUd.ts the aVftllAbi11t;r of atoll1c energy~ 

3. ~ 18 it nec.ssar;r to prodllce PlutoniUliT 

J.. can _11 atomic bombe be .aeT U BO, v117 ckl ve not use them? 
U not-, v117 not! 

5. What 18 lII8IUlt b;r Uw: term crItIcal IIIoI!L8sT 
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6. What 11 the effect of lIIBltlag a bomb much larger than crl tical in 
11&el 

7. What are two t,pe! of neutron induced re8ctiont!t 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

~ 
m 

ACTION 

ON~ 
NlIJT~N 
&JJ.lEr 

ONE ATOM 
OF 

LlI2,AN/~ 

MASS Z3S" 

FISSION OF 
./dRANIUM l3S-

CHARr S-I 

RESULT 
I. F"IS5/()N z:!:rs 

~-~e 
fJII6 ArOM 
o~ 

I(lerprON 
~~ss .91 
~ MJIOIIC,.,iE) 

@ 

+ 2. THREE 
N'UTRaNS 

e 

® 

,\'.1 
::o~-
".1 \ ' '1' 

m 
o 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE 

Cfl8_Lfj/_ CHIJRT 5-2 

g[fJ,CTION f /@ /'., 
® >' ~® 

/ '7 ~@ ~ -L /® m ~® __ 6 :D 

@ ~ ---+-® 
m 

NEUT~ y Y ~® 

AT~ 6 ® 
of ®~ 

./ 
m u-BS' --..® 
C F\!.SIOH ING \....7 '-:..® 

m 

NEUT~t4S ~ ,. C 

AOO,TW)NAl. NE\.rn~.ONS 
ATO~S 

OF" 
U-2~ 

F'~I()~m-16 

• • 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE 

CHAR.T S-3 

'CA4---TAM PE R.. 

~--M- EXPL05'~E CHA2GE 

ffuffi~~~~~~--- SU~CR\T""L UeI\NlLJ~ MASSiS 
t. ~TOM\C Bo l"lB 

URP\N\UM MASS 
r~p7~~~~~.::. OV E R - CR I T\CJ\l. 

~10M\C 
~QMB 

2. ~ ISS/ON BEGINS 

r/ 

~ 
m 

m 
C 

~ ATOMIC E.~PLOS\ON 
I 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNctASSIFIE. 

PLUTONIUM PgQOUCTIQ~ CHRRT S-f 
STEP I. 

~ @ 1~1 N 

ONE 0Nf ATt»'\ ONE ATOM ~ NEUTloH OF 11-1J8 of cJ-Z39 m 
en 

STEP z ~ 

@ ~ @ + 1-m .47 N 14-b M 
0 

ONE ATOfl'l ONE ATOt'l 
OF U·l~9 OF N~PTurl'ut1 

fW1ASS 239 
SlEP 

@ ) + ,-1+" N 

ON E J\TOIV) ON ATDM OF 
OJ: Np-Z?>9 PL.cJTOHnJtI\ t1~ 23' 

• • 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE 

TIME: 

PLACE: 

S'l'UDmrs' ~E:>: 

l , 
., ...... ~" ~.~,~ " 

6 

Explo.ton Phenomena. 

Fifty (50) minute •• 

C la88r00ll. 

Page. 3. 44 - 47, "AllllandJ;-, 1 July 1941-, 
lfa'Yy Department; Chemical Corp. School 
M meosraph. No. 21 and Bo 20'.2; -Medics. 
A.pect. of Buclear Energy". Anned ForceI' 
Special Weap0ll8 ProJect, BatiOD.!ll Mili1:.llr­
~tablt.hement_ 194Q. 

Heme. 

ProJector, Screen, FH::! "A Tale of Two 
C!tlee- (Al'I~ 14). Chart. a. noted In 
text. 

1. Th.le for t!.ili oourse hae been OOOCerned Vith vhBt an atan i., 
wtat radioactivity le, what il meant by a chain reactioo, and the prlncl­
pl of the atocic bomb. 

~. Thi. talk 00 "Exploeion Phenot:lene" vill give a account of 
goee on 1n an etce.1c exploeion and d1.CUff' the hazardl! tMt exi.t dur (.. 
and after atocic explolioru.o. 

3. Certain people hne ltated publicly that the atom bOlDb iP "j' f' 
another big bocb". The A-boab cannot be dboi.eed that .imply. .0 ,)l,h& 
bomb !mown cao eend invi8ible raye through reinforced cODcr6te to kl1 
personnel taking shelter there and no other 8ingle bocb caD effectively 
Vipe out a l!IOd.ern ctty. 

4. Conparine the HE and the atomic explotion vill provide .ome 
intareftlng l:lBterlal. The characteri.tic. of the HE exploelon ere vell 
known. The HE explo.ion i. a chemical reacttoo. '!'hiP r68cttoo, which 
proceeds vith gr68t velOCity i. eet up In the body of the explO£ive and 
converte a ~ll voluce of eoltd material tnto great quantltlee of heated 
gase. . Due to tha temperature and preeeure of tbe generated ga. , a f'hoc It 
VBve i •• et up in tbe air, or other eurroundtne med1um. The energy u­
pended 1n tbi. manner i. quite large per pound of the exploei'Ye, but it 
1. triVial, perhaps only a mlll100th pert of tbe energy developed by the 
sace 8t:IOunt of urani UIII or plutooi UID. 

5- The shock VI!Ive which 1e pet up in the air by an exploeiOll, 
wbether due to BB or to aD atcalc QXploelon, moy" outwrd froc the 

29 
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center of the exp~cslon vI t:. e veloc':' 1..1 vh!ch ; e Genera:l~' Greate.' tb: 
tile Eneed oi eo'nJ., Tj,'e lI:l\"C IE ~ co;-ro~'ctElon lI:lve ~n 1.12 o:r. ,O!T".'ll 
alr p~csEure ie abOI't 15 OundE po. £(.I,;'; re in-:h. In the r.:0"1: V"vc, ~ \/O 
condit10ns exiet. T:lere':'e e reC'on in V!l'ch tbe c : !h'CfEure 'r :7

c
t) 

er. b ql:.ite e fev rounclE per eqUllre inch, tl:'!n nOl':1a_ ~ir 1'CH u'e. 
'i'ten there 1e a Eecond 1'e6':'on In vhich tho :!!r ?roee"re :'s (l pO'me or 
tvo lover t::.an noroal. Ti:;eEe tvo regIons cOOEtit,~tc the Eho,",!: vsve. 
The cree er the intenEity 01 the exploeion. the gre.:Jtcr the incrMH' lr: 
the :'OEithe part of the Ehock V8ve, .:lOd t!~e lower the preFEul'c in "L::e 
nee t:ve reglon. AlE 0 , the more powerf'l the ~XPloEion, he 'en er be 
veloc~ty Vith which the ehock V8ve I:!OVOE O'ltW!",' f!'oJ:! tl: ?otnt of thc 
explosion. 

(n;s'l'Rt~TOR- R~HO.ou;E CHAHT -1) 

b. AE6ume thnt instr\lmentE to oroE! re eir refL'Ul'u a1'(. ret u, at 
Eooe diEtance froe the pOint at v.11ch ECVc:-n POunul; of lIE Ill'e to _, 
explod.ed. TIle exploeion developE the el.ock lo'r.:ve vh 'ch MoveE 0 twrd 
and crOEeeE the poeition of tte record;ne :netr~co e. T:lcEe InEtr _ 
cente viII er.ov &n increal'e 10 pl' £SIL.' vh :C}'':'E fe>lloved l=ed:nely 
by .:I decreaEe in preU:.tre. I :E tl":':'e necative preEeurf' v~ i !. 1'1 Oln" 

O:lt VindClVl! end often CSUl'ee ";;I:e colla ee ot I!tr',~tureE tha~, e'trv 1 ved 
:'ho O:"iginal positive !!hock. The POl'itive ehoc t V8ve laete for I!bo".l 
rne llI'lllonth of n E6Cond, aOll titlE" iF fOlloved by the ne t ve preE­
' .re which lal'tf fo:- ubout three cllllonthE of a Eecond. Thlle, thE' 
En ~ve fo:- the EL explOl'ion co~ef fiS n Ehs~p blov or pulee of 
~re.: (~e ocre.!:!ee followed by a preEfure de<;reoec. F'ru!lly, aE thf' 

h I ~v{' t.nvclc outwl'd, !.tE inteneLty (:Jlb off Ull:'~ j finally 
V311fhr. 

7. ~;.e etOClic bOClb exploejon U EO I'roducce 1I fhock wnve Y •• 'ch ME 

c~, the eace characteril!t~cF ae doeE the HE Wve. '::;~n·e I .to!:'r 
exrloEion is far !!lore intenee it c01.1d bo expec e<! that thc fho..~k wve 
VL~C acco~niee it ehould ehov a hlgher preee~re io be poeit've 
rueE t', and a lover preeeure in the oegRt i ve phaeo. AIEo the eh~k vnve 
Ehot:_d travel at a far higher rate of epccd for the atenic explorion. 
To,ic iF exactly ¥tat ie observed. The pOEitlve phaEe of the atom c 
Ehod. V8ve r:ey Ehoy inerenEoE n prCI'FUl' vhich Ilre Eev ra tlDoE the' 
:r.cre.!!ee for t!le liE: cX!'loeton. The d rnt~on of the pOE'ttv vnve mey 
leFt for ODe tenth of a second , whIch Ie lOO,OOL' tImet aF lone ae the 
of the H1 &rploE!oo. It cnn be et'!ted ths if the POEltlve phaee 1n­
creaeee the aoI~1 a'r pl'erl'Ul'e b:; fIve PO' .dE per Egunre inch, he 
e. ocl:: ¥nVc ViII be COEt dectructlv. There are 144 iochee to the Equal 
foot, Qnd if a poeitlve vtlve of five I'O'~de per eqUllr inch etrikee the 
wll of a b .. lld1 1l6, it me.'1!le ttat every equare foot of F'1riaco of tha 
bulldlD€ on t.he eide faciDt: the exploFion would be et:b. ted to 8 fOl ,to 

of 14 x 5 • 720 pOt~dE. Fur-ther, this pre.eure would pere let for 
abot.;t one tenth ot a E6Cond. 

8. If yo~ al!fu::;e tl;.3t el!lBll bUlldlll6, e1Ght feet h:Ch and ten 
oet long ftarua fn:{I • .; thE> point at vhich eo atomic exp or!cn tskee 
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~ ~ce. the tot.:l.l fcrce ao;:a1nat this side of the building vould be (3 x 
l") x . ~~ or a cut 2~ tens en that Sl':lall surface alone. It is easy, 
then. to see Vh;l most buildings ¥ill not vi thstand the shock vaTe due to 
the atcrllc ex,lcslon 1f they are located anyvhere near the blast. '!'hus, 
at lIircdh1l:la mult':-stened brick buildings vere severly dacaSed if they 
vere vi th.:..., a radh' :f ~e roile fran the point of the eX3110s on. Even 
-.edern re1nf':rced c:ncrete bUildL"lSS vere severe 1,. damaged if they vere 
wit in c. radius of 2,000 feet froc the point of the explosion. These 
c :.'llcrete bulldL'lgS vere desl~ed t be earthquake proof, which required 
ti:CI:l tc be ccre shock resistant than cGI:l:-arable bUildings in the Uni ted 
States. 

9. In a.,: ex:'losicn, there .is a reflecticn of the shock vave fror 
soli.! s 'U"faces. and the reflected vaves reinforce the : rimary vave . I 
l0Cks like this: 

(B'STRUCTOR - REPRCDUCE CBARr 6 -2) 

:md a reinfcrc!ng effect is brought ab ~ut. This effect, called blast 
reflectl;-n, is veIl kncvn in HZ explcs'ons, but its reinforcing effect 
L, the atocic ::eb burst 1s even !:lore pronounced. 

1". :> to this p int. 11 ttle new has been mentIoned concerning the 
effect at=::.o eXplOSions. That is, the shcck vaTe develops for this 
ty;;e of eXplcslcn ab It as it does fcr the Im explC's1on. It Is true, of' 
cO'U'Se, that the sheck vave is c(.re intense, by a factor of thousands, 
and 1s there.fcre, far t:l"re des ructive; but the mechani8lll by vhich the 
sheck vave is de7el::>ped Is the snce as for the E2 er;)loslan. 

11. Hovever. as vas pOinted )ut ear11er, the atocic explosion 1s 
acc~;:JBZlled by radiatloo e1'fecta vh1ch are entirely missing frem the HE 
eXplosien. These effects can be divided into tvo groups. The first 
cansiats of those rad iatlcna which accOtlpBOy the actual explOSion of the 
bomb. and the secend gr.::up those vhich linger or persist after an e%­
?2.cBion . 

(llISTRUCTOR - R:':PRODUCE CBA.Rl' 6-3 ) 

"'he rodiat en accocpany!n,; the exploa1on can be class1.f1ed as follows: 

a. Electrc-lIBg'letic radiation. 
b. ::eu ron flux. 
c . Beta radia t1 on . 
d. Alpha l"8d1ation. 

12 . The electrc -l:BgIlet1c l"8dia tl 00 can further be sub -d1 vided in to 
v~sible light, ultnl-violet , infra-red and. samma rad.iatien. The ultro­
violet is the same ultra-violet radiatien vhlch i8 found in sunlight. 
I has the same effect upan the akin; that Is, 1t prcduces sunburn. 
Th1s burn can be severe enough to kill. An3 light ve1ght sh1elding l1li._ 

ter1al Is eufflcient to protect asainst the ultra-VIolet rad1atlen. 
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13. The rte1ble light radiation 18 responslble ~or the blinding 
flash ot light vhich occurs. The in enslty ot this flash 18 IIlIllY t1mes 
mre brlll1ant than the SWl end, at worst, lilly cause lnjury to the eyes. 
At best lt cauees oDly temporary blindness. 

14. '!'he lnfra-red radiation 18 beet radiation. That 18, lt ls the 
lnfra-red portion of he SWl'S spectrum vhich tranBlll1ts mst ot the hee. 
This radiat10n 18 .... )' lntense in an atomc explos10n. It can eet tires 
at coneldarable distances. It will produce flash burns on e%poeed skin 
tissue at cona1darable distance from the explos10n. Shielding will g1 ft 
cone1darabls protec 10n. It vas tOWld at lI1roah1llll the. 1ndi'rtduals vOO 
vare e%posed to the 1n1'ra-red radiation and vOO yare vee.rlD£ light 
colored clo hine; escaped flash burN! vhile hose vOO wore dark clo hine 
recelftd ee .... e burna. It vas also noticed that loosely t1 ted clo+hing 
gaft mre protection than did t1ght clothine. 

15. The gal!IIIa radiation has the same general charac ar1s+1cs 
does I-ray radiation. li;)veTar, lt 18 mre snarge lc and it will pe~e­
trate greater thicknesses ot shielding IIIl .. 1als. It vas est1llllted 
the. , at the 1ns~ant ot the BabIr exploslon at BildD1, the £8mI!8 radi­
ation vas equ1'9alent to :.het ot se .... al hunc!red tone ot radium. Slnce 
the wrld supply ot radium 18 maasured ln lOunds his 1a truly an 
astronollieal ~1gure. Light veight sh1elding af'tcrds no ]rOtec ion. 
Gaaaa radiation 18 not completely stopped by an,y B.IIDWlt o~ lIh1elding. 
All the shield1.ne does is to reduce the 1ntena1 ty ot the ra41e ion. 
Thus, U the shielding 18 heavy enough and the eDerSY leftl o~ the radi­
ation 1s no too 1ntsnee, the lndirtdual does not recelft enough ra41-
ation to cause serlous effects. It vas est1ma ed that, I!I. Hiroshima, 
twenty-tour lnches o~ concrs e 'WOuld haft been sut't1clent to protec an 
in41 Tich1al at a dist8llce ot ons mile from the exploslon. Par near .. 
points, the thickne&s ot concrete would haft to be greater. J'he lnches 
ot COlIIP8ct clay will reduce the ln ens 1 ty ot the sa- radiat10n by about 
ons-JlaU., but the 1D1t1al intenslty is so sreat that the lntens1ty IIII1st 
be reduced by nearly 100 per cent it the 11141 'rtdual 1s to eecape tatal 
inJurJ. It 1e to be notlced that U tlft inchee ot clay reduces the 
intenalty by 50 per cent, then 10 inches will reduce the lnt8l181ty by 
75 per cent and 15 lDehes will reduce the intena1 ty by 87.5 per cent. 
In geJl8l'al the heaTi .. 1IIltm-1als are the mst eff1clent ln reduclng the 
inte&l ty ot sa- radiation. Thus leS& thickness ot lead sh1eld1ng 
would be required than would be the case ~or paper or wood. The valls 
ot a wood OOuse would af'tord 8%cellent protect10n aea1nat ultra-'rtolet 
and infra-red radia 10n but alIIDst nons aga1nst the sa- ra41ation. 

1.6. '!'be neutron bas been II8D 10ned in an ear11 .. lecture. It vas 
ala> II*1tlonsd that the neutron ca1l88& the t1ss10n ot uranium and plu­
toni1Dl a.n4 tbat neutrona are ejected tro. nucle1 vhen they undclr'go t1&­
&1on. These t1&&lon DeUtron& 8l"e high energy neutrol18 and they can 
penetrate grea thickness o~ attar 'l'bua, at Bit1n1, neutrons pene_ 
trated the steel bulk-beads o~ ships and lDduced radioacti'rt '1 1n table 
salt and soap chips in he plle7B. 'l'ha neutron itael1' can cause harm­
ful etrecta in +he human body, bat it also acts in am hell" vay. It will 
1ndnce radioac 1 Ti t;r 111 IIIIl11 substances. Tbu& a Bikini, and expec1ally 
in tba lBta- test, the neutrons fro. tba explos10n caused the toration 
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-f a re.d1ca.ct1ve salt frC%l the nonual salt in the sea vater. This 
radloocti ve salt t hen .locn:red, :l.:.ri in the process, emitted a ~t 
deal of ~ n,diat1cn. Th\18, the neutrcn flux, which vas generated 
at the inStant of the ex,losicn BllLve rise to a l1n68r1.ng type of rad1-
oactivity. (ne savinG teature is that tact that neutrons do net bave 

a range greater thall one mile. 

17 . lIeta particles are emitted at the 1D8tant of the ex.ploeicn; 
but they are not a seri ous threat. The beta particle 18 a ebargecl 
part1cle nnd Vi ll, t l .erciore, ho.ve a short range in air. The moat 
ener-etic l e tn IJIU"ticles fran an atorllc eX'Jwsial have ranges or only 
:J.b u t l :) - H :-a.rdo 'n air Th s, while they are barmf'ul, their range is 
s o s hort that they need n~t be ser10usly c- noidered, unles8 active beta 

parti c l es are ingested . 

I S . Alpha ~icles alDo arise in the eX?loaion. They are massive, 
compared With the beta particle, therefore the1i' ranges may be measured 
in inches . If' an alpha em! tter becClD8s lodged in the body it can be a 
very serious hazard . but it is not a serious hazard as long as it is 

outside the body. 

19 . Thi s c~ncludes the list of barmf'ul radlatiCD8 which arise at 
the inStant of the explosion. These include BIILIIIIB radiation, visible 
light , u l tra-violet and infra-red re.diaticna, neutron flUX, beta radi-

ation and alpha ra41ation. 

20 . Tbe radiation which arises at the inStant of the explosion ls 
nct the only hanlXful radiation. There are type8 of radlaticna which 
persist after the explosion. This n,dlaticn arisss frc:m three sources. 

They are: 

a. Un!issioned banb material. 
b. Fissi on prod.ucts of the bOClb IIILterial. 
c . Radioacti vi ty induced in the IIIL terialJl at the land or sea. 

21. All of the IIILter1al of a bOClb does not undergo fissl on. This 
un!issioned ~.' t erlal, either uraniUI:l-235 or pluteniUIII 1s reduced tc a 
:povder and scattered by the exploaien. This IIILterial ls an alpha parti ­
cle emitter. It 1s not mlch of a hazard, due to the short range of 
a l pha ~icles in air, unless It ls taken into the body throUgh the 
1\Jll88, mouth or open cuts. It then becClD8s a rea~ dangerous hazard. 
This effect vill be discussed in a later period. 

22. A part of the beal> material undergoes fi8.1en. It bas been 
:pointed out that, in the fission proceu, the a~ of uranium or plu­
toni_ break up to tom lighter ataaa and that tbeee newl1 fo:rmed atCIIIS 
are radloactin. They decay b,. the em1881cn of beta partlcle8 aDd 
sa- radiatlcn. The beta partlcle8 are a leU- lI&aI"4 tI8D the sa­
radlatlen sinCe they, l 1b the alpha particlM, 40 not baTe a ~t 
range in air. The'" n4lat1cn 18 Ter1 ~ tor ocme14el'&ble 
dlstances aDd, since the fi.8icn prod.ucte vill &lao be Y14el1 ecattered 
by the expl081en, lIlLY be cJangel'OU8 over a larp area after an e%ploeien. 
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23. The halard due to induced 1'IId1oact1Y1ty can be great in 8cae 
type8 or explOS1C1l8. This ha~ 1s P1"Ocluced, boY the neutrau. Wh1ch are 
released at the 1natant or the uploeion. Theee neutraur enter the 
nucle1 or 8cae ataae and callae a pb,ya1cal reaction Wh1ch leaves a rad10-
active atan as a product. '!'he 1Dduced rad1oactiv1t1 tor the ataa1c u­
plos1on over land 18 lariable depeadiDs on What tJpe or 80U 8X1ate. Tla 
B11d..ni teet shOWed that tor UDderwater burata sreat amount of radioact1y. 
ity are induced. This 18 due to the tact that the salt in the 8ea takee 
up neutrClls to tom a radioactive 180tope or 8ad.iUJII. This 1'IId1oact1ve 
sOO1\.111 decaya boY em! tting S!UIIIa and beta radiation and 8Ilda up as a 
stable i80tope. Considerable BBDIIa radla tion, due to this reaction, vas present atter the Baker teat at Bik1n1. 

24 . In the air burst ot the atClD1c bClDb, as in Japan, or the Able 
t eat at B1k1n1 , the .. e of tissionable -terlal 18 dispe1'8ed by the 
exploa1on and. a rap1dJ..y srov1ne tireball is tOnDed. Thi8 ball 18 1fh1 te 
hot Si!l8eoua IIII.tter and baa a temperatul'e of vell Over a lItlU10n degreee centigrade. 

25 . As the tireball rad1ates ita 1JEanae heat, it becanee Cool th4l1 
contnlcta, and the BIU'round.1ne debriS-laden air l'\Iahes in 1r1 th burricane 
veloci ty j at the same t1JD& the air above the tireball . being e.rtreme17 
hot, ri ... "'PJdl,y ...... tvo !<=eo .-1ne to -_to the _ t ... ,."" 
i llar or dark 8IDOke Vhich 1s characteri8tic or an atClD1c explOSion. Tla 

c loud i s laden With t i 88ion products and unt18Sioned bClDb -ter1a1. The 
latter r:aterlal is due to the bClllb 18 not one hundred percent ett1c1ant. 

26. Th1s radioactive material is carrted high 1nto the air, the 
colUllll l"eachine IIIOre than 40,000 teet. In the case or an air bU1"8t, 
Pl!lCtically all rad1oact1Ye material 18 carrted up into the clOUd. 

27 . nov t.h1s 18 Ter7 1mportant since that radioactive material 18 
ver,r tine17 d1 vided and 18 carried by the 1r1nd tor lq distance8 before 
it tiDally talla to the SJ'OUnd . N<mally, atter being C&rr1ed IIII.ny AU. 
away trca the bClDb buret, the part1cles are so 8cattered as to be capable 
or 11 tUe ham, but danaer ~ ex1st up to qUite a tn IItlles. 

28 . A &diological Detease Ofticer 1r1ll be g1ven adequate .. eather 
data by the Weather Ofticer. lIe can thea calCUlate With tair accuracy 
Just how tar dangerous contalla.ination Will be C&rr1ed and. can plot the 
"fall-out" and "rain-out" areas "h1ch Vill be relativeJ.,y sate, danseroua 
and extremeJ.,y danaeroua. '!'he -thad. bY"hich th1a t'all-out pattern 18 
plotted 18 sClllMr!at ccap11cated and slow. Due to thi8 the Pl'OCedure 18 not included 1n th1a O0UJ'8e. 

29. In practice, it an ataa1c b~ t'alls on a C1ty, port , or in­
dustrial concentration t'itt,Y 1Itlr. or eo t'rca your base, 1W Vill be 
expected to DOte the P!'eeeace of aD7 1'IId1oact1T1t7 in your &rea, ita 
intensity, desree of daDpr to P8l'8onnel, and ita uteat. 

30. W1th su1table inatru..ata 1t 18 lJOU1ble to detect the Pl"Neoce 
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of radloacth1 ty ~or ~ II1les. It bas been sald that the ato:n1c cloud 
floom the AlaJIDrgordo test VIls traced to Canada. ~ course, ~ter a rela­
tively fflll II1les, the partlcles vere 80 dispersed that m dalIIlee vas don~ 
except In one case, that o~ a photographlc lIIIlnutacturlllB concern vhicb 
used stravboard to pack a large quantl t1 of ~11l1l. The stravboard vas 
made from plants on vhich radioactive partlcles had settled, many 1I11es 
floom the blast. Aa a result, several thousand dollars worth of flll1l vas 
ruined. 

31. The 11Ddervater burst at Bikinl on Baker ~J' bad different results. 

(IlETRDC"roa - RI!!PROmcE CHART 6~ OR BLACXBOARD) 

The bottom ls coral, ILDd vater here va. a l1ttle over 200 feet deep. '!'be 
bomb had been lovered in a sealed cals8)n the night be~ore, and vas hMe-
11lB 8OlII8Vhere belov the ship. Vhen everTth1llB VIlS cleared the next 
IIDrnlne, the bomb vas detonated. Upon detonation, a8 vas anticlpated, an 
extremely great quantlty of enarg)" IRIS 8II1tted vhich formed a ball of In­
candescent gas. '!'be vater vas simply tlrust avay and III1ch o~ It vaporl%ed. 
'!'he 1l1"esBUre in the gae bubble vas over a m1 Ulon POunds per square inch. 
'!'be Burt'ace broke, and the vater vapor vent straight up. '!'he "Prompt­
radiatlon came out be~ore the bubble broke and was absorbed in the lIBSS cI 
water. '!'he shock wave of the e~loa1on vas bounced off the bottom and 
vas reflected Just in tt. to plck up IIILlch o~ the vater that ruBbed In 
to flll the mle that had been lIBde. '!'he column o~ vater rose rapldly. 
It vas really not very dense, in splte of Its olll1nous appearance in the 
fllm; It vas largely foam with only a fflfl lIBsdve chunks o~ so11d vater 
included in It. '!'be vater reached Its peak, then fell &round the rest 
of the ascend1Ds co11llln, and upon reachine sea level It _de a collar 
effect &round the base ot the colWlll. '1'h1s collar, called the base surge, 
IIDved outward at about 80 II1le. an hour, ILDd grew rapldly in Its vertical 
d.1menelon. It reachecl a total helght of over 300 teet and vas over one 
quarter of a II1le &croas on one alde. From th1e base surge, and from 
the stlll overbe.Deine cauUtlovc- above, hell.". raln tell on everythlne 
belovo '!'hls rain vas ot cloudburst inteneltyand very heavily contamin­
ated. EYen the ealt In the sea vater bad beCOIIII!I radioactlve, due to the 
neutron flux, and deC&18d with a haU l1~e of about 15 murs. 9:>me ~is­
sion products attached themselves to vater droplets or duet partlcles 
and fell wlth them. '!'be later progress of a base surge vou1d depend on 
weather condltlone. Wlth mrmal vind velocitles, a dAneer area o~ 
roUBhly 2 miles cro88V1.nd b;y 5 1I11es doVDYind _,. ex1at. 

32. Bad the Bikinl bomb BOne o~~ in a harbor the contaminated rain 
cou1d have enveloped build1Dss in the adjacent clt1, buildings wIth 
windows alread,7 broken by blast. Endurine contamination vou1d ha.e 
re8Ul.ted. 

33. Atter two years, IIOlIIe ct the Blk1n1 Ships vere st1ll heavily 
contam1Dated. 80me bad to be sunk, others are beine used tor experi­
ments in decontamiDation tecbnlques, and others have been cleaned and 
retUl'lled to .erT1ee. 
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34. The follaw1D8 factors relAtiT8 to an air burst and vater burst 
should be stressed; in the air bU1'8t there is 1JImen8e, 90 called prc&pt, 
radiaticn of pDIIIl rayII and neutrcns. The fission products, thelllSelves 
radloacti.,., and un!'1a8icned ballb material, all are taken into the air 
and dispersed by n~nal v_ther processee. Only a relAtiTely anall a­
aount of 1'84ioaCtiT8 material settles to earth to cause si~U-iCa:lt coo-

tam1na ticn . 

35. As for the t:1Jlle a-wa1lAble for self protecticnj in an air burst, 
there 1. absolutely nODe. In the vater burst, the base surge takee per­
haps lD seccmd8 to fom. The rad1aticn, therefore, doem' t fall 1DDedi­
ately. It Jlight take 15 minute. to reach four miles davnV1nd. Closer 10 
the blast area, howeTer, the danger CaDeS Tery quickly. 

36. F1na~, in the vater burst there is very 11 ttle h_t liberated. 
Meet of it is absorbed by the water and therefore there is very little 

fire effect. 

Are there any queet1cns'l 

IltS'l'BDCi'Ol5' QUESTIONS: 

1. Bow doe. the shock vaTe fran an atcm1c explosion compare vi th 
tJat fran an BE expl.:>eicn'1 

2. What four types of 1'84iaticn accatlpany the actual atanic ex­
ploo1enl 

3. Bow far do the flaa1en neutrcns tra.,.U 

Ja.. J'raD What three scure.,. doee the res1dual alpba, beta and gazmra 
rad1a tlen cCllle'1 

5. What 18 ene maJor hau.zU that 1s not present in an unde~ter ~ 
at<a1c exploelenT 

6. What 1s meant by the tem "fall-out"? 

(Ram '1'0 DmROCTOB: F1lm"A Tale of TVo Cities" vill nOV be shavn) 
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TRA:r;rr::C CUl'urm 10: 

IECT'"tJRE : 

TlMS: 

PlACE: 

S'l'OI1EJ'I'LS ' REFEREN~ : 

TRAmmc AIIJ3 ~UIRED: 

7 

Effects or the AtCIII BCIIIb en the lIwa!m Body 

<ne Hundred (100) Minutee. 

"The Rtfecta of the AtClllic Banbs en Health 
and Med leal Services in Hlroeh1ma and 
r" ~Mk1" tESBS, 1947; Chemi cal Corps 
Schoel M1meographa no. 21 and No. 202; 
f.ledleal Aspecta or Nucl.ear Energy", AnDed 
Forces Spec1&! Waapcna Project, lfatlcnal 
Mili tal7 Eatabllsblllant, 1949. 

rene. 

Projector, SCreal, Fllm "A ~le or 'nro 
Clties" (ANSM 7\). Charta as Noted in text. 

1. The tvo atClllic bClllbs used in vartare up to the present time 
killed more than ene hundred th0uaen4 people and injured a m1n1mum or 
ene hundred and f1tt1 thOUS8.Dd. Thi8 talk em the medlcal aspects of 
the atan1c bClllb Will tell us how the8e people dled and Y1ll d18CUS8 the 
nature or the nan-fatal casualtle8. 

2. Japanese in authorlt7 have 8tated 8ince the B1roah1ma and 
lle~Mk1 bClllb1ngB that, nth proper orsan1satlem, the7 could lave saved 
ten perc_t or the fatal casualtles. That M8D8 that twent7 thousand 
men, YCIIal and children who II1sbt have beeD llT1ns to4a7 dIed - swUt17 
or elOll'17 - because the defense was 1na4eq_te. 

3. '!'he est1JBted pre-raid popaJatica or B1roah1a ... about two 
hundred and titt7 flve th0U88D4, 1fh1ch 18 cc:apuable to ProT1dece, 
Rhode Ialand, or Dallaa, 'lema. '!'he eett_W 4_tba nmeed h'OID 70,000 
to 80,000, nth an a441tlC1l&l 100,000 inJured. In~, a ealllNtlat 
amaller tOlIn, nth a nonal populatiem or about 195,000, there yere 
25,000 to ~5,000 dead, and 8C111ftbare between 50,000 to 60,000 injured. 

4. In both cItIes, appro:d-.te17 ale quarter or the people Yere 
killed outright, and about hall" were inJured, more or leu eerloua17. 
The eftecta or the IIOre ett'1cI_t JllesPM'H bc;a, were felt at a greater 
d18tance trc:a GrouD4 Zero, that 18, the point em the groUD4 d1rectl7 
UDdemaath the air burat, than .. the case at B1roah1a, but total 
daIaee was 8C1111!1W!al; leu in the JfesPMk1 exploaiem because the cit, vas 
8Ituated in a Da1"J'OIr rlvar -.l.l.." and portlcm. or the cIt, were pr0-

tected b7 hilla and 8pure proJect1D6 into that ~. 

5. Betore 41aCUS81D6 the deed and Yoaoded, let'8 give ounelT88 
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a reterence pOint, that i s , Just how far frOD he eX"'lcsicn f the ~ II 
does a Il8D have a chance at being unharned. 

6. ATel'aging tleurea tran both Ja~ese bcr:b ines with res;,ect t c 
distance tran GrOIJDd Zero 18 interesting: 

Fra:! GrCUDd Zero to 1,000 teet apPro%imately m k11led 
Fl-an 1 , 000 feet to 2,000 teet apprO%1mately fJ2I!. killed 
From 2, 000 teet to 3,000 teet apP!'O%iatel,y 8&f, killed 
Fran 3,000 teet to 5,000 teet apPl'O%1matel,y IJ~ killed 
After 10,000 teet there Were IIIIUQ" inJured, but tflfl or no tatal 
caaualtlee . 

7. These t1gurea include all peraamel at whem same vere in shelters 
and ~ others protected b7 wal.l.s, bul141nes, or other sh : elding. For 
people outdoors, caeualt7 tlsuree were much h1gher. 

8. This chart l11ustratee the emen&t1ons fran an atomic explos i on. 

(DSfiiJC-l'OR REPROruCl!; ClrARr 7 -1) 

These include: 

Instan­
taneous 

Reeidu­
al 

a. Blast hoaD the uploe1m 
b. E1ectro-lIB8Detlc ftd1atlcm 

(1) Inf'ra-red 
(2) V1slb1e light 
(3) Ultra-Tio1et 
(4) au.. 

c. lfeutrcm.11 
d. Alpha 
e. Beta 
t. Beta and au.. Rad1ation 

(1) FraD f1sslm products 
(2) ~ Deutrcm induced isotopea 

g. Alpha le41at1m - FraD untias101led banb mater1ale 

9. A t the detcma tim at the a tClll1c banb, a large f i reball is r r o ­
duced Which ellllUJatee all the aboTe. 

10. 1'he intl'a-red ftd1atlcms are heat waTee at Te17 high intensi ty. 
JoIa.D7 people were 1Dc1Deftted. 1natantaneous1,y at the manent at the e%plo­
alCD, and otbera llut'rered tu.t, aeccmd., or th1J'd. degree flash bums. 

11. 1"heee flub bume were Te17 productlTe at caeualties. Tl!IIIpera­
tuJoe., ot course, Were Dot &cCU1'2'ate1,y 1IIBIUUred, but the temperature pos­
aibl7 went as h1Bb as 2OOQoC up to over 1000 teet fran GrolDld Zero. Clotir 
ing vas 1nstantaneous1,y 1sn1ted up to 1500 feet away. There vas scorching 
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~ '''':c,:;ra:-h ::- ':'es 6 _r. c 9OtY' feet away. There vere sCll:le 00.1 effec s 
fr: .. the infra-red. waves; vhere they struck the un!lJ'otected skin, char­
r.:.n;:- ~ccurred 8ll

rl coat victiJr.s died quickly. This et"fect vas noted frOtl 
4" feet to 5'::.0" feet frcn Ground Zero. Seccnd degree burns Were in­
flicted ur 0 12.000 teet. Sene }'leraons renorted feeling intense hl!l!l.t 
tc the cL"lt t :;4in, up tc 25,OOC feet. 

1.2. :But there vere sane modit'ying factors sl<ch as clothing. BlAck 
clcthing abs~rbed the 1ni'ra-red rays. and severe burns resulted . White 
cr light cl"thin • co the e ther band, deflected the heat, and vao defl­

• ~e y "f e:::oo. ::,r ctecti ve value. In l!IUly cases an odd :>iebe.ld effect 
vas created; as f r r instance vhere a I!IUl was vearing a striped or dotted 

.. e::lt, the darker :,ortlcn of the rettem vas burned into the skin be­
nea h. 

13. Th!d:ness cf clcthing was a factor. The more layers a person 
v ere , the z::ore ::,r c ection. Seal'IS could be traced on the bodies in mny 
cases, s~nce they cNered !!lore J'Otection. and superficial bllnling cf 
the Gk~n beneath vas less severe . UntS were III re serious also where 
he clo hing vas drawn t1~ al:;R1nat the akin. 

14. Objects SI ch 88 trees, t"encee, and blinds .rotected the skins 
_f ~ecple who Were behind them. 

15. The visible light radintlons have an lntensity two or three 
1zes +ha t cf normal sunlight and affect the eyes. ITn r>ermanent in­

Ju~' VeB caused in th(.se ?CreCDB far enO'~ fran Ground Zero t o survive 
the blast, but there vas a ter:xrorary blindness, le.oting for minutes ur 
to deys, due tc over-t"atigue, or saturation, or the light-sensit1ve nene 
st.:r!act at the rear or the eyeball. There is sCl:1e mystery 88 to ~ 

eo::,le diJ. not have their eyes l1tel"8.lly bllnled cut or seared. The cnl7 
reascns that can be ascribed tor this are: 

a. The cverhanelng bene or supradbital. ridge over the eles 
g! ves ~ial rrotection. 

b. The blink ret'lex o1ght have orerated in the minute 1'ractlcn 
c1' a second before the tilm of moisture on the eyeball vas boiled avtly. 

16 . There are also the ultra-violet rays which are present in orii­
nary sunlight but are ncrcally filtered. cut by the atm sphere. It vas 
as though a 8l!811 !>iece of the SUD vere instantaneously created Just 

ver hl!l!l.d . The ultra-violet raye lilly have caUSBCl first , eecaod, or thUd 
deeree f lash burns, but this is not mOlfll, as such bUnlS cannot be d11'­
"ercn iat.:.d Il"a:I those caused. by heet. 

If. lJ8JlI:le. rad.U1tlcn 1& .b1gll.ly ~e~ting ana p errul. The)' cause 
:!nteresting, but not attractive, b1010gical effects vhlch we Will touch 
on later. IJn:1ortant to us ia the ract that sanaa raa.iatlan can penetram 
and !::ill even throusb hl!l!l.'7 concrete canstructicn, or several inches of 

ead. The 8IItJ:IlIEI. radlat1c:n, tosether With the neutrons vhich we vill 
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discuss shortly. are resl'oosiblo for the much publ1cl&ed. l'Qdlation c ': ;;!;:­
noss ¥blch killed many people who might have survived the atomic banb::.ngs 
otheJ¥18e. Theae peeple received an overoosc at 1'8diation sufflcient to 
produce drastic chanpe 1n the body. In cases vhere expcsure vas ct a 
lower croer, ettecte lllisht not be notlced tmtil daya or veeka b t el' • 

lB. There 18 the phenaDlma at neutron-induced radloactjvlty thnt 
should be mentioned. The neutron flux c:tr cloud at hlgh-speed neutrcns 
that are driven 1n ever'1 d1.rectien from the ata·uc e%ploelen has the pro~ 
erty at induc1DS 1'8dioactlT1ty 1n other substances, notably metal.s. 

19. Seveml intoreat1ns oddities occurred in the Jaranese ba:tbings. 
In ene case, dur1ne an autopsy, a Geiger Cou.'1tor showed a high oroer of 
inteD8it1 vbeo brousht near the-heed at a corpse. Further invcstlgntlon 
showed that the subject's gold teeth had became radl00.ctlve. In ano ther 
case, a IIII!Ul who IlU8t have been scae distance frcc Ground. Zero in oroer t c 
eurrlve at ~, showed up daya lator with severe bums frcc a meta'l key 
aDd a c1sU'ette l1shter he vas ca1"1")'1ns. 1n h1a pocket. They had becane 
h1shl1' n4ioactlTe trca the neutrcns eame.ted in the explosion. 

20. '!'he direct ettect at pressure en the hu.n body vaa actually at 
a m1n~ .1nce the body 1. roaDIled, 8treamllned, so to speak, and there 
is little direct ~t ettect. or 92 cases eDUI1ned 1n Ne@J"Mk1, only 
2.h ed ruptured ea1"druDIB. or 106 cases at IrtroehilDa, only t.lu-ce vere 
so ertl1cted. There were Ter'1 tn cases cr intestines and other internal 
orsana being blOlln out, and those were at people so close to Ground Zero 
that t.ber would have died 1n any case. 

21. It _t be realllbered that the indirect etrects at rressure vere 
a ~0U8 tactc:tr in causing peracmal. inJuries. We do not lmow how 
~ people were kllled by tall1ns -.l.la, broken glaas tlYing, ceilings 
cta1D8 dOlIn, c:tr lOO8e bricbl ailing through the air. All in all, lt 1s 
eat1Jllat.d that the nem-l'II4101ogical buuda, that 18, the heat and blast 
ettecta, ftN nepcma1ble tc:tr 75 percent at the casualties. To that e%­

talt, the atca ballb acWCl. JUBt as a giant exploeiTe tire bc:eb, which in­
deed it 18, to .~ degree. 

22. Another aspect 18 the radlatiCll hasard at the atClD1c explosiCll. 
An UDderataDd.1ns at theae hal&J'da is eS8ential to 1naure adequate protec­
tien and reduce c:asualt1ea. 

23. All l'II4lat1C1l 1. to .cae degree destruct1Te, since it roroduces 
iClllsat1C1l in the at~ caapoeing the cella aDd t18aues at the hUJDII.D. body. 
Icmlsat1C1l 18 the .tr1pp1ns ott at CIle c:tr JDOre electrons fJ'CIII an atCIII, am 
n4latiCll causes th1s to take place in the body. When a t_ cells in a 
giTen 0J"8IIIl c:tr t18eue are affected, no damee 1. done , but when a ffN mil-
11em atallll in a giT8l t1aaue are iCllised, claIIage to that tissus results. 

24. When e~ta that emit alpha ~1cl .. are t.alten into the bod1, 
Whether byllOUth, c:tr 1Dhaled, or introduced through wound., the ionisatim 
1. caused 4irectl7 by the a.lpha ~icles em1tt.d t!'CD the radioactive 
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a 1 teed in e cd:;. Alpha ~icles canno cause any tro~ble as 
':ong as e bstances e::U 1n8 thee! are net taken into tl::e body in arne 

y. :reUl .ce.rtlcles have s1r1ilarly poor !'t'netrat1ng r rcrertlee e.r.d are 
eGee. !ally e.."l internal hazard except fer a caustic e.~t1on en skin re­
sulting fr very h16h Intensities. 

25 . en the other hand ~ rad!.ati:on , ,-rays and neutl'Oll8, all 
cf wh1ch are edtted in in:Ie:l.eel;T hl.;h .• t~ru::. 'vs at the r;~t cf the 
a~ • c ":0:-1 alen, <. ren: t :re.dlatlcn} C-:Il ,-nse t~ the interlor of the 
b d:;, e;l':!. cause wbclpsa1e i lzat1en Lf ~t. .:. .. 1 f ruiI16 body cells, with 
cC:'.3" .: nt dre.stie lss le daalge. Thr 3, therefr:'rC , constitute an !!:: 
tcr:1t!l hazard. 

:'he injury to tissues caused y redlaticn resembles that caused 
cJ ni tr~oen r:ustards. 

As you can see, he ion1zation roduced in the t1ssues 1s a dl­
r ... c· Dee '.u-e cf the ~e dane. There are ecme variable factors how­
ever: 

a. Senei! v1 y cf the part1cular tissue. The issues Which 
the red and wh i e bloed cellB are moo 8usce-;- ible. Brain, and 
l tlbUe are leas l affected. 

b. Ab1l1 ty cf ti88ue to regenerate. Beyand a certain dose _f 
) all cells die. but Vi th leeeer amcunte regeneration may take 

hat 1e. the tis8ue l:8y actually renew its destroyed porticn. 
~~- c1 . "!:rain. and eye tis8ue canoct regenemte. L1 ver, among others. 
CBn r_~e •. erate c.fter alLoot cClllj,lete destructien. In any case, however, 
re.e It!.:l ~f ro.d!aticn inJUlj n:uatbe avoIded.. 

C. Destl"1 c ien and 1"enetratian. Radiati must reach vital 
-lflCl"ea. Al:-r.a :--nrticleG have great energy but little penetrat1en c,Wer 
in bu::an ekin. u, when alpha-em1 tting 8ub8tances are ingested I the 
al-r.a :-er 1 cles g1 ven off cause grave cIal:age vi thin the tiesue8. Beta 
"e.l' 1clee have cCIlDidera ly greater penetrating rower and can produce 
5l' -er -e:.e+ratln cYer, and can :,roduce skin irritaticns much l1ke 

:- ~8 vcen beta or.! tting subetance are inhaled or 1nges ted tho. 
sever The Sfl!:Ul. rays I'snetl"ll e deo!,ly I as do the neu rana. 

:: ..." "ccnaider redlatIcn S!CknOSB in detail. It is an inCG-
ea 'PI e!"1'ect c:! overe::t'Fc8~ c rnd1ce.c 1vi There are several 

.L,! t c!'fec""s . 

(.J 'he Ca:l:l!"l1ea effect cf oVl.'reJCIlcsure (radiation is 
"'88 cf haIr. In Hlr-ah1I:e and ,'agaaak1, . ..,. of throe 

wi til 'n :r _ ' feet cf Cr lll"ld Zer wbr curv! vad the blast, 
(' t all the heir frr.o ... C to, cf the head. Eyelanhea, 

41 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIu 

eyebrdVII, IWd beard are rarely lost. Very 11 ttle effect 
en pubic or under-anl hair. Bair lost graws in ae;ain if 
the 1ndirldual survives other effecte. 

(2) Tbe fingertips _y sbOW d.aJ!age to the point wbere fingel'­
prints are afi'ected, though this vould be seen enly 
under conditiOOS of long cootinuing 1011 intensity exr

O
-

sure. S1Jl1larly, the nails in sucb expcsure nay sheW 
brittleness and lonitudinal ridging. 

b. On the GeBtro-lDt.eettnal Tract: 

(1) Tb1s includes the mouth. esophagUS, stot:Bch, and intes­
tines, in a word, the path that food takes thrOugh the 

bod,.. 

(2) Th1e 1s of teD the f1.r8t system to sbaw damage effects 
or radlat1OD. In mUder OTer-exp08ures there may be 
nausea, vcm1ting, aDd perhaPS diarrhea. Cramps may be 
DOted. In bearler exposures, severe nausea, vaniting, 

aDd blood,. diarrhea occur. 

(3) Ulcerations or the muccus membrane of the ncuth will be 
seen. Post mortem emmtnat10D w111 sbOW such ulcem­
t10D8 ertend1nS through the entire digestive systeo. 

c. On the Reproduct1 ve Or~: 

(1) All _les examined sboved lack or spertlltogenes1s, that 
1& producticn of 11 ving sperm cella. It vas more than a 
pass1n8 effect, for the spem counts of surv1vore vere 

1011 for JD(Dtba. 

(2) I.oss of sexual urge for extended perIods vas gernemllY 
cla1med, as was lack of potenOJ'. ~1nutr1 tiOD vas the 
cause of th1e impotency and not the etrects of radla­
tiOD. It 18 agreed b,. all that ~onr;r steril.1t,. can 
be caused by radlat1cn but net mptence. 

(3) Ufects en the female occurred in variOUS fercD. Usual­
ly there vas non:al menstruation the frllcving month, 
but atter that nenatruatlon vas inhibitei for vtU' :.os 
per1ods. 

(4) lImY presD8Dt WClll8D bad lII1scaJT1a8es , possll;l;r n rad1a­
tiOD effect but pr1.car111 due to rear, vorry and malnu­
trit10D as centribut1n8 factore. 

(5) v~ uJ.cemti0D8 vere noted; a usual effect en mucous 

JIIIIlIIIbrane. 
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(6) Accord1n8 to offIcial. statellalte, Ilene or the expected 
mutat1cns, that 18, IIICm8trosltles or abnormal children 
have been bOl'D to RniVOZ'll at the Japanese bCllb1np. 
It Is probabab4 too ear4 to look tor that sort at 
thJns, but It 1a poeeible that the peaetrat1ns ~ ra,. _y baTe brought about chaDpe in the gem cells 
or a t_ aurrtVOl"8, and that theee chaasee Yill eventu­
aU;y ...rge. There 1s a lcna-1"IUl8" proJect in Japm 
tor obserrtng such ettecte, but so tar, 110 abnOlWa.l1-
tIes baTe been reported. It should be UDderstoat, halF­
ever, that aIQ IIUOh thJns as future Japanese tumins 
1nto tvo-headed. people, and so torth, 1a improbable. 

d. On the Blood FtmIl1ns S,.staa: 

(1) This ccna1sts at those oreana vhi<;h lIIIke or centtlbute 
to the IIIald.ns at blood. 1'he reel blood ceU., the whl1B 
blood cells, and the platel.,ts are the lDoet 1IIpartant 
cellular ps.rta at the blood, and the developins celle 
or theae are v8'r1 sensItive to, and ... ~ ~ected b1 
l'I!Id1atlen. Several def1nlte ettecte tollow: 

<a) F1nt, en the reel blood cella. These are the 
cel..l.s which Clal"l"7 0Z7B8I1 tl'ml the lUD88 to the 
tIssues at the bat1, and Clal"l"7 carben dIoxide 
fraa the t1ssues to the ~ to be thrOlrD. orr. 
\lhen ovel"e%p08ed. to l'I!Id1at1en, the bene Ja1TCIIr 
Which l'raluces theae reel bloat cel..l.s 1a daased, 
aDd the resuJ.t 18 anemia, or sr-ter or leMer 
sever! ty depend.1ns upcn expoeure. 

(b) Kext the nite blood cella. neee cells cClibet 
1nteet1en in the bat1 b,. actual..l7 deTClUl"1ne in­
qdiDs bacteria, and "1ft.ll1nS on- &Il1 points or 
EIIltzo:r at 1ntectI01t 1n tbe bat1. VheD the t1aeuea 
tbat produce theee 1fh1te cells are daJDased, the 
rea18tance at tbe baty to at.ra;y 1ntectlen 1a ~ch 
reduced, and a persen Whoee 1fh1 te bloat cells are 
depleted falls an flalJ1 T1ctlJD to dlaflalJe. Th1a 
ccndlt1en Is mOlrD. as leukopenia. 

(c) Then there are the platelets, Which aId 1n the 
clott1ns or blood. WIthout th_, or Wbeo their 
numbers are draat1call;y reclucri, the incllrtdal 
-1 beIIIIorrhage trca &Il1 .-.u lI'ound. SCIIIe Japan­
ese bad bloat co.iDs t'raI the unbrokwn sk1.n due 
to platelet duBee. 

(2) Mortal1 ty !'1g\U'88 indicate that deatructlen at theae 
three types or celle 1a the III08t 1lIIportant sinele ef­
teet of l'I!Id1a tl en. WI th 1II!.881 ve doeea, all three 
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elelDlll
ta 

are deatro,ed. Wlth IIJIB.Uer d~ea, rec
OTerJ 

aJ take p]aCe. 

29 ...... litt10 __ .. 1&1104 ._1'" or ... "'" ..... or no41-
.tl'" _. _ ... both ..-' ... in...-' - ....... _t 
b ......... __ to'" ... in ..... _ti"'. .,...... 10 ......... no4" 
.U'" """ ",to14O ... bo4J. JD...-'..- ...... to no41"'

U

" -­_""" ._ """ wi"'" .... bo4J ot- ~t1"" ....-tl"'. or ..... -

tratlCD b, otbeZ' --. 

a. ~Ba~· 
ll) __ to .... - .... _t .-'"--­

to a g1aD
t 

x-a,. .chine. B<,"nr, x-a,. fran a --
chine caae n~ tram a point source, aereal! nth 
the bCllb, the .oarce 1. a larse aD4 ~ eme. 
'!'he d1ftereD

ce 
18 tbat re4latlem tram a point source 

usuaUJ etfecta aol1 CD8 tart ~ the bod" 1Iberee8 tbat 
trca aD exteD4

ed 
soarce etfecte the eDtire To1\111118 ~ 

the bod,. A]8o, nth the b_, we ban the dee4lJ 
neutral fluX, nth a ftP88 exteD41J1.8 onr 800 ,arU. 

(2) _ ........ ",lco-'-' to,.,.. ...... _t 1 ••• t 
.. a .t,aII4ard 18 .1 }IpeIltseD unl te pel' c1a" tba t 18, 
100 ai}11rOCtseD8. That 18, we ., tlIat a .n can 
eatelJ take upoeure to .m l!!!: ~ 1JI4efin

1telJ
• 

Should be be .xpoeed to, .,., .2B in work1nS wl th 
re410a

ctiTe 
.ter1a1 , or em cemtaJliDated grOlJXlll, that 

.n .bould be lte1'~, .-."1 tram re41oactlT1t, the c1a, 
after. If be .. exceeded bl8 allOlWed . m doee b, .2, 

.3, or .~B, be 8boulA be kept out ~ cemtac
t 

nth 
re41oac

t1T1t
,. tor 2, 3, or ~ c1a,. .. the caB

e 
., be . 

'ftIe,t 18, 1 t 18 ~ tbat the bod, can tIIJ'OIW ~ an,. 
4aPs'ns etfect tram .xpoeure to .nt. 'Far e441

t1
CD&1 ~ a reconrJ t~ or cme daJ per .IF JIIWIt be 

all0n4· 
(3) ,...looll:J." -"" 2.0001! - b. ",,04 ,- • point 

soarc
e 

CD a :u:m1te4 boll,.~. It 18 el&1aed uat aB 

sell .. 14,OOOB baS bMD used in trea~t ~ brain 

cancer. (~) _ , .. __ in ..-' no41otl'" ",T1n8 ottec
t 

'" •• -

teat ~ in,11U"J are: 
(a) Sise ~ ])o8e: In geDeral, the greater the inten­

slt, ~ re4lat1CD, wbere the eotire bod, 18 eX­
poeed, the grater 18 the abBorptlCD, and the more 

1DJUrJ roUOIIII. '!be aco-Pted .c:ale ls .. foUd": 
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, . .' ,,)-

IT :'0 2"R. L' ttle r ':ek 

jl.ry css~ble. Pr bnbl~' nc' 

.1"t1p to 3C R. 
Cd. aci t.:l t . (n. 

P(:Bslble cerious injury . cocce earls in­
S.e deaths. rccsilJy delayed. 

3CC tc C.P. St'riCilS inj'll'Y or ~rcbable tlooU: • .E.:!rl: 
1nca~citat1cn. 

4rJ\1R is ID 50. (lethel dose f"'r 50<;., of ex sed -:-el"ElLn:1cl ) 

It is ,uita possible that the cilitary vartine t~lernr.c 
vill be raised fran .lR upvard at s :'ce future t1lnc. 

(b) Size or bod,. uee. 1rradia ad. 
cussed. The greater tl:e area, 
tissue damage. 

This ve hc.ve d ~ -
he grea ter hI' 

(e) l'nergy or radiation: The greater the energy the 
greater the damge. 

(d) lJU.l'atlan ct exposure: Th1s 10 n ' t. as 1I:.,(rt.arn 
III l'ts~.ll' as one might. think. in gend'ai, Clll . 
.!arg., all at coce will do I:lcre d..ame.ge than se; ,!'­
al smaller ones, all cther factors being e~ual. 

(e) IndivIdual variations: Do~'ending u.on ccru;ti+- _ 
tian, state of health, and ;-thor varia 1'')3; tl 

mon die at 2OOR/day, others are known to mve 
survi ved 500 . 

b. Internal Hazards. 

(1) These hazards are vell known fr-.;I;l the radium Induotr~·. 
R:ldlum c-t.:?cunds, and t'lally :radlca tive mater':a:..a La;" 
a tendency to depcoi t in the b eo. usually In the 
hIgh-calc lUI:l • ~r i::no, at which • lacee thO :tUs,-' ~n -f 
alpha) leta, c..1d iY-"T: rc" ~ l' . \,f rl:)1 .. t..i.c ,. ,'" e­
tlan cf blood cells b;r the ~ in i,hc b eo . It 
results in a slew and rather u,"l:>luaaant death. S:1::.e 
of you lila,}" !:By recall the case a fl1ll yearo ngo vhere a 
group cf wa::en who had been employed as radiun vatch 
dial ~1nters, slovly absorbed min1lte IlLClunts f rad.!.­
\.lID b,. po1nttne their brushes with their lips. 'rhoy 
accumulated a fatal doso of radioactive aalta, but it 
took them a 1'1111 years to uio. 
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(2) The hazard, of course, 1s frcm the tall-out Gi'ter an air 
burst. or the contal:Linat1on follOV1n8 an underwater burst. 
.uant1t1es of rad1oact1Te bomb material and ra1oact1Te 
fission :>roductn are carrIed downwind, and depoe 1 ted OIl 

the earth often miles fran the point of explosl00. Pre­
cautiooa must be taken aaainst 1nMHuS any of thIs ma­
teria~, taking It in through the mouth, or gett1n8 It 
into open cute or Vounds. For that reason, UDder cer­
tain coodIt100a such as dust, ;you .;y vear a SIUI aalc in 
such a canteninated area, and ;you neTer eat, drink, or 
smoke unt1l ;you are in an UDCcntam1nated area. 

(3) wok1n8 at the over-ail p1cture at caaualt1es fran rad1-
atim sicmess in Japan, s8Teral general groupe Boem to 
be dIsttcguished: 

(a) Death occurring vi thin tint tvo weekB: 

1· 711ere were thooe vho d1ed 1JImecliate~. There 
vas a shock-11ke state, nth v-.men and gen_ 
eral proatratI00. Such deaths vere probablJ" 
due to simple 1IIL88 t1ssue destruct100. 

g. Thaae Who l1.nsered a tflfl da1B or a veek or more, 
d1dn' t haTe time to deTelop all t1PIcal. S1JllPtcma 
of radiat1cn 81cmess. Patieote shoved neusea, 
TCIIl1 t1n8 , and poss1blJ" b~ood;y diarrhea, but no 
~oes at hair. Tempel'ature rcae and tell 00 a 
IIIOUDting curve, untU death eoaued. 

(b) Dea th Gi'ter 8ix veekB. Theee caaetJ Were large ly 
of people Who sun1ftd above -.n1teatat1C1l8, and 
dIed at seccmdar;y intecUcaa, Mcause at deplet1cn 
at White blood celli and a ftI"1et;y at ccntr1buting 
tactOl'8. 

(c) '!"here vere pl'act1call;y no deaths atter s1% to e1ght 
veeka. GeGel'al health appeared good in thoee Who 
recovered, thousb OIU" tea. reached bombed c1tI08 
too late for accurate ass~t at all data. The 
poaaible inc1dent sk1n cancer in the tuture 18 st1n 
in doubt. 

(d) It 1s eat.ted. that about ~ at tatal caaual.ties 
could haTe been saved nth adequate 1led1cal care. 
A poe_1ble cOQ1'IIe at trea1amt tor f'uture s1m1lar 
caa~t1ea 18 being deTeloped.. Extreme _ter1~e 
teclm1qu_ are 1Dd1cated. because at l.ov White blood 
cell count at rtct1lle. caz.etul nUN1ng 1_ neces­
sar:/, nth speo~ attenUcn to _It:1n. GeDel'OWl 
tranatu.100e at Whole blood are 1nd100ted, as iLl 118e 
of certain T1 tua1ns • 
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30. sucming up, the best ava1able statistics for both B1roeh1lll!l. and 
nasuaki indicate that blast aDd eecCD4ar7 1l1Jur1ee were rNp<lDIIlble for 
between 50 aDd 60 percent of the casualties. Flash 'bun8 aecClllDted for 
20 to 30 percent more, and l'841atiCil dcbeu tor aboat 15 percent. 
Those figures are Deces-.r1l1 approx1latlC1l8. We _t suppoee, aleo, 
that a sood17 Dumber of casualtiee were dct~ of blut, burna, eII4 
rad1atlC1l, eII4 even if' the eftecta of blut and tae had been lacEDs, 
the cas\l&l.tiee traa prc:apt I'84latlC1l wCJQ]4 baTe beeD Dearl,z .. gnat. 

31. 'l'h18 chart giTee an OTer-all plctuJ'e of 4.th aDd 1D~ur1ee. 

(Il'iS'l'liJt"l'OR - REPBOIJU(!i CBA.Rr 7-2) 

It Is 1l1teDdecl to giTe 10U a general 14. of aat mlsht occur aD4 the 
ozder of ~itude tor r&IIP of casualt1 effect that mlsht ~<D!Il»ly 

e aseUllll!ld. 

32. To red_ briefly: At the IIICIIII!JIlt of the atcD1c b~ bUJ"8t, 
there are blut, heat, and praapt I'84latlC1l. Th1a pl'(llPt I'841atlC1l !AI 
all cCll81derecl as e%tem&l 1IuU'd. '!'he, as the at~c cloud drifta 
dCMIW1l14, aa4 the UDf'1.8elC1lecl bC8b .ter1al. eII4 tl .. 1C1l product. tall 
oat, theIIe 18 aD 1Drt81'ble ~ of ,-,41oactiTe _ter1.a1 CIl the graao4. 
This emite beta aDd SBJ!EIIl raMatlC1l vh1ch 1.8 an extemal lIaul'dj It Is 
aleo an 1l1temal ha&aI"4 111 that the Ter'/ t1l1el,z dlrtdecl _ter1al -1 be 
breathed 111, fiDd entrance throush wOUDda, or be nallowed, 1l1which 
case the e.l.pba and beta radlatlal giTeD oft does graTe daage nth1l1 
theb~. -

33. RadlcactiTe duste, which can be usecl as a w.pal,preeet the 
SBllle piCture as this residual Caltam!DatlCll after an exp108iCll, except 
that an e~ using them deliberately can pick a _ter1al. that 1r1ll 
keep an area un1nbabltable for prett181ch as lcms as he chooeee - ~. 
veeka, DlCll the, or yeare. 

Are there any questlC1l8'l 

DffiTRUCTOR'S Qm::>TIONS: 

1. What effect does 1ntra-red and ultra Tlo1et radlatien baTe en 
the h\lllaIl bodl'l 

2. What effect does ~ rad1atlal haTe al the hUIIBD bodY' 

3. Wbat effect do e.l.pba partlc1ee baTe al the hu.m bod111beo out-
side the body'l When inside the bodl' --

4. Wbat effect do beta partlc1ee haTe CIl the huaan bod7'l 

5. What is the preset tolerance doee of l'841atim'l 

6. What 18 meant b'1 1l1terDal aa4 uterDal. bau.rda'l 
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TRAINIlC curLIlIE NO: 

I.J!:CTURI!! : 

TDm: 

PIACE: 

1ltS'IKJC toRS' R1!iFERBJ1CES: 

Sl'OWtlS· R!1'ERI!J«:l!S: 

8 

Review ot Baslc Arlthmetlc. 

F1tty (50) minutes. 

Clasaroom. 

~ avallable arltbmetic text. 

Any a'Y81lable arlthmetic text. 

li:>ne. 

Certain problems and procedures which arlse In radiological 
defense wrk require IDIlthenat1cal calculatlona to arriTe at an intel­
l1gent ansver. These calcul.e.tions are made 1II)rs laborIous by the tact 
that the large and Slll511 I11lIIlbera, in~lT1Dg dect.le, are in~lved. 
EXJ)erlence has proTeD that the major d1!rIcultles encountered in this 
phase are due, not to compl1cated oetbods be1ng in~lTed but to c-rors 
in simple arl thmetlc. To bruah up on thls ari tbmet.Ic a abort. reviev 
t the subject vill be presented. In effect ve are g:.ing to JIDIIP bft k 

to grruIIIIIIr school tor fill hour and stud,y addi tlon, subtraction, I!IIlltl­
plicatIon and division. Following this hour each student will be giTen 
a set of sh>rt problems to wrk s1m1l.ar to those coTBred in the review. 

(~ - REPROIDCE ALL EXAMPU'.S GIVEN Ilf mrs LlX:'1'URB) 

a. Addition: Addition 1s the operation ot t1nding the sum of 
two or tP!"e numbere. The si!l1Ple addit10n ot 

2+2 .. " 

Presents no difficultIes. Even the addition of 

1s very 0 mple Illth:>ugh the an8ller Is a number cons1. s t ing of tvo f'1gure s . 
Tho !lddi t 10n o~ lar er numbers such as 

r e qu1reo c loser a tent ion h:>wever, s1n e 1 1s general ly necesRo.'l.rY to 
"l~ce htr.l 1n a oo h11'ln, a> 

2 9 
..L~ 

add the r1ght hIlnd colwm firs t 
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9 
6 

15 

record the figure 5, carr1 the t1gUre 1 to the co11Bll next left and add 

1 t 1Jl tbIIre, til_ 

aDd 8i rtD6 U8 a fiDal answer of 

2 
7 

~l 

10 

( n) 
2 9 
7 6 

105 

~s are 11ke17 to creep in vheD we tackle a probl. Uke the following 

278 
9 

959:5 
28 

siDce tbere 1s a tea4eDC1 to forget the nuaber carr1ed to the column 
next lett or to liDe the co1U11D11 up 1DCOrrectl1· 1'be poss1bil1ty of 
error IDCreuee "ben quantIt188 Uke the to1lov1Jlg are dealt with 

278.1:5 
9. 017 

959:5·00~ 
28.0 

990lt150 

a1.DCe aect.a1 quantIt188 s ... to be a etUllbl1ng block. 

A a.cDal Ie a fractIon wbDee dellQa1DIltor 1e 10, lCO, 1,000 or any 
otbw pow .. of 10. The deDDJI1,Dator 1. DDt vr1 tten, but 1e indicated by 

tile podt1Dn of tbe aect.al po1Jlt. Yor eDIIP1e 

2.5 = 2" 5/10 
2.5:3 : 2 + 53/100 
2.5~ . 2 ..... 5~6/1000 

Dect.ale ebDuld DDt be contU8ad nth co.a>n fractious euch as 1/2, 1/4, 
21"5 which ban a deDDm_tor otbllr than 10. eol8lDn fract10DB -1 be 
conftr'ted to aect-.le, bDveT", tbrOush a procese of d1 Tieion which will 

50 
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be coYm'ed later. 

With refm'ence to addition of decl111l1s the essenti'll r<>int Is to 
carry the f1gur"ee in colUlmS to the RIGB'l' of the dec1mel point. ErnmJ"le 

The Talue of a decl111l1 Is rot cbnnged by adding zeros to the ~ of the 
fieures. Thus 

1.2 Is the same as 1.20000 

Therefore, for convenIence, It would be perm1seable to wrIte the abaYe 
S\.11118 as 

3. 010 1 2 
8. 1 9 0 0 
" . 0 4 1 0 
2. 0 'i 0 8 

18. 2 • ~ 0 

In order ~t the proper arrangement of columns Is nnde oimpler. 

The value of a decl11f1.1 is changed by nddlJlF zerOB betveen the deci -
m ooint and the left sIgnificant figure. Thus 

.2 Is not the same as .02 

nnd 

0.2 
+0.02 
= 0.22 

The cp.rdllll'l rule to remember 1n Ilddlt10n Is that vhole nUr.lbers 
elvuld be arranged vi th the columns In order from right to left while 
dec1llll1s are added vi th the columns In order f 00 left to rIght uolllF 
the dec1lllt\1 poInt as a guide. 

b. Subtraction: SubtractIon Is he operation of fIndIng the dif­
ference between two numbers. As ouch It Is en ex::: t reversal of t!1e pr~ 
cess of addItIon. The most frequent source of error lIes In the f'olloy­
Ing type of problem. 
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vhere it is necessary to "borrov" one unit from the colUllll nert left, 80 

first 

second 

third 

fourth 

9 3 4 7 8 
24589 

9 3 4 6 (18) 
245 8 ~ 

9 

9 3 3 (16) (18) 
245 8 ~ 

---g- 9 

9 2 (13) (16) (18) 
24-+ 8 ~ ---g- 9 

8 (12) (13) (16) (18) 
2 4 § 8 9 
6 8 8 9 

and, involved in the actual subtraction, ve forget "what" vas "borroved" 
from "vhere". 

The beet method of checking subtraction is to re-add the answer ob­
tained vith the nUl1lber subtracted and see if ve obtain the original qUI!I.D­
tity, thus 

Same <
93~78 

-2 4 ~ 8 9 
6 8 89 

68889 
+2 ,. , 8 ~ 

93 7 

(subtractioD) 

(cbect) 

therefore, the BIlSVer, 68889, is correct. A@ain care should be exer­
cissd to line up the columns as outlined in the section on addition. 

c. Multiplication: Multiplication is a process of v)S)lesa1e ad­
dition. It 1s assumed that each student can recall the multiplication 
table up to the nUlllber 10. On thie basis the straight-forward JIIult1-
plication of two v)S)le numbers is quite simple, as shown by the eX8lllPle 

first multiply through by 7 

52 
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2 8 3 
7 

or 1981 
then IIIUlt1pl,y tbroueh by 4 

2 8, 
4 

or 1l~2 

adding the t1IO reeults Vith the aecond nU!llber eet one column to t~e left 

gl vee our answer. 

Errore are !Dre likely to anpear In the folloVil1€ type of proble!:l. 

where one Is undecIded 'bout mw to handle the term O. MultiplicatIon 
by 0 yields zero and, whjle IIIlth8m'ltlclans vould cry n protest, one evn 
Tenlent va,. to keep the columns In proper order 1s as follows: 

The 1mportant rule Is to !Dve the result of each multi l1catlon one 
colu::m to the left of tho pt"eceeding multlpl1cc tlon before c.ddine. 

'!'be final POInt to be covered on multiplicatIon concerns mul tlpl1 -
catIon of decI.m1a. Several cases must be COTered here. '!'be f1ret 
case Is 111uatrated b,. the problem 

1.3 
..£&.. 

IIov DOelectlllg the question of decillrila for 8 III)lIIent, VB carry out the 
actual multIplIcatIon and obtain 

53 
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ObV1ously 338 1s rot the actual answer sInce ve IIlUltlpl1ed a number o~ 
lsss thrul 2 by a number 1ee8 than 3 . 2 % 3 18 6 and eo our answer IllUSt 
be lesD than 6. The answer 18 actuall,y 3.38, a ~lgure obtaIned by count-
11'l€ the total number o~ sIgnifIcant fIgures to the rIght o~ the dec1_1 
POInts 10 the bo numbers IIIlltlpUed, thus 

1.3 (1) 
:12.6 (2) 

glV1ng bo :f1guree. li:>v VB go to the answer obtaIned, count off bo places 1'rom r1ght to left 

3 3 8 
(2) (1) 

and place our decl1111.1 

3·38 
Another typIcal pro blem lIOuld be 

The second case In'90lTlng decl1111.1s looks lIke this 

3.24 

~-972 
000 

·0972 
and 1s handled 10 emctl,y the same lIIUlIler. 

A ~1nal case o~ dec1l11l1s often emve up as 

.038 
%.21 --ow-
.~ 
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end turnn out s indicated. A word of adVice is in order here. The 
bst illUDtrated problem CMI8 out Vith fiTe decimal places to be 
!:I3rked off in the '!.%laVer but Vith only the thr« alen1f1cant ntmberc. 
This is hnndled by placing as lIIUly zeros to the LEFT s necessary _ In 
t!:1o c!:.se, two - and then pL:1c1lle om- declml poInt eo 

·00798 

It mieht be vell to poInt out vhat Is meant b7 s1.gn1flcant fig­
ures. If ve take the number 2 as an example It Is oorrectl7 111"1 tten as 

2. 
or 
2 
or 

()()()(X? • 

or 
2. OOOOOOOOOOo 

but the zeros 'u-e not slen1flcant. If ve wr1te 2 V1tb:>ut the decl111al 
Il!1!1ediately folloViDg and add a strIng of %8I"OS, 80 

2()()(){)()()()( 

then the zeros are s1en1f1cant and the number 1s flOt 2 but 200 million. 
Specifically zeros added to the left of vb:>le numbers are not s1801f1-
C'Ult and zeros added to the r1sht of dec1lll'lls are not si801!icnnt. 

Example 00002. and 2.13000000 

Zeros added betveen the decimal point and the nur:tbere of a dec1l:lal are 
Significant. 

Example .0013 ~ 
. 00 (001 13 'Slgnificant 
• 0013 (~~lI:>t olen1f1cant 

Zeros vhich are not s1en1ficant sb:>uld be dropped. 

d. DiVisIon: DiVisIon Is the process of finding mv IIIUl7 times 
one number Is contained 10 another. DiVision takes two forms; sb:>rt 
diVis10n :md long diVisIon. 

SOOrt diVision Is the Simple case vhere ODe tlgm-e 1s d1Tlded in­
to CZly nu::!ber. An example Is 
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vh1ch is handled as 

8(p1us 1) 

nnd our answer is 2286. 

To handle deciJDflls in sbort d1vision, it is only necessary to 1nspect the 
numbers inwl"fed and the 8DSVC" is apparent 

Exsmp1e 6~ 

6U}! 6LJ!ili.. (; / (1)8 
5 7 3 or 573 which is obviously 57.3. 

Since the answer when multiplied by ( cust yield 343.8. 

Ions D1 vision is usU8111 the stumbl1ns block for met persons so it 
vil1 be considC"ed in some detail by I:IeaIlS of numerical iU"Oblema. 

E%!llll!lle 1. Exactly d1visible. 

18/23526 

Step 1. Estilll8te number of t1lllee 18 can be d1vided into 2. Answer 

is r.1!Il"O. 

Step 2. Eetilll8te number of t1llles 18 CM be d1 vided into 23· 
Ansver ie 1. Mark up, Multiply 18 by 1, mark result down 
undC" 23 and subtract. 

1 
18/ 23 _u 
- 18 

"5 

Step 3. Mark oovn next number to right 
1 

18/ 23526 
- 18 

55 
Step 4. Ist1lllate DUIIlber' of t1l:les 18 can be d1vided into 55 . Ansvc­

is 3 . Merk up 3, Multiply 18 by 3 , mark down result under 
55 and Bubtract. 

13 
!y 235 - -

18 
55 
~ 

1 
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Stop 'j . r.t k clown next number to r1gh • 
1} 

!§J 23526 
18 

5:; 
~4 

--12 

S ep 6 . Er>t1nate n1.U:lber of tiDeS le can be d1T1ded 1nto 12. 
Anrver is 7ero so JTrk up tero and then -.rk down f1nal 
r.u::tber to the r1ght. 

PO 
18/ 23~2( 
- lP. 
~ 

r.4 
--126 

Step i. EstiI:¥lte number of til:les 18 can be d1T1ded into 12 . 
Answer 1A i . Mm-k up 7, lIlUlt1ply 18 by -;, mark down re­
cul t under 12f ~nd 8ubtrnct. 

1307 

Ancver 1s 130-:-. 
'1b check mult1ply 1307 x 18 ond obte1n 23526, the or1gInal 
nUl!lber. 

Annvsr 3C9l' 6/12. = 3P.~ 1/2 
or 3°-9".5 

The Detrol vhereby 1/2 (8 col'llDn fraction) 'liaS changed to 0 . 5 (8 

de~lr;'l) V111 be l.lfled at! tlte next eYSl!tple. 
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EXBJIIPle 3. Dlne10n With dec1mal aDSVer. 

Step 1. Place declDBl after 1 nnd add 8. zero. li:>v 18JlOre dec1mal 
unt1l later 

Step 2. Eet1_te nwaber ot t1llles 1 can be diVided by 2. Answer 
1s O. MarJe up 0 and est1l'1Bte number ot t1mes 10 can be 
dinded b7 2. ArurwIr 1s 5. Mark up 5, IIIUlt1ply 2 by 5, 
JllU"k down result UDder 10 and subtract. 

o 5 
2/ 1.0 
- 1 0 
-0-

Answer 1s 05 but this 1s not the tinal 8llBVer since the 
dec1J:la1 po1nt .... t be located. 1b do this ve count the number ot places 
to the lett ot the dec1_l in the number dinded, in th1s case one and 
then count ott thie au. DUIIber from the right in our aDSVer giT1ng us 

0.5 or s1aply .5 

the tinal answer. 

KXBJIIPle IJ. Dlns10n With dec1.llll1s. 
~.50 

~r2~2700 
~ 
~ 
~ 

1550 
~ 

300 

One addit10nal point about deterT.l1n1ns dec1_1 point locat10n in 
the 8llBVer. In eking the in1t1al trial tor a diT1d1ng number the trial 
abould be _de of the 88lIIIII 8J!I>UDt of nUlllbers as are 1n the di Tiding num­
ber. 

EX8lIlPle 

Try d1T1d1ng l~ into 327. It 1t Will fJ.> (in th1s case, yes) put down 
the number (1n this case, 1) and continue. If it Will rot f§J, 8.S in the 
tollovill£ case 

18.2/ 108715.003 

urJe up a zero and then try d1 Tid1lle l~ into 1087. 

Are there ~ questions? 
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9 

PractIce on AssIgned )btbeml!ltical Problems. 

FIfty (50) lII1nutes. 

Classroom. 

IIone. 

None. Students lillY use wtes. 

MimeOgraphed problems, penc1ls, scratch 
paper. 

1. Instructor v111 ha...., the attached set of problems reproduced 
end Yi11 have eech student work out the problems as a classroom e:rerciae. 

2. Probleos should require about ~5 JB1nutes to oomplete, follow1Dg 
vh1ch the papers should be oollected and questIOns ausvered. Paper. 
should be graded and returned to students. 

3. Additional paper should be distributed for student to sol...., 
problems In~lVing multiplicction and diVia1on. 

4. AnSVBre freD diVisIon problema 1n-.olViJl8 decillf11a smuld be 
worked out to the second fIgure, other thrul zeros, after the decilllil 

p:>lnt. 

59 
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PRQBIJ!H) 

Perform indicated operntions: 

A.llDITION. (Appro%1mately 5 D1nutes) 

l. 19 2. 112 3. 527,101 
28 150 198,620 
36 856 412,680 
40 665 210,S:: 
51 1291 768,510 
98 E4 169,087 

107 671 ~0/2627 

4. 10,471,998 5. -;- .oe.S'" 
2)0,469 9.1548 
984,323 4.8118 

14,110,652 9.0519 
3,081,467 4.C e3 
6284;,147 3r.4197 

SUB'mACTIOIJ. (Approxill'f'-te1y 3 mnutes) 

6. 29[ 7. 73.4 8. 6.29 
107 ~- 4.0':-

9· 93.203 10. 37,451 11. 1( 0'7.5562 
30. &:6 ~ 1098.7496 

MULTIPLICATION. 

12. 931 13. 8(-3e 14. 3.04 
8')6 6387 2.1') 

15. 26.382 16. .0700 17. 23.007 

~ ~ ~ 

18. .009 19· 8"' •• 967 20. 1.000 

~ .29. 281 ~ 

60 
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DIVISION. 

C(J.mIr.ED OPERATIOl'5 . 

2: . lE.3:.::0.03 
1.7 

22. 

24 . 0.02-15 
18.7 

2C . 

61 

8.,) :r: eE'l 
::84 
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LEe'RjRE: 

'IT IE: 

FL\CE: 

INS'mUCTORS' REFERENCES: 

S'ruIBN'l'S' REFKRENCES: 

;.. .... \. .' .: ... 

10 

1o~r1th."::S e.nd Ce1cu~t1on of l:ult1.1e 
E!l!' -life Decay. 

Fifty (,)0) I:I1nutes. 

Classrooa 

Any ava1lable A18em-a text. 

Any ava1lable Algebra text - Section deal­
ing vi th loeeri tlr's. 

MirleOgrephed copies of Chart 10-~, pencils, 
scrctch pads. 

1. The existence of vic!ospread radioectiTe conte..-.1nation in t!le 
vicin1 ty of nn oto: 'ic ex-plosion bas been prertoua13 discussed. '!'be fec 
thnt this conta:-inotion consists of 8 dxture of fission JIl'Oducts, un­
!'issione' bo::.b ::ateriul and neutron induced isotopes bas also been dis­
cussed. The f llct that do%er.o of different isotopes decay sicultanoously 
but each nth a different half-like lillY be recalled 1'rol!! OUl" discussion 
of !"adio~ctirtty. FiJllllly ve IX>V kmv that an)' parson entering an aree. 
v here he receives a 003e of r~di8tion greeter than 100 c1ll1roent;eens 
er day ::ny suffer ha!"cful physiological effects. All of these JlOints 

contribute to a !Il"ob1em encountered in radiological defense 'WOrk that 
nny be stated as fo1lov~: 

"Bov rapid13 vill r:!dioective contB.'"l1Jl1ltion decay to 11 

!Oint vhere personnel 1:61 sa.1"ely reenter the effected areas for extended 
periods of time?" 

b. A speCific general aJlSVer cenmt be giTen since IX> two 
:ltoclc er,.-,losions are eTer exactly e.l!ke; t!lers is 0. Senora1 ~theMtical 
relationship, lD'Ils'\"er, vhich is of vulue. 

2. Assu."lle that the data belov haTe been t.:lken at 11 ?:lint i n the 
contll::s.lnnte trBllS after tRo Eepr.rate a tol:l1c explosions. This might yell 
he the C'1SS if one explosion V6!"e undeMrn.ter and the other near the SUl"­

f:> 0 of 0 lr..nd ::ncs. 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE 

EXPLOSION NO. 1 
ElCI'LOOIOl'{ no. 2 

Time ai"ter Mocsured Tice after Measured 

Explosion Intensity ~loslon Intene1tl 

1 I!?Y 100,000 mr/dD.1 1 day 400,000 T!!r / day 

2 dDya 35,300 rrr ldaY 2 da1s 100,000 !'frIday 

4 dl>' s 12,500 rsr !1Ay 4 days 25,000 I!r/dey 

10 d:>ys 5,170 mr !dAy 10 days 4,000 'Dr/day 

I , dAys 1,730 rrr ldaY 
2 0 dnyc 1,1~0 rsr/day 20 deys 1,000 mr/dAY 

3. A elrulce at these data eOOwe that n1"ter Expl.oe10n Ro. 2 the 
rco1du.-ll rr..din.t10n, due to rlldioact1ve cont-unnat1on, vas t!Dre intense 
inltlelly but t~t 1t decayed more rapldly than vas the case for Ex­
ploolon Jb. 1. 'When plotted (1S curves ixl"e'nll" we eee that each c\U"ve 

bIls tte so.ne shape. 

(~TOR - REPROmcE ClJAR'l' 10-1) 

W1toout f})lne into ln~lTed I!Ilthematlcs lt my be ~ted s1mp~ that be­
Cc.uoe t .lese curves have the set:I8 geDEll-al ebllpo, and because a general 
mthe.nat1cal rewt10nshlp OOlds for all such curves, tbnt a general Clltbe­
mc.t1cal rel.etloneh1p e:::1ets for decay of radioactive conte.m:1nation. Thls 
cenet' 'l l matheJ:lll.tlcal relntions~P ls 

"here: 

I le the radiation intensl ty at t1ce t 

t ls the tlna since the exPlos1on 

n :md K ere conste.nts as determined by ~ch exPlosion. These 
are different for each e:rploolon. 

4. This eqUlltlon ls quIte alt!;1le but to use 1 t for ce.lcule.tlons 
ro~u1refl (1 ol1CJlt l:n:>wledc.e of e:l:!X>nents and logar1th!ns. 

a. Stnrtin.s vi th the proced\U"e for s1U1lrlng and cubill8 nu.":1bers, 
if ve want to s,!uare 2, the eJrlU"esslon ls written as 

22 -= 4 

and 11' we vioh to cube 2, the erpresll10n ls wrltten ae 
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In other words, when we square a number, a, we raise the number a. to 
the seoond power a.nd when we cube a number, a, we raise the ntcnber D 
to the third power. The generat form for ra1sing any nUll1ber, a, to 
8llJ' power x, i B g1 'Ven by the terln 

whIch IEIUls merely that a Is to be !!IUl.tlpl1ed by Itsel.1' x times, and 
this expression is D\thelllltically the same as the terr.J 

t n 

In our decay equation. li>w when tho power, to which we noh to ralco 
a DWIIber is an exact figure the proceos is qui to simnle _ We simply 
l:IU1.tiply the nUl:lber by i taelf as z:rlIl,Y tImes ns the power indIcates 
- as for example 

26 .a 2::c2:r2 %2x2x2 
:: 64 

,4 or 
= 3 :r 3 x 3 x3 = 81 

but the case of 

~.61 

is oomething III)re OOnpl1cllted. \lithout IIIlthematical derivatIon, let 
us say that this expression muot be written as 

2.61 loS 2 

to get our answer. And trot briDgs us to the IIIltter of loga.rltlulS. 

b. For our purposes, logtlritbms nll be consldered a9 
aUXiliary mmbers: one nunl1ary number existing for ~ch rsal nUr!be1" 
and each au:xllinry number belng the SUI:! of a number and e deciml 1'raction. 

wg 11::: (a rumber) + (a d.eciml 1'r~ct1on) 
= characteristIc + mantissa 

The characteristic indicates the ordsr of lIIB8Ditude of the numbero 
in'tOlved. These characteristics are a s follows for posl ti ve nunber:::: 

lb. 
1 :-9 

10 - 99 
100 - 999 

1000 - 9999 
10,000 - 99,999 

Characteriotic 
o 
1 
2 
3 
4 

\Ie will rot consider the case of nepative numbers In this COtn"se. 
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c. Mantissas are determ1Ded b)' uae ot Chart 10-2 

(IltilRUCiUR - PASS (Q'l' CBAR'l' 10-2) 

'lb find the IIIfUltisaa ot a DUIDber, aa7 283, locate the first QK) tisaNs 
of the DUIlber, 28, in the left blind c:olUIIIDi then IP mr1zontall)' r1gbt 
untll the third tieure ot the DUIaber, 3, 1s 11nBd up ~1call.7. '!'he 
!I.llever, 1J51, 18 read at the interaection. 

EDUIQlles ot the loSV1tlae ot aneral nUllbers are: 

Characterist1c JlllDt1eaa 

log 300 : 2.477 2 + .4n 
log 23 - 1.361 - 1 + .361 

Joe 871t5 3.9IJ1 3 + .9IJ1 
log 100 : 2.000 : 2 + .000 

Conversely, when deallng nth theae aunl1U'7 IWIIbers, it 18 DeCesaar)' to 
tr!l.llspoae tll_ bact to actlJal DUIlbere. '1'tma 1t ft haq the loprit!a 

1.1J26 

1t 1& necessar7 to obtain the DUIIIber which 1t relll"eeente. '1'b obtain the 
number we take the IIIUlt18ea, 426, and l.oot It up in the table, obta1n1J3s 
267 - which is our- 1lUIIbar. '!'be character1st1c ot 1 1n41cates tat the 
number 18 01" JegD1tude bet1reeo 10 and 99, Yh1eh 1mIIe41atel)' lIboYa that 
the DUIlber 18 

26.7 
'l'h1e DIZIIber we call the ant1-log. 

Row let ue lIOrk out a lIl"Oblaa wh8r.in we Jab uae ot theee 108&­
r1 tlmIa. Bererenee 18 _de to the or1g1nal eDaple ot 

which was rewr1tten as 

22·61 or (aX) 

X log a 
or 

2.61 log 2 
mw log 2 • 0.301 
and (2.61) (0.301) : 0.301 

2.61 

or 0.785 

--,;;oy 
l806 

0600 
o~ 

wh1ch when con~ bact to the aetlBl IWIIber - or aa ft -7 -tate the 
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~ nt 106" - g1 ves 

6.1 

~s the actual nunbar or en 1l.()~ 31l-: tl: l'i ::'c the rothot\ '11th which ve 
c·, let,lcte ut.r term 

In the deca=' e1t '8t10n. 

With theee new toole at our rtls!QfIOl, the J:JUltl!lle decay e'1uatlon 

e"o:""ea oulte simple fu oon,lle . Th facilItate our '"Ork :.l forn '"Orksheet 

(CHA.~ 10-3 ) 

,,·111 be usod . By crn-erully perform1ng, In nunerlcsl order, the 1odi­
e 'ted etons no dlfflcultjeo should be encountered. 

'"i . Th uee this equatIon the folloV1ng steps are perfol"l!led: 

As ooon (>s rossible after the ext>loslon, obtain 8. reading 
vi th :.l survey Inotruoent. Record the IntensIty in R/fuy and the tlr.1e 
ninee zero rours In cl.:lys. Example, If It Is j( hours slnce zero hour, 
rocord the tll:le IlS 1. 5 days. 

b. At a later time when there baa been an apprecIable reductIon 
In Intenel ty (min11:1W:1 reductIon of approx1l:Iatel.,y 5 R/Da.7) take a second 
rea dine, record IntensIty and time In days SllCI ZERO Dm. 

c. Carry out calculatIons an lIOrkeheet down to Iten 14. 

d. fuv the decay equatIon 00,. be used to anewer the questIon, 
"vhen vill the contall1notlon decoy to a. certaln safe VfIlue?" We take the 
v:-!lue th..'l.t ve V"..nt to kruv (norr1'lly 0.1 R~y) and enter It as Item 14. 

e. CalcuL::ltlons lU"e ClUTied out anI I 0:"1 11' fi ves the tltle in 
yc ~lnce :ero IIoul" ,hen t::e Intenslt~· des1red wl11 be reacbed. 

(n:3Tmr R - l lon t:l1 hal' een comple ,ed, the stu ents fllnuld be re-
11lro,1 to \,url- out () p;.-o lel11 ut1l1z1ng dat>· f'ro1'l Exrloslon lb. 2 .) 
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CIIAH 10-2 

• 0 1 Z S , II • 1 • , • 0 1 Z I , II • 1 8 , 

10 000 006 001 012 011 On OIl 011 011 OIT 51 Tto T61 T61 T6I Ttl TI' 161 161 161 767 

11 0'1 061 0'" OIlS 0&1 oeo OM 011 011 0T1I M ". TI' "8 TIC 1111 111Z 7112 TIS 7116 7511 

12 071 011 ON 081 OIlS 015 100 lOS lOT 110 IT Til TN TIT TN TM Tit 110 711 7el 7112 

1$ 11S 111 120 us 121 lSO liS lSI lit us II TIS TI' '" TIll Til 1IT 7IT 718 7111 no 

l' 1" 1'" 1111 1111 1M 111 1M 111 1'10 1T1 It T'IO nl 771 7T1 1T1 n, 1T1 n. TT. 717 

111 11. 171 181 1M 18T 110 lIIS 1111 1111 101 10 71. n. m 110 711 181 782 71S 71S 18' 

18 206 zoe lOt 2U U, 211 110 IU ZZI ZIT 11 ,. T. ,. 787 781 188 789 790 1tl 791 

17 Z30 zss ISII IS. Ito Itl 161 Z" zeo 1111 81 Ttl TtS TtS Tt, 711 Ttll Tt8 Tt1 7" 798 

18 lliI! 211 zeo HZ ZU ZIT ze, 111 111 118 IS '" 800 100 101 802 802 ~ 806 80' 805 

19 1118 Z81 lIS ZII 2" 190 292 29' 298 29' " 101 I0Il 807 108 808 809 810 810 811 811 

10 1101 S05 1011 101 SOl Sll IlS 118 118 SZO II .12 III 81' 81' 1111 818 818 817 818 818 

11 122 IU IZI III sao ISZ IS' 1M IS8 Ito M .111 8ZO 820 821 8%2 8U 821 82' 82' 8211 

zz 161 166 I" S" 1&0 162 1M S58 161 159 IT III 8ZII 111 118 118 81t 829 ISO ISl ISl 

21 sn SIS III 181 1M U1 112 17, 178 S78 18 1S2 ISS ISS IS' 1S5 lIS II 1S8 1S1 1S7 1S8 

I' 180 18Z SIS Sl5 SIT S89 S90 S92 S9' S9I 89 1S8 1S9 MO 84Q 861 HZ 86Z MS MS 8M 

21 197 S99 tol toS 606 608 to8 609 611 6lS '10 865 865 861 867 867 861 861 869 850 810 

28 '15 '18 '18 620 621 621 62' 628 '28 629 11 861 851 852 85S 85S 856 8M 8M 86. 8M 

Z7 til tIS tI, 6H tl1 till 64Q 662 '" '61 72 8117 8117 858 859 859 810 880 881 882 882 

Z8 661 668 6&0 611 6111 6M 681 6117 6119 610 TI 86S 853 866 885 855 858 888 887 888 858 

29 611 us 611 .. "8 "II ,71 672 ,.,. n5 11 889 859 810 871 811 872 8'72 ITI 8?S 81' 

10 '11 
,.,. 610 681 681 ... de '87 '88 680 11 8111 815 818 878 8n an 878 8Tt m 880 

51 691 "'2 'II' '" "8 698 6911 1101 501 50S T8 880 881 882 882 8IS 8IS 88' 8M 815 8115 

SI lIOII lIOII 1101 1109 1110 511 5lS 516 11111 517 11 .. 887 887 818 888 8. 8111 890 891 891 

SS 518 11111 Ul 1122 IiZS 525 528 121 528 &SO 78 892 892 8':l! 89S 89. 119' 895 1198 898 lI91 

56 IISl 5SZ lIS' IIS& &38 531 5S9 1160 5'1 561 19 891 898 898 899 899 900 900 901 902 902 

S& 566 116& 8" 147 549 810 &51 M2 5 lIS 5M 80 901 901 90' 90' 905 905 901 906 907 901 

S8 858 1551 11511 1519 &11 l1li2 8IS 5116 l1li& 561 81 908 909 909 910 )10 911 911 912 912 913 

!7 l1li8 &89 810 1111 872 61' 878 878 577 578 82 913 916 91' 915 915 918 917 917 918 1118 

sa &19 810 8. 81S 886 1111 885 881 581 589 IS 919 919 920 920 921 1121 9%2 92Z 923 921 

S9 1191 592 In IU 591 191 8117 198 599 801 M liZ' 926 925 9Z11 928 928 lilT 927 928 928 

til 802 lOS 806 801 801 801 108 809 110 811 116 929 929 930 930 9st 9SZ 9SZ tiS 9SS 93' 

6l 812 81$ 81' 818 811 518 819 6210 821 622 88 93' 9S5 936 36 931 9ST !1ST U8 9S8 9S9 

62 62S 826 1211 82. 621 828 829 8SO 851 asl 81 939 960 560 9'1 9'1 9'2 962 963 963 966 

6a ISS lIS' lSI as. 8aT 818 6S9 8., 8,1 862 ee 966 966 965 9611 961 9" 967 967 1168 H8 

" MS "' 8611 I .. 167 1'8 169 8eo 851 852 89 969 969 950 950 951 951 1152 1152 95S 95S 

65 851 8M 8 iii! 8111 I.., .511 8l1li 8l1li NO 1111 90 11M 956 951 9511 11l1li 11&1 967 1157 11511 958 .. III: 8IS 8M 8811 1M 811 888 889 870 671 III 959 9SS 980 980 980 961 961 962 962 963 

67 812 871 8?S 876 818 818 8n .111 119 880 92 983 986 96' 966 965 986 966 967 967 918 

'8 881 182 81S 81S 886 885 686 887 888 889 !IS 968 988 969 969 970 97 911 971 972 972 

til 890 891 892 8112 .n 69' 895 898 891 898 9' 9?S 973 976 976 97& 97& 1175 9'6 916 977 

50 899 899 '100 '101 702 101 '106 701 'lOa 108 95 971 978 978 919 919 980 980 580 981 981 

51 701 708 '1011 710 111 711 712 711 71' 1111 III 1182 98: 91S 1111 II .. 98' 985 9811 985 981 

52 716 718 717 718 719 710 121 721 122 7ZS 91 988 987 981 988 981 II 0 989 989 990 990 

lIS 72' 725 726 '" 727 728 729 ?SO TlO ?S1 !IS 991 991 9112 992 99S 9 .. 3 9es 996 9H 995 

116 Tl2 7SS 1st TI' Tl6 1M ?S1 ?S8 758 Till 99 995 998 991 998 997 997 1191 998 999 999 

• 0 1 I I , 6 8 7 8 , • 0 1 2 S , 6 8 7 8 , 
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CHART 10-

Item A:>. 
~ltt1on 

o ue 1 
Record In.i tin1 Observed Intensi ~ lP:LIB...l.) 

2 Record In1 tic 1 
Time lIB-zs or Hours Since Zero 1i:lur) 

" Record Second Observed Intens1 ty lRi!"J!.z) 
---4 

Record Second Time lIBLs or Hotr~ E'ince ZERo 1i:lur) 
'5 

DtTide Item 1 ~ Item2.il f> .~ ___ 

6 
Teke ~1 tbm of Item..L 

Vi 1 

~ Dt Vide Item 4 ~ Item 2 1..4 
t 2l 

8 
'!'ake ~1t.bm of Item ~ 

2... DlTide Ite. 6 ~ Item 8 J.6 
t Ell. This • 

10 
Record Dlteired Intene!.!I.110n...rlBorrell:.l.. 0.1 

11 
Dl Tide Item 2. b...r. Item 10 1.'" 

t lol 
12 

'!'ake lo~ltba or Item 11 

!1 '!'alee ~I tbm of Item 4 
14 

IIRlt~ Item U ~ Item...2.1U x...2l. 
~ Add Item 12 ADd Item n 112 .,.. U) 
16 

Dl Ti de Item !2. l!.r Item Jli!L t ..21. 
17 

'!'aD ADtt-log of It.. 16. 
This 18 the t~ in days 

or hoare, J'R(J( ZIRO HOUR, when tbe intensIty assumed 
1D Ite. 10 V111 be reached. 
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'l'RAIIIIlC OU'l'Llll! 110: 

IEIAUCTOBS' HDBlWiCiS: 

Si\JliUflB I RUBk&M!BS: 

11 

Prepaz-ation ot ~t C&l11ration CurTeS. 

fitt7 (50) Idlmtea. 

Arq Aleebra text; Paragraph 9.12, Rad1ologi­
cal Deteue llamal, ~11lllllt 1. (See 7oot­
m~) 

loDe. 

Charte appended bareto. 

1. It .muld be appl!l1"eDt b,. this t1Jle that t.be pre8eDCe ot hleb 
--87 rad1ation can mt be telt, tallted, _lled or beard by !U1 indi­
ndDal. '!b detect the presenc. ot Ilnd l8&812l"e the lntenslty ot rad1a­
tion, W IIIIUIt rel,. on radiation detectlon lDe~ts. 

2. '!'be t,-peB, operatlon, calibration and uae ot these lDatnmlents 
Yill be oo.,..ed durlng later phases of 1llBtructlon. WltlDut SOlI1S into 
11 dillC1Ullllon ot the "v~. at thill t~, lt 111 11 fact tbat these IllBtru­
_nte 4k> mt read, directl,., the true intellBl t,. ot the radiation which 
thel .allure. Because ot thill tact we WIWIt det8Ml1De the true -mlue 01' 
the read1D€s obe .. Ted on lUi 1De~ and this proceas Ie called IllBtru­
I:I8nt calibratIon. '!'be need tor IllBtrument calibratIon !IIIll be Illustrated 
bl the tollovtns example. 

(Im'mDC'l'OR - RKPROm::x ClIART 11-1) 

A JK"Operll 1'uDctlon1ns lDetrummt placed at lblnt A Yill r83.d, say, 
7.5 R/TB1, and it the snme Instrument is placed at lbint B, it probabl,. 
Yill reed about 1. 8 R/DA1. If we talce a difterent instrument 'Uld !llaee 
it at the 8IUII8 two poInts, A and B, the reed1nss obtained w111 be dif­
ferent troD both the true TUlues !U1d the values obtained Yith the first 
lDatrUllllnt. 

3. Th1n situntion Is undesirable since we want to be able to take 
any 1De1zoull8nt, eo to lbint A and obtaln the correct read1ng of 8.0 R/T>iy. 
'lb calibrate ins~t8, we compare their observed read1ngs against a 
aource ot radiation; the intensl tl of whIch radlation 18 alwals conste.nt 

SA Tlctoreen 263A C-M 9urTel Meter slDuld be deaDnstrated to ald the 
students in und .. standine mw caUbratlon eurTeB fit into the general 
plcture ot rad1oloelcal derena. work. 
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and reJrOducable. '!'be differeDCe between the ob • ..-..4 ID8tzou.Dt 'ft.lue. 
and the tnw 'ft.luell can thea be 4eterm1De4 aDd ~ter appUed all a 
correctlon f~tor to tlat partlcular 1DBtr-.-nt. 

~~ '1b flnd a 1I01I1"CII of radiatlon, tbe intens1t,. of wtIo •• radiation 
ill abra,.8 constant and reprod1lcabl., 1. mt difflcult. aa-. radiation 
floom the el_nt Badiua hu beea cllOBen a. a llte.Ddard for 1Datr1meDt caU­
::-atlon work. So_ diecuslllon of the behaTior of radiation tro. a radio­
atl~ lIOurce lIIlet be S1~, bDYewr, before an IntelUsat di1l01l8.10n of 
cali bl-atlon CurTell can be undertaken. 

5. Bad13tlon tru. a radioacti~ lIOurce tra~lll In all directlona 
ft'oll that lIOurce ~ thi8 1IIUJD8l": 

6. The Intenslty 01' this radiation at any point 111 found to be re­
lated to 

a. The quantit,. of radloactl-.e I!E.terlal Fe.ant. 

b. '!'he di8tance avuy ft'oll the polnt at which the radioactiTe 
mter1al ie located. We find alllO that ae we set fertWir ava,. trom a 
source, the inteD81t,. of radiatlon falls off 'Yer,. rapl~ to an 1nsl@1'll­
ficant value. '!'be atbe1latlc8 of this relatlonship 18 best illustrated 
by means of a chll!lrt. 

7. '!'be eqlIAt l.on 

I = ~ 

18 a formula which we use for calibl-atton work to calculate the true 'ft.lue 
of radiatlon InteD.lt,.. Bach term 1n the formula 1s defined a. followe: 

a. I 1. the radiatlon Intena1t,. at any polnt A and 18 (Refer to 
Cbart 11-2) expr'eesed in any un! ts which we cboo se. 'l'beee un! ts are mr­
mall)' R/Day. 

b. C Is a constant the numc'ical 'ft.lue of whlch depends 011. the 
un1 t £ 1n which we Wish our anewer expr'e8l1ed. If' I 1. in R/Da" the ftlue 

70 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE 

of C Vi11 u3U!l11,. be 0.024. Pertinent ..-a1ues of C ore sn:nm in CI rt 
11-3. 

~. M is the "'e1g'.t of the .:-adiun ::ource ",hicn "c U3e dC a 
standard. This ",eIght Ie erpressed In mill1gran:s to tl:e neareot "11111-

dredth of e ~ll1t:;rarn. A tY'Pica_ cot.:rce 'IOn1o! t-e 57.38 '"IS. lr. '-"elgh . 
1':le 1:''':-£81" th1:; 9Ou:"ce, the ::;reate:: ie the Intem::lty of ra:Hatlon herc­
:!'rO::1. 

d. D 10 the diet'mee ceween t'le roiitc !:"o~;:e -'n -x>lnt .... 
This l1stenee Is 00:-=11:; e:~essed in ;prdo but other unitn =:- be 
-.wed if C Is cbansed accordingl:!. It Is of 1r.terel"t to m to .:0'" ra<ti"1-
tion intensIty r-ires Vith llcUm:e since dlsu.nce is ou!" bor- ;'!"Otcc­
tioD a3'linst radiction M:r"..:-dR :ro::l an cto::dc bor:b. TIle ~ollo\l1n.=- dl?..rt 
vill Illustrate t~e point elenrly. 

Thus ve see that '!ly inerennine the 1i:;tance between e. source end om'­
selve:; fro~ 1 yo-rd to 4 yards cause:; 3 decrease In the radi~tlon inten­
sity to 1/16 of ito value at 1 yard. 

P ActU£!.l instrunent cel1":lration wor}: Ie cerrled out on ~ "c­
brl!.tion course" \11th a ra.l1un source "'IDse cize 10 ':n>wn. Tde ch.vt 
indice.tes iDv t,.-plca1 calibration com"oe r.rlCht 1001:. 

9. Iru:;trunent c.:-.l1b::c.tion procedure Is c8.."Tied out in the fo1-
loVing nrumer: 

&. A data sheetei::rt1l1.r to the follovlng is prepared. 

(DlS'mU:IDB - PASS OUT (!!ART 11-6) 

b. Tae radlu."'l source ie pbcod at zero point 'lIld ite veIgh, 
In mlligrans (og), re orded. 

c. Int;trlJr.l8nt Is olaced In ope!"lI.tlon and, begInnIng at the 
-a>..r}:1Jl8 !%let diswnt f'ro!ll the Bource and lIOrl'.:lng toward the source, 
re"dlng~ are obtained. He st.P.rt '!t the outer edge bec:luse the r die­
tlon intenSity 16 low on~ there ie no daneer of d'll:l!.gine the ::leter by 
running the needle orf sc~le. 

d. Readinee are obte.1ned for each ecale of the lnotru:!llllnt. 
There should be e. m1nll11UJ11 of sil' readingo per scale: these readings to 
be s}reed evenly over the scale. 'nIe sC:lle la oormall3' a 1-20 scale. 

e . Each reading, vlth the disumce f'rotl the oource at which 
the readlne vaB obtaIned, is recorded. 
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f. TIle ~ctuD l r odio.t1on intens1ty a t each po1nt where readill6s 
"ore btaincd 1s col culated by l:1eo.ru; of our for::ruln 

I: ~ 

t:.e c. e 
a· Fln:>.lly \Ie cone un 14th a cet o'f data. \lhlch might look 111:e 

1:0 . 1 Scale 
Re"d1ng 

18. ::'-
14."0 
11.90 
9 · 50 
- . T: 
4.:-0 
2 . :;.0 
1. 50 

(D;5muCTOR - ltEPROWCE FO~nG ~) 

flo. ~ Scale 
Reading 

17. 30 
12. 50 
9.50 
7.80 
E. 50 
5.00 
4.10 
3 .20 
2.80 

SIZE OF SOURCE - 256.00 Me 

Yards From 
Source 

1.0 
1.2:; 
1.5 
1.75 
2.0 
3.0 
4.0 
5 .0 
6 .0 
7.0 
8.0 
9 ·0 

10.0 
11.0 
12.0 

C = .024 

Cnlculated 
Intensity (RID) 

0.59 
0·3e 
0.26 
0.19 
0.15 
0.07 
0.04 
0.02 
0.016 
0.012 

·009 
.007 
.005 
.004 
.003 

'! nd we ere ready to produce n CfIl1brnt1on curve. 

10. A detolled mthecatica1 investIgnt10Q of curvos vill mt be ro::.de. 
Let us cons1der a curve as an unbroken line composed of a very large num­
ber of 1ndiVidua l p'inte SZld each !"Oint having sone definite value lw"1th 
respect to t\Io perpendiculnr [(xes. 

(ImTRU::TOR - REPROaa; CHlIRT 11-7 ) 

11. On the chart we see that l\)int A ilea ::t definite value \11th re­
spect to t he X-axis l'..nd \11th reopect to t..l}e Y-axis. fu1nt B !Ins definite 
mlue:: als:>o It we obtoin severnl points and plot them in proper relat10n 
to the X ond Y axes ve may sImply draw e m:voth cont1mIJus curve tbl"Ough 
all J01nts since 0.11 the points are related to one amther, SZld say that 
th1s curve represents the relationship between all po1nts. 

(nlSTRUCTOR - mIJI:n l:HART 11-7 'ro LOOK LIg CHART 11-8. 00 NOT Dl:WIE 
'1'BE OOTlED POR'l'IOm AT THIS TD~ 
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Spcc1"1cal y, t!11 nn, a~ e 'r.. 1::' C'l:~rt ~t lIll ~ln s 
on the curve ::..a lcfy he ene!"~l l'6t: c ~tl,~ 1 :·cl .tlcmch1p 1o'11ch 7X> nt.a 
A, B, C, D, nd E do. He cn..n use t~..1s t~ o~ c · .. ·~·c ,Alcn -..re !-:n>lo' to.c y 
value of n roint, to detern:ne ,,}VO tho x V'llue of ti!e 1 t In. This 

(nISTRUCTO,1 - ADD roTTED LIT.ES ro C~T 11- ) 

1s vh'lt ve r.eed for our cal1br'l ion curves. 

12. S1nce these curvec l':e to be ur "1de 1n t. e I:Jatte...- "0 r!A"1Y :1.3 

s1£Il vulues to the axos PoS cu1ts our incl1rotion . It ie cuStol:k:1l-Y to 
nss1gn the mr1zontal (x) ax1e for I:Ie3cur1nc true r"dl:!t1on intersl t:' 
valuo- vhlle the vertlc~l (;:) :1.:dc 1n ueed for 1nstru.-.ent ro,dincs, wi 
cODvonier.t v:" lues ~Go1gned thereto. Gr-l!'h <l:>er 12 ::'ed T' t t::c 
curve. It 13 veIl to po1nt out here th..,t sover,l 'U!'von --ry be ':l ted 
on one "[) ece of rooor v1t!1 tvo or three ::c:llec for onc ~;:1s. Thi3 .... U] 
be the ~::ISC Yi th' o~ 00=:;,10 d:lta . Ibv, referrlnc to thece 1; t." .,.'c :-cc 
th:!t t!:o no '\"ertical ocala for ins~'u-...ent readln.:;c Yill ~"'ro to CO\'cr:, 
r~--e fro;-;'-o::xNhere round. 1.(1 to oo::JeVhero over Ie. :? 0 to ~(I i:: :1. 

convenient c:n1ce . For the !lOr1:ont.:ll ccalc"', truc rcd1at10n int(:r.~1 t~·, 
two ~elect10nG must be ~de; one for each Ins~u=cnt :-~:lle. For Sc"le 
r:o. 1 a r! 1ce of 0-0. ' R'~y 1(' obVious, __ hilc alc No. ~ \,'ill ni cel: 
fit n O-C.~ R/Dny subdiVio10n. Thece: ,10- are r~;rked In ~nd e~c : 
mint ~lotted froo t!1c datll. When nll he into from one ('-~le h:!-;c 
been .,lotted a Cll!I)oth curvo choul i be dravn ~n:l. ti led. TIll0 nroccdur 
1 S hen repented for tee second ;:1~ 1c. 

(n5rmucTOR - "'OR.: OUT FR 'mIRE FR~ D\Tl\ AIID IltW CURVES 'IX) roUCH 
sr ALE a' BOARD) 

r ,. These curves are :.I-oct to tell us tho t Ie vulue )f ('n 1 r-tru­
cent re:!dlng. For eX3Z.v1e - if ve !U've 'l!1 1notJ.-u.'1en ':'ot on thc !b. 1 
eC'1 le and obtllin II read1nc of 10, ve reror to lJe 1 per curvc; lo c , 0 

10 on the vert1c~1 ax1e, !'lO::-izon 11;1 r1 h until the curvo for 
roO. 1 scale 1s nte::-co:-teri, :Iro,.. ertic;lly to the x ,x1s "I': read u ' 
::lD.."<Ver eO.' • /rx.y, Th1e f1f?Ure 1s the t.""Ue radi,., 10n 1ntcn,1t::. 

ko t:'cre my ucotl0 0: 
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TH.i.IIII1& OUTLINE no: 

Cr.. '\SS EXERCISE: 

TJJ·!E: 

I'LACE: 

INSTRUCTORS' REFERENCES: 

STUlEtITS t REl''EREl'K:J.!S: 

12 

Student Preparation of Inotrucent Calibration 
Curves. 

Fifty (50) minutes. 

Classroom. 

Trc.1n1ng Outline if11. (See Footm1;e*) 

lbtes from Training Outline #11 pe1od. 

Scr:ltch paper, graph p.:.per, colored pencils, 
Climeogrc.pbed <!atR sheets (Chart 11-6 from 
Tra in1ng Outline #11) ant rulers. 

1. Th1s period is delOted to a class exerct.e yherein each student 
will ulot a typica l calib::"o.tion curve for a 263A Geiger meter. The fol­
lowing "fIl"Ocedure v11l be follDyed: 

a. fus s out scrc.tch pads, grnph p.:.per, colored pencils 'llld data 
sheets to t he students. 

b. Ins tructor yill mIlke one ee.mple intenslty calculatlon .'lIld 
h.:l. ve students IInke a ll others. Use the eqUAtion 

CM 
I = lT2 

\/lth C 1, M - "'3. <=' l:l6 '1nd D in ynrds so tlnt I yill be In units of mr/hr 

Ex. I at 2 yds 

I = .. 13.4 mr/hr 

*Thi s perlod olDuld be conduc ted ~ s a group perforllnllce exerc ise. The in­
structor sIDuld outline the steps to be folloyed !!.lld Mve eac h student 
conplete one step before proceeding to the next. E!lch student alDuld be 
!l-"'"O vided with 0. stra ight edge, 3 colored pencils, one or two sheets of 
rec tangular coordine.te p.:.per, scratch !)ape!" and two or three draV1ne curves 
slDuld be avullable for use ~y the class. '!'he calibration course data 
slDuld be nresented in tabular form on the blackbom-d, a ch!lrt or a m1meo ­
gr.:t phed s~t. Attached!lD Ch!::=t lb. 12-1 1s the calibration curve plDtted 
from these dzta, and is for use by the instructor in grading student work. 

75 
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2. When the students h.:tve completed the cnlct:lDt1ona, the Instructor 
Vill call off the correct values es ehovn in Ch"rt lb. 12-2. 

3 . Instructor Vill then have etudents rule off gr::ph paper vlth the 
y-axls 8e the scale readIngs end vith the x-8xls ns the rad1~ tlon intensIty. 
Tnree scales Vill be used for the x -a xls. These scalec should be numbered 
as shovn on Chart l'b. 12-1. 

4. The students should then be 1nstructed to ?lot the p:;>lnts for 
each scale, using tl. different colored pencil for each scnle, and drav a 
l!llDoth curft tbr'Ough e:lch. 

5 . Finally the ce l1bratlon curve should be labeled, turned In and 
graded for accuracy and neatness. 

16 
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R 
CHART 12-2 

CALIBRATION JlI\TA SHEET 

Heter Jlo. 11 1 D!.te 19 August 1948 

Type of I·teter 2"3A Wt of 9;)urce 53.50 08. 

Sc:!.le 
.2 

20 
17 
14 
12 
10 
c .5 
4 

l·!eter R~d1Df: 
Diete.nce 

From 9;)urce 
Sc:::.1e SC:l1e in 
2.0 20 Yards 

16·5 13/4 
13.5 2 
U.o 2 1/4 
8.5 2 1/2 
7.0 2 3/4 
6 3 
2.5 4 
1 5 

18.5 5 1/2 
16.0 6 
12.5 7 
9.5 8 
7.0 9 
4.0 11 
1.0 16 

17 
19 
21 
23 
25 
30 
35 

* These calcu.lAted intensit,. ft1uea sre tor 
use in gr:ld1ng student work. 

C • 1 

RE E 

Calculated 
Intenai t,. in 

MR/l1r* 

r·5l 
13.1,) 
10.5) 
8.5) 

( 7.0) 
( 5.9) 
( 3.3) 
( 2.1~ 
( 1.8 
( 1.5) 
~ 1.1) 

.84) 
( .66) 

~ .") 
.21) 

( .18) 
( .15) 

~ .12) 
.10) 

( .08') 
( .059) 
( .~) 
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LD'{E :10: 

IECTURE: 

TIME: 

PIACE: 

STUDEll'IS' REFERE! c:!3 : 

'1" •• ' I.," .... ~ , 

Principles of Iaiiation Detection Iustr..une .• :'s . 

Cbe (1) hour. 

ClassroCIII 

"All Hands", 1 July 1946, rlavy Depar'b:lont; 
Paragraphs 9.(;1-9.12, Rad1010gical1)efenae 
t.hnual, Voli.ll1le 1; Chemical School Meeo 202, 
22 Jur.e 1;148; ella te 17, At--m'C t·hnual 52-35:.>-
1, De:,:' of the A r Force, />By 1949; "Medical 
Aai'ects of Nuclear Energ:r", At--S.fP, IHE, 19 9 . 

Charts a r pended hereto, 

1. The detectIon and ~ee.surecent of high enersy ~i1ati 

entirely upon the proper use of suitable instru/',ents ..... ithcut !notru­
ments even intense radiation fields Will not be discover n.:ld irre.6I'"..l.o: 
injury to personnel I:ZI.y result. It is, thero! re, cf utr.l~G~ 1.':),ort.-:1:1co 
that all !>6rsons making radiatioo r::easurements loava a h"rough miersUl.'.' ,.' 

the :-rl..ciples opers.Ucn and of the 11,':1 tatl s of tile avn.ilaclo 1: -
strumenta. Furtherccre, an individual must lnter;r :. :::.oter rea.J.1n.sa _ 
terms of tl: s pecific 1ruJtrurnent used. DB.:1 erOllS et'· rs . . easil: bo , 
b;i an individual 1€;!1orant of the princi! les 1.'lC rpora+-el lnt.o the 1::.otr 
desisn . 

2. :sx epting photographic f11m all detectbg dev'ces function b ' 
measuring the ianir.a !en produced 1.'1 gases by hish enerbJ' rad!aticn ~ao-
1ng thrcuc;h the gases. I ':s well, hero, to ro?eat tha:' !onir.a !on ia Co 

process Wherein crb tal el"ctrono f the t!flBevUB atoms 1U'e ejecte! .·r~ 
the ne trs.l atocs by high energy radiation passing through the1r cr .:. ts, 
whereupon these ejected electroos fly over and arb1trar:ly attach them­
selves to other neutral atoms. As a result we have tv" dle~"rica.~y 
charged atOt::B where there vere i;v( electrically nou:.ral tClllB 0 be. 'L"1 
with. The atao froc which the electron va ejectel, is left with e. ,c01-
tlve electrical cbar~e sl."1ce e its ~ositive'- harge1 ~r tono n 
l006er has a neoat! vel] charged electron to bala."1ce ! t. The a t= to v!::' ch 
the e ected electr ... n ar itrari attached itself beco.':leo ,edJ,tlvo aL"1ce .• 
n bas one excess ne€1l ti vely charged electron. The 1m crta."1ce cf th 1s 
s1tuation lies in the fact that electrically charged at<XlS are affected b y 
I:la8Jletlc and electrical fields wheree.3 ne~tral a oms are not. 

3. In the case of the horseshoe magnet, one pole 0:..' the et is 
called. the poel ti ve pole while the other pole ia known as the ega t1 ve 

77 
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;>ole. fbv io t\ro wrseeroe ~gnete he-ve their '!X)lee touch1ng, a CUl"1o\ll 
thlne: he!'I'ene. If '!X)slt1ve JX)les of the two ~ts are placed toGether 
t!lere ie a strong repu1s1ve force exerted between the two lJOles, where:!B 
if I) ~s1tlve lJOle of one I:IlGIlBt Is placed to a Meat1ve JX)le of the 
o t her ::P£l1et there Is a strong a ttractl ve force exerted between the two 
;>olez. Th1z l11uatrates the fact the..t like charges repel and unlike 
ch:lr os I' ttr~ct. The concept of electrlco.l flelds Is a:>t eo apparent as 
tlPt of monetic fields but both net In the B8me 1:IBllIl8r. 

4. T: ese facts ere of 1nterest to us beGSuse electrlcal flelds cm 
be used to ~re ionized (charged) atons IIDve In a:ny desired directlon or 
,,"1th :my desired veloclty. When the 10nized atol!lS, formed in e gas by 
Lie:h energy r r..diation, are sub ected to an electrlcal field, they wl11 
::Dve epert in opJX)slte directions. The Degl!.tlvely charged atoas will 
::Dve tovard the JX)sltivelJ" charged en>de (poslthe plate)'and the 'posl­
tlvely cM.rgec :!toas will ::eve twoard the negatlvely charged catoode 

(negatl ve plate). 

(n~'mt~'roR - REPRoro::E Cl!ART l~-l) 

.... 1;.en these lone reach the plJ!.tes 8!lch negatively cb:lrged atom will gl ft 

up He 6?1lI"e o.ttcched electron. 'l'bese spere electrons SO Into the 
anode (;>osltlve . l a te). The ~E;itively charged atoM slmply pile up 

,. the cetl:Pde, rowever. 

Fro'" the plate the spore electrons are made to travel through a cir-
cui to the cetoode (nee:ative plate) where they recoob1ne nth the !'Osl­
ti vely charged atoas to become neutral atolllS once ::ore. The flow of 
electrons in c c ircuit generates en electr1c current whicb Jey be 
tre"SUl"e with a meter. The rate of flow of the electrons In the circuit 
deter::dnee I:Pv large an electrical current Is generated. Likewise the 
rete of flow of the electrons in the circuit 1s detel"m1.ned by the 1nte~ 
::;1 t. of the high eM!'gy r o.diatlon which ioniud the stolllS in the first 
pl:!;:e . Therefore, It tr.y be seen that there 1s a deflnite relat10nship 
betveen he Inteneity of r adiation and t he nmunt of 10nizatlon which 
it !JrOduces. This relatlonship ls the oosis of all radiatlon detection 

instrunents. 

) . One type o!' I nstrument we call the Gelger-Mueller or Ge1ger 

C~unt.er Ine~UI:Jent. 

6. A Geiger counter 1s constructed essentlnlly 1n the JIIB.IID8l" SW1ll 

on the following chart. 
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The counter CClDAlista ~ two plates j the cathode which 1_ a metal cyl1nda­
and the anode which 18 a t'ine cetal wire ir .. lde the cylinder. The8e two 
plate. are sep&rated and surrounded by an 1nert t!118 under low pres8ure j 
the mt1re ... -.1117 be1Ds enclOSed by a _.led glae8 envelope. By IIiee.n& 

at a hish voltap battery the plate. are kept clarged and a ver,y 8treng 
electrical t'leld u1ata b8tween the tvo plates. When hish energr M.d.l­
atien penetrate. the glAaa envelope and lenlua the au therein, neE!Jll­
tiTe lC1DA1 t'lov to the anode and t'or a tract1en at a 8ecend the circui t 
18 cc.rlete. '1'he source at hish voltage causee an 1netant aurge at 
beaT1 C\U"lWlt, the cec:han1cal reSiater indIcates a puJ.e and a c11ck 111 
h-.rd in the ~r. The large ree18tor in the c1rcul t then cute the 
CllnWlt t'low to such a IIIIIal.l ~ue tlat the SU10ua 1C11l11 are no lcnger 
attracted to the plate.. '!'he CircuIt la then broken, the 1nIItrument goe8 
d~ tor a Ter,y abort 1netant while the electrIcal tleld between the two 
plates 18 reestabllshed and then the process Is rer-ted. Pach time thIs 
c;rele occure we get appuJ.e or click en the 1ndlcat1Ds portlcn at the 
meter, and the meter 111 aald to haTe "tired". 

7. The sreater the inte08ity at the M.d.1at1cn, the closer to­
gether th8ee lcn1&1Ds "bureta" occur and the sr-ter will be the number 
at puleee or CllCD obtained. We OlIn approzjJaate the 1ntenslty at the 
incIdent rad1atlen by the meter r.41Ds obta1ned or the number ~ cllcke 
counted. J'urther I ve OlIn place acreene around the thin glas8 envelope 
and t'1lter out beta partlclee so that cnl.1 eaaaa radiaUCIl vlll be 
1IIlIUUred. Alpha partlclee are not n01'Wllll.l7 meaeu.red aince they will not 
pcetrate even the th1Dneat ot gla88 envelopee. Geiger countens are 
theretore used to measure cnl.1 Beta and/or CaI!IlIa M.d.1aUen of fairly I 
intensity. 

8. <nl1 lov intcaity beta and E!JIlI:IIIII. rad1atien Day be meuured 
Vi th GeIger counte1"8 because ot the "d~ 1netrument tilDe" rertously 
IIaltlened. With hish inte081ty M.d.1atiCll 80 moy counta are mia8ed 
(while the 1nat.rumeot 18 "d~") cam}:&l'ed to the nUlllber at counta counted 
(Vh1le the 1nIIt.rument 18 "allve") that the resulta becC1118 mean1Dslees. 
Therefore, GeIger countel'll are not aatlat'actory tor measuring radiatien 
intcaltlea greater than about 20 -/hour (0.4 R/d4y). 

9. MeaaUl'ellllellt at extremely hlsh energy rad1aUen i 8 accompli8hed 
by IIe&ZUI ot lenll&Uen cbamber 1nII~ta. Theae inetrumenta m.ke use 
at cylindrIcal cClltainera (or chaebel'll) in which the 1cnized atC1118 are 
ccllected CIl a plate and IlaDlpulAted to 8et up a current in a cIrcuIt. 

(lli&l1iJC'l'()R - Rl!:PHOroCE CMRl' 13 -4 ) 

10. WIthout delTing into electrenlc circuita the princIple ot 
operaUen _y be 8%plained as tollova: 

79 
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a. The meter circuit is fixed so th.~ t, when ro ionization is 
occurriDg, the current • allsir~ th:-ough the vnCUUI:I tube Is const.'!llt and 
the meter indicates zero. 

b. Radiation causes ionizlltion In the ionization ch.:u:tber and 
negntive ions ep to the ~l.ate (anode). 

c. These negative Ions cause 0. current :flow in the ionizntion 
current circuit. This flow .affects the 'V:lcuum tube in the neter circuit. 

d. The 'yncu\o tube allows the !Deter c1rcui t to become unbal­
anced and tile meter registers the degt'ee of unbalance. 

e. By proper adJustment of all factors the neter can be mde to 
meesure the intensity of radiation po.ssing thro~ the ionizatIon chamber. 

11. It soould be understood that there are ro pulses in en ion 
ch.:u:tber instrunent <md clicks c:mrot be !leard. The readings are not, 
therefore, de.,end.ent on counting of pulses :llld these instruments have ro 
"dead time". For this reason they are 'tery accurate for I:Ie.:lsuring high 
intensities of radiation. nte to certain characteristics, rowever, 
they ~ used to I!I8!lsura alp~ or beta radiation but only for W...m1!8 
radiation. 

12. It is possible to measure up to several hundred R/r»y with 
these ionization chamber instrumente. 

Are there any questions '[ 

INSTRUCTOR'S QUESTIONS: 

1. Geiger counters may be used to :a&asure vhat two types of 
rad1ation? 

2 . What is the highest radiation Intensity that can be measured 
vi th a GeIger counter 1 

3. What general principle do all detection Instruments, except 
proto film, 'WOrk on1 

4. Ionization chaz:lbers may be used to measure vhat tIPe of 
radiation? 

5· Is a Geiger counter or ion ch:u:lber IlDre accurate for measuring 
samma rad1ation? 

6. lbv high a radiation intensity my be me'Jsu:red vith an ion 
chamber? 
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'rnAIrmn Otr.'LlnE NO: 14 

CLASS ~ISE: Operatlon of 2")'; G-M Sur7e;; Meter . 

TIME: One Hundred (100) ::11nutes . 

PLACE: l'3.ssrool:l and ou door area. 

TIISTRlJC'roRS I REFERENCES: Teclmlc'1l ManU:l1 on ,,(7 A 3urvey Meter, 
Vlct.:>reen IrJJtr'..l..'lfm Co. 'm,7 . (See 
Footnote*) 

!bne . 

-"Arts !l en 1ed hereto, '3A G -H Survoj" 
!~te a, r:tdiun source . 

1. Tue 263A G-M Survey Meter 1 s '1 IX>rtab1e Instr'ul::lent for t'lB:lGU:"­

lng the In ennl ty of beta ·end sa=.:. radiI'. lOll . Ti'.e de ec lIlg device is 
n 900 volt ~le:er tube . Thia tube la of Q1n v-!11 glass constl'"'.lC 10 
per::rl.t the ::lIfnaurenent of betll pertlcles . 

2 . P 7aica1 cheracteristlcs of the lne~~n s ~e :lO fo1Lovs: 

(IlISTRUC'IDR mol) 'mATE IK5TRUMEIiT) 

a . Helg.l-tt 
b . Wl th 
c . Length 
d . Probe O;>enine 
e . Beta Shield 
f . Welght 
g . Finish 
h. Indicatine Meter 
1. Probe 

- 10 Incr.es. 
- 3 1/' incheo . 
- Excluslve of probe, 12 iDche . 
- 2 x 2 1/2 incles. 
- 1/32 inch br-'os. 
- 12 :x>unde . 
- Gra.y ent'..l:Ie l. 
- 3 Ineh cnle. 
- 1 1/2 1n bes in di'1::l8 or by 9 1nches 

long . d .onnec'ted to he lnatruoent 
b C'lble. n:r.lly el'\~ 
to he 1netru::len c oe. 

3. Ti!e prinel. '11 pe" s of the::later -e he ca e, 

(:m3'mUCroR REPROIlJ:E CHr\ ... lU 14-1) 

*Ti.ie ?eriod ls to be used flllul1l1rlze tho atu1ent vit:: the crfJ.tl 
of " Vlctoreen 2 3A G-M Survey Meter . t.I or each 8 udent hils had fJ.Il 

op"!lOrtunlt:,' t.J opera e the lns~':I6n under he superVis10n of ar. in­
struct.:>r, the second period o. uld be devoted to o~tnlnlr~ fJ.v6r'¥:e '=''lck­
ground counts and practiclne an fludio ourvO]. Meter re1vl1 ro€B will c 
aseumed correct for this ~erlod. 
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contain1ne the batteries and V1r1ng; a probe, containing the Geiser 
tube: an indicl1t1ne meter, vhich i8 lIDunted in the case and indicates 
r :ldiation intensities; a ranee 8Vitch vhich turns the meter on and 
allows selection from one of three intensity ranges (Range 0.2 is from 
o to 0.2 mr/br, Range 2 is from 0 to 2 mr/hr and Range 20 is from 0 to 
20 mr/hr; a !>hone jack which alloys use of headpoones, and an instru­
ment calibration control adjustment screw vhich Vill not be tampered 
with. The probe has a beta shield Which is closed when only samma in­
tensity is to be I!leIlsured. Headpoones are Used to obtain background 
co unts and to detect sllllll changes in intensity Which the meter will 
rot differentiate. These instruments are qUite sensitive and resister 
the cosmic ra.diation which is continuall,y bombarding all of us. This 
COSmic radiation causes a "count" or clicking mise to be heard in the 
headpoones When 00 other radiation is present. This count is knovn as 
the background count and is fatrl,y constant in any one area THAT IS BOT CO~ WlTB RAmOACT'IVI'IT. 

4. Like all instruments, these meters are SUbject to ailr.Jents 
and soould be checked before beins used or calibre.ted. This check is Very silllple and is as follows: 

a. PIU8 in earpoones. 

b. Turn range BV1tch to the 20 scale, then to the 2 scale 
and then to the 0.2 scale. If the neeelle on the indicating meter 
8Vines to the 20 mark and stayS there on any scale the instrument is 
defectiTe and soould be shut off at once. 

c. If on the 0.2 scale an irregular CliCking mise is heard 
and the neeelle on the indicating meter fluctuates betveen 0 and 5 the instrument may be satIsfactory. 

d. Readings of over 5 lIfly Indic'lte either the presence of 
radioacth1ty, Instru.'Dent contR.m.1nn.tion or lIDisture In the Instru!lIent. 
This does rot necessarIly render the instr~nt useless but does 1n­
dicate loy sensitiVity and therefore poor accuracy. 

e. The beta shield s1x>uld nert be opened 'lnd the probe ex­
POsed to a source of stroll8 light (I.e. J sunlight if PO~S1ble). A 
sharp increase in baCkground count 1ndicates that the Ge1£er tube io 
light sensi ti ve and the instrument can only be Used to meaoure g:l.l!Dl 
(Vi th beta shield closed). 

f. Constant needle fluctuation smuld rot be taken as a sisn of lII8l.function!ll8. 

g. lI'ollDV!ng these Checks one s!X>t calibration check soould 
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be ~'lde against aoae known source such as a lU!!l1nous lIrist watch vhich 
h.'lS pt"eviously been calibrated. Serious deviation indicates the re­
calibration of he instrument IllUst be carried out. 

5. Oper ting procedure is carried out in the folloving lImlner: 

n. Background l>leasureClBIlt . 

(1) Svitch to 0.2 range. Meter soould indicate less than 2"-" full sC31e. 

(2) Plug in he~d hones. 

(3) Obser-ve a stop v ·tch or wrist watch With BYeep second 
h.'lnd. If n Y'l.tch With lu:nirous dial is used the body 
soould be used ~s a shield between the watch and probe. 

(1!) Count the nu:nber of "clicks" in the pmnes for a one 
::11nute period. Repeat several times . '1'be scale re~~ 
1ne soould be roted alao for future ref'erence. 

b. Gamna Mensureaent. 

(1) Close bsta shield on probe and plue in earpoones. 

(2) 'fum range BYitch to 20. 

(3) Place instr-ument vi th pro be in the location to be 
measured. 

(4) If rending 1s less than 10.' of full scale, ev1tch 
to 2 . 0 . 

(5) If r&ding is still less than l~ of full scale, 
BYitcheto 0 . 2 . 

(0) Watch indicatine ooter for about 30 seconds to deter­
mine the ~verage reading. This 1s very i!llp)rtant on 
the 0. 2 scale . 

(7) Read the !lIeter and record data. 

c . Beta Measurement. 

(1) RellDvs the probe from its brackets and place it in 
the deSired loc"tion . This is very imp:>rtant 1n beta 
l!Ieasurement . 

(2) Repe~t gar.mn me.:lsurel:lent procedure outlined above but 
With beta shield open. Record rending . (This is beta 
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plus e;amma read ing. ) 

Close beta shield and take gDJIlI!B Dea8uremant vi th probe 
in the same location. Record reading. (This is E73JlI1la 
only reading) • 

(4) ~eta intensity is obtained by subtracting reading (3) 
from reading (2). 

d. Audio Survey. 

(1) Decide upon the level of intensity above vhich a careful 
measurement should be nBde . It is reccmnended that 0 .1 
JIlr/hr be used. 

(2) Plug in earphones. 

(3) SWitch to 0.2 range. 

(4) Place a radium sample or other source of radiation at a 
distance to give the level of intensity selected in (1) 
above. 

(5) Listen to the signal to becooe accustomed to the noise 
level and pulse repetition rate. 

(6) Hove the probe back and forth toward and away from tho 
sample. Notice carefully the difference in the audio 
signal as the intensIty is increased or decreased . 

(7) Close your eyes and have saIl80ne Dove the sample a short 
distance. 

(8) Try to reproduce the distance (4) above between the 
sample and the probe, vitJ:in lfY/" using only the audio 
s1goal as a guide . 

(9) When (8) can be accompl1sed easily, audio surveys can 
be made vi th a degree of ccnfidence and in much less 
time than in amy other manner. AtteI:lpts have been l!lf1de 
to cover 0. Vide range of intensities in audio surveying 
but the one point ccmpu"ison method is the only satis­
factory one . 

e. Recording Data. ~ operations involving the measuremon of 
l'aci:ation have been hampered by loss of infonation due to incomplete and 
improper recording of data. IT data sheets are not provided., a moniter 
should make up his own before starting a survey. The follOYing infon:ntlon 
must be recorded an each data sheet: 
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(1) ~te. 
(2) Tir::e, 
0) Place . 
(4) Instrument !:lodel and ser':'al no . 
(5) Identification or source, 
(6) Positlao of pr obe v ith respect to scurce. 
(7) Position cf beta shield.. 
(8) Positiao or re.:lge switch. 
(9) Meter reading. 

(10) lhits of measurement . 
(ll) Background reading . 
(12) Coc,nriscn staodard reading. 
(13) IdentificatiCll or standard sample. 

6. Those items which are the same for all neaBllrCl:l6nts can be in­
corporated in the data sheet heading. The other items can be listed as 
colum head1nB8. 

Axe there any questions? 

:rnsTroCTOR' S Qtm3TIOI~: 

1. What ty-pes of radiation does the 263A Survey Neter detec ? 

2. What radiatiao intensity does the 0 . 2 amge of the 2(3A measure? 
The 2 . 0 lBnge? The 20 I8n8e? 

3, Wha t is background count? 

4. How 18 a Geiger tube checked tor light sensitivity? 

5 . How do ve dlrterent1ate between beta and samm rad1atiao with 
the 263A'l 

6. What 18 the procedure for IIBk1ng an audio survey? 

counts. 
The balance of the period vill be devoted to obtaining background 

The s8caod period Will be devoted to practice audio surveys. 
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(he Bu.ndred (100) m1nutes. 

Classroan. 

Training Outlines 2 to 14, all previous ref­
erences' Instructor's Answer Guide. (See 
Footnote*) 

lecture notes fran Training Outlines 2 to 14. 

Co ies of 'Examination I, Copies of Chart 10-2. 

1. Use of students' notes is permissible. 

2. All ;.uest1ons can be answered in one sbort sentence or less. 

3 . Check your pe.:>er for cccpleteness - there are 25 ques tiona in 
t.his exatliDation, 

~u:;STIO'1S : 

1. What are isotopes? 

'- . All at ~J:l8 (exce t Hydr)gen 1) contain three k1nd.s of particles. 
~ are these three kinds of particles? 

a, _____________________ ____ b. ______ _ c. _______ _ 

3. '.:'he chel:l.1cal nature of an ata::! 18 determined by one factor. 
~na is this factor? 

*Students should be pen:l1tted to use their notes. At ccmpletion of 
em::u.natian. the questiCll8 should be reviewed and the correct answers 
::!.ven. 
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The necleus of an a tan veighs about 1'1> less than it should. Why 

1s this c f interest to us? 

5 . The term "high energy radiat1on" 1s useful to us. Def1ne th1s 

term. 

6. There are llBIlY types of electro-lIBgIlet1c radiation such as 1n!ra­
red, ultra-v101et and X-rays. In what (De Yay are these types of radia-

t10n different? 

Name four k:1nds of "h1gh energy rad1ation". (Do not ccnfuse v1th 

types of electro-~etic radiat1on) 
a. ____________________________________ ___ 

b. ____________________________________ _ 

c. ____________________________________ ___ d . ____________________________________ _ 

8 . Rl.d1cact i ve isotopes spontaneously liberate energy. Wbat 1& this 

process called 'I 

9. Define the term" ionizat1on" . 

10 . What do nuclear reactions represent? 

11. Three distinct things happen vhen a U-235 atan 1s struck by a 
neutron "bullet". What are these three happenings? 

a. _____________________________________________________ --------------------

b. ________________________________________________ __ 

c. ___________________________ ---------------------------
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12. T::ere are tvo types of neutroo induced ree.ct~ one. What are these 

tvo t1Jles ? 

a. __________________________ ----------------------------------

b. ____________ ------------------------------------

13. What is meant by the term "critical llI!!.Ss"? 

14. Fcllowing an atanic explosion , there is lastin 
te..m:1nat~oo. This cc:ntaminAti oo comes frem three sources. 

three sources? 

mdloe.ct i ve con­
Wha t are these 

a. __________________________________________________________ __ 

c. __________________________________________________________ __ 

15 . What Is meant b1 the term "fall-out"? 

16 . When an atanic bcmb explodes there are t hree i nstantaneous effects. 

What are these three effects? 
a. __________________________________________________________ __ 

b. __________________________________________________ __ 

c. __________________________________________________________ __ 

17. What is the daily permissible tolerance dose of mdiat l on? 

__________________ ~R~y 

18 . What is the e uation 
rtP = K 

useful for? 
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19 . Why 1s it necessary t o ~llbrate radiation detecticn instruments? 

20 . Calcu late the radiation intensity at a point which is 10 yards 
fro::: a 256 .00 mg Radl1.L'n s ource. C - .024 

21. \lhat tvo kind.s of hi gh energy radiation may be t:leasured with a 

GeiGer c ounter? 
a. ________________________________________________________ __ 

b . ______________________________________________ ___ 

22 . What is the h ighest radiaticn intensity that can be measured with 
a Ge~5er ccunter? 

____________________________ ~mr /hr (approx1.ma te) 

23 . With the excellticn of film badges, all radiation detecticn instru­
oen ts operate on one ?rinc ':'ple. What is thi s principle? 

24 . What kinde of h gh energy radiati on can be measured Yith an ion­
chamber inStrwnent? 

25 . An atomic b omb explcdes at 1200 hours on 15 July. Exactly 24 
ht:urs later a reading of 200 R/Day is obtained in one affected area. This 
se.me area ree.da 9 H/Day at 1200 hours on 2, July. When will this area 
r eal 0 . 3 RjDay? (Use attached worksheet) 
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TRA.mIr.G curLINE rro: 

CIASS EXERCISE: 

TD!E: 

PlACE: 

16 

Student Cal1bnltic."l of 263A Survey J.leters. 

CDe hundred and fifty (150) cinu eo. 

Classroom and Instrument Cal1bnl tion Course. 

Fa.ra.Snl_h 9.12, l6diological Defense f.tlnual, 
Volw=e 1 . (See Footnote*) 

'iotes froc Tnlin_ng Outlines '10. 11, 12 and 
14 per iods , 

DIlta sheets, cl1p-boe.rds, 2G3A Survey Heters, 
h86dphones, nldium source, graph raper, nllers, 
colored pencils and sCnltch pa er. 

1. Students will draw equlp:::e.'lt and assemble in t.lJe classrocm. They 
Will be br~efed. an the genenll procedure for obtaining data as outlined. 
in Training Outline lill . The s:ze of the radium source will be _iven . 
Data sheets should be passed. out or drawn u!. The follovillg points on 
techn:que sh ld be ccvered.: 

a. Callbnlticn is dene w: th the beta shield closed. 

b. The instrument should be laced. on the floor with the probe 
d~rectly faciDg the scurce. 

c. The center of he ?r obe should be placed. directly over the 
d!stance marker. 

d. Each ceter reading recoroed. should be the avera£e readine 
o tamed. OTer a 30 second period. 

ilThls exercise Is based on the assum, tion t.l}a.t a E7U:mI!I. radlU1!l source 10 
ava!lable and that a cal1bnlt:on course has been IIlU'ked off. rior to the 
start of the per!od. The size of the source ava:lable will dete:nnine the 
a:::.ount and sub-divisions of distance required. Too !:IUch emphasis ca.'1I1ot 
be laced. an ~rlcr pre~t:on for this period. Students should be able 
to draw instnu::lents, prcceed. to t2le caDbra.tlw course aod begin Clbtain-
1ng read.:ns& at alce. The: should not be hacrered. by lack of dictance 
z:arkers or by poer Jlacement cf these z:arkers, Spec1flcal..ly, markers 
shcu.l4. be so placed that ene Is available for each point at whIch a scale 
reed1n8 is desirable, DIlta shoul.d be taken for each of the three nlDges 
and. a set of three cal1bratl<D curves prepu'ed <D the spot . These curvee 
should be checked. by the instructor for accuracy and. graded.. 
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e. Care should be ezerciaed that personnel do not cane betveen 
tb .. source and the probe. L1keviae, luminous wrist watches should not 
be worn. 

1ng].ees. 
f. Heed1D8a obtained lesa Ulan eme inch from a source are meaIl-

g. Read1neII em the extreme anda or the acale are not accurate. 

2. Following thia, studenta abould proceed to the calibration course, 
obtain reed1D8a and rvcord data. 

3. F1nal.ly, students should return to the classroan and preJ8re a 
callbratiem CUl"Ye. Th1a should be deme as outlined in txmD-14 with the 
plot being made or actual intensity T8 scale reeding and a !IIlIooth curve 
drawn, using a different color for each meter scale. This curve will be 
turned in for grading. 

AAy questiCll8 frcm students should be answered. 
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'I'RAJlONG rerum: NO: 

CIASS :EIEB::ISE: 

TlME: 

PlACE: 

IllSTROCTOm' REFERENCl5: 

S'l.'UDEM'S' REFERENCli.S: 

11 

Operatioo c:4 247A 100 Chamber SurYey M8ter. 

Fifty (50) lWlutee. 

Cla8ar<>CID end Outdoor area. 

Inatructioo Manual 00 Model 241A Suney M8ter, 
(Victoreen Inat.rulDl!Dt C~. (See Footnote*) 

Belle. 

Chart appended. hereto; 241A SUl"Tey M8tera, 
Hadium Source. 

1. The 247A 100 Chamber SurTey M8ter 1B a portable 1Datrument for 
3!le.Suring the intensity of e1SJIIIB rad1Atioo. The detectjll8 deTice 18 a 
bemetical..l1 aealed. iooizatioo chamber wbich measurea ~ IJI.IIIB racl1A-

tioo. 

2. pbya1cal cbaracter1Btics c:4 the 1Datrument are as follawa: 

a. Height 
b. length 
c. Width 
d. We1ght 
e. Finiah 
r. IDd1cating 

Meter 

- 13 inChes. 
_ 10 1/3 inchee. 
- 5 1/3 inches. 
- 1.2 pOUDdB. 
- Gray enamel. 
_ 3 inch aeale w1th 25 d1T1a1ma. 

3. The princiiJllol. ~ c:4 the 1Dat.rument are a caBe, cootaining the 
1e1l cbl!.mber, batter1es end Vir1n8; an ind1cating meter, 1IIOWlted. in the 
caBe; and cootrolB which include a battery 8V1tch, a aero adJulltaent, and 
eo l'8D8e sw1tch that &1lawa aelect100 c:4 ooe c:4 four intensity l"I!IoD8"8 as 
follOVB: 

xl 
xlO 

xlOO 
xlOOO 

o to 2.5 mr/hr 
o to 25 mr/br 
o to 250 mr/hr 
o to 2500 mr/hr 

ilTh1a per10d 1.b to be used to fam111ar1ae the atudent w1th the operat1on 
of a Victoreen 241A 100 Cbamber Inat.rulDl!Dt. Each atudent should be 
"checked out" 00 1te operat1c:n under the direct superna100 c:4 an 1Datruc-

tor. 
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4 . Headphones are not used nor is it posSible to measure be1a with 
this instrument. The sam:a sensitivity of the xl range 18 cClllJal'able to 
the 2 range of the 263A G-M meter. Background. count will not, normally, 
register on this instrument. 

5 . The 247A instrument is a fa1rl.y l"UBged deVice and little trouble 
should. be encountered. in ita use. The meet undes1mble feature of the 
247A lies in the fact that the needle must be re&arced ver,- frequantl.y. 
Erratic fluctuaticms of the needl.e may be taken as a sien of IIal.ftmct1c:n­
ing . Prior to use a spot caJ.1bl1ltic:n check should be lIILde. 

6. 0pe11lting procedure 18 carried out in the folloring lIIUl1ler: 

(INSTlI1CTCIR - REPROoocE ClJARl' 17-1) 

a. Turn batter,- 8Vitch to "CDECr positic:n. Indicat1ng meter 
should show a reading of 1.9 or greater. I1' lower than 1.8 batteriea 
should. be replaced. 

b. Turn batter,- 8V1tch to "ar Poe1tic:n. 

c . Turn ranee 8Vitch to "SEnSrI'IVITY CHEer poe1t1c:n. The in­
d1cating meter should shor a reading of 1.9 or greater I1' lover than 
1.8 the instrument needs adJusbDent b,. a qlal1fied techniCian. 

d. Turn range av1 tch to "ZERo CHECK". Ind.icat1ng meter should 
sh reading in the vicin1ty of zero. 

e. TUm the zero adjustment knob until the meter reading 1s exactly zero. 

f. Turn the range avitch to the xlOOO ranee. Place instrument in location to be 1IIIBIUIured.. 

g. It' readJne 1s leaa than 1~ of full acale, 8V1 tch to xlOO 
ranee and on <lawn tmtll a reading 1a ob'h\ined. Wait 10-15 aecCllde and obtain the average read1ng. 

h . Record the data. 

7. These instrumenta should be handled w1th care and the nitches 
turned gently. The batter,- avitch baa atop pins Which l.1a1t 1ta U1Lvel 
in both directions . If' a batter,- 8Vitch iJI forced, these pinE trill shear 
crr and the instrument rendered. inopel1ltive. 

Are there an,. questicms1 
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rn3TRUCTOR 'S QUE3TlOiIS: 

1. What types of radiation does the 247A survey meter detect? 

2 . What rad1aticn intensity does the x1000 Hange of the 247A survey 
meter measureT The xlO Range? The xl Hangs? The xlOO Range? 

3. What range of the 247A survey meter is cOIIIp8.l'ab1e to the 2 range 
of the 263A survey meter? 

4. Hov is background count obtained with a 247A survey meter? 

5 . What adJusbDent must be frequently lIBde when using the 247A 
survey meter? 

6 . Why must the battery SWitch of a 247A survey meter not be f orced? 

Ile.1ance of period 18 devoted to "checking cut" students en the operation 
of the 247A. 
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TRAIilJ::;G OOTI.J::E 0: 18 
II-

CIASS Iro:RCISE: 

Tn-IE: 

PlACE: 

TIlSTRUCTOR3' REFEREUCES: 

.JrlJ'DEiITS I RErEREI!CE3: 

TRAI:aNG AIlS REl4UIRED: 

student Cal1bratlen of 24 tA Survey Meters. 

One hundred and fifty (150) minutes. 

ClassroOCl and Instrument CalibratIon Course. 

Paragraph 9.12, Iediolo ieal Defense Mulual, 
Volume 1. (See Footnote*) 

Hotes from Training Outlines No. ll, 12, 14 
and 16 periods. 

IB ta Sheets, cl1p-boe.rds, 247A Survey Meters, 
radiUr.l source, graph IBper, rulers, colored 
,~cile and scratch paper. 

1. st dents vill draw equipment and assemble in the classroan. They 
vi 11 be briefed en the general procedure for obtaining data as outlined in 
Training Outline No. 11 and 16 . The sir.e of the radium source Is given and 
d.a ta IJheets are prepared. The folloving points 00 tecbnique should be 

c"vered~ 

B. Tho importance of constantly checking the r.ero of the instnt­
manto Bofore any reading is rocorded the zero should be checked. 

b. The importance of placing the center of the indicating meter 
over the dis tance oarkor. Failure to do so Vill result in inaccurate reBd­
ings since the ion chambor is directly beneath the meter. 

c. The fact that the ion chamber has a diameter of over tvo inches 
and therefore roadtnss taken a short distance apart are valueless. No tvo 
readingS should be taken closer together than 2 inches. 

2 . Foll ing this, students should proceed to the ealibraUoo course , 

btain roadinBB and record data. 

3. Finally, students should retUI1l to the classroan and prepare a ea11-
tra i curve as outlined. in Course Outlines 12 and 16 . This curve v i 11 be 

t c;rned in ur grnd ing • 

"'This ... xercise is conducted in e:m.ctly the same llBllOer as Traini.ng Ou line 
;jo. 1-. Tvo additional factors I:IU8t be considered hoveverj first that a 
1 ') cg source is necessary to eal1bra te even 4af, of the XICY' I range (if a 
SlJaller sample is used no attempt should be made to ealibrat the X1000 
scale) and, second that the center of the dial ohould bo P ced. OTer the 
diotance marker in order that accurate results are obtaL"1oo. It is essen­
tlal that the instructor "dry run" this exercise prior t ) preeentaUcn to 
insure that distance markers are at satisfactory locatlcna . 
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TRAnrnlG OUTLnIE NO: 

lECTURE: 

TIME: 

PIACE: 

:m8TRlTCTORS • RFYERErlCES: 

TRAIImiG AIOO REJ<t1IRED: 

19 

Radiation Dosinctr-J. 

Fit'ty (50) oinutes. 

ClAasroCI::I. 

Paragraphs 9.04-9.05, 9 . 12, 9 .15-9 . 17, Rndlo­
logical Defense f.lanual, Volume 1. 

1one. 

Charta Appended hereto; pocket dosIDoters J 

dosimeter charge box, fi~ bad es . 

1. This period is devoted to a study of the e~uipmont and met10ds 
used to determine the doee of extelTlal radiation vhich an individual re­
ceives in an area contac1nated vith radioactivity. 

2 . During a previous period the effect of radiation on the b y was 
discussed. and it vas pointed out that 0 .1 n/Day is the m.x:1ll1l.l1l1 allowable 
doee for personnel to receive at the present time. The luestion then 
nrises as to how an individual Imows when he baa received 0.1 n/nay. To 
answer this question it is best to clarify and review the difference be­
tween "Radiaticn Intensity" and "Radiation Dosage". 

3. "1ed.ia ticn Intensity" my be CCIII~ to the velocity wi th which 
an automobIle Is traveling at any particular moment. In other words how 
fast or intense SOCIething is "right nov". Hovever, Just because ve may 
be goine 60 miles per hour "right nov" does not mean that ve vill cover 
60 miles in the next hour. We may all,. drive 1 m11e at 60 miles lJer hour 
and then stop. The distance vhich ve cover my be cOlllp8.red to "Radiation 
Dosage". Thus, Just as the dIstance vhich ve travel in an automobile is 
a SUIIIIII. ticn of all the Sllll.ll dIstances which we cover at various ra tea of 
speed so the radiation doee is a SUIllllll.tion of all the small 1uantlties of 
radiaticn vhlch an indiVidual absorbs in moving through areas of varyln 
radiaticn intensity. 

4. The GeIger Deter and the ion-chamber meter vhich we have previ­
ously studied are rate or intensity meters. They tell what the radiation 
intensIty at a point Is rIght now. If ve stay in that spot for a definite 
pertod of time it is possible to determine about vhat doee we will receive, 
(for emmple - a person in an area vhere a Geiger meter shOVed the radla­
ticn intensity to be 50 mr/hr would know that it' he remained in that area 
for 2 h ura he v ould receive a dose of about 100 mr), but in practice this 
is not the case since we move around continually through aree.a of greatly 
varyine intensity. I 18 necessary to find some evice vhich vill act as 
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tDt,n lizer or oddine ::ochlne to keep a runniIl8 tDtal of our dose. In 
nractice tvo devices ore uGed side by side to accomplish this task; the 
fi 1;-1 rodro 'Uld the poc -et dosineter . Each y~ll be discussed. 

The pocl-et dosineter is a srnll ionization chaober Yhich is con­
V.iI>ed in ~ caGe resembl1n£ a fountain !>Bn . This dosinater contains a 
c!lD.rced ":Ietal f ber which becomes neutralized yhen ions are fomed inside 
'\:.: .e cnse b:J radiation. The WlDunt of radiation received by the instru­
::!ent is proportion:l1 to the a.'!Dunt of neutralization of charge. T'ne 
~~nurin[ ~rtion of this instrunent utilizes the ~incip1e of electricity 
wherei li::e char es rerye1 each other . The ionization within the ch.:u:lber 
neutralize'" these ch..v -ee so that the natal foil or fiber returns tD its 
unch::lrred !lOBi tion . The pocket doai1:leter does not require continuous ex­
tern::ll voltace for opera~10n but, yhen discharged, cust be recharged from 
an external 8Ource . One form of this instrw:lent is shovn on the folloy­
inc chart . 

(INSTRUCTOR - REPROIUCE CHART 19-1) 

Tho i notrt'.:~nt io a bout the size of a laree fountain !)en. The condllctil"'.{; 
cyoter.l i the do sine tor consisto of tvo !:leta1 coated qunrt: fibors, oach 
of which is bent into a U (C and D in the illustration) . TileBe two Hbers 
ore fused tD ether at the end of the U and a s1m!)le optical lens systen is 
focuced at t'le ond of one fiber (D in the illustration) . Contained within 
the lens systen is a transparent scale, o-aduated in m1liroentcello, so 
t'JTt (;iIe mvo.Jent of tho rovable fiber [.i vea diroct rec.d1ngs of r adic.tion 
dosace • ocoi ved. A !JOG': ti vo charge ie- pl.:!ced on the fiber syste::t and 
CD-lines the fi bere tD di vorro b:' :1Utual ro:,uloion. Rndin tion causee ion­
':::ntion v'tlrln the ch.~nber whic:l neutralizo'" 1.his !1OBitive charge and 
:tllovo '1.110 fibers tD ve ba.cl: tDeether . Tho protecti vo cn. on one end 
of t11e dosineter has 0. glass windoy tD alloy lieht for illur.dIllltiIl8 the 
fiber .:md scalo. '-[hen thi8 cap is rOl:l)ved , a contact is e:coosed for 
chor[1ng the ,-'ibe:- eyota!!! froc a char["inc box. At the present tiM , doai­
ceters ::l.re built vi th several different rnnees but the one vhich vo will 
norn-:!.lly uee has a r!UlCo of 0 tD 200 mr . Theso dosimeters are sufficiently 
otrOIl(" to withstanC1. Wle shock of norml l1W'IUl act! vi ty and are SIl8ll erouch 
t.O be worn cOl:!t'ort:.ablJ for direct reading. Each individual enteriIl8 a 
radio£lctl ve oren 'Wears a rocket dosimeter and periodically checks it to 
detorrone how closely he is approo.chine a tD10rance dose (100 mr) . TWo 
cddi tional mints should be noted in connec (;10n vi th dosi:neters: 

:t . Insulator Soak-In. \-Then pocket dosimeters have not been 
usod for rome lencth of time (3-4 da 13) and ore initially charged, the 
chArre .... ill loal-: 6'W0 - flui to ran1dly . l.fter two or three recharg1nga 
thi8 1e'lx-f lWa:- rate yill decreaoe to c. n6rrr.1 value of 1-20 I!!r' per 24 oour 
oriod. 

b. Calibration of Ibeimaters. All dosimeters are sloyly dis­
chAr ,ed by cosmc radiation. This leaknre rata tm.lst be determined by 
cl :u-c1n £I dOG.i.neter, 1ettine it sit for I' 24 oour per10d and then de­
terrtiniTl(' tho le:ll:nce rate . fuoinetero in cood condi tion soo,,~d not have 
-:!. le"}:T'ce rate in e.;ceSG of 1-2 r.tr "or hour . Fimlly it is wise to cali ­
brate doc: i r!Ctoro -poriod:!c:llly (say every two weeke) acainst a standard 
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scurce. If a desire er is e;iven a very hard blow (1.e. drc:-?cd en a 
c cncrete floor) it Sh0Uld be irunediately recalibrateJ. 

c. The fim bad.ge is a scall .iece cf X-Ray fim with a lead foil 
cress ¥nip. eel arcund it sc that only the c"mers cf the filn are exrcscd 
and the entire unit ¥nipped in sev(>ral layers cf vaterpr"of, l1ght1re ~ 
Plper. This is illustrated by the fol}owine chart. 

(nlSTRUCTOR - REPRODUCE CHART 19-2) 

Ut'on encstlre tc radiation., the silver snIt c .ta!..'1ed in the rnotcEra1i.ic 
flIn . s· converted to developible rnetallic silver. When the film is ie ­
veloped, the degree cf darkness caused by the depcsit cf s.i.lver is !rc­
pcrtional to the d sase of radiat:cn received. By c rarison with s1:.a..,da 
fill:lS (1.e. those which have been er, ooed to a };ncvn dosa -e) i Is' -ssible 

o deterd.ne the total iesage received . l-!os oP the gu:mn radiati will 
rass cocrletely thrc -gb the uncovered portion ci" the film so that this t1., ­
ccvered . crti e~ the filJ:l will record only the bota radia ticn. (kJ. the 
other Cand the lead cress will sto all beta radiation and will deenere:ize 
the ~ radiation to such an extent that all the gB.J:IOO. radiation (and 
only ~) will be recorded under the cress. Each erson enterin a 
radioactive area weare a film badge alon with a J;ccket doa1r.eter. Tl.c 
reason fer carrying a film badge is the fa.ct that it is ore "'ceur"tte . "n 
a dOSimeter, it differentiates between beta and ganma radiation, and it 
provides a penmnent legal record to protect the gcvernment lI.£;ainst fra du ­
lent medical clAilIIs at soce later da e. It has the disadvantagos that it 
is not direct reading and req,uires several hcurs fer develo,ment and rca,~ ­
ing. For this reasCIl it is necessary that an individual carry II. pecket 
d06imeter in order that he may deten::1ne his 06age en the s.o. Care 
must be exercised in the storage of lUlexposed f 11m tade:es sL'1ce they .le­
teriorate with t:l.lIle and unfavorable condition of ternlerature and tumidity. 
Personnel film bade:es are nO.nDall" made to ccver a dosage ran[e f ~ _ 
~OO mr althcugh it Is pcssib1e t:J :,rcduce f .Llr.s which will measure l..l 1. 
greater doses . 

Axe there any i ucs ti ens ? 

I:ISTRUCTOR'S QillSTIO:iS: 

1. ,flat is the difference between radiati . intensIty al .d radieti c. 
dosage? 

.2 . '/hat are twc devices fer r::easur1ng rad at en d sat;e? 

3. Essentially, what is a :.ccket desmeter? 

4 What s ource of power does a os1meter relu~re? 
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5. WlBt 18 the leallage rote or a good d081l11eter? 

O. Wb.T do We USe fUm badgeaT 

7. Why do We USe pocket d081111etel"8T 

8. \oIba 18 the PlU"poae at the lead cr0ll8 en a film badgeT 

Note to InatzouctCZ": 

The balance or the period 8hould be devoted to 1natructin8 8tudenta in the USe at the d081l11eter clarge box. 
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'. • .I,f~. ;~ 

•• '= ( ) :.r ,.. 

Ck:.snr 

YJC.n -' -3 (: J 11:' 
(' ...... 'J; c:~J tcr :'-, "A: ~ ~.ual 

~ ... ·.e A:r :' rce, Y.e.~ .. 19lQ • 

Charta a. F·e. de hcret.': . 

1. 1: :tit r':l~ 

" 8: . .:..,d~v..::lua cr ·-. .it l.n .:.rder 

':': fl :"c_"·. i ':-:1 ":0 .,)t lor e.d c~::';::;h, J:'ve';er, t' C,,';er all he ~.;:a!Jes f 
n :1lt_rir:7 . T~cae l!-.lloeo ':::c_ Ide de~er~.:.rlB.:r:1 f he t:r:-e ll."1:! i."1te:1S':~:i 
-:" rn.l.':'\..:l.cV..-e C_:ltan.:.:.at!....:. e::clat.1r .... at anj " :'"1t, eva:~t.iC:l cf ~:'e 

ro ..;.C h.e.z:u"';'c rco 'lt1:; U.ercfr" .. ll."1:l S" "ez-/!01_:1 ef eraCl.'lel enter­
.~- c ~~L~tc ~rcas . 

L, ray' r~o. ecta :-:~"lit r_"lg can ce c .. ~.ered to rcc~'naisBance 
W-ri:: .. we ::!1W' be l ce}:':"'lg fer s cx.ethir:Z s.ec.if.:.c, WC r.::,o-: ~.a .... e the "r ;;.er 
e _u':> c. t, We D.:st be acle t o l..-x:e.l. late lj' e1..-al·,a e Villlt we f:!.:1:l a:1i de ­
ter.ll.."1e the co u-se c!' tec :'cal acticn tc . e ta1:e. . 7!:-e ~ -€. range effect 
\.r fltrategic rCGulto c ral:ce.ct!ve c~t.aJ::tl.natic:J. e.re the c' cern cf 
Rl. lelcgicc.l Dc C:10e ~,;':",eero. 

3. T e rca.o na fer :110-"11 termg are because c!" S=e ~·.·ert act c~ war 
o .. ::d sab tagc by e. foreign na !.on. 7heoe e.c 0 r. :: ~e the eX

j 
lcaion cf a.'l 

at :c beLb cr SG::e leGo obvicus :.ethod such as tt1d.::.ce.ct.: .... ~ .ats dr ,pad 
ll".!.ng ace. vent1 ' :Ja1 bacbing attack, ani acts ;..f sabetage by fcre1gn 

D..o;(mts . In t1r:e of war, a.'1yarea w1t/.ir. "::.1.!.c:J 0:- c:..:ch -J} .. "t<:.-k c. '..lld 
be considerc suspect unt1l rcven cthe~lae b:r complete ncn1tcr.:ng 
all such areas . Therefore, r rel1cine.ry plans for systemt1c :::;.oni orin€; 
of all :nstallations should e an hand and a 1 OIlIltlc warning e-
vIces be ~rerat1onal a~ all t1oes . 

4. The pr ob leo !.s throe ~ eld : 

a . Te deter:-4.:ne the intensl y cf ce. tal:11.'18t1cn present in 
cr:t:cc.l aree.s 8Il1/cr In er el . 

b . To determine the general exten anj degree of con tar.:!ne. 1::n 
exlotin in general areas. 
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c . Te- rrevent perscnnel entering CC!1trun.inated areas frcm over­
expcsing themselves through either ignorance, carelessness, or misguided 
c!1th~~siaom f<.·r their I iss ion . This dees :::lot moon that certain [oople on 
7.!ssi~s cf vital imrcrtancd should be denied access to contaminated areas. 

) . T'ne successful accomplishment of the&e tasks deJlBl1de intelligent 
a:,pl1cation of the naterial _resented in prsvious lectures, tact, a."d oc­
cas':cnally, dovnrisht stubbonmess. 

6. I'-lem1 terin , to be successful and effective, should be carried 
cut by t oans. While a general rule cannot be drawn, each teem should con­
sist of at least tvo men. These men should be e~uipped with: Geiger and 
ien chanber instruments rilo badges, pocket dos1llletere, f!J'.S IIB.SD, work 
clothing and a tE.p or sketch on which to record data. They should, prior 
to m.k1ng a survey, layout a r eugh survey plan of the area and/or IIB.teri-
01 to 1:e covered in order that no t3"le is lost While 1n the radioactive 
area. This plan should be based on the mission of the unit to which they 
belong. In general, prelininary monitorlllg is for the purpose of deter­
nining how s oon an area can be reentered and how soon certain undamaged 
e .l\l:!.'-nent in that area can be utilized. The first survey is nOnllllly a 
rar id one to sain inforllB.tion in the shortest possible tilDe. In SCJCe 
case::!, however, damage control and evacuation of wounded will be the 
; r'..rary aim. 

7 . To detel'T.line how s em areas may be safely reentered or equipI:l8Ilt 
reused depends on the tolerance dose of radiation which personnel are al­
l EYl. . "e will asswne 0 .1 R/Day. Hasty initial surveys are l:in..i ted to 
critical and essent1n1 areas or IlII.tori al necessary for use as soon as 
• css':ble . Therefore, the ::loni tore go to these oints as rapidly as noesi ­
ble and obtain s:-ecific read1nge. General contamination 1s o.ee.sured only 
as an :J., pr ox:1lm tion. The folleving procedure is outl1nod as tYl'ical: 

a. All the suspected area is approached the Geiger counter is 
placed in opera ti on wi th the beta window open. Pocket doe il:leters are 
checked to insure that they read zero. Boote, gloves and cloth1ng are 
checked for adjustment. 

b. All the count picks u_ on the Geiger counter the teac leader 
vatches the meter closely and begins to est:1lmto where dangerous radia­
ti vill beg1n. A r ough est:1lmte of the ratio of beta to ~ should 
be cbtained . If the ratio of beta to ~ i s high it generally indicates 
that: 

(1) Al:--ha ami tters are probablY 'present as a definite 
hazard. 

(2 ) Overall intens Ity will probably decay fairly rapidly. 

c. IThen the count indicates 4-5 m-/hour (0.1 R~y) this poe1-
ti should be l:IU"ked en the tE.p and some scrt of c:round marker put up. 

104 

....... . 
. "'\ .. \. 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE 

• The t:"":..-:.itcrs sLe ld proceed at a fast steady val:. tevard the 
<ieS_red Jectives. An everall evaluatioo of the c:.eneral contw.dnatioo 
should be mde rather than l.r . .'ly s!,ot read1nc;s . Ifhe. the 12- 15 tJr/hr (0 .3 
R/Day) P08itio."1 is reached , this .:>oint should likevise 1,e recorded on tile 
tII._ and IlllU"ked en the gre\Uld Since, up to here , personnel my remin for 
u, to eight hours . At this oint it is vell to close the beta v indov and 
• receed Vi th the survey, based only on ~ radia ticn . 

e . 1/hen the 20 tJr/hr positien is reached it is necessary t o 
change to an ion chamber 1nstrw:18llt • .Beyond this oint the intenSity Vill 
tend to increase at a more rapid rate 1!' We r.;o.'1itor is !,rcceedin6 tcvard 
the ce:lter of ccnte.J:unation. 11' at any point the re~ l..'1£;s start to de­
crease slovly but definitely it is an indicaticn that the center cf' con ­
tar::1na t.i. an has ei ther been passed or does not lie in the d ; recticn of 
progress . A sudden shal? decrease in intensity .;enerally indicates a 
8l!II.ll uncontaoinated spot in the midst of a large contaminated area . 

(lltSTRUcToR - RE:PRoDOCE CliARr 20- 1 A::D mE :rr TO 
IIJll3TRAn: 'mE AllOV"l; POIilTS) 

f. A ove intensities c1' 100 Dl"tnr (2 . 'j /fuy) each 00! itcr 
should check bis rccket dcsimeter every f1ve oi"1utes in erder to deter­
mine l:cv ra. idly he is a. proo.chlng his tolerance dose . Sufficient re­
serve should be l:"aintained to allov leaVing the e.rea . 

. ;a thin the limi ta of allowable dosage all critical points 
shoulrl be J::ooltored and their intens1ty recorded . lIonitors then leave 
the area as ra. idly ag ossible . 11' bU1ldinES, ru ble- covered holes or 
other c:::nfined spaces must be enter ed, sas masks IlI!I.l' be needed fer lro­
tection aaainst the al~ hazards . 

h. After leaVing the contaoinated area, oon1tors return to a 
central central point and report . Follovin6 this they turn in f1lm 
lcadges and dCS11!ieters, checl:: themselves for contamination, bathe and, if 
?esSible, chance ~"1to clean clothes. 

1. Based on the f lndincs cf this survey, certain areas and/ ('r 
caterial is e.:t. er cleared fer unrestricted use, cleared fer use vithin 
certa1.."1 vorl:ino t10es cr denied for access y personnel. When cleared 
fer use i'er s;ec.i1' led vcr!:::.ne til:Jes a ooi tcr should acccmyany all vcrk-
1..'1-:; --arties to enforce saf'et;; .?recaut1ons . 

If' the object of a.: initial survey 1s <la.tage co.'1trol or Cvacu_ 
a - of Vounded, the mon1tor sr-ould accCJ::.>any the vor ldnE: rarty as it 
lrogresses tcvard its objective . 

9 . As !!lore the becotlec a\'a lable detal1&! ot!rve:'o are rade . These 
surveys are 0 determine tlle eX"ent ef and degree of contani"lation e:C.sti ~ 
in ccntatl1.nated a.reas. 'I'te rrocedure 1s c1r.:llar to tha used for hasty 
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s rveys exce~t that all centaminated areruJ are located and their inten­
s.ities dctc:n-..1ned. This inforrnatim is rlotted on a IrI!.Ster chart in the 
fen::: cf isodose Ilnes . Isodose lines are lines connecting points of 
.: 'e:1tical radlntion intensity. Tbus 8.'lyarea outside a 0 .1 R/De.] isodose 
l.:n"l w:uld have an in tens 1 t;,· of less than 0 .1 R/Dayand be safe tor \l..'l ­
rOB ricted use. As decay and/or deccnte.rninatian progresses, remcnitoring 
~s accCIn!,lished and the chart altered accordingly. The decay equaticn 
ItP= K ':s used to predict future decay. 

10 . ?1nally men': toring is reduced to a routine bas is where the cain 
~Bk B monitoring cf perscnnel working parties and supervisicn cf work­

.:\. :tnrt.:.es tc see that tine l1m1ta are not exceeded. 

11. A:' r conitcr:!.ng 1s the reconnaissance of air, land and vater areas 
ly a ':rborne r erscnnel for the purpose of detecting and avoiding, or of 
detecting, l:leaSuring and re orting the .resence of radice.ctivity. The tvo 
t.eneral t~,:,eB of a:.r cenitorin6 work ~erfonned are: 

a . Thras i ve meni toring whi ch is an apprce.cb to the fringes 
c.ntem2nated area with the objective of locating these boundaries. 

e taken to avoid entering these areas 11l1li, based on data obtained, 
n· rcraft can avoid contar-lnation by ~ss1ng around the area.. 

ora 
Care 
other 

b. Survey con t oring is the tJ"J)e vherelIl survey aircraft enter 
:r:'ar.~1..'1ated areas to determine the location, extent and intens:!.ty of 

"t.;,cee a.reas. 

12 . TJP' cal a i rborne ccni tors are e~ul!, ed wi tb the same instruments 
tha are c on to gr und monitor perscnnel . L'lStl"UI:lent calibration and 
c: eratin skill are very important in air monitor:iJlg due to the time elo­
r.ent . Tj"Jlical procedure for a i r monitoring would be sonevhat as foliOlfs.: 

a.. Pilot and mani tor would plan mission prior to take-of'f. 

b. MCXlitor would brief crew en radiological safety procedures 
rier tc take-eff. 

c. en evasive r::oni toring missions. c tinuous" in_flight" mcni­
~_rin: would be acccmplished frem time of take-of'f. The position location 
!' cadl contact Vith cantaIUnatian would be etermined by the navisator 

a'ld this inforrnation recorded. If time vere 1.r!l:,ortant these data vould be 
10ed tack to a control ce'1.ter. The monitor would keep the pilot in-

f r.:ed of the general rad olobica1 B tuaticn over the inter-cccrnunications 
:reten aJld advise when evasive action becar.:c neceseary . 

d. . On Sllrvey missic:ns this eace general procedure would be f01-
_~ved.. The monitor would notify the pilot when to proceed to additional 
arena or altitudes. 

loE 

- • ~. ,." 1'\'· 

'. I;, I..:.".~. 
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e . Upon ca:lpletim of the mission the nan1tor w_ ld r:c."l.itor 
all flight persormel and the aircraft for contamnation. Appropriate 
action would. be taken if cmtsm1nat1on were found. 

13. Jolonitorfn8 techniques are purely arbitrary rules which have 
been evolved to guide peracnnel in making surveys. They are based on 
~mctiC8.l experience obtained during paat at=1c energy tests, however, 
and should not be deviated fra:l by nm-technical personnel. It is as­
sumed that each student is nov fairly proficient in the opemtion of 
radiation detection instruments. 

a. ~. 

(1) Care must be taken .In monitor.ing to see that instru­
ments do not becocc cc:ntan1nated d l e to touchin.:; con­
taz:Lnated sun-aces. Contac1."lAted instruments give 
false readings and cannot be satisfactorily decc:nta.l:!i­
nated. To rrevent instrwr.ent c tan1natlon, due to 
accidents, a cello.hane instrument cover shouli always 
be u.aed . 

(2) AccUnlte records should be ke:>t of instrur:e. battery 
life in order that re~ lacement 121.y be properly effected. 
Exba~ted batterIes result in erroneou.a readings. 

(3) An i:lstrw:lent should be handled by mly me 1l11.n if 
possible . Ii' not, a mi."lir.tum of personnel should. be 
all ed to handle instrur.lents. 

() Ally mlfunctleninr; or hard. mocks on i.J.struoents should 
be reported. 

(5) All readings should be taken at a unifcrm dio tance ~~rcl,. 
the object being monitored. A one inch va.riat.':oo when 
usL"l8 an nstrument at close intervals l'Ry cau.ae a !arbe 
vnrlatlon in cbserved intensit1es. 

(6) Prev'slen mu.at be llE.de to coni tor and deecntar:linate all 
;:,ersonnel working in contaz:unated area. 

(7) SmokL'1S, 1rlnkL-ls, satin and gum ehevLIS are s~eelfl­
cally pr"hlblted in contaminated areas. 

b . Area 1on1 toring . 

(1) Roa.J.lngs shculd be takm a belt he.iob . '."hile this 
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road1n8 ls cQlSld.erablY lower t.ban the actual int.enS
1t

1 
on the ground lt ls a fair 1Ddleat1CSl or the aTerase 
re.dtatlen 1ntenslty to which an 1Dd1T1d.ual's bod1 18 
subjected.. AlSO vartatlC1l8 1n height of' the instruJDll'llt 
from the ground. d.ue to menl tor'S helght 18 JII1n1m1r.ed.. 

(2) Genera1lS ~ ree,d1nSll only are obtained.. 

(3) cnly rough aTerage 1ntens1t1es oyer large areas are 
obtained.. °The menltor should aTerage the general read-
ings 1n hiS mind aDd arrlTe at an OTerall f1.gU%'8· 
IDeal "hot spots", however, shou.lt\ be traced. d.0Iftl and. 

lIIU'ked.. 
(4~ The 1ntenslty of areas whlch cannot be entered. ma1 be 

estilll&ted. thrcugh use or the I = CM relatlO1l8hiP. For 
~ 

emmple, if 1n c.u-cl1nS a very hot sllot the men1 tor 
obtalns a read.1nS or 0.1 R/D&Y arOUIl'l the edge of a 
rough c~.rcle 9 feet in radiUS, he TIIA1 as",ume an 1nten-
slty of' 8-10 R/Day near the center or the ctrcle. ThiS 
is CSlly a rough approxiJllat1CSl aDd must be cCSlsld.ered. as 

such. 
(5) s ?ec1a

l 
attent1C11 lIIlBt be given to wood, concrete, b1-

t,um:1n
0us 

and. 0ther porous surfaceS since these tend to 

absorb and reta1n contam1DA
t1on

• 

c • EiJ.u1 unent Monl tor1!!§ 
(1) Read1n8$ should be taken CSle 1nch frcm the surra

ce
• 

Thls is fac111 tat.ed. by JDOUXlt1ng an 1lIlprorlSed. gua.ge 
CSl the ins truJIIIIlIl t • 

(2) ItemS such as rope, canvas, rough or rusted. surf'acee, 
greasy and olly surracell, b1tum1noUS coYeriD88, pUIIl1l8, 
d.rains, wood, air intakes and. ... tar S18t.e11111 should be 

closely checked.. 
(3) Ce..re I!lUSt be eXerciSed. to obta1n read.1n8II which repre­

sent only cCSltam1DAt.iUl exiSt1n8 CSl equipment. In 
some cases loca

ll
r.ed. "hot spots" en the ground. tray giTe 

distorted. values to read.1ngB obta1ned. CSl equ1ICSlt in 

tMot area. 

d . Pereannel MCSlltorin....a. 
(1) All read.1n88 should be t.akeO as clO8e to the body sUJ'-

face as possible without actual cCSltact. 
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(2) Personnel returnins from a contaminated area soould 
fir8t reJID?e all ezpendable JIl"Otecti Te devices such as 
boots and tlZl"n in equilClJnt. Then, one IIIUl at a time, 
each iDd1 v1dual .bould be talam to an area vi th low 
baclrgr cnmd CO\U1t and IIIDnitored nth hie clothins on. 
Azq readiDg 0 ... 0 . 2 'IlIr'/hr, beta plua gaaa, indicates 
contamination and decontamination measures shOuld be 
accompli ahed. 

e. Airborne)ibn1 torins. 

(1) Calibration of lnatrumente ie neceeBlU",. at the alti­
tude which they are to be ueed. 

(2) Onl.y g8lIIIIa readinss baTe SZl'1 significance. 

(3) Coordina tion Is necessary between the 1IDn1 tor and na vi -
gator to determine position locations. 

(~) Aircraft oxygen 8yetems soould be used in contaminated 
areas with the regulator in the l~ position. Cabin 
beater systems smuld be turned off. 

(5) Aircra1't soould rot enter areas where the intensity 10 
high, since, due to instrument lae and the lnablli ty of 
aircraft to instantly reverse direction, highly d:.lneer­
ous areas my be entered aW8t vi thout warning. In 
addition high intensity areas "ill contaminate an air­
craft rapidly. 

(6) Aircraft :!lUst be mn1 tored after landing. Most likely 
sources of contamination are air intake8, turbo -super­
charger8, engines and leading ving surfaces . 

(7) !obn1tors soould be located in forward nose compartment:). 

Are there 9ZJ.y questions? 

1. 'What i8 lIDn1 toring? 

2. \lhat are isodose lines? 

3. \lhat is the 8ignificance of the 4-5mr/lrr isodose line? The 12-15 
flt/hr 180dose line? 

4. Wha t must a survey teeJ:l do when they reach a 20 mr /rrr intensi ty? 
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5 . What is the siSlliticance of & high beta to 8IIoJIIII& n.dlaticm ratioT 

6. How can future n.dice.ctiTe deC&1' be eatiatedT 

7. What are two t,-pea of air mtllitoriDsT 

8 . W18t are three th1.nes that ~ &1_18 prohibited in ccmtaminated 
areas? 

9 . What n.dlaticm intensit;y indicates peraamel ccmtaminaticmT Is 
the SSllIIIL or 8IIoJIIII& plus beta T 

llO 
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TRAmING rorLINE NO: 21 

IECTURE: Individual and Collective Protection. 

'rIME: <k1e (1) hour. 

PIACE: Classroom. 

INSTRUCTom' REFEREN~: All previous references. 

STODEN'IS' REFERENcm : Nene. 

Charta appended hereto. 

1. Tbis hour is devoted to individual and collective protecticn 
asainBt the atom bcmb and associated radiological hazards. 

2. These haze.rdB are illustrated b1 Charta 21-1, 21-2. From the 
original neutren striking the fisSicnable IlBtarial., and the resulting 
explosien, in a.dditien to 1JIIDenae blast, there are fiBsion products, 
moat of them radicactive, praDPt radiaticn consisting of the neutron 
tlux and SSJIIIB l'a1s, heat of sunlike intensit1, blinding glare, and ene 
or two other phenCJDeDa. 

3. What can the individual do - acting as an individual'l At the 
sounding of the alert, take the best sheltsr available. The tev people 
who vere in deep earth tunnel sheltere at Hiroshi.JIB and Nasasak:i vere 
not han1ed vhen the baab vas detonated. Even a toxhole vould be enough , 
providing the bomb vas not detonated directly or nearly overhead. It it 
is off to one Side, the penetrating radiation has to go through several 
teet of earth to reach 1OU. 

(INS'l'lIJCTOB - REPHODOCE CBARl' 21-3) 

It an earth covered or cencrete air raid shelter iB aft.ilable, use it. 

4. One thing not to do. DO NOT stay out of the shelter to watch 
the flAk bursts as"tiie en~ planes come in. DON'T look up during any 
raid. Wear your helmet. Cover your tace and keep it turned tovard the 
ground. 

5. It has never been announced, as to Just vhat thickness of earth, 
brick, concrete or other material vill provide protecticn trom prompt 
radiation. NeutrCllB, hovever, are very penetrating, and a minil:rum of 
tour l teet of reinforced cencrete should be re ulred in shel tera. 

6. Shelter. doors should be closed, or it in a foxhole, a cover 
should be used. People in deep tunnel shelters in the Hiroshima blast 
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wer e slightly burned in S a:le cases wbere the b8!1t vave s t ruck the open 
shelter entrance directly. 

'7 . Try t o select a s helter that won 't cane down or burn 1!' it does 
c..,lJars e . It I s 1m than many of the t.ll0uaand8 who died at 1i1r08b1.l!a 
and !.~.:. were tra ped in the burning debris c' collapsed bouses. 
r:ever take s helter under a vehicle except as a ver"7 l'l8t resort. 

3 . If caught in the cpen a III1le or s o avay f'rem the blaet, the 
chances of survi~l ~ b~tter 1!' wblte or light colored clothing Is 
worn . It reflects the b8!1 t , and t bus protectA! the b0d7, whereas dark 
c lothing absorbs the heat radlatioo, and the body beneath Is burned 
ba.d.ly • 

9 . AssUl!l.1ng that you are tminJu.red atter the bemb bas burat, yoo, 
as c ooi tors, will have a very definite Job, and would carry oot the 
du i es assigned under the tmit defense plan. Other p8rsCllnel wIll also 
have assigned duties such as fire fighting, or rescue work. P1rea wIll 
be burning all around the place, both spootaneous f'1ree caused b7 the 
heat of the bcmb burst , and secoodary f'!rea caused by short CircuIts, 
overturned. s tOTes, bura t aas oline tanlaI and other sources. 

10 . It would be best t o put 00 a aas mask tmtll a check shan whether 
the 1!ll"f!8 1& free of cootaminatioo or not. And II08t 1.IIIpartant, DON'T eat, 
drink, or smoke in a possibly contaminated area tmtll the degree at coo­
tam1nati oo or Its absence i s establisbed, then abIde by 1natruCtiCll8 f'rem 
higher heedqtarters. 

11. U 100 IIUSpect or know that 1C1Ur persoo or clothing Is cootaa1-
DAted, pt to a p8rsCllnel decontaminatIoo statIon 1DDedlats4. u you 
were within a Illle :Jf the blaet , and especial4 1!' 1C1U teel Dauseated 
or have been Wounded, get medical attentloo prClllpt4, 1!' possIble. 

12 . U 100 &re ava7 fran your tmit and a-7 frca the 1natruments re­
quired for detecting and III8a8Ur1.ng daDeerous radloact1v1t7, al_,.. keep 
in mind the possfhIl1t1 "f f'all-oot n-en trca an atClll1c e%p108100, -.ny 
1II11es avay. Stay 1nB1de, and avoId tood and .... tar where aD)' p08B1b111t7 
of contamination exi8ts , tmtll authorities anotmce the d i strict as clear . 

13 . en the questioo of c ollective protactl00, there i8 ooe tact which 
s hould be understood bef ore any d1scUS8100 1& UDdert.akml. we ma7 be re­
sonaoly sure that no a t Cllllc bcmbs Yill be used 00 pure4 tactical targets. 
They cost too much , and It 18 fa1rly certain that no natioo Yill ever 
have large 'luant1t1es of' atClll1c bClllbs. It Is cCll81dered that the bClllb 
would be used ooly 00 a tactIcal objective where itA! use would be deci­
s i ve to the outccme of' a war. Tberefore, a bClllb probab4 woold not be 
used 00 an airbaae, or ae;a1n8t troops in the tield. 

14 . More lilcely is the enem,y use of' large capaci t1 bClllbs, gliders, 
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.... . 

or guided missHes loaded v:.th radioactiTe duets. These are nJatively 
cheap, aDd a cClllJ&l'&tive17 mall UIOUIlt caD force eTacuatian of an area. 

15. CausideriDs the abOTe po8Sibilltiee, it is highl.7 probable that 
tSAF pollcy Viil be 86'l1nst the caustructicn of elaborats deep shelters, 
Yhich are vflr1 expeD8iTe, and that azq ccnatructicn eftort nll be direc­
ted tdIIal"d simpler aurtace or semi-sub surface shelters, ca:pable of 
hold iDs all the persoonel of a given inatallaticn. Such shelters lII!.y be 
eu proofed aDd equipped nth collective protectora, _y have ncn­
ccmbuatible tight sealiDg doora, include aanit.al7 facilities, _y bave 
storage s:pace for tood and _tar, aDd, since IIBIlY would be area defense 
centers, ay have telephone and/or radio ccmmmication with other shelters 
in the same vicinity. Whether they are lIBde of brick or ccncrste, such 
shelters should be banked and cOTered Vith earth to provide additional 
shieldiDs tor the occu:pants. 

16. D1aperaicn of persClDIlel and equilll*1t OTer a Vide area is an 
obviO\l8 aDd et'tective I18thod of collective protecticn, and dispersion 
should be utilised to the utmost at all t1.ll88, and practiced in peace­
time so that dispersion becC111e8 an establ1ahed habit for t1mee of war. 
It IIIWIt app17 to key persamel, medical tacill t1es, vehicles, planes, 
ammmitien, fuels - to all the ccapenents which go to JIIIJre up a unit 
able to perform its miasien. 

17. Most of the caosideraticna app11cable to collectiTe protectien 
should. be cOTered by unit and base det8ll8e plana. These will be dis­
cussed at a Jater period . 

18. Such defell8e plana IllU8t be s1lllple, pract1cal and kept up to date, 
tor there V1ll be little time for imprOT1aatien in the eTant of an emer­
gency. Personnel cencemed IllU8t know their Jobs betorebaDd and set to 
vork 1DIed16u.17 after the attack. Such plana IIIWIt include a SOP tor all 
individuals, includiDs the unit radiological defense group. 

19. other facilities required tor collective protectien include per­
soonel deccntaa1natien centers. 'l'heee are emergency bathiDs taci11 ties 
which bave a clesn aDd dirty side as in personnel eu deccntam1.natien 
cantere. NonIIal.l.y, tirst aid personnel should be statiened here, and 
alJIo a meni tor to check perscnnel going through. 

20. Instrument storage tacil1tiee tor delicate detecticn 1nstruments 
will be required. S:pace lII!.y be set aside in shelters tor this purpose, 
and here asain, the principle of dispersicn used, since all 1natrumenta 
should never be ccncentrated in cne spot. 

21. A Damage Centrol Orf3lllllisaticn of fire tightere, rescue tee.ma, 
aDd tirlrt aid perscnnel Vill be essential. This should be or~i&ed on 
a unit bas1a, so that teams tran an unaftected area can go to heavily 
hit areas. Equipll80t tor these units should be d1apersed. 
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22. Every inatalJ.at1m ehauJ.d haTe a dee1SD&ted EYac1at1m U. or 
A.e

semb
17 Point to Which pe1'llcmnel could proceed 10 the enot that a.ra 

e'Vacuat1m 18 requ1reci. Such areaa can be stOCked With ~rseocy 8Uppl1ee 
or 1'OOd and vater and medical. 1'acll1t1ee. An ftacuat1m ar. shOUld be 
choeen af'ter CCll81derat1m 18 given to the probable 1'alJ-out C.Pl"Ina1l1ns 
V1nds being GlOlr%l) 1'rca an atCIII bClllb m aJl7 lOcal. POtential tareet. 

23. PreTeoUm of' ~ic Will be a maJor 1'actor 10 collectiTe pro_ 
tecUm. Thi8 can be accaDpUshed <nl7 by thOZ'OUgh training of' all 
peraamel in all echelma and by an et'f'ect1ve work1ne or8lU11&atim 1'or de1'enae. 

24. It is unl1.ke17 that Air Farce un11;1. ¥ill baTe any direot Calcem 
Wi th civilian de1'en.ee, but the use of' Air Farce peracmne1 in d1aaater 
Caltrol to &aS1st the CiVil Def'eaae authorities 18 al_18 Poes1ble. 
Should that occur, P81'IIarmel With speciaUzed training as mm1tora Will bave an important 1'unCt!m. 

Are there aJl7 qUest1maf 
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.:2 

Dec :;'"'1taJ;l.inatiM Prccedures. 
IECTURE: 

One (1) hour. 
TIME: 

ClAssr CEl. 

PlACE: 
Chedcal School ~:emo 202, 22 J\.Ule 1949; 

hapter 1 , Checical School Hemo 393 
( J ly 49) (5 ) (WSW); Page 14-5 and 
l4 -~ . "AFBrC ManU&! 52-355-1", Der t 

cf 
tl::e Air Force. ley 1949. 

~ e. 

Charts ar;ended hereto. 

1 . Decont.at::.1nAtien Is the renoval cf radicactive cont.aJninAtiC'''! 

fra:l ?ersonnel, t:8teriel and areas. 

2 . IDaSJII1lch as there is no practical. way to destroy radica
cti 

vi ty , 
decentamiDa

tiCll 
must be accCl!lPlished by physical remoftol of the radio­

active t:8terial. ThiS material is in the form of sub_microscopiC parti­
cles scattered ever lArse areas eoce of vhich is firmlY imbedded in sur­
face areas. For that reason, and because by decClltamina

tion 
ve merely 

tranSfer the radicactiv1ty to another rlAce. it is Donal procedure to 
let radicactive decay take care of decCll~tion. With ane eXce. tion, 
therefore, decCllta,minatiCll is non:ally limited to a fev critical areas 
end/or iteI¥ of materiel. That ene exception is personnel decont,atlinati 

3. While it is not the scope of this course to teach tactical doc­
trines on .iecClltaD1IlAtiCll, a fev general principles should be outlined . 
This is felt to be of particular importance since camoanders, staff offi­
cers and :-era -ns agencies, almost v i thcut exception often misunderstand 
vha it is 'ssible to acccc":>lish vith decontamination measures. The 

ciDts vhich sh:::uld be understcc:d are: 
a. Decoot.e,nin.ati ,exce;t f r r ersonnel deconte,minaCo

n
. shculd 

never be atter:Fted excert f-r critical ItenB cf equip:aent and very emal: 
areas. This is because dec::: t.8.I:l!nation is a :rccess vhich ccnBumes lart,e 
a:::cunte ~ aUHllea aXId aw-boUl"tl of vork. In almoet every case daDger-
o s~. cCll1;.aI!Unated elui. _en· sho 10. be all ad to age and contaml

natei 

areas abandoned. 
b. Dec nt.e.=!.."U!. t.Ol is a sl::¥ process which in I!BDY cases, .. e · 

;e:U1:lg c:1 the tY!'e of erial and ccnditionB of cont.aIniIlB.
ticn

, ie cn~ 
partially e cceesful. 
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c. It is Ter'I 41fflcult to .-l_te tbe ~ t1 c1eOCD~­
nat1em 'JIIIUlll'M since such faCtol'II ... _~ cleo&l aDd ".~ t1tAD a 
are ac~ll1 reepCD81ble for lI\1~eel c1eCCDtudD&t1CD. 

4. PereCIDRel 4ecCDtJt,JD1llat1CD, b,. cemtaat, 18 s1aple aDd a 

reat1T8~ Jllinor but 1a}lOI"taDt prob~. 
~ . The bulk cJt the 1nf~t1em in tbe ~1D4er cJt t.hD leCture 

will be c1eToted to pencmD8l c1eCem~tiCD tecbl1q'" s1DOe W. 18 ".11 
Yith1n the proYince at a mm1tOll'. Other tJPM cJt 4ecCD~Ucm, vb1lB 
Usedeeel brief~, ehoulA not be ~ in tM abacce cJt a quallf

1eel 

~iolOSlcal 1)efeD88 att1cer. 

5. PeIWcmD8
1 

yaridD8 in a ccmtall1JllLtec1 ~ 011' peracmB wbo ~ lie 
in aD ~ oyer which cem~t1CD 18 epnac1 Y1.ll require c1eCCDtllldJllL

t1CD
. ~uae both their clotb1D6 UI4 parte of tMir bcc11- ~ p10k up _10-

act1" ~1ol-, 1t 18 oec..-r1 to.miter tlIeP peracmD8
l 

UI4 __ bllah 

decemt.a:lll1Datiem ceoter8. 

6. All cl.ot.b1D8 18 nb.1ect to the .sardB cJt ccmtudD&t1CD but 
gloyee and ehOM are ~1 tM acre baaT1~ cCDtealDA

tec1
• em--

bootlee, 11' aft1lable end vom, will protect ebOM c~lBte~, end oen be 
discarded atter 118e. When ahOM are not protected, bOftftl', tbe1 will 
plck up 4AngeroWl amounte cJt cemtealDAt1em em tM top, e48" end bottca at 
the 801-. Corel-rubber aD4 rubber eol_ are _cb worse in tbie respect 
than l.8&ther .olea. can-- glOY- are h18hl7 c1MU-ble tC' protect tot. ~ aaa1n8t cemt.alll.1D&t1CD but are Ter1 cl,..,. 11' prec1H work .. t be 
deme. l)eeplte e~ opin1CD8 to the CCD~, it .. beII1 pronD tlIat aemi­
tare can operate 1n8truaente quite _u.tao~ wb1l.e war1n8 glOYee. 

7. The tact tlat york cloth1n8 .. beII1 uaec1 CDee in a _1~t1Te 
area daM not mean tbiLt 1t ehOl1l4 be praap~ 418Cal"1lec1 eTC 11' .l1P~ 
cemt.am1Il&ted. (h the ccm~, ... lCD8'" cl.oth1n8 ~ belOW 3 -/hr, 
beta plus gISlIIIIl, it _1 be yom for york perio4a at ~ to 6 hours quite 

sarel1· 
8. (h the bod;y, special attent1em .hau.l4 be g1TeIl to the hair, face 

and bands u probable locatlau1 at cemtaJll1Dlltiem • U glOY_ are not vom, 
1t vill be found tlIat grlJDe beo_th the fmsema1le 18 &1-,.. CCDtealDA

ted
. 

'!'be eot1re body 8l8t be cheokec1, howeTer, atter aU c1oth1n8 18 J'tDOYeel. 

9. A d~tiC sketch of a penamel 4ecCDtam1D&ticm ceter 18 

shcM1 em t.be following chart; 

(DI§'tHJCl'OR - RiPR<JiAA3 CJaRl' 2'2-1) 

~i. IllU8t be paced em the fact tlat aDwet &n1 tJP8 of facWt1 
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which has -a source of rwm1ng vater can be used for decontamination . The 
cardinal rule is t o keep contaminated personnel and equipment out of 
"clean" areas. Procedure is as t'ollovs: 

a. Personnel assemble in an area and tunl in equi!ll'.lent. Gloves 
and b ooties are then discarded. 

b. Ckle man at a tir.te, each individual is monitored nth h i s 
clothing on. Remainder of rersonnel should remain 30-40 foet avay t o 
keep a lev background count. 

c. Readings should be taken as close to the clothing as possi­
ble, and should be beta plus ~ readings. 

d. A1:ly clothing readlns higher than 3.0 mr /hr, beta p lus gum:a, 
should be discarded. Only those arti clea of clothing a o rending should. 
be diacarded. Replacement itellB ahould. be iasued at time of diacard. 

e. Clothlns readlns 3.0 mrjbr, beta plus ~, or leaa ahould 
be atoved avay for future use. 

t. One man at a time, each individual should. then be monitored 
Vithout any clothing en. Any apJlreclable increase in backe:;round count 
ahows sane degree of centam1nation and, unless shortage of vater i s a 
factor, the man should. be decontaminated. If vater shortage ia a factor, 
enly men rending over 0 .2 mr/br, beta plus gamma, need be decent.am:1nated . 

g. Decontam:1natioo ia accomplished by scrubblns dovn with seap, 
vater and a GI brush. Several applicaticns may be necessary. 

h. Men are then checked b,r a mcnltor and, if clean, are given 
a towel. It necessary, men are sent back to the shovers until free of 
radioactivit,r. 

i. Man are then cleared to dreas and are released. 

10. Certain moditicaticns ma,r be necessar,r in this procedure with 
respect to iS8uing clean or replacement clothing . There is little ob ­
Jectien to how thIs Is done as leng as centaminated personnel do not 
handle dress clothlns. B,r dreas clothing is meant clothes vhich will be 
vom atter release from a menitor's aupervlsioo. It ahould. not be c on­
tused vith CIe8ii'Or slightly centaminated vork clothing which will be 
vom under a mcnltor's supervision enl,r - tllere is little obJectI'rn t o 
Cciltalll1na.ted personnel handling this vork clothing. 

ll. The I!IIlJor requ1relllenta tor operating personnel decontamination 
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centers are running vater, scap, brushes, towels, a supp17 of cloth1ng 
and a place for York pu-ties t o stow or hang two seta of clothes. 'these 
tvo .. ete of clothing as po1nted out above, are drees cloth1ns aDd york 
clothing. In cannectioo vith york cloth.:ns, it is vell to point 011\ that 
persCllllel v ork1ne in ftliloactiTe areaa should be turnished a Jainimulll of 
clothing. A cap, a shirt, a pair of trousers, a plece of heaT;T twine tor 
a belt, and a pair of shoes is all tlat ls needed. '1'0 th1s should be add­
ed a pair of can'taS gloves and. a pair of can'taS bootl_ as expeudable 
i tems for each missioo. Unde"ear and. soela. are not Donall7 nec_sar;r 
and ccmpl1cate supp17 problems. In Y1ntar veather, hc.¥ever, the,. m18ht 
be re=lu1red. Towels are Dot a problsm it care is used to insure tlat the,. 
do not becCllle cootam1ne.ted. Clothing Which baa becCDe cootam1nated should 
Dot be arbltrari17 destroyed but stored so tlat ftlilcactiTe de<:a¥ _,. 
render it useable asain. 

12. Persamel requirements tor operatloo of a decootam1Datlon center 
Yill range fran ~ to 6 pereoos, it 111m are to be proc_sed rapldl;r. At 
least three moo1tors are necss8aJ7 to handle a cc:ntinuous tlow of persoonel. 

13. Finall7, -It 18 nec_sar.r to exerc18e strict supel'Yisic:n over all 
personnel entering radicactlTe areaa to insure tlat thaT are proper17 de­
contaminated befOl"t' release. It is a proven fact that pe1'llcamel get care­
less after vorld..ng 00 a dangerous job tor SCllle tilDe. ~e of the bigg_t 
Jobs Yill be to canba t such carelessness. 

14. feteriel decootaminatioo should be carried out in an area which 
is uninhablted and ¥here cootam1Datloo of the ground. b,. run-01't of decoo­
taminating soluti0D8 is Dot object1onable. Care IlU8t be taken that: 

a. Men York upr1nd of the object be1ns decontaa1Dated. 

b . Washing down IllU8t begin at the h1gheet l.eTela aDd vork dOlnl. 

c. All portl00s of the object be1ns decontea1nated are Bqmll7 
washed down. 

15. Specific procedureI. tez t!eoontam1ne.tloD are as tollon: 

a. Aircraft: Aircraft.,. be decootalll.1nated b,. spnt.;r1ng Y1th 
a mUture of kerosene aDd "gunk" (CCIIIpOUDd, cl.ean1ng, a1rcfttt, Specl­
ficatioo No. 20(15). '1'h18 m1rture can be spraJ8Cl 00 b,. use of a !too 
salian p er driTeiD decontam1mting apparatua (J6A2 or M!.) Which dellTel'll 
a vorkin8 pressure of about !too Ibs., per sq., in. An 11441 tlcmal dsoon­
tam1Datlon apparatus, utiliSing _tar, or a steam cleaner uOlll4 be UIIed 
to vuh down the gunk a1xtu1'II. Suitable 1'11'11 ~t10D8 nli be taboo 
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b. ~letal Surfaces (Corrosioo not P!l"l!!1ssible): Use the gunk 
solution outfmed above. 

c. Metal Surfaces (Corresion permissible): 

(1) SWab surface vith II. veak acid s olution and follow-by 
washing dOlm Vith a stream of high pressure vater. 

(2) On J8inted surfaces, it is very effective to remove the 
J8int. This may be dane by use of a soluticn ccnsistin~ 
of: 

5 Ibs lye (NIl. OH) 
5 Ibs boiler compound 
1 Ib cornstarch' 

10 91-11ClllS vater 

vhich is allowed to rel:ll.in an the paint fer two hours 
befere removal vith a high pressure vater streaI:l. 

d. Wood Surfaoes: Deoontamination of v ooden surfaces is inl'I'aC­
!all beyond a hOSing dmrn v ith vater. 

e. Canvas and Fabrics: Washing vith soa and va er is the m st 
that can be done. Except fer clothing, this type of caterial should be 
destroyed. 

AREA DECOll'WffilATIO; 

16 . There are three !>(ISsible methods whereby areas may be dec rntanjn­
ated, ncne of which are satisfactory. They are: 

a. Wash down vith high tressure heses and ranefer contaminati 
to another area. 

b. Cover the area vi th a layer of unccntar:1nated 1m terlal. (l.e _ . 
dirt, duckbc:ards, steel matting, etc.) 

c. Remove a layer of the tor eell with p er CIu!!. en . 0(J':l0 dis ­
posal area must be utilized. 

Are there any quee t.i0l'lB? 

l1lSTRUC'TOR ' S Qtm3'rIOIiS 

1. What are booties? Why shculd they be used, if available ? 

2. Below wbat intensity can ccntaminated clothin~ be leed for work 
periods of 4-6 hours? Is this ~ only or e,amna 'lus leta 1:.tcns!ty? 
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3. Wlat J:al"UI at the hUIIBD bod.y are more l.1lce11 to pIck up CCll­
tam1na ti CIl in cmt.all1.Da ted areu T 

ll. Wlat 1JI a oard1nal rule to tollow in the operat1C1l at a pereCll­
nel decmtamiIatiCll centerT 

5. It water 1 •• caree, v!Jat 1JI the _yipnm int8l.B1ty at nl41o­
actiTe b0d.7 cClltam1Dat1C1l tbat a pereCll -7 haTe vithout requ1r1ng de­
cmtamiIat1o:nT III th1. g!UIII& ~ or ... plue beta inteoa1t r T 

6. BCIII' are perecmnel decmtaainatedT 

7. Wlat decmtaa1Dat1ns aseot -1 be ueed tor cleaning a1rcrat'tT 
What tJpe at decCllta1Dlat1ns apparatua 1JI beet .u1ted to th1e JobT Wlat 
precautime &let be tablDT 

8. Can wooden .ur!ac .. be decmtamiJ1atedT Bow! 
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TINt: 

PlACE: 

l&JiliJCi'OliI ' _ EliB&Cis : 

Si\JlGis' HDAliiiC:E: 

1. ObJect1n.: 

23 

Hem 1 tOl"1as 1'1e14 ProblAa _ 263A SluTey 
Mltter. 

!'Va InmdJo.4 (200) a1nute.. 

Outdoor Ar.. 

_em. . (See l'ootDotetJ) 

Irate. tre. PI'8Y1oua P8l"1oq. 

263A SUzTey Jletc-.. Bl,41_ Source, poclDlt 
cla.1Mten, 4a.1JIeter clarp baz, tU. 
~, data u .. ta, .~ or Uatchee, clip_ baazoq. 

a. '1'0 laTe atudcta check 263A .. ten &lid poobt 4a.1IIeten &lid PZ'8Pll'e auney pJau. 

b. '1'0 IaYe atud.cta 8lU'Yey an area aDd 4etenune the ~ CTer­all Ulteaa1ty thereat. 

c. '1'0 laTe atudll1ta 4etena1ne the looatiem 8Dd. UlUality at hot apota Vi tJaU1 a cemt.luain& ted. area. 

4. '1'0 IaYe atudlilta 4eteawae .. l"Oa&hlJ' plot em a .p the 
looat1em at 0.1 'B./Da7 aDd 0.3 R/Da7 uod.a.e liD .. 111 a cemtaaiDatecl area. 

e. '1'0 laTe each atucleot 4etem1ne hia 4~ tor the period at ezpc:wure. 

*DeYelollDlllt at Wa tield P1'OblAa u lett to the 1Datnlctor aUlce local 
cacm.tanc .. auch aa alae aDd Ql&llt1t1 .. at aouzoc .. aft1Jable, aU. aDd 
t1PN at areu aYa1Jable, aDd nUliber at 1Da~ta aYa1Jable Will ~. 
1'he obJect1Y .. to be obtained tre. tJaU t1e14 8Xerc1ae are 81no in the 
aubJect outline below. U a 1"8h1t at the hl'Tel, each atudeat 01" te.a 
uOlll4 pJ"epaze a uOl"t nport to aoc~ the .atch .. tMu ta&nle4 in 
tor SN41ng. '1'00 aach tapbaau oazmot be pJaOecl em the 1Datnlctor -clrJ 
Z'Ulm1DB" tJaU 8Xercue betc:ar. act1aJ. PI"MIIltat1cm to a cJ.Me. 
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2. General Procedure: 

a. Students will draw 263l metara and check these .. tara j draw 
_ ocket d08il:1etera and charge these d08il1etera; prepare data sheets j and, 
based en inStructor's briefing. uake a rough sUJ"Yey plan . This surYey ehOlll4 
be made by teams, each teem consisting of 2-3 students. 

b. Teams should proceed to the centam1nated area and, using haat7 
circling tactics determine the locatial of the 0.1 'f</Day and 0.3 R/Da7 isodose 
lines. The loca tien of these lines should be sketched CIl a map of the area. 

c. Teams should then work in toward the center of the areas located 
111 (b) above and detennine the locatien and 111tensity of "hot spots" (i.e. 
s curces). The location of these "hot spots" should be plotted CIl the sUJ"Yey 

llRp. 

d. UrCll caapletien of the surYey, teaI:IB should determine their 
dosage from pocket doa1JDetere, tum in 1nstrumeots and prepare a report en 
the generel overall calditien of the centam1nated area. The surYey map 
should accompany this report and be graded for legibility and accurac7· 
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~ Otn'LIlll 110: 

CLASS EBRCISI!:: 

TDIB: 

PIACB: 

IJS1'BUC1'URS' HiiERDCiLS: 

Blill&l'lS' l&:IKRil«:!BS: 

MonitorIng Field Froblem - 2~7A Sur.e1 
Meter. 

TIIo blmdred (200) III1nutee. 

Outdoor Ar_. 
Bone. 

Botea trom prenoue perlode. 

2~7A Sur ... , Metere, Racl1um s,urce, pocket 
doet.etera, doel.,tar cbllrge box, fIla 
baas .. , data sheeta, IIIlPB or sbtcbes, 
cl1p-boarde. 

Thie fIeld e%arcise 111 coaperable In acope to Tra1n1ng Out-
Une Bo 23 except tba the 2~7A _tar V111 be UDIIed for BUr ... , pur po see. 
MDltlp11catlon factore lillY be arbltrarll, aeelgDed for the racl1atlon 
Int.eDe1t1ea Jreeent. It th1e 111 done, hove .... , care emula be takeD 
that the l.,dDee linea, asa18Df'd to be c!ettrll1ned, are ot oorreeponcl1ng-
11 hl@b11r ftl.a. For example: It a .w.t1p11cat1on factor of 10 111 ueed 
tbe stu4eDte II1ght be required to c!etenl1ne the lDcat10n of the 0.3 R/fi£y 
(0.111 in 8 mun) and the 0.6 R/»a, (O.1R In " mura) Isodose 11nes. 
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TMIIfllIG arl'LlD .0: 

DIL"l'URI : 

nMI: 

PIAC!: 

lHSfJ6JC:t0J8 ' RBiiJd!IiiCiS: 

Rote to IDetructor: 

'!\... . ,-. ,. 

25 

a.41ol.os1oal Det-..e Oreaniu.tlCD. 

'l'vo (2) hOUl'W. 

Pertmct A7 D1J'ectine. All pNTloua IB­

ter1al. ClIapter 15 aDd 16, -AI'RrC Jluwal 
52-355-1-, Dept at the Air roree, MP.7 1949; 
ClIapter 7 aDd 8, Chemoal School IIIao 202, 
22 .l\me 191t8; Medical Aepecta at lIucl-.r 
EDel'Sf A7SVP, lIM! ~9. 

All prertou IB teriAl. 

Copl_ at A7 ResulAtlCD 20-28, 3 lily 1948 
aDd cop 1_ at Air lIue Bl4.10los1cal DettllllAle 
PlADe mcWed vi th then DOte.. Copl_ to 
be iuued to all etlilcta tor retellltiCD. 
Bla~card _p at Air lIue. 

Polle7 4ec18lcme are etl11 lackiDs em IBD7 at the _ttere 41ecueeed 
10 W. lecture. "ar tJat l'eUCD, DO -ter1a1 ehould. be preelllted u repre­
ectlDs tEAl' pol107 UDl..Ne e0Yere4 DOW b7 ex1etlDs 41rectiTN euch u III 
ResulatlCD 20-28. 

1. fte ct1re abJect at n4101Q81oal clet ... e arauai_tlCD hu Dot 78 ;; 

crJ'8tall1se4, aDd a t11'll pollq 18 Dot u Tet a.1lAb1.. It 18 bel1end. 
t1at th18 cCDl1tlCD rill be corrected 10 the Y8r7 D-.r future, hCMn"er, aDd 
t1at ~_tiem vUl proceed CD the toll.olr1Ds pr1nol~. 

2. The 1'Imd.uc1alUBAP pollo74irectift 18 A'I a.pJatlCD 20-28, 3 *7 
1~, at which 7011 all haft copl ... 

3. In practice, l'MpCD81bll1t7 18 41Y14ed u toll~: 

a. The Atc.1e J'.:Del'Sf C~ICD hu poual CCIDtro1 cmtr all 1IIaa­
at atc.1e m.l'Sf aDd Ita appl1oatlC1l8, aDd OYer all epeo1al1se4 traloq 10 
t1at fl.lA. 1'hrousb Ita 1I111t&r7 L1a18CID C~ttee, It worb vith the Ame4 
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::'crces S:ecial Weapons Project, and the Air Force. In Headquarters USAF 
.ere s a.?} Ass i sta."lt Deputy Chief of Staff, Opemticns for Ata:l1c Energy, 

ut BC 1.8.1 training for defense is supervised by the Radiological Defense 
Brn."J.ch in the Office of the Director of An:Bment, lEAF, which oversees all 
rB ters Fertaining to Radi ological Defense in the Air Force. At a lover 
level, in Air Force CCIlDUlds. the CClI:r.IUld AnDament Office is also the Hsdio­
logical Defense Office. The same is true at Air Force and Wing level. 

b . At Group and Squadrm level, student of this course nll as­
SUl"le radiological defense duties for uni ta, in addition to chemical duties 
in !:loo t case". 

4. 'oor..lBt special tmining is necessary in radiological defense work? 
There are se,'eI'lll categories, and we Yill note them briefly. 

a. There is a three year c ourse ;;i ven to selected officers frem 
vh':'ch they emerbe as 1e.diolog1cal Defense Engineers. It 1& ccntemplated 
that these officers will be assigned to Ccm:Bnd or poesibl,y Air Force leTel. 

b . The six weaks course qualifies an officer as a Radiological 
Defense Officer. Three schools are currently being cenducted for this 
ccurse at the f oll 1ng installations: Treasure Island at San Fmncisco, 
The Aro.y Cheoical Center, IBryland, and Keesler Air Force Base, M1aSi8Si.pi. 

c • Additi onal courses are centempla ted to quallf;y selected of­
ficers and. airmen as survey officers and instruJllBnt l!Il.intenance specialists 
res:,ec ivel. The training given here is ccnsidered as the basic course 
for survey officers and as an adequate course for the quallficatien of 
nci lo1cgical meni tors • 

5 . No fonral orsanil&tien has been set up for Wing DLdiological de­
fense, though seveml tentative suegeeticns haTe been made. An 01'@l!Ulil&­
tim of the tentative tn>e will be cCll8idered in discussing Radiological 
Defense plana . 

6 . The plan for the protecticn of an 01'@l!Ulimtioo, or an 1nstallaticn, 
against atocic exploeien or other f011ll of radiological attack 1:117 take a 
vari ety of fonlS. It is probabl;y not too important what f011ll i8 used, as 
lang as the plan is a workable ene. H ever. the individual fonmlat1ng the 
plan should have a definite fonn in mind and follov that fonn. Othe!Yiae, 
it i s a1l:!oet certain that detailB which are important will be onrlooked. 
Possibly the best ansver hers is that the same t011ll should be foiloved as 
bas been folloved b7 the organil&tien in the past in preJ&r1.ng ita defense 
plans. 

7 . Cklce a deciaien has been made as to what fonn the plan Yiil take, 
it Il:USt be decided .."hat amotmt of detail Yiil be included in the plan. No 
set rule appliea here. A pocrl;y trained and relatiT8l;y inexper1tmced 
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cr.:J).."l":'za i . trust !lave 0. r lan which is more 0.<- tailed tr.an v culd 
lee neceoC:!rY f r a well erumized and trained orsan i ration . Too, 
t)l€, 0:;-'-'0 ~r. -:~ cc· )n e·f a l.U.~ t viII have lllUch to d o vi th the type 
c1" lan and the detail v ith vhich duties and responsibilities 
are eutl:L,ed . 

::; . ':'he f~llcvinu cLeck list is Fresented as a e;uide Gilly. 
L. se .CI i lans, all f the details oentiened need. not t e conaid­
e r ed . II "tilers, it I:Ia:, le necessary t o il clt.:de details not nen ­
t":':-r.ed the c:.eck list. Hcwe\·cr,..:.t I s celie'l'"ed that his list 
":'s c::1:: lete ene ',). tc serve as a ... 'U ie fer relative ly h xperienc­
ed pers_nne in wr.itir~ UI' their fire I lans. 

n . Res! sililitieo. Wr.c is charued Vith d':'rectin~ 
raliol-::- ' iea] defense? ,ant 1s his status V.ith respect to the 
CCr.nt:.d!..'1- Ci'f.:.cer? Other staff cf f cere? Are a ll ll1terested 
staff a~encleG cC'erdinated. in a sin,;le pla! -: 

1 . OrcaniZllt..:. WOO base cr,san';'rations will ha'e 
Fad '01 e;!cal Defe:dJe Officere? H1;1ch wHI have only nonitore? 
~llll they be enlis e·l or officer :-ere nel? ll1ll a.'1Y c-vllians 
be utili zed 'lere': 

o . Tram ·nc. h'ha. special t raininc .:s necessar.r? Do 
nIl, erscI'_'1el,::e the Satle rainin6? :lhc is res anaible fer en­
eral . dcctr.ina ion ty! e of t raining ? Hho i s res rcnsible for 
Sl'oclal t rain.l.l1E; and the evelo c:ont of srecial skills? 

d. Hnrn:!nc:; Systen. 
needed? \,r}.o i s res :-c:na';'ble? 
~ the ll1Btalla i ? 

Are any SpeClal ¥aming s ysteLiB 
Any s pee ':al Signal f er e""acuatian 

both? 
1eai 

e . Dis~ere1 Tc vhat degree? 1.hteriel, erecnnel, e r 
Are dUilicate e ~d res t s necessary? Evaeuatirn ~-roas 
ted ': St:::cked.? 

f . 3 . . el tars . Ftr all pere ~nnel? Fer any tY}'e .,f 
:-a eriel? :'.:::r ned~eal and s :ecial eluipr:.ent? What t:,:,e will 
1:>e e:r:strncted? ',Tho v iII desiGn' Are there any uSeful t coes 
cf has ' f leId shelters? • 

f . Men 1 torin€. Who d1reets and surervises? l-lbo d s 
the Wcrk? ~lho nonltors rlateriel? Personnel? Areas? \HU there 
le a fast s urve ' rade f' rat and then a detailed survey? What 
tYIes .;.natZ-..u:lcnts will !:Janitor use? Should frovision be I!Il.de 
fer cootinuous nonitor1n5? Will monitoring De dane t o detect 
rad1ooct.!. ve d usts. radiooetlve war gaSBS, and isotopes which nay 
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""e s read v .:thcut ELl e lesi:l~ ·In~ n:-!litcra f .... - e.:. vet r u" 
,11es 7 Do f:re!'15lJ ers· e: er tote area a..f er 6. .... ex::_cs: ,. v i:'::-
out !::C11tcrs'l W"r.c nust::ake t::.e decls':'c.:n as t(' v~e":'er .:re!'.:..··:·c. 
and ced lcal Ters c:1 ... 1e1 e: ter a C.::1 ta: ':'.:~a te-l area ':' 
te dcle~ted authcritj to say vb;) £ces :!... .. ; ~r:.r-
i ies be necessary'l 

! . C0IIICllI11catians. Is .:.t .eceosar:· t- set '.:- a:.:' s:r" :::::­
arecial servlce to use after 6.'1 e:£:11cei .. ':' A.. .... :. res~r' ct':'_:-s ::::., 'u:e 
of c=..l.'1ica 1'0:18 after an eX?1 S_C!l:' ;1h::-:s ;: 1:e res. :::s':'.:e !'::--:: 
srecial ccmounicat::.ans? 

S :?::-ly . Who a~!,.lies ~d serv':'ces -!:e ra_::'at: .... lc<:ec ­
tian instrucents? The Ll!:: 1:si,:ea? ;,-c'" deve 0::-8 !'iln 1:ai-es: ','he 
furnlabes chemicals and s. ecia l tocls fer dec ta::::;m"ti . ""r::: 

j . Fall-cut Areas. Wh: v i 1 est1=ate ani a~v':'s~ "t!:c c ~ 
mander as 0 area or are s which v i:l e c ta=...:.~ ,,~ ' 1:: .::',3,:1- ,-': 
part':'cles; Sh uld th.:.s est1Late1:e Inde e.!'ter :1.. .... ex. :C's -, cr 
should i 'be a CC' • .:.r.'.l':"'1£ estlLate B ~ tl:a ~e c_-"-~ie-:: l:Il.' . e .:..--
fer:::.ed cf the eX!'ected area :'SI:-C.1t ·=ed':'ate:. e,:- er a. .... ex-
plcs co? 

k . Pla::ls fer C'v':'lia..s. Is it ::e:es=~' tc re}:e e..."'.:' s-ec':'a. 
lana for eiv':'lian e_::-lcyees? If s c. vho !s res .• ::0·':.1e:' 

1 . . era :ne ~c _ ~!.na . c:l • '~1:ere 

a ticn centera 1:e estabLshed -: .:1:.- is resf_::s':' 
What s Tecial elu!.pment wl11 te neceosary; Ca. .... 
1 i es be used, with or v .:.thout al era"t!. ""'1 ':' 

m. M!l er'el ~ccnta=.:r.at :1 . ,:r.c 
decantaminat':"T16 areas? Build':"'1fS a..d ctLer 
cent? 

n . S. ec lal L'187.rJct':':na. Are a::~' s.ec':el ':"--:str t::.;:::-.a r.ee ­
esse.r-J f er ,:ene:nl ::' e...'1 s-,ec::.a11st ::-era_. _.e' ': 

o . J.1ed!cal. ee .. ..:r ? 
w'hat plans fer evacua 
tlco dosage fer mcn!tora? 

9 . All the abcve o':!lts =st at east.e c::::1s1derei _. vr!."t'::._ a:: 
adequate defense plan . 

10. The defense plan f a Jarge air baae, 0 ' as it' s ty 
llIUly an4- ... -arleus \nits having ifferent functL.:s, :s rcund c le 
ccmplex. I 1s nct likely the. v :. th "cur r resent eta t~ ~ rair.':"'1 • 

128 
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in n1d~olo£ical defense that you vill ever be calle<!. UpO-'1 tc write 
such a plan - that is a Job for a fully trained Padiolo.sicnl Defense 
Officer - but a sUJlll:8ry will illustrate the llIUly :r:ro let.B involve!' ::.., 
such a plan. 

NOl'E TO DmTRUCTOR: 

1. Read and eXplain attached plan vith cover letter. It vill 
be found helpful to dray a I:IB.p of a representative large air base on 
blackbC8l"d to aid in eXplanatioo. It vill be stated that this i,Jan 
is tentative, and is not final USAF pOlicy, but that it does offer 
one solution. There is, of course, no CClDposite Air CClIlIr8nd. and 
students vill be so inf'onned. 

2. The attached plan for "Defense of a Snall Air Ferce Unit" 
vill be reed and eXplained to students. They vill be told that such 
a plan viII be vithin their scope of activitiy 10 their unit rad 0-
logical defense. 
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SAl,TIE cOPY 

He'ldquarterc 
Air C0!:1jlO9 _ ~e Co::n:nd 

Pittsford Air Fo~e6 Base 
I;av Yorl': 

Gclb~cet.: :'~diolo-iecl Defen::l6 of Air Co,::~site co~d I nuUl11.lltior. 

_'0 : Co::n:mdin,- General, _ 'ent~' - seeond, TIlen y - fourt!'!, TIoIcnty­
!JO':entn, ~nd .::'lJenty-ni t!1 Air Force'", 

':he "'''1.Rc:'leJ "InstEl11.lltion R'l.dio r-ical Defense Pl:m" is for.rerderl. 
: or r":or;:ntion ~ d e:uid~ ce of eOJ"J".-mdinr- officC!"s i "1 echelons f 

,,;., G CO:;n:lnd . 

: fee ti ve innodi' tel;.' , a r lld!olofic 1 do::e :::0 nlf'n b...'loed u hle; 
... .,.,l:I1d :-0 e \li11 be i!:!"lonented ~r.d ;:l.'l'nt; inc<l for :l11 co~ 
J-:-" .:l-: tr.~t<J.11 ... tiom: . 

1,0 

..... .!., .~.. . 

r~t;'lb1~ Air Force Ho'" -
f 0 se -pro 1el'l!l 

officers of SUdl ur.i ts 
t!1'1 'lbil!­

Suel: ph ~ \11 1 be 
!::(J:l i ·x.rt.cro for Br:l:"ov:!l, but :t('" n-

dR _,ll 'o-l e 'l 
of this Co::rnn 

... '111 d 
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SAl-IPIE COPY 

Headquarters 
Air Canposi te COOlIlIIUld 

Pittsford Air Force Base 
new York. 

Installation Radiological Defense Plan 

1. Introductic:n 

a. The folloving plan provides for the defense of a typical '.{ing 
Base of this cOlllllB.Dd against atomic bomb or associated radiological 
attack . It will be integrated with, and will extend ex sting plana 
against chemcal and biological attack. 

b. Radiological, bioloGical, and cher.ncal defense will be co­
ordinated and supervised at all echelons by the Anne.ment orE1lJ1ization, 
but can ooly be successful with the full coo. eration of all persClllIlllI 
and staff sectic:ns as required. 

2. Res onsibility and Organizaticn 

a. The CCIIIIIIEUlding Officer of the \linS is responsible for the de­
fense cf the base. He will be advised and assisted in the rod cloG­
ical defense of the base by the Iediological Defense Officer (ROO) 
who will coordinate all neaaures to be taken by the Fadiolor;ical De­
fense Organization and associated speCialists before, during, and 
after any attack in which radiological munitions 1lBJ' be involved . 

b. The Radiological Defense OrE1lJ1izaticn will consist of (See 
Chart A, attached.): 

(l) The RDO, in ~HnG Hea1. uarters, and cCL'mlissicned and en­
listed assistants. 

(2) Survey Officers (SO), one in each u11i t of the Winb . These 
are qualified tlonitors who have received required trainin:: in rati jc ­
logical defense. SO's are assisted by enlisted Rad.icle:: cal l':-!li tcrs 
(Rr·I ) varying in numbers in each un~ t acccrd inc tc its function . Un' 
Gas personnel will be desit;nated for this duty. 

(3) Each unit of squadrc... size will lOO.intain 20 _1Ja.Il squads 
trained in decontamination, rescue, and fire fi£11 in .. , t o 0 crete un ­
der the u..it SO. These squads will fU.'1ct.:on as Unit Dana c Centrol 
Groups. 

Inclosure 1 to Annex 1 
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Inatallatlon 9&d.lo1og1oe.l Det'aa.e Plan (Cont'd) 

(4) A Pbotoda.ilIetrJ Iabarata17 (Ia.plta.1). 

(5) Iutn..lt apec1a.l.Uta iD MaiD~ Squa4rcaa. 

c. Bach unit Yi11 'be lW~lble t'~ a41oJ.cs1oal 4et-. -.are. 
iD Ita OIID u. UDder 4u.cUon t:tt the _It SO, aDd 1ID4er paft'al 4u.ctlon 
b1 the BOO. Clain at c~ Yill 'be ~ern4 iD W1as det-. OIWU11I&t1on, 
tlm8 the ROO UDder battle caD41tlCm11 Yill reoelTe I"epOrte trca aDd 41Joect 
action at Group SO'a, vho Y1ll iD tum "eel .. ~ trca aDd 41Joeot 
Squadron SO 'a. 

3. Det'eaae J'ac:llltl .. 

a. Sbelter. 

(1) tI3AF pollC1 doee not allow hea'Y)' CCll8tructlon &8 wOIll4 be re­
quired t'or elaborate bcab proof' ahelterw. CCIl814eration Yi11 be giY8ll to 
1mr>roT8CIIIDt at exat1ne ahelter t'acll1U .. , or caretul iapronatlon vbere 
nec.aaJ'7. 

(2) en. ceotall1 located 8helter Yill b. 4N~ted tor the CCD­
-.n41D8 Gen.ral. t:tt the W1D8. It Y1ll h0U8e the Ceotn.l Control PoiDt, and 
vi11 'be the action atatlon tor the ROO 4ur1Ds ~ eoav attack on the bu. 
or Tic1n1t1. :rrc. thi. point he vi 11 41rect actlTit1 .. at the baae 9&d.lo­
IOSIcal. Det'eoae Orgmlaatlon. 

(3) In addlt1on, ahelterw t'or nec_Mr1 Im1t t'unctlona aDd p8rwon­
nel will be d1aperwed thrOQ8bout each Im1t &rM. 

(4) n ... ahe1ten Y1ll 'be .. prot:tted vbere pa.alble. The1 vi11 
be atocad Yith -rgeoC1 food. and -ter auppll .. , and vill &180 h0U8e 
unit a41atlon detection 1Da~ta iD at leut on. aIIelter per unit. 

(5) Shelter h0U81D8 the Ceotal. Control Point Yill JaTe -rgeoC1 
mdio am telephone c~oe.Uon Yith Im1t c~""er ahelter.. 

(6) Sllt trench .. , c,"ere4 Yith plaDb and banb4 vith earth, 
aDd vi th blut -lle protect1D8 IIltrancea Y1ll be proT14ed near working 
and. llY1De ai tN t'or the acc~tion at' perwonnel unable to :r.ch or 
Wle JIIlin aheiterw in eTet at attack. 

b. Decontamination Centen. '!'he nonal bath1D8 t'ac1llti_ of' 
each unit Will be uaed t'or p8rwcmal decontaainaUon. A JIa11tor Will 

Inc10eure I to Annex 1 

l~ 
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Installation RadioloGical Defense Plan (Centre!.) 

be assi6lled. to each such point to check personnel for radioo.ctive CCl1-

ta.m1na tim, should use of such facil! ties 1:e ne",,",' _n..ry • 

c. Dispersioo. 

(1) The Base Cc:mnanders v ill arranGe thrcuc;h local Civil De­
fense Ore1Uli&ations for storage facilities at scme oint at least fh e 
I:;iles from the base, and away frOl:l any industrial concentration. U_cn 
direction from higher headquarters, these facilities vill be used fer 
storage or three days rations (~ckaged), vater, enercency medical sup­
plies, and tentage. 

(2) This point vill be desi{:;nated as EtIergency Evacuation 
Rendezvous , should evacua tioo of the base be necessary . Prevallino 
v inds vill be taken into consideratian in selectio."l of this point t o 
insure, as :far as possible that tau-out from an atomic bomb an an' 
local potential tare;et or en the base itsel:1' Will not enda.'6er the Evacu­
atioo Rendezvous. 

4. Current Operatian of Iadiological Defense 

a. Unit ca:ll!lBnders vill institute radiological defense trainin.:; 
programs, includ1ng continuing indoctr1na tion and training of nev I er­
sonnel. Unit ccmnanders vill mintaln continuIng check an defense 
llIeaIJures vi thin their uni ta. 

b. Each unit vill pre~ and m.intain a list of priorities for 
evacuatioo of equipment in event such actioo becCllles necessary. 

c. Provisions Will be made for an altenlate field to be used 1:y 
Wing aircraft should cantaminatian or danage to runways render the base 
unusable. 

d. Each unit vill have ane SO and two m.!'s trained at schools to 
be established at Wing level. These in turn, vill train additional 
necessary monitor personnel vi thin their uni ta . In accordance vi th 
t&F policy, unit eJ!1S personnel vill be detailed for such asSignments 
in most instances. 

e. Duties of the ROO 

(1) The ROO vill conduct ini tlal training, and such addi tiona I 
training as my be necessary to l!I!.intain proficiency of 50's, RWs and 
general personnel in &!.diological Defense. 

Inclosure I to Annex I 
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lnatallat lon Ba41olos1cal Dar ..... Plan (Cont 'el) 

(2) TM JmO Will OODdact .,nt~ 1D8peCtlon ot tbe .tate ot 
racl1oloS1cal a.r ... ~, 8q1l1~, orS&D1u.tlon, IlUPPU •• , &Del tac1Ut1 .. ot V1D8 aa1t •• 

(,) TM HID Will CODIJaact a .,nth17 en 1n vh1ch tbe Ba41olos1-
cal DIIt ..... Qro8lD1u.tlon Will JlllM;1c1pate. z.t.8IIDC7 ao-.m1cat1oD8 
.~tea Will be uecl aclaUwq. Prob~ Will be .. t, &Del tJa 80-
lutloD8 tblnto war ... out b7 the Ra41oloS1cal DIIt .... QroIJlUl1U.Uon. 
B'9W7 et'tort Will be ... to aD tbe.. eDr'C1 ... a. reaU.tic aa po •• 1ble. 

(A.) '!'be JmO Will abt .. tbe Co.ancl1. ON'1cer on earc1 ... 
to be helel quartc'17, With all JlC'80Da81 )lar't1clpat 1D8, to teat OJlC'­
aUoD8 ot Weaee -.... •• 

(~» TM JmO Will a1Dta1D Uai80n With local C1Tll DIIt-.. 
alltllDr1 U .. , tor Reb .at1al. &N1ataace aa ~ be ~ It 11111 
b. 1IDdc-.toocl tlat 1D eWIlt ot attack the bue caD turmu DD aa­
.1etuce to the local ch1l1aD POpalatlon 1IIlt1l all OPRatlon re­qus.r..nte _w 'been .... 

b. Attack aJaoa Will be tlIe ]rOlona-4 r181D8 .. tal.l1.zas DDte ot the bue ~ 

c. BIIcUo!oe1cal Attack Alara 11111 be a ..-t .. cd u.. IIbart 
blaat. OIl the .1zwl, rws-atM at iDt.Mala. C'l'h1. dpal. Will alao 
be uecl tar a..s.cal ... 1d.olos1cal attack.) 

4. Bwactate ... Will be .'snelle4 117 a ... 1 .. ot ftw ebart 
blaat. OIl tJ •• !reD, npeatM at iDt.Male, or b7 repeated, f'1r1Ds ot 
two 8I'HD tJ..an. 1Ibo1llcl tile .ire be 1DD)lll'at1w. 

e. All Clear S1p' 11111 be a ]rO~ ~ DDte OIl the .iND. 
(Ptr8ODDeI Will be Wl"De4 DDt to _w ebeltao. 1IIlt1l raplel ~ ot 
tbe va 1 ..... , UIIl aa1 t 80 '. 81w tile CII'tIr.) 

6. ........ to be ~ 1D B~ ot OIat~ ot v.. 

a. aaa ...... otba- a1a1lAble Ja"Otect1w 8q1l1~t (1Da1Y1a.l. 
tlaab-bana ]rOteoUw ao~., tar .--.Ie) Will be 1ene4 to a-oo,., 
.. Will be ~ ... QI' Jatpt at JIaD4 at all ts.... 

I.DclollUl'e 1 to ADaez 1 
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~ 0...'1:. lcc~l ll"'"'~e!'lt -

~ .. c::J L"1t:- he 
ta::e w': -::h t}-.e~ 

:l'ci ~cket3 . 

·c ::..., 0 ~ct.: ':l'=Cd..: -
o.ccor.:rn.'1ied b;' e cr nere 
o 3.3 B , _. • S -~SGr Ie to 

csa:,l". rE'Be t 
Ie will '¥crt 0 -

re'l 11' •• .: t , 

rc~ rt..s lnrL{'~'!tc !H:'coco.:t;' 
Y.icc'1i, a rl ne eOD!lr :- 3:e:: 
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lDetallat lon Ba41olos:.oal nat ... PlaD (Cont '4) 

It. 1IInl1taz'., -~ld.t., U prel1Jd.1IIIZ'7 cMct _ Uown onl7 
m14 or .ttecl CODtaIIlJat1on, Will __ a tharoUSb ----7 of the 
1ID1t 81"", aDd. 41nct tile i8olat1on &DIl nitable -.rkiJIg of tbo .. 
areae f01lD4 to be cIIIIDpro_. Dltta1la4 1Dtaration Will be tnna­
mtte4 to SO'. wi» plot rea41JIp on 1ID1t area ape, IID4 treDa1t to 
the lUX). U Id.pq au.ro- oont.a.1mtion .%iet. OWl' a larse pert 
of the 1ID1t area, the tact 1. reparte4. 

1. '!'lIe lUX) NpIrt. t1Dal. .taw of the baee to the CO .. 1I0OI1 

.. tall iDtcIr'atloD 18 a"fa1lable, lletlns areae tlat an aaas-oue, 
the tt. - 0&Zl wart 1D tMa, 8114 JIII1a1cal aa.a.~. SllDul4 
cont1Daecl O]lllrat1on of the etation be po_lI1ble, the lUX) then __ _ 
a pereoml, 1D8pectlon of each 1ID1 t area to -lI1et SO' _ .. nece-8SZ7. 

J. l'hDtodD.a.tr7 Iaborataz'7 bes1De 0~t1on, DepiDg DeC"8SZ7 
recar4e andIIr -.41cal ,1ur1.e41ctlon. 

137 
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SAMP'I.l!: COPY 

sroGES'l!:D AF 'tllm QRGAliIZATIONAL CHARI' FOR RADIOLOGICAL IEFFJiSE 

'tllm EQ & BQ SQUAIBON 

MaJor _ Rml1ologtcal Defense O. 
T fsgt - Radioloocal Iot>ni tor 
sfsgt _ Radiological Instrument specia~)_st 

Sgt _ Radiolohical lot>ni tor {Ik"nftSl!lM 

CCJmAT GROUP BQ 
MAIM . & SUPPLY GP. HQ. 

Radiological Sur~y O. * Radiological Survey O. 

2 Radiological lot>ni tors* 
2 Radiological r.k:>ni tors 

I 

CClmAT SQ. 1* 
2 Radiological l-Ul.II1T:EllANCE SQ. SUPPLY SO . 

Monitors 9 Instrunent 
1--1.- 2 Radiologicnl 

CCMBAT SQ. 2* Re."ir and 1.1onitor e 

Storll6e 
2 Radiological S'Oeciel1sts 

l-lonitore 2 Radiological 

cOMBAT SQ. 3* 
110ni tore 

2 Radiological 
Monitora 

AIRBASE GllOUP EQ. 
I-IEDICAL GHOUP* 

Radiological Survey o. Jodiolol3icnl Surve~· O. 

2 Rediological Meni tors 
2 ~adiolo£ical loni tors 

3 Photodo(:~ier Srecialistc 
3 photodoetmeter Specialists 

alt 
I 

-BASE GERVICE S"' .* COl.J.:uI::rC.AJ.IOI:S SCi. AIR POLICE se . 

2 Radiological 2 Radiological :2 ~adiolOEic::ll 

Monitors Uonitors J.:onitore 

20 MIln Decon Te(,::t 

T 
1 

InSTALLATIONS SQ. FOOD SERVICE S" .* J.lOTOR VEHICIE SQ. 

10 Radiological R Radiological 2 Radiological 

t-k>ni tore lot>ni tore l-10nitore 

(to accompany (For food IUld 

repe,ir and vater inspec-

fire partiee) tion) 

WillS Bq. -Radiological Defense O. is bis sole duty 
Combat Hq. -Rad. Sur~y o. 1s additional duty for l.X}O & roNCO's 

CHART A (Inclosure 2 to Annex 1 
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B!'.A~ 
225th AIR CCJOI(EI'l'B SQUAmOll 

GemuB Air Force lIaM, !lev York 

1. Radiological Datenee til1t. 

2. M1ss10n. 

Lt. A, Survey Off1cer 
T!Sgt B, Radiological )i)n1tor 
S/Sgt C, Radiological ltIn1tor 
Sgt D, DeCOD Squad Leader (10 des1snated DI) 
Sgt E, nur.aee Control Squad Leader (10 des1snated DI) 
Cpl F, Medical Ibn-com 

a. '!'be un1t CO 1s respons1ble tor the radiological detenM 01' this unit. 

b. The Rad10logical Datenae th1t 1s respons1ble tor the co­
ord.1Dat10n ot the squadron acth1t1es in even ot an e.t01ll1c explosion 
or radiological attack. It will tulfill all ot its responsibilities 
to the Base Radiological Datense Organ1%ation, and endea~r by all 
means possible to min1m1ze casualt1es and damaee 1n even" of atonic attack. 

c. It 1e rel'pons1ble under direction c>f the CO for train­
ing Wld incbc

t
r1na+1on ot squadron peroSOmlel to insure accomplisbl!lent 

of the Pl'OT1sions of hie directive. 

3. Organization. The Surve, Of't1cer 1s respons1ble to the 
Squadron CO, and will adT1se him or direct acth1t1es upon approWll 
of the CO. The Survey O1'1'1c .. will be guided by direct10ns from the 
Base Radiolol!1cal Dafenee Off1cer. 

a. ProVis10ns tor detense will E!P into 11111led1ate etreet with 
tee s1gnal for cheaical or radiological attack (repeated aeries of srort blasts on s1ren). 

1.. Crash alarm teleprone system and any other _tbod of com­
mun1cat10n poss1ble vtll be used to further warn personnel. 

5. standard Operating Procedure. 

139 
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Unit Radiological Datense Plan (Cont'd) 

MneX 2 

a. Unit Radiological Defense Center. 

(1) Upon sounding ot alert, all radiological defense 
personnel Yill report to the Radiological Darense CPo 

(2) All otber personnel Yill take shelter unless en­
gaged in activities 1Daediate17 vi tal to the defense 
of the unit area aga1n8t i~ng attack. Personnel 
taking shelter vill bave Yith them gas lIIlsk, proper 
protective cloth1ll8, weapons, and fillsd canteens. 

(3 ) Instruments Yill be i8sued to lmn1tors and final 
check vill be .ade of thi8 operating condition. 

(4) tt:>n1 tors Yill Imve out i_diate17 after the attack 
has pa8sed, and aD a rapid survey of their areas 
of re8ponsibility, reportine back to the Survey Of ­
ficer as BOOn as pos8ible. Sm-ve, Officer Yill trans­
mit report of condit1on 01' his area to the Base Ra dio ­
logical Datense Officer as BOOn as possible. tt:>n1tors 
vill then lDldertake detailed sm-ve, providing area is 
mt too contam.1nated. 

(5 ) Damage control and medical personnel vill Imve out as 
soon as possible after the attack bas passed and bepin 
assigned operations, if this can be done Yith>ut ex ­
ceeding accepted tolerance dose. 

(6 ) Beceseary protective devices (film badees and pocket 
dosimeters) Yill be worn vhen required, and readings 
recorded. 

(7 ) Continuing check of area_ Yill be lIIlintained and the 
CO mtified of 8.D1 cbangee of situation. 

b. Further Duties ot tt:>n1tors. 

(1) Check food and vater for possible cont e.m.1.nation. 

(2 ) tt:>n1tor equi~t necessary in rescue and salvage 
operations. 

(3 ) )t)nitor poroonnel requiring decontamination 

c. Squadron Section Beads. COllect all personnel of sections: 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIt 

U R~diolocic~l De~onrc Pl~n (Cont'd) 

Annex 2 

(1) If wi hin D con :>;:dnated area, rel:Dve 0 eafe 
c:round. See that men perforJ:! pereonal decont.:u:!­
ina ion. 

(2) If outside contwumted I"ll"ea , have r.Jen report to 
CP for cssirnment to any necessary special duty 
(i . e . , to ~ee1~t in evac~t1on, salvace, decon­
ru:11nat10n of equiP!!lent and sun. lies). 

( . ) Rerort to CO '>nd/or Survey Off1cer for fur nE'r 
aBsil~nt and special inotructior~. 

d . Fire d Crash CrO\ls . 

(1) Follow RndioloCical Defense SOP. 

(~) FiSh fires as required. 

(3) Assist in rescue and evacuation a' necees y. 
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~: 

1'DIE: 

PLACI: 

lliJIHtX;itICS I lW&Riik!is: 

S1UlaiilS' MlkHiJk:iS: 

,'."l~ . • 

1actlcal 8D4 Strategic U8e o~ Atoaic 
V_pou. 

ODe lmDdzoe4 (100) III1nutea. 

tams Report on lI1ro8hbB and Jlaeaeaki. 
(ae. J'ootmtelt) 

1. IDtroduct20n. Be1'ore we can arrh. at a logical dec1810n as 
to the 8fp1tlcance o~ 8D,7 '*' v.&pon, and atoll1c w_pou in particular, 
"e mat be able to ..... all 81x baele queetlol18: vbo, what, when, 
¥bare, ~, and bo,,! Ji)re 8pecUIcall7 we .. t laIow the anllVllr8 to the 
tol.lo1r1ng q1le8tlol18 about atolll1e w_pou, "fiz: 

a. ¥ba~ t1ll88 o~ -.m1t20118 are aft11able no" and in the ~te t'ature! 

b. ¥bat -ter1el and per., ... l .rtecte vtll the .. IIIDl1t20118 
..-o4ace UIIdIr • ftr1et,. o~ poe81ble con41tiol18 o~ use! 

e. What pqebolog1cal and POl! tical .rtect8 vtll thi8 v.pon proclace! 

4. What q1lBDt1t7 8D4 Qual.1t7 o~ IIUIl1t20118 .,. be aftHab18! 

e. What ~ are aftl1able no", or -7 be aftllabl e in the 
near t'atare, ~or l'"'Dcbing th18 --pon, or plac1ng racUoae t1Te -ter­al on the tarpt! 

estut.at8 aboul4 be 1nto~ that em. to h1eh elaa8Ulcatlon o~ 
81lbJect _U .. , thi. cl18CU88ion .. t be in PMralltl ... 
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f. "ih:lt ore the actual and cor.;:xu-ative cos 5 of this 
WC~ n cnd 0 her no~sl Ie substitutec for acco~plishing the 
~ !no end-result? 

What ere 't!!C '"O€s1bil1ties and influence of various 
~vtective and nctive defen~ive measures that can be taken on the 
tm-" et '!rell before, durine, c.nd ai'ter an at ck? 

h. In View of the 'VP..rious oocsibilities and lio1tations 
of thio we~ron, what tarret. arc IH:ely to be selected for this 
We:lflCL nnd hu ... WIll the .. en. n be lllunched? 

i. Much of the precise de.ta we would like is not avall­
able . For 1nstance, we do not lcrJOw the nrecise intensity of nuclear 
radiation at 400 yards fron an 'ltomic bo~b burst but ve do know 
toot this rad1ation 1 lethal to exposed persor.1lel at one 011e and 
=y '1roduce some effect at ~,OCO yarde when there 1s rot sh1eldi~-, 
;.ond toot shiel dine 1 s proportional to the !:BSG of !:Bterial between 
the n::n and the source of radiations. 

<" . Er]'1lanation. 

'1 . Types of IIIWl1 tiona avaIlable and likely to be Used: 
The potency of the atom boctb has been .leDDnstrated in controlled 
;:xroVilll; (:.:t'ound tests, as veIl as in vo.r. We kn:>. that thi s 
MUnition is available to the United states at the present time. 
We doubt if 1 t is available to any other nation in the world: but 
we C2J1 be certain that such a we::tpon viII become available at some 
ti!:le In the future, perhans fi ve years or perhaps 25 yeare hence, 
but l!Dre likely vi thin the next 10 years. We knov also that one 
of the Y:l"ljor steps in the mnu1'acture of fiSSionable material for 
the atom 110mb takea place in the so -called "chain reactiIlB pile." 
Under the conditions existing in this deVice relathel,y large 
1uIUlti ties of highly potent radioactive material are produced which 
cnnnot be USed in the atom bomb.. The IIDSt potent of these by­
]lrOauc'ts have a rela1;1 vely swrt half-life, yet others of real 
~tency have half lives of weeks and IIDntha. Therefore, it is en­
tirely ]lrObable that hlghly effective radioactive dusts produced 
as by-products from the chain reactlng pile are row available to 
a number of countries, and that 8Uc~ l!Il.terlal Will IIDre than liksl,y 
be nvnilable to all combatants in any future war. There is also a 
possibillt:l that certain toxic gases contaln1ne areenic WJ.djor 
mapmrua, such a8 Levisi te or the so -called German ner'ge saees, 

!:light be made radio!lcti ve in a chain reacting pile and thereby pro_ 
duce a highly radioactive tortc gas. Such a IIIltarial liOuld be I:I)re 
difficult to produce than radioactive duet but it III1ght ofter some 
advsntaees in tactical nee and the supply liOuld be easler and much 
cheaper than atom bombs. These piles could operate near the combat 
zone to simplify supply. 
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b. E:ffe ts of Ato::tlc Munitions: 

(1) The ~tol:l oo:;b !"el'lIy does rot eXT'lode in he 
t'~ sense ns we 3t'e.::.k f the funct1on1nc of a. 
hiGh explosive bo:m. We OOrmnlly thin.'<:: of nr. 
e~ e as ::t cUdden conversion of Q so lid oc-
cu. :-ing a reb i vel:- s::l111 S!\~ce into a.n equ"! 1 
weight of gas at a very hirh te;'!'er~ture ~nd hi 11 
"Jr

es
3UrO tendi • to cx-p.:lnd to occu_ y a Very I:lUch 

larger STXlce than th.:lt of the ::trent solid sub­
stance. Practically m gas is TlrOduced fro~ the 
ato::t bo:n but hent ener~'- a the eoor:rouc e::t 
pera.ture of several o11110n degrees 1s ~duced 
In v:Jst quantities. "fuch of this hoa. is dis­
sipated fro!!) the !X>int of !"e~ction by radiation 
so that the surroundi - Clir, eround, or lrltor 
Ie ~e.:!ted to very hiell te~{lture and functions 
in nllch the s~ vny as the inca descent ~s ~_ 
uced by the che!'l1cal re-:!ctlon We oon:nlly associ­

ate With en>lasi ve pheoo'!len'l but 1S mre powerful 
because of the gre3t quantity or enE!!"fY released. 

(2) The exnlos1ve "'":ive set ul' by he.:!. i~ the surrotUld­
Ing gae or water 1s of lancer duration 1n the "ir 
than Is 'I corres'"Ondinc true high eX"))loslve lrlve. 
There .... re the blast in air from an atolllic oonb 1 s 
!:Dre of the effect of a w1nd e.t super-torl'~do force, 
say 1,000 z:l1les per hour, Inste..'1d of a st..'llldard 
shock effect of very short dur~tion Which We as­
SOCiate With the high explosive bomb. There 1s a 
very oaterial shock wave, h:>wever, When either the 
surrounding air or the surrounding water 1s heated 
SUddenly to on enoMlDUs tempera.ture. 

(3) Whether or mt the e:r;>losive wave Would be of Ere..,t 
Significance If the atom bo::tb were caUsed to func­
tion in bone dry sand deVOId of air is n Mtter of 
very InterestIng SpeCulation. &wever, there Is m 
question that a POwerful underground explooion In 
ordinary earth would occur because of the emrmous 
e%P8llslon of the lID1sture in the ground in the Vi­
clntly of the bomb burst. Since no one has eVer 
seen such a reaction this Phemmenon of an under­
BZ"OUIl4 burst w11l have t.> rema1n one of the unlax>vn 
factors tor SOlie tillle to COllie, but It is safe to as ­
SUllIe that a crater of ertremely large proport1ons 
1IOuld be created and that the mater1al V1thin this 
crater 1IOuld be atomized, rendered highly radio­
active, and blown high 1nto the sky as a dust cloud 
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I:L.xed with unfirsioned rntter . The heat produced 
vould Cl'use stronc aocending air currents for e 
ntch longer period of time than vould be the case 
Yith en air or water burst. The radioactive dust 
vould fall out 1n an erea doVtIVind equal to several 
square !!!ilea of area and \/Ould render that area un­
il11nbi table for BODe weeks and vould be lethal to 
tl:e i~bi tantc of the area unless they were prompt­
ly eW:\cuated. 

(4) The heating effect of an air buret atomic bomb is 
Groot and the radiant beat falling on combustible 
t£terial or individuals within e range of tlDOU't one 
mle Yill cause instant.aneoue fires in hig.lUy com­
bustible l2lteriel and my cause beat burns of a 
fatal nature to eX!lOsed personnel. The fires caused 
by radiant heat strikins u!X>n COmbustible mterial 
in the surrounding area and the fire Yind associated 
vj th a huge fire Yil1 be the princ i pa 1 causes of m­
teriel destruction t'roa an air burst atoa boab. 
Buildings knocked dovn by the erplostve wave l!I!Y 
C"Use m~' secondary fires in the area. The air 
buret atomic bonb my 1'0 erpected to destroy about 
three to four square miles of Al!lerican urban area, 
but there would be 11 ttle radioac'tl ve after-errect. 
You lose the radioactive after-efrect if you get the 
instantaneous electrol!lagnetic radiation effect or 
t!"!e air burst bol!lb. 

(5) In addition to the heating effect, the prompt electro­
magnetic radiations produced by air bursts my be 
fetal to men through air at distances up to one mile 
if perBOrmel are unshielded. When shielded by ten 
feet of earth this daneer is reduced considerably. 

(6 ) e. perfectly enJr!IDus number of high 'geloci ty neutrons 
are shot out in all directions durine an etomic ex­
ploSion. Neutrons haTe a ranee of about one mile 
through air and are 11 ttle affected by ordinary thick­
nesses of steel, lead, or concrete walls. Only ms­
sive thicknesses of earth would slow dovn and :f1ne.I­
l.y stop these neutrons. The effect of the neutrons 
is to induce radioactivity in calCium, pmspoorus, 
salt, and other minerals in the hLmBn body and thus 
kill the indhidual by self-generated radiation. 
BeYOnd one mile the neutrons vould be inet:fectiTe 
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th.>-oUCh ·'lir and their effective r-ll(:-e tl IWh 
vater ~nd throUCh the ooil would be cnorrouf"l:: 
decreased connored to their air r::l' .. "c . 

(-) Thus for all practical purposes ve C".n on:' tlU!t 
the atom boob producer: 

(a) A poverful chock 'lnve reeardless of vhere or 
hov it is exnlo ded. 

(b) Emrmus heating of the surroundill€ nediuI"l, 
10hether it be air or vater, is produced by 
the atom bomb. 

(c) In an aii- burst, poverful radiation effects :u-e 
nroduced: but these radiation effects are con­
siderably less on individuals be;!ond the im­
::ICdiate vicinity of the burst vhen the bomb i 
exploded undervater. 

(d) An ellOrmus quantity of radioactive rn erials 
are produced and blown into he eurroundin.:; 
mediUI:l. This radioactive n'!terial will f"ll 
out downwind for severAl Miles, creatine a def­
inite fall-out hazard . This fall-out hazard, 
is minir.t.ized when the bol!lb burst io in the o.ir 
because the radioactive cloud il:' dis"i;>"'.ted i to 
the u~per atrosphere and the concentration of 
particlos ~t po Ints downwind is corresJUndinp­
ly reduced. 

(8) Spraying an eren vith vn.r eases such aD IIUIstard 
cont:Jininc radiOllct.:. ve dusts or siopl:: dustill(' the 
area with the b -products of a chain react nr .ile 
would produce l!IUch the srune effect as occurs in ~ 
fall-Qut. 

c. Psycholo(."lcal and Political Effects of this Weapon: 
The atomic boob, or radJ.oacti ve dusts when properly used, would create 
an immediate local disaster vhich would necessitate hos!,itnlizatio 
of large numbers of people for a prolonged eriod of til'1e. Rehtive­
ly fev people lIQuld know ini ti '1.11y the decree of radi'ltion d..'l.n'l e which 
they had s1.\8ta1ned. This lIQuld tend to produce a mss hyoteria . The 
psychological and political effect of the use of this wearon on D. 

people would depend to a large degree on the people thenselvea and up­
on the propaganda countermeasures used to offsst the ef ects of this 
weapon. In other lIQrds, the use of this weapon would Ir.ke veak-laleed 
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~co~le surronder quickly without further effort, but i t ~~uld 
spur ~ reso ute J"OOple to far gr~ter efforts. It will take ver: 
clo!'e stud.:: by hiCh1y competent experts in the sub: ect to o.rri ve 
at on evoluation of tr.e sycrologicol and politico.l effects of 
:2tonic weapons on the JIOO!lle inhabiting a tareet arell. 

d. Number and Quality of Munitions Available: The pro­
duction of atomic weo.ponc is an extremely complicated nnd erpen­
si ve process. In the future It my be posEi ble to develop new 
oethods for producin fissioroble mterinl from other than urnn 
tum ore . However we are limited, at preeent, to using these ores 
oe r'1W material. These ores are scarce and in out of the vay ulaces 
other nations unfortunately have an ap'llr'eciable portion of the kn>wn 
demsite within their :urisdiction. Fortunately certain countries, 
riendly to thie nation, have very rich deposits of ore nnd these 

I'.re our prir.tary source of raw oro. At best, rowever, the total 
known l".munt of uranimn ore is sml1. Therefore for the immediate 
Jld foreseeable future, the number of atom bombs available to any 
country for military purroses is gnlng to be rel.ati vely smll and 
these bombs are soing to be exceed1ns1y erpensi ve. On the other 
hand, the arount of r a dioactive mterial produced in n chain re­
ncting pile Will be very IIDlch greater (-probebly in weight tb:>usande 
of times greater than the actual fissionable mterial usable in 
atomic bombs) and such radioactive mterial can be produced by simp­
ly subjecting such thines as table salt to neutron bombardment in a 
chain reacting pile. When, and if, this method ls demnstrated it 
undoubtedly Will be utilized to a much vider extent than the atomic 
bomb. Furthermre it is a very slmple tecbn1cal -problem to operate 
a chain reactIng pile compared to the production of fissionable mt­
erial suitable for atomic bombs. 

e. Suitable Targets for the Atomic WeaPJn: 

(1) Any target to be worth the erpenditure of an atomic 
bol'lb IIDl8t have within a one mile radl11S of the 
polnt of detonatlon, large numbers of people, or 
natlonal industrlal Insta1lations of great stra­
tegic value. If an atomic bollb canoot be ex­
pected to kill or perl!f1nently d1seble and relD'ge 
froo the war several tb:>usand people and destroy 
at least 100 millIon dollars worth of rttal war 
mterIel: or destroy !ndustrial capacl ty that ls 
vital to the war effort and which C&IlJX)t be re­
placed In a reasonable tll111t, then that target is 
rot sul table for the eX'}IBDd1 ture of an atomic bomb. 
The one exceptlon would be In a tactical sltuation 
of probable strategic Importance. 
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(2) An ar. oCXl81et1ne at a high denelty at populAtien, 
expec1al..l.7 ene at Tl tal 1JIIportance in r::-oduc1ng war 
_ter1Al, vould be an Ideal target tor d1e.em1na­
ticn at redlcactiTe duet or radloactiTe to%1c glLae. 
beoauae woh an attack, eTII1 ... 1Dat a ccanmity 
laTiDe an ideal. ar. daaae centrol argsnlzatien, 
vould certa1nl7 diu'upt productien tor a prolcnged 
period at time and a larse percentA6e at the people 
v0uJ4 ab8olute13 retuae to retum to their hemes 
vi thin the all.ese4 daDger area. J'urthennore, a 
Jarse cit,. could be oOYel'ell vith patobvork centami­
Dated ar.a, thereby increu1ne the ettectlTenes. 
at th1e veapen. Therefore, duet or liquids ccnta1n-
1ne radicactlTe _ter1Al vould be uaed _1Dly tor 
their ettect en pe1'8mDel, V'hereu the exploalTe and 
inc8lld1ar7 ettect at the atClDio bClDb vould be used 
priJari17 aea1Dat _teriel targets vith t.he antl­
pe1'8C1lDel ettects as an added tactor. 

(3) A.in ve IlU8t .tate tat tD.l'pts Il1ght be .elected 
vhich are at groat mil11ar7, political , or ecenClD1-
cal w.lue. For 1Datance, the portable larbor .et 
up by AWed Inftaien Foro .. en the cout in J'rance 
... the lite liDe at eceml J:1eenhover'. torees in 
J'rance tor a cCXl8idemble period at time. Che atem 
baab dropped into thi. !arbor vould laTe deetro,.ed 
it and rendered the .hore and all shore 1Datallaticna , 
as vell as larp quantiti .. at _tenel en the .hore, 
tctall7 ~lt tor turtber uee and hishl1 4anaeroue to 
pe1'8cmDel 1D the area. By cutt1Ds the T1tal lite line 
l1.ok at th1e po1Dt a 81DsJ,e atClD1c bc.b might laTe 
chaapcl the COIU'IIe at the hi8tC117 at World War n in 
Europe. '!'he Allied lhftalen J'oro.. tor Southem 
J'rance at the 8eTenth ~ ooul4 laTe been el1lll1nated 
b,. cne at<Jl1o bc.b in the "plea !arbor at ~ time 
tor a three-4a,. period. BOIr8Ter, tor tactical purpoe .. 
the atca10 veapm IlU8t al_,.. be l"e8ened. tor web 
.pec1al cu .. vhere tbere 18 an all-ilIIportant bottle­
Deck or all-1aportant opemtien vhich, it deetro,-ed, 
vould _ble the tarc. at the aatlcn usinB the atClDic 
bc.b to .in a d1etinct adftDtage. 

(~) AtClD1c v_pcD8 theretore are euent1All3 atmteSl0 
veapc118 tor the 4 .. t.rI1ctlen at the ecenaa1c heart at 
the~. 
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f. Means and Weapons A'ftlllable tor Iaunch1ns AtoJdc 

(1) A "f8ry larse aircrat't (B-29 or lareer) ie re­
quired to 11ft one atollic boab. 'fhcoetore, Inlch 
an aircraft, elthar pllotBd or pilotleee, 18 re­
quired to c!rop an atomic bollb. ]I) rocbtt or 
eulded llieelle yet ]ax)wn to enet hu the pa7-1084 
neecJed to taD an ezplo4able atoll1c wapon to the 
tarset . For lnetance, the p&7-loa4 ot a T-2 Oerr­
IIUl rocbtt le onl7 10 percent ot tlat required to 
11ft an atoll1c lmlb. ]I) aoubt p1ded 1I1_11 .. e 
can and v1.11 be deftloped capable ot Cl\lT71Ds an 
atoJdc vvhead but thie bu IIOt been acoo..,l1ehed. 

(2) A ah1p could be 1188d to place an e%plo~ t7p8 
atolll1c bomb in a harbor and Inlch a wapon could 
be e%ploded later by radio wafte or b7 a Inl1table 
delayed actlon _chani_, ot which tMre are two 
or tlIree IlUitable t7p8e. A n~ could be 
built to tire a torpeao C8l"Z'71n8 lID atomc bollb in 
the warhead but torpecJoee ot InlCh e1&e are IIOt ade 
DOr are n'bau-1nee capable ot f'1r1n8 IIIICh wapone 
in enetance toda7 v1tmut a -Jar redee1p. 

(3) An atoll1c bomb could be conetructBd in place b7 
saboteure boom IIBterial parchued co~clalq, 
except the relati ftly Ball night of tieelonable 
_terlal and the trisser _clBn1 .. 1188d in the 
heart ot the bomb. Such _ter1al II1sht be --e­
gled umre boom a foreign coun1:zo7. 

(4) For ecatterlns rad10actift tIwrte and tone suee 
we lIOuld need Inl1 table bollbe deelgned tor air 
burete. Actua1l7 neh bollbe would be gigantic 
M25 e%plo~ hImd grenadee Such ..mtlone 
lIOuld be loaded in epeelal gl1dere IIDd c!roppe4 
t'l-om the Sl1der b7 re.,tB control. A tmueand 
toot towline and eh1el~ pro'rtded b7or41llliz7 
bomb caMe lIOuld pro'rtde eatet7 tor the crev. 

(5) We can He boom the forefJ>1ns checueelon that the 
actual .tmde a'ftlllable for deli .... y of atoll1e 
weapons on eut table tarsete 18 eol8Vhat l1a1 ted 
at the tre_nt tt., ,.t the ftriet;r 18 lrD1't1e­
lentq &Nat to DBbt defenee .,et d1tt1eult. 
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g. Compnrati ve Cos t of Atomic Weapons and Other MuDi ­
tions: It is rot possible to state cate@Qrically the cost of des­
troy1ne one square II1le of area by means of the a tomic bomb as 
compared "i tb similar action by hie.h oxplosi ve or by incendiar . 
bombs. Hoft~r, a very careful study of the area destroyed n 
Japan by 'Y8.rioUB weapona Indicates that one atom bomb (requiring 
one :8 -29 to carry it) produced destruction equIvalent to 221 B-29s 
loaded Vith incendiarI es or about 1,000 such planes loaded Vitb 
high explosi~s. The cost of 220:8 29s and crevs, of course, must 
be Included in the cost of the incendiary attack vhf le the cos t of 
the larger number of planes and crevs loaded Vith bi gb eX7' losives 
would ha~ to be fIgured in this computatl0 a s vell as t he actulil 
cost of the IIIUl1tions used in each case. Hovever, in all Probabil­
itya lone plane can DeTar Bellin set to its target vlth an atom 
bomb because under such condi tIona Jet 1'lghters and ro cket pro_ 
pelled detensive amitlona would undoub.;edly be concentrated In a ll 
areas Umly to be attacmd b7 atom bombs, and In order for t he plllne 
carr71ng the bomb to reach Ita tareet It would have to be guarded by 
an exceedlngly stroll4 escort ot fighter-s and fIghter bombers. There ­
tore, It would be futIle at this stage to set down in dollars or 
BUl-murs or .an-Uves the comparati~ cost of destro71ng one square 
mile ot urban area by the '98.1"1008 weapons. However, it Is suffic­
Ient to -7 that, regardlesa of the actual cost in dollars, the 
aCllrclty ot f1aalonable material Vith "hich to make these munitIons 
Vill, tor a EPod 1IIU17 1Bars, prevent their use on target s that can 
be erased ef'1'ectl~ly b7 other means. 

h. PossibiUtles of Varloua Protecthe Measures ~hat Can 
Be Tabln: 

(1) Betore, DIZr~ and A1'ter an Atomic Attack. A 
EPod sur~y, 1nIrn1ns, and evacuatIon plan, Vi th 
proper ~ tor ita 1JIlplementatlon, Vi11 reduce 
the expected cJa-ee of an atomic attack on a tar ­
get area by an appreciable IlJIDUDt. Theretore, the 
better the area daaaee control plan and organiza ­
tion the less IfUcceesful. an attack Vi11 be. 

(2) U disastar control units, collllllWlication centers, 
lledical taclUties and colllllUld posts have been 
adequately dispersed under suitable shelters and 
ba~ a sound detensl ve plan to guIde trained per ­
sounel, then IfUch targets Vi11 be IlUch lesa help ­
less In the tirst lour tolloViD@ an atomic attack 
and approprIate cJa-ee control maasures can be initi ­
ated at once. 

(3) Target areas which are ft11 protected by extra.17 
faet Interceptor a1rcratt, and antlaircratt units 
aashtad by an adequate radar nat are much less 
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lib17 to be 8truck eN'ect1""ll b7 atoc
c 

at­
tack. 1'h18 t1J)e or act1 ~ a1zo der8llee Will onl7 
b7 a'ftl1lable to hishl7 CZ'1t1cal lINea IIZld 1e IIOt 
errect1"" &sa1Det aaboteur •• 

(~) It 18 tlaua aPPlSZ"ent that the derel18e or lID area 
can be d1 Tided 1nto two phaae. or equal ~, Tiz: 

(a) Act1~ defense --.ure8. 

(b) Paae1~ derense ~8. 

1. Final Select10n or Tareet8: In IBk1ne a riml 8election 
of a tareet for atolll1c attack, due oons1derat10n V1ll be g1'911n to the follo1r1ne factor8: 

(1) Chance of a BUCC88111'111 attack. 

(2) Ca8ualt1e8 1nt11cted b7 lID attack. 

(3) 17Pe and extent of Pbya1cal ~. 
(~) PS7cmlog1ca] and po11t1cal effects achie'Y8cL 

(5) Ufect on the 1ndustr1al potent1al or a nation. 

(6) D1srupt10n of 1Japortant II1litar7 Operat10ns. 

J. General Co!1CIus 10ns : 

(1) Atom bomb8 are 801118 to be fft in DWIber ror 80., t1_ to 00_. 
(2) Bad1oact1~ eluate are 11-17 to be a'ftl1lable on 

a relat1'91117 laree scale. 

(3) Atolll1c attacb Will be 80 expens1~ to launch 
that oD17 tareet8 of -.lor tact1cal or 8trateg_ 
1cal 1mportance can be eceased and then oD17 
when the chance of 8Ucce88 1& ~7 8l"eat. 

(4) The dec1810n to use atolll1c weapons ~ ALL IIlat 
be c

o
ns1dered CAret'ul.l7 b,. the higbaat aiUter7 

and polit1cal autmr1t1e8: as -.t each ta.rset 
80 ellBBeed. 

3 • SWlllllBrl. 

l~ 
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e· ... :,I"'". " 
r , • 

QUlS'nOllS !'OB lID: IN COOFERENCE FOIJ.QiINC mcTURE: 

a. What lI'ou.l.d be the d1N"erence in time required on a dusted 
area ca.pared to an atca baDbed area ror casualties to appeart 

b. What epec11'lc II1litary operatiCIIUI carried out in World War II 
(other tbaD thoee cited. in the text) might haTe JustU'1ed the expenditure 
of an atca1c bc:ab ror tact1cal purpoaesT 

c. What re&800a Jaigbt cause an enem;y to concentra e on radio­
actiTe agenta rather tJaD atc:a1c banba for military weapons? 

Ii. What are the III!I.Jor logistical problems in supply1ng 

(1) Atc:a1c bcabsT 

(2) Powerful radialctin dust and liquidaT 

e. Whlt tJpes of targeta would be selected for 

(1) Air burat atc:a1c bCDbsT 

(2) Shallow water burata of atcm bombs? 

(3) Dusting an area with radioact1Te material? 

f. Bow can a knowledge of possible tact1cal and stre.te~ic uses 
of ataaic warfare be used to plAn both acUTe and ~eeive mee.ns of defense 
(Area ~ Caltrol) T 

g. Select fin target in the U.S.A. in order of prior1ty which 
700 think an C.'neIIII;1 might tr7 to taD banb or neutrali&e on cutbreak of 
war. Ccmaider: (1) the chance of the attack re8cbing the target, (2) 
the e1'tecta of the bClllb: (8) III!I. ter1ally (b) peycholog1cail;y, (c) 
pol1ticall7, (d) Jai11 tartly. 

b. What peychclog1cal and polit1cal effect might be produced 
in the U.S.A. b7 ten (10) ataDic bcmbs at the outbreak of war followed 
by ale such bCDb per conth thereafterT 
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ll!:CTUR!: 

TIMI: 

PLACE: 

Il'IS'1'liJC1\01BS' RD'ZRtJiCES: 

SIiJlEii1S' RiiZRiik!i5S: 

27 

'lrai~ Programs. 

FUty (50) lII1nutea. 

ClAeBrOOa. 

Copies of Tra1D1Dg Outlines )I:) 6 , 7, 14, 
17, 19, 21, and 27. 

1. It bas been atated in preTioua lectures that ~ policy de­
cisions in the field of radiological defenee have mt been ade firm. 
rrre.pect1'Ye of this, It can be cl.earl,1 aPJreclated that eT11r7 iDd1Ti­
dual vithin the .tlonal. Military BatabUem.nt should receive 1ndDc­
tr1mtion tra1~ in this field at the earUest practicable tt.. In­
d1vidual unit inatructors elmuld be qualified mw to conduct this in­
doctrination tra1n1ns. 

2. The III1nblwa emunt of train1llB IIIUldator;y is that &lmunt which 
1ndoctr1llates each 1nd1Tidual to an undarstandiDs of explosion phenolll8D&, 
rad1ologlcal hazarda am the defenaive ...... s poasible. All additional 
tra~ 18 h1ghl,1 clea1rable am abJuld be UJR1ted only by lack of equ1p­
IIIIDt. Even this aituation 1a being corrected and v1th1n one year each 
active Air Porce base sbJulc1 have radiation detection instrwaenta. 

3. IIIu:Iy of the lectllrea vhich have beaD pr-88811ted in this course 
can be used for 1ndDctrimtion train1llB. Copies of these lectures will 
be iS8U8d for ~t retention. 

4. A suggested su bJur indoctrination couree for all officer and 
enlisted perlK)zmel 18 outlined below: 

155 
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Per104 110. Subject T1Jne Reterence 

l. Ceneral Nature of Atanic Structure 1 hour Annex 1 
Background !:IIlterial necesa&r1 ANSM fl.74 
for underatandIng atanic energy 
f1la l -Tale or Two C1t1es". 

2. E!ploe1on Phencaena 1 hour CO I 6 
The phenaaena Of an atanic 
e~1oeion and basards therefrCD. 

3. PeraOlllle1 Basards 1 hour CO ", 7 
mects Of an atCl:l1c eXploe101l on 
,e!raOllllel. 

4. IndiT1dua1 and CollectiTe Protection 1 hour CO if 21 
DJen.ein meanauree poes1bie against 
atanic attack. 

5. aultation Detecticm Inotruments 1 hour CO II 14 
Briel descr1ption and deanooatrat101l co If 17 
or operation or detection instruments CO # 19 
{when instnDDents are a'YallAble~ . 

6. aulio1~1cal Defen.ee Ore1zaticm 1 hour Misc. fi lm 
Tra1n1nB filllll -Operation Crossroads-, # 1323 and 
-Operation Croesr0B4s - aul101og1cal 6 1396 
Satetl-· 
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" ,;::x 1 

c ~ - !lis fl.::-<!., ~: 

: 3 C"_er~", 1'1' • U.C St:.!". 

r C'::er~ .i3 lib el" ed -- c cr.:-' .J' r 
8 ;r v1."'l£. L'1 btlr.1!....f C 

eCll'J.80 ccul cr.·i ::'1(; • ., 

.1, \"0· eWllc LA ~ tel' v i.ich c ~ -red c!".cr ;,' 
the SWl dur1. ' ~cvth .. t":'. CIl~ct'r e rif led . .i111 :.6 ,!, ;' 

• "1' the eart .. 's E! rf ce v ith atoreJ.- : 
they cr Id ,e 1:uriled a:.d +11eir e. or :1 l' us 

heat. Eve .• liLen lie eat p lAn's, our bcd!.es t~laf-rm he B 

in the plan ts in t , hu::n.'1 ener--' and tissue. 1-100 r in:o \:3 sucr: e~er '~ 
secaod-hand, fr the ani~LB vb cse meat we use ate ve~etable ~lter. 
Als o . the er Wt" bet fl'CI:l w!.:ld and vat.er c .::Joa 'l1 i roc 1/ 1'r n tJ:e 
sun, for. v1 hcut the sun's hee. tel' wculd freeze a.'1d ile\"or o\~ oro .... e 
to fonn rain and rivers t:.nd v .d air unv. med b:.- the 01.:.'1 c n -
ta1n8 no currents cf ahl.:.'tine: c ec-l and varm alr vh:ch ve h:r cv £11] v i;:d . 
Bu there ls another vaat s ource of energy in the universe IIh .icr dee 
n et cr1ginate in tht" sun. Scien ista leanled many, Y ;"oors a'C' tnt 

e energy existed ut J.ey did net 1m h t v re leas e it. T'.c scl':j:J. 
of this r oblem and its r~te tial uses rAve becc::Je a cat er of utn o' 
1m crtance to the w"r l d. 

2 . The ;;ev Source cf rcver. 

a. From the day rr siden :'run.'u: ' 0 drn.lD 1c Wl..'1C' .cet:e-. 
en 6 August 194'5 that a bon: unprecedented v iolence ba 11 b!lt r _ 
litera ed the clty or Hlrosh~lI8 in Ja;-ru. we have eurd mcre 
b"ut atomic bcmbs, atomic energy, t'lsal00a Je lI8terlaLB. and l:e :,' , 'c 

';i.e • The develv-:mcn c1' a c energy va., <1 diaccvery t.ha :s cer t.:l':n 
t~ u.ffect nc I,)' U.e f· deve ment of ~ Air F rce '. ~ . i:e ~ .. cr 
at cd services bu . uroe r ur l! 'os W1d • he l' v s ,. 
thoSt" vh foll u.s. 

l , 
v cnb\:larJea . 
lln.ierstanJ ' n.:-
ator :­
oecret 

Ik'V 1s 
the 

f:::r f· t. Ire go 
l ers" :loo if 
1 wh~c. u 
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fcrcoo are te ,::..':;: 0.:: "-,icro~diJ ' of \lmt t:.e ::l.t 
coollle .it re \{c..Z"·arc . 

c , 'l'J.e otn ct re . f t:,o ::tco ::l.nd the s curces ef t or-' c 
:",,,Wor ' ro 0 .:.c .. ];at cel I':c;.:tcJ. C'lt,_t 
C -I : rehe: ~' n ".~ tl,e :-~_ ~ent.:l.lf:; {lees 
cf od cat>:" 

~, ~oo":1.lc tc lmderst:!: d , 
c re t'ire ::l. h~.:;h deE;ree 

d , Thi o new G::~ll'ce -f e:1er.:y.i.o ~n ~ttcr :"tself. In 
r :or" '!:1derst:J.n1 't \1(; L:lIst ':-':'rGt l(l;!rr; ,cw 'attc.r _ 1': 

'G c '1Gtn lcted. '.:e fiUOt ::l.lsc cha.!! '·c sc:e cf tJ.e 'de::l.o arc' 
..... "!1er-:' r..:!.t r.::.ve been relie,,~u f or hu:-.dredo of :,'oo.ra _ ':deas 
tr.::.t have een t.:l.:l':}-,t, for eXll!;J:- Ie, in h':r.l, schecl ~h~'sics . 

e . T'IIr su. csed n Iles 0:. tJ e ro nv': ~r r.ntter are ne\l 
cmnced - t' e la\lS ,'.:' Cr.'loervatio:1 ef nnos x.d CCl"Gervutj ,c.· en . 
err::y . The law of CC!lSOrvu ti cf mos held. tint r.E. tter ceu d neither 

e created ncr destroyed, tha it C::l...'l Q.'1ly ue altered .n folT.' . Tl.us 
whe:1 We l1':.r. a :-iece _f cal, Ve d e net destrcy the I:D ter that 
'cr: J3 : c C 1; we (; 1:: C'-':lver t .:. t free c 1 into . ses ~ .d nch . ':'1;e 
lAw -:' c.:: servo. t.: . of ener~:~; likeWise hclds that ener ' can neither 
l'e created ncr destr ycd. Lll t ca:. en y be cr..n:' .. ei .:.n f cIT' . Thus, w .. en 
w t':r:l the ':eco cf cool ve merely set free 1.: the f en a of heat ::L'1d 
LL'~ tl.o oner tl't the ceal seaked ,. fr ; tl.e S'U ri ll io. s cf 
:"€I(!r:J 0.':: 

f .. Bu ~1 1'3~;":! :--re.ch ... !:~·G':'c1st, rec1 er el. d:!.scc'\ercd 
rAt :::..~ elez;;ent cailed ura.:.i l;l. nve cff ener.-:.' 1y 'tsclf, 'I'Ve ;"€I(!ra 

lc. tcr l.e Curies, Fre Cll sclentls 0, d scevcred t e ao.ne :-ro]:er ties 
in rod 'un . The ener ey e: ven efr by these ar..d sicilnr hoo.vy elccents 

mtter ::'s called ro.d':ooctivity . 

C, It vas tr.,:s discovery of rod1rnctl vity t.h.lt led tc _ur 
to.T. ':nr:: the ener-' b Clmd 1:" n ratter, vh1ch u:- tc the [resent t.iJ:le 
Ins been reloo.sed ir. : rac t .:co. 1 f c.:rt1 cnly in the a omic bOtlb , ';e nc'll 
kn Oll t!:.a m ter o.nd enerl:> are but tvo &nn:'festa iuna cf the sane 
hb E, and that 'mder cerreil1 ccndlt::'"ns J:Iltter C3.n nOll be conver _ 

ed directl~' !.nto enerEY .d vice versa , 

3. TI e Amount of Enere;y or Paver In ~n t tcr , 

a. \rhen un tOlJl.ic bcr::b explodes a cer tain amount of nn tter, 
aa BllCh, dlso.p. ears . It 1s transfonned. into ener ,sy . After each ex-
, l csi here 1s a l'ttle leso mtter in the v or ld . Thus the old 
seraro te lawa of ccnserva t of lIIlSS and energy no longer hold true . 
;re'ther r.E.tter nor encr can be c ample t e17 destroyed , But one can 
be transformed into the other. 
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ANNEX 1 (CCIlt'd) 

b . To ccmpreheod this, we 1lU8t also revise cur ideas about .. he. t 
hap~ to atter and energy eTell in onl1nar;r chamlcal reacticma, or 
cbang .. 1n mtter, such u the bum1ng at coal or the exploalcn of TNT. 
It vas lCll8 belleved that vhen a piece of coal 1s bumed the total of the 
weight. of the ~es and the &.Alb produced vere emctly e'lual to the ori­
naJ. veight of the coal. 

c. For all pn.ctical purpoe .. thi8 i8 8till true, because the 
percentage of the weight of the cce.l tnuletormed 1nto heat and llght, or 
energy, i8 80 extremely 1II!II.11 that it eazmot be c:.ea8ured v i th any iDa tru­
mente now at our dl8poeal. But vhat the 8cientl8t. have IMmed about 
the tnulefonzatian of atter into energy baa JIBde 1t p08sible to calculate 
vitb SaDe accuracy the 'fert IIJIall aDlOtmt. of mtter turned 1nto energy cy 
ord1nar;r tire. Professor Albert E1natein, in bi8 famous theory 'Jf re.1a­
tivit,., devl8ed a tonuulA to detena1ne the aDlOtmt of energy CClltained in 
a giTC aDlOWlt at mtter. By caaap&r1ng the amount of energy derived fran 
the bum1ng of a givc quantity of coal vith the greater amount8 or hee. 
giverD ott by a giVerD quantity of radium ve can tell exactly how much of 
the coal actult.l..ly turoa into cergr. In all nOl'lllll chear.1cal procesees 
the percent.age is 1Dfinitee1lllally III!II.ll. 

d. The E1natein fonaula in brief form i8 th1s: One pound of 
att.r, lUly kind at mtter 1nan1lllate or 11T1Ds, equals 11,400,000,000 
kilowatt-boura of energy. The correctness at this method of calcu.1aticn 
baa beern proven cmcluaively. Fran it ve tind that if the energy CCIltained 
in CIle lUlllp of coal could be ccmplstely liberated it voul.d. be about three 
billlOD t1lllea the ener87 obtained b,. buming the coal. The tot.P.l energy 
of SaDe tventy-tive pOUDda at IIBtter is equal to all the paver produced 
in the th1ted Statee in a year's t~. 

". Bow Matter is Canetructed. 

a. L::ae 860 the early Greek pbiloeophere believed that all at­
ter ,.. ccmpoeed of tiny indivisible particl .. to vh1cb the,. 8!lve the name 
of "atc..". Their arguDleDt. vere baaed 01117 upOD shrewd obsenatiOD and 
were not ccnt1rmed b,. SCientific erper1JDentatiOD. It,.. not until the 
e1ghteenth centur'1 that scictist. found cODcret. sc1entific eVidence to 
prove the "ataa1c bJ'potbeais." The proof .. found that all of the seveMl 
hundred thOU8&Dd substanc .. found in nature are J1Bde up of vert 8J11D,U pe.rt1-
cl .. called aoleculae. 

b. The IIIOlecul.e 18 the aallest diT1Al1OD at atter that allova 
a SiTC au~tance to retain it. idct1t,. and cbaracterl8tic properties. 
For e:maple, a lIIolecule at wear 18 the -.llest particle into whicb sUg!lr 
can be separated and still be wear. '!'here are several bundred thousand 
different aoleculae that occur naturall7. Cbc1sta ha'fe made hundreda or 
thouaand.a aare. 

159 
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A1::OC 1 (Cont'd) 

c. But although there are hWldrcds of thousands cf r.olecules, 
all of them !U"e conbinnt.ions of only 92 sim ler "elements" and sever..tl 
bundred "isotopen" of these elenents, lUB a few more recentl ' discov­
ered unstable elemen ta • Flements are re. ter iala wb':'ch can.'1ot be broken 
dovn into ~i:-J!ller au sU1nce r i:l ci e-u ~nl ne.:ms . Wnter , fo'!" e:f~Mnle, 
can be divided by chemical pr ocess into two elenents, oxy , en und h"­
drogen . 

DIAGR/\11 OF HYDRoc:r:;; ISCTCI'IS C :I'ARCD ~1I'I'H HLr.;rm.l ATOll 

G@@@ 
HYDROGEN 

I 
HYDROGEN 

2 
HYDROGEN 

3 
HELIUM 

ATOM 

d . The sllBllest Wlit of an elenent -- that is, the Wlit whi ch 
=mot be subdiv':ded without eCaming s c::Jething elae -- i s called the 
atom of that element. Scme camnan exam les of elements are hydrogen, 
carbon, nitrogen, oxysen, iron, co per, silver, £old, !,1D.tinum, mercury. 
and mIly others. We can talk about atoms of these elements. But sugar, 
for emmple, is not an element, because a molecule of sugar contains 
many atCIIIS of carbon, many of oxygen, an.! many of hydrcgen. A molecule 
of vater actually canaists of two hydrogen atoms (n is the cherncal ab­
brevia ioo for hydrogen) and ene oxygen atom (0), and is re 'resented by 
the familiar cbemical fomula. n20. &:llt is not an eleme."lt but a combin­
aUen of two elements -- ene sodiUI:I atam ( ia) and one chlorine atom (CI) 
and. is represented by the fonuula rlaCl. 

e. But even after atocs and molecules had been discovered, it 
vna not clear YiY, for e~ple, the two atoms of bydrogen would combine 
with ene of oxygen to form a molecule of vater. The reasen for thiB COlll­

b1natien into molecules vas discovered in the second decade of the pre­
sent century, vhen it vas found that atama were divisible and bad CClll­

plica ted structuree of their OVll. 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE 

ANNEX 1 (Cent'd) 

t. A tC1118 might be cCDpared Vi th minute 80JAr 8YStems, Vi th a 
heavy ceotral core, or "sun" called. the nucleus. Thi8 central nucleus 
ccnsi8ta of ene or more "prot<na". Around the nucleus, at relat1vely 
great di8tancee trCIII it, revolve much lighter part1cles, called. "elec­
troos". A proten weighs 1836 t1mee as much as an electrcn. 

g. Thi8 whole atClll1c "solar 818ta11" i8 very tiny; ab~ut ene 
b1llim atCIIIB could be lined. up en a me-toot rule. Yet the 81ze of the 
atom is enol'Dloua CClllpared Vith the 8i&e at the electrcn. The average 
distance of the electral trClll the nucleus i8 about me hundred thousand 
times as sreat as the diameter of the nucleus. Heece eve17 atClll ccns18ta 
mostly of empty 8pace. 

h. The central nucleus of the atCIII i8 tran tvo thOUlJlUld to five 
thousand time8 heavier than 1 ta 8UlTound1ng electrm8. Actually , more 
than 99.9 rercent of all the mtter in the world is cmcentrated. in the 
central nucleus of the atCIIB of the 92 basic elementa. 

1. In addition to 8i&e and veight, an electric charge i8 a very 
1lIIportant 1uali ty of the electrcns and nucleus at an atan. There are tvo 
kinds of' electric charge -- positive and neaative. Electric chargee at 
the same kind -- either positive and positive or neaative and negative __ 
repel each other. Chargee at opposite Id.nda -- posit1Te and neeat1ve __ 
attract each other. 

J. An electren carriee the smalle8t unit of neaative electricity 
tha t he..e ever been observed. The uni t of measure of the f'lev of electri­
city (electric current) as we ordinarily knev it and use it tor light) 
heat, and pClller i8 the ampere. Ckle ampere i8 a amall current. But the 
charge at an electren i8 80 much smaller tla tit takes the tlCIII of more 
then 8U millien millien l:1111ioo m111ien electrcna per 8eccmd to lIILke ene 
ampere. This tiny electric charge of ene electrm 18 used. aa the unit of 
I!:eaeurement to state the electrical propert1es of atana. 

k. The eltlllllmt hydrogen lBa the simple8t atCIII. The h1drosen 
atCJ:I bas ene electren revolving around 1t8 nucleus. Ita nucleus ccma18ta 
of' ene proten The protm carries a positive clnrge of electric! ty which 
emctly balances the nesatlTe charge of the electren 80 tlat, electric­
all,y 8:;>eeJd.ng, the atcm as a whole 18 neutral. 

1. The nature of each of the )2 elel!16.."lts i8 determbed. by the 
nUl:lber of I>r otcna in the nucleus of ita atom. Thus, the hydrogen nucleus 
baa me pr oton, the hol1U1'l a tan tvo, the 11 thlum a tCIII three) and so m up 
the at<:r!l!c tlcale u!ltil we 1\lTive at the nenety-secmd element, 1.U'6Il1um, 
which has 92 ~rotana in ita nucleus. 

In. SL'lce oo.ch protoo cmta1ne one charge-unit of posi ti ve elec­
tric: ty, the :tu.':lber of protooa 1n the nucleus detornlinee the number of 
electrOl18 which revolve ar und the nuclsUB. The number of revolv1ng elec­
trona a.lvaya balAnces o.mctly the number of l'rotcna in the nucleUB. 

161 
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A.17I1EX I (Ccct'd) 

n. The number of protons in the nucleus alJlo detenn1nee the 
atomic number of the element. Tbus hydrogen, With ene protal in ita 
nucleus, las the atClCl1c number 1, hellum las number 2, and so al up 
to ursnium again, which has the atam1c number 92. 

/' 

92 ELECTRONS 

.: . If we can :"lcture tc c,:.u-selves the structure of the a tCl!! 
• t.~ : ts cen reI nucleus c1" ooe cr Itore heavy pr ctons, ::md. one cr more 

cL llgbter electr ns revclvL'l' about t 'le nucleus, we can understand 
., ~rly al of the .,l:ye:cal and c:LeI:lical r operties of Ilntter. 

r . :But it Is no quite e.s s ilIlple 0.0 th.:l.t . ~,a.ture has de~­
e..i frC'r. consiotency in ccrta:!.n elements. \11th the d iscovery of radio­
e.c ive elements, such ao rodium and uranlU:'1 it ves f ound that such 
t.i~eo d' IIBtte h.:l.d sur;risl.l.g pr cperties that could not be explained 

the s1.rny Ie oosis of b.:l.lnnced nuclei and electrcns. The abill ty of 
t..r" .... '1ium a..'1d radium to give off energy in the f erm of re '0 (s~ of 
". !ch were identified as fo.st-flylng nuclei of an entirely different 
p~ement J hellum) indicatl'd. that the atClllB of radium and ursnium and s1m-
l.l.r elecc . ts vere actual.] .. t1llderg 1ng clnnges deep vi thin their nuclei. 

~'. ese changes are kncvn as m':ioo.ctive deca", vhi ch i s really the em1s­
s1. vari ous ferma cf exceoe energy. Al~ radiation, eta rediatioo 
('.lw samzm. radiation are tUe three fcn:lS 1: weich this energy 10 em! t ted. 

q . An even more surprising :;:,r ... :erty cf !:nttcr ¥as discovered 
in 1919 . It vas f cund that the ccll1sioo of l:elium atoms with nitro­
ge:l ata=.s led to the t Ol'lmtioo of two entire ~ differe.'1t at0C8 -- Cl'r3-
-en and. hydrogen. This actual change of ene element into another, vhich 
vas as startling and. remarmb1e as changing iran into copper or lead or 
silver, coul4 cnl.¥ be explained by assuming that the nucleus of an atClll 

e..1.d be divided and. other ell!llllll!lnts thus fermed. 
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Al'iNEI 1 (Ccnt'd) 

r. In 1932, a new particle, the eu r ,vas isccvcred ~_t~­
in the nucleus of the atoc by Professor Cha;!w.:c.=. of C-mbrid.,,;e 1.:. ',er­
aity. The neutron is electrically neutrnl. It pcssesses a tre~e~­
dous amount of energy. 

s . The protcns and. neutrcns will ch f c.rc the nuc Ie lS of = a t= 
dU'fer lllU'i:edly in electrical properties, :'nt the:. have nearly the s=e 
weight. The weight of a neutron like tlnt of a. "Frot :::n is abcut twe ;.hCl: ­
sand times that of an electron. Since tl.e welEllts c: t 'e • r o en a..-1d 
neutron are about the same, and. the weight of tLe electrc.'1 much less. 
the weight of the atom is very close to that of the t:::tal ntu:J:er cf :1e-.;.­
trans and protaos in the nucleus. 

t. The total number of protc.'1s and reutrona in the nucleus cf 
any a tom is called the atomic tRSS, cr !:IlSS n u::ber of the rert1ct~br ele­
ment. For example, carbon has six • r o :::"'1S ':"'1 1 ts nucletlS. 6i vinE: it the 
atomic number E. In addition the car c.'1 nucle's cenbins six ~e~ltr~:1S, 
so we say that carbon has the atomio !:nSS, or mss :mz.:ter, 1:::. ':'c. de-
tennine the mmber of neutrO:1S in the nuclel: s of each eler.e:1t. we s 1 rnc-:: 
the at=ic number (that is, the nunber of . r ot '1s) ,:'r= t::'e :l.tc:::·c !:nss 
number. 

u. It bas aIse teen disccvered :at !"lea cle~c::ts ro.:~ c :ls.is~ 1'" 

mixed a oms of core than one fom -- called "is ct·~· es" -- .:.-" ho se:.se 
tha t the number cf ~rotans in the nucleus is alY:lys t.c s=e. 1: ,t t1:e 
m.m:ber of neutr ns lilly be dif:!'erent. These fsctores r.ave l.e s.e a:' .' c 
number but differe~ t atomic licl.:;hts. Fcr ex::u:..le, t.~erc are three 2:':. is 
of hydrogen, all called isotopes, all ccnt::...i. 'ne ~ e ::-rct n :!1 .e!:­
cleus of the atom; hence, all three have tho c.tooic n ber 1. T 0 first 
bJdrogen isoto. e has no neutrc:ns (the ly eler.:e I..f i ts }~'nd), :md thus 
1 t has an a tcmic tRes cf 1. The secc:nd r. cdrc.gcn iect:: e has ~ e :-r ')to 
and one neutron and. thus an atomic WIlSS c1' 2; the third, wi til two ne"­
trona, hae an a tcm1c mes of 3. (see d la.Gl'£llIl of hydr [en ieoto es,. (' 
5). 

ATOMIC NO.·6 

ATOMIC MASS'12 

NEUTRON 

PROTRON 

ELECTRON 
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Mrm 1 {Coot 'd) 

V. I.1bvi.e the un&n1um a tall al_,. baa 92 protem.; but lU'aIl1la 
,. r,..,. tn na ...... tn ""- 180' __ , tho nuclo, or.., .. ...... ,....,. 1102, 
143 or 146 neutrcm. (in a4dlt1oo to the 92 protcn. in -ell kind). Thue 
the three Ul'I!I.D1um I110topee have atClll1c DBaIl .. or 234, 235, IlDd 238 1'8-llpectlve~. 

5. The Forces Wi thin the A tCli. 

a. We bave lilteD that the nuclei or ata. are bU1lt or protem. 
aDd neutrcn.. Be~ore the dl11COTe17 or the cClllllle% IItructur. or the atClll1c 
nucleus it ... beUeved that tvo ~el'a.l tn-. or toree cOUld account tor 
&Llnatunu --; ., .. ...,.., r"", .. , .., .. account ror ltsh ..... , 
radio, IlDd telev181oo; aDd SZ'IlT1tatiaJ&l tore_, vh1ell cause obJecta to 
t&.U to the -.rth aDd gOTem the motlca or the Planeta &round the 1IUn. 

b. The tore_ that hold topther the PlLrtlclee in an atClll1c ·""loue .,.. ..... ttbe. to oloc""c,." .or to _".". 7""..,. tb1nc, 
althOUgh neutrcn. baTe no eleCtriaal chazop aDd Pl"Otcn. do baTe an elec­
trical charge. the hOlding foree be~ wo neu~ or between a neu_ 
trca aDd a lXl"Otoo in the nucleue or an a tea 18 the __ aa betveeo tvo protcaa. 

c. The emct nature or these nuclear ~arcea 18 not 7et claar~ 
""' ........ , bu'1t .. 1m""" tIa •• h.., _ ........ ou"-o.,.. ......... .. 
8JJ11.ller than a JI1ll1oo lII111100th or an inch __ the d1ameter or an ataJl1c 
nucleua -- eztreme~ strcag ~ore_ or attnlctloo between them CQDe into 
P
la

7. The ~orce that holds a protoo or neutrca 1nalde the nucleus or an 
ataa 18 more than a JI1ll1ca U.8 8trcager than the electric ~orce that 
h0140 an ol .. ...", ""', ..... "ao '''.U, ... th,. r ..... tn ........ _. 
strcager than &n.7 8l"&T1tatlaJ&l ~orce. 

d. The 8treagth or this nuclear ~orce ill beet IIhOlm b7 c~1ng 
the weight or an atauc nucleua V1th the total V8isbt or Ita seJlU'ated 
protCl1Jl IlDd neutrca.. The whole nUcleus act1al.l.7 V8isbt sUght.l7 leea 
than Ita JIIlrta; It baa about 99 P8rceot or their V8ight. But traa 
Prot ... "" -""'totn •• 1m .. tlat .. "",. (or -J ... _ ... .,.. oq">Uont 
an< can ". -"'-1 tn.o eo .. oth... ...... tn • uucl.ouo • -U ..... 
or tho w."",. or ... pro""" ... nou"-o ....... to boc_ ....... old .... the nUcleus together. 

e. A tin7 bit or atter 18 8quiftlent to an ea~ SIBO\mt or 
energy. There!'ore the cae P8rceot dU':t'ereace between the Weight or the 
nucleua and that or Ita 8eJlU'ated neutrcaa aDd protCllll 1Dd1catee that a 

- ... -. or ......... _ tn tho .uClouo. ..,. .. 'at~'c 
energy". The 80ientific problem, P&rtl..T .olTed in developing the atc.a1c 
b_, - h .. to .. , .- or th10 _ ... out or .... ...,c .UClouo __ h .. 
to get 1t re~ecl -- in a practical. Wlable tOft. 

6. Beleaa1ne the Xnersr or the Ataa. 
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AMlEX 1 (Cant ' d) 

9.. Accord.1ng to the nuclear phys1c1sts, atom1c energy can be 
obtained e1ther by splitt1ng the nuclel of bea"Y atoms Into alm:lst 
equal parts, or by bu1lding up beav1 .. nucle1 out of the nuclel of 
light atollS. So far 1t bas been posa1ble to obtain atolll1c eD8l"g7 only 
by "atom spl1tt1ng". '!'he building-up process, wh1ch accounte for the 
energy In the 81m, requ1res such h.1gh tem;peraturee that 1t Is cons1dered 
1mpossible for II8Il to accomplish 1t on earth. 

b. Daring the 1930's ~ inTest1gators "spl1t" the nucle1 
of atolllB by building 8pec1&1 sclentlflc 1natrumente and bolllb6Z"ding ~ 
w1th protons or neutrons. A separate proton directed or "shot" at an 
atom1c nucleus tends to be repelled b,. the nucleu.s because the outside 
proto'n carrles the same type of electric charp as the protona in the 
nucleus. Bence outslds protons IIlUSt have tre.ncJous speed to O ..... COlIIe 

th1s repelling force and COllie close enoush to the nucleus for a proton 
to h1 tit occas10nall1. On the oth .. hand, a separate DeUtron directed 
at a nucleus baa no electric charge. It Is therefore not repelled and 
can IIDre eaal11 stria Imd penetrate the nucleus. 

c. This Is w~ the disco ..... yof the DeUtron vas of tremendous 
importance. It vas uae of the neutron that enabled the sclent18te to 
tap the heart of the aranium atom, releasing the f1D6rf!J that C"Upted 
eo axploe1Tely in the ato1l1c bomb. It Is the D8Utron tba will un.lo k 
fur her atom1c .. creta for us, opening up posslbllitle. that at preaen 
can only be 1IMsined. In the words of one aclent1st, the neutron ls 
"the avord with vhich to open the coalc o;yater." 

d. All the cases of atom-spl1tt1ng up to 1938 ha"'e one re­
sult 1n COBDn -- the bombarded nucleus spl1t lnto two f'raglII8nts. One 
vas alvays "' .. ,. BlllBll vh1le in the othar vas left IIDst of the orlg1DAl 
nucleus. ht 1n 1938 it vas found that a hea'Y7 nucleus would apl1t into 
two alm:lst equal parte upon a neutron bombareJllent. In particular It vas 
found that the nucleus of the uranium leotope of IIIl8S number 235 would 
split 1nto two large pieces of alJIDst equal ve18ht. 'l'h1s real atom­
spl1 tt1lle 18 called -nuclear flsslon-. 

e. Furth .. InTestlgatlona shoved that nuclear flaslon l1ber­
ated treMDcJou. 8111>lmte of energy. '!'he split nucleus lost about one 
one-thousandth of Its IIIUIS by transformation into ImC"gy. We have al­
ready noted that a sall differenoe in l188a corresponds to an eIDrllDUB 

8IID unt 0 f enerf!J. 

f. BTen IIDre ll1QlOrtant vaa the fact tha during the flss10n 
process extra neutrona vere relea .. d and hese IIIIlltlpl1ed the erree of 
the or1g1n&1 neutron bollbarct.ent. It 1e these extra neutrons tha make 
It possible to release atolll1c f!lDC"f!J in practical IlZIDUDtS. Without the 
add.1 tlonal et'tect of he rel.eaaed neutroll8 which stria and break up 
other nuclei, tbIuI releaeiDs still mre neutrons, nuclear fl .. lon would 
be a oo.paratl~l1 rare eTent and the IlZIDUDt of ---81 releaaed. each t1lll8 
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AmlEI 1 (C(Zlt'd) 

would be ar no pract1cal ftlue. It Vould be sa U a t(Zl ar ccal needed 
thousands at dollars Vorth at -tehN to keep 1t b\1nl1.n4J. 

g . The extnl. neut.rcoa rel.eaaed in the ra.1(Zl proce •• 1D tum 
prodUce flaa1(Zl in IIIOre nuclel, and W. relee.ae. more neutrcna, and .0 
an. A large nUlllber ar nuclei UDdergo1.n4J tl8.i(Zl releeae large amounts ar 
energy, and the re~t1ne preeee. a called a "cla1.n reactl(Zl". 

h. In order to cause a cha1D ree.ct1(Zl, quite a b18 luap ar t1.­
a1CD11.ble llI!Lter1al, Rch U lU'8D1U1l, IlU8t be USed. H <nlr a Dail piece 
i 8 used moat at the extra neutrcme 1I1il .. cape traa the lump and not 
enough 11111 ~1D 111th1D 1t to keep the r.cti(Zl go1.n4J. But the cClllpLra_ 
t iTe nUllber at Deutrcme that eecape can be reduced b1 1Dcreea1.n4J the 81&e 
at the lump at the -ter1al. 1'h1e a because the praiucti(Zl at neutrcme 
18 prOPortlcmal to the Tolume, vhereaa the _cape at neutrcm. 18 pro­
Portl CD11.l to the aurt'ace area and the TOJ.u.e 1Dcreeaee mare rap

ld
l1 V1th 

8i&e than does the sur1'ace area. 

1. Aa the .1&e at the !uap a incree.aed a point a reached at 
wh1ch there are u ~ neutrcm. produced b1 fae1(Zl u .. cape through 
the 8ur1'ace at the lUllp. '1'h1a amotmt 1. callad a critical..... Azq 
amount at the -ter1al -.u.r than a Critical .... a not cOIIBh to keep 
~ clain react1(Zl ~o1.n4J. en the other hand, U the amount a sreateJo than 
a c1"1 tical .... , IIIOre neutrcme 11111 b. produced than l-.k out and an ex­ploa1(Zl -7 J'88ul.t. 

J. Whether or not there 18 an exploai(Zl depcU (zl whether the 
chain react1(Zl develope in a ahort enough tilDe. H the ... at actin 
IlI!Lter1al 1a lade etrcmsl1 oyer-Crit1cal, the cba1D react1(Zl d .... lope n17 
rap1dl,r. !h8l"S1 1a then releaaed at an ezpl0ll1Te %'ate and the act1n __ 
ter1al 8%pande until 1t becaaee diluted. W1th the dllutl(Zl at the actiTe 
IIII.ter1al JIOre neutr(Zl8 .. cape and in tt.e the reactiCID .tope. But dUring 
the abort tt.e bet'ore e.xpaoe1CID etope the clain reaot1CID a lArp Du.ber 
at Ducle1 undergo raa1(Zl l"88Ult1.n4J in a tr.eadoua releue at eoersr and 
a Tlolent expl0ll1C1D. Th1a 18 vtat lappeoa vheo an atca1c b~ a exploded. 

k. tt the amount at act1Te -ter1al a <nlr al1Sht.l..7 onr­
c1"1 t1cal the clain react1(Zl develope .lovl1. 1'lNm 1 t can be OCIDtrollad 
and the energy can be releued at a .low, eTeo pace. It 1. We CCIDtro1led 
chain react1(Zl that orren hope ror ruture us .. at atc&1c eoerS1 tor ~ce­t ilDe purpoaee. 
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Eftect or the A tOlll1c BCIIIb en BiroelUlDa 
·'seMlr1. 

ene (1) hour. 

ClA8aroCJll. 

tESB Report en ll1roeh1lB and ~; 
-M.Ueal Aapecte or lIuclea.r EnersT', AFS'rIP, 
lIME, 1949; Clapter 12, 13 and 14, -AFRrC 
Manual 52-355-1·, Dept or the Alr Farce, 
*;,. 1949. 

Ilene. 

Charta appeoded hereto. 

'1'0 detena1De tbe baa1.a en which the probable eftecte or an atCD1c 
... pen can be predlcated we can b .. t atud;,. the eftecte or the veapen en 
Japan. CClWldemtlen or tbe c0D41t1CIW ex1ateot ¥ben the attack vu de­
liTered and an eftluatlen or the dAIzIL6e reaulting theretrca V1ll help us 
great4 to predict the probable ettect at an atClll1c veapen al aC1118 atftte­
gic target V1 th1D the tIn1 ted Sta tH • Ccmaldem tlal V1ll be gl van to lUro­
ah1Jaa and }Ie 81'" k1 aepam te~ and oyemll o enc Ius 1 cma drawn tram beth. 

1. KIllOOBDIIl 

a. Ceoeml. The clt;,. at B1roeh1& .. aelected u a tarset tor 
the t1l"llt atcil1c v..pca because 1 t bad recelnd an 1na1sn1f'lcant aaaunt of' 
pr10r bClllb ciaaBe, .. CIl a tlat leTel delta, bad reprNentaUn 8truC­
tuftl t~ at cCIWtructien located over a large &rea, centa1ned predCIII-
1nate~ over-crollded voodc bu1141.1l611, .. vell equ1pped V1th public utll­
Itl .. and aerTic .. , and .. an 1IIportant 1II111t1U7 canter. 

b • '!'he 'l'arrt. JI1roehUa covered an &rea at a pprox1Jaa telJ" 26 . 5 
8quare 11111 .. iUid iii4 a populatlen or abcut 245,000. Hovenr in the ceo­
tzal pertlen at the clt;,. there vu a populatlen danalty at onr 31,600 
penCIW per aquare 1II11e. ThU dmal ty 18 about It t1llee the dflll81 ty of' New 
York Clty d .. plte the tact that Japan .. e dveWnp are Dot over tvo 8torles 
high, The cantzal partlen or the clty vu deToted to realdances , cCllBerc1al 
aectlCIW and III1litaJ7 1natallatlCIW but had no iDduatrial .. tabllelm1ente of' 
8Il;" alr.e. All houaee wre equ1pped V1 th electric light1ne, about 7':f1, of' the 

167 
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~or do;-rct.lc con. UlT.lt on, 011 resl­
~ ,i~l. 1 nyato~ but there va~ no 

t on ~ fl~t delta d ellVided ':'nto 
:1.e:::e iolnnd n .Iere connected by :!'orty­

[1)C' emuc for tvo Ian s of trnf'flc . 
w'deh exlsted '!,"ero In.'!deaunte in vidth, 

orl: oqul;Jped and m veIl orenn1zed 
~):ere vere el ht mn~or hos!'i-

CirCt;r..::;t.'! .coc . ?:10 nn"ninc of the attack va!' cleer vith a 
hourI: en air r'lid :l 'crL \m::: Gounded but only 

oar ~n'l :::t (J'>;l hourI:' t! e "a ll-c l e -'r " vac sounded, 
'10\1 '!:t to be re'onn: i sance ,1ones only. Follov-

1 ir vn~' to vork when IMes a.rrl ved over 
1'1 droTlpod the atomic Db. As a result 

"'nlntion ,,. ~ in 11 coneeste .. 4 mile square area of 
det.o= tlon. In adell tlon there had 
(U'OO \mG dry . 

At til inl'tant of deto=tlon there vas a bl1nellng 
tl'-ln t~lC CUI'. FolloviIlR "lUG flneh there vas a 

'!'J:e l11ree ~ Jor1t.y or noople v1 thin 3,000 feet 
o-ion were !dlled ':'::r-.edi-.tely. 'r.'lUun e. r ellus of about 

tet nL':'Ort e-rnry bulld.1nc: coll'!flped. Beyond /,000 find un to 
- ... 0,000 feet re.n: bulldincr colm sped and others recei ved 

uctur 1 Pernon in the open vere burned on exposed 
"'nd with n ,e - ) ,000 feet. rony ver burned to death vhlle 

rC' o'vc1 -overe burnc thro their clother;. In~' lnaU1nce~ 
c_o Ll.· '1!T i to r', nt..·ulcoUC fIr. c . ?hou::-andc of people vere pinned 

ll-'-,'cd bUlld.1I1£E or in:u.~ed by 'flying debrls, )l3rtlculnrly 
Fire::: ce7 :lJ1 to c'!U':!n u Over the cl ty and developed In-

r.or!'! in the ce er of the ity. Some of these fires vere 
.. d..1l·cc 1 tlon of tlut" hed roofB". curt.-J.lns and ru blsh but the 
r<:::'Il ted ~!'l ~ccond.·'.17 o. fcct(; such ns debria fall11l£ on k1 t-

clect:lc'l ::-hort c:!.rcuits d induetrlal lll:"oceeo :fires. For 
lxm!' t:-e fL:c::: :>d i n 1 diroc1:ions, therenfter they I:Iereed, 

-II co~bu:::tible n teri~l in.n ~ of sq~'lre c11e~. 
:-: .t l d f'urvi vo_-', bocor:rlnc par..!.ck;:', fled 

(1) • 90,000 bUildings spre:1.d over an area 
of n. ~'U" r.i lor, CO:1e (0,000 vere t.otall;r or 
!' .... '"('I: d-'m£cd. Roof~ a nd valle yere stripped 1'ro!:1 
otLer uildin, 4 miles 1'rorn the explo 10n and rUles 
vi d.:>, .. ~ v ·rt.t brokon up to " !:!llec. 
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(2) fu lic Utili ties - All utilites and services vere 
dIsrupted and d.aal.ged, a great IIRl'lY lee;- er.: loyeee Vel' 
killed, and the c1ty vas tem erarily without tluns-

ortat1on, electr1c1ty, coccunl cat1ons, £Us, wn~cr . r 
effective author1ty . Thirty hours elal sed bef ere tLe 
first rescue or reHet' Ilirties ent ered the strlcl:c:l 
areas. 

f . Casualt1es. Ar: rox1Jmtely 80, 000 persons vere 1:111ed ClIt ­

rig}! , almost another 100,000 were injured f whoo some 6o , 00v d.:oo L 
the Dext tvo moo the and only about 50 , OOC rennined un1njm-ed. DeutLo 
were d ue to the f oll inS causes; 

(1) Ie.dia ticn d i sease 
(2) Flash burns 
(3) Secoodary injur1es 

15 
20 
50 

3 I 

Itidiation ett'ects were very prcm1nent up to 6,500 t'eet and rICre mel 
within a red1us of 3,000 feet vould have been kIlled by rediati _ uic: ­
ness later had they not been k1lled outright due te blast, burns and 
debris . All medical 1'acl11 t1es and nost of the medical rerscnnel in 
Rirosh:1JlR vere destroyed. The injured who survived did s e wi hOli a..'1~: 
appreciable medical care, however 1t 1s est1DRted that not mere thD.:_ 
lCYf, c:f the ten:unal casualties could have been saved by the test cf 
tledical care. 

2 . NAGASAKr 

a . General. The second attack involving an atmic vea! Ir..l.S 

initially directed ae;a1net unl:novn city but weatber c1caed in and 
i:agaeak1, an industrial city, vas hit . Five r revious HE booll: attacks 
had f roduced neg11g1ble dacage . 

b. Tar£et. la58eak1 covered an area of a ! r ox1I:n t ely 3 
square miles, of whIch 4 s1uare miles vas heav11y bul1t-u , and had a 
pcpulAtioo of scce 230,000 Tersros. The city lay on a nArrow coasta l 
stri. enci rcling a long narr bay and extend.in£ u, twe r i ver valleys 
whi cb were separated by a mountain spur. One of these s r urs c wined 
the industrial zooe , whi le the other ccntained the reSidential and 
commercial areas. Infc:n:JatiCl1 an electrical, vater and f!1is connect: e 
to resiaences i s not available. The city vas hal'hazardly built 0.. d he 
street system vas poor. Firebreaks were inade,!uate and the fire dC''ll.r _ 
IJBnt vas in1'erlcr. Over 9Or. the a va lAble hospital facilities \ler(' 
concentrated in tvo hospitals . 

c. Circumstances. The day of the attack vas clear w tJ. a 
:3 mph vind. An air raid alert vas sounded at 0750 hours but V'..I.S can­
celled at 0830. 10 warning vas sounded at 1102 hours when the aircraft 
came over and dropped the bomb. 
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d. Action. '!'be bo_ detoaated 1n the air aDd the reeul.te 
wc-e 8'8D1!1l"a~ the -- aa at 1I1roeh1a. The blAet vas mt centered 
0 .... the IBiD bwl1Deaa IIZ"ea of the c1 t7 but up the 'ftll.e7 about t'IIO 
.:llea vbc-e tJmoe .... 1Ddutr1al planta, mep1ta1e aDd pazot1al.l7 
built-up rea1d8nt1al areas. '!'be tarra1n ill th1a area vaa 1me'WM Vi th 
wp h1lla which ahielde4 c.-ta1D areas. n. to the ah1eldill8 tactor 
and diatance ot the exploaion tralll the c1ty, "eald vas mt aa com­
pletely uatro78d aa B1roah1a. Thc-e vas m tire atora and rot neaz-l.1 
aa Jalcb paa.1c aa at B1roah1_ but thc-e vas areatel' .w.ee Vi th1n the 
blAat; ar.. '!'he fire departaent vas ~le <:0 oope Vith fires but 
bucket bl"1@11l4ea ¥Ire eN'ecti.,. ill eo_ areas. 

e. ~. 

(1) BIl1l.4.113sa - So. 20,000 bull41nga in lID area of 1.8 
square .:lles w.-. destroyed or ...... el.1 damiIpd. 
Structara.l. dIuIDse clDe to blaat ertended eo_ 6,000 
t .. t - 7,000 t.. mrth aDd eouth ot the exploa10n. 
Superf1c1al aDd IdJIDr IIII-.se due to blAat extended 
as tar aa 19,000 f .. ! &10118 the 'ba7 and extended to 
'ftlle,.. JII"O ected tra. ~be direct blaat . 

(2) Publ1c Utilit1es - All utilitiea and MM1cea v.-. 
disrupt ed aDd &ullleed aa at 1I1roah1.a. The destruc­

ton vas mt eo sreat , m"., .... , and restoration of 
11.1111 ed lMIl"'t"1ce vas qulc_. 

t. CalNal1 ties. About "5,000 people vere tilled IIDd eo. 
60,000 1njured 1n about the sa. ratio of ca81lllUe. aa w .. e mted at 
H1roahim. All map1ta1a aDd almat all ~cal peIl"eoDDel .... &lta­
troyed. It vas .. TSral. da7a before &D,7 orpn1zed .Meal care vas 
1nat1 tuted •• 

3 . COa=ImI0ll3 

a . Genc-al. Dltta1led e'ftiuatton ot all a'ft1lable data tralll 
the bo1llll1~ ot Japan baa m t been released. Cc-ta1n sena-al rulea can 
be dr'avn m"...... '!'hese rulea are 8\11D!U"ized below. 

b. utect of I:nloa10n. 

(1) Blas 0:0 pres8\lre va .. a1ll1w to ml"lBl explos10n 
e1'Cept in &tsree ot 1IIIgIl1 tude. 

(2) Prt.u-1 fires which are tm .. started 1natantaDeouely 
b1 the heat rad1ated tram the ato.:lc exploaion. 

1';0 
.. -" . : .~. . . 
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(3) Secondary firee which are thcDe rcs~tl i.."l8 fran; tilC 
coUATse of buildL'16S, dar.nge to electrlca s~·ater.!J. 
cverturnL'lg of stoves and lnd'tBtr 1al process :;: ':res . 

(4) Sj:roo.d of pr11!lary and secon1ar~' fires to ether'.; 'ildil ;0 . 

c. }hdius of B.lAlst . \lith the exceptien cf cer t..1..i.n relnf _rcc ­
ed concrete structur es, everything v ithin 1, uOO yards f r oo thc ccnter 
d' the exrl a lion wi ll be 'toto.lly destrcyed . Por tians cf strcn~ cencrete 
str nctures r:ny survive the blast lut v 'll be useless. Everyth.:.nE u tl; 
lhree nilea v 11 suffer ccusidernble d.':u:n£e fuui beyond this distance 
d:lrn;::e, althcugh coo_ rat2vel:,' Lsht, =y extend f cr six tc seven L1.ilcs . 
",baa uny be b r oken u'" to ten Diles . Deto. i ls:ll'e shown en the foll 
:inE; chart . 

(INSTRUCTOR - REPROruCE CHJ\Rl' ::: -1) 

d . Fire -e. A V'.:lot quantity of rodiant enersv :is rel=sel 
at the 1nBtant or c1et.~tic~. This rodiat an causes intense :r:ri':!ce 
hee.tl.'1O of all cbJects T to two rules froo the center of the eX!ll·~oio:l, 
In sO!:e c:l.ses this surface hee.tlnS will isni te road 'ly fl.J.rD Ie t ­
er':al . The un'cr ity c': fires, hcvever, are due to second.:l r ' causes. De ­
ic~din6 en the wL, , c:~ect':veness of fire breakS and action of i3.:lster 
cen~rcl rers- _"leI, tbese L r es my be cmtalned or allowed to El_read. 
;l.,d recOl:le a ccnfbe:rotlG:1 w:'lch buras out areas untouche<i by thc blast, 
M",re Elrecific data are i.acluded an the follOWing chart . 

(INSTRUCTOR - REPROruCE CHARI' 2 - 2) 

o. Effects of na~l ctivity. 

(1) Prom,t - All ~erecns within abcut. 1 rule "1' t11e ce,d; r 
of the explcsim will receive a ratal lose cf L~ 
and :1eutr on rndiat.:CT.1 . The~' viII, hov evor, .J fi t. 
Lkel;r 1'-e kille', ~l\tr'g;lt ty ho.:.:.t, 1Jnst r ,ie'\:ris . 
Thooe in an arc;... between I :l.!1<1 1 . 5 niles fro!!. t.Le cx­
rlcsic.., v iII recc~' .. e ,1..:1 a,lrreci.:.ble d;:'6e f ra.,1'~t.l c; , 

U;J.t , v:1ile :10t neccss;.;.rll~' fll.w,l v iII c~n! l~catc re ­
cover;,' frel. oti,er injuries . Outs': c Ule 'nile r<:t ius 
thore is llttle e:"fect fr~m lnatunt.:1- eouc r:',,,,l.l~~tl('n. 

(:) Reoldual - A hiGh c.irburot de cnati w.ill leave ne .... -
l.i._~ble resl::lt_l r-td :oo.ctlv.:ty and nn;i e cCItfil ed. t.c 
6_T.,C • e utrcn .J dncei :rodi c i v.: ty directly ::!ller the 
llc.st. llovever, fall - out cf :rod':oo.cti ve }- rt' cles .r !. 

the cloud v iII occur :l.!1d I Y 10 6 " tnny l:.iles o.'.ny L, 
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6 . L' ':'Ct._..c.t': .. :~ ~:C t.:'":l~"1 .... , Sr. .. ;': 
!:LIe '..:-. 1':.Ui·1.::3 _'r ~ tl.c cc_ er ~ ct. -

:1d Be::''':' - I cr:: .. _··wr. tl:- c::-::! t:l..'":' r. ­
c::d '1.--:C t . 

'nless - ere -:--mel were diB:,eroed in undergrcul1 fl. 
1o( l' _d 'rcb:l.bl~' rcs:llt L-.::Ul r oo. 

_ ... t r'.!l·_ . 

cutricl t . 
B •.• cdica 

re ': .. '0 t roT'..!." ':c: 
.• . ~ '1r" eo '? 
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29 

Atolll1c Bollb Erplosion - Ef'fects on an 
Amer1can C1ty. 

Fitty (50) lII1nutes. 

C laa8l"OOm. 

Bone. (See Foo tno te* ) 

l!bne. 

Charts appended hereto. 

1. Introduction. It 18 important that one appreciate the real 
po".. of an atom bomb, and the purpose ot this art1cle is to present 
a real1stic p1cture ot the damage which a t7P1cal Amer1can c1ty might 
sutter were an atom bomb to be detonated oYer it. As a typical cIty, 
·C1ty X·, is an excellent cho1ce. Purthermore, it 1s strategically 
s1tuated in the industr1al heart of the Un1ted States eo that 1t lIOuld 
certainl,. be selected as a target ci ty it this country were ever to be 
embro lled in aD) tber var. 

2. '!'he Pro bl_. 

a. Just mv lIQuld an aegreseor nation f!P about atom-bombing 
·Cit,. rT What t". ot bomb would it selectT At vhat point lIOuld the 
bomb be &ltonatedT 'lb e.n.ever these questiona one bas to cons1der III!Uly 

tactors. 

b. The tne of atomic bomb used would depend upon the technical 
ab1l1 ,. ot the ftBgres!!Or to tabr1cate and detonate b1ge;er and be tar bombs. 
Or perhaps tbe,. should be terDl8d bIgger and worse bombs. AssUlll1D8 that 

iI'llI1s lecture 1s a cop, ot a docUlllltnt, prepe.red b,. Ik-. R. E. Lepp of 
tbe War Depe.ru.nt General Sta1"f. It does U) t contain classified 
_ter1al. '!'he charts appen&ld hereto smuld be prepared beforehand 
on a ble.cJrboard snd ·blown up" aa much as possible. 

173 
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he technIcal difficultieo are s~ounted and that It is poesible t o 
unke t.-bombo of cQ'ls1derobly mere t..bo:l 20,000 tens high-oxploeive 
olutvala~ti than the problem of the selection of the b~ size L~­
volves a. caroful evaluatla:l of the following tvo factors: 

(1) Bov :ouch of the asgreosor natlen'8 pluten11.D1l (or 
other f1s81enable mteral) rese:-ve could be al­
located to the target? ThIs questien brlnsll out 
an interest1ne fact vith ·"hich many TJay Dot yet be 
fam1lAr. The vorld 18 no looeer en the sold stand­
aNj it 18 actually en a plutenilF.l st&~da.rd. Agsres-
80r natlcna will measure their vealth in ter.;JS of the 
ammmt of fls81enable nater1e.l (plutenium) which they 
stock-pile. 

(2) What i8 the mil1tary prIority of the target? The 
ansver to th1s questien wIll involve a detniled study 
of the centributim whIch the city DBkes to the M.tlen's 
var ecenClllJ". 

c. A glance at the -.p of "C1ty :I" shova that there are at least 
tvo areas of pr1Jle mil1tary importance. One Is the "Sectien A" steel in­
dust!""! and the other 18 the "Sectlen :B" industrial 8ectien. Of palWIIount 
importance, but not 80 easIly 8een on a IIIILP, i8 the Vide diversiflcatien 
of feeder industries whIch abo\md in the cIty. 

3. A Nev :Bombing Prob!sD. 

a. It will be Doted that the tvo critIcal aree.a 8ingled out 
for discussien are separated b,. about tern miles. In plAnning an or­
dinary bombing nlid, it vould be a 81m3lle probl_ IIl8rel1 to as8ign so 
many bombs to each area in the cIt,., but in using atca1c bombl!l, the 
problem Is more cCDplex. :Because the A-bomb baa l!Iuch enormous del!l­
tructive effect, ene lae to balance desIred damage to structures ~1n­
at desired damage to perscnnel. 

b. It 18 quite pos8ible tlat in bombing "Cit,. :I" It would be 
decided to use a detcnatlen d .. igned to ldll oft or inJure the 1llU1.Dn.DD 
number of people in the city and thus crip~le the industrial capacity 
of the entire area. In order to knock out both "Sectlen A" and "Sec­
tim B" areas with ene bomb, the bomb would bave to be !U"ohibltlvely 
large in sIze in ccmparil!len wIth the Dill tary priority of the tArgete. 
Furthen4ere, the use or mors than ene atomic bomb would not be teas­
Ible since destructlen of both areas would not result in suftlclent 
casualties in the crowded l'8I!Ildentlal e.reaa of the city. 

4. Point Zero. 

a. ....lthout going into a further detailed st~ of the JIl"'Ob­
lem let it be assumed that It 18 decIded to detc:oate an atomic bomb 
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~n8 hl.:;h ex!1'81ve e~ 'vnle.'lt at an nIt 'Ide of 2500 feet 

b, The roaSC-"l for selecting the t:lrset center n.t Point Zero 
1s ~hIl t t.'lis will L'lsure t:t.:l t the oiestr'.lct.:. ve offec :>1 the 1:l1lb \1111 
:10t be 'J':l8tei ;)\'"er un::>opulated or nun-crt tical arros, 

c. If "C~ :" X" ~s s1 tl1ated en the sh0res of a lake or is so 
1 ~ro e1 that its u.:.ld -u!l area fans cut radIally to the northeast, as 
::lIl c h as :: " of the b O!Jb 's des tl"IlC ti ve rower c ou ld be wns ted over the 
,-:..L.ha~1 tei s::uth \lee tern area by eX.Jl:rl1nS the b.:snb t\lO ILles "!;c the 
s::utn \le8~ c' PcL'lt Zor;) , 

d , If:::ne vanted to kill off large number of the population 
an.1 re:lder the c~ty uninhab t:lble, ene night conceivably detrnate the 
bC!!fr :.-, the :loc.rby lake. While no blAst darBge \lould be inflicted un 
the c~t;r, it rr..:.ght happen that under proper"conditions the prevail1n 
\linds w':>uld. carry lethal quanti ties of spray-borne reiionct:!.ve llnterlalh 
ever the city, thus rn:!.."ling dawn upan It lethal quantities of invls1ble 
rodice.ctivity. 

e. Why select 3. bomb or 50,000 H. E. equivala. t"l Th1s 1s dene 
:'i8ure that the destructive range or the explosien viII be suffI­

cient to acca:l?l sh the objective of ldlling or ma1Jnlng the mXiUlllll1 
n=ber ~ people 1n the a.ree.. 

f. Such Il. bomb 'oI0Uld be more than tv1ce as powerful (pub­
lishs-"i vru.uc = 20,000 tons B. E. e1ulvale..'lt) as the type used m 
Nasa-saki. W thout v10la tinS any secun ty regula tiona, it is possible 
to say a fev things about the bomb mechanism. Des)lte all of its 
d1ffere::lces fran an oru1nary explos1ve, the atcm1.c bamb has at least 
ene s1l:l.1lar ty. Under proper caldit1cns, an increase in the amount 
of charge (~issionable mnterial such as plutonium) ~ result in a cor­
res?cnd 1n~ !.."lcreaae in the over-all expl061 ve power or the ballb. 

5 . Possible S1ze L1m1 taticns. 

a. However, 8ince the trick in setting off a tamic eX?l06i ves 
is to keep the fiS8ionable parts in a subcritlcal state unt11 the tl e 
deslred for detonation, it i.e obvious that ma.kjng more powerful bambs 
at the na~ t1})6 V1ll reql1ire ccns1derable devel">prnent. The rea.s::c 
tor this 18, that if one llS8UlII88 tlat tv':> subcritical masses of "Dluten ­
ium are violently brought together (lIBde cr .. tical), then 118ing the 
~ techn1que more than tvo 8uch subcritical DBaSeS must llkevi8e be 
brought together !t a higher order ezploe1on 1s desIred; this is easier 
said than done. Furthermore there i8 no gu&.l'GDtee that vhen ooe suc­
cessfully detonates such an improved ataa baab, 1t vill bave the SIUIIe 
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eff.1c1Slc), fer rC'\.lXll1 of plutem1um as obtained v1th a Galler banb. In 
Tiew of tb scare! ty of th1e 1!IWl-1IILde e~t, 1 t IlIU8t be carerull)" 
Z' t1 emed !n peace and in war. 

b. The.e tvo factore II1gbt aleme lbdt the ult~te feasible 
.1&e fer a ta'J bombs but the" 1s an 'ther eTeD mo" cemTincinB reaaCll 
vb)' plutcn1ua bombs _)" not be p1"OSI'\l881Tel1 increased in de8truct1Te 

ere This ree.aem .• brpl1 .tated, 111 that eme 2O,OOO-tem high u­
plaelTe blut doee not do as much d.1rect daage as tvo 1O,OOO-tem 81-
plaeICKU1. Th1.8 rule hol4a true for all uploe1T88. 

6. Altitude ct Dlttcmatiem. 

a. Rev doee eme dec1de at vhat alt1tude the bomb ehould be 
exploded and vb)' are theee bc:mb. exploded 80 h1gh in the air! The ex­
act altItude tor detcmat1em depeoU upall the uplae1Te pover or the beall, 
the nature at the target, and the type of damge desired OTer the g1TeD 
&rea • It eme wnta to ann1h1la te a amll but rt tall;y-important 1natall­
atiem. the frcper rroeedure 18 to explode the bomb as cloee as poes1ble 

C the tart;et. :But it the ~ 18 to be 8%teD4ed oyer a IIII1ch greater 
tlat area then eme 81l1:pl)" uplode8 the bomb high eoough in the a1r so 
that the blut vaTe ¥ill uteod out OTer the d88ired area and 8t1ll 
produce destructi" ettecta. 

b. At Jfe8l"eak1 , vhe" th .. Japlonese tell us the banb exploded 
800 fee abOTe the grcund, +..be" vere about ten squa.re miles at land. 

hIt.rd hit by t.be blaat. At Al.mosardo. 11. M., the banb wae eml)" 100 i"eet 
abcTe the gi'aund and INS than three .quare III1le8 we" damged to the 
__ degree. 

7. The Attack. 

a. W1th the torego1n6 tacta in m1nd, eme can proceed to ex­
aa1ne vhat vould happeD to the "C1ty r 11" it Ve" IrUbJected to an 
ataa bcab1ne at the t;rpe ,1WIt d88cr1bed. let us &88UIIIII the attack takes 
place e.t DOCIl vh8D the downtown &r. 1.8 moet heartl1 populated. 

b. The c1 t1 1. eoJoy1n6 a p~t 8UDD7 4&1 v1 th a oool1n6 
breeze cClD.1ng in. The 8treeta are t.hraD6ed ¥ith th~ at &hoppere 
in the downtown and. Point Zero areae. Theo lJ'Wldeol,J aDd v1thout V&n1-

1Dg the bcSl 1.8 detalated high aboTe the c1ty. 

c. A 4&ul.1n6 bluiBh-vb1ta tluh bl.1nda thoee people em near­
b1 .treeta and .are them at the .... t1Jlle v1th ita mill1em-degree heat. 
AlJDoet w1thin a thou.Ddth of a secald the amll ball at ti" .hootli 
alt to tem a .phere or tlame 100 )'II.Z'ds in ~Ius. S1JmltaDeo1l811 the 
color at the ball chazle88 g 1n6 OTer to a ftricolore4" 8eet.h1D8 ... 
Which .preM.e outard aod downvard at tarr11';r1ng 8peed. AbOTe 1t all, 
a huge p1nk1.8h White IlU8hroca "atClDic cloud" tonl8 and cllmb. toward the 
et.ratoephe" . 
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d. Direct17 under the bJut, the 1D8taotao.ou. tlaah at h_t 
eeare all ped_t.r1au 1Dto UIl1deDtUiable ch&rrec1. aDd. sroteequ. tClZ'lll8. 
'!'hoe. ehl.lded frca the heat are -.ctar117 cCI18clO118 ell a tur1bl. 
preenre,..,.. tlat toppIe. tall.er buil41Dp aDIl cn.b~ ot.belw 1Dto 
rubble. W1tb1D a .ecca4 a bJut V1D4 ell DAr BUpe1'IICDlc ,..lOClt7 1'U8M. 
in aDd. daaol1l1hee thoe. bu1l41Dp untouched b7 the JII1ar7 bJut _,... 
The air 18 thick With dut hca palnr1aed bu1l41Dp aDIl the C1'&8h1Ds 
at 8UJ'I'OUD41Ds build1Dp createe a d1D vh10h 18 .0CIl tollowed b7 the 
ca.1Dou. B1&8La-l1D noUe at tilwl 1p1tecl b7 the tlaah. 

8. SecCD!&rz Du!p. 

a. '1'0 teed the autltu4e at tilwl, air ruhN 1D trca the 
8UlTOUDd.q ar., ena onrcCll1Ds the prn&1l1De breeu, aDd. .0CIl a 
t1.rMtona at 8iLle proportlC118 8Veepe the c1tr. '!'h18 UIW81&l t!zoe­
etona pen18ta tor .. ,..ral h01UW aDIl abe the ct!zoe area DAr the 
eplccter 1Dacceeelble to vt.t t!zoe-t1sbt1Ds equl~t 18 a.,.Uable. 
Streeta lIIIo4. 1apauabl. w1 th d.brie, the taUure at the ,.. ter preuure, 
dlaruptecl c~oatlC118 aU Pl'8ftDt t!zoe tlsbteN hca ~ the 
etr1cbn area. 

b. Wltb1D a thNe-a1le nd.lu at the .plccter, the IWIIber at 
dead aDIl inJured 18 .tasseriDa to the 1ae1DatlCD. '!'hoe. who were wlth­
in CD. IR1l.e at the bluh ccter, wh1le .till nrrtT1D6, are llT1D6 CD 
borrowed tiM. WbeD the br1lllazlt tlaah at l1sbt oceurred, thoe. 
11T1D6 Wlth1D a II.1le at the bJut center were ezpoeed to a deadl7 doe. 
cL pcetratq radiatiCil. the .. , 1IDheard aDd. mr.lt thee. deadl7 nL1II 
penetrated the hmBn tiaeu. aDd. lett the1z'.n. Perlape the nrrtTorw 
would l1.nger tor a t .. da,.., or ena a t .. w .. b but ther are d~. 

c. Jb:h ell the conaoue cIuap 18 due not .0 _ch to the 
pr1arJ ettect at the bcab but to the .ecaadar;r .rtecta. III th18 eat­
es0Z7, CIl. wOlU4 l1at t!zoe cIuap, 1DJar1- due to colJapee ell the " 
tlre-sutted bu1l41Dp, ~th8 trca bume, 8Ufrocatlem aDd. lack at 1IIed­
leal care. Itlch ell the ettectl'ft1leU at the .I.-bcab 18 du. to lta 1D­
etaotao.OI.l8 aDd. wld_pread acUCil. .I. laOdem aDd. ettlclent t!zoe d.pILl"t­
III!Ilt, .uch .. "C1tr r bu, can cope eaJBb17 With a t .. outbr.b at 
tire wlth1D the clt7, but vh8Il ~ at tu.. are e1all.tao.oue17 
etarted 11.11_ aplLl"t in an 1apauable ar., It 18 a hopeIe.. taU to 
et. the CIlrU8h at the holocauet. 

9. DII-.se at Point Zero. 

a. Suppoe. tla t the t!zoe bume 1 taeU out wi th1D the nut 4&7 
aDd. eme can the re-cter the area aDd. crlt1oal..l7 UBII1ne the _older­
ing ruw aDd .-l.uate the oy.r-&ll 4aase to the ar.. '1'0 __ the 
8U1"T8r IlON .,..~tic, let the UIUI1DatlC1l be CCllC.meet t1Jwt With 
bJut 4aase. 

(lJEIi1ilt'i\IR - BlPkJiXICi CBlRl' 29-1) 

In 
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b. In the lArger _p, the -.ri0U8 aCDM at aa-se due to blAat 
are outlJDed. Since It ~ d.1ttlcult to eepaate the 1D4IT1A-l effect 
at the lIhock aft tr<a tlat at the blut w1D4, their oCllbm.4 effect ~ 
ccoa14e1'e4. h'Ca the epioeter to a cUaUlDCe of 1 as.le tMre ~ hea'Y7 
blut ..... All tl'8M aa4 brick bu1J.4SD8a are a-ol..sa.4 aa4 ~ 
theee e~, re1Dforoe4-cCDcnte etft~ CD the periph1117 at th1JI 
acme .. cape cca.plete \lNtftotICD. VIt1W1 the acme the 1AUlrior at all 
bu1l4ma- ~ .ubJect to in~l ... aa-se. 

c. Both the clOllDtom aD1 the Pomt Zero lIhoppiDa oeteN CD 
the per1pber'7 at th1JI acme 81Wtain ext..euift aa.. aas1n8 trca total 
clMtI"IlotlCD to Ma'Y7~. In e~ au.- the au. of the bu1J.4SD8a 
reain e~ but the roote u4 tloan are as. .. iDa. Able etreet ~ 
a scene at utter cl .. olat1CD. I'l'ca the CIt1 all to 1Iabr Street It ~ 
1JIIpUII&ble. stnetcan au4 autclMlbU-, ~ Y1 th their occupant. l:J1D8 
cJ.eo,cl m.Icle tMa, e1aD4 out in the nbble-et."Nlm etreet.. 

10. Il!a§! 1 llile trca Point Zero. 

a. J"arther (JIlt trca the eploeter, WitlW1 the 1- to 2.a1le ze41ua , 
he&'Y7 ~ ~ 81Wtam.4. IncW- Y1tll1n th1JI a(De ~ the claavtClllll 
area at the cIt1. JIIN"e e~ of the :JArs8l', well-built etftc~ ... 
t o be intact but cloeer .-a1D&tICD ebon tlat their mteriON are ute­
a1ve13 ~ and ~ are ptte4 b1 tire. At the 10lrU' mel at am 
street, the beautitul MIaOJ1Al. AUIU tart- 1e m ru1De, but aD:J at the 
bu1~ alCll8 Ham Street eYe cloeer to the ep1ccter are a~t UD­

touchecl. Apparctl3 theN were eh1el4llll b1 other bu1141D81 or M1'813 .. -
capecl blut daJ&S8 b1 rtrtue of laT1D& bMD -ek1ppecl-. 

b. '!'be neCD ~CD hip atop the oarlee Bui14iDa .. bee 
r1pped UUD4er aa4 11.. in the etrNt belOlr. '!'be.m etftoture re­
ua1n8 aore OJ' lee8 intact With sr-teet auaae beiDa apparet CD the 
upper J8rl at the bu1l41D8. In eplte at the appeutmoe at the exter10r 
at the aoclem etftoture, tMre were .uq aualt1" in It aa4 clue to the 
fine vb1ch zasecl tJarowd1out the clOllDtClllll u.a 1t .. WpoMlble to eft-

C\ate all at the occupant. at the bu1141D8. 

c. oro the .. t, the Cctal. 'rem1Jlal etill etaD4a, but pYere-
13 da:IIaged. W1thout &A:J ah1el41D8 trca the blut aft , ~ of tlIe 
structure oollapHd. 'fhe ze.1lrca4 ,e.rcJ.e are 1nopeJ&ble vi th tvUte4 
l1L1lJi Jutt 1n8 up trca tlIe srOUDd • APJ&"Dtl7 ~ of the .1lz'e&4 ti" 
ill the becl were bum- b1 tlIe tlub. 

11. "'=r at a ])1ataDce . 

a . BetveeD 2 aD1 3 1I1lee cJ1etance troa the ep1ceoter aoleze.te 
blAat ... ~ ert4ance4 UICII& the n1D8. 'fbe _Jarlt 1 at tlIe blut 
damS- 18 CCDOCtl'ate4 CD tnme clvell1D8l and plant. at l16bt ccoat1"llotlCD . 
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Br1ck houa .. 1n th1e scae .till .taD4 but .how .C1118 .1fJl8 at 1nter1ar 
daase. 

b. More tI8D 3 1111 .. trca the po1nt at bcab detODatim there 
are .t1ll .1fJl8 at blAet daase but tar the acet part the7 are m1Dor 
aDd are ...ad b1 duaae tl'Cll tire. 

c. It 111 poulble tar blAet ettecta to be telt at ae great a 
di.tance ae 8 1111 lee tl'Cll the eplcemter, but nch damase vould be .l1ght 
aDd ~. 

12 • Fire II!!!ap. 

(l1tilliJC"tOB - R&PltOWCi CIIARl' 29-2) 

a. Whem the bcab 1aplodee a 'ftI.8t q\BDt1t,. at ~1aot emerg:r 
(light) 18 l1bezated 1n the tona at ultzartolet, rt.lble and 1n1'za-red. 
zad1atian. Th1a rad1atlm caUS88 1ntemee eurtace heat1ng at all obJecte 
¥blch 1 t .tr1kee vl th1n a 3-lII1le radlus at the ep1center. In 8C1118 caeea, 
depead1ng en the local ccnd.1tlcne, W. eurtace heat1ng 18 8uttlc1ent 
to 1p1te the -.ter1al. 'l'bua, vi thin a c11'cle rClU8hl7 6 1111le8 acroe8, 
there -1 be htmdred.e ar eno thO\18&Dd.8 at t1ree 8tarted and of theee 
8enZ&! h1m4red. Vill pel'll18t aDd 8pread. 

b. The ettect at such 1ntemae bum1ng OTer INcb a Vide area 
111 to cause a .... 1ntlU% at air trc.m outa1de the reg1en. Thi8 move­
IIIIIIIlt cent1nu88 if' 1 t OTercCJ1188 the prII'ftI.1l1De V1D4JI and an Clonnoualy 
deatn1ct1ve t1reatolW reeulte and vhole areae untouched b7 the blAet 
are burned out. 

c. In "C1t,. r the pre1'ILll1ne aouthveBterly V1Dd vou.lc1 OTer­
CCllle the t1reetom atter a tflll hour. aDd tend to neep the blaze into 
the B Sect1en at the c1t7. To the north, Poreet lAw and Dos Park 
vould act ae natural tire breaks aDd to the 8outhveet, the South Park 
.ectien vould be 8hielded b7 the pnnaU1ng v1Dda. 

13. Bttecta at Eadlcaot1v1t7. 

a. Before cmt1nut1ng the d18CUB81m at the daDage 1n1'l1cted. by 
the bcab1ng, 1 t 111 use1'ul to 8umaarize here certa1n tacta vhich are Imown 
tor ~1cact1rtt,. reeult1ng trc.m atauc-bcab-exploe1cne. When Biroehuz 
and ~saaJd vere A-bcabed, there vas great ccntU81en in the natlen about 
the ettecte of rad1cact1 rt t7 reeult1ng tra. theee exploelCZl8. Scme of 
th18 ccntuelm pel'll18ta toda,. aDd the tollov1ng tacta -7 clArif'7 the 
81tlatlen: 

(1) Before t1.e bcab 111 exploded the _tertal giTe8 art 
CII1l7 alpla za,.. vhich are ... 117 ab80rbed 1n a plece 
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or writing paper. Except tor the telct that pluten-
1um 1.8 extremely toxic ene m1Bbt tree. t thi8 - ter1Al 
Ter1 caaual..l1 by merely wearing glOTe. to protect 
aga1n8t alplB ~,.. After the bClllb 1s properly ex­
ploded, wb!lt plutal11D11 18 not "burned" up or fls.lal­
ed 18 Videly scattered and Vill pere1st tor mny years. 

(2) \lhen the baDb explodes, an 1natantaneous burst of neu­
tr<Xl8 and ~ ~,. ocCUl"8. n .. e pene~t1ng nl.18 
flash through the a tmoephere and ~ go right through 
cencrete vall. to pass through the bodl .. or people in­
slde the bulldlnSll. A thick ah1eld at lead or lIIUlJ' 
teet or earth or calcrete woul.d protect agIIo1nat meet of 
the IJPoIIIIIIl 1'8111 but lead, tor emmple, voul.d be qu1te 
t..nmapareDt to the neutrcna. Except tor the ground dlr­
ectl1 belov the point at detcmatlen, good protect1en 
would be aftorded from the deadl1 xe.d1AtlC11 by a fa1rly 
deep tunnel ahel ter. 

(3) Atter the baDb baa exploded, the cnl1 dAn8er that per­
alatAl 18 trca the ao-called nsa1en producta which fall 
out troD the atall1c cloud aDd trca rad10activi ty in­
duced in mater1Al cloee to Where the baDb 1.8 detcnated. 
ne tall or ~loactlve mterlAl troD the atcmdc cloud 
depeDd8 en awoepheric ccnd1 t1C1l11 and 1 t ray occur over 
the c1ty ar it may occur IIIIll1 milee trom the clty. Such 
radloactlvity 18 due to bumed-Ollt atc.B (n8.lm pro­
ductAl) and 1 t 1.8 ccupoeed or beta and eJS.DIIII'o nl.18. Beta 
nl.11I are .. sent1Al..l1 high-speed electrCllll and they can 
be absorbed in a tfltl eheete at thin alUlll1num. GamrB 
nl.18, en the other blind, are e:ctnaeoly peoe~t1ng 
%-"-111 and requlre sevenl.! inchea or l.ee.d to nlter them 
out. Both 1'818 are dAn8eroue to hUlllUl tiseue. Perhaps 
the beta "-111 are the moet 1naidious for they are more 
difflcult to lIIII!I&8ura u.n ~ "-,. and theretore are 
8caet1me8 onIrlooked even vhen present. !'Io neutrCllll 
are pre8ant after the f'1ret tfltl seccnda or the blAst. 

(4) Should the bcab be exploded cloee to the ground or to 
tall bui14lnS11, then ccnaldenl.ble radloactlv1ty 18 
produceoi in th1JI IIIlterlAl by the act1m at the neutrCllS 
in pas.me through It. Such mdicactlvity !s saId to 
be "!n4uced" in the IIIlter-'...al. Certain elementa 8uch as 
8odl_ (as in table _It) are eaell1 J1B4e nl.dloactlve. 
Each ell!11111111lt 80 actI_ted by neutrcna thereafter "de­
c:A1II" by em1ttme beta aDd ~ 1'818; the t1me ~an 
by the ..artous ele!lllllnta to decay ..art .. from eler..e:lta 
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to el..ant. DepelDd1Dg <n the emct o1rcull8tancea at 
the bcab1Dg, the ground below the point at detcaatl<n 
will be l'8dloactlT8 tor a l.eas'tb at t1JDa ~ up 
to .... alllaltba· duratl<n. Por uaaple, ~ an 
atc:a1e bc:ab were __ 88'eel into the bu...mt at ~ 
C1t1 .ll aDd tbeo detaaated, It wculd. be aD7 weeb 
~ore tlat area eoul4 be ate~ N-eotered &lid ~ 
JIClDtba or eftIl r-.n before It ... ate tor rehabll1-
tat1<n. 

(5) l181Dg mciloactlT8 IIIlter1aI. wb1ch accumulate in the 
lIIlDUtaeture at pll1t<n11a, It wculd. be pcealble to IIIlb 
a l.etJal. au at tlDel.1 dUpel'8ed tlaSl<n-products which 
oould be depoel ted <n an UD8U8peot1Dg cl t7 • Such a 
l'8d1oactln au attack <n a 01 t1 would Jl&D1c the eo­
t1l"e populace un.l.eea the cl t1 were pronded with mcil­
atl<n..-uur1D6 1natn.ente to detect the aotlnt1. 
EYto the ru.or at nch an attack wculd. s8lld. a cit7's 
populace into tl1sht it It were Dot reuaured b1 <n­
the-apot 1ut.zouMrlte oaJAbl.e at -.ur1Ds the l'8dlo­
actin t7 • IDOldeotall.7, theN are T8r7 tfIV nch in­
st.rIDDeDte DOW in ·Clt7 r aDd tflVer still Vh1ch o&D 
MUU1"8 alpha ra~. 

(6) It ahoul4 be eaphaal&ed tlat <ne OILDDot Nl.1 <n the 
aeaaM to detect the JreMDCe ot rad1oacth1t1 •• eu­
trcDa, beta aDd .- ra~ can be preaeot in letJal 
intADalt1M WlthOllt &D7 ~1&te .ttect <n the 8eD11M. 
'1'0 be AN, atter a wbil.e there la a decided ettect 
DOted b7 the b~ but b1 tJat t2ae It 1. too late tor 
the Yiot1a to set a-7 trca the radJAtl<n. Scl_tlate 
do DctUDd.e1'lltaad. the _~ in whfoll peoetrat1ns l'8d1&­
tl<n produces e~ in =-n tlauM, but they mow 
vbt.t lappeoa to nch t1uua atter It 1. a:pOMd to 
mci1atl<n. As. r.ult at BpCftl'e to inteoee l'8dlo­
actlnt1, certain ~lol.os1oal claDpa tab place in 
the b~. S,aptc-. at m4.1&tl<n cIaap include DIIoUS., 
Tca1t1Da, seoeral debll1t1, natalDed teftr, leu at 
b~ hair, e~ (redDeN at the akin t!'CD capll­
lAr7 CODBMt1<n), lee. at appetite, aDd a deor-.ae 
in the vb1le blood cell count. n..e .~ta. JA1 
appear .0CIl atter the Gp08Ure or 1D • tfIV weeD. Por 
• .maple, epllatl<n (Ieee at lair) -1 occur V1thin a 
t_ 4a~ at' V1tb1D a t_ veea. IXpoaure to m4.1atl<n 
acec.pan1ed. b1 inJur7 t!'CD bums or t'al11Da debr1a 1IIl1 
r.ult in the daath at a p81'11<n enD thOUSh Delther tbe 
l'&41atl<n 1DJul7 Dar the bum would at lteelt han 
oaued d.th. 1'here la T8r7 l1ttle tJat MClloal .cl_ee 
can do tor PGW<na autteriDs trca m4.1atl<n cJaase aDd 
~t Dot.Il1Ds It can do it the neta la upeeed to .ore 
tJan • certalD cr1 tical dOH at the ra~. 
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14. ZCIlee at ~ trca Badioact1Y1tl' 

a. 1'0 retum to d18CUU1C1l at h1Potbet1cal A-b~1De at "C1 t7 
r, the neceeMl7 tacta about J'8dIoaoUvlt7 lave beea PNeeated IIDd the 
8pec1t1c J'8d1aUem daap 1nt11cted lIPCll the populace ceo now be cem-111dered. 

(IIi&llWroR - RlPJiCIWcJ: CBlRr 29-3) 

b. AU pereCIUI 11Y1ne WIthin a N41u. at about 1 1/3 aU .. at 
the ep1ceater Would be lIZpoeed to a letJal doee at rad1aUem P1"OY1ded the7 
Were not 8hielded b7 thick brick or OCl1Crete -lle. A Wood tra.e -11 at­
tere 11ttle 8h1eldJne trca th1a rad1atlem. ~are IDCWt at the people 
8UrYiTing the ccabined et1'ecta at ta. aDd. blast in th18 area WOUld PI"Ob­
ab17 41e W1thin a tft da~ or weeb trca the enllCta at the peaetat1De Z'ad1a Uem. 

c. Thoee 11v1De in the &eme he. 1 1/3 ailee to 2 II1he h-ca 
the ep1ceater, While not J'eOe1V1ns a letJal doee at rad1at1em, WOUld re­
ceiTe a ccmaiderable Gp<lnre tJat Would c~11cate their J\ox:over.y 1t 
they surtered IIll,y other 1nJur1ee. ~ WOUld IIhow obY1oue HIM at J'8d1-
aUCil d.aase, aueb &8 lou at lair, but the7 Would later recover aDd. l1ve apJlU"eatl7 nenal 11vee. 

d. Oute1de the 2-lII1le J'8dIu., there woul4 be no et1'ect trca 
the Pl"1mar;y tlaah at J'8diatIem, but it 18 l'ON1ble tJat a taU-out at 
1'&dioact1Y1t7 WOUld occur. U 110, ~ inteaa1t1 .. at N4Ioact1Y1t7 
III1ght be tOUDd 1'&Ilg1De trca ~ to ~ &IIOUDta. 

•• VUJas- Y Would 11e directl7 ill the favored 18th at the tall_ 
out aDd 1t CClld.Itlcma were heb tJat a rain atom 0CC1U're4 CIILI'J71nB dawn 
ftat Q1aDtItI .. at rad1oacUY1t7 With It, the the eat1re POPUlace at 
V1lJase Y aDd. alll"Z'oUDll1na tvr1tC117 Would lave to be Q.

U1
okl.7 nacuaW. 

t. It V1ll be recalled tJat ill the cae. at the • .., Maz1co 
6.tca-bcab teet, acae at the atc.1o cloud. aettl.ed out ail .. a-7 traa the 
detcuat1em POint &ad cattle ill the J&th at th1a tau-out latter vere 
found to lave white bacb where 8cae at the rad1oactiT. J&rticl .. ad­hered. 

a. In ~ up the hppoeed atca-bcab1ne at "CIt7 r, eme 
can moet l"eadI1.7 1'8&11 .. the territlc 8tr1k1ne POWer at the new w_PCIl 
by eetiat1ne the total caetalU .. caU8ed b7 the IIZploelem __ about 
lDO,OOO. or tbeae, about 50,000 Would 1'e8Ult ill fatal1U... n. nUliber 
at fa tal1 tI .. Would l'UD .. hlp .. th1a beca... at the lack at PI'Oper 

JIIId1cal facI11tI .. at the ti .. the7 are neect.d -.t, 1 ••• , the day at 
the Uploei em. At lI1Jooah1-. there were CDl.7 a f.., hoePI ~ ill uable 
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ccmd1tien out at about 50. or 1780 nUl'lles enl,y about 100 were avail­
able for duty after the exp1oaien. 

b. '!'he atagering figure at 100.000 caeualties wo.Ud IIIII!IaIl that 
evU7 faa1l,y in the city would be directl,y affected by the exp1oa1en. 
Mi!ul3 civic lea4era, 01 1Dduatr1al1ata, and thClWllUldJl at skilled cratta­
mea woul4 succumb to the dlaaeter. Thua wh1la the SecUen A 8teel planta 
would. atill be intact and oatl,r1ns factor1 .. would be UIld.amaeed, the c1t1 
would. require 118117 aenth8 betore it could rebu1ld the bombed-out area, re­
place peJ'WClDDel, and repair public 8erTice throughout the 8tr1kan can­
lIImi t1. "C1 t1 r would !aTe been strect1 Tel,y knocbcl out b1 ene bcmb: 

16. DetlDBe Atp1nat AtClllic Attack. 

a. '!'here are 118117 who Will uk it there 18 not a means ot 
countemc~ing the atea banb. '!'he atea banb 18 a new trpe at hlgh ex­
p1oa1Te and as such it ls the __ aa &n1 other h1gh exp10aiTe in that 
10U can protect aea1nat it CIll.7 b1 def'lect1ns 1t frca 1ta trajectory or 
b1 blCN1ng it apart before it reaches lta object. There 18 no m,yater1oua 
_clan,.. in the banb tlat ene can detcnate prematurel,y by radl0 waves, 
ultroaenlca, or other 11118D8. 

b. '!'lIe uae at gulded a1881laa may do JlUch to aoable ene to 
aeek out and explode atan bcaba betore they reach their obJectiTes, but 
It 18 d1ttlcult to cenceiTe at this procMS being perfected to the point 
where it will gua,mntee that no banba Will get through the defenae. 

c. lPurthe11ll0re. aince vartare at the future prClll1ses to be 
ene at apllt-aeccnd t1A1ng in whlch the elemmt at surpri8e will be at 
paralllOlmt importance, adeq1Bte detenae would require ccnatant en-the­
triseer rtsUance b1 evel"1 naUen. In an atca1c ¥ILl'. it even a fev 
m1nutea are required tor alart1ng detllUliTe rorcM or for getting ad­
a1n1stratiYe dec18icna. the ¥ILl' l1li.1 be over before the detenae went into 
actlen. 

d. '!'he danger at 1na1dloua VlLrt'are ua1ne sabotage With radio­
active _terials planting atClll1c banb8 1n clUes or .barbors 18 not to 
be mi.n1a1zed. 

e. Thi8 disCUS81en 18 not ent1rely academic, for other nationa 
wl11 seen !ave atea banba at their own. It a great world. paver 1s wl11-
ing to apend en011lloua amounts at acney, resource8 and IIII.Dpaver in an all­
out e1"tort, it -y be able to produce bomb8 at ettective dea1sn WIthin 
15 years per!ape in lesa t!an 10. Thia natien baa alradJ' released a 
large 8aO\mt at 1ntonatlen about the atca.1c bcab which wl11 ccnaldenlbly 
reduce the t1ae required tor another natien to IIII.k:a it. 

t. It 18 tnze tlat it would requIre acre t!an 10 181!1.l'8 for an­
other natien to dupllc:ate oar ettol't in atc.m1c l'e8e&rch en the baab but 
1 t weald prot 1 t by oar experi8llce and not t1'1 to dup11c:a te all at 1 t. 

1S, 
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g. There are mny preventiTe ~urea a cit,. can undertake 
to minimize damage trc:m atcm-bc:mba, tor e:mmple, decmtnl.limtien of 
vital facUltles and utiUtlee, proper cit,. plaml1ng With adequate 
allowance tor flre lanes and f1re-brealal to m1Jlill1u ttre~ . The 
bul1n.!.n6 of strCll8 relntorced cencrete atructure. tor Tltal induatrlee, 
CCllStructl "'In at tunnel sheltel"8, 8.IId. man,. other mee.auree will all teed 
t c lIIIJce a target CIt)' leea deelrable as a target. 

h. In many caeea, the coet of such detSlBITe meaeUl'ee vould. 
be r r chibitiTe and in the tinal analya18, the1 are tutile. In the tfIV 
years which are left betore other naticna haTe atCIII bc.ba of their own, 
it is uselees aa yell aa ecenCll1i ca117 unBound to tr7 to cenvert our 
cities into decentnl.l1zed UDdergrcund atrc'J!' 3holda. The etf'ect that 
such actlCll vould have upen cl ... 11ian mont.le cannot be eet1Jlated. 

1. In apite of the enOl1llous destructlTe pover of the atC1ll1c 
bcmb the new veal' en ls n ot an absolute v_pen. It reaa1na to be seen 
Just vhat place the veapen Will haTe in mil1tary stnl.tegy. From the 
stand oint of this natien'a def'ense, it 18 not at all certain that our 
mil1 tary poei tlen is strengthmed b,. the poesesa~en of atc:m1c bCllba. If' 
ene coldly analJ"z" the uae to vhich theee bCJDba 0IUl be put in tiDe of 
var and one cOllBldel"8 that other oaticna vill have the 8IU:I8 t,-pe of veapalS . 
then it is apparent that our military poeltion is actuallJ" weakened b1 
the poesessien of the bClllb. There is alao a Yer,. real danger tha;. va 
will delude ourselves into th:1nk1ng that the atCIII banb baa given us mil­
itary superiority oYer all other nat.1C1lS. 

J. The purpoee of th1JI article baa been to present ~i0U8 
tacte about the destruct1 ... e pover of the atcm1c bomb in realist1c terms. 
It i8 hoped that on ao do1n8, it baa aened to at1Jallate CCllDCll SSlBe 
th1nk:1ne about the bcmb. It 1., of o aurae , qu1te aPJ&l'8llt that the 
answer to the threat of the atcm1c banb IIIWIt be tound in the pOlit1cal, 
not mil1 tary tteld. Al.l the tore .. which ve poe."a IlUat be IIILl"8ball­
ed in a cancerted etfort to outlav war as a IIIMDa of .etU1ng inter­
natlcnal d,18putea. 

l~ 
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IZC'l'URE: 

1'lHE: 

PLACE: 

IlISTRoc'l'ORS' REJiERE1K::ES: 

One (1) lDur. 

Classroom. 

All Pl"8Tious lIII!lter1al. 

All prSTioue lIII!lter1al. 

Blackboard. 

'1'h1s 18 1ntended as a question and ft.DSW8r period, Vi th students 
asld.ng t.be questions. If cons1dered adTisable, all Instructors may be 
present, each to deal. Y1 th questions perta1n1ne to his Spec1al ty. 

Vben IX> IIDre questions t'rom the students are forthcom1ng, in­
structors lIII!ly ask quest10ns t'rom a Pl"eTiously prepared l1st, «> organ_ 
ized as to Pl"OTide a reTiev for the l'inal emm.1nat1on. Many or lIDS 
of the questions on the f1nal can be diScussed at thi8 poInt, and every 
attempt sOOuld be made to 1nsure that all stude'lts have an adequate 
grasp of all POInts under discuss1on. 
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'rRAIlIDc otn'I.INE 1'10: 

EIAKIlIAnoll" : 

'rIME : 

PLACE: 

lBSTRUcTORS' REiEREliCkS: 

Ina truc t 1ons. 

1 

n 

One hundred (100) minutes. 

Classroom. 

Tra in1ng Outlines ll> 16 to 30. All!lrO­
T10us re~eren..:es, Instructors's Ansvel 
Gu1de, (See Footmte .). 

Lecture DOtes 1'l-01ll Tra1n1ns Outlines Ii> 16 
to o. 

Cop1es o~ Emm.1nat1on TI. 

1. Ose o~ student's rotes 1s P8rm:1ss1ble. 

2. All quest10ns can be 8llavered 1n one short sentence or less. 

3. Check your paper for oompleteness - there are 20 quest10ns in this e%8&1nat1on. 

QlI!STrOBS. 

1. Is the 263A sur-te7 _ter calibrated Vi tb the beta shield open or abut T 

2. There are three 1ntena1 ty ranges on the 26'A survey me er. 
\{bat 1s the approximate range of each? 

8. .. /hr b. ------- --_____ mr/hr 
c. - ____ IIr"/hr 

*Students a}l)uld be P8l"IIl1ttad to use their rotes. At oollrnletton o~ 
examination, the queat10ns soould be renewed and the correct answers g1Y'en. 

• 
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3. The 2~7A 8urve1 meter bu four 1nteD81t7 J'BD8M. Wlat 18 the 
~ of eacht 

&. %1 JeD8e ___ ..;wrr/hr b. %l.O ruse ___ --:wrr/hr 

c. %100 JeD8e wrr/br 4. %l.OOO ruse wrr/hr 

5. There are tJuoee checD to be -.de em & 2~1A 8UJ"ft1 _ter before 
it 18 read1 for operatlcn. Wlat are ~e tbree checDt 

&. 
b. _________________________________________ __ 

c. 

6. Pereaonel entering I'dicactlTe u.e vear dce1Jletel'll in a4d1t1em 
t.o car!7inB eurrel _tel'll. Wb1 Ie thl8 Deceu&r1t 

., . G1Te tvo relUlCIlII v~ f1lm ba4gee are ueed in a4dltlem t.o dce1metel'll. 

&. 

b. 

8. What. 18 the e18P11'1cance of & 0.1 B/Da1 180dcee linet 

9. What mater1&le are required to deccntallimLte peraaone1 vho baTe 
been vork1ne in m41cactlTe u.et 

10. Aboye vbat ze41atlem 1ntenal t1 are penaonel ccmel4ered. cemtaa-
1natedt wrr/hr. Ie tb18 sa- CIllT or beta plue 
~t _____________________ _ 
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.. t,Ir. .: •. ' .' 

ll . Artor an a tOOlic eZ:~los 1on . the at'fec ted areas a.re moo ! ~.red . What tT~ e of survey 18 llBde firsU 

12. Doss:J. tax-hole &N'ol"d. aQ3 protectloo Aaa1n8t a.a atClll.1c ex­plOS1oo (not d1rsctl,y overhead) 7 

13. Liat 10 tactors whi ch 8hould be cCll81dered 10 prePfU"1ng a un1 t 1Ud101og1cal de1'enae plan. 

Il. 

c. 

e. 

g. 

1. 

b. 

d. 

t. 

h. 

J. 

14. Li8t three caae8 where decCllta&inat1C1l or rGd1cactiYe cootam_ 1nat100 18 P0I8 Ible. 

Il. 

b. 

c. 

15 . Clothing wh1ch 1s worn in rGdlC11.CtiTe Are8a becCDe8 COOtAminated. 
AbOTe what loteaa1t.r should 1t be d1sCAlUed tor U8e1 mr/hr 

16. Casualt1es tran a.a IltClll.1c e.xplos100 a.re due to three l:I!I.lo cause8. Wha t are these three causes f 

a. 

b. 

c. 

17 . The blaet ei"tect fran an at<Jll!c exp1OS1C1l baa a de1'101te nl4lua. What 18 the rGd1U11 tor: 

18) 
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a. Total deetruct1ca! ________ ,uda 

b. Ccae1cleft.ble 4a8p! _______ ailN 

c. Besl181ble u.,pT _______ ailN 

18. What caua .. tM _Jor1t7 at t'1ree t'ollov1DS aD atca1c a;pl081ca! 

19. PenClllllel Vi thin a certain d1.taDce at aD atca1c a;pl081C1l w1ll 
rec.i~e a d08e at 1DataDtane0U8 a41at1ca. wm.t 1. the eft'ect at: 

a. IN. tlaD 1 aile! ________________ _ 

b. Betveen 1 and 1.5 ailee! _____________ _ 

c. OYer tvo ail .. , _________________ _ 

20. State V'hether 10\1 DOlt t'eel ql.al1t'ied to act u a unit rad1o­
logical defCile att1cer. 

190 
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32 

IEC'l'URE: AdJ:l1nIstrntlve Time. 

TIME : Fifty (50) minutes. 

PIACE: C1Assrccm . 

lNSlRUCfOR3 ' REFERENClS: None. 

None. 

TRAlNlNG AIIS ~unm>: Noos. 

This psried i s allotted for use by the offIcer in clarge of the 
school. If it 1s possible 0 ccmplete the SJ'8ding of all students' 
work and pressnt certif1cates of prof1ciency pr10r to departure, this 
paried rzy be utllhed to do so. 
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Instructore' Anever Gu1de 

'1'h1e anlMlr' outline bas beell prepared tor tlxt 1neQ-uctore' 
coll't'entellce. It conta1n8 8Jl8V8r. to all eDlll1nat1olle 8Jld questions 
which are gi't'8ll 111 the tra1n1D8 outl1nes. 

It ebDuld be 1.Ulderetood that a sreat IIIUlJ' queetlons de oot 
ba't'8 one dogmatic 8Jl8Ver. Jude;mellt soould be e%Wc1eed, theretore, 
111 the UN of thi. guide, part1cularly on e:ram1.natione. 

'tr-a1nins Outl1ne 110 1 

110 queetioIl8. 

Tra1nins Outline 110 2 

110 Q1llletlone. 

Tra1n1ns Outl1 De 110 3 

1. A Jlr'leculc 1e tlxt I!mIllleet port loll ot a compoUlld which C&l 

enet 8Jld et1ll be that compoUJld. AtolllB are tlxt particlee from which 
IIDlecules are built. 

2. lIeutrone, protoIl8 and electrone. 

3. Isotopes are atolllB W1th the 8OZII8 number ot protons 111 their 
nucleus but with different numbere of neutrons 111 their nucleus. 

4. '!'be lI1gn1tlcance ot 11: : mc2 1e the tact that _es 8Jld energy 
are 1IIterconftrtable. 

5. A nucleue velgb.e l~ less than 1 t should because l~ ot the IIIIlse 
bae been con-..rted lIIto b1nd1lle energy. 

6. Atoldc energy 1s "releaeed" b1llding er.erB1. 

Tra1ning Outl1ne 110 4 

1. EnerB1 111 the ability to de vork. 

2 . Wa't'8 lenethe. 

3 The shortne8s ot V1!l't'8 leIleth. 

193 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE 

4. X-le.ya. 

5. High energy rad1AtiC1l 18 any ienizing rad1Atien vhich ccn1a1n.e 
enough enel"lU to caua8 bodilJ' bani. 

6. Alpha, beta, .-, and neutJoClle. 

1. au.a - greatest. Alpha - least. 

Training Outline Bo 5 

1. a. Nucleua aplita into two parte. 

b. Three neutrcne &re l1bemted. 

c. IArse amount at energy 18 released. 

2. The.cari t7 at mv _ ter1Al. 

3. Plutcnium JllUltt be ~e to ccneerv'e a ftilAble Ul'IUliua ore. 

4. No, becauae or the cr1t1calll888 tactor. 

5. A crit1cal .... 18 the amlleat aaount or tisslenable material 
which vlll IlU8tain a chain react1cn. 

6. Increaaee ita e%ploei Te power. 

7 . a. Saple neutrcn capture. 

b. lIeutrCll capture vi th partlcle am1eaicn. 

Tmining Outline Bo 6 

1. Jitlch greater int«l81t;y and traTelAi tuter. 

2. Alpla . beta, electro-lIILBJletic and neutral nLd.1aticn. 

3 . About ene I11le. 

4. 11.. Neutrcn-1nduced 18otopee. 

b. Faslen producta. 

c. Unt'1881cned bCllb 1I&ter1al. 

5 . Surtace h_ tine or aurrOUDdq areas. 

194 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIED 

p"" Fall-I...!t _0 the .hananena wherein rad.1cact1ve I:B.terlal, carried 
away fr::l: the aren by winds , eV8l1t'1Il.l1y falls t_ earth ::11es fr an ex­
rl.:e : en. 

Tr6:!.n:.ng Ot:tline No 7 

1. First oecc:nd and third degree flAsh bums. 

2. Destr -ys cells in the boly. 

3. a. C\l~s1de Ue bcdy - nO'le. 

b. Ins~de the 1;cdy - :,rcduces cancerous grovt1:.e. 

L Sir .. lar tc- EJUIlI'Il - lesser degree. 

5 . 0.1 RJr».y. 

t. • External hazards are those which can cause barm while outside tl:e 
b?dy. Inteme.l hazards e.re these which can ce.use hal'!ll cnl.y wh8l1 L'l81de 
tJ:e 1;:<i~ • 

Training Outline No 8 

No questicne. 

Tra:.n1ng Ou t .:.ne No 9 

1. 379 
2. 3809 
3. 2 594,488 
4. 35.142,056 
5. 72 .56(50) 
6. 1!:l9 
1 . 41.5 
8 . 2 .26 
9 . 62 .33(7) 

lC. 1762 
1]. 508.78(f.6) 
12. 796,936 
13. 55.170,906 

14. 6 .53(fo) 
15. .079(146) 
16. .000 (,,_ -') 
17. 29.90(91) 
18. .000081 
19. 3298.307(727) 
20 . 2 
21. 17 
22. 57.58 
23. 89.03 
24. .0019 
25. .32 
26. 8.21 

195 
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Decay Ca1culat1al8 U81n§ CbBrt 10-3 FOl'lll 

08100 108100 

1 

Step 1 
100 R/TAy 

400 R/TAy 

Ste. 2 
1 Iay 1 Ia~ 

Step 3 
35.3 R/TAy 

100 R Y 

Step 4 
2 Iaya 2 IaY8 

Ste. 5 10J /35.3 :: 2.84 400/100 :: 4 

Step 6 0 .453 
0.602 

SteF .., 2/1 :: 2 2/1 2 

ste 8 0.301 
0.301 

Ste~ 9 .453/.301 :: 1.51 .602/301 :: 2.0 

SteI 10 (ASSume) 0.1 R/TAy (A88ume) 0.1 RjrAy 

Ste. 11 35.3/0 •1 :: 353 100/0.1 :: 1000 

step 12 
2.547 3.000 

Step 13 
0.301 

0.301 

step 14 0.301 x 1.51 :: .455 0.301 x 2.0 :: 0 .602 

St.er 15 2.54-' + .455 :: 3.OC2 3.000+ .602 :: 3.602 

step 16 3.002/1.51 = 1.91 3.602/2 :: 1.801 

Ste-; 17 
81.2 IaY8 = 63.3 IaY8 

TrainIng Ou Une 110 11 

Nc queetIen8. 

TraIDI~~ Outl1ne 110 12 

No queet1CJl8. 

Training Outline 110 1~ 

1 . (',amI!a oo1y red 1a t1 en and eJ!UII!B plus beta red ia ti en . 

2. About 20 mr/hr (.48 R/Day). 

3. Meaeu.rsnent of ienizatien rrcduced in ~ee8 by bigh enerS)' ra.dia­

tien "f888inE through the 6'Ule8 • 

4 . Ge.lIIIIIl en1y ra.d ia t1 en . 

5. Ion cbambere are more aCC\ll1lte becau8e they measure total 1eni­
fA tioo prcduced, whereas geiger ccuntere ccunt 1en1 zing events. 
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6 . u p to severel hundred P./Day. 

Traln1ne Outline No 14 

1. Beta and sau:ma rad,1&t1<:n. 

2. a. 0.2 - 0 to 0.2 mr/br. 

b. 2 - 0 to 2 mr /br . 

c. 20 - 0 to 20 mr/hr. 

3. BackgrOUDd count is the i<:nizatlcn produced by Coam1c rad1&­
tim vhich 18 heard as Ii cl1ck1ne noi.e 1n the headphmes or Ii geiger 
counter. 

4. Probe is held up to Ii streng light vi th the beta abield open. 
Any sudden increaae in background count indicates light eelD8it1Tlty. 

5. By use ~ beta shield. 

6 . Ii. Decide intens1ty vhich 1s desired. 

b. Using a source, place meter lit Ii po1nt vhere the desired 
inten.ei ty 18 obtained. 

c. Listen to signal in headph<:nes and beccae accuatcmed to 
the n oise level and ,ulse repetition rete. 

d. Meve probe back and forth frcm sample. Notice T1ar1&ti<:na 
in audio signal. 

e. Close your eyes and haTe SCDe<:ne mOTe sample a short distance. 

f. Try to detenDine the proper point where the desired in­
tensity exists. When th1s i8 !lose1ble V1tbin l~ enor, it 1. poeelble 
to run an audio .urTeY. 

Traln1ne: Outline No 15 (Exam I) 

1. Atans ~ the same elament but of different weights. 

2. Ii. Electrma 

b. Neutrons 

c. Protona 

197 
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3. lfumber or pJ'Qtcma in nucleua. 

4. It 18 the aource at &tClllic enersY (re1 .. e or b1Dd1ng energy) . 

5. ~ 1m1&in8 ~1at1C1l wh1ch centa1JW enaugh energy to caWie 
bocl1ly !arm. 

6. 'J'~1 baTe d1fiereot W,Te 1engt.ba. 

'I . &. A1pba 

b. Beta 

c. Electro~et1c ~1at1C1l 

d . lIeutrcna 

8. Had1o&ct1T1ty or rad1oact1Te decay. 

9. ICIl1&at1en 1a a proceu wherein orb 1 tal e1ectrcna are eJected 
by inc1dent rad1atiCil. 

10. ~ w1thin the nuc1eua or an & tCIII. 

li. a. L1berat1C1l or energy. 

b. Eject1 CIl or three neutrcna. 

c. lIuc1eua aplite 1llto two t~te. 

12. &. S1JIqJle neutrCll capture. 

b. lIeutral capture w1th .-rt1cla -.i .. 1en. 

13. The IIIIIlll_t au or n .. 1arab1e !later1a1 wh1ch can euetain a 
cbain react1C1l. 

b. Fiea1C1l proclucte. 

c. Neutral-induced 1aotopetl. 

15. Fall-out 1a the proeNa wherein air-borne cClltam1natim tau. to 
earth milee trca an e%p!a.1C1l. 

16 . a. BlAat 

198 
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. ~~'.. ., 

c. High-energy re.dIa tIm. 

r . O.lR/TXJ.y 

11. C81culatin8 probable re.te of decay of radlcactlve cootam1natlcn. 

19. To obtain reproducab1e readings with any radIatI00 detectlm in­
strument. 

20 . 

: 

I : CM/# = (.024) f25 .00) 
(10 2 

.14 R/TXJ.y 

21. Beta and 0!ulmB re.d1A tIm. 

22. 20 mr/hr. 

23. Measure the amount of Imlr.atlm produced in a ~ by incIdent 
radlaticn . 

24. Cacm re.d1A tl m mly. 

25. Decay Ca1cula tlC1'l 

C 
lI':.rm 

Stet) No. 
Calcula t1 ens 

1 
2 
3 
4 
.) 

6 
7 
8 
9 

10 
lJ 
l? 
13 
14 
15 
16 
r 

200/9 

12/1 

1.346/1.079 
(As8UJ118) 
9/0.3 

1.079 % 1.25 
1.477+ 1.350 

2.~/1.25 

200 R/Day 
1 Day 
9 R/Day 

12 Da18 
= 22.2 

1.346 
12 
1.079 

: 1.25 
0.3 R/Day 

: 30 
1.477 
1.079 

: 1.350 
: 2.827 
: 2.26 

182 Da18 
(about six mCl'lths after exploeloo) 
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Tn!.in1ng Outline 1116 

No queatiCll8. 

Tn!.lItlng OutlIne 117 

1. Gaa!a l'8diaticn. 

2. a. xl - 0 to 2.5 Hr/hr . 
b. xlO - 0 to 25 Mr/hr. 

c. xlOO - 0 to 250 Hr/hr. 
d. xlOCO - 0 to 2500 Mr /hr . 

3. xl ranee 

4. Not posaible. 

5 . Zero adJueUDent. 

If atop pine are aheared, the 1netrumant Vill not operate. 
Tmininp Outline ,¥18 

No QU8atlcns. 

Trn1.'ling Outline #19 

1. 1e.d1aticn intensUy.;oncerna the mte With whIch radlatlcn Is 
be1n6 8I:I..1tted , While m<i1aticn doange ccncema ilBlltlties. 

2. Pocket doa1JDeters and fUm badges. 

3. A IIlIIlll 1cnlmtlat chaaber. 

4. An exte.r!l3.1 cbarg1ne source. 

5 • less than 2 Mr /hr • 

7. To knOll at an,y t1JDe wbat doanse We baYe recelTed. 

6. As Q pernnnent leanl recOM or beta and SWII:a doange recotTed. 

13. To dIstinguIsh between beta aud EPU!III!l md1aticn. 

Tm1n1ng Outline @ 

1. Matltoring Is a ccnt1nued check at the surrOUDdinBII at an tn­
d1Tldual or unIt in OMer to detect the Pl"e8ence at l'8dicactlT1ty. 
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2. Line. VhJ.ch camect polnta or equal l'B.d.1aUcn intensity 

3. a. The ~-5 mr/br i.odoee line de1'inee an area outaide at 
vhich mao can work Without reatricticna. 

b. The 12-15 mr/br I.aloee line de1'1nea an area. outaide or 
which men my work up to 8 houra per day. 

~. Start using ICil-chamber 1natrumeota. 

5. IDd.icatea tJat decay Will be fairly rapid and tJat unti88iClled 
bcab 118 terial 18 pl"88ent .... a lIamrd. 

6. By use at the equatiCil 

ltD = x. 

7. hasiTe DICIl1torlnB and ~ey mcn1tor1ne. 

8. a •• t1DB 

b • SIIolc1ng 

c • Dr1nk1.ne 

9. 0.2 mr /br (beta plua BIUIIIB). 

n-ain1ne Outl1lle 11> 21 

No quest1cna. 

'rra1n1ng OUtline ., 22 

1. Bootees are C6Dft8 toot COT8r!.nes which ahould be used to 
preT8Ilt CClltam1natiCil at ahoe8. 

2. 3 mr/hr (beta plus same) 

3 • &lir J tace, hIt.ads J f1nBel'mUa 

~. l'eep CClltam.1Datad pe1'8C1lDel aDd equip!lleDt out at clean areas. 

5. OYer 0.2 -/hr (beta plus aa-). 

6. Scap, -tar aDd acrub-bl'U8h. 

7. M1%ture at ~ (1 lIU"t) aud broece (9 parte) sprayed CIl Vi th an )QA2 deccntaa1natlnB appamtua. 

201 
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8. <hl1 b,. hoeing down. 

'lralD1s ODtl1De ., 23 

110 queatlcme. 

110 queeUauI. 

TralD1ng Outl1De ., ~ 

The tollowing IIBteMal ccnta1na cnl.1 the bt,. po1Dt 1DTOlTed 1D -oh queet1m: 

1. Caalalt1ee tl"all a duat.ed area vcul.d tab lcmeer to appear .1Dce 
lower l'acUatlm tntal.e1tlee Vcul.d exist and there VOIlld be no Other .00000e at casualt1es. 

2. a. Battle at the Bulee. 

b. Pearl Ihrbor. 

c. COl"1"8B1dor. 

d • SeTenJ. Otbere. 

3. Al.ci1cact1Te ~ts can be DBde much more ch.pq ... 117 and lUp1dq tJan atca1c bCDlNl. 

4. a. Seour1 t,. aspects lU'e 1I'ol'8aOImt. 

b. Short halt-l1t'e 1.otopee cannot be _tared tor lcng perloda. 
Protec len at pere<mne! band11"S thi_ mter1al 1_ a probl_. 

5 . &. Target surrounded b,. lA:ld ccntatntns 8trateS1c indWltrl e8 , 
s trateg1c euppl188 or Ter'7 hiBb popul.atl m dea.a1tlee. 

b. Areaa adJaC4mt to water cCllta1D1ng poPUlaUCil targets or nava l CC1}C«ltratlcme. 

c. Iand areas ccnta1Ding populat1cn targets. 

6 . Sound &88UaIptlcme can be lade as to probable t1})e aDd e%tent at & tClll.1c attack. 
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7. a. lin York C1t1 

b. VUh1DgtoD. D.C. 

c. CleTelADd 

4. Pbila6l1ph1a 

•• ID. Azleel .. 

f. (Other ftr1ationa are Ukel;,) 

8. l'robu-t1cal. 

10 queet1oD •• 

~'D'''!6 OIltl.1De 10 28 

1. Ra41at1oD InJm'1 - 15 - 2<.; 
BurD8 - 20 - ,~ 
SecoDdar1 IDJ1Il"1" - 50 - 6~ 

2. It ¥ill be oollPlete11 .etro1e4. 

3 • trp to tlr.. 1111 lee • 

~ • Up to t1IO .11e •• 

5. Up to 1.5 11111 ... 

~a1 n' "f OUtline 10 29 

10 qlleet1ona. 

'min1M OIltl1ne 10 ,0 

10 que.t1oD8. 

~a1D1M Outline 10 31 

1. Shut. 

2. a. 0 - 0.2 mr/lr. 

b. 0 - 2.0 mr/lr. 

c. 0 - 20 ~/br. 

203 
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3. a. xl - 0 to 2.5 mr/br 
b. xlO - 0 to 25 mr/br 
c. xlOO - (\ to 250 mr/br 
d. xlOOO - 0 to 2500 mr/hr 

4. It cannot. 

5. a. Batte17 check. 

b. SansltlT1t1 check. 

c. Zero check. 

6. To readIly ascertain what I9d1at1C1l doeage the,. haTe recelT8d. 

7. a. Permanent legal record. 

b. Dlst1.ngUlsh between beta and SflIIII1 I9dlatlC1l. 

8. Areas outeide this Une are not restricted. 

9. Soap, vater and scrub-brushes. 

10. 0.2 mr/br (beta plU8 ~). 

12. Yea. 

13. a. ReapCllBIbI11 t,. h. CCIIIIIUIlicatlC1l8 

b. OI'ffUlizatlCll 1. SUpply 

c. Tra1n1n8 J. Fall-out araae 

d. Want1.ng S)'8tem k. C1TIl1An M"OeCtli 

e. Personnel DeCClltalll1natiCll 1. Materiel DecClluu.s.na tl CIl 

f. Shslters II . Medical 

g. MCIl t tor1.ng n. Special IDatructlC1l8 

14. B. Personnel. 

b. CrItical items of ellulpaent. 

c. Very smll areas. 

15. 3.0 mr/hr (beta plU8 gamIIIIo) 

16. Il. FlA8h burns. 

b. EDdlatlon inJurr. 

c. SecClldar.T inJurIes. 
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17. &. lOOO,arde. 

b. Three mil ... 

c. S1% ail ... 

18. Seccmda.r1 caus.. INch lUI .hort., • tOT" , process t'1rea, ruel 
stCl"Bp ~. 

19. &. htal. 

b. SeriOWl inJU17. 

c. Little effect. 

20. An8Ver depeod.e co .tu4eot's react1co. 
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Pu.r'1,.e o! ~l •• ••• • •••••••••••• 

:runet \.oc. • •••••••• • ••• • ••••• 

crt' .... r.\ 

tJn1fc..TS' • •• 

.. , .. , ........ ' .... . 
lDG~.,.n\.l.l z.;q:-erl.... • . • . . • • . . . • . . . ..••• 

r 1:.epor\&\.l •. •. 

Trah1 a.c • ••••• 

B .. pOU1U1H7 ..,4 """,,10"" • ••..••••.••• • ' 11 

s;.c:I()J • _ ~1C/.l. ~S!S ,linD n3: PllAvn:v OJ' :a: p;>C';OO'f 
!UP ?3'L . C":'1 V1ft 

Ca,·' ..... . . , .. ' .' ., .' . ... . 
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&rod p.lde b7 Air Force polle ... a:a.4 Ot~r 1at.rt'et~ .s r.u" .... :": .. l !.a 

c.~ iA'I" • • t1.pt.i.ca. preT •• Ue ... 4 IIUJIpre .. loa of crt&. u.~ a!.11t.&r7 

otr.w •• a. 

It. It 1, aJltlclp&1.ad. t.r.' ttl' 1c.fOrwatlOD "-l'¢ 'u-v'''''.\' :I.. 
e.:i .. j ~e4 ~r.l •• 111 cla.r1!T tOI rlepo •• lbll1t7 ~t .... 1r , r • fJ.:l .. " . ­

•• n in 'r.e fi.ld of cral-.1 1.Y"U.~'1o.. C cah.e..a • nA. CI~" 

t lk". of tr .. t..p.orta:D.t r~l. of t::.e ... 17 o rc-~h.d. Ot!"lc. of SJ:Ilc1&l 

I.'I""'U~UO.' uur ?be t.eplc t.or o. .. rw.l 1& tto.. t DYU' 1.,.tl'A ot 

aiJor e riat,. f.tAre hal b ... ao an .. , to 1.:lfrt I O~ t» ?T.Nt. _ 

tty •• a.n.d. req,\&lr-.u '.t faa.1 bl. 'Itablleali !o-r toe CSl la t_1 

t\IltU~.' of \ulr ai,doa 1& cr1.a1.u.l h .... tiptl..,.. C1:. t:.e ,;."'Zl.­

t~t7. I, 11 'u lahQ\ ot tM, ~ual to ;':-0.1.1. i';"'orf' ur~ . Jo r AU 

reI Po11e __ 1.a wDic.b. tbaT .111 bette .. b ... cabh:1 to •• ~., l::.! 

c~p .... t. _hh ,~ Oil &Ad. ., tM .... t 1lM ••• wu t .ell' CYm r ..... 

• lb.llhhl 1.a tt..e la ••• U.-Uoa of er ta •• 

c . 1\ h t\.J.rt.har .bopad ,.:.t. tDh _~l vU::' .... ltt hi; 

te •• \a.D4ardhaU4. of lQT •• t leat 1 .... procf"-:iUl'~. t;::.,.' -0--' w ~ :.o1a 't:e 

~t_ or U •• Pro".' Mar&b&l a.ctU!t7_ 

4. It 1, ao' t.be pw"JIO" or t.tl!. -....r;;Uo"ll ~c.!..l.. • &Qt 

,p1)rt,." ."'.f7 del&U aec •• .,.,. 1& tile lIn'.ulp.t10D 01 era.. :)e­

, .. 11_4 eriatMl. laY •• , 1 .. , 1" 'ec.D.al~. _111 b. !'ouJ:! 18 ote.'" 

a!..ll\&rJ -....1 ... 4 pabl1.catloDa. Partlcu.l.ar r.hr ....: . h ........ t-o 

,. 19-:0 •• Cr1aJ.Qa1 l ....... 'tpu .. •• 
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!;,fhQP:l Hltx. 

It. ~o.r41 ... of tr ....... U.b1l1r.T of \no. senle •• 01 tb.. 

OSI. CO"A~r •• 111 CODU-" to -.q lA.;,u1r7 lat.. a1 _tUTa 

<..-"d.. (5 .. rar. 5c • .o.n. ro-.) 

b. l'be Pro90e\. Mant ... 1, will at 111 •• 

tlltt7 tet U~. lD •• "'1t;at1ca . rrnu,t!oa a.n4 nppre .. loa ot all 

.Ina,. cr1:lea tU\d. olfell •••• 

c. .1,. rore. 'QUe ... (NOS 677) .-111 R;:>phaeDt. tbelr 

t!uU •• by _kln,g 1.a""'''l«aUo •• o( thOM ea ••• ~t ('OD' vUbt. the 

;.~if"W of the PrOTOa" Mauaal acth1t7_ 

3. ~. '!U tuac:tlCJas of tb. PrOTOn Mar.bal 1, t~ 

!tn',.U ,Uon or crUiel and. cUlt.aJ7 offau •• an co .... ned. b7 th.e 

ailJ o(te..a •••• 

• a\. D.ee .. &&1'7 utioa prior t.o tn.lllt. ,r of weh ca ••• \0 the OS!. 

1"U tnullr.r ot wc.b ea. ... to tbe OSI tnat 4eal .,itb 

_Jor cr1aH . taO • • Uat requi re Uftl UptilOa b locatio •• DO\ C"­

tl4UD"U \0 to. local Air ror(', ... .. 4 ..:ll o'u .. co-v11eat.4 &ad. 

c~l .. ca ••• \.bat w&rraat tbe au.atAo. .f ~7 tn.-la.d. b ... nl-
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4. 1' .. CO,," >"0. or .... c •• a&r7 actl •• u.o. t.o r.'U", ,f 
l~t~ Ca •• :':"0. '_e OSI. 

•• :-". 'rta ll.-.U Of oral Or -'I" .. ., r '''''. -Itl> 
tr .. OSlo • .. co ... ", O<!al"ocr.u.. .taU •• 

f. ~o ""'''·''''c. of 0 reater of 104101"""1 •• """,.d I. 

Io.o·"ea, ... AC"o'''' . -ltb -_ co M1aa .. oa ""d c ....... 'I'. Br. 

: .. pr.". ....... ODd .. u ......... of • loC&l .... -.<>-do •• 
"""dlo;; Oper. loe rro<e<lUro for '''' 1.> .... 1« ... '. or or .... ocd 

al!1t&..""7 Q!'fe.e.aee. 

b . :-"" c!arlflca"o. a<:d l"Upretatt •• of '~I.ttoe :>01 de. , 

~! "'ct! ... ODd PUHleatto • • Porta1." to 'r.. crlalaaJ. 1 .... .. ".,1.. 

n.I.UltI •• >,,"U t". Pro .... IIaroi.Al 0«hl.
7

• 

l. rOo pro, .. ~.r.hlo= a<:d Control of 0 1 1a •••• lca,' •• 

Or , ~! 

It. ~ ~ pr""lo. r.r o~"""'. t ... I.Joe 1r. <rlalaaJ In •• U_ 

'Io~ '= .... '''.h .. of lat.rla Pro .... Karo,>ol ' .... Io"-c. 

-'-JOb •• TI'''''.,.d ·"uclwoc ... ~ ... IlUJ&ar7 I'ollc. School. 

I . n.. pro ra ..... of r_r • • for 'oe c-'1 .. of all la • 

... """,, •• ca . .. ..... r. c .. lo .... Or "'Co ... ., '0 '''' 0.1. 

•• ftIo prepa .... Uoa of roPOr" for t • • c_eer 'ha. - Ill 

U;tlcu. 'raou ond P· ... rn. of coaduel . dl.c l
p

l1r. ... d "'Clo1 •••• 
~f erta •• 

Iat".'IO. Of proco"" .. IUW • ","d. for 'ho pr.YQ­
Ho:: Md "'';Tr ••• toa of Cl'lae. 
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- - :,> II! - A U~: M ;el 

•• !...rJ: :: 

..1., ~ .. ..:: :H. 

() ':rtal 

-: t • .::rC ~!z~4 or ch· t . ·~d. n: t .. 

r :a.;.llt3t.OA 01 t •• !" TU\ .... l toe. L:.fll C ..... l) . 

( ) .AIr TOr e rO:hell ... .tl - 111 tr au .. c 

tt • • w •• o "i,Fo Yt- to. 

trMlaiZ'lr( 111 !nan act1vltte • • 

('I) 5:et r. AD Air F3r- ... r l1ct"M.D h u '>f r.t' !" 

_1 1~1f.7 J1Jr U:.Y.&tl tl ... ::.s.y c..to . . 'd 

Yr - Co IOC.- I eel h.~ lr u .. r.., h .. 1111;"11 1. 

lec·.:;. .... :..te. 1:.& ... ul! !lA" @ ret! a:: J.. to !',\'PU 1 .. 

,;alh. etaa. -1\. 21 0 ... f' r "J:";rtl "('fOri a tr !Ja'd 

( .. , &.r. Air l"oru ,. 11e 
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(6) A IlI\t-ural 1"",1t:,G lO ud r ••• OtI~:)/' - aT for 1r.­

••• tl .. th'. acthH1 ••• 

(~) ',-T_d\lA" fro_ b4h Icb<.ol. 

(8) .... ~ leore of 110 or .,ra. 

(9) .. ctaract~r r.\.bC of 'bceU .. ,- u4 1t 1Qlev1a to 

po ••••• t~."t. "", .4_,. 
(10) Eat c.ot ~"dl eODrletacl. of • !f'lOQ ., ~ln .. r • 

allU&r7 OT " c:1v1l1.e.a e'lW'"t . 

(11) Po ....... La ..,S '0. 6.,.,. 

(12) .... "Tf'ed at 1._\ aut" 4.,)'1 •• aD ... ht :It. to 

-.J:l A.1r TOre. polle ..... anl6Jled to t.a ••• t1.pt1 •• 

1.\1\.1.,. 

( 3) Air hrc I poUc .... aqpce' La la.,..t1&'athl aeth l-

U •• .ut ... \aC\tu1 aM. CCNJ'teft.li ~t Wlura
U44 

tM dUthl an~ N!,poDe1b1l1u •• 10.,.,1 •• 4 10 t tl P,..­

WIt. .... ral:lal IcU"fUr; -.ut po ...... vork1..llt7 bowl­

_4&' of 1\11 rleula lOAI u.d 4irecLh". ~.rtUa ... J).t to 

c r1.a1ul 1a'l'let!.Datlouj -.lIt .... bl"wl~"". of 

•• u.t1,u t .... 4W p:n:a: ... t ;:.0 ....... parlor• l dlp1-

t7 lUllS • s~r1ou. ant eoTo.-clent.l~; .a\. 40\ b. 

flatrollhlac. a.-~lItc, ...... tf'll or ,otl aticAl. v.d 

IfI1U. po .......... rl •• tlac t...mat,.,. an4 a vt101. 0.. 

JlToportloa .r e~ ••• M. 

~. 

a . 10 .r~et .. l tbat.lf1eahGa car4 •• ba4C •• or credent1#l. 

,, 111 bt rnn \d.e4 J.lr roTe. Pollc ... -ape'" 1a la ..... "1 .. '1 •• act1,,1-

t I..... 'n:o. l.r •• art wUl ~LIl Uw .,.bol of eutr.ortt,7 and t • 
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offld.a1 ....... of ldell1121t: t1 ::. of .U Al r Fone P 11 ", 

6.~. 

a. Air Pore. Poll ,.. ... ~~ .... 1. lav •• t!ft'!"'. ft-l". 

will WMI' te;, td.e.U.C'al _Uo,. pr('.eTl~ fOr Ai? rorc • .Pelle ..... 

ChUlu clot4e1 wUl ~t b. worn at 

lnYfl.UtatlOA o{ 6lQl' c.... ~'OC.al.4 ._~~. w111 ... h. C' Trif'c1. 

:t. ..... 5 e lib.r phtal Or '.'YOl.,.r 1, au'. orirf'4 !'4r OJ. Y \iT ItT('1 

& . '0 'frcb.1 ro .. ect. '-'-JuSe 

:. ..... " ta.P5t. l6a.lol1 b. =-4. at • dht.~. (rOIl \L., be ... ., C'e .. 1 t1~" 

at.. H!o-~.l \ .el • .fere a...l e.s:peft ••• and D. r~bt 1 ta. . .. u .. -l,.1 

case .)r t.at ;;na.." of tt.. b •• ,t t lOD rc 1T 

hrr l or \.a.n:t.111 0"'.,,1' Lo " f' ost. 

8 . M"AJ" ort.atlo,. 

a . Orc!1ft4T7 ,ransroortatlclI ! cllhl .. &,",1 1.·:.· e 

P[O.,OI" Mar. .ethit7 wnl b. e4. The ..... of C'lnlJ T" 1 lei 

th1ti(!. 

11 ut'IGrlu4 uri. 1-1. ·a;qu1pal'llt for .&.lr rore" • ...ad 0:/0 .. .I 

1.. 14, -.1r Pollee u.drou • • and 'fto .... 1 lA. 
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~. 

all .... 11' "ore • .folic .... 1a. ~1al blaria 'rab111C cla • ••• pronded 

for A.ir I'oUCI Sc;:uadro.. . "loac-J"a.1lC1 pTO~J"U of CeehD.1cal erbJDAl 

1e ... e.t1Dtt1T~ SUbJects .boule.! c Uyh.d. 

CUldl in the t'rf'PU'&t1on of. COW-I . of ltud,J 

"rtl !""l •• of III..,. 
:'chorr"Ot,.atlu .. 
Inti"!.' 
.. rreate 
..:i .. r~.:..e. &.II.d. S~ hure. 
SGur : •• of WOr=Atltla 
O ..... ~t1o. &Ild DuerlptloD 
..l.llt.d. 1.al'ettlt;ath • .\I:eact • • 
:rot .. and Ske,cnel 

bYt> lIt1 t.a tl •• Ptotof.nph,7 

~. Proble •• !nat arh, fro 

R.port Vr1UOC 
SLat_a.t, "rot! CO~"£' ion. 
r .... Pren'Q.Uoa 

.F.1~"'rt"rlDt.111C 
C..t1QC &lid M.J1d11tC 
I1r ..... Idt:aUfle&-t1oD 
Pr ••• ~ .. tlo. _4 

3&.DcU1ac of .lYtd.eflCI 
Expert " •• :.t..oD,7 
Cr~ Scene Seart"b •• 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE~ 

•• S .. tOe t'Uaet:.oc., .. ~.d ro-r D.lttlll 1 .. o! l .• CSI 

ar~ outUfI,.oI lD r~ pb ~ , J .Leu.,. :'~4. &F 1Att.~r 1 _3 ."4 

1.7 lAu r 1 ........... (ollow,: 

(1) SoIl", Ih~." )f .. C'a.r. \.~t. .. ~ C".~t ...:.!" 

·1u~t.4 f'p.:l 1 In •• ,t tho "Miee U .U 

All' Tore .. et.h·Ul ••• 

(.) T' ..... U.o11 1'1 0' , raiDed, la •• t Lt:a'. h. 

IFeC:lal1 ata 11.04 , _ ... :.alel ... to ;ITflrll!l 11 tr:. ' 

of b ••• Upt.h-•• tor ,)-..J.ra " t .a ~ ,Urad. 

:tT u'T'..1,.te4 oy \~ 

(~) Suttahd •• of l11Urla or "rocr",' rt:; ort. 

"'v,..ta\ b..h .. 

( .. ) , rw rd (~ht .. 4 f~ "'t. : tn ...... tl. :itUIl '0 

u .. J.lud ap .... t.h. to CO .t~~ . 

(6) !'ae •• tauhtaaeQt .,f f.roc.cu:C!1 !:tr tAr 1 •••• t l ­

I' tlo& f all _~'or ot!n. ..... U-1l41hC (r"ad an4 

cor.. lr"Q. a JQT cr • o ( .r ••• • tta-. -. ru t 

~:)r t"1', . larrf'f':1r' \01' l.lt.c. .e re tt .. ,.1 . .0. f FP r­

~lJ.T7. roblrr7 ' -....:.,1 at" al'1J WCQ ot .. er MJ r 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS CLASSIFIE. 

"',-lui Ca"I • 

•• n'!c. •• ar al.or crta. •• ~d u.ere'b,. "r~" ' .... Upllo. 7 \M 

O!f'1ce ~~ tt.e P"O'Y'O It. Mau.~. TJp1c.l ca ... b ... \ .. iT ';'I).rea 

~. \.",DI an n.tlcate4 7 lne follow1,a«1 

(l) AWOl. All d do.nUDa. 

~: Wr. Il .. I.W01. or 4 ••• ",10. ca" 1, ta.ol .. 4 1.&. _Jor crlM . 
>r w.'D t:ur .c" •• \Lt'Ia"loa Dac ... t,." •• owen ,,, •• 1 &A4 .4 1-
t ttl .. t _ r .. o •••. t"1e'7 "U1 t.. tnn.rarrM La par\ or 1_ \0'0 \0 "be 

... 1. p c" ""' ...... a. ca" 1_ •• ,1(1"-05 \0 ""pr .. ~s10. \ ..... 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIEL 

(to) • ht10Cl of loc rul ... ""4 r -.uUlocl. 

( 11) llruAJc. ...... 

(14; Ni1l~T c •••• ot ""'01: or &I4)"(oea. 

~: • • In °1:r f1.c1ltn •• of .t"'~ PTOY'..JU Man~_.l .,.. l~~. ;,at . r~r 
t.. "\.: pr ID."'St1( .. ".I. Q. aa r..Q.ll1 .;,( rJ of t.e .~ .... ott. p •••• 

I. .. r Pr _YC, t "rtn .. l wlll wllcU. t .... cuu.~ratloll flnd "'''U.'\.!.Ce of tn. 
1"..;) 1. It 1:I"" . .It a.c:. ~I..rt 1n .0 *' 1!1lta!lc., to tra..;,.tlr IDl1.r. c ..... 
t t", Cst . 

. 1 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THI PAGE IS CLASSIFH. 

.. - .. ,! . 
-:.",,..; 1 !lor:;~ 
• .ol. 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE~ 

~~: la t ... e.;. •• or • art-r. it h •• -.""1"7 ' hat GO en. ~O".1ch Qr 

~, ~ ! ~r~!t:!~t ::Q:.O~1!~:"[;;'~;h· :c!r~i;: ;: !··c:t;.;~!!iC!l 
!., .::.a :.. &.!1A ••• ., t. pletu.,... art! ~. 

ID c •• of "''''Fle'.d lUte: 1."1, LI ,.rlo_, 1 d ... d, .... u.:.4 :10:' 
.. - ~ 1" h,- ,. t.Ll:Iw' a.. '!be .~r l"OGll t 1et ~.tca1 ; ro, .. rtl •• 

t ~t Cli : •• t \l.C.t.t 1 • CI'1&4 "',('.11 ... h~ .M.e :"ld pr#f-r 
~ (I.or. . " e eo.:. tAba. 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE~ 

~ F: •• ...: .. a..!") l:n·'.t.1/: .. t1. ... ta t~ A!r C'~r e i 11:,,:.. a. ~-~ 

:.1. .... 1.A &:- .. :- t.l n _ .. ~r t.C!I' . r .• r. t.C! CSI a:-(' :". l. 1 __ .. t.1"!: !, 

e:!:.cl' o~ . r Q I. 

lea..'" 1 t,l)" U til 1. ... tra..ut~r": . -: S if I.e· cst. ~ .• 

;'r t' t , •• ,.;.:J -1.. t.Oc:l:) t • C:;;f-;.;..a~ i~ of~l~~r of t. ~ . r-tlCoa 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE~ 

• ".11'& t:At ff'"lh. ct.,c ... tI".e Pr .. ,... .... t M.: :" .. ~ "'.1 be 

...... 1 t"d b:" All' Tor!". f 11"M: D "no au 1!."1,;r..l!tPI! i' tt.f' Pn..: t 

~. r _.1 . 

a ':1 II 

(1) :=_4.1.,el,. ""PCTt LI.' TltturJl of U: •• Col. ... ~o 

Jld1~ orne.,.. 

(--) _I.. " 'TTIUIU-d . 1-lIeuls furL r p",' 1 1e "et!.ca 

... ~th Lt.. C'OfII&an,Uac ortte,,:- .rod t", b,;al o!!l-pr . 

(~) Proc ... can to the .ubJect'. 1..J:""lAtr (oliD" ad11l4: 

o! ;"lcer (or pro •• t."Vt.1 _. 

(4) _fl... "8JlfOe ta. " "At. war ra.ate4. 

(5) I.lUre Lt.' •• e ..... ,.,. c~r« •• ~.te ar. ~rrJ:..r.4 

by .u.bJeet t • l~<it..t. C03lUlIUU,,; officlr . 

(ill I. \leI" lor.. c .... cU.oc; ornel" reQOn8 1 1, ror 

en&). or COIIplltM Betta. t.t'lu~lac n.w.tl or tr1.J.. 

Clo .. out l:.. ca. &114 tU, , ... de,. cOllJlh tlld CSI 

(?) 'otlty OSI of C"o~l.ted au,loa la order t~L u •• 

.., b. c10..& la L .... 11' fll, •• 

r. Pr~ adequate reporte •• all ca •••• 

1 to. k 9rHH It ~I4ee" H •• £l,go 

a. Upoa , ... 41ecoftr7 .t • ulM lither tr.ru h ob •• ~­

Lloa or b7 reporl. the ~41a'. nperlor 1.. ('-"'4.~ llabl. t t • 

'lae . 111 .... 1Ifle4 wlUooIl' cl.la7. 

Ie 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNC~SSIFIEL 

rO .. to O. :J(' .... 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIt~ 

,1 7.:.. r:)vl leu ~! Yt.:' toT. 11 '" -d ~(!) . 

c! Il'1C-k1.1oa of r j.I':' r't • • 

(7) :&u 11. b , ••• rd ... 4 .... :) 1~m.r. tM!. To!?0ra f'/ ! 

p .. YO e" Ma:-a.;;.Al. ",.11 :" f' wl f'w In" . , t l !"_: 1 •• r" .. rt l to 

tt •• eX\f'.Dl ftpr'"""",' t.o !Jo"-Jre t:.a t ~ ' .!!"a"'l •• ta.::.4&:-4. of 1. -



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE~ 

~: A ",od •• , r "" o' \0 a ~ .. r.-U"'" ,0 ,00

4 

«,or" 
AJQ'"U& "or'. r .... "bor'" '" ~or \" " r1\''': 4 A «,or' ,. " 

" r6-1"<\"'"" or on lA • •• ""a" •• :o~"'ct.4. 
(i) on.:' 1

004 
'.' . r .......... • or c~. ,I" 

w.a\.c ~ •• U01l..' 

",,1 .»", 
1\ .. 1 .. ~r.' .. hf' _' 

(3) r..a u' ••• ,.,. .0U' ... auld ... ".' <~lo.~r u'· 
. r ... c ••• U' ..... "«,,,,111 ,...... r,,'" .",,\\14 
1>0 .... ".<04 ... 4 \lcl00 , I .... ,0 ,1>0 po<'" lo! ,W 

n llo\ •• • 
{4J P ... ou

1 
""h'"'' .nauld ao' • • uclUo1.4 1 • ., .... 

(~J ~,.ul(' 1a! .... 'I .. 0011 co or ,tor_b 
",. .. ,oro. 

I.,er e"C'~" pros .""ou.lf _ H.,._,loa oa ~ 

lol Jrl>0r' ,,,,,,,,I a' "., aro a<,,.aUf ,,,,,,,4 •• oc o. '[0" 
. ,\\1d 1\1<- '0" co ,. or a. ,... ,hi.1I. ". f • 0\\14 b. 

or al.(..D\ M_ 
(.) 1»"'< adOl'< ,!>O .\a._aC of ... u.'.""'" •• 

yov.r o.ta. 1\ _,*111. 'c.e ."rO~· 

(2) :0.;;,1.\"."··· 

l!) ,re,lt1' 

() ,.,,.,. .... 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNctASSIFIE. 

19. lalat.b1v R,e~r4l . 

a . Pro't'Olt lI&.r,bal, ,,11 1 ... tat In \!letr wv .dmldlt.ra­

'hi recor!. .. 4 !U •• .,. &1l e.," to ... , local !'.q1l-ir .... ~t. and. 

to tba ez'''' •• r: •• &a.r7 to nrepar l .tat he. ie •• 1ld perlodlc. ~J't. 

required 'aT Dlt'ber b.e&4eu.rW'rl or by te .• if c~dtac o[1'1C"" . 

b. .&.a aU gat. fUS...: ,,1"_ .. Ul ~ ..... bll.bed b, ..... b 

ProYOI' ,.,..!l&.l to Inftl"e ,bat all p.rt.1D .•• t 1JIto,...Uo., . lb!.~. 

ud •• t4eDCI plrulalQC to a ,hi' ca .. IU'I properll ..... bl ... 

"0 pro.,l4e rea4J ,ec ... "I noc ... '.rl&1 IU4 \0 arior4 fu.ll a.a4 CO .... 

pl.,. cOl)trol OY.r all nch _'.rW. 
20. My"'_ , ... eel .( i'd'" !Nee 'he 21" 'tH" . or "&I 

a. ~ 5U~ .a.aa.a.~" \0 ,:tile COCIlUQUOD or tbe u.u_ 

, ... , •• prO'Y16e. t_' t.a • ert.at.l ca ... DO ,. ... .0 • .:.all be ca.pel1M 

,.. 'De •• 1\ ..... ,,€:,1.1' bs.a.elf. 

(1) fb,e p:1aelple ..."lo~4 1.a ,Me proc e • t , 11 •• 

\0 ulal. b1 (ow" .......... 'lal ..... h .ot. I t..1te4 

to t~ per •• O'a a1al IN.t. uh.;.4e \0 UJ:I i--e.r-

10. w~ ...,. b , ca.ll~4 .. I a wUlle It 

b. ~ u.e C)! e,;..~10D ;IT ~ ... rul lD.!l\Wtl':. b &A7 &a.QJ1er 

... , ... 1' 117 ~ p.,..oa t.o o'b,.la .., .u, ... I.. aal .. 1oa or ('"oa.! • .,i"" 
troa ..., a.ccue4 ~.rlo. or w1' .... , abal1 'be 4e_H to .,. ca:a 'c t :.. 

L.tIe pr.~iee or &M~ .rur .:4. aUl\a.1'J' ..u.clpU ••• 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS 

'btee,."t froe. all aecuaod to .d~h. ala that C. dO •• D.ot •• to 

Sfti-. Ul¥ • ... ' ....... 0\ at aU .... ~ lU ott •••• t villc..b be 1, 

a.::cv..ae4 or '·1.ac la ••• ,1c:a'" ... Uaat aaz .tat .. , .. 4,e b7 t.be 

. ce-.... 4 MI b,. a..H .... lU'1ee ac:aSa., as.. Ia .. U'i&l b7 C'ovt~ 
.-.rLlal • 

.. 1. lah"'qur tr- M'" "'m'-W I' ....... 

or tareah -.ed 1 '-acJ ... h IIOt ... a..ph .. 1. 189 •• Ucau •• proeodau- ••• 

!'hi ... , .. 0' .P.,..U.08 will M' lie '.len, ... 1. o'la1a1ac ... ~ 

..... r,... _oco. .r la laoo""'ia& ... la'-"'-ta& .1 ....... 

... -..peet •• 

,. 1II.a. la,"",-U •• ! _-..I -'Joe, .. • .. ArU_ 
el ... r ..... "" la41ri~ ... _.- wUl _ .la rlcl>'. __ 

&b. <A.b U&lc1 •• r ..... f\oII, -.1&1_ .. ~ prior .. ~.U •• lac 
1a -.ea Ulea.c.. 

e. ta, t.atOrHrp.U_.f • cl.tUaa. -.s. rlchh a.M.,. 

the ~Ib --, .. \be Galt ........ c.u.U ...... Ul 1>0 NIT 
... 1. t .... 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS CLASSIFlE..: 

1. 1a w t: 1'l ee •••• reprdle .. of t!A pre-,oede,... 

-17 .. IIarcla 1948). 

1a &dciUoa ,. t.Ae pl"Oc.dIlH ... rrtbri 1& Charter 4. ,.. 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS CLASSIFIE~ 

~ Court Of :.lcer. 10\.&:")" Pw..ltc. Or U4¥ 

e"t..er per_ .... aul.t.orhad to a::a1n l U.r oa'4.e. 

{~} Stat.-.ct, eot La ttle ~rhl:w of th.. -hoD ... 

u c.c. .(teet thAt t.wt 4ep~t la, 1'_4 t b. rore­

c~bc Or •• bad 1t read alOUd to ha 1a tl.e r r. __ 
... c. 0' .. J- Ir a wt..;; •• 'lc'aanv-I 1a .rrUed.. 

2Z. Hy4l1". A" Pr.,,"!" 1!!4,r,e •• 

a. !here are two dad, o( --l::J'.lcal ...,1otf'!1C'e _ tbed or 

111:0 .. 1. aAd r'-'"-b1 •• 

(1) FU.e4 u"l4e:ocl C4!Ulo t ~ ; r •• u.te-4 b court. 

,., ca=ot b. "«MY" or carried fro. \l. . c r1&. 

Ie ••• U 1 t. Ut 1r"t7 or .... " oole. 

(2) a..oftrou ••• 1d, ... c.. h t...at wh1cb caa ~. plc-.c:ed. 

.. ('..... It 1 "Ur1 1 fOUAd ., Uoa crt .. 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFlE~' 

UDaUUlOrhed rerrt;oZl. • • 

(d) .MsULaia l:1e.tlty or ,.Vl:!rCCIP . 

(2) Cclhct.1oa. 

coll~et1OD teec..D.l uo •• 

(c) l.a at! h1c%!. :. .. 

ecl!eete4, 1t :li,ht b. r.ec .... T7 te" ... ollect 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE 

"""d' '~Y.""'·"·" '" 1",0 .,.<),,, ... 
,. 1<".'" 1" l •• !n.'" • ",6 \0 : •• 

( ) f"~·f'!"" l~l ~. v.>rl 0" of ~ •• r'\"'- •• ~""c. \. ,0 ,.-

" ... , ,.' .,\~ ... eo . \\1 orT'·· " 

... •• .,-\utoc •• 
\<) 5' ~ if a"",..rt '0 ,T ... a ' _61

1

-.1; oT ,..-

l ) ~\.\o •• loJ ~l ",~"".",0I>1 •••• .1 ... \04 ,0 .l'1O\lOI>'· 

1.Il : .. \0:') ~~~ to\. • ". - ,,'_' •• n' ~ ..,,, ""~ ,"n'"'' 
' ....... TO .. ~\\. \0 h .. ,Il \O",\Hl '.r 1.1.' • , .... ,f· 

~c tf''''':k.O~:::'· of ",,\ ...... 
t.) ",." of " •• "UU» A {.i'.-.u ''''' •• ,' ." . 

rV' ",n N"'" b \ f t r1 ••• ,., .".0 TO-

\,\.e.\'~ l~) 't .• ~r ... ~l l< .••• 'h1"\}1· \.. ore,a., A' T 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASS I FIF. 

(a) 121. rule ••• t forth 1.8 C.bapt.r 16, .. 19-~. 

will b. ob.," .. 1a baa411_ ... ad pr.}J&J'Uc 

'.14&0. tor tr.a-.tt\al t •• laboratol7e 

I •• , PO'slbl. 4.elq. 

(e) !'be letter of U ..... lual _111 aDt. Co thl"Otlt')l 

cl'wuulfll. ~t. will 'be d1rected to '!he ScJe.zU,lt_ 

Ie b .... tlptlo. 1&bonat0rT. '!be W111&a.r7 

hl1c. _1. eo.. o.r4oa. 0.0,«14. 

(d) !h. boq 01 'be le .... 01 ..... I .. e.! wUl l.a­

c:1u.. .... tbe toUow1.ac. 

Pa.racnpa. 1 - It_.heel 11.t ot , ... luKe .,a­

.tU04. 

Parocr..,1l Z - -..u ... dooolr04. 

Pan.cRPh 3 - la.traeuo .... to "tun or 

"',,,U.a o-r en ... c. b7 tbe 

laboftt.0T7. 

(.) M.s...,. wUl el""l'o ~. dnbl_ropl'04 wltll 

a lee...... the laat4e wrapper AI (1)11 OW •• 

23. r'.CIIIly jreo".r.' 'rop"" . 
.... ACC:.UlabllH7 uet. ad'quat ••• eu.r1l.7 wIll be _la­

t&l.aflld f'Or all aoaJ •• ad ProP.J't7 r,c' •• r.d dli:U1-c tu sour •• of 

(lJ 1a lb, .... , lIGaS • • Or prepert7 are to b. " •• el 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THI!) PAGE IS CLASSIFIE 

ror t.lla pn •• rft"loa ot -t.ba ChaJa of •• ldpll.c •• 

... t b •• be"·~e4. 

(2) Clo.a4 UI. r.-plrt.a _111 ,haw U:.. dt,trlbuUoa ot 

raeo.,,..,, .oat,. and propel'l,. 

(3) a.ca1pu (or all .al .... 4 ;;ropaTt7 w111 b, .. la­

tata,. 1a '-t, JMa,~u.n.,. t. wAtch tbl t.. •• u 1pt r 

J, ••• 1pa4. 

(a) CIl'tttle4 copl,. or -.cb ,.~c:.lpt •• 111 b, 

attKbe4 to ;.a. clol1ac report. 

lit. lb., foll..,lltrf! procedure -HI be follo-•• d h tan,tic_­

U...-, I cthll ha 111 AC'CO"-Llac lor all ,..CO.lred aod ••• pro~.rt7 

... d. o\.bar ... llaabl •• laclu.d1ac all •• Upaea p •• du. t1aa..1 dhf'ol1r.loa 

at "JW ca •• cOIC''''MI 

(1) !be la .... Ueath. acUyu, .111 be napo •• 1ble tor 

th tlaal d,~.hl •• 0' all '.U.IKe .. d rlco.,,.14 

... 1 ••• propert, .. 4 atber .. I_bla. rhad II •• 1-

4Ioac:. 'b,. .. u-.autcat.ha aethlt,. 

Ca) n ..... ,. ..,. .... t., lb, llCM-l1ll'a 0' v, FI,..o. 

troe ,,~ tbe '.'decca .. talE ... Hl altO • 

• '(1&.4 •• lAa raealpt '0 .o,,!!)' h. occur. ,. 

!br •• coph, w'l1 ~ pus_r.l, 0 •• lor te. file., 

••• t. " ."&Cbe4 u ty W\1,al h" •• Ucattoa 

rep.r, ........ to .. turaJ.Kod too \.r., penoa 

Ir .. Wllioa Uw e .. 1da8c. h tUM_ 

(2) YD •• de1h.rbc ... ld •• c. , ... _U60rhe4 pro .. aat1-c 

.... c7. & roc.lp' -U1 ..... bl.a.la.4 Iro. tu p o •• cutor 

21 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UN CLASSIFIE~ 

~: ~.\O 1.':or ... "U",".' t. _<lal.,Y fo' tn. to.·. , l 
"I', 

oel1'''1 ... ~ t ... >._,,10' '0 In. '10«."",1" ,.,., .. 4 ,. = •• , , • 
au" o! "t" r.»;t-17 ....... 1:7 Of' !iat-ll~. o!!~ (' ·r. 

(1) .p t UJ"a o~ .,ri". U 
~:-o,..r \1 or .0. :. ••. 

(~ Ie) 

t,.\ ur tn- r . ... f'\.F' 1 . C Hlee of h'l'U-,& ~ tea".. 1 \\ ..... : .... ,.\1.1.­,y. 

? 11-",,1 rilt o=-t. or 
\11' ",.t 1.pt1.Qa. 

C!!lct't f 1",'I'f! ,I· 
.~ • .;0 for'S ..... 7 

:J 1.\W.!...-upllCII " •• 

1. 
athe .eL1 Hr· 

(:) U.:.1.1 or e..) .... ra­
.. at .. 1 .r\1 ,"0 

.. ~t17 ~e"C7· 
2. 

~. 

4. 

'h~l npOrt. or 
lov.'U .\,,~. 

. p r> Tat- • • 1 

Au!!1t Af •• ~1· 

5" ly .. ,er,!_ 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS 

~It~e. 
tJ f:al:'e-d. .,)~ t~. 

-17' Ct.r b 
,. .. f! I" ",",,) 

CLASSIFIF.. 

(a) 

# OJ .4oo "~I'WI l---i4 
!" :. ipll - te. 

lli!rJ l:l.£! 

~!'! j, , Of hTf' 1t t­
'.'hl" ... ~l •• t,.. 
11.:" It.pon a: 
J..c;· .. ft t.~ Ho •• 

'. 4, r . ri;'f' ... r 
A.t.dt ~ ~G.GIo!,... 

< -o'T ,f - 0"0"'-1 ,r •••••• • 01"1> •• 4 -_o! : .~ 
l'p·"4 or ,¥ tIlo In'Ul<<OI,. •• "hIl

T 
la ......... _ 

·or Pro.c.lh4 18 l'arOC"'Pb ~~ . 111 _!~~. 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS CLASSIFIE .. 

o ',:.,,- 1". ,,1,. , . ;"'TI I !, '_" -.u.o!""'lo. or '0. ""or,. .r. Cr"'-•• Ho • ••••• 10 >r~. '.' t. .• ,UIl.y . 11 ••• <0 '.<t.d .. ,_ 

, .• to'cee« • <U!Hod at • trIAl. 1, .. . . ..... :T (ro, .... 17 for 
l_e h"'''lt~.tC,. to tf'at.r.r 1a cO'~t . 

r-.. " <> . .... . !>la"lf o. 0 te.tl, ...... o=d b. 00 ............ ~ ••••• •• ., ".d. 

B. :u.. ···.r ~ •• ~. l"I'o'ea ~u: CUat O<""r 011 "' .. :to .. 1 • • 

• l •• ooe ~ ·" •• d """r bu. obo.lu •• q lAI or'!U Ie . pooch ...,4 

~ ;.ld ro., ... 'co.ro .... !>Jy 01. or161001 """ O!la .rr~. , . .. 1. 1 .. leal ioJn: .,.. 
• • p".r.o col "" '0 .~. COU". '4. 41r Fore. ? 1< .... 

(e, '''''!)"' t. COUrt ladua ••• (011""1"4:' 

ro~l;It 1atQ ltoe CO\6rt . 

j . t:.; ''''at MIlo. HoO' ...... ~. oh ..... a '7 1 ..... 1,:..'0'" 

c.·, "pl l.o.o ,UOotlo •• '''''Illa 0 c1 •• , "'4 aerIe" •• 

(.0) Offor •• 0: I. !,. o ••• 010, olll,y 1r To " .... 4. 

• •• to •• 

I) 411 -.Uo ...... b. .. wor.d ,,,,,,,!'''lly w'.o<.o .. 

'. &Ao·or t • • ~, .... Or b .ofl.101 to '0. "ru •• d. 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS CLASSIFlE~ 

(b~ Sf> put .... l . U ia..Jl '\o1d".s. .t\.l"\O~ •• 

(1) 1f he h UAI;ltl. to aJl ... T a \If'.' \Oa, r. •• 10.,. ... ·1-

;-a tor ahould r~;:.171 • I !OIl ' t. .ItD. ... ,,-. 

a. 1"Wo f .. e,or. Jell" b. ~o-.~ht·:it. f'fore a ~rl .. c . • 

"D ... U.t~c1t !lrat tt ... 4e ire or t..pu.l." .cd •• ·oaUy tr ... o~(trt'Wll-;1. 
11) Ah 'orea P~llc". ar.oulcl " hur-sud la pr ,... •• &.­

t:ac &-cd. ."",. reulac bote !acton. 

b .. :.caa1'.uea ar.4 .. \::004. u· ... t. -.:r be ~ ... o)"e4 t..a t • pre­

"'n,tlOD &Ad ~rr ... l0. of crlM 1acltlh lC8 tolloytacl 

(1) SU ... bll~ aGucatlOU.l. .. 11 orhD".UO .... 1 prot:
rara 

. l~n all parlo ... 1 oa tb. ba ••• 

(2) _101. &78"- 01 •• ",1.&&' 1.a tDlt .cforc .... ' Cor 

rul .... 4 ret'Q.la" 10.'. 

(3) ,£,tacl1.tl nbabl1ttaC.l a ~rocn-:' (or pr1.0u.-=_ 

(-l) SetublLta r.r~.D,.d C~~I:1.Dal. froc ran,. Orh:h~en . 

(5) SrC\1U tw ... h· ... r.c. of ,uct. c1.·U~ &6 .. .:.:"1 .•• 

. .. u --obol1c l UOQaoUI for pr."".l. lat: ",r10\18 r .... 

curT.aCI of 4..t'\I.Alt •• c. •••• 

(6) s-pe.rata ua>1 •• 'N.bl •• troc th4 S.~lce . 

(.,) .ta".La. pa.a qat •• !OT all pt!raoILL4'l OD t • 'be ••• 

(8) ~\&blbb. a48q_" ... curh7 for var.~1.l"· &A4 .t:)r-

14. rae1l1t1 ••• 

(9) Prgw14• ade-..U&\. cMcb oa t.". l~d 1a4:t ualoa41ac. 

trN,,,oJ'tUC. atorl..lc ., wp;:lh. aA4 • ulpwaf.. 

30 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE. 

(10) p ~"1d.e !or all. ."'equate ZRIa:l:_r of \nt.aed .&11" lore. 

P",1!c .... 1a to. eAIorc: ... \ of law. &Ad. "t,.""'Ul&.-

(11) M":-! e l t~ ~ ... of U7. ul5 coab1aa.tloa. to eert.ta 

peraoull . 

(LJ Pro 'tlll1 !~r a ""1"1. d. lc r,)Ol-c..:leck at all drh'ere 

.al~r1 ~ &Ad lea\"", • ba ••• 

(l~) E:.t.~llcb ·otf l1ah •• &Ad ·,...trlete4' &.A&8. 

( H) ProTI<te rOr locJU.o,; PIlbllc baUdbe. ""rbe •• " .... 

or .O~ ... nell •• lb.. Officer.- _4 -co.- CIUI, 

Club. (~'-co lOAd ~rl",". prh •• ) .. 4 So .. lc. Club •• 

(18) .Iliablhh prope .. UahoD. wUb dYiU,u law .&tore ... 

-.at aceacl ••• 

(13) P:"Oy14. for wuS.reo ...... cneclta to .~r.b.n:4 pUrerera. 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS m~CLASSIFIt 

~, 

.. j. r· 
f'!!H~' 

'7 .. e e ....... ...,.~: .• are lu1\.ej, lcol!"l .; 0,; ~rU:.f' ~ !"~ •• n·~ r.. .. n" U:. 
~:)~ o! CTl:~,l. . . tl ..... l •• ~!" ..",.,!"~. ,.11 ~ ... e pI ee \.D 

to:. r l"f''' u t lUI" .. i .roW" ..... t .!\ . 

;;:...:.t o!fe: •• w ~. "' ••• f' ost 1'1'. ur;.' ".~11,. "'."1.11-

(3) Berer u... 0 \ 1" cst v ltD all u. en Wert 1-



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS . CLASSIFIE 

.. 
I' ! s •. - ~~r u. :.1 

,t ... o! - "I' ~- ... -:::, •• s: :. :'~ _~.t.'" 

(~) hat. 1:. a 11.~ ,. _ .. ~ _'On !:""O:: ~ • ! ... , h-

1:1" ... 

,... f'O : Ha... r !_ 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE 

.h w.t 

(4 .lo • ..ry .~ eric ,.,. ..... , ..... or _r ... lou 
c: 2::0r:.l.7 lJuc 't7 CI'1a1n, h Act! t~ •• d.-die« \tUb tf;.~1:1 
!. I'".j L, 4,. end" II. Fart I. 11( I . • 'CrUo1n&l r"·et:t !.tat lou.) 

.I. r~r~,Jn "'no UIlU •• 1,. OT it ttl. ",., 1"0::_ 
ceru~4 in to. co=-.l. bn of • cr1:le !(;:- "'Lleh 
~ ·C'~"d it OD LrJ..al. 

All lr.'rj!;l~ll&tOZ"7 uat-'nt talHC£ ••• 0rt >! Al: 
acq ""wlp4;@ct'ct of :u.ih • 

• stat w1tnout prX)t. 

An lDyhltl. P0tfder Ul~d in •. ;:r-h.e::dJtItI !hl-
v
u, 

h C«lUlOt ~e cle&:laed ••• 117 frem ttU1.¥ ill''' leI. Or 
perco.Q \oUChl~ 1t an'" e&A t. " •• c!Ul' "e 1.ln~.r 
e.D I.ll era Tiol., 11. ht. 

l'b wUflJl and ::.al1c!.ou. bu..~!.JI« of • 6t.111l".c 
bout:. Or outhouu of "'lIOt r. 

!'he ·"-apt Or otrer to do .. co, :.1 !rUt to iUI­
otr .• r: P::..Tsica.} contact is Dot Ilt"c ..... ,.,. in 
• • .. tat - • .... 1)" t~ put t person 1n! r of _tb Or ~""ll1' ::-'r.. 

• lc:;-t to 
~lt. C~1.c:. U act dor .. with 'P.c1tlc Ute.%1t to co=:.1t it "'Iart1:u_ 

l.ar cr~ a.::d PTOai:lat T t .. n"1~ to, tout fa.l1l..nt abort of' . ite; c:oonaaauac. 

The act of b .. ttQc; WllawtuJ. P4r.v.1c:al c:oh"r.dDt 
Or .,.1ohnc. tI.ed b7 one penon ... 1ft.t &!IOt .. r 
wh.1lOU\ JuU!fJc:at101l. 

A na.-eat1c: 1n:lIler U,ed to allerlace ('old.. ".0 

'-Ju4 by crlQt::. l. &S dore. "'t:lc~ w111 e1t:ter P!'O­
=.c ••• ~U! or, all" :'IT j;l'~t UJ:I.llerat ton. (F-ro_ 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE. 

B! ""-~v-ol loll act'! o.ud tD det..etlDc uol .. pleUa •• 
Bl .. 

:to..:: !.an ':'be bteald.UC Nt en'.rlD« ta ,be D bt.. of UlOlher 
p .. r'~D·' _.Ulae bou ••• vith ht '\4 eM&1t .. 
r 1 D:r th.r.la: .. tent h Dot. I1lbJeet. of 'iQ.rClary • 

.... rr.al !'~ .• aet or .tale ot •• MUlt1"C • .,O~ b, fore. 
l:X'lt'b!( f' with tat~Q' to o..reo_ ~ re,hta.cca. aC't1l&1 or 

eon.truct1 ..... t.o p nl'ra', .bel' bodT; npa • 

..... tn of Tn.e C\)u.r .. tftrU velch ."'14e~1W-' pa •••• l"ro. the 
~1.!.!'-c: . !l •• it 11 "CUHcl wall U h pr ... nud 1A C'O\lrt. 

Cl " A tact or hut. t~ra1nc Lbe ~1 to • lolutioll. o( • 
probl_. plot Or erta,. 

':r.Ui L.. 1Da.et A p,alAUff or P,UUoll..r: &.b. ODI tD an act l~D or 
proe •• 4tac _bo ...... eo~l.lD' _l~t uoth,r; 
.. det.ohnt. 

CO .. r'C10D toree, co.pel 

CeDI, nioAI .. ~oa.t ... tOIl h aa acbowlat:Sp.Dt 18 '%pre .. h~. 
b7 toe .~eu..4 !A .. cr1alDal ca •• of hi, pllt of 
tbe C,.1IM eM' ..... 

':"n te.;t. U Ict c03l1U 4 l.D U-.. prelEel of. 0OW" "bleb 
Din e , iDU:rrupu lob, proe .. d1Dc:e • 

.. %I ·'lIt' l . .. r.ru .. 1 to coC;17 vtth an order of 
:Otllt.ru.t'th. 
r .... r. O

\ 

~ • y l. boq- of .... nUal &.1:.4 .t'UAdaa..a.tal fact. 
eo.c:.cte4 v1 tb AD allecect act I WJUCll ... t. te act 
.. cr1ae or .. br.U:1Jac of the law. 

i.II3 act or 0.1 .. 10D p robibhed. 'b7 pu lie law for 
tb. protect 10n of the t'Ja!Uc ud Md. P'Uhbable 
b, tfM; St_1.e 1 •• Jg11dal proc.edlQC b U, ova 

A 1r'1e:tlf1e u;IOrat0l'7 for t~ .'-~ a.n4 a.zaaJ.D:­
.. U OD or ,"e..nea pr ••• a. ... 4 1a ert..1aal ea .... 

A car.ful, "t!lo~.1cal. ana u.aUed. eMll1naU". of 
all ob.!eeh . c.d con41Uon. at the .... rA ot .. cr1ae. 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE~ 

=r1.ai.:'l&l Tee art. ot :"la l:;,t: &JlQ dhc~Y.rl~ tt •• t.n.u r,"e~ 
i:'ne': ""1 11 of a. c 1J:.. -.r..d or All. o~r e : ~' .• ~!Lz:: ". or" "7 

L::l :!.er.''' ia1r.c t.rue l.an~lt,,· Jr tt .• ,..tt1atret. r 0'" • c.rta,. 

Cria1D.el A.D lat~T&l J. t\ ot 1., .n:';;.rC~t ~ nq ,.or a 
l:',",--1I,. .. \1;)11 p-"'" !1ra nll;",)lI:I1U. fOr t" t-,year. to.",; ~r ;:1'1"1 loa CTi.&e. 

Crl .... 1aa.l .£. peraoa WoJ.O eare.. a 1 hf'l1b.oo! ¥ ..;r1a1ullr r_ 
S ...... h.re C.1Y1QC: .r,4 ltpod.:tC of .t~hl1 .. "'Od •• 
( , r.r .. ) 

".TW¥1 Paraff1n hat 0 "'atarw1D. Vhe;: •• ,. t • • Ut", ... t c..... 
rUr t.. ! ired. , VK-poc . 

DerOf;atD1"7 I nfo ..... t1oa vblda lndlt::aht cUaa.rfeCL • or 411_ 
l:,!o~t'-a l~;t 1,)· 'c ' .• ~ '" :1 ....... 0: bron",.! to of t ... C'..';.I'T_ 

achr tn.1u al1d ' ''Octatlonl of -.zJ lr.alvt:"to.al 
~hlc:h lIi!t.t.tt b , ,1hqual1!)'lag ••• ,ool! If'curtty 
TlaC for & r'"dt,l Jl o~ tr.1lt • 

.. oelcrl"'t,loQ Tne act of £h'ln,c U1 accour.t o~ Il.:l;ft.r.ln.g; .. " Qrl! 
J-.C'lUI. 

:".:6flr~! D A.'Ct n~. lnt. .. -, - . '0 r",.u c. or 4li01. .0 .. "''ltd 
.... :.&!"(!ou. dut.,. an" .... r tapon.&.r.t. 1fIt"Y!ee. 

~no:laL 4.z::I ert ir Or O!f1ct 1 parer t .t !'~ .... u t:"lfer-
:At' n. T .... r c,!" .. " ort 'l~ &t..7 tb1.r.c. 

:\l,.... ~ .... tt 1nt Qr eoJ::t'Ul lon. 

s:elcul":~::.t !" e fn ~:11~:;.t • fro r1a~J. :. o!" *':"" Tt7 by .. rl'!r­
/;oil to ... ;):: it .... eca Int:"'".lStrd '":4 1r.to ,. ,:"Jr . 

r .. lld. t t ... , 1."M 1,. coe •• 

.. l ... e
W

(1 ':" _t "'ht ~ t ~s :'0 Pt"~ve Or '1 ~V. 
aa .\1'12. It 1.cclt:.1 •• 

tG .. cOUrt-:o." ll.1 It let .•• r !t b .. ! .• lIt.1.:. ~. t of 
1tr.., e. fr"'o t .... ,t 00;4 , d.l.')O.h! Il, ~ • c ~t':.t. 

c: ..... . r.. OC'ti.::~r .•• Or rec .. :! ....... t .•• 1 •• '"ct.. Do 

k¥ ;.e ('"1I\U" t of ~·":'.".r t y • ;f"r::I1t •• ~ to 
Iu...:..tr:e 4...,.1" !:-.• t.rial . 

iv,,. e. .: ... , " 11':'0 te!ll!, 1.0 '!lOW a rAct Or "'~t.r h:. h"ulr< 
!. ... r.c\ vh oout .nt.%"Y ~,tl~D. of proof' of Jt..Y Ot:ler :. Co . 

"l~tee., ":,tLS. wol'" rt!l.teo. to r et . 0:' .fr t:.&II. &. .... 0 •• 111 hor ..... 
"'lr-....e:.t rotl 1 tut fro 111:1-h raJ"h .. l:'t..r alone Or in cOur..CUOD 

36 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE. 

4""~::e ce, 
0;-1&1""n 

,f 1 r", 

F r er7 

let r .rat. 

Ir.fo!"C&J:t 

In"'cnattoll, 
.::source Ctf 

lr.(or-.er 

" ttl \,; i.er '.cta, __ c,;,urt Qa),. &('Cl,;,r>11a.c tl) .... e 

e caJa . ""i-lerl ~.c .. of tnd. TNSC 1y lr.(f'T ••• 
,1.1,,, .. :-[,,. or "On-. 1.t,,:1'" of Ii i.et in 111 e. 

.J.- ~r 11,.. a - 1 t~ ••• Dalal. lLate only lIr._'- .f> ... 

learu.ed. :'!U"O'I.I, h hi. f •• '.nu. • b"'lot ... L {"t . 
!:.- IYer. or. c.,'ter. ""tt.la It.e cO::::c",Q 0: .".~i n 
.... lId • ,. e rler.e. or Ieee, fL _, tn. a ~ fJ .A r r hoi: 

1:s1:;n .. .4 v ittl@ •• woo • liOJl.d .. 1" ' r.. art r­
tr l . t . l rYl 10 or w 0 1. f' a.! tartly l. f'.r~ fll d: 1r. 
.o~e Jartlcul6l.r 1'1,.14 ...., eX;re'l a.n -,) 1 .. !'l n a­
It.lte ':J'f fact. l ~t Q--f"d -ex- eT'- t".t.·tprct ti n . 
Sh :'-'U"'"lcau'D'" an Ulpr IIlO a t ... wn to 
:.1. . ('Ourt . fore •• che. ar. 0l1Dlt1t: . 

Arlo."' .rt.1 1. pr .. I.e 1.-1 {oUIld 1.0 aa tn • • • Il.! U %I 

"' n1cb -it !It •• ' ht in t colutlOD Of • r fO. 

A.n or~(O·,& . ,........:11 ..... ~h !),. ('!eat..h Or l..c- "l.or~".r.t '! r­
ill: t er. U C'.,,>H.Dr,t; or. . It-kr. 

One w,')o rlcel • •• stolen loC-,h ; • ~1.C'. " :.I"re .to' .. " 
,-0011. ar. r"'cehed . (~H ':T1~1o 1 .Err-,.hen ) 

Th. art ot .. In. "i"}: Int,.,')t to l ~ -rr ' .. d. . ... ! la. 
ter!d t rlo U:er:t . 

ChAr "rhed.~. UT ob:'.ln~d Y. U-"L" 1r crtJ.')Ja: 
Ht.)' of trlt"JiI e ry: l1ono- fO .t . 

lvl::! . :::c e or :. ., erist .... C' . Clf • f .co, ta "ei n t Gili • 

." '.u.s ' , v .. ~ I-'a,. 111, .. 1 rn , ... It''~. ~r 0 . t' rTat.l n ~ 
UG v .. t x ..... Cf' ... ld. 

li::la.." ''Ul f'...r~!e:-l· 1 .... t erla !l 10(;. U: .. Ilt' t 
to co=lt • C'r1..;.j~-l O!"t"e ... . l •. " :,,.,ln. 

To p c. 1:& hor . 

ArJ Oe rsOQ "'40 v 11l1n, 11 '~.ft. ""011.(" . h10r=. tt .D 
wl t.t..,IUt Ul' t:.o1.\ nt of ,.. h. 

'n.r err.oW .l ..... r.t ot or.t.ael. whl h =u...r. ~T' :'.e 
r'JI re a ?f 1: .... . \.1(.". t l~'r; • 

Or " W~ eor.fl18'U",1l7 "OY1"' • • ~":. 1 .v,. 1 atur ,"l ' h 
l~!Ot'QatLn wit h Cot.au, ht of er 0 1 hi. 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFU. 

1 .. ~_rr4 
Pr .. tOli.-r ... p;:03 

~ ._cl> In'o Y' ,I ... ' 1"",,1"', 0 •• ~.'Io" ""j 

.~..l&7 of' fact a . . 
~_ of pM'" ",pho "ble< ...... ".fa '0'" for ... 

Ipy.,\.it:1'tl". 
P.c.I)\.o -r~Pb.1 

\DT •• \'1P ~toa.. aDd .. 1'e p:'')o{ of f.cu, 

... official ",I"'" record of I .. ~ .... ' Ion ob,.~4 
In •• ,t.1. the 

l\..t _,r" 

)'...A.l ....... tot e r, 
~ 111 ta'!"'1 

)V .b,a\lt t.t-r. 
volunutT 

Moo7'''' 

by \uYe lll t.Uat \'Olh 

•• _0.
11

1<1." by'" co,,", of c. rto'. k,d. of facto 
, ... ' ... d .0' t'l'r<>nd • " • • ",. rO\l.r\ ,. "","0"­
I .. ~ ,0 r c",,-..I" 'h'U ",,1o,.nc •• 1<""'" prOof. 

~ ,.ld .,4 car<SI.oi; 0" "'" Y \ro.~ • • of ,,,,0.-
1 pr.,. . r\, w~lcll \h . ... _ ••• r "" • \0 bel­

.HUer t; .... rall1 or.y tal., \0 ""O\.,· r . wHb .. \ ... \ 
to rl'. _I> """. r of 1>1' p,.,p. r\' , ..... tn • •• 
d1o,tn..,,1 ... 4 f,..a robber' - .c<o""luhe4 b1·\ 1\10; 
I n"'''\ '0 p • ...."o .. ,l, 4 rl.' . r of ,b. u .. of ,be 

prope r t 1 ~.Q. 
~ ;> ••• lblo .,,,"e. of por' \JO •• \ hfo..-' L. .. " b lcl> ~1 
CO~ r\bU\. . \0" .olu\l

o
a. of .. b\, 

... unlo"fUl I><>al,14. ,,\\h t _lie •• for.' 
h .He. r TOlu.nu.r1 or \" .. "l~\.r". 
"",,\rU ""I~'.n' I "",111 <'Ju •• d tn tI>. co .. h,lo. of 
"" unl.wr..l oc' nO< ~'INI ,0 • f .l

o
l>1' cul 1 . 

ne 1\ fill 1 \.n li e!""' ~ .. 1 '" .. l."tul .... t • 

• .oro \l" oc ' of c."'~ 4 ,II I. , OJID,,,·4 tn , .... 
b'" of ""'~ .1i paOlI C. """ • • d J P"'''''' 10". 

• bUrt of aKI par' of • ..,." ~d1 ."oro 7 "" I . "D~ . ... 4 10" .blo In ""n\''''' .l\bAo
r ,0 ~.fon4 ha­

.. l! or '0 "",,01 1>10 _"".roar7 ..... t "nfUl
1

1 .n4 ~'.IO.,..1J dO .... bu\ .... 4 DO\ bo , r_\,\O,,40 

co_
al

, r_<,,o1004 clrll <r"" ... n c.-1"" 117 
p. n

ono 
."bjoct ,0 al\l\.r7 1'" .... al'o a,l\\OrJ 

cr"'.' ......... "1 •• ~'i rl" of •• r ~ u.~ ... ". 9i ~.!1 .,.r\Jus '7"'.' of .Ulan off.n ... • an
4 
cr-" 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIE. 

• 1'~or 

01'l1cI ot 
Sp..:1Al 10-
••• tt.,;atl0D 
(Oil) 

.P.rJvy 

Ptlrp"rator 

PbotoUa tic 
COPT 

FUro __ 

l8pli ••• "' rol" .... -!"'.1l lQt·~tlca. u.;! aot .. _ar . Irror of Ju4p..t . 

.... ~d of Operation u .. d ~7 .. crialDAl. 

?bat Wuch Gr, •• 1DtO aetloD' lnauc_e:a.; 1lu:.,,. 
r.&eoD for perloralac .. £lYeD aet.. 

u.n.I.a.t"tal .lcUllnc of • b1JM.Q be1ar with .c..U.lcl 
foreuou., bt: -.&.I'd..,. 1, not h'led 10 aUftar:r court -be. c~lu.4 W!tbln «eo,ra"blca.! It.h. of 'h. 

UIll~ Sl<a' •• t .. " •• at Dt •. CI : D toll CUI' 'ake 
Pl.a("1 WltbJ.a • 7-.r a.od .. cia1' of tbe act Or OallhioD tbat cau .... tt. 

tt.. ab.aacI Of :tue ear •• 

u t.a...UcaU •• ac'D~ wbo,. dut7 h l la •• Un­
tlOD ot. the lo,Jalt,. of botb ch-Ulu &rI.d -Uhary 
Plrlou.l. eOlltract .-pIc,., •• aad. &t'-t~ E":aera c~ 
al.,IOD 'Uoar.da .Uonal 4c_C7 eueek, Uld ~clr.t:round la··. t1

0Uou: aJor criMI &l1d p.tty larc.v of 800,.. 
tbaa S50.00: ud ktta,., lDY01.tflC erial, violation. 
ot pa.b11c ' .... ,. ne •• ratoD an~ r.t.,.d lett.IU •• 
.,1 Lb.1a the JuotadJC:lloa of ,be Atr Pore •• 

!'he wUlf"Ql &Ad eOr-!'1q)t rh1Q(, qpoa • Wf'ul o.t.b • 
or 1a ....,. fora a.UCJW'd. b7 u. to b, t\lhtlt.U1.td. fOT 

&II \J1. 1D. JU,.~lc1al ProC •• Oll1« or cour •• of Ju.tlCt. 
o t r.l •• 'e.Uaoll7 -terlal '0 the !en. Or -Utr 01 
lnqll1r)'. 

0 ... who cw.sta(an of(e..Q. , ). 

.Larc..,. \0 p1a4er or U 1; "P1cl.all, to n.l 10 

....u """'. 

C_a1¥ aowa ... tlt",u\K.tor- alul h • c_btaa­
tio. or pa..u.o~Jl "b.icla reeoru re.pl rauoa. the 
ap.,.." ...... wta1ch record. blood pr •• n.r,. t..tLe car41o­
npla whJa neDrU heart aoY.act teT'OQf;.b the rul ••• 

U4 <be cal_Cftpb whIch r0c0r4e tbe aetlYhT or ..... , clut4e. 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

rOrtr ! t 
f~rl . 

.. ~.r-.. 

Sa .. ot.&t..,. 

THIS PAGE IS UNCLASSIFIE 

- • art of telC'r1b!!lrf' a ' ncc., .r~ke.c. P!ctu. T 

.;~t'.- l1k • .c.. ... l:c!u.-H d •• cr1Iltlo: of . er.".c. 
f · rto~l ~t • r.tl.7a1cal ~.e ' IttU,= -=~ ~.t:A.r41 
b.~C(:~j. 

iaVl'~.::t of • V..:&all .. 7 fo:c •• 

7ltl . t t •• tl r'I-ort (or 1D ~lott.r . :ltr)'. t:'~l . 
1'Y.-' Hott.r e.r.t.:-7). 

A con.". r:t . d wc,.d r1C tW"' of an. .~Ur. tn .... :.if:IL~ ~"'D 
~ Ot,;.: Ute f r:. ..cd. (":.ron 1 teal ord. r • 

':lrcu::u a.s.c:: •• , lncl:..l..! uel~t1oD" i1.elaraU~:1.' 
&:'. • tl!'~.~t.;,( partlc:lpaLU and l,7.u.nd..re. tub­
atant1.ally co::te.a;:oraneo"l wu,b. t . ... 1.= taet u"!d..r 
':O!l td.r.U.<m A4d .0 e10 .. 11 c::oc.::. c:t.d vlt b. ttl 

11:. raet . , to tnrow lieU l.IpOa 1 U "'~et.r. 

':'u La.t:t~ . v Ha lot,nl :'0 1\ • or ;" .Ttor.al prop.r­
t7 of &Jl.Otner. fro. b ll penoll Or 1D M. ;r ••• nc., 1::7 
v.olp ~ e or lnt1a14at.lOD. 

:'IA vUl!'Ul ud dellb.ru. u.'ruct.bc o! pro .Tt,.. 
or. IUl¥ eGDc.l .. bl. act " bich .!.nroJ" or b.Ur~tI 
t l' IW rw..l !UAC'tba. of: 3A7 per.oQ. ;olace. Or ~ d.:"IC 
.Ulr. tIl the war e!!or'. Or . azq R er.~ •• "CUOD 
or ~.hUO!:l • .oleh at • lIP or .toF' -ar ~ r~duct1on • 

.. ~ L.at pro1hlc., •• i-d •• p a:.4 r ..... !.u::t 1 tJ.;JU. 
o:J U t~. lD.!'1u ! . of lb • .:i.nIc . tr. . eut'JeC't _111 

ar 0 \. froJll.ltl,. "' Hh~t ! U o!' " .. c'. u.n:-•• o~ hit 
al ... t'"':e.ct. (I:a!'oratlOA r .. c:.h.d. t:1 tb~. -er 18 
Aot .~1 .. 1ble •••• td~!1e. t il court) . 

1"1f'- J" ,arson e.t.U cOa;' l" ll , j in uq ertm.A.;ol c ••• \0 
Incr1:;uWlt1..!1 h. "hr. . l ...... 10.t ~df'. 

A. 'J(' . ~b O)~ • cr1i;,.. se'rA w!:.! fa. I lOcaL lQR. 
S ''!Ai •• ro.c ... . &Ad I' n· r • .• c. to b\Ul 1.r.c or arM; it • 

....r.:t m.L:b.r or r~ •• 1~t10!l of tl",-er-rrhu scd. 
i~ tpr~I'\U or t:-a .. u; ol'J eta OD. lta. 11 r. c. ltIC 

a.n1 w,a h • • 11lc.~_1 . "14 d...;!.,,., OJ: .ue4 or cl<.l •• 4. &.:Id 
.. 11 o· .. r ;>b"ya1c..l. d. • • crtpt 1o!J lO 'b. cr 1ae. 

U'r.- t\,oru , • .xw..l tAtercour.. .tw ..... 1 ••• or of 
!1w:&a. b.t • wltA &At 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS 

S\u'y-1Jl "'-ftt 
( ~ W r 
~! ..... ) 

A .r ......... 15 (&,.~:'Odl ~~ U_ r & W l~ll"" !" • , •• r 
~ ,hr tU:L:.:;r • 

. o. t~! bt .. =t1~n..oLT to ~ 3::." : " t. 1:.!",. 
.''It-aJ.rd .. !,~ ' .. l!'-!,. ."::"\,.;. .. ~:. :.. 

'!' It': f!"Ot' e " o! wat e':!"\{ 'la, at.!! -1'4' Q-:'I. "' .. ~.1-
el •• ~:- pr :!.el .... ·h ... 1.., to ott 1: .... ~!:_~_ 
tiOD rf"~a:-~!..t.6 .c~ hl!:f". orrr-i!!O!!I • •• _-~"t • 
6oJli! C~Dt.,: :t. 

:. pf'r on '" 0 'C"r.!"o:-a. &:l~ 1L~!al'" "u~,.ll_ 
1 -:e. 

SUrY"UJ..u;.-e, V ~f'lI tr •• ~y It 1 t r actt;,a:':7 !~. :JIIt1 r.J.t. e-t c'" 
Wo.~ t c.t oJT ~'1 . .. tot·l, . 

S\:.r;ect ... ,. t .. l •• .,.~ t.) 't'f' ""'U11t7 o~ a:~ e-l:", . 1: 
~V"1:-.-; r~f~l"'! .. n t pre! Or Ivl:!f'-c-e. 

:'o:t:le 1 .... 7 :~ 11;"!."r..C. o! 1):)11':1:1 , tc .... lr .O"~-(' • • • f'!'''',.-;'' 
talt.S ALJ ar.t 11!~U: •• 

ti'.t~_"l let f-.:IO:e" r AJ:- "':::' 1'1" WL ultra-,.t !f"t L ... ~ b. -:,... 

P to~.. .. Y" 1. f'r c.&lc. -!:.I, C! .":.:rrt w-:.-:.:". :';"' !s .. 1, 
l .. ~ ~ ... .: I. ".:.1:-•• t.1AI, 6 ... a.r1 .. - -=ert..U: 
Ot fil l' 1;:1'\"1.! 1. ,:"la, Qr :.at ... :-! :. •• 

• ~ erctYfOt :~~!,,,,!". !:-ec .... ~·1l1 .. ~fI 1!! to.A t lD u.: _:- ...... r 
'Work :on- '''::I t .. ~, ·!r.c t eOc.tMt .d· t 
W J.et . 

71tU. '~r OD v~o ;,oa ..... frfOr.! &s • :-"'r.u t o! • y! 1 t 1,= 
or 1.,.r,..· .0::, o~ 1 ... 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNClASSIFIE. 

~u n - IX · ... ! ~ m ~ rt~ 
" " . f .... l6 I 

------

r., 

t .. . r .: 1 r.: 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIEL 

1. PH 11,&\108' ot r~ __ u .. Pro90.t Mart.D&1. 

... Ptu' rapb 5c ... 11 6b. AU POru LeU .... 2Q....4, 19 JUly 1941. 

·.idJ:1ahtraU~g .of ~htr1c' Of'le •• '1 'l1r.C' or of Sp.t"1a,l b ••• tl«&-

~loa •• • 

-1"' ,PO rt of C!'~f'.ae. 'J::~ CrlalMl tan.tip.U .... eth·1U ...... 4..-&4-

.t ~, COD~l"fI;tal .ir Co_ad Leu,,. 1$-2:'.A. n Mq 1948. 

1ilaJru&1 oC COIU' ..... rtlal. 1 Pebr"'11&r7 19 ... 9 .41t10 •• 

t. C . ....tpter n. IN 19-6. 14 Jaa. 1944, 'IUlll.&.t7 Pelle". 

C. 1M 1'3-:'0 • .,,1'1.1 194~. ·C,.t.laa.l J ... at~t1o.'. 

b . ". :'''-~~.5 . ,. ruar'7 194f. 'lUl1t.&r7 helle. Pl"'oc.d\lre'. 

1. UJ M...a\l.Al 12 !: (1~2). J\J..a. }'45. • .. ual for la­

.. . tlf.tto n.' U.l,. u-r.cton). 

OSl PO.. l C'A ttoD'. 

at P.~ ra~t. .. .. lr Tor , lAtter 40-4. 19 J\&l7 1!H8 . 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLA SIFIE~ 



THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS DECLASSIFIED IAW EO 13526

THIS PAGE IS UNCLASSIFIED 

DOCUMENT TO ROLL INDEX ,/ 

Froune Clu51focahon Daft 
Vol. PI TI lle Stcu lIl )' 

Remarks umbtr Numbtr Penod Clu Slfocaloon 

II 419.7174-2 Mar/50 Exercise Swarmer 

~9 L..1 Q 7...1..1.l&._ 'l Anr_MJlv10;.('] --.ll 
'L~ 

. 
419.7174-4 Apr/50 U 

~I/ 
4li~UA-2 A~r-may/5(J U 

1$ 419 ~-1 A&Ii20 ORT Conference U 

'Y 419.724-22 Mar/49 Air Reserve Officers. U 

:I 419J24-22 FlI!b/50 Air .. Officers U '3 419 J24--"5 19i&.8 - 1949 Air Forell'! Rm'C U l2 ~1 ''''''_2 Aor~ Atr Science 2. U 

!L 419.7242050-11 M~/49 1 Air Arm8lllent. U 

3d 1 May/49 2 U 

s1 419 72..!t.-2050-1 JunL49 3 Air Armament. U 

11 419 .7?L..100;.0-12 Aor/49 2 AL~nications. U 
;-SO 419 724205-1 Sep/49 Radiological Defense Course. U 

" ~19_ ~242125-2 Apr/49 Criminal Investigation. U 

"" Index Index 

PREll EDIT .,LL aE USED 

Pajle _ 1_ Of __ 1_ Roll Number A4036 


	gray00002
	gray00003
	gray00004
	gray00005
	gray00006
	gray00007
	gray00008
	gray00009
	gray00010
	gray00011
	gray00012
	gray00013
	gray00014
	gray00015
	gray00016
	gray00017
	gray00018
	gray00019
	gray00020
	gray00021
	gray00022
	gray00023
	gray00024
	gray00025
	gray00026
	gray00027
	gray00028
	gray00029
	gray00030
	gray00031
	gray00032
	gray00033
	gray00034
	gray00035
	gray00036
	gray00037
	gray00038
	gray00039
	gray00040
	gray00041
	gray00042
	gray00043
	gray00044
	gray00045
	gray00046
	gray00047
	gray00048
	gray00049
	gray00050
	gray00051
	gray00052
	gray00053
	gray00054
	gray00055
	gray00056
	gray00057
	gray00058
	gray00059
	gray00060
	gray00061
	gray00062
	gray00063
	gray00064
	gray00065
	gray00066
	gray00067
	gray00068
	gray00069
	gray00070
	gray00071
	gray00072
	gray00073
	gray00074
	gray00075
	gray00076
	gray00077
	gray00078
	gray00079
	gray00080
	gray00081
	gray00082
	gray00083
	gray00084
	gray00085
	gray00086
	gray00087
	gray00088
	gray00089
	gray00090
	gray00091
	gray00092
	gray00093
	gray00094
	gray00095
	gray00096
	gray00097
	gray00098
	gray00099
	gray00100
	gray00101
	gray00102
	gray00103
	gray00104
	gray00105
	gray00106
	gray00107
	gray00108
	gray00109
	gray00110
	gray00111
	gray00112
	gray00113
	gray00114
	gray00115
	gray00116
	gray00117
	gray00118
	gray00119
	gray00120
	gray00121
	gray00122
	gray00123
	gray00124
	gray00125
	gray00126
	gray00127
	gray00128
	gray00129
	gray00130
	gray00131
	gray00132
	gray00133
	gray00134
	gray00135
	gray00136
	gray00137
	gray00138
	gray00139
	gray00140
	gray00141
	gray00142
	gray00143
	gray00144
	gray00145
	gray00146
	gray00147
	gray00148
	gray00149
	gray00150
	gray00151
	gray00152
	gray00153
	gray00154
	gray00155
	gray00156
	gray00157
	gray00158
	gray00159
	gray00160
	gray00161
	gray00162
	gray00163
	gray00164
	gray00165
	gray00166
	gray00167
	gray00168
	gray00169
	gray00170
	gray00171
	gray00172
	gray00173
	gray00174
	gray00175
	gray00176
	gray00177
	gray00178
	gray00179
	gray00180
	gray00181
	gray00182
	gray00183
	gray00184
	gray00185
	gray00186
	gray00187
	gray00188
	gray00189
	gray00190
	gray00191
	gray00192
	gray00193
	gray00194
	gray00195
	gray00196
	gray00197
	gray00198
	gray00199
	gray00200
	gray00201
	gray00202
	gray00203
	gray00204
	gray00205
	gray00206
	gray00207
	gray00208
	gray00209
	gray00210
	gray00211
	gray00212
	gray00213
	gray00214
	gray00215
	gray00216
	gray00217
	gray00218
	gray00219
	gray00220
	gray00221
	gray00222
	gray00223
	gray00224
	gray00225
	gray00226
	gray00227
	gray00228
	gray00229
	gray00230
	gray00231
	gray00232
	gray00233
	gray00234
	gray00235
	gray00236
	gray00237
	gray00238
	gray00239
	gray00240
	gray00241
	gray00242
	gray00243
	gray00244
	gray00245
	gray00246
	gray00247
	gray00248
	gray00249
	gray00250
	gray00251
	gray00252
	gray00253
	gray00254
	gray00255
	gray00256
	gray00257
	gray00258
	gray00259
	gray00260
	gray00261
	gray00262
	gray00263
	gray00264
	gray00265
	gray00266
	gray00267
	gray00268
	gray00269
	gray00270
	gray00271
	gray00272
	gray00273
	gray00274
	gray00275
	gray00276
	gray00277
	gray00278
	gray00279
	gray00280
	gray00281
	gray00282
	gray00283
	gray00284
	gray00285
	gray00286
	gray00287
	gray00288
	gray00289
	gray00290
	gray00291
	gray00292
	gray00293
	gray00294
	gray00295
	gray00296
	gray00297
	gray00298
	gray00299
	gray00300
	gray00301
	gray00302
	gray00303
	gray00304
	gray00305
	gray00306
	gray00307
	gray00308
	gray00309
	gray00310
	gray00311
	gray00312
	gray00313
	gray00314
	gray00315
	gray00316
	gray00317
	gray00318
	gray00319
	gray00320
	gray00321
	gray00322
	gray00323
	gray00324
	gray00325
	gray00326
	gray00327
	gray00328
	gray00329
	gray00330
	gray00331
	gray00332
	gray00333
	gray00334
	gray00335
	gray00336
	gray00337
	gray00338
	gray00339
	gray00340
	gray00341
	gray00342
	gray00343
	gray00344
	gray00345
	gray00346
	gray00347
	gray00348
	gray00349
	gray00350
	gray00351
	gray00352
	gray00353
	gray00354
	gray00355
	gray00356
	gray00357
	gray00358
	gray00359
	gray00360
	gray00361
	gray00362
	gray00363
	gray00364
	gray00365
	gray00366
	gray00367
	gray00368
	gray00369
	gray00370
	gray00371
	gray00372
	gray00373
	gray00374
	gray00375
	gray00376
	gray00377
	gray00378
	gray00379
	gray00380
	gray00381
	gray00382
	gray00383
	gray00384
	gray00385
	gray00386
	gray00387
	gray00388
	gray00389
	gray00390
	gray00391
	gray00392
	gray00393
	gray00394
	gray00395
	gray00396
	gray00397
	gray00398
	gray00399
	gray00400
	gray00401
	gray00402
	gray00403
	gray00404
	gray00405
	gray00406
	gray00407
	gray00408
	gray00409
	gray00410
	gray00411
	gray00412
	gray00413
	gray00414
	gray00415
	gray00416
	gray00417
	gray00418
	gray00419
	gray00420
	gray00421
	gray00422
	gray00423
	gray00424
	gray00425
	gray00426
	gray00427
	gray00428
	gray00429
	gray00430
	gray00431
	gray00432
	gray00433
	gray00434
	gray00435
	gray00436
	gray00437
	gray00438
	gray00439
	gray00440
	gray00441
	gray00442
	gray00443
	gray00444
	gray00445
	gray00446
	gray00447
	gray00448
	gray00449
	gray00450
	gray00451
	gray00452
	gray00453
	gray00454
	gray00455
	gray00456
	gray00457
	gray00458
	gray00459
	gray00460
	gray00461
	gray00462
	gray00463
	gray00464
	gray00465
	gray00466
	gray00467
	gray00468
	gray00469
	gray00470
	gray00471
	gray00472
	gray00473
	gray00474
	gray00475
	gray00476
	gray00477
	gray00478
	gray00479
	gray00480
	gray00481
	gray00482
	gray00483
	gray00484
	gray00485
	gray00486
	gray00487
	gray00488
	gray00489
	gray00490
	gray00491
	gray00492
	gray00493
	gray00494
	gray00495
	gray00496
	gray00497
	gray00498
	gray00499
	gray00500
	gray00501
	gray00502
	gray00503
	gray00504
	gray00505
	gray00506
	gray00507
	gray00508
	gray00509
	gray00510
	gray00511
	gray00512
	gray00513
	gray00514
	gray00515
	gray00516
	gray00517
	gray00518
	gray00519
	gray00520
	gray00521
	gray00522
	gray00523
	gray00524
	gray00525
	gray00526
	gray00527
	gray00528
	gray00529
	gray00530
	gray00531
	gray00532
	gray00533
	gray00534
	gray00535
	gray00536
	gray00537
	gray00538
	gray00539
	gray00540
	gray00541
	gray00542
	gray00543
	gray00544
	gray00545
	gray00546
	gray00547
	gray00548
	gray00549
	gray00550
	gray00551
	gray00552
	gray00553
	gray00554
	gray00555
	gray00556
	gray00557
	gray00558
	gray00559
	gray00560
	gray00561
	gray00562
	gray00563
	gray00564
	gray00565
	gray00566
	gray00567
	gray00568
	gray00569
	gray00570
	gray00571
	gray00572
	gray00573
	gray00574
	gray00575
	gray00576
	gray00577
	gray00578
	gray00579
	gray00580
	gray00581
	gray00582
	gray00583
	gray00584
	gray00585
	gray00586
	gray00587
	gray00588
	gray00589
	gray00590
	gray00591
	gray00592
	gray00593
	gray00594
	gray00595
	gray00596
	gray00597
	gray00598
	gray00599
	gray00600
	gray00601
	gray00602
	gray00603
	gray00604
	gray00605
	gray00606
	gray00607
	gray00608
	gray00609
	gray00610
	gray00611
	gray00612
	gray00613
	gray00614
	gray00615
	gray00616
	gray00617
	gray00618
	gray00619
	gray00620
	gray00621
	gray00622
	gray00623
	gray00624
	gray00625
	gray00626
	gray00627
	gray00628
	gray00629
	gray00630
	gray00631
	gray00632
	gray00633
	gray00634
	gray00635
	gray00636
	gray00637
	gray00638
	gray00639
	gray00640
	gray00641
	gray00642
	gray00643
	gray00644
	gray00645
	gray00646
	gray00647
	gray00648
	gray00649
	gray00650
	gray00651
	gray00652
	gray00653
	gray00654
	gray00655
	gray00656
	gray00657
	gray00658
	gray00659
	gray00660
	gray00661
	gray00662
	gray00663
	gray00664
	gray00665
	gray00666
	gray00667
	gray00668
	gray00669
	gray00670
	gray00671
	gray00672
	gray00673
	gray00674
	gray00675
	gray00676
	gray00677
	gray00678
	gray00679
	gray00680
	gray00681
	gray00682
	gray00683
	gray00684
	gray00685
	gray00686
	gray00687
	gray00688
	gray00689
	gray00690
	gray00691
	gray00692
	gray00693
	gray00694
	gray00695
	gray00696
	gray00697
	gray00698
	gray00699
	gray00700
	gray00701
	gray00702
	gray00703
	gray00704
	gray00705
	gray00706
	gray00707
	gray00708
	gray00709
	gray00710
	gray00711
	gray00712
	gray00713
	gray00714
	gray00715
	gray00716
	gray00717
	gray00718
	gray00719
	gray00720
	gray00721
	gray00722
	gray00723
	gray00724
	gray00725
	gray00726
	gray00727
	gray00728
	gray00729
	gray00730
	gray00731
	gray00732
	gray00733
	gray00734
	gray00735
	gray00736
	gray00737
	gray00738
	gray00739
	gray00740
	gray00741
	gray00742
	gray00743
	gray00744
	gray00745
	gray00746
	gray00747
	gray00748
	gray00749
	gray00750
	gray00751
	gray00752
	gray00753
	gray00754
	gray00755
	gray00756
	gray00757
	gray00758
	gray00759
	gray00760
	gray00761
	gray00762
	gray00763
	gray00764
	gray00765
	gray00766
	gray00767
	gray00768
	gray00769
	gray00770
	gray00771
	gray00772
	gray00773
	gray00774
	gray00775
	gray00776
	gray00777
	gray00778
	gray00779
	gray00780
	gray00781
	gray00782
	gray00783
	gray00784
	gray00785
	gray00786
	gray00787
	gray00788
	gray00789
	gray00790
	gray00791
	gray00792
	gray00793
	gray00794
	gray00795
	gray00796
	gray00797
	gray00798
	gray00799
	gray00800
	gray00801
	gray00802
	gray00803
	gray00804
	gray00805
	gray00806
	gray00807
	gray00808
	gray00809
	gray00810
	gray00811
	gray00812
	gray00813
	gray00814
	gray00815
	gray00816
	gray00817
	gray00818
	gray00819
	gray00820
	gray00821
	gray00822
	gray00823
	gray00824
	gray00825
	gray00826
	gray00827
	gray00828
	gray00829
	gray00830
	gray00831
	gray00832
	gray00833
	gray00834
	gray00835
	gray00836
	gray00837
	gray00838
	gray00839
	gray00840
	gray00841
	gray00842
	gray00843
	gray00844
	gray00845
	gray00846
	gray00847
	gray00848
	gray00849
	gray00850
	gray00851
	gray00852
	gray00853
	gray00854
	gray00855
	gray00856
	gray00857
	gray00858
	gray00859
	gray00860
	gray00861
	gray00862
	gray00863
	gray00864
	gray00865
	gray00866
	gray00867
	gray00868
	gray00869
	gray00870
	gray00871
	gray00872
	gray00873
	gray00874
	gray00875
	gray00876
	gray00877
	gray00878
	gray00879
	gray00880
	gray00881
	gray00882
	gray00883
	gray00884
	gray00885
	gray00886
	gray00887
	gray00888
	gray00889
	gray00890
	gray00891
	gray00892
	gray00893
	gray00894
	gray00895
	gray00896
	gray00897
	gray00898
	gray00899
	gray00900
	gray00901
	gray00902
	gray00903
	gray00904
	gray00905
	gray00906
	gray00907
	gray00908
	gray00909
	gray00910
	gray00911
	gray00912
	gray00913
	gray00914
	gray00915
	gray00916
	gray00917
	gray00918
	gray00919
	gray00920
	gray00921
	gray00922
	gray00923
	gray00924
	gray00925
	gray00926
	gray00927
	gray00928
	gray00929
	gray00930
	gray00931
	gray00932
	gray00933
	gray00934
	gray00935
	gray00936
	gray00937
	gray00938
	gray00939
	gray00940
	gray00941
	gray00942
	gray00943
	gray00944
	gray00945
	gray00946
	gray00947
	gray00948
	gray00949
	gray00950
	gray00951
	gray00952
	gray00953
	gray00954
	gray00955
	gray00956
	gray00957
	gray00958
	gray00959
	gray00960
	gray00961
	gray00962
	gray00963
	gray00964
	gray00965
	gray00966
	gray00967
	gray00968
	gray00969
	gray00970
	gray00971
	gray00972
	gray00973
	gray00974
	gray00975
	gray00976
	gray00977
	gray00978
	gray00979
	gray00980
	gray00981
	gray00982
	gray00983
	gray00984
	gray00985
	gray00986
	gray00987
	gray00988
	gray00989
	gray00990
	gray00991
	gray00992
	gray00993
	gray00994
	gray00995
	gray00996
	gray00997
	gray00998
	gray00999
	gray01000
	gray01001
	gray01002
	gray01003
	gray01004
	gray01005
	gray01006
	gray01007
	gray01008
	gray01009
	gray01010
	gray01011
	gray01012
	gray01013
	gray01014
	gray01015
	gray01016
	gray01017
	gray01018
	gray01019
	gray01020
	gray01021
	gray01022
	gray01023
	gray01024
	gray01025
	gray01026
	gray01027
	gray01028
	gray01029
	gray01030
	gray01031
	gray01032
	gray01033
	gray01034
	gray01035
	gray01036
	gray01037
	gray01038
	gray01039
	gray01040
	gray01041
	gray01042
	gray01043
	gray01044
	gray01045
	gray01046
	gray01047
	gray01048
	gray01049
	gray01050
	gray01051
	gray01052
	gray01053
	gray01054
	gray01055
	gray01056
	gray01057
	gray01058
	gray01059
	gray01060
	gray01061
	gray01062
	gray01063
	gray01064
	gray01065
	gray01066
	gray01067
	gray01068
	gray01069
	gray01070
	gray01071
	gray01072
	gray01073
	gray01074
	gray01075
	gray01076
	gray01077
	gray01078
	gray01079
	gray01080
	gray01081
	gray01082
	gray01083
	gray01084
	gray01085
	gray01086
	gray01087
	gray01088
	gray01089
	gray01090
	gray01091
	gray01092
	gray01093
	gray01094
	gray01095
	gray01096
	gray01097
	gray01098
	gray01099
	gray01100
	gray01101
	gray01102
	gray01103
	gray01104
	gray01105
	gray01106
	gray01107
	gray01108
	gray01109
	gray01110
	gray01111
	gray01112
	gray01113
	gray01114
	gray01115
	gray01116
	gray01117
	gray01118
	gray01119
	gray01120
	gray01121
	gray01122
	gray01123
	gray01124
	gray01125
	gray01126
	gray01127
	gray01128
	gray01129
	gray01130
	gray01131
	gray01132
	gray01133
	gray01134
	gray01135
	gray01136
	gray01137
	gray01138
	gray01139
	gray01140
	gray01141
	gray01142
	gray01143
	gray01144
	gray01145
	gray01146
	gray01147
	gray01148
	gray01149
	gray01150
	gray01151
	gray01152
	gray01153
	gray01154
	gray01155
	gray01156
	gray01157
	gray01158
	gray01159
	gray01160
	gray01161
	gray01162
	gray01163
	gray01164
	gray01165
	gray01166
	gray01167
	gray01168
	gray01169
	gray01170
	gray01171
	gray01172
	gray01173
	gray01174
	gray01175
	gray01176
	gray01177
	gray01178
	gray01179
	gray01180
	gray01181
	gray01182
	gray01183
	gray01184
	gray01185
	gray01186
	gray01187
	gray01188
	gray01189
	gray01190
	gray01191
	gray01192
	gray01193
	gray01194
	gray01195
	gray01196
	gray01197
	gray01198
	gray01199
	gray01200
	gray01201
	gray01202
	gray01203
	gray01204
	gray01205
	gray01206
	gray01207
	gray01208
	gray01209
	gray01210
	gray01211
	gray01212
	gray01213
	gray01214
	gray01215
	gray01216
	gray01217
	gray01218
	gray01219
	gray01220
	gray01221
	gray01222
	gray01223
	gray01224
	gray01225
	gray01226
	gray01227
	gray01228
	gray01229
	gray01230
	gray01231
	gray01232
	gray01233
	gray01234
	gray01235
	gray01236
	gray01237
	gray01238
	gray01239
	gray01240
	gray01241
	gray01242
	gray01243
	gray01244
	gray01245
	gray01246
	gray01247
	gray01248
	gray01249
	gray01250
	gray01251
	gray01252
	gray01253
	gray01254
	gray01255
	gray01256
	gray01257
	gray01258
	gray01259
	gray01260
	gray01261
	gray01262
	gray01263
	gray01264
	gray01265
	gray01266
	gray01267
	gray01268
	gray01269
	gray01270
	gray01271
	gray01272
	gray01273
	gray01274
	gray01275
	gray01276
	gray01277
	gray01278
	gray01279
	gray01280
	gray01281
	gray01282
	gray01283
	gray01284
	gray01285
	gray01286
	gray01287
	gray01288
	gray01289
	gray01290
	gray01291
	gray01292
	gray01293
	gray01294
	gray01295
	gray01296
	gray01297
	gray01298
	gray01299
	gray01300
	gray01301
	gray01302
	gray01303
	gray01304
	gray01305
	gray01306
	gray01307
	gray01308
	gray01309
	gray01310
	gray01311
	gray01312
	gray01313
	gray01314
	gray01315
	gray01316
	gray01317
	gray01318
	gray01319
	gray01320
	gray01321
	gray01322
	gray01323
	gray01324
	gray01325
	gray01326
	gray01327
	gray01328
	gray01329
	gray01330
	gray01331
	gray01332
	gray01333
	gray01334
	gray01335
	gray01336
	gray01337
	gray01338
	gray01339
	gray01340
	gray01341
	gray01342
	gray01343
	gray01344
	gray01345
	gray01346
	gray01347
	gray01348
	gray01349
	gray01350
	gray01351
	gray01352
	gray01353
	gray01354
	gray01355
	gray01356
	gray01357
	gray01358
	gray01359
	gray01360
	gray01361
	gray01362
	gray01363
	gray01364
	gray01365
	gray01366
	gray01367
	gray01368
	gray01369
	gray01370
	gray01371
	gray01372
	gray01373
	gray01374
	gray01375
	gray01376
	gray01377
	gray01378
	gray01379
	gray01380
	gray01381
	gray01382
	gray01383
	gray01384
	gray01385
	gray01386
	gray01387
	gray01388
	gray01389
	gray01390
	gray01391
	gray01392
	gray01393
	gray01394
	gray01395
	gray01396
	gray01397
	gray01398
	gray01399
	gray01400
	gray01401
	gray01402
	gray01403
	gray01404
	gray01405
	gray01406
	gray01407
	gray01408
	gray01409
	gray01410
	gray01411
	gray01412
	gray01413
	gray01414
	gray01415
	gray01416
	gray01417
	gray01418
	gray01419
	gray01420
	gray01421
	gray01422
	gray01423
	gray01424
	gray01425
	gray01426
	gray01427
	gray01428
	gray01429
	gray01430
	gray01431
	gray01432
	gray01433
	gray01434
	gray01435
	gray01436
	gray01437
	gray01438
	gray01439
	gray01440
	gray01441
	gray01442
	gray01443
	gray01444
	gray01445
	gray01446
	gray01447
	gray01448
	gray01449
	gray01450
	gray01451
	gray01452
	gray01453
	gray01454
	gray01455
	gray01456
	gray01457
	gray01458
	gray01459
	gray01460
	gray01461
	gray01462
	gray01463
	gray01464
	gray01465
	gray01466
	gray01467
	gray01468
	gray01469
	gray01470
	gray01471
	gray01472
	gray01473
	gray01474
	gray01475
	gray01476
	gray01477
	gray01478
	gray01479
	gray01480
	gray01481
	gray01482
	gray01483
	gray01484
	gray01485
	gray01486
	gray01487
	gray01488
	gray01489
	gray01490
	gray01491
	gray01492
	gray01493
	gray01494
	gray01495
	gray01496
	gray01497
	gray01498
	gray01499
	gray01500
	gray01501
	gray01502
	gray01503
	gray01504
	gray01505
	gray01506
	gray01507
	gray01508
	gray01509
	gray01510
	gray01511
	gray01512
	gray01513
	gray01514
	gray01515
	gray01516
	gray01517
	gray01518
	gray01519
	gray01520
	gray01521
	gray01522
	gray01523
	gray01524
	gray01525
	gray01526
	gray01527
	gray01528
	gray01529
	gray01530
	gray01531
	gray01532
	gray01533
	gray01534
	gray01535
	gray01536
	gray01537
	gray01538
	gray01539
	gray01540
	gray01541
	gray01542
	gray01543
	gray01544
	gray01545
	gray01546
	gray01547
	gray01548
	gray01549
	gray01550
	gray01551
	gray01552
	gray01553
	gray01554
	gray01555
	gray01556
	gray01557
	gray01558
	gray01559
	gray01560
	gray01561
	gray01562
	gray01563
	gray01564
	gray01565
	gray01566
	gray01567
	gray01568
	gray01569
	gray01570
	gray01571
	gray01572
	gray01573
	gray01574
	gray01575
	gray01576
	gray01577
	gray01578
	gray01579
	gray01580
	gray01581
	gray01582
	gray01583
	gray01584
	gray01585
	gray01586
	gray01587
	gray01588
	gray01589
	gray01590
	gray01591
	gray01592
	gray01593
	gray01594
	gray01595
	gray01596
	gray01597
	gray01598
	gray01599
	gray01600
	gray01601
	gray01602
	gray01603
	gray01604
	gray01605
	gray01606
	gray01607
	gray01608
	gray01609
	gray01610
	gray01611
	gray01612
	gray01613
	gray01614
	gray01615
	gray01616
	gray01617
	gray01618
	gray01619
	gray01620
	gray01621
	gray01622
	gray01623
	gray01624
	gray01625
	gray01626
	gray01627
	gray01628
	gray01629
	gray01630
	gray01631
	gray01632
	gray01633
	gray01634
	gray01635
	gray01636
	gray01637
	gray01638
	gray01639
	gray01640
	gray01641
	gray01642
	gray01643
	gray01644
	gray01645
	gray01646
	gray01647
	gray01648
	gray01649
	gray01650
	gray01651
	gray01652
	gray01653
	gray01654
	gray01655
	gray01656
	gray01657
	gray01658
	gray01659
	gray01660
	gray01661
	gray01662
	gray01663
	gray01664
	gray01665
	gray01666
	gray01667
	gray01668
	gray01669
	gray01670
	gray01671
	gray01672
	gray01673
	gray01674
	gray01675
	gray01676
	gray01677
	gray01678
	gray01679
	gray01680
	gray01681
	gray01682
	gray01683
	gray01684
	gray01685
	gray01686
	gray01687
	gray01688
	gray01689
	gray01690
	gray01691
	gray01692
	gray01693
	gray01694
	gray01695
	gray01696
	gray01697
	gray01698
	gray01699
	gray01700
	gray01701
	gray01702
	gray01703
	gray01704
	gray01705
	gray01706
	gray01707
	gray01708
	gray01709
	gray01710
	gray01711
	gray01712
	gray01713
	gray01714
	gray01715
	gray01716
	gray01717
	gray01718
	gray01719
	gray01720
	gray01721
	gray01722
	gray01723
	gray01724
	gray01725
	gray01726
	gray01727
	gray01728
	gray01729
	gray01730
	gray01731
	gray01732
	gray01733
	gray01734
	gray01735
	gray01736
	gray01737
	gray01738
	gray01739
	gray01740
	gray01741
	gray01742
	gray01743
	gray01744
	gray01745
	gray01746
	gray01747
	gray01748
	gray01749
	gray01750
	gray01751
	gray01752
	gray01753
	gray01754
	gray01755
	gray01756
	gray01757
	gray01758
	gray01759
	gray01760
	gray01761
	gray01762
	gray01763
	gray01764
	gray01765
	gray01766
	gray01767
	gray01768
	gray01769
	gray01770
	gray01771
	gray01772
	gray01773
	gray01774
	gray01775
	gray01776
	gray01777
	gray01778
	gray01779
	gray01780
	gray01781
	gray01782
	gray01783
	gray01784
	gray01785
	gray01786
	gray01787
	gray01788
	gray01789
	gray01790
	gray01791
	gray01792
	gray01793
	gray01794
	gray01795
	gray01796
	gray01797
	gray01798
	gray01799
	gray01800
	gray01801
	gray01802
	gray01803
	gray01804
	gray01805
	gray01806
	gray01807
	gray01808
	gray01809
	gray01810
	gray01811
	gray01812
	gray01813
	gray01814
	gray01815
	gray01816
	gray01817
	gray01818



