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.;':;I,~;CS:'10r.-I'\G·~·r;lIC :1'\.·")I,C'.i'Ion C-J;~R) :'33Ii7G 
TT-~:::; J?::Y:~IC'IJ E.'.)!'"; POR /fm:-PJ1~)C;OGlTr:CIV~J 
:':XTR·\.-'.;~,:iORY 'j?JRC"~p'~1 Ion (-,;.J) 

Thn issun i~ not tiliathor tho ~h0nom0n~ of o~tr2~8ensory ~orcept
ton e~d8t81 but rnther 5 if 81Gctrorn;?l~J10tic or other ')hY8ic;'1 theories 
adoqu8.tely d.e~jcribos 8ny or oJ_l of tho 'ihonorDono. 

:D18ctro:lu~J:notic thoories:"or the "pheno~:lCm8. ;::.ctu8.11y 'Jrcd.;:--te 
tbeir ("')1')1)("')si ttO:Ll by moro th2n three conturics. 'fj,"Tt frmn Co.rtesien 
nro;uT'lEmts lesl.ing to c.u"'1ism ~,nd'-l18teri,-~1i8m9 the ;;mcntc~l ro..c.io n 

moc1.elc--J 11 PVC trar':i t i.on:,.lly [l,nn. ovon rocently bscn o,,-po8sd u'")on :,.t 
le ;st the four follo·ring grounds. , . 

Pirst 9 th~t ~1thou~h tho high corr31~tion between tho eloc~rlc~l 
acti~'itiT o-? t11G brp,i,1 ("1l10 body 'Jith )YtnJ1V 1')13i ,)hCmo:,lena is "mll 
efJts.blished 1 tbo brntn doss not e,'1it coho~ent ol1.er:~~y or r,).cli;).tion 
dctect8~;'lo r:J.oro th '~n C'. felT centir,letors from ths 2:'rull. Soconc1 9 nho,t 
enOT,£' io,".1 2~ro onmi ttoc1 loss thoir pOFsr vsr:r r·::'.TlicUy ~ C'.ccorcUng to tho 
optic219 or iUV'Grso tn tho sc;uc:cre of the G.ist"::lCC rule ~ and .such con
not 8,ccount fnr tele;)J.tb ic 'Jhonojilcl1~. ~Jb ich occur over c~::_st()J'lCOS of 
tlloussne s of lcilo..-:totc:r c :. Third 1 Eil thoories ccxmot ezplnin the iiclo~m 
tbru 11 CCTo. CI eel;: cloinroyrmco 1)hOLlOmol1:-. Fourth 1 'ny o:::1!1:~dn2tion of 
nrccognition c:x~not C)o,s:siiJly :)o.-::lec':;roiTIo.U1otic. 

Let it bo concoc1,cd th,-,t the tb ird fnd fOtlrth 0 D j oct ions ')TG vD.lic1 
2nd \Toll t 8kon. II(YHovor, ,~8 ··:rill OC:S;'OHYl. 9 thsro is nev! evinonoe 
thnt sU"Dorcod.os tho :Pi rst t'JO 00 j oct ionD. Al thoue:h SOine r'):?Jc;}'rchors 
in t: is fi,-::;ld ~~dhoro to ;::\ll only-onG :p,si 1')h;)110"18::.10 ::'10(';:-;1 9 'TO (~O not. 
A;)'nCTontly to ,c;o'ne 9 ("Jince :FJi~l thoorio8 cUd not c\coonnt for 0.11 tho 
,hcmornon"1 it L"Y"f'T'-:mtly dic1 not coccount for :my of it. . 

n thou(~h it >:'1".8 our ori,O"in~l,l intent to 1')l"'oGont n:;u ovic1s:n.co for 
tho ,)12ustbility of o10ctrom;:gnotic r[,di-:-,tion iJsing tho 'ih''sic:01 b;'.sis 
for '']on-"0reco{mi t i ve c::~·'~r,C'.-'-:;on:'jory pcrco'?t ion 9 SOi'Jot Lns bot·Toon the 
bGr""'inninp; of our TOfjG~'TCh1 ,-bout 2 Y8c."'..r ,~.g09 r~nd tho "j)ro8cmt 9 it DO-
0("';110 8,YlTI:<,ront to tl1 ie, TO E!c;.rcb.or tl] at thoro i.s 1 it tl 0 tI1".t if] ;;JclT2.

nhysic~i cbout no~o 8S"0 ~ho,o~an~. 
}3sc,'!use ue f inCl. th"t 1')·:-:>T C'1')oycholof,y,)z::r be roconciL;c1 rri th 

1')svoholoPY9 the t1m synthosizod UDon cl~~sic21 phvsics end neuro-
1.)h3Tsiolo:~y? t}1 is F101~oGrz'ccJh h:-,s b,oon ;::1 tored only in stylo] :.:ut not 
in contant "i th rCEFloct to i tfJ :-.;t;··,tcd rm.r--)os(). 

Unon the fol10~'in~ 0uotntiori rssts tho foun~~tion of this thssis. 

"}'ino.J.ly 9 Gxtrl"'S":'11f30ry Tlorco'ition ,".nc' c:on:-:;ory 1')or
ce;·)tion :~"0"?o~.r to 1)01uch .:.liko OJ:covt in tho r,31~·.,tion of the subject 
to tbe 8ti~ulus. 'fuon senAory ~8rcention is tested nt ~ low level 
of ,,?ti'rmlus intencity i:T~::lich :'l.~l.i:O" tho 1')rOaC08fl ;norc co~:n1');:"r-'blo to 
B?';P 9 thoro is' incJic='>tion th,::'lt it i2'3ubj0Ct to SO".10 of tho3 influenco,s 
n01,{ 1~:r1O;·;rn to offect 'J;-;:P. ~)or:form,~cs.;; J.B. J1hine (Nov()ml)or
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Evon bofoj:,e the ~i:;v·mtoO;1.t}1 contur'T 9 tb::; to'~ic"~ of con:JcfOUSnes8 
['n0 co)nmnic,,'tion 'Jc'~e ()f centr-,1 '~,':iSUG -e() Y.:::tuT·',l r'lliloEi O'phy ,,:'nd 
th"olo (n! ''[111r. -"ho11 n ro -:>n~' C ~ll°c~ 0."·:·r;; .. ,., '"'n""o In'" ,,)are r.-n-e ion :'" ::'Oq'" v ~.'._,) 0 ~_ •.• v ') ~ .. _ . ...I·.U'-' <... ... '., V._ ~J.t~_' ." .'~.../ t_~ '. ,...:; \ ... ,' . .) ,J..! -.) " . .lV'j 

"no 1) -;0·· info rmr:,t :Lon ' .. ~;. 0 tb.e r-; hf'::~ ;~ lon" " i T:~orV 0:1:' 1)0 in!!'i:no~-m :JV 
q;;nv c,iffGrent n·-~188 in m;:-n~T cuI tm:'Gs ,-ndJvGr~rJ historic'3,1 ti.~l.o •. 
It h"'0' 9 ')'T thj.,? ti"'l8 9 boon ~Tell C1.0~10n[itr~to(:' t~A t Tmm'.'?o conEJCioufmo,sD 
tF'.;'i intor r1 0T)011cont 28 vell u")on his 1Jiolo"'',7 .0nel '')h?[~iolo{:'r9~n(' thu,t 
those in turn wer0 influencG~ by the Dhysic~l environ~en~s. 

/:,lthou.o:b in rotTo,('<'')Oct the issuo C()l1COrn rj it801f ~!it~'l thG d2-ea 
~crivcd fro; ~h70ic8; ~hysio102Y 2n~ T)sycholo~Y9 tho brief Gur~oy 
1)resento~ horo sho'~ nuito clerrly th~t the investi~~tion8 undor-
t c:,l;:on 1'.r01'8 don::: ·']0 1'~1:-:18r tho :( ot ion tlvoC the; -')hono"1en,-', 0 bS,JrV2d in 
one 13"):'::0 :iJ;1 -1:;7 ',·res not T81 :--t,:-::( to iJl!:J'10'i10nC 0 ;~)3·::::rv3·=1 in o'cher 3-)8C i nJ_--
ti88. ";~his b::;conc-;c:: vOY''' ;~-l'~:-'T,'nt ''':18n l;'tor on9 r;:,ilio iihenoIV:;Uc9 
['0 i'JT2ytic80. i)~! 01 :"ctro:i:lic-m( i.no')::,r; mid" r:d l_oil18J101:;::;nO. pith 
rc~~act to eG~, bc~~litt18 rclJtion to o"ch other, i~ the ~in(s 
of the ~ril1cii):.l :Y:l~C:,,)G~TC;1010r;ic,::'1 invcc,ti"" tor of t~~o '11i(1-
~'~ntieth contur:. 

It 'i To".ld :)0 r: if 'icnlt to ,:;~: TTbon tiL; vc,r'7 fi j'8t 81~Jctro-l[\(~netic 
th.·ori:8 of 1,)8i :first occurred, 'JOC'USO t:JC '')11'8nO'jDl1:"' i8 Clc,:::cr5_bedin 
vorCl~ th~t nrod~tc motcrn sciontific tOlminolories. A~Dro~08 of the 
,"'Y)cific if'8UC ;:d~ hO'10. 9 tho :2i"f',t ::IJ.r:mtion of :'11\T 'Y)hol1o'D.:::ma rel(j,/8nt 
to the lJcTco'ltion ;-'.nr'/or emission of 01 :::c-:~ricC'..l or iTI"t"nctic enort;y 
b~r th J hr:'7};>n oT"';ni G'"[ oc curs l7i th :r·~rzcGl ::U8 (1493-1541). He ,:1::>.8 
8. 1)hvrdci2l1. ,::-nf r~~')ute('~lv ,'" ;,).":l cr c1.Jic b:;;~.lcr ;en ;Tc;11 9 .:encJ he 1)c1icvoc1 
-I:;h"t ·-n~r;n,..,t1''':'''" -.T"'" C' "1V"'~'''011'O'''''' l"'U J

- n"""""'l -"'o'"c''' -l-l.;nt 11"?",,-, th'''' C"'-'r e ' c. J<-,r" __ '.... ' • .l L~W ( I l.)t,,-~.L .:,:.'1,,) l.l r.'.I).A..\.I ..• ~L J V,/ lIJ..lr .. :""' __ ,..4'''' kJLc1,.:_" 

i"'fl1..),'C>nc0c~ ':'~n 'll' .. · . ...,'11)'0'(~7 e·~!011 . ..,+ .. ~ C"l'r:"'--nc'" :)'r.i r:'l"J+l·..., o··1··"h:···L. 1'on _ ... :'.L .. _ 'l.~ -,. lJ v ..... .A.. U • .-J.. , •. _.? ,,' ,_.[, -' c, _ .. ..; ll'_' .... ,J ') • ,I ...... '.J .... LI V '-' v .. 1;-" ,I... 1 

that :)8TVedcc' S'i~CC. (Boring 91929) 
1;1r. "nc l' p Tl:::coy) (l c r.:1-16 2F) l' n ''''),rl'11'' ~'vl'1TI11'.""';. or -, I'T·..,tu'~"l Tr71' p+orv ~ . .:) " .. , .. ~..,... '.> u .J _ ' .. ' L~ .... ) ~ <..., 1...-...... 2 c., ..J.. ,_ ~, ..L c .,,~ lJ 

',rovid:Jc: ('J2ve:r::-l ;',ccoun-cs of 'Jr2co:J1'itIo'i1' ',:::n'cC -t'~'l',: i2,t113T 9 not inc th;::,.t U 

thr .... '7 ;"T.-:I""0 n"-t-uI·.-:-l 'Y)Jl'-'n""r1"Y\~· ~'nr; ·'·:·,~·JI_ l·t 1)~10'1r",r'I to n cl·- c 'c: of ... ", ,",~..l. ...... C, J ......... '), .. _\....<J. 1..'_' ,-,J..J.' ? '. _. _. I., ... , . .1 ,_,..l \::~--' _ (., ,_ ':.'!>..._ 

0')8;'('.1; ioru:-; -~ ;;efFli sc:" on.s;;; ;·tro.J:1c;mLs· ·i01.1,') ~;; end inil'..wl1co,s 9 ;'Thioh 
IiwoI':{ i'-':- ., r: l' "·'-"'1C\.." . 1,1..'+ '10t '1+ +01.:c'n" ,·t ~"'out +h0 C"~;~1c, '('-1"11" • . ._.J ,..... .• ..J ,~.t. ',. ..I ... U !.. . .. u ;) 'c. & _ ~_ .. U V_', ''"'' V CL·. ,.., J ' Y 9 

V211 T-"'lnlOnt (15'77-1(,/.4) 0"'1' ('l'1~+-0 t'1'-' (~OC·trl·11' O·f -'111··"'-.J "J""'1""1:;1' 0"11 ' •.• __ .-, '.. I v,: J. (._ .. ,~l. . V'-,,,_ .t .. v _ .. ' ... t.. ' . .1.(,,:.._ ·.C ',1"-LJ 1::)19 

b'l.7 t'--''':'Ch1'11,G' t11'1+ '1"()'~1,"":-lC '('l"l'd-' "',~di -,.I:; ....... ~ '{'''-'0''1 ,11 ''''on "11r: .,,~., }\") 
'., ........ 1. ••. _ ..... .' _'vol "'C:>~' ~ U._ • ..1. " .... i.. .... ).l '- .~_ . \ ..... \J... .~l.. I, ( ..... '.. .'.t. SI 1... ~, .l. ,,~, ul) 

{.!.uic;.oCi. by tho H:i.ll to in:flpcncc th~; ·,n::.ncL,s :·.nd 1,)0(" i8:=; of othors. (Gud:·s. 
,~. contC:'-l'O:::l,r'( o:C' tho ,-bOV2 Fas G:LU)or·:.;? ~.rho 1:11600 Dubli,shcc1 

('10 '7°crYl-"+--' Y'rl'nC1'''''11~T -. +,~ . ..,-,+" C"" 011 -Lh" '10.:1(:> -'-0"1'" G'l' J ~_' •. ,~.J_c.~:~ .. ~\..."~., ... ":.;..:.?J _~ J,'., __ ;< C u.l.\.',( 11...L~,,;'~ lJ,-," il.~_.JSIJ .:..;.:..., Tl OGre 8011-
ClP00C.tllc.t the ,"'un rnd c,::r'::h ":::,:3 both i."'L~c(':T!Ct89 tho o.i111"n:-,,1 rob:;.tion 
of th.:; ,-:;,~,rth c'-:-,snc::::nt l,non :"ll['t T'1[:/'noti:~:L :-1::; ~,L:;o ,studi,xl tbo 
'lbol1o'Ylol1.' of ;;c18ctri..c~,;; 9 1y!}t (~ic1 not con01n((; th-.,t thero 'n,fl f.'ny 
rclntion':"'ii, b,::;t'To:n l.,,\~'.,rn,Jtir::n ,".'nd.:olc:ctrtcitv. 

\0 -, l' ';'] '" T,~ f' l' '1C~ ;',11 r)··,·;, n l~ -J-.'·n "-~i- ~ t " ", :'l'Tc"~ C ~ lor 71} "C'l ""n'; c 01 
• ' .. ' "". ~ ., _ ~ " • . ,._ ~ '. J '. '..J IJ \... .1, r J c.. '" I.'., 1) J.. ' ... 1 oJ j...... < ,:"L 

o::,')L'n:-tton of ·!~i.l-: ','-,3)1()'''1<;n:i 'Tit11 Gl:::'nvilJ. t1636-.1630) nho cou"108 
8. porlr} .. ·soul bY'oth-;c:i.s '.rith tho o;')-:;,:;~~"t).-!;ion th2t ", .• tbo ':::"7ttot,:;d 
n;-rts of t}F; nr,' in CY;,!!c;t)- !lOt ::.0!1 in tlJO ·:!ro;'Ll1=:\-:.thol~ 1 it is 
nro"ve-;-:'I~w: thro'l.r:c:h th,; l:i.ouic1·l:'('; j.1L1 9 :.::::: UG 'C'l,:::C tll . motion 'T~lich i,'j 
Ci'U""[! l),T" e<ton' t'1'~0""1 1"1-1:;0 ~-'-,~" "~i-'''~ :; (0 d 1961) 'L_ ~ ,,. '_. ~.,). ' ... .L. '1 L (J.1.\J (.' . .J .... .L.. :rU .. 2..8.9-

It: Gbo'~lcl 1)0 unr "r",toocl tJvt ,'i..t this ttm8 :)bi1080'11"'1'8 7 vrho 
Horo ·!~h,., truo fO~"3ru:)n.:;':p 0:: the T)s7chol0,g:l'Jts9 'l:lcr,? c'.8;)c-cing tho 
is';uc: o:f' Hh ·~tho)" ;' :l1-+.-:;·~i :-li s:~ or Pi·d. tU21 L:1"i~''1()t::::;1 :,10 r:t ,~(~cu:(' ... ;t~;l \T 

"cconnt·,::;i' -:'or '-FJ:I.!" b:~hlvior~n.d. e()n'?cion8n,:::~...:c, Tho ou,:;fJ-I:;ion ~Thich 
"'Tf'.S Tc";::!lr'll,')'" l)'T C~r'!~=!8in (':).-:0118"1. is still rc1cv::' .. nt 9 2nd. is 
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flti11 b-;illf r"oj)·~t::;d. to('-'Y. It ire: oYviou;)y ovrm to thi,:; .. 1.l"i:;y.'Oj:', tJl0t 
me) tOY i ::-"l:l F~t i C (.l.~t-:~ or'-C:11::~-g7 )'·10('.c~1,s ;'ro nOCG .C::EJ .~'r 11'l incoj}'i18 t~, ui th 
ro nn~c~ +0 our ~~l~nviorq ~n? our l'C~~11+j~i~~ .\cror01'~~lv tl'l~ V:ll'~-1..1 .. ' ~ l.J v • .'-''-' .J. ..... , ~_ ' .... J ,~ _ ........ .1. lJ • I} ~_ J~ e .. .., .. .l._\, ,/9 .' '_.. ...... 

i ty of the; ;;ltncl,-bodv qWJ8tio:l 5.:-:: ~'cl,::l1o'~lo::lgod 9 tho nor'~: of tho "," '. 7 

uld,l080Dh'H'" 0'( tho -Jost-.FL:m:'.io.)('nco ic c:'tj_ll rol·r~:nt tod~~,y 5 but 1TO 

muct y)2'~"i O'"lO··: th" historv 0:(' ')hilo;:-;o'JJ:iIT ::m,~ conccmtr:::rb, on thG 
histor n of the Dhvf:lic::'list mod)ls.· , 

.~nton Hcsmer' (1 734-1(18) iJc"~ i' Vieno:";o ',hysici on ,Tho lti),S ,~,blc; 
to effoct cures both unon psychon8uroticdi8turb~ncm 2nd Dhysiologic~l 
onos 'by ':;11(; us:; of hY1)notir:m 9 'iTh:i.ch i'1;)smor cL,'.ii110C1 HOB (!,;,pom)ont UDon 
Co -,hcmomenr," of nnirno,l m::1.l,;noticnn. Hin ;.ror1.{ iC'o VO','y ii'lTJOr-Cc,nt to tho 
ouc,o-:-]'on of COD"'Cl·"-""""nn;"·~;. ~nc'l c'on+--'ol 1)"'c~'uc:'''' 1'-!' ~+l'1n"11"+c,(~ no-I. o'l11'T " .... ~:J v ~_ ~. _ ... ) J oj '.,~,") " ..... -' \.' L I. u.r. v (.., ~ .. 1_... V!-J V J. L. " .. ' v l.; . ~ lJ J 

1)~·r.,.""niTC}1010 ()'"1' c', '~J 1'1'1 OUI' 'J~iT 'OU-t'· C'·..!..l l' '''lul ~t"rl t'l'I" TTO·~l\.~ 0'1" J"r'~U(; "1nc~ J"n.'J' 
• (,. • ( :.)~.).) j. ~_.) ('.___ ~ "'.'. .' .~. ~ J ,.) J ,"" l, J'.~ ,.". ." J. ' ...1.. _ \... ._ .... ~.J "' \""1.. \' 

into th:1 unconC!ci'l!'rc:n;)s·<"j i"S TToll. rrhe issuo 9 them ;',8 nO'T y "T;'.S uhothor 
t h" C'l'.L~C' ~ -l'~hf1-:: r"l" 8:"1 '~r "'uce'" S "'-''''1.' '"l'"k-. 00"'1',1,'· 'h oc'1 i·T.' ru' r" U'" to 1:0 ' .1'-- Ol't ,q l' du" • __ J ~'L." '-,.-' ...... ,. :,", .~ )....) .... J ",._-1..J-\¥ ,.' ," '.J." _ ... / ......... .._ ••. ~., .1.'J 

Y)svchQ~r:ino·:~ic~·lilco :~orco 7 th",t icc: Gl~,ctrorL'.cn' tiSil1. or uhothor they 
~Tor8 cl.UG t03l1:~ 1 i'l1~nf'.l GU,O:" u st i 011.0. Obvi ou.sly tIl'':; "9 c~Tcho [Jon,"),t i c 
controVOI"siO(,1 [',ro r,-;.isecL ?TOGtler bjJ'101 'If ~:Ct fi'cst used motc~l bnr 

. ;'1'\"1 "·nr-..-:-", to '')1nor1uc'-'c~ '11' n C"-I"'-j'=OCJl'r< '0"1+ ·l""-:-···'r r.-,n·---·1·:··...,C~ ''"'):'0"''1 tll·"'>l' I~ 'l""e '1 ( '..I' I...,; J ~ -;. .1, ... I. '...... '. 1 0 ''''> . __ . I -;.J Sf \..... v C ~ v v. I.,.; '-' -1. VI....... l. J. u. ...... ... 1-' 

C),nd C:)!i1,~; to cL~''")onc1 sololy on liiE! a,m ;;i.ni."l::-,.l n::-"gno,cisJJ1. 1i~38C'U,SO of 
HeS111er' 8 notoY'(~it\T ::;, sci(mti:~ic co'rir;e-;ion "TeeS i:~2t U'') in 1 784 to 
invG3ti,no/cc: tho !,12,ttOT. ~~hG CO'~Flic;E'ion cOlJclucl.od tho.t 1'1c;)srI1er ~ t; 

"l'll'lTI"l m~ rrn~ +1' 2;ro "'11",1 n"'+u""'lly OCC"lI~l' n~' "'1'''' ("11""1'-1' r""1 (o'f t'll'"' 10(1 n "'tOll"" L I,., _ 1 r.., . 'l (. '; . .L ~... v ' .. L ,'J. ... .;: ,~. , v U . '. "0. . l,.. . r.<. ,! l..-< _ .' \.,.....) ,.)', . _ I...,;; ,. "--' 1..1 "---' 

vOTietv ) '·rr-,r'" ;10t C11"',11'l::r '~11"110r~""n('~ ,"J.'lCl "'T··,q~'l'''' ]-""~ll l'l'ltO c",ir:<ro~Y'utG . ," " ..... ......,~. I ....... I ,~ } -' :.'1,...... ~" __ I ...... l ...... _'-'~ .• "-' __ _ __ 1-.,) 'J 0 

1 _'- I' "" -':J' U~- i"~' . .., ~,. n J • ,'.' r·t ;; .. '" '·1 r l' ,I. '. • t···;; " .c; ,t ,v "J '"' 0 u d:18 0,".'.'.10. Cl'!.l() UJ.l( e .. ,1Ill1, , >3 ,JC (,rlCl j IS J_1rs 
obGorvoc. iJ:r G;~l v::ni in 1700. rIo diGcovorxl the:;/.; fro{' s lcn;s 9 '\Thon 
co,m:'ct:;cl to t~.'TO rJiDsi:-,1iL'.r I!10t2.1c y t't'ritcll. c1~,; tho ntill clive. 
l,ntor' b.o CTe~'.:i:;·'r: the fior:;t t!'\:ot b;'1ttO:n';i bv connocti:w~ in::-J<.-;rios ::1, 
l;~rO'o j'i1.Ji""bor of' .r:'ro·0 '." l,-,c'F.'""< ['Ph i ,-, ",':'C:' l'n 17giJ. Tt ]'.", onlv l··'t"r :.-; oJ .. I.I.! . _ i.--:::-.J Vl ... ,.J 0 ~ •• 1..,1 r _ •• 1>.....1 1 .w I. _w •••• ") ---,.I ... ~, \...I 

tll2t Volt;), crc["tpc cl'",;·ctrj,citY.~':i.~o'on inor:~'ontc b,~,t-i~ory, It i::c 2.1.1 

oft ho~rd oh80rv~tiol1 th~t m~ny of m~n's t2chnologic(~ invontions oro 
bu-l:: 'WOi8ction r

• 0:[ his 01m :)tolo."':F. 
lly 1827 Ohm ])2.(:, G1.lcc,)ns:?ulbT <orll~12t~;cl the 1: :.;;3 0:( f?;i;T\-,)10 

G 1 '" ,:. .' c 1 . '" ' + ,o. ~·1·~ '" CO> l'~ ;·Tr·· ;.., ~" ,,~.' J ] . '" r'" -'- ..:J ~ . Pll ~ . . • , , '~c"rlC-,·. C1.LCU1""9 uL;.).; ( .•.• " .... ]." ;'",1, __ . 1"111<:.",, 'Jou..· v • 111.~ .:1 <:1 J 0 1 

br:.;;'.ktJlrou()~h in '')ll'rr~j.c.'J of tk; ninotoontJl C;"::lt1.U';' - ,~~C; th..) c'l.iCCOVO:i'Y 
by m~rrf~~ in 1831 th~t on 'l~ctric~l curront could bo origin~tcd by 
movin{,; 0. vir() :.;JFOl~c:l1 Z'. T·l['J,:rn::tic fi_:::lcl. It \;0.8 th:; :drs-c re'-',li~<:,'"~::on 
of tho unity of cloctr:i:'i,t'y 'J1r:l "n,{!)w'Cir'1I!1, It ~;i.'..S (.': '. :Ln thu next 
iT(;8.r tl1[\t tho tGclinolo r J"7 11·(\ ;~'(b."',nc;(! rJuf':ici:::.:ntlYlor 1'1orso to 
d O"~1011S tr,"I,to tc1cp;r t"l.·" hy ~ ~r:JCrc~ 1)"~ coctor:_ r::1i.p)1C.1f) 1.T('; ro c 2.rr i cd OVO I lone 
di[~t::;,l'lCOS bv ur.;c of ci~1)lc" (tT"j1{";;llL-icion linD) 8.ctin o IH:c 101';' 
ire au:'nc;T 1 u--·1"o::::OY'T.--':·l<;-Gor ~!-8~,~·"!"lr:'. 

O,c'r;trcC'-c t':l 'ori~(ll1C8 'l~O -:~bo'lror,on-c iCSU8 iG tho r~;3ul'C8 of c'n 
oxucri~cnt carried out biT tho nn'rchoph~nicist TIo1mholt~ in 1350, 
:8o:f oro t}liG (} n,te the) Dlinc1 -1Jod~T ;0::'1")1,';7: 'Ui',El thou(, ht to :,ct to{~'o-chor 9 

!o.' irnul trn')ously ;~ll(~ 'Lnstc'xlt:::.n::;oul-, .,t or n c::"r tho "Jl)O(;cJ. of 1 ic;ht. 
H', ich \F',,[: thon'monn -co bo ("bout 300 9 000 len1/8':)O. 1'110 func-cions of 
tho norl"PS 'TOr,) r.;Qrwnn,b17 undor:jtooc3 C',t this til,}· ~ both 2.ll,,,.:comic<:\11 ':T 

,),nd :ic:·Tchologl<;".lly9 hut it TT2,S 2.1moc·:~ Ulli.'I·:;,o;:'.11y ;'_EhW'10o. that the 
norVOF1? 1ilu) "~orf:":o ',:: oc'.ble::; trZ)118n.ltt;-i.;Jc!. -eh'iT ,",CL+c;. o:t th.; .C';-)o,;cl of 
1 i(>;h':- • "~o 1) i8 ,sur"rj. GO? :--11 r' ;,w,ny othoro ,~.;:: 'Toll ~ En] m1101 t.7, found 
tll '"i:; the ST)O <" of norvous 'iro')::;.:c:~;,tioD. ':T['.S 50 mjfKc ~ not onl-:T r:lnny 
m2F!'llitude~1 clo'Tor tll_an lirl1t 9 'but ov!.m sIOTT;l~ ti';'.n thJ ~"iOCC;. of counc1 
in nir. YOT' horo'!o.fj 2. n;J~l iCJ.::m:' 9 for 1'1211 :J.'1.E; ro:- onl v 11ino. (~nd body 9 

110 VlO::; ,"'lrc;o not inntnnt;'.n~)ol1lJin oi:~llC' b-ii'~ 1)Olc:::;,)-:;ion[' or 11ic 
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rOQcti0n~, t~~t is; hi~ con'trol. DrY'in's 8vol~tion~r- thoory of 
1851 'Y)~~[i'Y)itQted ~~~ition~l con~rovorsy concorniil~ th~ rise of: 
n.l' ""'C'l r'Dl' CO':" l' c ("'1 ~~I--'-r]' ~ 1 l' '~';"1" C) ',., '11" 10 r'o' "11" r. '" 0'" "')'1')'7'" l' C c' 1J l' Ol 0 r;v ~nc", .. ~, ........ c"". 1 ..... V .l'J.(.J'~ •• (~~_ .• "..J..J. 'J.,.... .' .,J ---,I...,) ..J.. '·-0.r :"'>9' _.l.. ", l.. .. ," 

hi~::tory. Tb,:; sC)1h'n} ;)ot~rccn "'Ci':1CO nc1 thoology L in y),'T-G rc,-
8'')onoiol0 :[OJ~ th,3 founc1inc; of 'l~:')O '::.r:'l'Jycbolog,ic:.:l 'mc.' 'Y)8~Tcb';,c:;1 
rr;,sor',rch Dociotic;r~ In,to r,inc;toonth contur'.T 0 

1=1'.... <."J",', " ] ace .:l. ,-, ' " ,," "'I '''~'T:'''' - '1 ,~, '-."" " H'-'V'" of' "),~rn,, uC;1~1 1,11, ,uoo uC; ,Crl~)·_,C LJ 10 1101 . _ 1 'I} ,)1; .. ,.",' ,_'" ' .. ,,'" , 

11" ::,','7,~ ':; l' "'Jr,,' "'1 "c"l~r l' C l' '\"7 '(,~":-' 1", "" "1011 r:r '[-'1'" ~:- i 'J -,In Bv 1871 11 ':J ;,'hO':iOd .... v \, -' lJ! t. -. .J . .;J J._:.. _." ___ l:,- )1. '..- . _ ... ' .J. () -- ) ~ "-

t' ::>t tJ10 i~'Fn1.1~:~; fnrc,c"c f:CO;l, th,') 110p:;~tivJ in;:;i0.0 0:': tho fiher to 
-')onitiv'J outsie.o. In, '·.0ditio:'J, it ~T,~~ U':l<l,OTc::'tOOQ ;-t t;,'i,;:- tL' 3 tl-:,::"t 
n~rva8 raouira~ ~ rcf::ctor- ncriod bc'~oro bci~C c~lo to firo ~~~in. 
:Tcmro1Jhytiol0 y '~'iT tl,:i;~ 'Ci"·'.8 >::-/ i'~8n:~i":iJ0, ,:n~~ci:Uc SCl1,:,:ory :'u:d 
"l.otor ncurr'l 10c:cl.tioE' in tJv, br2inl1r' c:)l'l' rC!.l nOJ'vou':'sto Ll. 

M~x~~lll~ oru~tionG ~~no~roJ in 1864 102din~ to tho cro:tiDn 
O-",l" r:,t"1io TT"~T0 'Pr:'~'''''l''''~Ov "1''''c':'r~)l''l'-'-'11''+'ic r;"(:1':'I,1- 1'01", 1'11 1uo 8uO ';T i1895 ~ '.----.. (,v _.' ......... l, .~_J. ~L> '-... , .... 1I __ ,_ .-, • ~-' Y.__ ".~v.w - - - " J 

]'hrconi ':<2:"1 Z'blo to :)rO;'J~C~8t ;:,n('1 r:;c'; j'-7C; OVaI' o. (ict;::;nco o't? ':ovorr:.l 
:cilo::;):::tori:~, '.';'10 ~mc::;:,,;c1()(l in tr"'lfJ'aj,t'cin"r, Z:'.croc;c tho l\t1:mtic OC0211 
j'1 lC)05 Of 1" ',"1"0 ri' ;",'nco t·.... ""1 'h i o '')11,T'''' '.; ~; ~'1 +11'~ 0 -~~T 0"'= ,', .c:'''' 1'" '. t'l(';, -_ •. fI.M .)" ,j u;',.".,J_ ._'..., . .t .. _ v ,J',J -'-"-'''.1" . .1 .... ...., 

~':')')')::Yn60 i;J, 1900 0:.::" PI:~ncl{ 1 OJ 1;\'," ~ ',Thic1) ~Lccur~,t,;l'? doscriboD 
the onervv :noctr2 of:-:1:;ctro"2.~n2tic oJ1crc.eio:::: c~"'itt~;fl, from 
"'1'1 ob J' C'c+ o'P ;' (0'1' \Tr'n t'')',')'')(''~'''+'urr, "'or ,'1 ~'t1 tl. ~ + t~"i1"r>r "':'U'l~'> l' ~ ,3100TT 
c.,__ ~ ~ -'- .' <--.::' . I. V .. _ ,'_'. '.l,u .. " ... ' ,J. .._'.'U ~ )1....,. c. .• ,J ........ u' .1.\.0 

':<)ir 'Tl'lJ l' ,"''''1 CI'('01~(";'." (n'111'l1G'" 10~)"L1) r'tt·,,·~'c')tC'· to ''''"i'1~'I'11 tb;, 
" - W_ ~I. ..I ) ~ ...... -' J.t _'-, So :;; -j' 1.L. ~-" '.1 _ f • .J v.L~. J_ '-~. _ .. __ 

'Y)Z'.r;"'!10r"1;::~1 ,',hC;jl0l'1()Y[:>.,as'ih:i,crh froQucmcv vibr,~tions of tho cthoir 
r::;noro.tod bv th;; i101:;cuLr ;<ct iOi,l o'f th~ b~ ;',in." (l;:(j 7) ..'\.t tbout 
thin ,C;j'118 ti",V), ,:.;x:');.:rimont':;,tion b::sod n,Ql'l '.To':Jor'fJ (1834)'?1d 
T'ochnor 1 iJ (1851) lr'TC: of 8:~i:.mluf:; intcmDi ty'.nd tho tJ1rcGbolc1 
of 38110itivity (8 - k 10~ R) confirm the a~ist nco of fJ~b- i 

1 i I;11' '}~' J (1'" ("10" T_t:~ i"~' ':'~ 01r! '\ '-' ;"""1: '1' t l' ~Tl' 'I'-~. T nli'iT" 'r 1 ::: nl10 co i "1 n('1 +h'" ;, TO ral .- - 1 LJ~_ J "'_ ' ....... '-'\-' . "'" J _l .. j \,i..J t 0 l ... ) ~-',. l~) 9 J'. _ .L ... .I •• VJ. l.J :., . 

It,",J""')"~"l~~t l"n ''l''I't l.,OC:;U"''' :"'" :0,"'(" ,'11 1"I'~'r; ('(""'1' 1','1 1IT1'rnlr,C'!c, -! ./ ~v "._, 9 ,~ ,..... .~, 0~.J _-v .• J,", .. j... 1 .. vl.J ~./!_).' _.. '. "-' __ vl-JI:) I 

to:; la,crr ~"""hlT 1'1 ""0 'Ie) "; "'1)1 ;': ,', "" ,,1 -'-I ;'10 ;!"'u',> 1 i :;ll 11" J C ()'1"" C l' ,-.', l' "1'" r","! 11 '''''r ,"p';! '- - <-: <...I...:):.J .~ _ , Lr" ._'V\ ..... .1 •. -' ._' IJ...l. __ ... _~. t •••• _ J J. h.J ... ) ' •. J ' __ ~.), • ..J 00 _. '-' A.,1,...l 

( l (") no) ,.' T~-\ ("I l' "}t r-... -rl.~\ r~ .'. ':"'Id 1- il 1}0" t~1 ,I , U'l C 0"1('" C l' () U ~i""i j""':l;:l ,-; -":·"U"lc-i·l' ()n C'l i~ l' n: .. U,I i""'u 1 ),.1",,, ''-'' ..• ' ,,,, l.J l •. " ,...,."/: ... ,, • .L. J .• J .... v __ ; 

ro1::,tion to 0.rC""Y)G, ·','1.-C})OU7b h:::: 110v::;r :,C17,'O'''1()11!'e<:~ ':~ho p}LnOm;-,:o;" 
o f ')1~-: C O(,j~ it i 0:' ? in 1 C' 25 ~"'r ,JF!'~ 0,(,; C ':-:'It ,)(j th '; ~):' i ,.~t ~~n,c:;J' the ;I,S'O
c',ll,-,(l occl'lt "("i,I'IC,-'-';; i1lhn:"o'"itiop,'J nT""-;'lor i C fOctv' i,": of 
Jll.~,(7 ~ (1916 ')' ',') (: .. 0 t ;,; .. , r:-' • ;' ,', ~~ ,'\ ;". ' t'i Yl:' l' ;~"X'i c :'~, ~: 't"'l'" t t1.1 ,", c'1 ,~~::', l' C'" t ~l ., 

., ~-, L '.,. ' •• ,., .... 1.1 • L u ___ ... ' ._ .. ~", .. .L., u, . .", 1. I. J.......... _.~ _ '.,: ._. ' .... 

1·;:.oot :[1"0 C111:) n t ;~t --·,-C C 0 ~r- CO:.'l ~.:~ C i 0 1"1 'lJ1:) ~~.~~ ill. .~ -rl'). i ell ~;S3TC~.} i C --.,1 '~)b :;110 ~TI.:~~12. 

occur" account ing for t,vo thirds of all spontaneous psi. . 
Intcrc:::tiJ:'Fl~r cnOl)J"I1 9 tb:+j ,-',1 tlJ011,r,;h in'ccr .. ;';t in tho J)'J',7chic;::',1 9 

,')h':"';lom:,'l",' 1'11 'lJ ]'tr .. ' Tr",~l'O ",': ,'Cop 1~' 'yr'·C",(l"c, t:l "t 1'1' ("':,·.·0""'I'C,,11"; 0'[ .. _..... .. L. _,-... 9 -. - - • .", J.. -- _ -. - - .1. ) 9 - •• --' '" v ,-v \.. -~ - . ,,--< .L <- -.- J, -

th,-; intCTo"t iJ'1~'(',l,,'tic 'lfj\-C',olo' i-;r1 ~)':';- ccnturL;'J? tho 1914--1918 
"r.:",r ~;.')''''''''',rcn'l-l'' '-":',1"1'0)"11+,(, fo'l' -: :,"']"1' .,," tl'"'~''' "'}Ol~'" l'nt"'I''-'r'+ 1"1 +'10 1 

'_.. "., ,J V _. ) ~ l..- __ " •• " ') _ .• ' '-, ...... _ ....... ...L ... :.1\". ... ,9.. _ '.. .... ... '-' , . .J v i.. ul 

1c.ttor t),)OJl the') fornoI'. . 
)ot'T'JOn 1C)11~ld 1926 v:;,riOU8 r;:-t(~,io en" inocrs ho,f' fOU:12, th':':,t 

the 'lro'l:,,/)";,tio:l of r:~.rl:Lo '!~V;;o 1';'[; rl,:,:~')cnc' :;J:'it u')on 1:1c1.ny Y,',ri,:'bl :]'G 9 
, J 1 J , t . -- 1-1 71 t' - r" -. .- C~'I _t"}. ~1_1 _... I,. .... ~, sueD ",8.8UnG~)OG C'TO .. '3"", C;l:" '11':1e 0:,: 'l,lL) Cl''}'? J1"~~""JOll (), G,L1~; ], .. ur 7 

otc 0 'l>m of the '10[;-(; i~nort,':}' v: c.ri.;.b108 in !Jro',c1c:>,sting cu'e t~:lG 
fro(1ucmc':T of th8:~d,pn'l -'.11d t:1J c:nnl.' ithm of the ionoc'Jhor::: ;:"t ' 
" 0'1; ""11 ~t l' ','11 ,"'" 'rl' i-,"I Y'" ", "-"r, C .J, ';-0 I: 'f' ,', ,j, '('r'" """.1'''1'1 C'T, T'," "'0 r r, ,J,- "L C "·,1 :,"100' "'~'1 S \,," , \. ...... ._.j,l...... ,; .... , . .J \ / ~ ',/ _,<.. ... V -L _~ I", • \..., ~... \ 0 ._J ',I .... U _ {,... . _1...._ \0... 

",nr~ c"''''iric.-1 C~+;~ ljoth COl1:f ir,E:Cl t1:!,:t C;lJct:cmY!;~, n)tic rc~,(1i"tion 
int3n':itv ~,t 2~7i~r'n c1.iSt211CO (lo"y,:tb) iu ;" J'-Lll;,ction of tho '\!Z"oV!o-
1.:m,,.-,th, ~,l1Q e,O)8 not ~;,CCOf~ ['.r:i.l'P' dI'".~il1iE'h i;l.VO--SC]' T, '')ro )ort iOl':.Z":1 to 
tJ1 "" :"1'1"1r~ of '::'~- c'!l'"t'''111C'''' 'I'h'" O"Jl- 1'C"1 1;"1' 'Po'- 'Tl' 'l'b1(' li·ht . .......... ..' A... '''-' . .il-' ,_ .1 J' .... ,-_. i )~... .' J •• ,. •• ' _,_ J. ". ,I - <.. ! 

"T"'V 1 ('n,.("':' 11 c" '11'1"-' Yl' 1"'1'" r l' r: -'1 '"1' ". eU .. '·' r< 0 ':: ", t t: """'lU ": ':'1' 0'" 0'0 + ", l' 1'1 :"(; fr.oPl ,.(0' ......... 1..."'.'_.)" •• _ .. \J _____ I ........ , ,' .... ,,/.1.....-1., .....• \_,)._',v~ _. V -- •• _._--

-'-1...", '(0.,..'-.'1'1"'(" "~T-'; J ,,1'1" 1'·.., l';ll "'1" 1 0 2" (':0 "'1"+ iJ"r'" ~"')T"rnC;;l" 1 ,i. v.'. L .... .. ), I A._ 1-.} l~.·.' I. _ 'J.' '--' J..L I 1_ ~ '.! ..... . I V __ J. .! I U l , (. cj ',,I .. ' u 

fTOl1 tbo ~.cce'~')t~~,r: m,P1?-ic:-.l "r~clUOG u,'y" to'o~,.y (1975) . 
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Parh-ns th~ ~ir8t '~rUQ mC~Dur~0cnt of thG J1Gctro~~(n0tic 3n87~y 
""~';Fr1'-l-tor1 - w ''-,l''il i'T."("": ;)1';':'0 '1"-'" C.-,· .. ·'7i"i.'-,'Y'1· 'T1,O +-~t1·11·o 1"1 10;27 ~'.nc' con":" ." .... 'l LJ . . .... " " ', .. >, ,".. ,j.. ..' . __ (.~ .. l .. ~ .J.~- :::0 . .1 _ i j .L - .. 

tln.utno to 10~-1 ;-'lUG';lIr-;c~ tlL~ ;:!bcno;'Ym·. -':IT lFill' Z, l)ro;.c1b,·nt~;nJr-
"tor 0:[ '-:;0 -- 400 rThz (5.0 -~ 0~75 mr;toI"sL h" '-;11C.;[/:;;] :Ln :ro~;oi:l-till[S 
•. ri tll :(rcqu.~nci;:;r,; hI. tlin 3 .. - 400 1'1h.7. (100 .. - 0.75 mote C') r;'ngc. (trhc.'Jo 
~T;;v;<Lonr;tho incl uclo 1r;):;,r,)t}1"J oqui '71cllt to ;:l,VOT':'{!,C lnli U;"'..l1 ho i{,;ht. F. B. ) 

That oloctrOJ11C'{?,;lC)t ic ,:m::;rC7 'T0~l ')0 GsiiJly tIl) cront of te lO~0"thy 
l.r"'D rl;1c1 o "o·)1'.l,~r by '~1.:.ln~,; "irri tere; 9 L1Cll1.c~j,J.1r" U-p-con':incLdr \T110 us::;c1 
the titlo P,1o l1 .. tp:1 .. T:t',c'to, ill b:i.s 1920 bo0 1:: l,)COlmtiJ.:lp }li' vAry pxtG11sive 
t · ..... l "'Y'~+h1' C o"',"'orl' ",1"n+<' T'lo c' -"'10 'r""r 0,;r +11" r',noullC:":'l"'11t '-../.~i..J )('.,~J _ )"" .\.~_ V'~)O .1,\ .),_j~: .... , ,j\,. .... c~ ; . ..1 I ... J , v.,\.) '.0.- ... ~_ J'V_ 

by "or,o,:or 1 trl~~t b(;p:i~!rdn.0, fivo yor,rc: ;):):Foro 1 h;:; }V'.0. cmcoodod in "j13C'Dur
in'?7 trw oloctri.c::cl ;1.cti",~tt'T of tl10 l)r"'.in, :.nd h'd ~::ound th,:-:t ir e OcU8D.ci 
of 4 ow 2() E?: . ol':.rC'cto;:,ict ic ;J.orplZ.'.l 1)httvior 1 :'11\:: tho,-[; cortoin of 
tho fro ql..1.C))'l,C i ()~; co r:cc; f\ '')oileloc1 to c:)l't (",i:l men t :,1 :TG z.~t:s • In 19 ~-11 Dr. 
:jorf.or :mJ1011':'cOcl 11ir:' ;:\1)lJrov:~l th:'1t br:-~,il!. '!::'-VDfl '.TO·CO to1071:-.-'ct 1).y 2,:Z'-cor 
rOT~.inil1(" hesi t(",l1t forSO':l:) ·'O;?:.r-.l. 

~~lcctron1C1!;r)1ctj,c onori2;'T '..,,:-:.fi <~:.lr!o '>oinl?;, 8ttlo.L;cl vrith r(),~:noc-!; to 
l1orvos i"'nd :n,~;urons ~',t thic

V 

tirnn. ~;c[Si'-'ni~(' 'Iith ?hil1i~)80n in 1920 
ond c0nth:11 .. liDz'?; till 1938 9 yc,.riou~_' n~-;uto":!:~Yf:iolo,cTi;"t8 b.,~,d :"l:::'[:urcC! tbc 
c::".:pncit'''nco, . y,)~:chd:('.nco (i 1,1')c(L'11CO) anl :>ther ':,', .. ' curront 'n,:T:,-

-l1otcr,sqn('· founel thZlt tho ccl,t);'citrmco ,:',nC rC;!8iG-:~::·.nC8 ,'roro osscmti,:11y 
con,':':t,~nt in the ir vi-luCfJ 9 :md only tb~) vol-c2..tQ'o v".riec: in tbc J:10UrOllG. 
":;;'c1" n\"'1 1rO'j" "T:':>r:< CO'," ~'1' c~ r'I~,,('l ~~o lO.-,111 ·· .. V :-, .~'''' 'I r"~:J' '-'-l-'''llC~' ('11..::J 1 :-t0I~ 'In ,J ~ _".. ..L~. _ \,.1 "" ._.L 1 _ .. _~ >oJ. V".' ( '-' r ,~.J ',.oJ • -.......,) .. I~) } l.\, ,~ OJ' •• t!. __ , \.,:; I. 

L1'')o(l;:,]1co) in iVT,.-lL3]. ~,rith ,-', C'-,j:cdt;.\l1cc:. 
DOfinninr: in th:.:; oc-.rl:,r -l;hirtiof: V:18i10\ro~j bog,\l1 to l.)or:Cor~-;l 'l~"'ny 

..s: ort r-.]1cl. 10nz'7: c~ i.':tZ'cl1CO t(~lo-J8tby:'':;'ld ;:;uggcfj'bon :JJ':1)cI'ii'1.,~;nts 0 flout 
notic3,-\~)10 i'T:) tho ro::m1 t8 of 2n ox-cr':>'lOl'T 10no; (' i:;-[;;::11.00 tOft 9 1700 
1, l' J_, 0 '-1.(,., -I- ,"" -r,c: 0 l' '.,1 I." l' 01--, ~'ul-, l' .. ., C -[- • T" <" 10 H" -~ "'r'S J' n-I- '0" " 1:' -, r~ 1)0 t t1 (' TT-,t .~ . u'-" , ;, _ . _ J.. (, ' ,J.:..." ) .j <. .,~. i'V..l . , .1 • U " ' ,~.~_ ';; .) \~ 

tho porci',icnt "Ji'8 c::1)0:;110 of diccornint: th,) s-G"t:J of tho subj::;ct, 
\'vho "T~,'" l...lnOol1'"~~1·01J'"' .. ",/,',-:i1· .. ·>\T:'''T "t t 1'1:" ~~-j"il"" 1('':')7 "r'--·" 0-0' -1-1"0' 01)1'n1'011 • ' \ C k). _ ... \ ' .. l~ J " ' ,_ __ _ ... " ,_ .' ~.. V r_ . ',... :I I ../ 9 . , , ._ .1. u .. L ./ . • 

tho .. t ol::;ctrO<:l,-,E,not i c r;-',r":L cd:; ion iTOS '''' hi,-h1 ~r i'lDrob" b1o::ourcc of 
0(31) Dhono''':1:;n). U:; cUrl bo,\,rr:vor :'lO-CC th,::.t tho motC11 bottle; un;:l not 
c.':'.1);-'.:)10 0:::' r;l;i,:;ldine B',} frc;C'uonco.-' of t1):; cOrJ1l1ic ril'}" ri."'l!.:';o 9 or of 
c.;h i 01(11' l.,.G· tho frn O'l'~ '-10 i-, C:i 1)," 1 0" '( 105 11'7 1J;" C -"['0,' 0 'L"; ::'}1;' l' 'r" V'" r'iT 10"1 r; ... .. ~. - .'(:'1 . , - ~. ",", 1". ~- - I.... ....... 9 ,'-' ' ... ~ ,. \", '-. v. -' "-' -' ~ ... c.J 
i·T"'F~'l""nr'-+1.-. ,"' (r:-(,--, -,-i-"r +'.-, r'l" O"l~' '.-1'1 "'''1 +0'-) . ("/l. I"; f.) vll~) '.~' {.~\I\...· vJ. c.-,._~ .I. '.~ ..•• __ IJI·. _" U .L , 

.~-I.l~:o 'lory ;--,c-;:iv~) i~l. tJ;i;~ "):Jrioc1 iT'S Dr. nhino ,~J.1d hie '-,;ioOCt.tOB. 
Rhino COL1,Jd tbo 1')J:->r,:\80 oxtr-'··,rynfc1ory ~)oY'ool')tion "~ith 8. tent;-·tiv::; 
mo~ninc of 'Dorc(1)tion irithout th~ function of rocoGJ:1i'72~ 80nsos.' 
>:..., co.,..., t l' '111~'" :;i' ,c.' T) ; "". ;-. - ':)' r "l'L-ll'l~'r l' '-, (1 '''''')'''~'1 r~ ("n+ o'P .~,.., C 0 ('J'n i r7 ..... (1 ''''ii''' r O''.T ... 1..... J...i.. l ....... .. " 5' ..... '..:J ,lLJ ' .'" _ .• I.,: 1.1 ... I.~ . '~-,.~.' •. _.\.~ • U -1.. l,-, l)" _/." . ...' ... v \.J ,~ , 

forma, non-r~di~~ivc but ~roj2ctory .. - nl1 0uit2 non-8oncory ~
ch;:Tc,ctoriw::ico. i; (,"f,lino, J.'., 1964, 1,]34) ~hilJ.() :.1';0 vo1cccl throo 
o b j ,cct i01.1.8 to t::1C) cL;c-i:;rOi'nC1,r~:not ic '1.ocic!lf"!. FirfJt 9 tilt olcc-cro-
1'};" netic r cJi;·'tioll 10f:'cr~;'tG l')O~!'JI', i:i1.v:.·;r~'ol;T 'Jro"·)or-cioJ:v.1 to the 
8(1U'~.rO of the C11I:::'I:;;'l1C',;, (ibid. '')l') 15[} .- 175). Second,. he E1Qntinns 

·tl1c 1')robJJ;111i::l of w~loctivi ty imno'Jocl by the :,:)roblc:'1 of oVCn7',"0(!Y 
tr:'::.l:lsi'l:i.t+tin:'5 oO~l.tinuo1.'r·:ly or :':Lml t 'nco ,:,,1,.1' 0 Third 1 th,:; obj~:ction 
i8 -'·,'\(.::n, ~ne_ "roll ::a:do 9 th:~.t :::lcc-1;ro;:.J:-L nctiom c;mnot c?x'llz;,in tIle 
1)}-'onO;'1()l1n of ole' irvov;:-mcc 1 ;'l'J:Jr:; 0 bvious1 iT t}w ir is no ithor ;:::,n 
1""1"'.";''''' -to q n ne1 OI~ <",.·:-"jl 'l"j1 ",,('J'r'''l·l- -:-0 :':~no 1·t

J 

PO'T',,,rr;r Tlll"1'n 0 co.,...,-J'.. v , ........ .-1 .... "'9 ........, \ ........ __ Col· • _'.,.1. U .' ".J_J .. _ CI .... 1 ,:\.' Vv 7 .Ll·.L ,,' .L.J. 

n1U('~""'N (~~ 21 C 222) th~L ~N':) 1' n ~ 1)1'010~1'cr;J ~}1-~O"r;11"' -1~iT '0<" 1...... ,: ...... 1.") !I I}.) _ 0- _ . . \.~""l,. \ .. :,'~)~. :,) t._:'" I, ___ : .. ~) . t.., __ 1, ... '..J') .. 'l· ....... ,.(.' .. 9 '.1 r .... ,/ .... '" 

iDhorit3C'~ 9 021,1 'lnvol'.'Cf'J th~; norvolw ~)"rr;t,()m (iUi.-bc ::·Ci 'r1111.c11 ['8 (JOG;:-: 

'--n'T otbcr co.cnl_tivo 1)roc (),"1 ,r' ~. 0 n Tn l,)["c'sin' 9 I=LJ.-:j_ll.J lucpy; telc-
Y)~tb'\:r oJ ,~1'r\~0-:r'c'nc:' ~n(~ 'V\r'-'co'T Y11'-:-1'0'1 1""+0 OJ0'00 c'-,-I-····· O·ri·T but t("11" J_ .. 1 'j ..... ~~ ~ ,. .- ''''~ ~ t. _. 'J v ~.J .. u_ ._ .. J.,~v .J., ... ....... "u'~, _,) 9 ....., 1. .. -

l-ino,::is ::nd cY'yc1o ic ])c'1,lin:::, into [,1r;Y):'Tco.to c1arJf<)fL 
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Turcrle,in 9 in 1937 h,:,/] frmn(j. tb. t hl~~'lCn 8ub j::: cts :i\::lt dro'.T:-;:Y '·hem 
8 ',',0 ,r., :"'(~ ~- 0 lo,r l' ~'1 + "Yl ,... l' '~-,r CTl ,T ~-:r"'" C> L·~ J_;"", i- l' n J 042 :) '""> ·~7'" n r l' ";'ont "'c'l •• E-. .J _~, ..• '. .• _ v ..... i ')'~J J , •. " ..... \:). ....t) ....... ~. 9 _j 9 .... ,V .......... '/ __ • .l J \;-

ll"'Ol1. the; o:ffcct of ocrG.-~nfl ~ncl i:,ofl-::;c+o' 5 t~i)on ::-" SU:Jjoct e:r)of·wd to 
b.~T1,)l10tic fmC'r:;~8ti(nlf) conCOrnL:i.lC:~ 8';88.t in&;o furly,: in found tho th·:;) 
2gont ~~s omit~in~ 01cctrom~rrnJti0 8ner~i~~ of 1.8 - ?l mD (1.67 
1.43 X 1011 Hz). . . 

'1; fill 'ch,;ory of -,oi 'TD ',ro::)0r:~;(1 by Bi.bboro<,,-, in 1951 lpYJoth20iz-
]'n,u tll""" "-rr'>r CC)Cn1'j C ""~'."-,-" -incl ,r:r,--',"'''1: r-'vp (101-')_10 29 Hz~ "',pro ro--_ ,__ '.' u -<).. • ',j" !? _.J • _ ... '_.. '.1 (., • ,_)'" ~' • .L <., -.J ..... 1 .l. J) -..... _ ~ 

""")onsib10 for 80""10 of the Ylhmo'·12no,. Huc1~;rfor~ ~', yoo,1' l""ter~ sug~'.";8t-
eel ;,?:rz.;,7J ty fL:;10 8 ",nd neutrinos '."oro rer--;l')o:r~c;i blo. 

I,im;nnn ~ in 1951? h~.cl. do-coctc)c1 c~dren2'ly lO~T fro qU011CY (3 - 3kHz) 
eloctricc~l fieldc; (}l'Fnating fro) Hh:~t 'TO:~:) conGi(~o1',~;d to be 110I1r'12,1 9 

t11:"'-[; i'"l? ::t'''."icZ'l 1 ::lcctric :~ ish. I 

:r:Jouro-(")}I~isiolo ir;t n. GJcy T.T2,1·:~er c00:rTIcntoc1 u)on them~Jjecit of 
Em o.nd DC'') in lC"i53. Ho c1i~:co1m.te" the (}in modol.~; ,~nC' n:ccv:.c1od :00u1' 
;'O!1"''''C1"f1'C o' bJ'OCt1'011" '1·~1·~r·t ;iTF' C'D (; 'lcul~t" +'l'l"t t':1' ,..,"7' FoulaJ ;"c>J_;~,~Ll •• ,' ~/....... - _: ...... ).) (10 .'. .~. ,) ~ • \../ '-" _ -".' '- ~ v v {... .L '-'.' ' -'--

belo H noiso lovel Trith:Ln ,-::" fc,;,. millimotre;] fro' the ;o;ur:i"::c,; of the ho~'," 
His 8econd t~ru fourth objoctions occur in one ~~r~grnYJh: 

f;~-'he sizo of tll ~;lectric2,1 c~i8turb011coS 1Thich th.:) 
brc,in creates ;"11'0 oxtro1]ely en:;,ll. In f:':-·,ct ~ th<.:y nTe 
8.bout tho Diz;J "\rith5.:n tho br2in it::-oelf~ of ;", receivod 
signz"),l Hhich ifJ just intolligiblo on [:.:nz,vcn ;,',go rc"i,dio 
~~ot. ~I[orc erucic,l eV,)l1 tIJ.-t tl-,iC';J t}):]i1' dO'linr:nt 
fro(luencL)[) ~l,re L:\r l)olo~'T th .• r::-"nn;r; of l',:::.dio ch;-·,nnols 9 

b n 10'T o"':T·'"">n t 11e "c~le e'C"'l o-c" r:Ur1l"1,1r-, 'P'C'"1U"11c-i"'r.' .'\t ,," •• \...; _ I,~ l.,'~ '."'. c_ .... v .. (J \..." _I~. '-'Cf v_ ..J.. ....... ,.'rt _ .. 

ten C 'rel '"'("! ""'''r r'nco''''d t'l-' ~~J""" ~JJ'" -lr:'rC'Gl""ll""C"lT of' -'1,,'1' .;.. \..i..L. ~~; 1 ~ , J ',j 1. ' ~ J..~ ~ 9 J '.' '-,,'....... ( "'b'-' '1 ..A. ,,-' j L...: 1 '_" 

rh',Tthm.s, <'n~r cl:~ctroB::--,gnr:-cic 8i'l121 trftnsJittcd thru , 
S1');'CC "ould h:::--ve ;:1, FC\vc:longth o:C thLrty rJil1ion l'L)tros .'It 

' Tr 1tor 9
T.G.; Til; Livin." Br;:in, 1953, ~'1) 252-3. 

It should [,,180 ': J "lPntiol1',;cl 'th,~i" 'C;ic',r-'note'd.' th::: L'.c'{ 0f tho 'Jhcnomon8.. 
"'" .. ' 

to l)e sir-n ;:r:ic'-~ntl"1,r r;',ttel1u,:'otc:d () j_thOT uith rer-:''};c'' to ~jYJi,CC; c1.i,']t2,nce 
[mG. tir'l';' c1.i'JtC"ncc 1 so ho-,r:pm"crJ;Jy ;:'l,t th~ tiTYlo' z:c1hercdto th::: on0-
Yl8i Yl~ ~n080n8. 8odGl. 

?o11rnring lli'~::;::;,rli·Jr ~Tor1c9 I,ifJ'IELn 9 in 1958 lw.d succeedod in 
conditionin~ fish ~Tith curronts ~c low ~s hlicrovolt por motor( V m- l ) 
Cl,T 196· 0 h,,,,·',c" 11-"'0"1," +b" HO;"'~ 0-: 1:)"110c1, -:nr H'-'o1' 'T'~r;- '" nnT·r ,c:""n"'G-' .J..; y ..... "D./,~ V,'-! ,~ v.,-, ...... \. __ .. L.lI .. 'I. _ .:.. (,.· .... L t',o ' .... v "'J c. '-'~. '...)V',.J 

orgon, tho olcctrorGco~tor9 'r~8 identi;i:::d ond found to bo ~hylbgon~ 
c~llv n 8e~ber of tho ~cou~tico-l~t~-~li0 cvotrm Th n b~nic nl~ctro-(.. " 'LJ '- ~ ... • , I. (. "' ,J (. "I (.... k; 1-.,..) ~I 0 -,.. 0 '-' c .... 0 '-/ i J 

rc)c(;Y)tor TTn,::1 f;imil,:::T to -:;).L:; ej_li,~-in-jelly f:J)Conc~,C!.::;;r neuronc! of; the 
::uditorv "iT,'tem. T.Tbich ',Tor'J tl1.::m -tl!.ou,-,qht onl" for·1.;ch,~.noc:,1 2nt.~ 

~." ' .J ..J 

to~~orRturo sonsitivity. 
R" .~ c<11 Y 'T"ln:r (1 C) r:; 5) 'c'~ 0"" c< no t :' ·:;-.l..n 'L'11" n' "'" -: +' r') l' r:: c tl~r 0" 1 the sub J' 8 ct . .4 L· ... l-.,.'1 •• \.., • ,J,',:.J . -" _ '-' t..:) ,,1 I, .' V'-,. 10 _ ~. ..... " -, j' ..... - i ~ 

not1n,rF, ::'lso the obT/iou~::l;T non'-'J:Tyuicc.'l es1') 1')hc)lllY;1S'110. 110uovor, he 
cO'"11')J.oi;:;ly "}n:X: out tho n,::;cO~J!j~,r~T 9hy:::;i(:,"",1 co~'":':" itions n:;cef3'~::-,r:'T for 
the o")o:cc,tion, ob;-;c'rv,~,t5.01l ,::'..n(c;o:Jtin:~; of em ;),']i '"[100.:)18. He r::::-,TJ 9 

il':xlJori'l1ont~; 1J"I,T -~c1mlJ.nd Jr.CObfJOl1 (1°30) i::lC1iC;"1t::: thoj~ thinl.:ine; 1'08ul ts 
in 1'i1·.:ilSUT,..,l)l:: ~'ction curren.' [j 1.n tho OXt;:::'n:--l 11J.ur;clos of the:: bor1y. 
':;uch 8ction currcm';';s 9 8JU:l,11 :'.~; the':r [TO 9 of nocr.r;ci:~y ere[':co 
ol'ctror};")/')10':;ic :::jo10.~J. Unlil;:::.;17 L~':' it iii? it ir; not i)11>'")03 ibl.::.; 
th["t C;O;,llC b i,0>~'1,1:':' fJcn:~ i .. ~- tIle; 11cr-res. t'10.~T roo~.)on(l -;-;0 tht?88 fi ~)l(~.r; 0 :ij 

In lqr;2 just 2:UCb. ~-:-.:n 'Jlect:cgscn3it~'T(2 r·:;,g''}on::-J,-] 1728 obGOrV(:0. by 
Fro'T. Usil1c'''' fre(lu·:::jlr.i::G oE ~-·10 - 3"10' Hz (~ . • Om-O.lm) hum2.n 
;:mb j~;ctG r2"')ortc:c1 ;-~ lJu'7; zin.0· or cl ic1:ine: ;.:;;110z1 t ion, only if the 
t::-:-nor"l 10~y;s o~ the; br~~in IT.:::re inclu(~:::(:. in the tllu'11il1Z'.-Gcd :::.ro[',. 
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Frey hynothesi ~,ed that the cochlea 1,ms involved in the phenomena but 
he adds that there is Jjrobably more than one electrosensitive site. 

Puh8rich ~ in JleX~11.d. .. ,T,el.e:?a::CJl;Y: 9 1962 correlates 1)si rece 'Jt iVA 
nb.enomena·vi th cliolinergia and other -phY~3iolo:('!'ical Drocesses 0 lI8 
hyY)othesi 7,ed tha.t gravity and "nsi 1Jlasm8.,11 v'Tere partly res"Y)onsible for 
some of the telepathic nhenomenao Because of the Faradcw cage e X l)eri
ments he lierformed he sJeates 9 u:·fuile the eX'jeriments are highly sugge,s-' 
ive that electromagnetic radiation is not the means of tr8nsmis~Jion in 
tele'Y)f~thy 9 they are not mer:ms conclusive." He notes that 'while- in the 
ca:g;e 9 one subject sh01'red a ljronounced gas1jing effect ~!hen 640 Hz ac 
1'ms a;')l')lied to the cage. 1Ji tll res'Ject to the nerve :nlasma membrane 9 

he c81culE\tes that the neuron could be considered [: circuit of mega
ohm reststcol1ce, micro-farad ca:p2.citance 8nd 0.2 henry inductsnce 9 the 
12.tter fact first re')ort(3d in 1941 by Cole and Baker. 

The next year, 1963 y micro--oersted, 1.0 Hz mae;netic fields "vere 
detected em2llating from the human he~rt by Baule and McPhee. 

-Iooldrid&;e (1C)63) commented U1:)on the tele'!)athy--emr issue not ing 
the the difficulty involved ,..;as in deciphering brain vmves since they 
reYJresented the aver8.ge elec'i;rical strength of billions of neurons ~ 
there vIaS no YJossibility of unraveling the s:;ecific thought processes. 

It is in 1964 that Manchnrski states that telenathi,c c()mmunicatiol 
occurred at freaucmcies from i,nfTa~lol'l to sUT,ler-high (10--3 to 1012 Hz. 
Although I have not soen his thesis? the hy~)othesis ,mt fOI'1':mro. in thi[ 
monograDh perhaps best corres1Jonds to P1811charski' s hypothesis. 

1. M. Ko~~:"my in 1966 ~ hy'nothesized that lone: ",rave electromagnetic 
radiation of 26 km to 960 km ,..;avelength (11 ~OOO to 310 Hz) could ac
count for the phenomena bec8use at this wavelength the field strene;th 
doeis not obey the floptical II rule. Based 11:pon calculations, which re
grettably I have not scen 9 Kog2vl1 indicates" that the human or{'~anism 
genergtes four +:0 five times the neC(;SSD,ry signal strenr;th to accom
plish very lone: distc:mce telel:)athy. 

Two T)rominent parapsychologists, Burt 8nd Dobbs common':ed on emr 
and physical theories of psi in 1967. Burt announced his o:;YJosition 
to the emr theories based ulJon the objections that 1) the inverse 
sqU8.re la'\'! diminished the si,onal stren(J,th ralJidlv 9 ffilQ. besides the Hav 
lengths assoc iateo. 'I'li th the brain Haves (3-30 Hz) Ivere very (too) long 
In addition, 2) he calcu18.tes that becausc the observed change in the 
evoked 1)otentials '.ms 5-50 microvolts 9 the corre,sY)ondinf pOvver vTas 
10- 20 watts. To broao.c2,st the obE:lerved distances 9 Burt indicated that 
a m.inimum pOi'ver of 10 \,latts \,;JOuld be necessary. Finally he noted that 
some nlOdul!1tion or coding of the si(,nal \,ms GI,lso a neCefJSary lJrerequi
si te. Dobbs ho"rever rejects the v8,lj.di ';~y of the inverse ,square (o~ntic 
ruJe, ba,sed upon the ionos-pheric e',' fects at ELF frequencies long observ 
by radiomen. HCl1;vover 9 Dobb,s ques;;ions the emr theories because the Co', 
culated field sic:nal Ertren(:;th 'at the human scrd.p 11as on the order of 
10-18 "vatt,s. Kamiya (1968) re j ects the emr theor ies of telep~',.thy of 
es::wntinlly t11e same arguments 2-8 Burt. 

In his ;EJ.~.9.~ .. :t'_0.rn.agnetic;Piel'~.s.2}1..d: .;L.JJe (1968) 1 Prosman reviews 
the cOnlulete history of the studies of sensitivity and emissivity 
of electromclgnetic rRo.iation by li vini?; or;,!211t;::;ms. He acknovlodge,g 
bio-information transfer by emr fields 9 but is care Hot to deny the 
phenomena 11'Thile cri tici zing ;1 the 1)araptlyc1lo1oCis-(;,g And th(~ir methods 0 
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It is in 196;; thd -::ho :~loctromaFnG<~ic fields e;c:mer?ted by ELF 
br:::dn ;.laves 8,re first observed by Cohen. Usin,c£ a cryomagnetometer 
5 cm from tbe s~ull cou~led with contact EEG electrodes, Cohen found 
thut; the brE1.in emitted Elf d:~ fielcIs of 2.5· 10-8 g2USS 9 and later ivor], 
shm,reCl th8,t the sk'Jletal muscles emitted 1 - 100 Hz dc fields of 
10-7 gauGs. : 

~8.,rly in 1975 Persinger hY"pothesized that the 7.8 Hz frequenc:y 
associated vith the first earth-ionos~here 'Faveguide resonance. i.s the 
"primary carrier of telepathy. In RdditioD he hy~otheGizes that 
m8,gnetic fields should inhibit the :Jhenomena, as 'Hell as notin,g some 
slight I!lest-e::tRt -pro 1,)8,f;;1,tion differences. In 8,Cldition, Persin{,'er 
has done some of the most cOliFlrehensive e::X:Tlerimentation a,nd reseRrch 
v;rith ref"j~,)8ct to the b:b'Jbysicnl effects of EI,F and VLl" elGc+;rom8~netic 
radip,tion. He r0'00rt8 tho EI,}], brain l,oJave field at 1 ~ 10 mV· m-. 

In mid 1975, Blnu calculatec1 the emitted. brain ~'!ave frequency 
fHd strength as exceeding the microvolt :per meter level. 

Puthoff and Targ, in \'Torl;: cOll1:)leted in November 1975 and ,ljUbliShe 
in Mrcrch 1076 discuss the E1F--teleljathy hsn)otheses and rejoct. them 
under the consic er:lt ions then thnj:; 'Jhile the attenuat ion of the field 
strengths over very long oi stances 'Jere very 101"J 9 ELF could nO't ac
count for the Drecognition exneriences rocorded in their remo~e viewin 
experimentc. Thoir~second objection to ~LF/VLF con~erned the ;(reporte 
channel cc:>D!',city of th€.' bnnd as 0.1 bits. sec-l at meter ~"r;;;-:~r; distaYJ. 

_A.L I t ces and 0.001 hit· sec at 4, nno km range. The above authors En~)aren- 1 
efl.here to [lll only--one-psi phenomen9, morlel. 

This very brief history of the iSGue ~oDcerninG the hYDotheses 
and co~mter hy,)(.)thesGs regarc1inf: non-M'Gco{;ni ti ve I '0sychic f l')tlenomena 
is YJros0nted an intro(iuction to the question "'Thich is discuss(jd in 
more c1etEdl in t), is monogrC:VJh. Cjomeb istoric tOt1 1Jriori t ios may hnve 
been missed in this intruduc.diion but have been corrected in tlie text. 
Our mOn0,9T8,uh is the collection 0::: the ~mrlc of ill8JlY researcher's over 
many years 9 thA author ha,s merely synthesized it c1XlO thorefor~ defers 
to all those mention:;d herein any claim to origincclity or pr:iJority. 

i\ technicnl abstrrlct of tho hyqothesos aYJpears on -ehe neJ~t t'lvO 
'Pages. 
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3. 8Ti)j'FJIce IltITY 'j\TD'{;,Y1 PO?·i3~ TO ':'.0 P'[UT, I 

T.l!':; ~.p:~.riou8 Dho110"11011C, 8ucb "',8::::;L::",);"thy 9 cl:.il".To~T('.nc'J [mel ')ro
co(',"nit ion ·~.ro c:~.lloc1 ')~;:tr::-;,-iJcn0':o ry 'l)':Jl~ccnt ions by Y)sychic rc rj(; :-:Tch::TS 
""r I'ln·."':"r" l' 1,7 I' n ".T", ( •• t··"l'. -'1 ::'llroY''' "'1:}r1 T·TO T'i-l1 ~ 1'(1 "I~ I' C ,..... Hh" r:~ ~ r:: tho r; O,lIlO Dho-'/ .~ '._ " . \.:; .. ) v _. ~.:J , :,J ~ <.. ........ -. ..... ' ., J.. . •.• '.1. _, .,"', '-...' • 

no ~,o "0"1 ~ I' C' C ;,11,,/1 b I' 0--1' n'Po'" m~ -{- i 0'1 -nr J' m'~ r I' Iv I' n :""" C'!t -ry" ~- 0"'" -end tho !'.L' .. ~.I.·._· ~J t, \ .... '.. 1..1_ ('I .• _~ -; -~~"".I ..... /··lu J .... v .... ,J.J 

-:o":tiet Unton. In Tlnrt ~ th:::; study of tIl:: Y)hcm.o1"1:mo, hc\D be:,m influ,:mced 
by Hh",t· it b.;o.[J bc;:;n c 2..1 led • 

. n -!,~hough ;:ur~~on in 1870 U;J()S tho to:, T,JinoloCT'_,xtr;:-o,-sonDuour: por-
cO '''+J'on': 1'~~('< '''re''''''"1t ;"'''ro~11'nry ,",C' l"o"'ul-'rlv '1"1dr.-·,·,tood ir.· coin"c bv -' .J U ~ J. ~ VI .. ) _) .... .)\....-1 .,1' .... ( ...... _ ........ t:J c..~_,\~ ::) ) '" • .1 LtLJ. \....,;.J. :'.' ~ ,-, ....... - ..) 

~T?nhtnc to d oscri bo lJsychic :')hcl1ol)1::ms.. [',[J non-sonE-wry and 2..;1ilysic,c;,l. 
I~t thu ti"1C 9 nhinc incluc~od the '')08eibilityof' thc '.) 11,::; n 0 l:lC;11 '::'> bcing 
senecd by "J1 Clf': y~~d; un'rno'l1fi. G~::msory 'JOrC01Jt ion; lilion othor cons ic3or
['.ttons hJ r:-;joct::; :;"",-Y ltoizth 80nso ll h'!1')othof'J28. 

Clo~,r ly bo::'~)vcr 9 b(3foro ;:-o,ny Dhol1oPC)J1Z1 m;l:Y be Ch:''.l~,~.c-co ri zed f'>S 
non-~fJ:';nClory or c:z~~r;',,,""(m.f10r:T 9 r'n c:~f'."lin·',tj.on of f-!ol180ry 'Jcrccntion 
"'Oor 80 r'1UDt iJhrHr thf't i)e'lr'o"-~r '')crc,::;'Ycion ie ino.:::;r:.C1u:,tO. 'l'hio if: vory 
itnort;--nt:::'inco the qUO~,~',t5_on tl'C th',; int;:'o('uction of thifJ '~10nOe;r~lJh 
fmg,'!,c G tfj tb.,).t GOn80 r7 ;:'13 'l'Te 11 c.,:::: ,:;:dr ;.1". r::cmf:'lOr7 1') Jrc eiJt i 0118 ~~'J7')() 8.r to 
bohf'VC 8.1ilc'J ill tho roe'ion of m:TP:i!"f'.l ocmr,i.ti.'li t~T. It :::lh~ll b;.::; ;:;ho'\o7n 
in t: 1 iD c1v 1')tor t}1;,,',t not on1',: :::>T·::; t11oro ;--,Qvor,·l roc'J·,tor'::; c:-:-:'J:::JJlo of 
rcr;''')on''lO to el~;ctro~11r gno'bc onorgi;[J 9 the ,::,ymlic,:--otions of cl,""s':i.c.="l 
Dsych01)b.'Tf:icc: rove!::l -:n,vern.l norr::l2,1 mod ('8 of 801180, 'l ')orco1')tion ,\Thich 
f ""Cl'lj +~+r, t11'" ·"lnc'lc"l~O';l"'<'Cn(\'i--i c r,",r<'"onso''' . C ... , .. ur.,v\.. ......... ' ...... .- V .,.',,_ ,,¥J_'w .....,J.I "- ;.). 

The rnln:Gionr(rLi"') l)C)t\To~n the inton[::ity of :-:. ctln1Ulur:: '''nd tho 
sub j o c·:·; i vo in tonr::: i ':;'T of r2S'10nce 'l/!r'P ini t i 'C'>lly :inY):::-[; i::cct.J(~ b',,' T To bor 
r.n<1 F:::;clmer in tho nin:::;too:1th contur-;', In :"ono1'2,19 8/3 ~ :3:C')C)ctec1 9 tho 
;;'Jnr:;tj.Ol1 incre:.lfL)d 8..C tho int~Jw';i'i;ir of th.] sti"mlu;; incroD."';od. TIl,:; 
cor::-,lL;"ry of 'i;1 1ie 1"1J 8t8>t08 thfl.t tho juc-lt-notic:;nb1:::;-cLifforonc() in 
stimuli UCD n. concJtcmt numoricc.l 701u') <'or Q e:iyr:m irnut intonsity. 
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f',!::'o 2> '7,oro·-intcl1Gity stinulu8 9 rm(~ 2)8::ms[J.'G10n D ,'; 101:'; tIl:) li'v)11 (thrJ8-
hold) in th()orotic(~11)r 'JO:3'" i1J10 0 :Juc11 cmb"con,3CiouG 2,( ,mblinin:cl 
con r'itioniuV9 [',;' ',T::-;ll~s mC:'10r~T of ·o'nntc; con::ciou:::!l~r un0.,ttQne.~)0 to 
1., '.~ c("' .. ,~.:.':-:.l· re.,,·' .. l "" .. e.' .. vc 1 .. 1. n. lor ... ·.lc -·1 '1'''('+ --,.. 
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"',\7 (" "':-' I' n]' ,Ll 1 ""' 11 +';" ",. '1'~ t I' "tTr. +1", ~"" ,'" " 0 1 r' I' ",. tl"I:' t 'Tf--i ":lill' 1 r: i:rJ t ('11 c-: i t'7 J _J,.L - ) •. ·.1'--·9 .I1,,,.L \j , 'Ii , .... v .... J •• _," ).~ ~ .,_ t •. , _~ ! u ...• -- I..~.,-- ~- J. ... -'. "J' 

TTLj,Crl cvok,::s rc;r::)OJ~,::O 50% or,l,orc of th:J ttm:-). r;i;.lil;'.rl';r? tho ;b,,",olute 
threshold is tIl" t ;:;ti~<lUluri i.ntonr;i tv ... ,r}d.ch f:-,il~; to ovo1;:, r,;c:~)On80 in 
qC)r~ of tho tOi1t '\; rjyls. Ho~r::;vor? U',,J 2JJ801ut r,n L;S of thoSG threhold8 
c:-'n bo c,"I,llc)Q into ~u()f)tion c.u:: to D. G8.U8':i~n c1is!~ri:)ution of incUvid-· 
u~llfJ ;-ion8iti~7i'r;ien: V2ri~'uG ntudien 81101'.7 thz't in individu;-,lc tho 
th r :J8holc!s 111,(,'r V'l.ry fro '('1 28 ;'1uch-:;" 5 to 15 db f1'o",1 the coll:::ct i?e 
t ],1 TO '" '10] d ,,'['" "11;) "rd C' In -'" '-,c":: l' n rY 1,-T" '1'" 0 t n 'G'-l· t ·;, t tb r. ")O"~:" c' ("0 r r r: 0 f' "()]'le .'. _ '_-"IJ,t. • •.• ,J I,) •.• , e .lL.s}.l t·)~. ,-' .J. -" J. ( ~ .. "-__ "')~ .....-l..JI"") ,~ 1 ...... 

'')r;'~c~') ic ;-b il i tics :-'.1'(; r::'Oi'letii~,\()S - r:]forrocl to ;"'f:; 'i[;cnoi ti 'les •. 11 : 

. In ?,deli t ion -Co tb~; intJl1',i i t~T of ;:', ot inmluG 9 the threoho1d of 
f:onr:Jr'tion ic:; ~]JiO c, Junction of the c'ur2.tion or no'1;';l ty of thr)~:tim,
ulu,s. In pon(;r~,19 incrc'.cing thC') c1ur?,tion of tho stimulus 10tTerr: the 
thrr:sholrl for r:r;nsrd';j_on; b.O\Tcnte'"9 ther(; in 2., '')oint 9 c,"lled t~:i'hEJO 
to,f'!;) Deyono 'J11ich incrc:":-"in,'S th,:) c3,ur-:-tion 10H,Jro tl')o thrc;c;hold no 
'[""urthor Th0 co 1111-) J'n:'" ·'f":'·ci'~.f'" 0-1..'" r: l' f"f,--,- c"nt1'''1 p""n<' l' t1' Ill' t~7 ""na tIl" _ • •. ___ j . I . .L.~, \..... _ ..... ./ J . ,) .•. • ~ _ \....-.' -' J • ..J \ .... t -' , .... '. '-' 

dur"..tion thr(';-;hold Y)hcno"'l:JnC'. r:~,r,)ly contributo hOTiT.:;vor to m-'w :'10re 
thC'm 5-15 o,b' g:<in in r;;w;iti,\7ity of rny ci'\7;n individu:l. 'rho it 
8houl(1 be; ~,dc1:::)d th«t th:~.t f'(·lOunt o:~ (';~'il1 io fjufficLmt to !Il.""~CO the 
o if--,)r:mc: r::l.o"'ningful. 

mV 
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I \ 
50l '\ 
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i 
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o L __ , _. ___ "' .. , .... _ ........ , r.o .... ", 

0.01 0.1 1.0 
Tl'f:l r

, (''''''' "c) • . t ' •• ' 1 ~J. ,:) '. ~ 

.... - --, ..... " " ~ ~'-"-"'-

10.0 

Fig 2.2 Ty~ie:~ strength
durr'tion curve. 

Rolti,;rc-l::::o to tho (1u·::3tion of c,---'n::Jl'c;lV1';Y if) tho 01~'c'r7','.tion 
th.?~t the ,,'; ility to Y)c)):'c<) i ""~o~, gi von [' ip:ni~_l itThich i.3 iqmcT:Jcd in noise 
incr)"',[1c;G ;'3 tho ;:lC1u[',r: root of the nU]~ll)or of OhDOI''llltion,s of thc_t 
8i~n~.1./!,ltbo tbi(-'i 00C;:-: not incr,:):::'r:;c the: thr-;[;hold of ~')r;n:::;itivity 
b:::=Ton(~ it::: r:;l:--..tiv',:,:, or "b:Jolut;-; vlUJ 9 C-;1');'_ti·~l fJUi'1Il1'-,tiol'l9 ~~c' tho 
Y)hCIlol:1on:- t~J c,~J,l::>" 9 inr:iC"'1t:;,,] th·~.t :proviclJ(" 8, otil11Ulu:-J is ou~')r;:,

throAhold 9 the ~oro froQuontly.anhonomon~ h~8 boon observed boforo 9 

the 'J:',st'-:::r it is to dot':;ct ,rh';n ii;l~Jc:dded. in noin() or distortion. 
1 

:: 10 ~0g1C n 2' 

= 
n 

G~',in in docibc;lc (db) s'0·-'ti,~1 summ,"\tion 
Tot~l number of ob8arv~tions 

:'lor o::::::'mle 9 conoidor t ,·,t tl!Ore ~~re 31 ;'lillion :o::']concl; :?er YO;'T. 
'rt:'t io. tl1::) theoretic ,1 C; ,in for cm;-ti::-,lsWlF,l"t:Lon for ,:, tvonty ye:::.r 
old, ?'0.ult for ,-. 10 Hz 8ign~:1. 

(D 3.1) n = .~).,.J ... _)_o? ,,'L?.C. x 20 yo CT S 

::: 

20 years 

= 6.2 . 108 Gee 
20 '~!·:'~"rs 

= h.:2 -lOg ,~I:;:'YQtQ1::r)}G" 
20 years 
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<";i'~liL:rlv9 iTh2,t is tl1c; r:"'):-:.ti~.l SUF'1"-C:i.ort g~ll1 :(oy the 8'·:110 ,:v::.ult 
for a 108 rr~ 8irl1~1? 
(T) 3.2) n = 

J, 
n: ::: 

GfJ :.~ = 

6.2· 

6. ? 

? 05' 

84 db 

108 
:'10C x: 10° 

1016 i-.Jn.vcfo'118 
108 , 

.... ~" 'il0'''''" 0 I~', '"'/ C"."' c • _ _ ~J \...J ... "" = 

.:g. '3. '3 t~'lC;rofor::, L: ono of th·:; 0 quo.t i0118 iThich r0L',tc:! l}c:r
cC."9t ion to Ie :-rning. H::;l::vcnt to tolDPi'.thy 9 81J'it i <,I g .. il1 .)'110";0 
tho DCI'cc)y)tion of GignZllo ';.1ho11 il11b'xlo.ccL in noi8:J cluo to croi-cl(; or 
noL]') cr:)·too. by n"':~ur'l or ,:Irtific 0 .1 oi(n'-',l gC110Tc'.tors }E'vin:,~( fiold 
str8l1R;tJJn nub,)t<'.n':;i".11~c ,c!'ro-.t::r "th:'n that 1.1'J011, tho [V.:':1(; c,~rr'ior 
fr:)qucmc~r., ~:;'iJ(:ti['l 8U]1"(\:~.tion th,m .. ct:::; liko l'10T'1.0r" ?-'nc~ in f .... ,ct i2 
one of tJy) cjUb-'JJ-WYlOT!lOlF '.rhiC'h J'1l ~l;:;)~J IF") tIL' g(:nc:;'.~l Dh:::110P1C;l1,::. of 
m.cillory. 

Tharoforo 9 th~ thr2ohold of ~onG~tion c~nnot be 8 id b·j bo ~. cut
·'no.-drir.:d '1j0,ttor of ('" .("")'Jocific numeric:'..l v, ..... luC) of ctimul1w. 1,10r it if:; 
not only true tj.'ji'.t th:] 'IJ'luc of tho throC')hold "'l,y ch:-mgc) c1o-;Jonc1-:mt' Ullon 
tIl '"' lnnp"th o.Dl· "'r01O:' -·'nt;-,·ti 011 l' -;- "11' ] 1 ""7"",r'r "C' "I"J 1 c~;n('nf1ont u'·")on tllO 

..." M _ I. ) -. '! -~ .-.J ,-" .'. .. _ J J, _ _ \I. I .. ' \ v. - . '-' - .,.. 

f;;:'lilir,rity :o,:,in;::d by DrcviouG nX':;c.!c;nt,tion. In :'.ddit.i.on 9 ther) :Te 
rom" 'Jh0 110 r'I;"'J1"'i ",111' ,..,11· "I" r; T)r'I~C "1' ","'(1 001 r ·lv b'-"c'l""'" +ll'-y~r r0 1)l'('."'0nt ~. "J .. -j __ ..... _ .... " '. . \.1... .... .... ," .... \ '", 0 _" ",J ,'~-, .1."J"..J v --'-"./ I. ~"")"'~ , 

,)ingl,") d.i8CT'ote CJv:mt. Prcf!ont·'tion o:C the C:~"IilO ctimuli in ,.." Deries 
,;o;11Oti'!>}08 doos not o"o'e:; 8JJY ro:::rnono,'). 

;J·ofore ir~ Ie -'vc; thif: intro('~uction to porc;;'Jtion n::.':r.' D;J 9 it bC':'Ts 
roY)o,·'t"'o (?'ln11""'i~' tll;--:~ thc' 'Tn"l' n'-:'ur'" 0-(' thr"~hold,' >'nel lwrc:"·JtionG 
in~l~c1~;' the;' "l)i~~]~0":1:~1;;"" ofJ:.mbiir;in~.l ~;ndil:;ioni~;rr. ro~ it' ie; ~:E grcnt 
i-crnor+:-'ncc tbc:t c:ubcol1~~;cioUfl ros"'on'Jo 'occur::-J to Gublinin ~1 c:tL'mll. 
If 1T,:) r ,nl:Y.'lber th-t the n~\'i~ur,) of th:r.;:.:.;hol(~[j ic ott.'l!_ d:)tc:'-':.1inc6 by 
tbe vor'\ '1 r::):J'!Ol1']C o:C c'. [,:ub j :)ct 9 th.:; nc"tuJ'fJ of the: t hr:)cd10c1d in (10-

tormin2d not by lili~JthGr or not tho Gubjoct in offcctJd by tha oti~ulu89 
but r~.th(;1'9 if ]10 is con:Jcio1.:!.':~ of it. It i.rJ no'..: picLl~T '~CCO-'Jt:;c1 thr,t 
0~.uch of J!l.c'11 r" b,-:::llf'.vior i:. C1..1.bCOH::JCj.OUC 9 h; L:: not ['."::ro genor'lly of 
hO"\llT h() do ':8 i·rhct he o.oe'::1. C01.1fJcioll.'Jn;JT:: 1'C1)roG:nt;::; only tho tiD of 
tho icoborg". Thu "Drobl(:;'~l:=) c ~,U::;;8 'lor01dn to not:::; tlr.t thoro ,,1'0 t110 
Qc11001p! o-L"''--'t'~01.'(T11+· on· .... tlr"~t O"",,"'Q COl1"'Cl'O".("ln"'e'c::· "'0.1 -t'l n 111"(""!t:'r of b"l'l'lr. h.. ... '..... ~ ,.l! -i.~.J v? \..J .l~, ,Jl .... '-'~.i 1 '.' ~..-L,..J • ~ ..... I.Jiv ' .. J 1 ......... , ....". -"....... ~ j 9 

the ot1.1or to 8(;0 con~:c iOU:~;!:108f: ;-:' th-; sorv,:.n-c of 0 J in,~; 0 

Lastly 9 as :CD,r '"If-l t:'is general introduction to sen':"Jation and per
ception is concerned.? it must be noted tho,t altho a given ctimulu8 may 
be ob jectively classified an tn Gome intensi ty or quality 9 tl'B n2,ture 
of -perception is sub j Active Rnd aSf:)oci[l..ti ve. POI' e';:ample 9 in one 
recent tE)le~:)atlJry experj,ment 9 an im.sge of a farmer ui th a :oitchfork 
resembled to -:;he 8-.f,Sent u},o clre"T it 9 the mythical figure of lithe devil," 
hOt,rever} the ~")ercipient vrhOfJe culture differed from the agent I s had not 
in hi s voc8bular:;r the not ton or symbol for :1rlevi19 1I? but instead re
ceived the emotion8.l 9AJ80cio,tion of somethinir religou3 9 end 80 dre1V 
inste~1.d a fip:ure of OT)'()osi te me8,ning, ie? the tabl'et0 of ~10ses? otil1 
hO~Tever correctly tlrelip:0u8. or (Targ onci. Futlloff) 

Simil~,rly~ in a stridy reY)liciive of Panfield 7 Sem-Jacobsen et al 
had 1)l~l.ced 2652 electrodes in 82 rmrgical ~n.tients over a -period of ten 
years. Altho no re01)On8e 1:T8G elicited from 1065 electrodes? about hal:f 
of the remaining electrodes (80~5/15W{) -produced 2dn{Ul] ar fmC!. di serate 
res11onse8. Of interest to us is that ot the other balf of those elect-
rodes elicitinR resnonsen, multiple associatioDs were produced. For 
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eXpm'i).e 9 lOt e1()c'!~" ode;:; elici-:~ecl viml~,l reGnOnCies 9 of I,ri:lich only 42 "'(..reTe 
uniruelt vi-'u2.1, ':~he r::nlaini~~(J; 62 reGY)on~l8f; ~!ere visw:\1, 'Jith the; f0110",,'1-
in'": . mnl-t:L '·jlG fl,iJCOC 1. 8.t i0118 in or-cl.er of :prev~lence) 8em'lOry 9 mooa. ~ motor, 
vec"8:G;~:cive 9 C~T(1iov2.[jcular one:. conr-:ciou,sno;:,8. Conoic1ering tlJe oft men
tionee:. im')()rtrmce of inF\,rery in "')si )heno;nen8., the OT)7)Urtunity for con
fucion rn~ 2m~iBuity is rea(ily observed. (Se~-J2coboen 2n~ ltyri, 1971) 

Let us also ~ention9 in "Jassim, the nhenomena of ,arsdoxical:hot 
8ml 'P8,rai' oxicf'.1 col'-' 9 of 'Jb ich mOTe lp.ter. 

TheTG~"'ore 9 there CITe . "'(~".:" level;] of c1iffe:j:'entiation concerning 
this 1')rOCeSf!; fired; ':;here :i.CJ i:!Emsation, by "rhich 'iTO r)}-12.l1 mean the object
ifiable Y)roY)ertie'3 of in-cen:dty Emc1 cjuf.'.lity; f.:~econd there is r',ens;1tion, 
:Tbich mal? be Ul1eOYJc:ci011.0 or eOTI.'Jciour:j; thirc1 9 there i:-: ~ierce-otion9 by 
\'J"l'1!c:) He mep.Xl ]1ere 9 tlle con[iciouC"; a,rf1.reness of Renf3P.tion, and fourth, 
there is interDre~8tion 8Xl~ (ecoding.of the phenomena. 

3. 2 '~E]r~jORY COD IFG 

Our hunon bod i.e;~ Rre an ensemble of mas;:;es and energies 9 and our 
environment i.s 8,180 an em3em:Jle of 1YJ8i.!Sen of vo.riou::-; qualities p.nd 
energies of vario'~;) fre(1u:c:ncie·c:: 8110. intewJitieo 0 ThUG '~'Te and the univer,~:e 
8re ;:c:ub lect to the interactionc:: of ma:JGes and energieD 9 according to 
the 181 .rs rif ~()hvC)ics. T]ben 'Fe p,re acted UDon bv the unive:cDe ~Je ai~e im
bee~C1e0. in \·ve s~.y that in the environment is 2.n" stimulus 9 qhieh may 
1')roduce in U8 9 a '~enE:p.tion, Fhich i;; not necesoarily an a~rareness. 
Throunh the biolo~ical evolution directly densndent u~on phvoical envi
ronroel'1t 9 ((ener ::'.1 i 7.ed and 8pr'c L?.l i zec~ 'rece1,to rs I have been created in 

, -' l' h ., 1 . J ' 1 1 ',. ' , 1 orgp.nl'JmS, ',T'1C "t"1ru ce. ec CIon 8._, OF on organIsm ·CO :':'\Y)-oropr18:ce y 
recnond to that environment Fmd Gurvi ve. 

}:'..l tlio vTe c:hall [lOOn cU,:;cuss the Vi"riOU8 rece')tor nl1yc;iologies and 
mechf:'.ninms 9 of GU'jreme imnortance L3 tbat 'Then all the v8.rious mecl1ani8mc 
hewe (".one tlleir intermec1 i8.ry function;] 9 \'That is Jiroduced, by the sense 
rece'0-cors is em inform8::~:i.on or cOGe vlnich is a rna') of the stimulus that 
produced it. TThat is coc'ed in .sensory procec::,'J i8' inforrllation about 
uhaJc lcinc1 of stimu11.18 is there and l'iO~1 much. 

'j'he variable involved in taot:; 8Jlc1 smell i[3 the concentration of 
a given ion or rno18cu18 ~ v"ieh on the (;u:::.ntum bioclJemical level i8 
e8f.~eni;io..lly electronic :':lllCl, therefore a fl.'Ylction of ;jOrrle electrom8.~·,netic 
freCiuency. In hee.rin,c; 8nel touc:lin,n:~ bOt~1 l;ilech2,n~Lcall senses there are 
t"TO V8.r'i8.ble~..! 9 the in'i;ennity of the 1):C8El~Ure 8.nc]. the: fre(1uency of the 
ehan('"e in that Y)renSUrG. .Jinl ililrly in electrorecption ((EV'\ 9 tem')1~r8.ture 
(infrn-reCL ·anr. via ion)) the st irnulun also v8.rief~ in inten8ity anel 

fre c:nwncy • 
no~r, once a ~timulus io ~u~erthreshold, '8, current is ~eneratec1 in 

that rece':1tor, call8 r' t:Je f(en8Tiltor :potential, Fhich i[~ ,~.7,raded responc:e 
to the Eltim '1i. This gr~'clec19 that ie, 9 V;~1Ti8h18 'potential ifl then syn-
8:nt8 rl into i~he 8ffe~'ent nervous sYfrGem, U;lose neurons cre"te an all-or
none ')otent ial of .c.onrJ_t~~p.t v01 t2pe, (vi z ~Toclg:i nc;--IIuxle-r model) such 
that ~1qt is tranomitted by thG afferent neurons is a code basad u~on 
the frequency of im")ulEJe;"J conveyed l)y t}1O neuron, (anrl. this if'; mrni~Gmely 
;'nClo -r't.. r.ln'·~ ." or' _L:'J Q re Dc1 e "- I C' ''In Q" n 1''''-:- '''ne~ l' no' ) arlC" no .:- t11e v/)l -:-- ',rco o-f +ha+ ~, ... <.., i ! J. V;,,_<y C .. _ .... U Iv _ 1:"-,. U U I." .. ~:_ ~ c l '..J -'" I ""' .. J v .~ V c..:. v 

. 1 ('T t' '" c~· "1 l' ' 1 . Im",u os. :e men ,Ion "~nu; :cor .~li!C, v2.rlaD e vo, 'Ga(~:es seen 111 JraUl-
;Tave 1')oten+iglo is '~~he stfl:Cistic2.1 sU'1mation of t1.1e COlu·)t8.nt 1Jotenti8.1 
of a va.r'Tin.',< '1l1.Itl!)er of cortic2.1 Mc1 intor··-neurons.) '. 
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Of the ay)~Jroxim2,tel F ten to -G'Tonty billion neurons in the hUJl18n 

boc1:T 9 onl;)! about C. 1. bill ion [',re ['fferent sensory neUrOnfJ c:::t1)2,ble of 
uroducin{!.: grac'l.ed generator ;Jotentialcj. The tl'lQ 1)rim8TY sources of 
hum:::m bio-informatton are vir;ion 9 llbich iu electroElognetic radi8.tion 
1)et~)een the frequencies of ~. - 7 x 101~. HZ9 and [ludition 9 '-rhich is 
mechcmic<:11 oc-.:ciilationG bet\'!een 30 Hz:; Emd 24,000 Hz. The n,:dure of 
neurol1P,l reO',on8e if; fl1wh that mOGt nerves are tunea. 9 eith ITi·l.ely .. ):' 
narrm.,rliT to a sD8cific frequency, such that when a neuron is activated 
+he [l1Jec ific i ty of the neuronC-J 'sJJ.tomat ically, and uGually 9 uni quely 
if3 D.0J~ref:Jfjed ~.rith n. s,ecific bond of frequenciofJ, sucll that t1:(~' 
meGS8~e encoded is the intensity of the Gtimulus acting U1)on the al
ready fre0uency-s1Jecific neuron. 

In ad/lition, the br[>.in, '1There the afferent si,'?,no.ls have their 
destina-:~io119 if:: arr8'u,o:'ecl tono-conically; that LJ, [" [l~')ecific frequency 
(t.ono) is located in only certain alloimble structureG of OpaC8G (topo 
in the brnin. Seve~t'al ~lllCh -conoto:)ic ma;)l')ingo hace been 0 bservec1 9 as 
for instance the cochlear nerve, cm0_ the central auditory 8.l1o,ly?',er 
in the ectosyl162fhL'~yrl1s. See fig. ).3 in KHz 

1 .... --_. ." "1"-0""".' -<:). • f in lrH?, .. ' \. _-', < c.: 
-- ... ---- - '-;(1-'1 L1. d b\ . " 14 • 0.. . 

me s I /" \ -" /' - ";, 8 mm 22. Q/ 
o J/ . ---~7\~J)-3(') d-V _\ ,. 16.0 ./ 

"/107 6-0 db-- -\ 00,11:8, aos \. 14·5 
<-2.()-f;JO~ \ ". o. 2 __ -- /4-:§ · 5 
'. , __ .. " _ Sylvia~' 

1Je~s - gyrus' 

{ 
,/ 

--_ ....... -
NOll, altho the frequencies of the f:l.uc~i tory o.nd visual stimuli 

are ref:3nectice1y in the KHz and 100 THz ranges, the frequencies at 
vrbich both the gene-ator and ['.ction potential::; operateD are tens to 
bil1iol1:::~ of timer] 1eDs frequent tlwn the in;mt Dtimuli. irhu8, the 
genero.tor 1')0 tent L?J.rJ 9 ':'T;1ic~~ m8.y be aC'.ded together 9 hElve no refr3ctory 
~eriod9 but 8. 8~i~e ~uration of 1-2 n1Gec is de facto limited to firine 
frequencies no greater thQl1 500 -1;0 1000 H'7,. SinilQrly, the conr:tant 
v(lltnge action '!Jotenti~\lrJ hove refractory T)eriods (If about 1 msec and 
fW Rre 8.1"'0 limj_'!:ecl to :i:L- inp: :F're rruollcie8 belo~l 1000 Hz. 

Since, 8.8('8 8 110,11 ShO'T IGte-r (Cf ch 5)7 that neurons firing 
belo') ::-.'ay 500 to 250 Hz do ~w uith inductive reactance 9 ELF electro
mngnetic fiel(~.[:l are created. Of im~')or'G8,nCe to our ;-.::tudy of conDC ious
ne(3S and -celepcd:;llY, 'Jract ically <:'1.11 f;enoory information if.:; erea'Ged intc 
freouencios in the ELF range. 

The nQturA of sensory tr8.l1sduction is this: a stimulus of a givel 
intensity o.ct~: ,111)On an affe':>el.ri~ nerve, uhich ifJ ct membrance '.Thich 
conducts ions. The l~r~er the intensity of the Gtimulu8, the greater 
iG the membrancG area octiv2.ted ~ [mel ':lince this mecm:J a 1,Cl.rge!' flo'tv 
of ions [1n(" eleC-CrODfJ thru tlla-c membrZlYlC8; this determines the amYJ
lituc1e of' tbe t;w gellG ator 1Jotential. The ['.;:1:')litude of the genera-cor 
1')otcmttr,1~ once nynRpted (either excttory or inhibi-cory)~ dcd~Armines 
the frGguency of the g,ction potentiaL). See fig '7. 11. belo':'! 

peak 100 out'!Jut 80 
amplitude /. freg. 
of the / impulses 
1generato~o ! per 40 .. . . t·, I 
potCHl baI II sec 

f /,/" 
01 i Ot / 
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Inve c.d:;i.o:oU.ol1S h:-',vo ~)eeY.l )]",·/lo re12-(;ir1.;?: the irJ.i::;eYlsi· y of the in-
,)n-c ;;ti.111ult ':::;0 ':~he frequoncy ()l.:!.-GlJut :lor all- of tho ;]On8e mor::lali tiOf3. 
stevens hyY)othof;i7.e,:~ -Cb8,-C the: ;iOl1GOry trr1n~.!d.llction "'1'OCO(]8 follo':TiJ Q 

'\')o'\TGr la,r 9 ie 
fo ... t 1:1 

'\111ore fo .. ont'')ut f:ce ql)?YJ.CY 
acn = - clyn8.~nic .-\ iGchcn'.r~o 1'co~)onC;8 

static c1L;charge r8:ce. 
to ~jtimulus 

'1hon 3.4 io re,r1'i ttcn 9 '\Ie r:e8 that tbis iG Cii;lply c\ form of 

log fo = (n log x ± log a) ± b 3.5 

the? 1.Jeber-Fechner la~-r: relating 8en':.)ation to (Jtimulu,'3 9 excopt h8re 
the? relationGhi~ i~ the frecuency of neuronal outY)ut to the stimuluiJ 
intensity. Al tho mors-c tr8n':duction ,')rOCeDfJeO follo':- -the -POITO):' la"T 
over 8, C8r-C,? in re.Yl;<;e of ilrlut stimuli 9 it has been hy:)o'chesi 7.bel 
(LilJotz) that tho tr8ns~uc'~ion proceCG i~ better descrived by 

tanh x (hY1)orbolic taYlgent) 3.6 

8in08, ~G ,~ Gh~ll show, the ~reate8t majority of out~ut fro
('I110ne i08 c~:'~8 betu':ren 0.01 H;-/, nnc1 500 Hz 9 [Jome mechaniEnTI mued; provide 
discrinlination for 211 thc mcos8{':oCl Cr01.T0.ing -c'lic: :s:iven bnncL ~ Fl-Jich 
bOCr"US8 of the ox-cr':mol y 10" ::=:"rcquoncloG 9 h::w.3 P. limited channol 
c;.n>:,_ei-!~7. In ~I~.rt t' i~) ioemtifi'cRtion comes frorn the exponent ~·!hich 
is genero.~.ly uni (mo for ~\ given 8cn;::;0 ;~ocjali t~T. Of inport.:mcc is that 
those c.'c"onr.::mts O~:llP) i -c VGIUC8 rrenc:rally inc~ iCrt-ej'i' of the oft 
obsc)rv(,;cl nro'lcrty of c1Lffcrenc':H::i C1U8 to orgp,nism inelivic1u['clity. A 
cor . ...,.llf-1.ry to tll i~' "roul(' 1~() tl18.t thero iel proo2.bly no uni ver~Jally 
conmilo.ble froqu:;ncy orl:,[w():form chot ionary. for ['ome phenomena. 

T::'l.ble 3.1 ic 8:1 8.rranp:emon·s of -ell') variou:;:.; ob30rvec1 l)OITOr 1- l;,r 
eX1)onont.s nn cO",\l,ilec; b3T stevens [~.ncl. by I,i1Jot7. fro,,1 2. larg8 nu;]ber of 
invc[~tit;ations cOD1]Jletc(Q on t!lO avo::'a,gc? c:;inr.o 1965. 

TABLE 3.1 -- PO~!8r IJ8.'\p! '~~r·T)Onc.mi:;;::; 

0.10 - 0.18 Verbex 1Jotentiol 
0.21 li,o:bt inton3i~:':T e.v. 

cortic2~ ~otontiQ1G 
0.33 Brirhtnoss 50 targot 
0.52 Av. cort. "Ot. 200 H.I': 

vibr9.tion on fin0:or 
0.6 ? 
0.67 
0.6 
0.67 

0.7 
0.716 
0.735 
o.e 
0.:l5 
0.39 
o ~ C)75 

SafJ1e 2.C n,bov') ~ 50 Hz 
Loudno28 3000 Hz tono 
Smell --' ho'')tano 
DeDolar~7ation current 
optic nerve at 550 nm 
Proioctoel viDual area 
Intenci ty - li,c~ht 
Intensity - 586 nm 
r:>,ctuCl.l h;'.rcl.neCfJ 
Citric ncid onc subjoct 
II IlJr;lirJ ;.1'(; ion 
1igb':; intensity 620 nm 

1.0 
1.0 
1.05 
1.11 
1.1 
1.1 
1.1 
1.20 

1.3 
1. ~·5 
1. ~·7 
1.5 
1.5 
1.7 

3.5 

Gold on arm 
VL:m2,1 loncth 
:::;UCI'OG8 --8..v. of 14 Gub j • 

-- 1. 97 J 8.1 t 
~~it8 noise ~uration 
Vocc:d effort sound' pressure 
stat ic 'premoure on f,kin 
DGPolnri~in~ current for 
630 nm 
Finger ,span 
Heo.vil1(;Gs- lifted vci:3)rts 
Citric acid'one subjoct 
~~c;-;nel"rcturc> ·war"1th, on ar11 
'J'actual ronghnoof~ 
Force; of hrmel (':ri'') 

Electric shock- current 
tllrOU(::l fineers 
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Althou?,h the maximum firing r8,te of a given sensory afferent er 
motor efferent neuron is limited to frequencies (uGually) belo,</' 1000 H: 
either becausc of refractory Dcriod or spike duration, it is also 
1.U1derstood that stimuli change ranidly, so th8.t the actual signal is 
usually limitod to only a limited number of ;,vaveforms in any givcn tim!
interv8.1. The v8,rious coding/trcmsducingl")rocesseG provide several 
different modes wherein the frequency of neural discharges provide 
unique and unambigl10uG info~~mation about tho stimuhw. For exe.nrple ~ 
in phase coders (T-tyne) or latency-burst disY)ersion coders CD type), 
a given neuronal output frequency is relatively const81lt over any giver 
long duration, lets say 120 impulses per second. The coding occura by 
the mechanism that the disch8,rees vary from their normal inters~ike 
intorvrtl by only E'. felv tenthG of a milli-s8cond, the information thus 
beinp a code basad UDon the Dhase or earlincso-lateneGG of a given Gpi' 
wi th"resy)ect the the averae-e intersni ke dure.tion. Bullock, from vrlto 
the e.bove coding schema D.re credited indicates that at leaot tTIITO 
additional codings occur: one, a 1')robability coder (p-tyue) 1·,hich 
nroduces sDi'ces in a C)uacli-chance mE'tJlller, 8nc1 tvro, a burst coder (B-ty: 
vrhich 'DroducQCJ SDi ~(es in clusters of varying numl:)er. (Szabo 8nd Fessarc 

Once a stimuluG is 8u-perthreshold ~ 8. rlignal T)ro~eed,J into the 
brain structuY'88 by varion,s multi uly--synapted afferent path,.,.ays. Once 
in the ap~ronriatQ corebral structure tho incoming information is 
procoGsod in mR.sGe, l')roduc inp; '!~he nhenomcma of 8.veraged cortical 
res '')onseo. It heD been shown tha'l~ those averpgo cortic81 potentiCl.lD 
hav,,,; almont unique wavoforms for th" gi von Gcmsory inDut * Tho average 
1:)otent ial' s vol tago runpli tudo;~: vary u'Y)on the mechanism of 1i1hother or 
not the ap'Jronri l'\te neurons firo in phtl,~)e. When neurons o:t' a gi von 
conntant voltage an (1 given out:mt frequency discharge ~ amplitude 
modulation (ie of voltage) is a function of tho phaL3e differonces 
between those neuronc. 

For exam'1Jle, in a neuron firing at 60 Hz, thore is ono opike 
oV8ry 1/60 of a ~ec, or 0.0167 sec. If another neuron, regardless of 
its outnut froqn.ency delivero to somo cortical fJtructure 2.11 inFml:::JO 
that arrives simul taneonsly vrith tho above 60 H7. frequency, tho t\'lO 
l'Javeforms, much liko oCG8nic tioes, crost tOf::ether, aTQ'Dliflying the 
volt2€0 of the thuD D.'Z9.r..::-'1£.ed cortical rosl')onse. HO'cTever,' shoulcl. the 
two (or threo, or n) ci~'Sn8.1[J bo out of 1)h:::\so, varying degrees of 
addi ti vo or Gubtrncti ve construction 1vill occur in voltage ampli tudo. 

Consider thon that the moscago or meaning (not tho information 
?S 1'T8shall later specify) i::; function of several factors ~ tho fJOnGOry 
out-put frequoncy 9 all usually undor 1000 Hz; tho pouor 18yr iunctionfJ 
of t:1'1e modali tieD, Flo ic'l:1 dj,scrj.i.1in8,t0~'j but their rato of change, (that 
is e.:ro,'rth) -th;; rrtot1ality~ .8X1C~ the arnnlitude O·f tho avor8,'S0d cortic;~l 
ref'",l/on[:e."J, [) function of ~he 'DhRfJC of tho L1cominc: fr')qu.encief.'J. 

Tho foll01dng is thon very illuminating. Amnlituc~o modulation (AT 
is a function of uhaoo. HOt'Tover, the time rato of chango of l}h8.oo, 
that in its first dorivatioe, is degroes per soconcl~ that is frc;quoncy, 
rJ 0 1!T , in edd.i t ion, +hc~ '!8.yeforms 8.ro transient, gro ·'rine: and dLninishinp; 
rrmidb!, and tho freo,uoncy alc;o changor: ~Ji th recJY)oct to t irao nnc1 tho 
firsi~ deriv2..tive of froquoncy io chnnge of frcuoncy 'Jor timo, or as 
':TO kno T

•r it, froquenc~r modlllat ion (FrO. Thorefore, 'bhu I mosE:ago' iei 
a function of pha.Go, tho ficst d~rivative of uraElO ,iThicb is :'roqucnc',T 
and tho 0']C011(1, c18rtvativr) of 1")118.80, \!bicf is frequency modulation. 

Me;;;;:J8.e;c'" 4> ± ~~. ± ~~~ 
(AJl1) (FR;~Q..) (FN) 
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For tbo ~-;C'lW of f3im-,licity? the) eooffj.ci,-m-Gc ~12,VO boon eli.min?tod 
from "So. 3.7 ,iJut it "llO~llc1 '):;) un'"_or~;tooc_ th8/C in any ,o;ivon 'moc;c;pe;ol 
tho coefficion-'c o'r: 2ny term may bic; i7oro 1 lir:titinr that tno s;:{S'e I to 0111~ 
one or two of tho ~oGGiblo throe comnonontG~ 

All o~P tllo s;~nsoriT cnaino;'j ;;70 he.v(] .cl-;cm 9 o:r chall f30U ~ 8XG somo 
. ,. -" f . , . , , h . t 1 . '"' C -'- t J , V8XJJ\-ClaClon u~on : roquoncv cor:'.ln,c:;, yo-c -c oro If.! 8no (IO' c,G'!I:-:' '~ -0 CDO; 

codinp;n ;.r·hich j,llumin::-t<:: tho n;:,,':;ure o~p -oercG~tion ~-'lOst l')oi:o:nnn j dly. 
~10fjt o:f tho codin.ref,) prj cjl'Ftll eX(:1x''line o.re continuous 1 th::.t iG tUo'? mnv 
hi'vO 2,ny value f-,oJ1 -:~bo m-;nimum to tho m::,ximum for tba;c td von ~-i:,m~c;ory 
"'1oc_81itv, O'-C~T:~ -r,110--;0 of olfac-t;j_on 9 ;)11(' 1')() rh;,1,) [; C:O'1')O other.::; tTjat b8,ve 
not yet' i~c)ell inVC:Tt i.r, 2-:~(:xl. 

I-Iupho.;::; ot <'11 im'')l[m-l;e(~ ol::'c-cr'J0c;'; into 23 pati(Jnts during ortho 
nouro~rurp:c)ry. "';tandardi 2,,::0. 8-Gr;10fJ'1hcric r;olution;~: of variou - oqor2ntu 
'TOro admhlistercc_'!:o ~~hc lJ8.-ciontr; ('Ulcl r:JG),onscc 'TeTe recorded 0':;"om tho 
0lfactory Julb 9 a'1ci. C'my::-,;CI.alQ of tho con";Ci01.18 ~-!ul)jGc;-t.G. Th,J rec:ults 
C8n ODl~r 1)(; G,·)ccri':)oc1 ao rovolutioJ18-ry 9 fOJ~ \·rh::.lt IIu,{);J18G ilJJ.C"1. hi:::0 co-
1wr'r:orr:: '18,0_ found ~!8.8 that oeor au:>cli tiec IfOj:'3 rocordoc'. into sY)ocific 9 

that is c1if:crc:d~o fre qUGnc ioc 9 r8'i~>or ~~han a vic c i) 8,nd of f~'c qucnc ioe. 
Al tho ~;o'nc} o:~ the lineG r:;;;:;7~onCi,;d to :'lo}~e thc·n ono ctimu12.n-(; 9 it could 
b8 ':-:2ir~ in 6?,(mer2.l thfl::~ only VCT:Y ;:jTJeci:~ic froquenc:Lc.,~; '.1e 7'e allocated 
for vary snncific o~orffilt 0u~litiJo, tbo result ~oin~ that como ~cncor~ 
cQ r1 tnp:·F<':I.8 au :>c.:Cllrct'C:: ~n(: a[; s')cei-?ic.: [1S c;miRC'ion or abnoY!Jtiqn lines 
from ctollcT [PJCctr8.. Hore: it can 1')8 SEdd i. r; C1WC' J'Ie CVi(l_OnCe for 
a diet ion2Ty,-1 i'{C fre (11lCllCY codE) of G8n,ld L .Lon. l1'ab10 3.2 li ct [j tho 
IDe.lor f'ruquunc,\7' co'rp)OlWn-CS in c elO:3 por (jDconc1 9 in a hum.::m olfactory 
bUlb. (J.R. Hu.o;hco 9 ot nl) 

OClor8nt 
~1onthono 
Po',lJormin'l; 
BUf,'ono} 

25.8 

T[',ble 3. 2 
01:;: actory '-!1')()ctr0.l Linos 

3rJ.3 
30.:'> 

26.4 3(\.3 
46.0 51.6 

51.6 
50.6 51.6 

57.3 
53.3 

aclcUcion;-:1 CO f nnlOn linoi-j occur p.t 70.8, 72.9~ 73.qy 75.8 
;oncl 7Q.Q, llith c07Yl'!lononts hi.,(hor tbC;11 140 lIs boing vory raro. 

Lot ue concludo this section on oon~ory coding by showing two 
cJ_i2{f,r.s,lTIc: 0 Tho firct, fi.r.:ruro iV:j. 5 S}1O'T8 tl'w outTmt froquency of bono 
joint pOGi~ion reCOlJtorR~ :~d th3 socond, Dhows the output froquoncy 
of a ;nucclo c.:-~~ro-:~ch roco~,tor. Al tbou.gh th,] ronc1or is ackod to i vorify, 
as 'TO ,c;hnll l;::ltor eho l .;, -:~h::~t nudi tion enCl_ vif3ion outYJut fro <lUCH'lC i08 
do not o:rceod 500 U7, tho follo~Tin;c; di~€r8n8 nro ~ddcd evidence that 
no r3un::-JOry ou-hut :frcquJD.cy excoor1s 500 Hz. 

imnulno.S 
lJor 
scconC1 30 

20 

10 

Dono joint rocGYJtor 

h 
/A, \ 

im.m18GB
IOO '!lor 

BoconC'. 

50 
/~t/ ~ \ 

;' f ( • .\ i 

// ; \ \ \ \' 
;';\(j----·o'\---- 1 ocL_ .~-

, .:0 150 180 -0.5· 0 0.5. 1.0 
"f")int Y)03itiol1 loglO lo;s,d in gra'0.S 
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;5.;5 .KJoetrorecopt?rs and the Acoustico-ln.teralis System. 

Al thou-:9;h it is pOTm18.rly [lccoptec1 th2..t thoro are fi vo senDOS? 
ie. smell, taste, touch9 audition 8nd vision, recont phyr:;iological 
uork has identified many additional .sense modali tioD, including 'Pain} 
c arbon-dio::1d.d'~ 8110. spec iali zod elec-crorocoptors. Of intorest to the 
tonic of sensation find ~')erco'lJtion is tho fact thn.t a given 'Physiologic 
identifio:"! sonse orp;Em may r08 Ylond to moro than one input senso modal·· 
i ty. For inot811ce, presc'dn,? tho eyo lightly cr02':~;;t: visual 'phoST)hcme 
imn.;.roo, vrhero88 certain l'jain and thermal recoptors in tho olein respond 
as vTOll to pro[lGure ~ l1.ddi tionall;y, pain may bo Dorco i vod by injury 
in aroas in tho skin 1iliich are not innervatod by oither touch, pain or 
thermal receptor8. 

In this 80ctio1') ' .. TO shall demonstrate tho existoncc of spaciali zoo. 
olectrorecoptors, but it i8 our additional thesi:::: that a.ll nourons cmd 
some 8yn[>.D8C:~:J Dye eloctrosonr;i ti ve. Confiider 9 for instcmce that that 
w'hich \'T'J call ta,ote Rnd smell io rOC'l.lly a function of given concentrat· 
ions of ions, 't·rhich tham. -:01 vas aro oloc trical ch8T:o;o8 of 8'PCC ific 
nolari ty (vR1ence) ElJ')/t fre auency. Similarly, that '(Tn ich va call hear
ing occurs· 1'{hon 3. mochanical vibration acto U,Y'lon the cilia in the 
organ of Corti , it iD tIIG otroorJ-strain mech8.J.'1ical energios of tho 
cilia 1J11 ich croate, Lpa~ (infr8.~rod) 1.Thich stimulate;) tho r.udi tory 
neurone, the onecific mec~18niEjm io callod piezoelectric. ~ehormal 
rCcEntorf.3 rosnoncl to IIheat ;1 1 but that 11;lich 'f;IO call I1heat;1 is snocific
rdly infr2.-rec1 elcctrom8gnotic raeli ation. Finally I,TO c~hall not belabol 
tho noint tha.t viDion is tho responso to cloctro;n8gnctic radiation 

in tho ;;visiblo-lie.ht:" frequoncies. 

The o'Dociiic eloctro-roco1)tor organo as doscribed foro"ri th arc 
all revGri.lcc1 from research in ordinary a.nd eloctro-oonsitivo fish. 
Howevor, Dince our thesiD iD spocifically electromagnetic roccption 
in th0 ELF b8.ndG md the 25m to m bond 9 the reader shall keer in mind 
that theso oloctrorecentor~: D..r01)PTt of the acoustico-18tere.lis sY:Jtom r 

of 1;T'lich tho cochlea rllld 8omi-circular canoID in man havo evol voo. 9 

and also clofJC:ly rc:somblori the H,-lcupuncturo noint system;' both Sh01111 

to be olectrosensitive. 

Leydig in 1851 had. studied the laterr1.lifJ c;y::;t8m and concluoed a 
oGn::;;ory function for tho organo. Lator, Schul~?'c? in 1861, had hyno
the8iz8ct that tho cU'iu18.0 of the cY:?Jt0I11 "Toro stimulatod by 1) '!T;3,ter 
movomon:~8 d irocterl, 8/"'ainot thofif;h or amnhi bian? ::md 2) 9 1m,'T fre quenc;) 
vi brf:d~ J.ons (r:wund) in tho 'Imtor. SEmd, in 1 g38 dOlY)on.str8,t,:~d that the 
8.mpull['.e (of I,oren r7,ini) 'tvGre infr,l.-red [:enGit1vo. In 1955 Hensol 
confirme0 SEmd' D por~{ cmd oxtendod it to S"10~'l tho similarity Hi th 
ffiammali 8..n thormo-recGptors. 

Li.ssmann, in 1951 ~ had discovered a low' vol tZlgo 0·-330 H?i stoady 
discharge: from electric organs, end lator sucooclod in concH tioning 
a 8~ocioo of fish to ~icrovolt ELF fioldo. Bu1lac1: ot aI, in 1961 
hynothos i zod t;'lo.t the o1)oci al i 7.od clcctro-reco1,)tor orgFms He!'o deri vatj 
of tho latoTn.l line SOllSO organs. (FE'lSARD, 1974 ~ oeL) 

Tho sl)ecia117ad lateral lino orp:ans of uhi ch '.TO d'1.all [loon s':1cak 
occur in ltntogration ivith the 01'0 inn.ry latoral line; systems ~ that' is 9 

not in Gubst i tut ion. It nhOll1cl bo mcmt ionod. thnt .:pocies not contain
ing the 81LO rec:Y)ondod to electric:--l fh,lcD of mV ill tGlJrJi ty in tho JELF 
rango. 
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Thore arc; thrce basic tYl')C8 of lateral lino organs. Tho first 
are thcordinary LI,O 1 second rmc1 firfit orcler neuron~ c8:pl')od ''lith micro
vill i ~ i.n ;q;ener;).l only mechanic ;'.lly :Jensi t ive 1 'w';-rever 1 8-[; ill pic zo
electric. 

Am1Jul12,e 9 vi '7, ampnllae of lor:311",:ini 9 nre canalo~. u:mally lcm long 
by Imm in 0.:i_G..rnctor 9 fillod '.lith i!n ['cidic lTIucoY)01'(oacch8,ria.o, Bnd E'TO 

directly connect0eL to th..::, enithelial layers. The \[all rosistance of 
tho c8nal io 6M n ·cm 2 , lJ"ith a canacitance of ,'.4 -0.8 lJF ocm- 2 • Tho 
j elley bo,\vever has [\ reoir-,-G ivi ty of 25-31 Q. cm 9 and a ,ColTIDooi tion tha~ 
varios somcl·rh2:.t ~Tl)2.ti8.11y~ but in fenoral io~ in mM-lrg-.L H20, ?fa(2) 44: 
Ca(2) and Hg(2) 50, 01(-l} 580, K(l) 12.5, ond ur08, 75 (rmRRAY) 

Tho amY)ullae occur in meny variei tos of fL3h rmd amphibia, In 
general tho end organ if) 10-16 lJm in diEtmter ~ \'lith groupo or clw:::t 
ers of 10-:50 am::mllac; y)er or[l:'an. The donf3i ty of tho organ'l range from 
1?-80·rr,H,-; , and m8Y number 2., total of 40,000 in r'lny given speci:Js. 
Of OTlocific interest to us if:;' tha'~ tho arTI1Jullao reslJond to field3tronr 
of 1":'15 lJV·m-l i:r' I'md only :iff tho innut'frcquencics aro 1011, that is 
in gcmcr~l, loc,g than 300 Hz, ;;nc1 moot of ton , 103s than 50 Hs. 

The tll ird tYflO of lateral 1 ine organ io c )J,led tuberous, and is 
found only in 'iiwa'!.dy electric fish. The tuberii aro located in invag-
inations bololT tho O'Di tholi u[, .:md rmrrounded by sunporti vo colls. The 
tuborii ras'Y)onded to fields of 4-20 lJV.m-l of high froquency, usually 
up to 1000 H7., specifically s'irrlchronous 1/'!i th the olectric organ c1io
charge of that fish or of electric fi (1h of tho [H'LmO spocie. 

Figure 306 sh01vEJ the compar2,ti va 1:')hyoiolo:"!;y of the three receptor 
organs. Ordinary lateral Ij,no 31ectro-reco:')toro are innervated by em 
efforont neuron 1 tho 8mlJuallao and tuberii are not. 

i 
" /', 

/ /1 
"~ 'r"""-/ 

. \ i I I 
, I • 

TUBciRII 

Specific clectro-oensi ti vi ty 1T8.S demon8trat·'d by Di jkgraaf and 
Kalmijn (1963, lQ66,1971) in a. sc)rios of experiments emllhasizingboth 
eleGtrolocation 2,Ud conditioning otimuli phcmomena

i 
At first thoy 

noticed th8.t dogfich resY)onaocl to a 5 H?, 10'-5 Vom- field by a tvTi tchiD 
of the oyclido I intoref)t ingly enough 9 'tThen th,; do;cfish 'dare dro'tKW. 
( Altered states I rosoarchers,. ta.'ICC note!) :Later thoy noticed that ,vhen 
the ECG 'iTar:! moni tQr,;d, tho he8,rt ratc oloFod from 1 Hz to 0.7 Hz \vhen 
stimulated by 10-6 Vom- l fieldo. Late in 1965 dogfish wore trained to 
seek food I'd th a 4x IO- 5 V.m-l field. In all ca,sC)1] 9 tho reSTJOnO(;8 to 
stimulii or conditioning coasod ,,"hon the amnul18.ry nerves Ivore soctionc: 
even vhen tho fi 'cld stron~th ~ms raised 30 db (1000 X). In addition 
it Has '10ticed th.'Ct the d~gfJsh naturally avoided areas 1,;There tho field 
strength was 1- 0.1 mV'm- . 

Threo tyno8 of rocnoncos to E fields ~vere noticod. :'ho first 
reaction ,Tal] ''8'1 tvi tchinp,' of the body or ::mn,::;ndogo, uEmally in resnonse 
to 10 - 1 V"m- fiold3, but Gometimos 8.8 low ~8 10- 2 V·m- I • Tho oecond 
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roslJonsc tYl)O is gal v8notaxio, a turning into or nor11cndicular to the 
field. Tho third rOSl/onso tyn:) io gal v8Xlo·-narcosts, 8n immo biJjsation 
of the toot Gubjoct. 

Final proof of s~00cific cloci;roscns i ti vi ty VlTaD Drovide0 by Kalmi j 
who :Joquoofor~)c: a flatfish 'Droy' in s8.nc1, and ui-:h . other controle 
excluded viDual, mochanic2,1 or chomic.o,l cluos, yot tho oharko and Y:8,yS 
'.lOre ablo to loc8.to tho flatfish. Extr,C1, I'Tcight io aC.dod to tho ovic1on: 
"Thon an arti:fical current si~ilar to that of tho flatfish uroducoc1 tho 
snmo location reoul to. 

Figuro 3. 7 bolOI'l is an adR~Jtation of ~1~;blo2 ( in Knlmijn (1974), 
i!TIl ich 1Jlots tho olGctrosonsi ti vi tioD of tho various spec ios to steel by 
numoronr1 8,uthors. T,!lo tV-lJ08 of eloctrical energy paranlOto-L'S vroro 
nroscnt at tho tim~ of tosting, one being field str~ngth, in volts pOI' 

motel' (V·m-l ) and the othor boini~ current donsi ty in amper~s per conti
motor squarod (A·cm- 2). Curve fitting r,-'voals that the rolation bo
tvlGon tho tvlO throGhold 1JarEtmotor is 

(3. 8 ) log V o m-l1:' lC1g A· 5r ..... 2 5.0 
FigurG 3.8 boloi;J" OllOt.TO that in sharkG and rr.tys, goncT'ally considor,: 

"roakly olectro sonsi tivo 9 tho relation bot1"roon curront densi ty and in -
put frequoncy rovcalfJ that the threshold incl'<.H1.sC's as the frequency 
incroas()s ~ a rolat ion ,vhich io alDo observed in man (Cf. 3.6 - 3.9). 

o ~ 
100'"' 

6" , 

Volts -per _ 2 
meter 

-4 

-6 

-8 

....... 

-12 -11 -10 -9 -8 -7--6 -5 -4 -3 -2 
loglO amveres Del' centimeter squared 

Al though spc)cific oloctrorece'Ption has boen demonotrat0d by Lim>
mann, Bullock~ KaImijn and others, of specific interest to uo io that 
the ampullao h2ve boon domonGtr8.tod to b(: "\"ridoly receptiv~ to other 
eloctrical EmcJ. p2r8.-oloctricp-l Dhonomena. The ren..dor is roquooted to 
study tho follow"ing cloooly, for .,That haG boon domonstratud -in the 
8Ju"oullae of fioh has also been oboorved in mM, that is both \·,rido and 
n Irrow oloctro-ros1Joncc. 

Here tho <!Tork is primarily duo to J'iIurrn,JT, STV:cifically on tho 
anrpullao of Loronzini. Our interoot in thio orgffil is duo to tho fact 
that it is Fidely distributed in vortabratos, and its rosponoe to 
oloctrostimuli iH a tonic 1 that is frequ~ncy coded me8sage 9 IIThoroao 
the tuborii, found only in fiGh P08cossing EOD 9 rCfJ'Jondod lTi th phasic, 
burot-disporsivo n.ndtonic-pl1r,sic :~odings. 

Figures 3.9a to 3.9b bolow show the following rosponso£) of a 
singlo uni t of nmYlullao. In 3.90. tho input pP.rrunotor is vol -Cage and 
pol~ri ty. Notice th8.t tho organ has a diGchorgo rato of about 30 Hz, 
8.nd tho outYJut frequency thorofore codos 1?olari ty and intonoi ty. No tic 
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alGo tho out-put frequencies in all cafJ.;:C; aro in tho ELF range (3 
3 kHz). Figuro #3.10 sholm tho ro;:';:'onso of tho 8funo unit to tQm"poratu~ 
(infrR-red) 9 vvhilc figurcs 3.11 r:tbc rocord the roc)'Jonoo to prossufjo 
and touch (vi 7. tho -I)i;] zo()lcctric effoct), :md finnlly 9 figure 3. 12 
roycn.ls tho rOG''lonSlJ of on am1)ul1ary orfTan to th..:: ilplJlic[',tion of a 
soa w8tor solution of v2riouG salinitios. (It should bo noticod that 
tho ~\VOr8.go concontr8,tion of tho neural solu:tiono pro tv'TO to thr,;o tim' 
th2t of S08, \in,tor. ~ Agcdn 9 'whf',t is most im')ortant hero io tho 'vide 
nmgo of eloctro-G,!JnoitivttiofJ of tho mapulJ:2ry orcanf:i. 

OUt'iUt 100 
Fig. 3.9 ReSDo~se to olectrical stimuli 
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Roturning to oDocific oloctroroco~tion, it wno observed thnt 
st imuli of duration 0.1 to 1.0 [iOconds 1;wro roes ': offocti vo in olt'cit ine,: 
oloctroro[Jnonno. "Javuformc of tho 8,DOVO duration:::: eTC oquivC".lcmt to 
10 Hz to 1.0 Hi? fro quonc ic;3. A1t{0 obc:orvoc1 \·pc thQ phonomcma th::lt 
stimuli that \Joro either too brief, or GUfJtainccl lor too long ~·.rero 102 
offectivo in producinp: oloctroro:'T!jonoo. Along tho como line 1 it 118,8 

Sb01'ffi thn.t Gtimuli that ~vore oithor r:;}11plitudo moc1u1n.toc1 or frequency 
moduln,tod gavo rOS"Donoo Hhen tho fiold s'l,rone;ths \\)"01'0 3,S 10V:! 8..S 
10 ~V·m-l Tho most effoctivo frequency of froquency modul~tion was 
3 Hz. hJ-r. tho re0dor rc;mombor tl'is, for in tho noxt section, (on 
PJJ.di tion), it 1vi11 bo sbo'l:m tho tho R.udi tory oonso, again? hh:;tulo{,:.i.c2 
dorived fromt he LID ['l~JO do'nonf1trn-cou n prOl)onsi t;)r to Dcl<:)cti vly 
resnond to c~rtain otimuli, if 2.nd only if that t3timuli is either 
ftffiy)li tudo or fro cmoncy mochtle .. tod. 

In 2,o.rli-Cion to th1c': ;!IJOVC \JL:ctror,;cC:'Dtiv:J ch:'\r2.ctorioticc., 8.. 

nhonoD1cm2.. of v:'I..1uo "0 thu b j.ofoodb ,'.ck roso "'Tchos occurs iThon t1;.JQ 
oloctrorlonni tivo opec iuo "ri th oloctric org0.n diE)ch~.rgos (BOD) ~'roro 
connoci;()o. 'Ji th cont[.l,ct oloc-cro(l.(;[j. It iJ:J.G ob[Jorvod th2t l.rhon tho tIm 
fhJh of tho ~::;8.Ille ~)y)<Jcic~ oach ~1ith tho Clarno brwic EOD froquoncY9 Iwro 
connoc.tod 9 bo'~h fioh I':ro-' 0 oboorvod to chango their EOD in ouch a msnnc: 
to produce diooimilo.r, th8.t io di vorp:cnt EOD. 8c11oich and Bullock 
indicQte th:~t tilio ':jamming D.voidanco rOGYJonso" occurs GO that oach 
fish CEm dir'criminRtu ito Olm nourn.1 patterns 9 such th,'"t confucion 9 

and thoroforo 1c:cw self control may bo ::lVO iel.od. Thic: JAR nccurs only 
if tho EODlc:; aro Hithin 15~20 Hz of o?ch fioh' ovm EOD, o.nd i;] most 
nronouncod "\vhon the difforcmco if; 3-5 Hz. This is rolated to tho 
Fr1 r08'''jonc:o to :3 Hz, Dinco t"\-TO. fich jvithin 3-5 Hz of oach other 1;.r:1.11 
produce high ru~n1itudo 3-5 Hz modul~tion of oo.ch others EOD. 

Tho phGnomcnp. of oloctrorocc;pt ion 11 ,'l..::: lx)on Dtudiod by tho various 
-o;3ychologistD, phY:'Jio10gi StE! O,nd biologio~3tCJ, uho doem tho phenomena 
as nobosoD.ry for tho DurvivBl of tho aquaric G~ccioG obsorved. They 
c~ll tho.~honomon~ oloctrolocation ond 21cctrocommunication, yGt a 
1')orus~l of their bibligrn~hioo indicRtc th~t none has citod or otudiod 
tho bio'Jhysicnl or parar)[lycl)()loe:ic.~.l Ii tor2..turoG, nnd their concluaion 
woro thus rOP~had indopendontly. 

In oloctroloc 8 .tion 9 for ()XEUTI')lo 9 in Eigonmanni8.. 9 tho m'l,los' baoic 
froquoncy V:).(J 250-600 Hz, Fhor020 tho fCrJw.los' lTO.[) 340-560 Hz. Similar: 
[ill p..(Jvorr;ary or pr~y may bo locat;)d 8.t 8. c1iotn.ncc thru ,:;loctrorocoptio: 

Ap.:nin ~ c~rtain curr,:::n-c vcloocitL:E3 in tho ocoanc; or otro:;lls con
t;l.il'1. onocific lifo forme:, and it hCtD boon domonstrr'.tcc1 thf1..t sunoi t i vi t: 
to curront voloc i tj,DG ~::) 1~1'T ;;:,a 2.5 x 105m. scc-loxist. Anothor r010rt 
indic:'.too tho..t 10-':> m·f.Joc'- may bo UfJod ,,:\Ci 8 .. conditioning stimulus. 
In Q r:imil8.r r:tudy 9 8. 2 ~m vibration :l.t 15 Hz rOGu1 tod in n 50 Hz sign 
(Schwartz). . 

Tho i'.mnull::try orgqn;:~ 9 :JY)ocific;:,11y (;loctrorCcllti vo 9 hn.vo boon 
choFn to hf'wo. evolyod incJ.-,xmc1c:ntly in Dovornl s1)(Jcios of vortnbro,tos. 
j\nd 9~1 tho tho LI;O nr·J found only in 1V[l,-CO:r d Folior:) 9 ovolution h8.8 
producod t~'TO org.:rnG C")ocifical1y dorj,voc1 from tho LLO. At ono timo, 
olf8.ction ~ viGion, (',nd c~rtain cr[:~ni2,1 norvo;:; ':·Toro DArt of tho I,2 .. tor8,L 
~:VrJtomG. In m~~n 9 tho VCGti bulG.r cnnals (not unco inc ict:mt8.11y nam(')d 
AmDll.lln.o by :::m,'} .. tomiuto), nnd the:; cochlc:tl ,",-rD (iroctly c1osccmdoc1 by 
~mphi b i 8..1 l,LO. In tho noxt Goct ion ~'lO [3h8..11 ohm" tho vory c1oso 
rlimilr.rity botHC)on tho ol.;ctrorcco'i-cive amp1l1lnry orgf'nfJ in vm.tor 
d'l:'Tol1ors, 2,nCl. the i1.cou,,.I;ino-·,,l.)G [;1'0 l")()()vtlvc VCi: . .d; ihllla[' :l.utl c:ochlon.r 
orgfl.llG in m~-:n. 
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3.4 ADD IT ION 8.nd r1ECHANO-W~CEPT ION 

Rocrt11ing that J. Rhinr) ho.o inc1icstod that GESP io u1 timato1y 
DrOCOfJ80d thru tho contrcctl norvou;::; nyotom nnd that tho acouotico
lo>tora1io system "Y):rOCCC8GC como oloctro-roco'Jtion ~ it bohoovos us to 
stud,r pudi tion 8.nd the mochf>Xlo-roo::pt i vo functions, for it ivi11bo ohoWY 
th;'"1,t th()ro ilr,:; gonurO,li '7,od r08DonLiOS O,l')Y)lico>blc to 811 DonfJorYlJlodnli tj 

Tho Gon:-.,; it i vi ty to f.:ound is in fact tho L;onci ti vi ty to modhanic21 
vi brr:[:;j.ons not UD in the f-ttl'Yio,J',horo. Tho innor oar is tho Gi to of thio 
A.couutico-mochn.nic:::tl rocoDtion~ 2nd thooo fnrflili8T \'lith 'luditiqn know 
thfCt tho mcch:,:,nico.l vibr;:,tions Got un nro rol".yod to tho innoroar by 
2:, skin-liko mor'1brrmo, tho tym~Otmu::~ 9 ::mel them thru threo small bonoo, 
tho m:c:.llouc; ~ thc) incu:J r 3,nel tho CJt::1.1)OS to tho innor O::1.r Ivhich contain;: 
both the sOIYlicirculnr c011alo e.nd tho cochlc)!:., both of Hhich innorv["to 
tho oip:hth cr:'lnic>l norve. It hCLS b~;on ohu',Tn 1)y von Bokooy ~ ,\;-,ho 'iIOn thc 
No bol Pri zo for hi::; vlOrk, that the procerT,; of 8.udi t ion in·~lud{)fJ th2t 
of bono conduct ion o.CJ vl011 :,},j tho ro 8;;onso of tho whole body to mocho.nc 
vi brn..tionc .'~nd Ql tho C'.udi tion i.s a [;1)OC i c)~l.z;;)d Gonoo so quootorod from 
,spurious vibrr>tions, ifJO :Jhn.ll c;hov" l.",+'or b01'! tho l"holo orp:r·m of tho skj 
is [I. kind of moch SHo-roceptor 9 tho rooul tC"l,:))"plic8,blo to i'dcrmo-o:otics 0 

In [',dc1it ion 9 tho ;Jldn is tho ~i to of contact oloctro-rocoTJt ion 9. r:md 
it sh2.11 bO'Jho1-ITl -tho cimil.<tri tios botvwi.m these v[".riou8 sonse mod:'.li tic 

SDGcifically, tho org8.n of 8.udi tion if.! tho organ of Cortilocatod 
in tho ~onter of tho cochle8.r snir8.1o 0 Tho Orgon of Corti is ,\ lower 
of hair colIs connoctod totho baoi1o,r mombrE'..no ::Thich connec"n::: directly 
to tho oighth norvo. Thoro 21'0 Rbout 15,000 hrlir c()11[3 on tho .baoilar 
mombrffilC; 2.110. a tot::,~l of .':"'.bout 15,000 nouron fibres in tho coclun.r norve 
Thoso hEl,ir colIs r::<.ngc in Gizo from ("bout 130 11m, Trbich nro high froquc 
cy rou")onui vo 9 to ,275 lJm, 'I·Thich 8.ro 10v! froqu<;ncy ro s',ono L "110. Of un
ufJUa1 intorc)st i.-:; tho.t those. norv:: fi bro~.:; hn.vo affori..;nt norvo onding ~ 
tho thoro io no motor function to bo found 1 n.nd in Qc1.di tion tho ")otontj 
pcroos tho hn.ir col18 in tho orp;an of Corti io about 140 mV. Sinco 
th0uo collu ~ro a")nroximn.t~ly 140 11m in longth~ tho field Gtrong~h 
ropreoontod i11 tho orrrzm of Corti io; 

3·9 E = = 1.. ,.4. ,oJ.:. Q. ___ ~.J,__ = 
1.4 ol(J4 m 

Th~; ho,ir c('110 ln th;:.; org:cm of Corti rcL=w th..:: mochrtnicztlvibro,tic 
rJOt u1') UDon thorn from the ctrosf3-otrf'.in r;)."lct ioncj c [moed by thoir b,Jnd: 
a he~t sot off by tho friction thon Gtimulr~oG9 thru thio piozoclectric 
nroceDs, the p>;ner;~tor potontio>ls. Of intor"ot io th<'t, UT) to 60 Hz, 
tho out;)ut fr()quoncy ro[)~)onoo iC:".n ox:),ct Til:'.tch of the: input froquoncy 
rOE.monsp. . Above this :fr'_' 0lFmcy S")i.';C i21i "'ucl 0,1'(;20 in the cochlea 2~t 
spoc ific di.stnnce c; fro r ,,! the fJ'!;8.PC8 l)roducc cornplox volloys roc:;')011ni ~Jlo 
for rmdition 2.t those rroqu::ncios. In nddition~ th0 throe comi
circulr1.r c"'n[',ls 1 '!Thich ro,scnlblo thrCJc mut~J.ly }Jondicu18r half-loop 
a.ntcnn,:-.G ,'1TC also innorvatod by cupulae 2nd microvilli iib.ich 2.110;,. 
rc:,;1)oncl in :')ic:7,Oc)1:~ctric 1')roc08[: to mochm1ic:J.l b"mding oct up by chMg: 
in voloci+y n.nd ,0,cc()loration. Tbcso somicirculnr c8.n8.1:J 8.ro p,bout 
1 cm in hoighth 9 n.nd thuu mr:.y l')rovido ol()c";ror()c-ption for"J EI'1R. in 
thi:,,; "J:,11Tolun{Tth 0 .• 
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Our intorc,;t in ~udi 'bon utomo from th,-:;.t ,scmco ;uodf'li"iJioo'roln.tio 
~jhi"Y) to tho lr'cto' :'I,lis ::ws': om, but ;"l~JO from tho IQct th2,t nudi tion is 

2" G(moo m00:1,li ty concornod lvi+h tho frequ~ncy [mel th0 intonoi ty of 
tho inninging':timuli • Altho tho ':.mergy intone:li ty by vThich nudi tion 
is m,J?8urod is U:'mall y T:vnttc ,er centimotor oqu(',r,;el ("'vI • cm- 2 ) 9 tho 
vC'riouc: on;Jrgy dimoncionD nro intGrch~,mg()~lJlo 9 lih:c; motorc into foet, 
C',nd it "~ar:. bo dirc;ctly uh(\vm that tho uloctro-scnsi ti vty throshold 
!any be computod. cJiroctly from the r.mdi t ion thror:;holdf3. (Cf 3.5 ) 

Sinco, P,,::: 1rTO h:-,vo indicatod, that n:udi tion io g skin mombr:c'no, 
bone conduction phcmomona, and th~t thoro oxi!Jt covor21 formulao ro
lrd:; ing ukin nro ~1 to hc:~ ight DDd mtlss, ,'-md the 'Jroportion of bono mOBS 
to tot~l orp.2nif1!11 m8,:J8 9 it is not Gurprioing that :'l mathomntic2.1 relf-:\,t 
ion chip c)xists botv!uon Rudi tory thr,;sholds -"nd phy:::dcnl body mO,'1surom 
mento. ~h8tOrE,On ~nd Dinmond h,wo empirically uroducad the follo\-ring 
roln:tionshi po, Eg. 3. sholvs thn.t tho 101il<.;st fre quoncy roo}")ondod to 
is rol2.tod to body mnss, nnd that in addition, the high fr·.?quoncy 
thro[Jhold is a mo.thomo,ticnl function of tho Im,r froquency cU':;off 
threshold. 

log flow + logmaos (kg) = 2.5 

fhigh = 20 kHz x log f lo 'w 

Other phys iologic8..1 88;.lCctrl of p.,udi t ion illuminCtto procosoes 
rolovnnt to oxtra, or as ono -rrofeGfJ ionnl callD it 1 oXl)nnded s(msory 
-rorco-rtion. Von :!3okosy studied t ho 2ouditory threDI.101ds i"ri th reslJoct 
to throe vnriRblos; horodi ty, Rge, Rnd ron-I time. Ho found for inDtrlJ1 
thn.t tho f\udiogrnms of memborD "ri thin [', frunily \vero significcm tly 
EJimil8.r, 1"rhorons 8D f'udiogr[>.n1 of somuone not in that famil~T differed 
ao 11[011 uignificnntly. Vi z 9 C1 uroof of the hor(;o.i ty of sensory nnd 
-rorcol)tu8.1 2-1.oilitiof'; and roc;:>onoes. In [',ddi tion it 'wns found that 
vd th incrollsing ['.go, tho £'..llility to 1JorcoivG sound froquonciou :'Ind 
intonfJi tios 1·'T2,fJ attonulltod Qt tho high froquency r08Jonr:;0 b'lnd, but 
\fns baf3ic,'l,,11y unchnngod i',t tho 101'1 froquency ond of tho Moustical 
spoctrum. Of vory 8"00C ific intoJ:'GiJt i~o porcopt ion vT8..S von Bokosoy IS 

obscrvp..tion of the follovlj.ng. Audiogro.n1c i:J'Oro m,".clo of Gubjects' 
throohold sonDi ti vi tics nt two fl~uoncieci, 200 Hz fmd 1000 Hz 9 and 
observod for n duration of tW'onty' minuter;. It '!:TIlS found thn,t tho thrc 
holds vnried 5 to 15 db with poriodicitioo of 8 minuteD for the former 
~J1d 6+ minutes for tho latter. It vTOuld Drove to be highly illumin-
0..ting to diocern if onch froquency hr.d ito o'm periodicity of thres
hold DcmDitivy, for in nddition, p~riods of 8 minutos ~\rtd 6+ minutos 
nro in affect frcquenciofj of 1/480 socondo rmd 1/330 8oconds, cmd it 
is "!Gll domonntrnted th:'ct higher froquencioG nro h?,rmonicD of 10i'Tor' 
frequoncios, f'nd uo may summizo ul tra-loi.v froquency modulz.ttion or 
driving of hi{;hor froquoncy rc.coustico-mechano-oloctro-Densitivitio8. 

In thir; ':oction 'VlO oh1.111 obuorve tho Vf'..riOUD rooponoo cho..r£'..cter
isticf.J of tho auditory systom in ordor to ostnblish tho limi to of the 
enorgy norcoivod. It has boen adopted ['LS convention tho.t tho root
m021l-squnro throshold for nuc1ition is 0.0002 dynosocm- 2 n.t 2000 Hz, 
the foquoncy of highost 80Yloitivity. HO':lovor, von Bekooy hGB obsorvoe 
soncitivity throsholds of 0.00005 dynoo.cm-2 at 2200 Hz. Therofore, 
'.vhile HO r;hCtll diiJCUGS standard o.udi tory throsholdD 9 but o..gnin tho 
rortdor is c2utionod thr:::c tho domonGtro..ted humnn porcoption throsholds 
mo..y vary ["S much 8.U 5 to 15 db bolov! tho 507~ ponul:-:.tion Gtmldp.rd 
throshold. .. 
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Liko tho oloctrorocoTltivo oonoos (ELF~ infra-rod, 9nd vision), 
audition in crgotonic, thn.t i~, its ~jon:Jitivity of onorgy (orgo) is 
n function of tho fro a.uoncy (tono) of tho imc')ine:ing :::timuli. AIGO 9 

1 ike the olootroroce1]ti vo ::;onc;c;:;, 2.udi t ion ,Jho':TO tho ,ror)cr-c.y of 
oxcitory And inhibitory rosY)onoo. ThQt is, moet ncuronrj h[wc':tb2.00, 
thnt ic;o at,.tic di::-;ch2rge r f1;ce, !:;o th:<.t ~ ~'Ihilo GOr1() ctLYJ.uli C2.UfJO 211 
inc rc~ :l,80 in tho n~)1)rc:.l d i ~ ;chf1,rgc r <o,·ce:J, f.'iOllJC st ir:ml i c ~,Ui.;O ['ill inhi b i tic 
that i8 dccro2.so of tho Dt~tic dioch~rgo rn.tc. ThiD is R vory intcr
o:.-;ting ,c-1.opect of '::';oncr',tion 2nd porcc.mtion, for tho "Dcrcipiont r:lU[';t bo 
mTf'TO th,,:,t tho informrction is litho nbscmcc of inform2..tion,", or to put 
it crudely, tho porc i Y)icmt i,-:..; roquirod to bo m"T.".ro not of tho d~mut, 
but tho hol0. . 

Figuro 3. 13 beloH i[J tho oft rO:ptf'ttucod nnd no\! cJtrndnrd rmdi tory 
int;:;nsi ty-frc qucncy n):JDonso ch2.rt. Tho sound prossuro 10vol if.:; gi von 
in dync)[J"cm- 2 and Jouler; -por Dqun.ro motor por socond on tho loft h811d 
ordinil,to 8Jld (tcl{t:>J i vcly) Volts l)or )11otor }Jer sqwwe root of tho fro qu·-
'nocy (V.m-1Hz-2') on tho right. It io convoni,mt to uso J·m-~ scc-l 

r1",thor thQll Uatts· cm- 2 boc:.1u[:o ~dO should like to '00 rtblo to c:".lcul:1to 
tho enorgy in n given frequency Ivnvoform. (,C:;oo tho next fJoction for 
conver:Jion factoro.) 

Figuro 3.13 Audi tory fr,;quoncy--onorgy throohold roo'Jonsos 
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Ad eli tionnl ovidonco for tho coding of Gonaory informntion into the 
EJJF brtnd c"n be cocm in Figure 3.14 bolou 9 'uhich chortf] tho froquency 
of tho ncmrnl imY)u180G in rOC"00n80 to r-1 givon ctimuluD intonsi ty inl)ut 
for nouron;:; with frequcmcy-cJ1")ocific rosnoncoc. Notice thnt thO: hyper
bolic t:ln&cmt (t;cnh x) grm-:th rate ,:;n..turo..too n.t o.bout 450 Hz. 
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