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SOVIET QUANTUM FIELD THEORY

NOTICE

The conclusions, judgments, and opinions

contained in this finished intelligence report

are based on extensive scientific intelligence

research and represent the final and consid

ered views of the Office of Scientific Intelli

gence .
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PREFACE

Quantum field theory is a comparatively new branch of

physics that deals with complex mathematical representations

and basic physical concepts ( those of quanta and fields) in

order to explain and predict properties of the fundamental

elementary particles, such as the familiar electron and proton

and the less familiar mesons and hyperons. The former con
cept, which held that material particles obey the relatively

simple laws of classical mechanics, proved completely inade

quate for use in interpreting the behavior of microscopic

particles. The concept of quantum entities alone without fur

ther refinements was also inadequate. Only quantum field

theory, which combines the notions of quanta and fields (e.g.

electromagnetic fields ), has given promise of satisfactorily ex

plaining certain physical phenomena, such as the creation and

annihilation of particles, and the existence of newly discovered

elementary particles (at present over 30 different types are

known ). This branch of physics, in spite of its relative new

ness, is marked by a rapidly growing scientific literature and

is occupying the attention of many of the world's best mathe

matical physicists.

Quantum field theory represents the frontiers of modern

theoretical researches into the mathematical relationships gov

erning the basic constituents of nature. As the theoretical

adjunct of experimental- particle physics, which is a large and

growing branch of modern physics, quantum field theory is

called upon to interpret and predict the results of cosmic -ray

and particle -accelerator experiments where very -high -particle

energies are involved . According to world scientific literature,

these experiments and their theoretical interpretation by quan

tum field theory are being actively pursued in close conjunction.

Because of its very basic and tentative nature, this com

paratively new branch of physics is confronted with many

difficulties. These are mainly mathematical problems that

involve the formal manipulation of limiting quantities,* the

nonconvergence of mathematical series, and the extension of

the region of applicability of mathematical functions into

regions that have no known physical significance. Other dif
ficulties concern the determination of how many independent

postulates must be established , how certain newly discovered

particles should be fitted into the theory , and whether mathe

matical rigor and correspondence with reality are possible

simultaneously.

Limiting quantities that owe their existence to the extremely small
dimensions of the elementary particles and to the extremely large num
bers and energies of these particles.
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The solution of these problems could lead to a revision of
present-day theories about the nature of space, time, and mat

ter. The basic concepts of quantum field theory are funda
mental to the physicist's understanding of nature . His mathe

matical techniques in certain areas of modern physics, such as

solid - state physics and low - temperature physics, are closely re
lated to those used in quantum field theory. A deeper under
standing of the basic particles and of their forces of interaction
will be reflected in enhanced knowledge of general nuclear
phenomena and hence in the strengthening of the theoretical
bases underlying the technological utilization of the energy of
the nucleus.

The present report is based on available information from

January 1953 to September 1958. The work was carried out

under an external contract. The judgments expressed in this
paper represent the immediate views of the Office of Scientific

Information , Central Intelligence Agency.

:

1 真空
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SOVIET QUANTUM FIELD THEORY

PROBLEM

To assess the status and trends of Soviet research in quan

tum field theory.

CONCLUSIONS

1. The Soviet research effort in quantum 4. The Soviets who have been intimately

field theory is roughly comparable to the re- associated with the theory from its beginning

lated U.S. effort ; and the work of the best are fully aware of its general significance in

Soviet mathematical physicists who are ac- pure and applied fields of science and are

tive in quantum field theory is quite compara capable of making basic contributions to this

ble to that of the best U.S. physicists in the
theory. In the USSR , research efforts in

field .
quantum field theory are closely allied with

2. The number of physicists of " next-best” pertinent research efforts in cosmic -ray, solid

compétence in quantum field theory who state, and high - energy, physics. The Soviets
could be considered as a reserve pool of future

" bestss is considerably larger in the USSR
are fully aware of the applicability of the

quantum field theory to other areas of physics
than in the West. Although the results of

and to nuclear technology.
fesearch efforts in this field by the “ next

best" group aregroup are at present often of only mod 5. Although the Soviets are fully engaged

erate interest and sometimes mediocre, they in work on the outstanding problems con
are expected to increase gradually in quality

fronting quantum field theory, there is no
with no loss in quantity. indication of any imminent major advance

3. The number of Soviet publications in in their research .

quantum field theory is increasing at a greater

rate than is the number of U.S. publications, 6. Within the next decade, the Soviets

and in the near future will exceed the num- probably will take the lead over the West in

manber of U.S. publications. quantum field theory .

SUMMARY

Considerable Soviet scientific effort is ex

pended in quantum field theory. Research in

this area of modern Physics requires great

mathematical capabilities, which are possessed

by: many Soviet physicists, because of the

strong traditional emphasis on mathematical

disciplines in Soviet schools. Soviet interest in

such a high - level subject as quantum field the

ory is completely in line with the familiar So

viet preference and aptitude for the theoretical

aspects of physical research . Many versatile

Soviet physicists and mathematicians who

DOR OFFICIALUSE -ON 1
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are active mainly in other areas have pro

duced one or more papers in quantum field

theory, indicating a large potential of Soviet

capabilities in this area of modern physics.

As clearly indicated by a survey of the world's

scientific literature, a large and growing por

tion of quantum field theory papers are by

Soviet physicists and mathematicians. Such

works regularly appear in the well -known So

viet journals Reports of the Academy of Sci

ences in the USSR (Doklady Akademii Nauk

SSSR) and the Journal of Experimental and

Theoretical Physics (Zhurnal Eksperimental

noy i Teoreticheskoy Fiziki) , as well as in

many other high -level physics journals, both

Soviet and Western . Many of the Soviet

works are being translated into English .

The world -famous physicists L. D. Landau

and N. N. Bogolyubov are the most outstand

ing Soviet scientists working in quantum

field theory . Their work can easily be com

pared with that of leading U.S. physicists J. S.

Schwinger and F. J. Dyson. Landau and Bo

golyubov, who are extremely versatile, are

competent both as mathematicians and physi

cists. Landau , whose name is associated with

low -temperature phenomena of superfluidity

and superconductivity and with numerous

topics in theoretical physics, has often been

called “ the world's best physicist.” Bogolyu

boy's mathematical ability is comparable to

that of the late John von Neumann (U.S.

physicist). Bogolyubov's paper on dispersion

relations, important in quantum field theory,

was considered by many to be the most out

standing paper given at the International

Conference on Theoretical Physics, held in

Seattle, Washington , in September 1956.

Since then he was awarded a Lenin Prize for

his works in theoretical physics.

Soviet physicists have been associated with

the development of the newest physical con

cepts in quantum field theory . They include

V. A. Fok , Landau, I. Ye. Tamm , Ya . I. Fren

kel (deceased ) , D. I. Blokhintsev, and Ye.

M. Lifshits. In 1953, A. I. Akhiyezer, who is

well known for his work in cosmic - ray physics,

and V. B. Berestetskiy did the first compre

hensive work on quantum electrodynamics,

which may be described as an early form of

quantum field theory.

Important Soviet contributions to quan, methods

tum field theory include the Tamm -Dancoft factory fe .

scheme, developed by Tamm ; field ( second) mines the

quantization , further developed by Fok ; new of the ge

mathematical representations of Landau; and restricting
the rigorousmathematical proof of dispersion positions
relations ( relating to the scattering of high (axioms)

energy particles ) by Bogolyubov. such as s

The Soviets are fully conversant with West
These two

ern efforts in quantum field theory. They
with the

have published papers in such Western jour.
respective

nals as Physica , II Nuovo Cimento , and The

Physical Review . Soviets who are working in

quantum field theory have appeared at varis

ous international conferences and are ex

changing preprints of works on quantum field On the

theory with their Western counterparts. For pendices

example, U.S. researchers are receiving pre to show

prints from the Joint Institute of Nuclear done in

Research , Dubna, USSR . 4, and 5

Many Soviet works on quantum field theory
2 summa

clearly relate to nuclear phenomena observed

in high -energy accelerators and cosmic rays

Such phenomena as the scattering of high

energy particles, nuclear forces of interaction ,
NUMBEI

PA
spin of particles, radiation from fast moving

particles, and creation and annihilation of BEFORE
1953

particles are often discussed . Bogolyubov, 44
the chief Soviet worker in quantum field

theory , is the head of the Laboratory of The " Befoi
thatwere

oretical Physics at the Joint Institute of Nu reviewed

clear Research , where the world's largest par

ticle accelerator -- 10 billion electron volts

( Bev ) - is located and where extensive ex

perimental research on all phases of high NUMBE
energy particle physics is being conducted: LISHEI

This indicates close cooperation between thé:

orists and experimentalists at this center, 1953

Most of the authors of the quantum field the 91

ory papers are doing research related to

cosmic-ray and high -energy physics at well- Figui
that are

known Soviet universities. report.

Soviet physicists are pursuing research in

quantum field theory along two main lines.

The first, an older one, involves field equa: -pers py

tions and perturbation methods, and repre:
field th

throug
sents a direct outgrowth of the still older

Table
quantum mechanics. The second and newer typical

approach , which involves so -called axiomatic

-

(61)

Table
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cosmic rays.

ons to quan were initiated in the West and further develmethods developed to overcome the unsatis

Camm -Dancoti factory features of thefirst approach , deter
, oped in the USSR . In other cases, studies

field (second ) mines the ultimate mathematical properties were initiated by Soviets and carried further
.by Fok ; new of the general fèld equations by gradually by,Westerners. In general, Soviet and West
f Landau; and restricting their generality through the im- ern research in quantum field theory closely
f of dispersion position of certain mathematical conditions parallel each other and rely on one another
sring of high for ideas and clarification . There are as yet(axioms) corresponding to physical reality,
v.

such as symmetry and casuality conditions. no indications of any radically new develop

nt with West These two approaches areclosely associated ments in or departures from present trends in

heory. They
with the work of Landau and Bogolyubov, Soviet and Western quantum field theory re

search .
Western jour respectively . In some cases , pertinent studies

nto, and The

re working in

ared at vari DISCUSSION
and are ex

uantum field
On the basis of the detailed data in ap- The figures of table 2 can be compared with

erparts . For
pendices D and E, tables have been prepared those of table 1 only in a very rough way .

eceiving pre to show the quantity of work that has been They represent the number of articles listed
of Nuclear

done in quantum field theory . Tables 1 , 3 ,. under field theory in the subject index of The

4 , and 5 represent Soviet activity, and table Physical Review. The term " field theory ” as

1 field theory
2 summarizes V.S. work . used by the Soviets has a much broader mean

na observed ing than U.S. usage and includes many arti

cles that might more properly be placed unTABLE 1
ing of high der another subdivision . In table 2, only

interaction , NUMBER OF QUANTUM FIELD THEORY about two - thirds of the numbers listed ( those
PAPERS WRITTEN BY SOVIETS in parentheses ) would be articles on the type

ihilation of BEFORE EARLY of research considered in this paper. The

Bogolyubov,
1953 1953 1954 1955 1956 1957 1958 Total figures in table 2 represent the papers in only

intum field
51 49 91128 91 11 465 one U.S. journal in which U.S. scientists pub

ory of The- " Before 1953" indicates the number of papers lish research in quantum field theory , but
tute of Nu that werepublished before1953, but they were not this journal publishes a large percentage ofreviewed or abstracted until after 1953 .

the U.S. reports in the field .

ctron volts
According to tables 1 and 2 , the quantity

TABLE 2 of Soviet work in quantum field is about equal25 of high to the U.S. effort alone, although probably
conducted .

NUMBER OF FIELD THEORY PAPERS PUB
less than the total Western effort, especially

etween the
LISHED IN THE U.S. PHYSICAL REVIEW

if Japan is included .
his center . EARLY

1954 1955 1956 1957 1958 Total Table 1 indicates that the Soviet effort isn field the 91 102 114 93 93247 56 549 growing at a more rapid rate than that re( 81 ) ( 68) (76) (62 ) ( 62 ) ( 38 ) ( 367 )
flected in table 2. The Soviet papers of 1957Cs at well * Figures in parentheses represent the articles and 1958 are still being translated and are

thatare on the type ofresearchconsidered in this
report: not all included , so that those numbers in

esearch in table 1 will be subject to revision upwards. It
nain lines . is believed that this rate of Soviet growth is

Table 1 presents the total number of pa
pers published by the Soviets in quantum probably a real one , not reflecting simply the

field theory. The papers have been located increasing availability of Soviet works. If

through a survey of the Soviet literature. this rate continues, the quantity of Soviet

Table 2 gives a comparable breakdown for a work in this field will probably equal and then

typical U.S. publication , The Physical Review , exceed the Western effort in the near future.

fast moving

largest par

tensive ex

1953

related to

held
equa

and repre
still older
and newer

axiomatic
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TABLE 3

PA

РNUMBER OF TOP QUANTUM FIELD THEORY PHYSICISTS

AT SOVIET INSTITUTIONS AND NUMBER OF

PAPERS PUBLISHED BY THEM

Totals

98

14 4 60

NUMBER OF PUBLICATIONS

No. of Before Early

INSTITUTE Physicists 1953 1953 1954 1955 1956 1957 1958

Moscow State Univ 33 12 13 11 13 26 19 4

Physics Inst imeni

P. N. Lebedev , Acad

of Sciences, USSR 19 2 4 6 18 12

Various Institutes

of Physics of the

Acad of Sciences,
USSR 18 2 46 18 14 12

Leningrad State

Univ imeni

A. A. Zhdanov 11 3 16 9 7 4 3

Joint Inst for
13Nuclear Research

1 6 6

Inst for Nuclear
Problems 8 1 1 3 3 6 7 1

Totals 102 20 23 32 61 68 60 22

60

33 T

13 Mi

men
22

286
afes

resei

in ti

at p

sciei

T

who

is si

Table 3 presents data pertaining to physi

cists and institutions. In some cases, authors

publish from several institutes. In other

cases, it was not possible to ascertain the au

thor's institution . Thus, the table presents in

complete statistics and only represents a

trend. Furthermore, the Academy of Sci

ences, USSR , is not strictly an institution , but

many papers are published with its designa

tion . The tabulation indicates that there are

only a few institutions of dominating impor

tance both in quantity and quality of their

output.

Table 4 presents a breakdown of the Soviet

work by number of authors . The number of

papers with only one author exceeds thenum :

ber of those with more than one. Someof the

very best men , e.g. , Landau and Bogolyubov,

almost invariably publish with others inthis

field . Their counterparts in the United

States, Schwinger and Dyson , almost invan

ably publish alone, but many very good physi

cists in the West also usually publish jointly

e.g. , T. D. Lee and C. N. Yang. The overall

percentage of single and multiple author

ships is probably about the same for theSo

viet Union as for the West.

Table 5 lists the top producers of papers on

quantum field theory , and the numbersof Pa

pers are a fairly good reflection of thegeneral

relative importance of the men in this branch

of physics. Some of the men , for instance

Pomeranchuk and Landau, are more produe

tive than the numbers of publicationsshow

since they also do a great deal of words in the

areas of research .

phy

list

cluc

of

qua

per

Wel

gro

sen

US

US

you

the

con

TABLE 4

NUMBER OF PAPERS WRITTEN ON

QUANTUM FIELD THEORY BY ONE

OR MORE SOVIET AUTHORS

NO. OF NO. OF
AUTEORS PAPERS

1 342
2 95
3
4 2
5

مطب

ته
هر

en

Tel

St26៖

e
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TABLE 5

PAPERS WRITTEN BY TOP SOVIET

PHYSICISTS IN QUANTUM FIELD

THEORY RESEARCH
!

NO . OF
PAPERS

that such recondite research is not as reward

ing financially as other less fundamental

work might be .

The total number of men qualified to work

in this field is probably about the same in the

United States as in the USSR . The Soviets

appear to have produced many new workers

during the last few years. Financial support

for this type of fundamental theoretical re

search may be obtained more easily in the

USSR than in the United States.

24

ls 20

3
?

16
15
15
14

12
12
11

AUTHOR

Bogolyubov, N. N.

Sokolov, A. A.

Ivanenko, D. D.

Shirokov, Yu. M.
Khalátnikov, I. M.

Fradkin , Ye. S.

Galanin , A. D.

Abrikosov, A. A.

Medvedev , B. V.

Landau, L. D.
Novozhilov, Yu . V.

Pomeranchuk, I. Ya.
Zaytsev, G. A.

Barashenkov, V. S.

14

10

10
10
9.

9

Total 187

Moreover, there are about 200 additional

men ( see appendix D) who have written only

a few papers on this subject. In all, this rep

resents a large reservoir of potential workers

in the quantum field theory , who presumably

at present are working in other branches of
[ the Soviet science.

number of
The number of physicists listed in table 5Is the num

who mightbe considered the best in the field
Some of the

is smaller than a comparable list of Western
Bogolyubov,

physicists would be. On the other hand, the
iers in this

list of physicists in appendix D, which in
he United cludes men who probably work in other fields
lost invari

of science, but who still have published in
good physi quantum field theory in the last 5 years, is
ish jointly , perhaps somewhat larger than a comparable
The overall

Western list would be and presumably will
le author grow in the future. This latter fact repre
or the So

sents a significant difference between the

UBS USSR and the West, or at least between the

papers on USSR and the United States, in attracting

young scientists to this field of research . In

he general the last 5 years or so, the West has been dis

his branch couraged with the difficult problems of quan
r instance tum field theory. As a result, fewer good

re produc graduate students have been encouraged to

ons show , enter this field . Students have probably been

' k in other reluctant to enter this work in the United

States because of the mistaken impression

The overall type of research in quantum

field theory done in the USSR is much the

same as in the West. They have worked in a

large number of different areas in quantum

field theory, with only a few of particular

interest.

The Soviets seem to be doing quite a bit

of work in the area of the strong- coupling

meson theory. They have attempted to work

out such a theory for 7 -mesons ( the mesons

of interest in nuclear- force problems) with

out too much success . Some work along the

same lines has been done in the West, but by

and large, the feeling has been that such an

approach to the nuclear - force problem was

too much like perturbation theory and would

not be too fruitful.

Another such example of comparative So

viet concentration is the application of the

Tamm -Dancoff scheme of approximation .

This is related somewhat to the strong

coupling theories. This scheme represents a

slightly different approach to perturbation

theory, wherein the quantities of interest are

not expanded in powers of the interaction ,

but rather in the number of particles in the

intermediate states. Of course, it is natural

that much of this work is being done in the

USSR , since Tamm was one of the founders

of this technique. Again , quite a bit of work

along these lines has also been done in the

West, notably by Bethe's group at Cornell

and by Dyson at Princeton . In recent years,

this method has been virtually abandoned by

the West in favor of other approaches.

One such Western approach to the nuclear

force problem has been that of Chew and Low .

This was originally a semiphenomenological

bers of pa

FOR_OFFICIAL - USE - ONLY 5
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attack on the problems of low - energy

meson scattering data . By the use of this

approach , Western scientists were moderate

ly successful in correlating these types of ex

periments, and were particularly successful in

explaining the resonance behavior observed

in r -meson -nucleon scatterings. Subsequent

ly, the approach was refined to the point

where it became of more fundamental in

terest, because many of its ideas and conclu

sions were of a more general nature than

they were originally thought to be . These

early successes of the Chew approach , and

the subsequent theoretical refinements by

Low , Wick , and others contributed a great

deal in reviving the somewhat flagging in

terest in quantum field theory.

Very little, if any, work on the Chew ap

proach has been done in the USSR . This is

probably just a counter -example to the West

ern reaction to their work in strong -coupling

theory, or, more appropriately, to the recent

work of Landau . A great deal of work on the

Landau approach has been done in the USSR ,

whereas almost none has been done in the

West. Western physicists have felt that this

approach contained basic mathematical er

rors which made its results inconclusive. Not

withstanding this Western reaction , many

Soviet papers along these lines continue to be

published.

A final point to be considered here is a

general impression concerning the level and

effectiveness of Soviet training in this field .

This, of course, can only be an impression ,

based on a few text books, their general work ,

and some conversations with physicists who

have visited the USSR .

In general, the level of training in the

USSR in field theory seems to be very high .

For example, there seems to be official sup

port or encouragement for their best workers

to write textbooks. These textbooks are writ .

ten and published very quickly, so that they

have timely interest. Since they are written
by top men and reasonably priced , they prob

ably are influential in enticing young worker
into this field and in retaining those who are

already in it . Just within the last few years,
the following books have been written : Quan.
tum Theory of Fields by Bogolyubov and

Shirkov ; Quantum Electrodynamics by Akie.

zer and Berestetskii; Foundations of Quan,

tum Mechanics by Blokhintsev ;. Classical

Field Theory by Ivanenko and Sokolov; Clas;

sical Theory of Fields by Landau and Lif.

shits ; Quantum Mechanics ' Non -Relativistic

Theory by Landau and Lifshits; and Prob.

lems in Dispersion Relations by Bogolyubov,

Medvedev, and Polayamov.

The books themselves, or their proofs or

translations, indicate that not only are they
written by the best men available, but, as

textbooks, they are generally excellent. As a

consequence some of the very best books in

field theory available in English or German

are translations of these Soviet works, many

published by American houses. Thus, these

books are becoming standard and in many

cases they are the only textbooks in this field

in many American universities, notwithstand

ing the high cost of the translated versions.

The particular quality of some of the better

Soviet work in quantum field theory is best

illustrated by the work of Landau and

Bogolyubov, which represents the only lines

of Soviet research of special importance dura

ing the past few years. (See appendices B

and C. )
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Basic research in modern physics can conveniently be broken down

into subdivisions or steps according to the size of the object under

study. The first step is the study of very large objects -- theuniverse

as a whole , including the galaxies , stars , and planets . Studies on

the universe lean heavily on the ideas of special and general relativity,

magnetohydrodynamics , classical mechanics , and thermodynamics.

The next step is the study of matter in bulk of every -day size .

This is the physics of solids , liquids, gases , and plasmas . In the

last few decades , this phase of physics has made tremendous strides ,

äseyidenced directly by the sudden growth of advanced technologies .

The great strides in the fundamental understanding of the properties

of matter in bulk can be traced to contributions originally made in

the study of the next smaller stage ..
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The third step embraces the constituents that make up matter in

bulk -- the molecules and their constituents , the atoms . It was at

this stage that the revolutionary ideas of quantum physics were first

found necessary and introduced in the early decades of this century .

These ideas and theories , linked with scientists such as Bohr, Planck ,

Einstein ; and. Dirac, have gradually permeated physics , until today ,

the concepts of quantum theory are considered fundamental to under

standing of nature in general . Not only have these concepts filtered

up to the next higher step , the study of matter in bulk , but they

lead directly to the next lower step, the study of the elementary particles ,

Thus ,

better

s best

I and

lines

e dur

ces B

the ideas of quantum theory must be used in the study of

constituents of the atoms themselves , the protons , neutrons , and

electrons . In attempting to understand the interactions between these

fundamental " building -blocks" of matter in the universe , and their nature

and structure , the most modern versions of quantum theories must be

called into play .

.

The fundamental particles and the various interactions between them

are described in terms of quantized fields , so that there is a one - to - onė

correspondence between a quantum field and a particle or family of

particles, such as the proton and neutron . The interaction itself, for

example, between two neutrons , is represented by another quantized field ,

which in this case corresponds to another real particle , first predicted

by Yukawa , the YT -meson . It is the study of these various quantized

Lields and their behavior under different conditions that is called

quantum field theory .

AL -
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€
Still another way to place quantum field theory in relation to the

rest of theoretical physics is to consider the energies involved in the
interactions or forces between the particles making up molecules , atoms ,
and nuclei .

1

r

The unit of energy generally used in discussing atomic and nuclear
physics is the electron volt . This is defined as the energy acquired by
one electron in falling through an electric potential difference of one
volt . The thermal kinetic energies that molecules in the air have at
ordinary temperatures , just for their random motions , are about one - fortieth
of one electron volt .

The interaction energies between ions or molecules in a solid* is
about a few tenths: to a few electron volts . This is the same order of

magnitude as those energies that bind the constituent atoms of molecules ,
and represents the energies of general interest in chemistry ,

The energies involved in binding the electrons within the atom itself
range from about tens of electron volts , in the lightest elements , to
some thousands of electron volts in the heavier elements . It is this
order of magnitude of energies that is involved in atomic transitions

responsible for the emission of light in flames or light from the sun
and in the emission of X - rays in a X - ray machine .

On the next level , within the nucleons of an atom , the interaction
energies are very much larger, and are of the order of 10 Mey . (million
electron volts ). This is why so much more energy is released in an
atomic explosion , which involves the release of these interaction energies ,
compared with a chemical explosion , such as TNT, which involves the
molecular interaction energies .

All of the energies except the nuclear are quite small compared
with elementary particle rest -mass energy , lie .; that energy E to which
the mass m of a particle corresponds in the Einstein relation , E = mc ?
The rest - mass energy of an electron is one - half Mev ; that of a yr -meson ,
140 million electron volts ; and that of a proton is about 1 Bev . As
long as the interaction energies are very small in comparison with the
rest -mass energies , so that there is no question of having enough energy
to create new particles , quantum field theory is not generally used ,
although ordinary quantum mechanics is . When the interaction energies
become so large that elementary particles might be created , as they do
in the nucleus , then quantum field theory is essential , for it treats
these interactions not so much in terms of indivisible particles , but
rather in terms of fields wherein the number of particles can change by
creation or annihilation .

* The strength of these energies determines whether the substance
is a solid rather than & liquid or gas ,
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Thus , quantum field theory is necessary in that region of energy

extending from about 1 million electron volts (creation of electron

pairs ) through nuclear energies of 10 to 100 Mev to the highest

available These are from high - energy particle accelerators * and

cosmic rays.** At these energies, all sorts of particles are created .

in these include some , called K -mesons , whose mass is between that of

the TT -meson and the proton ; others called hyperons , whose mass is

greater than one proton mass , but less than two proton masses ; and

perhaps as yet undiscovered new particles.

nuclear

uired by

of one
ve at

one - fortiet
Quantum field theory can be divided into two approaches: ( 1 ) the

older approach involving field equations and perturbation theory ;

and ( 2 ) the new or axiomatic approach .d* is

ler of

lecules ,

om itself
to

this

ions

sun

The older approach was a direct outgrowth of the even older

(about 1920-30 ) quantum mechanics. This approach attributes certain

mathematical functions called wave functions or fields to such

physical entities as elementary particles . These fields are assumed

to obey certain mathematical equations, the form of which is

determined by certain physical properties of the fields realized in

nature for example , its . equations are Lorentz - invariant and have

certain symmetry properties . The physical interaction between

various particles (e.g. the Coulomb interaction between electrically

charged particles) isdescribed by a certain mathematical combination

of the field functions of the interacting particles and this inter

action term is inserted in the field equation in the appropriate place .

ction

llion

n

energies ,

d

ich
c ?
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3
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Thus the field equations , with the interaction terms , could be

written down directly and should determine the form and behavior in

space and time of the field functions . With the determination of
these field functions , it is possible to calculate such interesting

physical quantities as the energy of interaction between two inter

acting particles , such as two protons in a nucleus ; scattering cross
sections , which are a measure of the probability of one particle

scattering from another in a certain way in experiments that could be

performed with high -energy accelerators; the life-time of unstable

particles ; the internal structure of such elementary particles as the
proton ; and many others .

iergy

.es

do

8

t

While the field equations can be written down , their solutions

can not , in general, be obtained . Only approximate solutions are

possible , in practice , and these are obtained by an approximation

procedure called " perturbation theory ." This mathematical technique :

consists in first obtaining solutions to the field equations when
the interaction term is neglected . This corresponds physically

by

* About 10 Bey, wherein proton pairs are created .

** Extremely high energies from a thousand to a million Bey .
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to assuming the neglected interaction energies are quite small in
comparison with other relevant energies , such as the kinetic energies .
Having this " unperturbed " solution , one finds " corrections' to it in
which the interaction is allowed to act only once ( first - order
perturbation theory ) . Corrections to this correction are then found ,
in which the interaction acts twice ( second - order perturbation theory ).
and so on .

placed
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( 1
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suitabl

One of the decisions to be made in quantum field theory is whether
or not such a perturbation - theory approach to these equations ' solutions
is valid . In using this approach , it soon became clear that it was
formally meaningless . Mathematically Infinite quantities appeared in
the equations . A successful but not entirely satisfying method was
developed for removing these quantities in the " renormalization "

program when it was noted that they always appeared in relation to a
few fundamental properties of the field , like its mass and charge .
Thus , the original or " bare " mass and charge of the field put in the
equations could be combined with these divergences to give , by
definition , the real , or renomalized mass and charge of the particle .
Actually , the equation changed the character of the so - called vacuum
from being a state of nothingless , so to speak , to a quantum mechanical
state in which no real particles were present , but in which virtual
particles could continually be created and destroyed . Thus , in going
from a particle's " bare " charge to its real or " renormalized " charge ,
the particle has essentially interacted with this vacuum in such a way
that virtual pairs of particles surround it and alter its original
charge . The prediction of this type of strictly quantum field .
theoretical effect , confirmed by some extremelj accurate experiments ,
was one of the great successes of quantum electrodynamics .

( 3

( 4

present

TŁ

diflict

TI

probáb ]

Nevertheless , although these effects are observed , the fundamental
mathematical structure of the theory is still very unsatisfying .

TI

out the

procedi

limits

integra
In an attempt to by - pass these unsatisfying features of quantum

fiela theory , a fairly new , axiomatic , approach has started to
develop ... This approach does not use field equations and the strictly
dynamic properties of fields , but rather attempts to speak very
generally about the ultimate mathematical properties that the field
functions , or certain combinations thereof , must have .

T

equati

which

clear .

appear

WASS

Thus , certain physical properties of nature , like Lorentz .
invariance , causality ( roughly : no signal traveling faster than light ,
or no output before input ) , and certain invariances in space and time
are translated into mathematical terms . These properties are used as
restrictions on the functions themselves rather than to determine lield
equations that the functions must satisfy . This provides a very broad
class of mathematical functions . Then , one by one , restrictions are

is &
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placed on these functions by means of the basic axioms ( which correspond

to physical properties ). These restrictions are represented by equations

which the functions must satisfy , entirely different from field equations .

In certain instances , the restrictions lead to equations called dispersion

relations . If a set of restrictions that are an exhaustive and accurate

reflection of nåture can be successfully placed on these functions , it is

hoped that the set of functions that are left will be so limited that they

wil constitute an answer to the original problem of obtaining mathematical

field functions to represent the physical world .

'hether

lutions

as

d in The following questions still need to be answered :

AS
.

2 8

;he

( 1 ) Can a set of restricted functions be obtained ?

(2 ) It a set of restricted functions is obtained , will they be
suitable ?

( 3 ) Are the axioms really restrictive?

( 4 ) Are the axioms mutually contradictory ? If they are , the

present concept of nature must be changed.

:le .

.um

nical
1

ing

ge ,

way

Thus , both approaches in quantum field theory are beset by severe
difficulties and require further research .

There have been several severe criticisms of this method , which
probably accounts for the lack of Western interest in the Soviet work .: 6 ,

ntal

The first few , general criticisms, are made by Dyson . 16 ) He points
out that there is no justification , 'mathematically , for using cut - off
procedures . Especially in the two - cut - off case , the method of taking the
limits is arbitrary. Whether one can interchange limits like this 'with
integrations is unknown .21

sly
The problem of the singularity in the proton propagator is shown in *

equation 15 , appendix B , part II. This appears at a momentum of

k2 e310/ a .m2 e 1000,2

ht ,

which is extremely high , but finite . What this means physically is not
clear . In the case of the meson theory , equation 14 , this singularity
appears at experimentally observed energies M, where M is the nucleon
mass , Besides this , the analytic form of equation 15 means that there
is a double "ghost " state in the Lee model sense , a residue of the wrong

S

S

ald

ad

*All equations referred to in this section are in appendix B , part IIZ
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sign , and at imaginary mass values . Again , this seems to make for

problems in physical interpretation.

Still more severe criticisms of a mathematical nature are made by

Kallen . 17 These criticisms are based on the approximations mentioned

With reference to the equation for the vertex function, equation 6 , and

its solution . It is still not clear what effect the terms neglected

there might have . In solving equation 6 , one expands the integrand in

a perturbationssum , integrates, and then takes the sums of the series

again . For integrating , cone replaces the terms:by assumedasyřiptotic

forms , and then assumes that the sum of these asymptotic terms is really

the asymptotic limit of the original sum . There is always a cut- off.

It is expected that a higher - order process does not become important

until therenergy is well above its threshold . Thus , for a given cut -off

energy , the asymptotic value for a process is being assumed in an energy

region where the process might still be small . In other words , if &

given cut - off in the integral eliminates processes whose thresholds are

above the cut -off , the resulting sim of integrated expressions is'a

limited one . When the cut -off then goes to infinity , asymptotic

expressions for processes that have already been excluded should be

included . Thus, the expression for the sum may not at all be its

asymptotic form . Perhaps this explains why the presumably divergent

sum of divergent terms gives such simple , convergent results . Kallen

approaches the problem of summing the series of asymptotic terms from

a different point of view , lie . , at high energy , a process is a multiple

of the corresponding Born approximation . He gets an answer entirely

different from that obtained by Landau and his co - workers .

:

The work in quantum field theory by Landau and his co -workers appears

to be open to very serious questions on rigorous mathematical grounds .

This should not be taken to imply , however , that this
is true, in general,

of Landau's work . Landau is probably one of the best physicists in the

world . While work on quantum field theory is open to questions , it had

the positive effect of again stimulating thoughts on these subjects

throughout the world . This probably led to some of Kallen's more recent

work as well as to some of the ideas in the axiomatic approach to quantum

field theory .

In addition , Landau has made very significant contributions in many

other fields . Most recent , and perhaps most spectacular , of
these is his

work on the two - component theory of the neutrino , and its connection

with the parity experimeñts. Before that , he diá very early and good work

on the properties of liquidhelium . He has contributed significantly to

the theory of multiple production of mesons in cosmic rays . There are many

other examples . Thus , this analysis of the Landau approach to quantum

field theory should be taken merely as an example of one of many
approacha
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Whitle there are some questions as to the validity of this approach ,

It has not been proved incorrect . It may not be an example of Landau's

better work , but it does demonstrate his versatility and the influence

that his work has on other Soviet work .
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APPENDIX B

PARTI

THE QUANTUM FIELD THEORY WORK OF L D. LANDAU

for many years , the problems of divergences plagued the

serturbation approach to quantum electrodynamics . It certain simple

corrections were computed straight forwardly, such as the effect of

ate electron's self -energy (mass ) because of its interaction with the

electromagnetic field , mathematically these corrections were infinite ,

rather than small , as they should be .

In 1947 , Kramers observed that all such corrections to the mass of

an electron , while theymight formally diverge , were still only to be

Interpreted as changes in the particle's mass . Since & mass is observed

physically , presumably of the electron interacting fully , the fictitious,

original free electron mass together with all its corrections should be

identified as the true; observed mass. Thus, these divergent quantities

were to be absorbed with the original electron mass , and the result

defined as the usual finite observable mass . This is the basic idea

behind the renormalization program in quantum electrodynamics . When

similar ideas were applied to other quantities , like the electric

charge , it could be shown (see Dyson ) that all divergences were thus

removed from quantum electrodynamics . Similar considerations hold for

some forms of meson theory : H. A. Bethe and F. de Hoffman .

MA

With this successful removal of divergencies by renormalization

and the subsequent experimental confirmation of the very precise

theoretical predictions, it was hoped that the inconsistencies had

been removed from quantum electrodynamics . It soon became clear that .

whether or not they had been removed was still open to question .

T. D. Lee gave a good example of a theory which could be renormalized

and in which the s -matrix * is nonunitary. 4 / 5 / Such a situation

corresponds to a physical situation in which states of negative probability

occur ; hence it is inadmissible .

Still another matter that had to be determined was the rather formal

oze of the nature and source of the divergences removed by renormalization .

The problem was to determine whether these multiplicative constants were

infinite because of an unwarranted usage of perturbation theory (e.g : the

perturbation series perhaps diverges ) or whether the infinities inherent

in the theory were independent of perturbation series expansion .

* S_matrix The scattering matrix - the quantity that contains all the

information of the theory on scattering processes .
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Kallen and Lehmann showed that at least some of the renormalization

constants were inherently Infinite . Thus , there still remains the

question of the origin of these infinities. 6-8 ) Gell - Mann and Low have
attempted to investigate the high -energy (or , equivalently , very small
distance ) aspect of the functions involved in quantum electrodynamics ,
using perturbation theory as well as some group properties of these

functions . 9 Their results , while interesting , were rather inconclusive .
Recently , Bogolyubov has refined the group theory approach to this matter ,
without essentially changing its inconclusiveness . 10

et

ti

CCat

awa

Throughout these more recent doubts as to the inconsistency of
electrodynamics , there has long been the question concerning the
connection between the point - like nature of the interaction assumed in

electrodynamics and the infinities that arise . It was felt that , while
this problem was still somewhat puzzling , no fundamental questions were
involved . S

G

In quantum electrodynamics , this question of point interactions , of
course , corresponds to very high - energy asymptotic behavior of the relevant
functions . This whole question was reopened by Landau , who used a
potentially very powerful technique not necessarily restricted to a
perturbation - theory approach .

3rd

i

8
The approach adopted by Landau is based on the field equations

derived by Schwinger and Fradkin . In principle , these equations are
exact and independent of perturbation theory . In practice , certain
approximations must be made in order to solve these equations and these

approximations depend strongly on a perturbation approach . This approach
gives much the same answers and conclusions for the meson theory and even
for beta -decay types of coupling . The physical coupling vanishes in the
point - interaction limit .
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PART II

tion
MATHEMATICALDETAILS OF THE. QUANTUM FIELD THEORY WORK OF L. D. LANDAU
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In hiswork on quantum field theory , L. D. Landau used several field

equations to determine "Green's functions ." In this context, a Green's

function * contains all the information necessary to find the behavior of

the elections. wave function in space and time ; i.e. , in principle , it

contains the information necessary to answer questions about scattering

and other problems. The term " propagater " is used
almost interchangeably

with the term "Green's function . " This usage reflects the fact that

this function contains the information on how the particle propagates in

space and time ( or , more strictly , the Fourier transform of Gip) does).

in

le

re

.

of

.evant
-

As an example , the Dirac equation for a free electron in momentum

space in terms of the corresponding free -electron's Green's function ,

Gº( p ) isgiven . This is

1 .** GO(P ) ( m )
1

where my is the electron's bare ( in this case actual ) mass . This equation

is really symbolic , in that it is a matrix equation as well as a

differential equation . The symbol stands for the four -dimensional

Bcalar product X.p, where the four - vector X's are the Dirac matrices .

.

It is clear from equation 1 and the above explanation that there is

dó term in equation 1 referring to interaction (hence , Gº(p) is designated

Els the " free " propagator ) .
se

oach

even
the

If the electron is allowed to interact with the electron -magnetic

field , then Schwinger's exact equation for the electron propagator becomes

Gapi{ -m -SPCP, P-k; k)=G (p - 1) % Der ( )d*k} = 1.
p

2 . .

C1

Tii

In equation 2 , the third term in curly brackets is the effect of the

electromagnetic interaction . ei 18 the bare electric charge (this equation
,

is

16 , of course , unrenormalized ) .- is , as before , the Dirac matrices .

14. (P , P-k; k ) is known as the vertex function; it contains the information

concerning the form of the interactions , and is to be determined from its

equation . Dus (k) is the photon's Green's function , and it , too , is

determined by its equation . It is also clear from equation 2 that we now .

- * For the electron , this is denoted as G(P ) , a function of the electron's

Pour -momentum P.

** The surmation convention on four -vector and tensor indices is used in

all of these equations .
AZO
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deal with complicated matrix equations of the integro -differential type

( the differential operators in space -time being here just P ; the integral

equation form coming from the G ( p -k ) under the integral) .

(k ) is
The corresponding equation for the photon propagator D

ez

TiDur K
3. Djur (K) = Dwi (k) - Dievo (k) X

xsp [Sop)6(
P,P-k;x)G(p

=178_dp.po
(K)TY

Here, Duv (k ) is the " free", noninteractingphoton
Green's function,

analogous to Gº ( p ). Thus , where Gº ( P ) satisfies the free Dirac equation

1 , and has the solution
1

4 , G° CP) pmi

Duevº(k) satisfies the free Maxwell equation , and has the solution

SMV

5 . ka

The operation Sy means that one should take the spur , or trace , of the

matrix quantity in the square brackets .

Duv (k)
:=

Finally , the equation that Landau uses for the vertex function is

6. (P, P-l ;l) =

Yo + i
SFCP.P+k;k)GP_k

)6(P+k;P-
k=b;l)x ..

***XGCP-K-A)E
(RK-l,Ped;k

) Dpi(k) d*k .

Ti

.

This equation is the most complicated of the equations 2 , 3 , and 6,

because it is a matrix , nonlinear integral equation . It is nonlinear

because the unknown function Tipi ( -- ) appears more than once under the

integral .

:
In all equations , it is sometimes useful to think in terms of

Feynman graphs . In a very rough way , these graphs show the electron

and photon propagating in space - time . The electron is indicated by a

solid line and the photon by a broken line . When G(p) appears , it

corresponds to an electron;when Duv (k ). appears, it corresponds to a

photon; when the ( -- ) appears, it corresponds to a point of interaction

between them; and Duvo(k ) or Gº ( p ) corresponds to propagation with

no interaction .

ALL -

FOR_OFFICIAL USEONLY

Approved for Release : 2022/03/16 C06927295)



C06927295
Approved for Release : 2022/03/16 C06927295

TOR: OFFICIAL USE ONLY

гре .

gral Men cho clectron (photon ) is
complete with

interaction, G(p), (D

(03) v: thergolta (
broken )lines are double . When the vertexis the

it will be represented by a circle at the line

sintersections . When it is only the "bare" interaction , it will be just

the intersection .
Thus," equation 3 canbe graphed as follows:

(--),complete one, $

To

) .

Coustion 6 may be graphed as follows :

ion

+

It is clear from graph 8, that other possible topographical forms

ere excluded , for example

. 9 .

original equation of Schwinger includes these graphs and all other

possibilities. Neglecting these is the approximation mentioned above

that Landáu makes in Schwinger's equations.

-

In all these equations, the integration variables ( say p or k )

correspond to the energy -momentum of intermediate -state particles ( in

terms of graphs , the internal lines ). The investigation of the effect

or point interactions is introduced as follows . The original interaction

between the electron field and the electro -magnetic field was considered

to occur at a mathematical point in space . This restriction is dropped ,

and it is considered that this interaction takes place in a small region

of space -time, say of dimension ä ( presumably about 10 to 10-13

čêntimeters , from present -day experiments ). In these equations , which

are in momentum -space , this spread corresponds to an upper limit on the

intermediate -state particles ! momenta, i.e. , the integrals in the above

equations are cut off at an upper limit of momentum , of the order of

A 1/2. Thus these integrals are made finite. It is hoped that when

à calculation is completed , the limit a > , or 1 > 00 , will correctly

correspond again to a point interaction , and , in passing to this limit ,

something will be learned of the divergences . Thus , Landau's program

= a
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is an attempt to solve the simultaneous integro -differential
equations

2, 3, and 6,
incorporating the upper limit on the integrals, and then

passing to the point limit .. 1

C

ESince the divergences that occur in the perturbation
solution of

these equations are logarithmic with momentum , the major
contributions

to the integrals come from the high
intermediate momenta . It is

because thedivergencies
are logarithmic that Landau uses equation 6

rather than the complete equation . He feels that this equation contains

all the terms contributing importantly to the divergence .

To solve these equations Landau assumes that when the momentum

becomes very high , the Green's functions assume certain simple

asymptotic forms .

B (P2)

10. G (p) =

52(p.93l)=
84(f )

Dav(t)=
[4_Ck298xv -

Hey + de(kay kyk
na]

Dur(

,

k² .

where p2 is any p2 q2 12 if they are of the same order of

magnitude , and , if not , should be the largest.
The functions of

B , a
are slowly - varying

function of their

arguments .

,dt and de

Substituting these expressions in equations 2 , 3 , and 6 , he

solves for the functions . In doing so in the equation for T (p, p -k ;

k) ,
Landau makes an additional assumption in finding the dependence

on the second variable p when it differs from o in comparison with k.

This is, that in
finding the change in the (-- ) in going from p = o to

small P, he can consider the changes in the integral in equation 6 as

the sum of the changes of the integrated expressions .

As solutions to these equations, Landau finds that within the

approximationsmadein writing down equation 6, thefunctions
as

can be chosen as 1; i.e.,
there are no corrections to the electron

free Green's function or to the" free" vertex function St
However ,

the photon propagator is changed from its free value of 'at= 1 to
I

2

ел .
11 .

de(kz) =
[1+ re In(42)]

ez is the bare ,
unrenormalized electric charge . To put the

propagator in renormalized terms, it must be written in such a way

that it does not depend on the unphysical quantities ela and then2

cut-off 1.2. To
do this, the reai, observed electric charge e

(31/137) is defined in termsof eje in the following way:
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quations
id then

2 (K ?e lim . dt (k ?)
1 k²0

iion of

.butions

s

ion 6

contains

Physically , this corresponds to defining the electric charge as the

charge seen in the Compton scattering of zero-energy photons (or,

diternatively, that Coulomb's law gives the potential between two real

charges at large distances ). When equation- 12. is used in equation 11 ,

the following. equations result :
2

e 1
e . 2

13. 22

atum

1 + item (mm)3TT

14 . 2

܀=1

e2

1 - et relin(1.25

2

OR

{
-

15.

dges =
1-

8 42

en .In(1 )=

p - k ;

endence
h k .

to
5 as

2,2

and thus , if we multiply A+ (k ) by the renormalization constant ez le,

the renorialized propagator does not depend on any unphysical quantities .

- In all these equations , the point interaction limit is taken

bl
.letting 42700. Originally, Landau asgumed that the bare charge , e12

Frón equation 14 , it is clear that as de increases , eventually es> .
This difficulty is eliminated by Pomeranchuk , who introduces two cut - offs ,

one for the intermediate bosons ( photons ).A.k, and one for the intermediate
Permións ( electrons ) Ap , and 3. Лp » Лk » p, k .
1 / Results similar to those in equation 13 are obtained .

B

ver ,

O
2

The conclusions to be drawn from equation 13 is somewhat startling.

For, as long as e- >(necessary for unitary S -matrix ), irrespective

of the variation of e 2 withis , we have the limiting conditions:
- 12100 -- 0. Thus , choosing a point interaction corresponds

to no physical interaction at all .

es

A14

FOR OFFICIAL USE ONLY

Approved for Release: 2022/03/16 COSSE 2015



C06927295
Approved for Release: 2022/03/16 C06927295

FOR OPTICAL USE ONLY

This work has been followed by many works in the USSR that apply

the same analysis to other theories . 1

It is essential to remember that in this analysis , represents an

upper limit to the momenta . If , for example , the photon momentum ki ;

then Landau Pinds li70, M + co rather than le = yu : This is as it
should be , because as the energy becomes very large , it is expected

that. the effect of the ( presumably :) small interaction will vanish .

This result was also shown by Lehmann quite generally . 2 / to
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apply APPENDIX C

Part I

THE QUANTUM FIELD THEORY WORK OF N. N. BOGOLYUBOV
ents an
ik »
28 it

ied

1 . N., N. Bogolyubov * is probably the most important Soviet contributor

to quantum field theory at the present time . He has provided the first

igorous proof of the so - called "dispersion relations " for other than

forward scattering and this work has greatly stimulated the most promising

approach to quantum field theory at the present time .

1 :

In order to make a thorough appraisal of the work in quantum field

theory of Bogolyubov and his collaborators , all available translated

sources were read , including his published papers that are listed in

Appendix E. The past year has seen an exchange arrangement under which

preprints in quantum field theory and related topics are received from the

Laboratory of Theoretical Physics , Joint Institute for Nuclear Research ,

Dubna , USSR , in exchange for publications on the same general topics

from comparable groups in the United States . Since Bogolyubov hås

recently been appointed director of the Laboratory of Theoretical Physics ,

this arrangement affords a good opportunity to follow his work . In

addition to the exchange arrangement and published translations of

Soviet articles, several other sources were used . Forcexample , the

page proof's of the first 428 pages of the forthcoming English version of

the book fåtroduction to Quantum Field Theory by Bogolyubov and D. V. Shirkov
have en obtained recently . Unfortunately , the page proofs from the

entire book are not yet available , but those that have been received include

the first 34 of the 52 sections of the book. When Bogolyubov visited
the United States to attend the International Congress on Theoretical

Physics at Seattle , Washington , in September 1956, he presented his

findings on dispersion relations , which were definitely the most important

presentation at this meeting . Because of the wide interest in his work ,

he left à manuscript on The Problems of the Thoery of Dispersion Relations

( co -authors are Medvedev and Polivanov ) , which was subsequently

translated and circulated . A revised version of the manuscript has also

recently appeared in the Fortschritte der Physik . Bogolyubov later

sent in an important mathematical supplement to this paper to the

Congress and it was then translated . In view of the special importance

of the paper , a careful study was made of the monograph of Bogolyubov

and collaborators , and a list of the mathematical supplement . Similar works

by other authors have been studied . Thus, & good background has been

& cquired to use in appraising the present work of Bogolyubov , even though

not all of his works have been translated .

* This spelling is used to be consistent with the system of trans

literation followed throughout this report even though the translations

issued by the author spell the neme Boboliubov and Bogolubov .
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As is
characteristic of many of the

world's best
mathematical

physicists , Bogolyubov has made important
contributions in several

different fields. He is
fundamentally a

mathematician of great ability

whose
contributions to physics have been primarily the presentation of

rigorous mathematical developments for conjectures
or vague physical

programs that were proposed by others . The nearest parallel
among

present Western workers might be Professor F. J. Dyson
of the Princeton

Institute for Advanced Study . He also began as a
mathematician and has

made
contributions that are comparable

quantitatively and
qualitativelý

to those of Bogolyubov . Perhaps Bogolyubov's work is even more clearly

mathematical than that of Dyson . An alternative Western parallel might

be the late John von Neumann , although his contributions
to mathematics

are of a greater importance than those of Bogolyubov.

Bogolyubov first
gained wide recognition for his work with

N. Kryloff on nonlinear mechanics. A good summary of the basic work

of Kryloft and
Bogolyubov in this field is contained in the collection

of papers translated
by Solomon Iefschetz and published by the Princeton

University Press in 1943. under the title:
Introduction to Non -Linear

Mechanics . This book gives a list of 40 references of the original

Soviet papers of the authors . As
Dr. Lefschetz

stresses, this Soviet

work introduced powerful new methods in nonlinear mechanics and gave

new importance to this field . It also
stimulated general developments

in the theory of nonlinear differential
equations.

.

Perhaps the next really outstanding contribution to Bogolyubot was

in the general theory of
the statistical methancis of

interacting

particles. In this field he contributed particularly
to the problem

of condensation of dense systems in approximate equilibrium .
" This

field is too complex to review it here in great detail, but
it should

be mentioned that
Bogolyubovdiddevelop

a hierarchy of differential

equations usually called the BBGKÝ equations because they resulted

from the work of the
followingpeople: · Bogolyubov , Born, Green , Kirkwood,

and Yvon . - This
hierarchy of equations replaces the Boltzmann equation

of the more simplified presentations . Bogolyubov. then showed a new

approach of approximation to the solution of this
hierarchy of BBGKY

equations whichdepends
primarily on classifying the various

characteristic time intervals in the relaxation of a dense system .

Much work still remains to be done if this field , but '
Bogolyubov's

papers constitute the starting point for many
investigations .

Bogolyubov has made some contributions
to problems of the theory

of the solid state . In 1950; he published an important paper on the

polaron problem , which deals with the effects of
the polarizationof

electrons within a crystal in such a way astoleadto
a reductionin

theelectron's
energyand possible

localization of the electron through

a "self-
trapping" mechanism . Thefirst

approaches to this problem mere

.
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made using a weak coupling expansion , i.e., an expansion in powers of the

electron charge. Difficulties in this method of expansion occur that are

iar to the difficulties of the perturbation theory of quantum electro

a mamics, which have been discussed in this report . Bogolyubov developed

strong coupling limit, which involves expansion in inverse powers of the

effective coupling constant . 1 The approximation of Bogolyubov is still/

Inadequate for an accurate treatment, and alternative approaches involving

intermediate coupling have been developed by other workers (e.g. , T. D. Lee

and D. Pines ) . Much work remains to be done before a complete theory and

quantitative agreement with experiment are obtained in this field , but

the work of Bogolyubov was certainly an important contribution .
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An even more important contribution by Bogolyubov to solid -state

physies has been his recent contribution to the theory of superconductivity .

Present theories of superconductivity , stemming from the theory of

Frohlich , depend upon determining how the interactions between electrons

čan , under proper conditions , create a gap in energy between the lowest

state of the system and the next highest state . Various workers have

devised theories that predict this energy gap and a specific model was

developed recently by Bardeen , Cooper , andSchrieffer . 2 ) The theoretical

results of Bardeen and his co -workers bad many attractive features but

artificially exclude many of the contributions that a general theory

would predict . Bogolyubov developed a much more exact mathematical

formilation , which returned to the original Hamiltonian of Frohlich rather

than choosing an arbitrary model , and he showed how to obtain more

rigorously an approximation that produced the same results as the theory

of Bardeen . 3 The problem of superconductivity is still not fully
solved , but workers in this field generally agree that Bogolyubov's

Fecent work has been a very important step .
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It is not surprising that Bogolyubov has made outstanding contributions

in statistical mechanics and in the theory of superconductivity as well

as in quantum field theory , for there are many similarities in the

mathematical treatment of these various fields of physies . In quantum

field theory , the time dependence of relevant functions normally is

given as exp [ -iet /n7 where E is an energy . In statistical mechanical

problems, the probability function depends upon the temperature through

the function exp [ E /KT ] where T is the absolute temperature. Thus we
see that the time in the mathematical equations of quantum field theory

correlates with an imaginary temperature in the equations of statistical

mechanics . This analogy is only one of the similarities between

statistical mechanics and field theory . Another is that the creation of

field quanta can be made to correspond to a general excitation process

in a statistical system . This mathematical similarity is in fact quite

far -reaching and allows many statistical mechanical problems to be

computed by themethod of Feynman diagrams , which was developed for

quantum field theory and is the principal technique for practical
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many.

quantum -electrodynamical computations at the present time . Thus , want
of the ablest physicists in quantum field theory (e.g. , Feynman , GelinBrueckner , T., D., Lee , C. N. Yang , iand K. Watson ) have recently madeimportant contributions to statistical problems , just as Bogolyubor hondone

teori

2 .
reglems

Functional Approachto Quantum Field Theory -Renormalization Group

Bongosta
comicanista

contrib

Jaderin

.

son

cuccion

maskers

Oodocia

proved

Infinit

out the

thatit

related

.

-Quantum field theory was originally developed by introducing non ,interacting fields and then considering the coupling between these fileas a perturbation . This method of presentation has the advantage thatthe dependence of the original Lagrangian of the system on the fieldoperators is usually given in a relatively simple. form . However , thesefields which correspond to " bare " particles without interactions do notdescribe the real physical particles , for even a real isolated particleinteracts with the quantum fluctuations of the other fields in thevacuum . Thus , the renormalization problem had to be introduced so . as .to obtain the quantities corresponding to real quantities from thoseoriginally introduced in the theory :. . Because of the infinities involvedin relating the real particles to " bare " particles , a new approach hasbeen developed in recent years which attempts to define the basic theoryentirely in terms of the quantities for real particles . Thus , it isassumed that the fields are already renormalized . In this case , onedoes not know explicity how the field operators enter into the Lagranglaror other important quantities, such as the scattering matrix ş . Nevertheless , certain general mathematical relationships between thesequantities can be determined . Bogolyubov has been one of the many peoplewho have contributed to the development of these general mathematicalformulations . One assumes that & quantity such as the scattering matrixis a general functional of the fields P(x ) and introduces the conceptof a functional derivativess/ (x ). This functional derivative is a useful generalization of the idea of an ordinary derivative and it expresses
the way in which S varies when the operator suffers a small alterationin the neighborhood of X. ( This statement is nonrigorous but gives thegeneral idea , ) Bogolyubov published a paper in 1954 that contributedto the development of this formulation , and he and Shirkov have used itextensively in their work on the quantum theory of fields Many quantities
can be expressed very succinctly in terms of these functional derivatives ,and Bogolyubov has used them to define the generalized currents of thetheory , and to reformulate the causality principle . In his work on thefunctional approach to quantum field theory, Bogolyubov. was to a large
extent simply stating the research results of other people in slightlydifferent form .
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Bogolyubov and Shirkoy have also introduced the idea of a " chargerenormalization group" in quantum field theory . This is a Lie group oftransformations that can be introduced to clarify some of the ideas ofthe renormalization process and to remove some ambiguities in it . The
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technique has permitted the authors to clarify some of the steps inperturbation procedures and in particular to deal with some of theproblems connected with the introduction of an artificial cut -off oflarge momenta . It is not felt that the work mentioned was of unusualimportance , but it was certainly sound work that helped improve the
formalism of quantum field theory and constituted the first appreciablecontributions of Bogolyubov in quantum field theory .

up

Tridefinite Metric

One of the major problems in quantum field theory is the intro
duction of infinities by the renormalization procedure . At first ,workers in this field thought that these difficulties should be
associated with the use of a perturbation procedure , but it was later
proved by various theorists (principally Kallen of Sweden ) thatinfinities must occur even if the theory is treated accurately without the use of the perturbation method . Kallen and Lehmann showedthat the divergencies were a very essential property of the theoryrelated to the singularities of the Green's functions .
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In the case of the renormalized coupling constant , these functionsare defined over all space - time , but become infinite on the light cone .It was hoped at first that these infinities in the Green's function
might be removed , or at least decreased , by the normalization procedure .Kallen and Lehmann proved , by very general arguments , that therenormalized Green's functions must at least be as singizlar as the
original functions . This result showed that it would be difficult
to prove the logical consistency of quantum field theory . Furthermore ,at seemed to prevent the construction of nonlinear theories of asatisfactory kind .

The Lehmann - Kallen theorem depended upon some very generalmathematical postulates ; one of these was that the appropriate spacein which to describe the states of the quantum field is a " Hilbertspace .
This is a generalization of a vector space to an infinitemumber of dimensions . All of the states in this space have a positivenorme, i.e. , all vectors have positive length . Heisenberg and otherssuggested that the difficulties posed by the Lehmann - Kallen theoremcould be avoided by introducing states of negative norm . These would

correspond to states with a " negative probability .' Such a space , inwhich the length of vectors can be either positive or negative , issaid to have an indefinite metric ." These negative probabilitiesobviously have no direct physical meaning . Earlier , Gupta andBleuler had used a theory with suchan indefinite metric to carrycut the quantization of the electromagnetic field in such a way agotožproperly eliminate the longitudinal photons , and they had shownhow this indefinite metric does not need to lead to unphysical results
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if the real physical states are limited to the subspace of the states

of positive norm . Bogolyubov and Shirkov considered in quite general
fashion the usefulness of introducing such an indefinite metric . They
find that there are difficulties with the use of indefinite metric and

that its introduction does not appear to offer a particularly simple
solution to the problemsof nonlinear quantum field theories . Interest
in the idefinite metric in quantum field - theory stems now in great part
from use of such a metric in the program of Heisenberg for a unified
field theory for elementary particles . This program is still too indefinite
to permit any clear appraisal . The publications by Bogolyubov and Shirkov
as well as articles by their associates on the subject of the indefinite
metric , such as a 1958 preprint by Medvedev and Poliyanoy entitled
on a classical Model of Indefinite Metric , indicate that Soviet workers
are continuing their interest . in this field .
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Causality and Dispersion Relations

The work of Bogolyubov and collaborators on the rigorous derivation
of dispersion relations in quantum field theory is believed to be the
most important contribution that Bogolyubov has made in quantum field
theory
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The work on the proof of the dispersion relations by Bogolyubov
and his co -workers represented an outstanding piece of work which was
extremely difficult from a technical standpoint . The most difficult
part was the mathematical supplement , which appears to have been done
by Bogolyubov alone . The methods that he used have since been .
simplified by Bremermann , Oehme and Taylor , who have restated his
proof in terms of general theorems about the holomorphic envelopes
of domains of many complex variables . However , some idea of the difficulty
of Bogolyubov's theorem can be gained from the fact that it took these
three expert workers over 6 months to restate.Bogolyubov's proof ; they
agreed that it was very unlikely that they would have come to a proof
of the theorem without Bogolyubov's theorem to guide them .
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.. : The essential step in these proofs , as has been clarified by
Bremermann , Oehme and Taylor , is to extend functions which are originally
proved to be analytic in a small domain , called D. Then by very general
theorems it is proved that any function which is analytic in a domain
D must also be analytic in a larger domain D , which is the pseudo - convex
hull of D and is called the holomorphic envelope of D. While the domain
Dis by itself .not: large enough to prove the dispersion relations , the
extended domain is .
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The proof of Bogolyubov and his group stimulated many other workers .
The current proofs for dispersion relations, are found to be valid only
for those values of A less than a certain maximum value of Amade

i
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As the proofs have been improved , the value of A max has been increased .This is done as better and better methods are found for approximating thehobömorphic envelope. The Soviet -workers 'best value for A2 maA
approximately 2 412where ili is the pion rest mass . More recently anexplicit representation has been found fromthe work of Dyson , Jost , andLehmann , whichallows one to extend the limit for 42 2

max to about 3lusThese last three workers have shown that the current methods of proofcannot be extended to greater value of A ? max because they have a counterexample for which dispersion relations break down at this criticalmomentum transfer . This example is not sufficient to prove that thedispersion relation is not really valid for a great momentum transfer ,for the current proofs do not make use of the unitary principle , whichmay easily extend the range of validity of the theorem .
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Dispersion relations have now been proved for other processes inaddition to pion -nucleon scattering . The methods of Bogolyubov , asextended to date by others , have not been sufficient to prove dispersionrelations in many interesting cases . For example , dispersion relationsfor nonforward scattering of nucleons by nucleons cannot be provedrigorously . It is clear that the Soviets appreciate the great importanceof Bogolyubov's achievement in this proof because it was cited as one ofthe major reasons that he was recently awarded the Lenin Prize .
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Possible Future Work of Bogolyubov
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Both in the USSR and in other countries , many applications ofdispersion relations have been made . The Soviet workers have alsoapplied dispersion relations to photo - production and scattering of pionsby deuterons . The Soviets seem to be aware of the full potential ofdispersion relations . They have begun considering relations in whichA is varied and Wheld fixed , which has recently shown promise of usefulapplications . All or nearly all the important work in the USSR ondispersion relations in quantum field theory is probably coming from thelaboratory of Theoretical Physics of the Joint Institute for NuclearResearch , Dubna , USSR ; Bogolyubov is now director of this laboratory andthis work is presumably a result of his influence and interest in thisLield . Some idea of the amount of effort in this particular Lield inthe USSR relative to the rest of the world may be indicated by the
following comparison . A bibliography of all significant papers relatedto the development of dispersion relations in quantum field theory wasfound to contain a total of 187 papers of which 37 are by Soviets . 47The above comparison may be somewhat misleading because it is obviouslyeasier to obtain papers of Western workers .
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It is difficult to predict exactly what the future contributionsof the Soviets will be in quantum field theory . The usefulness of the

dispersion relations as such will probably decrease and emphasis willprobably shift to other generalc:consequences of the analytic propertiesASE
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of the scattering functions . Of course , this is a closely relatedfield .
Recent major achievements in this direction have been the proof,

of the CPT theorem " in this way by the Swiss physicist Jost and ageneral proof of the comection between spin and statistics by Burgoyne,and by Luders and Zumino . The Soviets have not as yet made an outstandingcontribution in this particular direction , but there seems to be everyreason to expect that they will do so . The Soviets are quite competentin the basic field of mathematics , which is most closely related to thisparticular field of physics ; this is the theory of functions of severalcomplex variables ...

. .

On a longer range basis , it is clear that new ideas are needed inquantum field theory and that a further development is very apt torequire a combination of the methods already developed by Bogolyubov , thetheory of functions of several complex variables , and a much more detailed,understanding of such nonlinear relationships as the unitary principle .It appears that . Bogolyubov .will be as apt to make a fundamental contribution
to this important "Pield of mathematics as any other single worker in this
field .

quantu

can be

obvioui

on the

scattei

need fi

is int:

Let Go

physic

The in

and thi

time a

occur

Let ģ

giyen .

Since

only 1

origin
extend

We not

positi

only a

a stic

domina

the ex

Using
and al

thata

origir

functi

Furthe

value :

by the

A23 -

FOR_OFRIOTAL USE ONLY

IApproved for Release: 2022/03/16 C06927295



C06927295
Approved for Release : 2022/03/16 C06927295

FOR OTRICIAL USE ONLY

PART II

f

BOGOLYUBOV'S DERIVATION OF DISPERSION RELATIONS
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The term " the assumption of causality " , as used in current work inquantum field theory , refers to the physical assumption that " no effectcan be observed before its cause . ' While this may seem to be a very :obvious and trivial requirement , it actually places severe limitationson the mathematical properties of a theory that describes a linearscattering system . The nature of this mathematical correction and theneed for it will be explained briefly . Assume that an input or sourceis introduced at the time t= and then removed almost immediately .Let G ( + ) be a function that gives a time dependence of any resultingphysical observable . This will be called an output. scattered wave .The input at t = can excite many transients in the physical systemand therefore an output G(t ) may continue to be observed for a longtime after the input pulse has stopped . However , the output cannotoccur before the input , and therefore G( t ) must equal o for t3 .Let.g (W ) be the Fourier transform of the output G ( t ) ; which isgiven by
too

dt
BW)= 5Gee)eiutat

gw اسنے
:

= ė

Since G ( t ) vanishes for t < , the integration domain actually extendsonly from the time t= to t = 00 . The Fourier transform g (W ) isoriginally defined only for real frequenciesW.However , we can nowextend this definition to complex values of W using the property that

eiwatiwit ė -wit eiwit

We note that the factor ewithas absolute value less than 1 for allpositive : t and all positive Wi ; hence the factor depending on Wi;only decreases the integral for gla ) . The damping factor is in facta strong damping term since it is exponential , and it will thereforedominate any power of t that might be introduced by differentiatingthe expression for gla ) with respect to a under the integral sign ,Using these properties , we can therefore show that the function glw )and all its derivatives are well defined for all values of W suchthatwi > . In this way, it can be proved that the function g ( w ) ,originally defined only on the real w - axis , can be extended into afunction that is analytic in the upper half of the complex -plane .Furthermore, the presence of the damping factor eWit implies that thevalues of the function in the upper half plane are always dominatedby the values of the real w- axis .

A24

FOR OFFICIAL USE ONLY

Approved for Release : 2022/03/16 C06927295)



C06927295
Approved for Release : 2022/03/16 C06927295

FOR OFFICIAL USE ONLY

.

Th

as the
OV

As is well known from the theory of complex variables , any function
that is analytic in a region can be given by an integral formula around
a contour about that region . This formula is called Cauchy's formula
Since the boundary of the upper halt plane is the real axis , one can .
show in this way that the values of the function in the upper halfplane are given by an integral around the real axis . Furthermore , as
one lets a point in the upper half plane approach the real axis , one
can prove in this way that the real part of the function gat any
point on the real axis is given in terms of an integral involvingonly the imaginary part ( except possibly for some constants if thefunction g is not properly bounded .) In this way , one sees that the
causality function can be made equivalent to a " dispersion relation ,
which in the simplest cases takes the following form :

Emother

the two

This is

quantit

followi

1
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Reg(w ) =
I'm 8W 2 dw '

Jasperi
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(
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ibe Lor

מטסמן

the or

Forthe
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Loowl- w
This simple dispersion relation is the type of mathematical relation
ship that is called a Hilbert transform . We have thus shown thatthe causality principle greatly restricts the function gw ) ; once
the imaginary part of this function is known for all frequencies ,
the real part can be determined by the above formula and the function
& W ) is analyticwhen extended into the upperhalf of the complexfrequency plane . Furthermore , if both the real and the imaginary part
of g ( W ) are given only on a small interval of frequencies on the
real axis , from the theory of analytic continuation it is known that
the function gl.w ) is then already determined at all other frequencies
If the physical function gl W.) at the low energy or low frequency
region is known exactly , then it is known accurately at all otherfrequencies , including high frequencies where measurements might not
otherwise be possible . Thus , from the causality principle relations
are derived that permit the prediction of observable information on
one kind from the exact knowledge of completely different observable
information .
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mathe
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For example , if the function glw ) is the forward scattering
amplitude for the scattering of energy w , then the imaginary part
of g is determined by a measurement of the total absorption cross
section . This is the well known " optical theorem . " - Thus , the
dispersion relation makes it possible to deduce the results of a
forward scattering experiment from

measurements on the total inter
action cross - section . 11

In application , the functions that occur in quantum field theory
are complicated and depend on many parameters in addition to the time
and frequency , but the assumption of causality leads to powerfulrestrictions on such quantities as scattering amplitudes , the
scattering matrix , or the spectral

representations of variousexpectation values of the physically important operators .
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The causality assumption in quantum field theory is usually statedas the requirement that measurements at a space - time point x and atanother space - time point x ' cannot have any effect on one another ifthe two events are simultaneous with respect to some frame of reference .This is stated mathematically by the requirement that the fieldquantities at such points must commute . This is expressed by thefollowing equation < 21 [ A ( x ) , B ( x * ) ] 11 > = for ( x + x ) 2, where A and B are any two local physical operators and11 > and 1.2 > are any possible states of the system . A metricis used in which the space - time length is positive for time likedirections and negative for special directions . 1/

ae

he

,"

The causality assumption alone is not enough for the derivation ofdispersion relations in quantum field theory . In addition , we must usethe following general 11mitations on our theory :
.

ion

ce

tion

ex

· part

he

hat

lencies .

y

( 1 ) Relativistic Invariance : The relativistic invariance of thetheory demonstrates that the commutator expression written above mustbe Lorentz - invariant so that e.g., ill. i > and 12 > are both thevacuum state 10 > this expectation value is a function of onlytheone4 - vector ( x -x ') and not a function of both x and x' separately .Furthermore , such expressions can depend upon the four components ofx - x ! only through the Lorentz - invariants of these quantities whencombined with the other vectors , tensors , etc. , in the theory . Thus ,the principle of relativistic invariance leads to a very large reductionin the number of variables of the theory and simplifies the form ofmany functions .

not

Lons

on

able

( 2 ) . Asymptotic Condition : It is assumed that each of the localfield operators for the interacting system approaches ( in a propermathematical sense ) a solution of the equations for a noninteractingsystem when the differences and times involved become infinite .

ng
art

( 3 ) Energy Spectrum :. A natural assumption is made that a vacuum :is the state of lowest energy , so that all other states have positive
energy . Each operator of the theory then has a spectral representationin terms of the contributions from the states of different energy in thetheory. These states include both discrete or bound states and.continuum states .

S

6

er One other very strong restriction that a true quantum field shouldsatisfy is the unitáry principle . This principle expresses the conservationof probability and is given mathematically by the requirement that theS -matrix must be unitary .. This particular requirement has not been usedLully in most of the proofsofdispersion relations that are discussedbelow .

gheory

a time

1
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Since the 1954 paper of Gell -Mann , Goldberger and Thirring , many
workers have developed dispersion relations in quantum field theory . 29
However , the original

presentations . lacked mich rigor and the relations
should properly have been considered as conjectures , although it was
generally expected that they follow from very general principles . The
relations were extremely valuable in theoretical physics ; e.g. , they
allowed Anderson and his group to determine the Fermi- Yang ambiguity
in the phase shifts for the scattering of pions . Furthermore , the
dispersion relation for forward scattering allowed a general determination

of the coupling constant between pions and nucleons . This was the first
time that this basic coupling constant , which

characterizes the strength

of nuclear forces , could be determined in a manner free from the great
difficulties of

perturbation theory or other types of
approximations ,

Many
applications were made of the dispersion relations and they were

found to be in good agreement with a wide variety of experimental results .
However , there were many

difficulties in proving the dispersion relations

for particles with finite mass and for scattering in directions other
than the exactly forward direction . The first rigorous proof of
dispersion relations for the forward direction in field theory was given
by the German physicist Symanzik . Only slightly later and

independently
Bogołyuboy and his coworkers, developed a proof of a dispersion relation
for pion -nucleon scattering that was valid for all directions of scatter
ing . The relation , which was conjectured earlier by Goldberger and others
involved relating scattering amplitudes for various energies w ... but

all for the same value of the momentum transfer A

1

This proof of dispersion relations was first shown to Western workers

by Bogolyubov in Seattle and was then circulated in a paper entitled :
The Problems of the Theory of Dispersion Relations by Bogolyubov , Medvedev ,

and Polivanov . While this prool is necessarily very intricate , it involves

the
following important parts : -5 .

( 1. ) The use of a particular
representation for the scattering

amplitude of pions of energy A (WA) scattering of pions through

momentum transfer A
This

representation utilizes the spectral
properties of vacuum operators in accordance with earlier

investigation

of Lehmann and others .

( 2. ) The expression for A ( W , A ) depends upon the rest mass M.
When M2 is positive , it is not possible to give an easy proof of dispersion

relations . : However , the relations are easily proved if the parameter M2 is

** : chosen less than 1 - A2) . The proof is therefore carried out first for

( .
such negative values of the M2 and the necessary analytic properties of
ACW ; ) are proved in this case . Then an analytic

continuation in the

rest mass is made back to the physically meaningful real positive value .

و
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In order to prove that this analytic extension is possible , use wasmade of a powerful theorem dealing with the analyticity domain of acertain generalized function of five complex variables and one realvariable . The proof of the necessary properties of this finction isprovided in a mathematical supplement by Bogolyubov .
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APPENDIX D

BASIC DATA LIST

part II .
The following list was extracted from the bibliography of appendix c ,It constitutes the basic data from which the tables in thediscussion were drawn and upon which most of the conclusions are based .

The list gives the various authors , their institution , and the numberof articles which they published , either alone , or jointly . The followingdata on Bogolyubov have been excerpted to use as an example in explainingthe system :

1953 1954 1955 1956 1957 1958

Leningrad State Univ . 13 ada 2 8/2 5/2 2/34

Bogolyubov , N. N.

( 1 ) Numbers appearing in any given column represent articles originallypublished in that year ( usually in Russian ) , although abstracts and / orpreviews appeared at a later time .

( 2 ) Numbers appearing to the left of the dotted vertical line underthe 1953 column refer to articles found abstracted , etc. , in 1953 , butoriginally published before 1953 .

( 3 ) Whole numbers , or integers , refer to papers published by theman alone .

( 4 ) Fractions refer to joint anthorships .

The denominator indicates how many authors wrote the article( including the author opposite whose name the number appears ) .

The numerator indicates to how many distinct articles of thatumber of authors the particular author contributed . ::

Thus the l in the 1953 column opposite Bogolyubov's name indicatesthat he published one paper alone in 1953. In 1954 , he published twoalone and collaborated with another author on one article . In 1958 , hecollaborated with three authors on two separate articles ; and hecollaborated with four other authors in one more article .
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Abrikosov , A.A.

1 1953 1954 1955 1956 1957 1958104

Inst of Physical 5/3 l그를 2 2/3
Problems imeni , S. 1. I
Vavilov , Acad of 7/
Sciences , USSR

Darashen!

Adirovich , E. I. Physics Inst imeni: ..
2.P. N. Lebedev , Acade

of Sciences , USSR

Baldin ,

Afrikyan , L., M.
2 :

Bayer , VPhysies Insti imeni :
Py : N. Lebedev ,: Acad :: ::
Sciences , USSR

Bazarov ,

Akhiyezer , A. I.
2/2 1/3 1Ukrainian Physico

Technical Inst , AS ,
Ukrainian SSR

Belenkiy

(decease

Alekseyev , A.I. Belyayes
Moscow Engineering

Physics Inst : -9

1 ?

Aleksin , V. F. Berestet
1/3

Ukrainian Physico

Technical Inst , AS ,
Ukrainian SSR

.

Bilenki;

2
Arzhanykh , I. S. Inst of Math and

:: Mechanics imeni
V. I. Romanovskiy ,
AS , Uzbek SSR

.

Blank ,

Biokhin

Asanov , A. R. Electrophysical

! Labs , AS , USSR :

1

Bogolyu

Askaryan , G. A. 1Physics Inst imeni

P. N. Lebedevy AS ,
USSR :

Bonch -

V. L.Averbakh , V. L. 15Physics Inst imeni
P. N. Lebedev , AS,
USSR Borgar.

Avrorin , Ye . N. Physics Inst imeni
P. N. Lebedev , AS ,
USSR

Ž

2

Borovi:
:
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1958

1953 1954 1955 1956 1957 1958
Barashenkov , V. S.

1 2 3 24

Chief Administrator ,
Main Administration

for Utilization of
Atomic Energy

Baldin , A. M. Physics Inst imeni
P. N. Lebedov , AS USSR

1 1

Bayer , v. N. Inst of Physics , AS ,
Ukrainian SSR

.

Bazarov , I. P. Moscow State Univ
1

Belenkiy , s . Ž .

( deceased 1956 )
Physics Inst imeni

P. N. Lebedev , AS , USSR
12/2 1

Belyayev , S. T. Inst Atomic Energy ,
AS , USSR

Berestetskiy , V. B. Physics Inst imeni
P. N. Lebedev , AS , USSR

3
2/

Bilenkiy s . M. Joint Inst for
Nuclear Research 1/3

Blank , y . z . Moscow State Univ 1
2 1 1/3

Blokhintsev , D. I. Joint Inst for

Nuclear Research
2 2 1

Bogolyubov , n . N. 23Leningrad State
Univ imeni A. A.

Zhdanov

2 8/2 5/2 2/34

Bonch - Bruyevich , Moscow State Univ 1 :
Ž를 1 1 1/3

Borgardt , A. A.
12 11 4 1

Dnepropetrovsk
State Univ imeni
300th Anniv of

Union of Russia .
and Ukraine

Borovikov , V. A.
1
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1
e GerÖöel 10!

1953 1954 1955 1956 1957S ..
'10 OTTAMAABrodskiy , A. M. Moscow State Univolt : 1371/32/3 2 .
10 coitelosBudker , G. I. Inst of Nuclear

Physics Siberian
Dept , AS , USSR tieni T7

13011 ota ?Buymistrov , V. M. Inst of Physics , AS ,
Ukrainian SSR

2012,7)
Bychkov , Yu . A. Acad of Sciences ,

1USSR

Kallile yev,

87
Permberg ,

Chavchanidze , V. V. Inst of Physics , 7.1 7.2Acad Sciencesca 1.1
Georgian SSR Jedorov , I

Chernavskiy , D. S. Moscow Mining
Inst imeni I. v .

Stalin memberg ,

Chang -Lee Leningrad State
Univ imeni A. A.
Zhdanov

1

gulshimonosy

Chiou -Kuang - Chaq raakin ,Joint Inst for
Nuclear Res ( Lab
Sof Theor Phys )

3
: : " ;: ? firenkel ' ,Chernavskiy , D. $ . Physics Inst imeni

SP. N. Lebedev , AS ,
USSR

2/

Galanin ,

Cytovic , v .. Moscow State Univ
My

Demkov , Yu . N.
1Leningrad State

Univ imeni A. A.
Zhdanov

Geylikmah

Dolginov , A. Z.
1

Leningrad State
Univ imeni A. A.
Zhdanov

1 Gelfand

Ginzburg
Duan - I - Shi Joint Inst for

Nuclear Research
1 . 1 . Ginzburg
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7 1958 1953 1954 1955 1956 1957 1958

Dyatlov , I. T. Leningrad Physico

Technical Inst , AS ,
USSR

를 1/3

Dykman , I. M. Inst of Physics , AS ,
Ukrainian SSR

Faddeyev , L. D. Leningrad State Univ
meni Ad A.UZhdanov

1

Faynberg , V : Ya . Physics Inst imeni

P. N. Lebedev , AS ,
USSR

그를 1/3 1

Fedorov , F.I. Inst of Physics and
Math , AS , Belorussian
SSR

]i

Feynberg , Ye . L. Physics Inst imeni
P. N. Lebedev , AS ,
USSR

AKU Ź

1

Kilimonov , G. F. Moscow State Univ

Eradkin , Ye . S.
2 6Physics Inst imeni

P. N. Lebedev , AS ,
USSR

1 2/2 adet2 를

Trenkel ' , Ya . I. Deceased 1952 1 :

Cahanin , A. D.
38 3213 1/3 Ž 2

Inst Physical
Problems imeni

S. İ . Vavilov ,
AS , USSR

Beylikmen , B. T.
5 2Moscow Pedagogical

Inst imeni V.I.
Lenin

cal land , I. M.
1

Moscow State Univ
Ž

Tozburg , I. F.

1/3

Moscow State Univ الا
1

Shirburg , v . L.
ܕ݂ܕ݂܂

Physics Inst imeni
P. N. Lebedev , AS ,
USSR

Ž
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1953 1954 195519561957 1958

Gol'fand , Yul A. 13 :Physics Inst imeni asil
P. N. Lebedev , AS ;, **!!
USSR

Kerimov

Khalatn

Golubenkov , V. N. 1

iš i 2/2그를 1 2

Khalfin

Gor'kov , L. P. Inst of Paysical

Problems imeni . I ,
Vavilov , AS , USSR

Grigoryev , v I. Moscow Petroleum : 15 2
Inst imeni I. M . .:: .
Gubkin

1 2 Khlebni

Gurevich , A. V.
Khokhlc

Moscow State Univ. 1

Gurzhi , R. N. 1Physics Inst imeni

P. N. Lebedev , AS ,
USSR

Khristi

Kirzhn
Hing Hu 1Joint Inst for

Nuclear Research

Heber , Va . G. 1Joint Inst for

Nuclear Research . V
Klepik

was

Ingarden , R. S. 2 1 1Physics Inst ,

Polish Acad of

Sciences
Kimor

Ioffe , B. L. Acad of Soiences ,

USSR
2 1/3 1/3 11/3 Koboze

Kolesi
Ivanenko , D. D. Moscow State Univ>

Ź 1/32 4/214: 2/2 Ž

1/3 3/2 2/3
;;

Izmirilov, S. V. ...ܐ 2/

Kalitsin , N. S. 2State Univ of

Bulgaria
1 ] Kompa

::
Karpman , V. I. 1 :1 1 1

KorstMinsk Pedagogical
Inst imeni

A. M. Gorkiy Krokt

Kaschluhn , F. Joint Inst for
Nuclear Research

2
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7 1958

Kerimov , B.K. Moscow State Univ

1953 1954 1955 1956 1957 1958

he 2/2 2/2

473 1 3/2 lž

1/3 , 2/3

Khalatnikov , I. M.
1

Inst of Physical
Problems imeni

$ . I. Vavilov , AS ,
USSR

Khalfin , L. A. All -Union Inst of

Prospecting Physics

1

Khlebnikov, A. K. Acad of Sciences ,
USSR 1/3

Khokhlov , Yu , K. لسم
1Physics Inst imeni

P. N. Lebedev , AS ,
USSR

thristov , Kh . Ya . Moscow State Univ i

Kirzhnits , D. A.
1 1Physics Inst imeni

P. N. Lebedev , AS ,
USSR

2 1

Klepikov , N. P.
1/30 1 . 1 2

Lab of Nuclear

Problems , Joint
Inst for Nuclear
Research

1

Kimontovich , Yu.L. Moscow State Univ 13 1 1 1

Kobozev , N. I. Moscow State Univ . 1

Kolesnikov , N. N.
1/3 1

.:

Moscow Power

Engineering Inst
imeni G. M.

Krzhizhanovskiy
2222

1
Kompaneyets , A. S. Inst of Chem Physics ,

AS , USSR
1

1
Korst , N. Moscow State Univ

1/3

Krokhin , 0. N. Acad of Sciences ,
USSR 1/3
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or

Krolikowski , W. Inst of
Physics ,

3700Polish Acad of

1953 1954 1955
1956.

D.
.

i Sciences

Kudryavtsev , v . Š .

chloen

Kuni , F. M. 1
Leningrad State
Univ imeni A. A.
Zhdanov

1017,18 , n .

1

Kunin , P. Ye .
Latvian State Univ, .

1.7 "

Kurdgę laidze ,
D. F. Moscow State Univ

1/3 13
C , N

Kurtenkov , L. A. 2
medvedev

Landau , L. D.

cm
Inst of

Physical
Problems , imeni
S. I. Vavilov , AS ,
USSR

4/3. 1 2/2 12/3 eered

Horen

Lapidus , L. I.
murder ,

...
Lab of Nuclear

: Problems , Joint
Inst for Nuclear
Research

22 3
N

dey20

Lebedev , v . I. Moscow State Univ
ži

Lipmanov , E. M. Elros
Novozybkov

Pedagogical and
Teachers Inst

2.3
2

Morsiana

Livshits , M. S. NetanzorInst of
Physical

Problems imeni
$ . I. Vavilov , AS , jeUSSR

, 3 1
Neganov

Logunov , A. A.
Moscow State Univ

Nelipa ,

1
31

Lomsadze , Yu . M.

1· “ 1/3

1/3
Science Res Inst
of Physics , Moscow .
State Univ

Novozh1
3 1
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1958 1953 1954 1955 1956 1957 1958

Maksimenko , V. M. 1 .Physics Inst imeni

P. N. Lebedev , AS ,
USSR

Markov , M. 1 . 1 2Physics Inst imeni

P. N. Lebedev , AS ,
USSR

Matveyev , A. N. Moscow State Univ 1 1 1/31

Mayer , M. E. Joint Inst for

Nuclear Research
Ź

Medvedev, B. y . 2 . 1

3/22

2Math . Inst imeni

V. A. Steklov , AS ,
USSR

1/2 te

Moscow State Univ 1Mickevic , N. v .

(Miskevich )

Migdal , A. B. Acad of Sciences ,

USSR

1

3

Mikhaylov , V.
ŹPhysics Inst imeni

P. N. Lebedev , AS ,
USSR

Minlos , R. A.
Ź

Mirianashvili , M. M.Moscow State Univ 1

Natanzon , M. S. 1

h1 Neganov , B. S. Joint Inst for

Nuclear Research

2

Nelipa , N. F. " ܪܐ:2 I

1/3

Paysics Inst imeni

P.N. Lebedev , AS ,

USSR12/

1/33

2: 1 .2 I 1 3
I

Novozhilov , Yu . V. Leningrad State
Univ imeni A. A.

Zhdanov
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1953 1954 19551955 1956 1957 19

2
ogiyevetskiy , V. I. Electro Physical 1. 37

Lab . - Now part of : 17,
Joint Inst for
Nuclear Research

Pugachev,

Parall, G.? .

Okun , L. B. Joint Inst for

Nuclear Research

Ovsyannikov , L. v .

hazanov ,

1(

Parasyuk , 0. s . Inst Mathematics ,
AS , Ukrainian SSR

2
Ritus,v .

Pekar , S. I.т Inst of Physics ,
AS , Ukrainian SSR

3 . 1 2 /2 Rosental ,

Peterson , V. R. 1

Petras , M. Rudik , A.
1

Podgoretskiy
(M. I. )

. Physics Inst eminj

P. N. Lebedev , AS
USSR Rummer , Yu

Pokrovskiy , V. L. Yeniseysk Teachers
Inst 1 2/2 Kuusik , 1

Poliyevktov

Nikoladze , N. M.
1 ;

23

Polivanov , M. K. Moscow State Univ
Ryázánov

1
5/4/1/3

Polovin , R. V. Rýndin ,
1 2

Pomeranchuk , I. Ya . Leningrad Physico
Technical Inst , AS
USSR

-173 424

1/3

2 1/3

Rzewusk :

Pontecorvo , B.
( M. ) ว Sanniko

Joint Inst for

Nuclear Research
( Formerly an
Italian citizen ;
now a Soviet )

Shirkov

Popovici , A.

Seldowi

( See Ze

Ya . B. )
:

1
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1958 1953 1954 1955 1956 1957 1958

Pugachev , Ya . I. 를

Rayski, G. 1 : 1Inst of Theor Phys

( Poland ) Copernicus
Univ

Ryazanov , M. I. Moscow Engineering 1
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APPENDIX E

BIBLIOGRAPHY

This bibliography is a complete listing of all the articles of
interest in this study . It was compiled by canvassing all the
appropriate available journals * on quantum field theory . ' Wherë an :
article has been abstracted or reviewed , those references are also shown .

About 25 of the articles listed in the bibliography are preprintsfrom the Joint Institute for Nuclear Research in Moscow . These articles
are designated by the word " Preprint " in parentheses at the end of thecitation .

Abrikosov , A.A.

" On the Compton Effect and Mutual Scattering of Particles at HighEnergy in Quantum Electrodynamics and Pseudoscalar Theory ,
DAN 102 , 1097 ** NSA 6551 ( 1955. ) -

10

" On the Infrared Catastrophe in Quantum Electrodynamics , " ZHETF 30 ,
96 ( 1956 ). MR 18, 174 ( 1957) Phys Abs 4811 ( 1956 )

" Scattering of High Energy Electrons by Electrons and Positrons ,
ZHETF ' 30 , ( 1956 ) . Phys Abs 6704 ( 1956 )

11

-and Khalatnikov , I.M.
" Asymptotic Expression for Green's Function of Electrons in Quantum

Electrodynamics, " DAN 95 , 773- ( 1954 ); NSA 4469 ( 1954)

" The Use of Two Limiting Momenta in Field Theories , " DAN 193,993 ( 1955 )MR 17 , 565 ( 1956 )

-and Galanin , A.D. and Khalatnikov , I.M.
" Green's Functions in the Theory of Mesons with a Weak Pseudoscalar

Coupling , " DAN 97 , 793 ( 1954 ). MR 16 , 317 ( 1955 ) .
NSA 7145 ( 1954 )

Phys Abs 7970 ( 1956 )

--and Galanin , A.D .; Joffe , B.L .; and Pomerancuk , I.Ya."Green's Functions in Meson Theories , Nuovo Cim VIII , 782 ( 1958 )

* Abbreviations for the journals are found at the end of the bibliography .

For

** In these citations , the underlined number appearing after the name ofthe journal indicates the volume , and the second number indicates the page .example , DAN 102 , 1097 shows that the article appeared in DAN , volumeLoe, page1097. The numberinparenthesesisthe yearofpublication . TheDümbers following the citations for Physical Abstracts indicate the abstractmmber ,' In cases where an article, or an abstract of it has appeared inother sources , they have alsobeenlisted .
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Abrikosov , see Landau , L.D.
Arzhanyk

" Co
Adirovich , E.I. and Podgoreckii , M.I.

On the Interaction of Microsystems with Zero -point Fluctuations of
an Electromagnetic Field ," ZHETF 26 , 150 ( 1954 ).
MR 16 , 101 ( 1955 ) Phys Abs 9914 ( 1954 ) " RE

Afrikyan , L.M.

"Multiple Pair Production in Quantum Electrodynamics , " ZHENF 33 ,
531 ( 1957 ) JETP 6 , 414 ( 1958 )

Askar" On the Theory of Creation and Annihilation of Anti -protons , "
ZHETF ' 30 , 734 ( 1956 ) A : 1 , 443 ( 1957 )

rity

" Theory of the Production of Electron Positron Pairs in Collisions
of Slow - Mesons with Nuclei , " ZhETF 33 , 280 ( 1957 ) .
JETP 6, ( 1958 )

Asanov

Akhiyezer , A.I. ( also Akhiezer )
" Diffracted Radiation of Photons by Particles with Spin 1/2 , "

DAN 94 , 651 ( 1956 ) . MR 16 , 548 ( 1955 )
Phys Abs 1892 ( 1957)

Averba

-a

-----and Polovin , R.

" Radiative Corrections to the Scattering of Electrons by Electrons , "
DAN 90 , 55 ( 1953 ) , Phys Abs 8223 ( 1953 )

" Removal of Divergencies in Quantum Electrodynamics , " UFN 51 , 3
( 1953 ) . MR 16 , 317 ( 1955 ). NSA 1264 ( 1954 ) Baldii

----- and Aleksin , V., and Volkov , D.
" On Some Effects Resulting from the Interaction of an Electromagnetic

Field with a Vacuum of Scalar Charged Particles , " DAN 104 , 830
( 1955 ) . MR 17, 1034 ( 1956 )

Alekseyev , A.I.

" Covariant 'Equation för Two Annihilating Particles , " JETP. 5 ,
696 ( 1957) NSA 12 , 8 ( 1958 )

Aleksin , see Akiezer

Bara

$ 1

Aleksin , V.F. , and Volkov , D.V.
" Radiation Corrections to Particle Scattering in External Field

and to Compton Effect in Scalar Quantum Electrodynamics , "
ZHETK 33 , 1044 (1957 ) JETP 6 , 803 ( 1958 )

" Interaction of the Electromagnetic Field with the Vacuum of Nuclear
Charge of Particles , " DAN 104 , 830 ( 1955 ) . NSA 1964 ( 1956 )
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Arzhanykh , I.S.

" Coupled Systems of the Meson Field , " . DAN 110 , 351 ( 1956 ) .Phys Abs 1903 ( 1957 ) A : 1631
MR 19 , 365 ( 1958 )

:

" Representation of the Meson Field by Retarded Potentials , " DAN 110953 (1956 ) . Phys Abs 3960 ( 1957 ) A : 1792NSA 3624 ( 1957 )

MR 19, 2 ( 1958 )

Askar.yan , G.A.
On the Effect of the Oscillation of the Meson Shell of Nucleonson the Probability of Particle Interactions , " ZhETF 26 ,751 (1954 ) . NSA 458 ( 1955 )ons

Asanov , A.R.

Note on a Variant of Non - Local Field Equations , " ZhHIF 30 ; 619( 1956 ). Phys Abs 98 ( 1957 )

Averbakh , B.L. (also Auerbach )
---- and Fradkin , E.S.

" Renormalizability of Pseudoscalar Meson Theory with PseudovectorCoupling , " ZHETF 30 , 756 ( 1956 ) ; sup to 30 , no . 4,7 .JETP 3 ,862 ( 1957 )

MR 18 , 176 ( 1957 )
NSA 74206 ( 1957 )

Phys Abs 7129 ( 1956 )

ons,"

Baldin , A.
" On a Rule for the Interaction of the Electromagnetic Field withNucleon and Mesonic Field , " Nuovo Cim III , series x ,no. 1 ( 1956 ).

gnetic

830

" Isotopic Invariance of 7 -Meson Field " DAN 96 , 949 ( 1954 )NSA 6002 ( 1954 )

-----and Mikhailov , V.
"On the Two Types of Charge Invariance , " DAN 91 , 479 ( 1953 ) .NSF , tr , 101 Phys Abs 3101 ( 1954 )

1

Barashenkov , V.S.

" Compton Effects in the Extended Electron , " ZhETH 71 , 694 ( 1956 )JETP 4 , 559 ( 1957 )

uclear

5 )

" The Construction of a Phenomenological Scattering Matrix with Nonlocal Interaction , " ZHETE 32 , 368 ( 1957 ) JETP, 5 ; 313 ( 1957 )Phys Abst 7613 ( 1957 )
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ZHETF 31 , Bazaro

" Contribution to the Theory of Non - local Interactions ,

837 ( 1956 ) . Phys Abs 2975 ( 1957)
JETP 4 , 5 ( 1957)

NSA 12 , 4 , ( 1958 )

A : 1773

Belen '
" Some Observations on Possible Formulations of the Theory of

Extended Particles , " ZHETF 28 , 579 ( 1955 ).

JETP 1 , 467 ( 1955 )

MR 17, 221 ( 1956)

NSA 7041 ( 1956 )

Phys Abs 7694 ( 1955 )

"On the Renormalizability of the Hamiltonian Formulation of Theory

with the Form -Factor , " Nuovo Cim V , 1469 ( 1957 )

Belys
" Concerning Some Possibilities of Formulation of a Relativistically

Invariant Theory of Extended Particles , " ZHETF 32 , 566 ( 1957)
JETP 5 , 470 ( 1957)

NSA 12 , 6 ( 1957 )

Berei
---- and Barbasev , B.M.

" Statistical Weight of a System of Particles with Arbitrary Spins ,
Joint Institute for Nuclear Research , Laboratory of Theoretical
Physics Nuovo Cim , sup VII , series X, no 1 ( 1958 )

"Statistical Theory of Particle Multiple Production in High Energy
Nucleon Collisions . " Joint Institute for Nuclear Research ,
Laboratory of Theoretical Physics , Nuovo Cim , sup VII )

series IV , no 1 ( 1958 )
----

" Electrical Polarizability of the Meson Cloud in a Nucleon , " Joint
Institute for Nuclear Research - Laboratory of Theoretical

Physics . A : P - 169 ( 1958 ) ( Preprint )

.
---

Barbasev , B.M. see Barasenkov , V.S.

Bil

Ble

Baiyef, V.N.

--and Pekar , S.I.

" Strong Coupling Nucleomesodynamics . II . The Ground and Isobar
States , Nucleon Charge and Spin , " ZHETF 30 , 317 ( 1956 ) ;
sup to 30, no 2,6 .

JETP 3 , 340-350 ( 1956 ) .
)MR 18 , 174 ( 1957 )

NSA 2206 ( 1957 )
Phys Abs 4836 ( 1956 )
A : B -6
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Bazarov , I.P.

" Equations with Variational Derivatives and Distribution Functionsfor Systems with Complex Interaction , " DAN 110 , 38 ( 1956 ).Soviet Physics Doklady I , 520 ( 1956 )

Belen'kiy , s.2 .

" Connection Between Scattering and Multiple Production of Particles , "
( 1956 ) . Nuclear Physics 2 , 259 ( 1957 ) .

" Theory of Multiple Production of Particles at High Energy , "ZHETF 28 , l11 ( 1955 ) . NSA 4025 ( 1955 )

-Landau , L.D.
" Hydrodynamische Theorie der

Mehrfacherzeugung von Teilchen , "VFN 56 , 309 ( 1955 ) Fort der Phys : 3 636 ( 1955 )

Belyayev , S.T.

----and Budker , G.I.
" The Relativistic Kinetic Equation , " Proceedings of the Academy ofSciences , USSR , 107 , 6 ( 1956 ) Soviet Physics Doklady 1; 2 ( 1956 )

Berestetskiy , V.B. , ( also Beresteckii , V.B. )" Asymptotic Behavior of Electromagnetic Polarization of the Vacuumin the Presence of Meson Interactions , " ZHETF 29 , 585 ( 1955 ) .JETP 3 , 540 ( 1956 )
MR 17 922 ( 1956 )
Phys Abs 2638 ( 1956 )

--and Byokkov , Yu . A.
" K -Meson Scattering with Change of Intrinsic Parity , " NuclearPhysics 3 , 153-156 ( 1957 )

---- and Kroklin , O.N. and Khlebnikov, A.K." Radiative Correction to the Magnetic Moment of the u -meson ,ZHETF 30 , ( 1956 ) . Phys . Abs 7127 ( 1956 )

Bilenkiy , S.M .; see Bogolyubov , N.N.

Blank , V.Z.

" Behavior of the Green's Function of the Electron for Small Momenta ,DAN 104 , 706 ( 1955 ) . MR 17 , 1032 ( 1956 )

" Behavior of the Vertex Part at High Energies , " DAN 107 , 389 ( 1956 ) .Phys Abs 4810 ( 1956 )

" Application of a Renormalized Group to Different Scattering Problemsin Quantum Electrodynamics , " ZHETF 32 , 932 ( 1957 ) JETP 5 ,759 ( 1957 )

NSA 12 no . 8 ( 1958 )
Phys Abst 8378 ( 1957 )
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---and Shirkov , D.V. (also Sirkov , D.V. )
" Asymptotic Investigation of Vertex Part in Quantum Electrodynamics , "
DAN 111 , 1201 ( 1956 ). Phys. Abs 5040 (1957 ).

" Inverse Dispersions Relations ," ZhETF 33 , 1251 ( 1957 )
JETP 6 , 962 ( 1958 ) ( Preprint)

" Improvement of Quantum Electrodynamics Perturbation Theory with
Help of Renormalization Group . Nuclear Physics 2 , 356 ( 1956 )
Phys Abs 5829 ( 1957 )

If

-----and Bonch -Bruevich , V.L. , and Shirkov , D.V.
" Remarks on the MultiplicationRenormalization Group in Quantum

Theory of Fields , " ZHETF 33 , 265 ( 1957 )
JETP 6 , 204 ( 1958 )

Phys Abs 61 , 724

NŞA 8894 ( 1958 )

Blokhintsev , D.I.

" A Non - Hamiltonian Method in the Theory of Elementary Particles , "
ZHETF 17, 266 ( 1947 )

>

" Non -Linear Field Theory and the Theory of Relativity , "
Nuovo Cim , III, sup 629 ( 1955 )

" Non -Local and Non -Linear Field Theories ," UFN 61 ( 1957)
NSA 7381 ( 1957 )

Phys Abs 5840 ( 1957 )

" Theory of Nucleons " ZHETF 29 , 33 ( 1955 ) .
JETP2, 23 ( 1956 )

Phys Abs 8496 ( 1955 )

"When Does a Weak Interaction Become Strong ? " Joint Institute of
Nuclear Research ( 1957 ) NSA 12 , no 2 ( 1958 )

"On a Possible Limit of the Applicability of Quantum Electrodynamics , "
Joint Institute for Nuclear Research (Preprint )
A : P - 148 ( 1958 )

Bogolyubov , N.N.

" Casual Operators in Quantum Field Theory ," DAN 99 , (1954 )

H" Condition of Casuality in the Quantum Theory of Fields , ". IAN 19 ,
237 ( 1955 ) . NSA 7595 ( 1955 )
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is , " Equations with Variational Derivatives in Problems of StatisticalPhysics and Quantum Field Theory ,'' Moscow State University 10,no 4-5 , 115-124 ( 1955 ). Phys Abs 5817 ( 1957 )

" Foundation of Relativistic Quantum Field Theory , " DAN 81 ; 757 ( 1951 )Abhandlungen aus der Sowjetischen Physik , Folge IV , p.7-10Verlag Kultur and Fortschritt , Berlin , 1954. MR 13 , TI ( 1954 )MR 17 , 112 ( 1956 ) (German tr )

" on Representation of Green -Schwinger Functions by Means of ".
Functional Integrals , " DAN 99 225 ( 1954 ).
MR 16 , 778 ( 1955 )
Phys- Abs 1954 ( 1956 )

; )

"On a New Form of Adiabatic Perturbation Theory in the Problem ofw- Particle Interaction with a Quantum Field ,." . Ukran Mat Zh ; 2 .16 MR 19 , no 3 ( 1958 )

"On à Variational Principle in the Many - body Problem , " DAN , SSSR119, 244- ( 1958 ), Phys Abs 3719 ( 1958)

-----and Parasyuk , O.S.
" On the Analytic Continuation of Generalized Functions, " DAN 109 ,717 ( 1956 ) ( Preprint )

MR 18 , 404 ( 1957 )

(

" On the Theory of Multiplication of Causal "Singular Functions ,DAN 100 , 25 ( 1955 ).
MR 17, 112 ( 1956 )
Phyş Abs 7955 ( 1956 )

:
"On the Subtractive Formalism in Multiplication of Causal SingularFunctions , " DAN 100 , 429 ( 1955 )

MR 17 , 112 ( 1956)

Phys Ab's 7956 ( 1956 )
nics ,

---- and Shirkov , D.V. ( also Sirkov , D.v. )
" Application of the Renormalization Group to Improvement of Formulasin Perturbation Theory , " DAN 103 , 391 ( 1955 ) .MR 17 , 441 ( 1956 )

NSA 802 ( 1957 )

Phys Abs 82: ( 1957 )

" Charge Renormalization Group in Quantum Field Theory , " Nuovo Cim( 10 ) 3 , 845 ( 1956 )
MR 17 , 1260 ( 1956 )
Phys Abs 4805 ( 1956 )
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"A Model of Lee Type in Quantum Electrodynamics , " DAN 105 , 685 ( 1955 ) .MR 17, 1033 ( 1956 )

" Multiplicative Renormalization Group in Quantum Field Theory ,ZHETF 30 , 7T ( 1956 ) : MR 17 , 1260- Phys Abs 4806 ( 1956 )
BO!" The Multiplicative Renormalization Group in the Quantum Theory ofFields , " JETP 3 , 5T ( 1956 ) MR 18 , 1106 ( 1957 )

" Problems in the Quamtum Theory of the Field , " UFN 57, 3 ( 1955 ).Phys Abs 4182 ( 19567

" Problems in Quantum Field Theory , " UFN 55 , 149 ( 1955 ) . NSA 4907( 1955 ) Phys Abs 902 ( 1956 )

" On the
Renormalization Group in Quantum

Eleétrodynamics , " "DAN 103 ;203 ( 1955 ) . MR 17, 441 ( 1956 ) NSA 720 ( 1955 ) Phys Abs 82 ( 1957 )
-----and Shirkov , D.V.

" Problem der Quantem feld Theorie , " UFN 52 , 189 ( 1954 )Fort d Phys 4 , 438 ( 1956 )

" Problems der quantem theorie der Felder , " UFN 55 , 149 ( 1955 )Fort d Phys 3 , 439-495 ( 1955 )

Вс

Вс-----and Zubarev , D.N.
"Wave Functions of Lower States of Interacting Bose Particles Systems , "ZIETF 28, 129 ( 1955 )

.

.
Вс1

-----and V.S. Vladimirov
" On the Analytic Continuation of Generalized Functions , " ( 1957 )( In Russian ) A : Joint Institute of Nuclear Research ( Preprint )

-----and Bilenky , s.M. and Logunov , A.A."Dispersion Relations for Weak Interactions , " Nuclear Physics 5 ,no 2 383-389 ( 1958 )

" Dispersion Relations in the Case of Weak Interactions ,:891 ( 1957 ) Phys Abs 2789 ( 1958 ) ( Preprint )

11
DAN 115 ,

--and Medvedev , B.M. and Polivanov , M.K." On the Indefinite Metric in Quantum Field Theory , " Dubna , 1958 .

"

,Joint Institute for Nuclear Research . A : P - 176 ( Preprint )
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1955 ). --and Medvedev , B.V. and Polavamov , M.K. and Shirkov , D.V.
" Problems of the Theory of Dispers fon

Interrelationships , " Joint
Institute of Nuclear Research , Taboratory of

Theoretical Physics
( 1957 ) NSA 12 , no 2 ( 1958 ) ( Preprint )

Bonch -Bruyevich , V.L. (also Bonc - Bruevic , ... V.L . )" Adiabatic
Approximation in the Theory of the Green's Function ,

DAN 105 , 689 ( 1955 ) . MR 17 , 1032 ( 1956 )

OL

" Spectral
Representation of the Green's Function in the Non

.!!..
relativistic Many -body Problem , " ZHETF 31 ; 522. ( 1956 ) .JETP 4 ; 456 : ( 1957 ) Phys Abs 1885 ( 1957 ) A : 16647

-----and Medvedev , B.V.
" The Bringing of the Product of Operators to Canonical Form in theTheory of Second

Quantization , " ZHETF 25 , 410 ( 1953 ) .Phys Abs 39 ( 1955 )

103 ,

( 1957)

" On the Invariant
Construction of a Quantum Theory of Fields . II . "

ZHETF 22 , 425 ( 1952 ) MR 14 , 227 ( 1953 )NSA 1307 ( 1953 )

Bonch - Bruevich , V.L. See Blank , V.Z.

Bonch -Bruevich , V.L. see Medvedev , B.V.

ystems , Borgardt , A.A.

On the Theory of Meson Fields . I. Vector Field of General Type in
the Vacuum ," ZHETF 24 , 24 ( 1953) . NSA 7190 ( 1954 ) Phys Abs 9918
( 1954 )

rint )
" On the Theory of Meson Fields . II . Field with Sources , " ZhETF 24 ,

284 ( 1953 ). NSA 7191 ( 1954 ) Phys Abs 9919 ( 1954 )

وا
" On the Theory of Meson Fields . III .

Conservation of PhysicalQuantities , " ZhETF 30 , 330 ( 1956 ); Supplement to 30 , no 2,6 .
MR 18 , 96 ( 1957 ) NSĀ 2207 ( 1957 ) Phys Abs 4837 ( 1956 )5 ,

" The
Gravitational Self Energy of Particles in the Classical FieldTheories , " ZHETF 28 , 377 ( 1955 ) JETP 1 , 380 ( 1955 ). NSA 2958 )
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"Matrix Aspects of the Theory of Bosons . " ZHETF 30 , 334 ( 1956 ) ;
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1

- A52 -

FOR OFFICIAL USE ONLY

Approved for Release : 2022/03/16 C06927295



C06927295
Approved for Release : 2022/03/16 C06927295

FOR OFFICIAL USE ONLY

Byck !

Chane

" Non -linear Meson Field of : a Nucleon at Rest , " DAN 109, 1107 ( 1956 ) ,Phys Abs 1901 ( 1957 )
A - 1600

MR 19 , no 3 ( 1958 )

" Non - linear Meson Field Equations , " ZHETF 33 , 60 ( 1957 ) .JETP 6 , 43 ( 1958 )
NPA 8889 ( 1958 )
Phys Abs 2800 ( 1958 )

Chav

" Pseudoscalar Interaction in Non - linear Mesodynamics ," DAN 110 ,42 ( 1956 ) Soviet Physics Doklady 1 , 624 ( 1956 )Phys Abs 1902 ( 1957 )
A : 1475

NSA 7614 ( 1958 )

Borovikov , V.A.

" One Topological Problem Connected with Problems in Quantum Electrodynamics , " Uspekhi Matem . nauk . 11 , no 3 , 113-118 ( 1956 ) .A : B - 5

Chei

Chor

Brodskiy , A.M.

"General Theory of Meson Scattering ," DAN 111 , 787 ( 1956 ) .Phys Abs 3963 ( 1957 )
MR 18 , 10 ( 1957 ) Com
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Brodskiy , A.M. see Ivanenko , D.
Do

Budker , G.I. see Beliaev , S.T.
NI -
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The following abbreviations are used in the bibliography :

A Abstracts from other sources *

C Acta Phys Pol Acta Physica Polonica

DAN
Doklady Akademii Nauk ( Reports of the

Academy of Sciences of the USSR )

Fort der Phys Fortschritte der Physik

TAN
Izvestiya Akademii Nauk SSSR ( News

of the Academy of Sciences USSR )

[ . JETP American Translation of Zhurnal

Eksperimental'noy i Teoreticheskoy

Fiziki (ZHETE )

NPA Nuclear Physics Abstracts

NSA Nuclear Science Abstracts

NSF *National Science Foundation

Nuovo Cim Il Nuovo Cimento

MLRA Monthly List of Russian Accessions

( Library of Congress ) .

MR Mathematical Reviews

Nuclear Physics Nuclear Physics

Physica Physica

Phys Abs Physics Abstracts

Phys Rey Physics Review

American Translation of DAN Soviet Physics Doklady

UFN
Uspekhi Fizicheskikh Nauk ( Progress

of the Physical Sciences )

VAN
Vestnik Akademii Nauk , ( Progress of

the Academy of Sciences , USSR )

*English translations of Soviet physics abstract , Referativny Zhurnal

Fizika , and other sources were suppliedmainly by the U.S. Joint Publications

Research Service in New York City . --A96 -
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