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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 quantmn entities alone without fur- 
ther refinements was also inadequate. Only quantum field 
theory, which combines the notions of quanta and fields (e.g. 
electromagnetic Yields), 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 experirnental-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 
difilculties. 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 externalcontract. The judgments expressed in this 
paper represent the immediate views of the Oflice of Scientific 
Information, Central Intelligence Agency. . 
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' PROBLEM - a 

'

- 

.r - - " To assess _the status and trends of Soviet research in quan- _- 

V’ ,L', itheory. 
V 

'
0 

rt 
' 

'2 

- = .- 

, 

“ CONCLUSIONS l

x 

J 

Soviet research, effort in quantum 
field theory is roughly comparable to the re- 
latefi-' IlT~;SL5 efiortf and the work of the best 
~sbv1iet» ‘mathematical physicists who are ac- 
tiivev quantum field theory is quite compara- 
Iéieqiie thatfor the best U.S. physicists in the 

2‘. _The§ijj.1mber of physicists of “next-best” 
_, 
quantum field theory who 

’1,_;1f,é considered as a reserve pool of future 
“Bests?” is considerably larger in the USSR 

in the West. Although the results of 
research efforts intliis “field by the “next- 
best” group are at present often of only mod- 
éf9ite_ iriterest and sometimes mediocre, they 
are, ‘expected to increase gradually in quality 

loss in quantity. 
',l‘he number of Soviet publications in 

field theory is increasing at a greater 
rate than is the number of U.S. publications, 
and in the near future will exceed the num- 
lierf of U.S. publications.

_ 

V 4. The Soviets who havebeen intimately 
associated with the theory from its beginning 
are fullyaware of its general "significance in 
pure-and applied" fields -of science and are 
capable of making basic contributions to this 
theory._ In the USSR, research efiorts in 
quantum" field’ theory are closely allied with 
pertinent research efiorts in cosmic-ray, solid- 
state, and high-energy physics. The Soviets 
are fully aware of theiapplicability of the 
quantum field theory to,-other areas of physics 
and tonuclear teclmology. 

5. Although the Soviets are fully engaged 
in work on the outstanding problems con- 
fronting quantum field theory, there is no 
indication of any imminent major advance 
in their research. 

'

. 

6. Within the next decade, the Soviets 
probably will take the lead over the West in 
quantum field theory.- ' ' 

- 
, . 

SUMMARY '

. 

"1 Considerable Soviet scientific effort is ex- 
Péhded in quantum field theory. Research in 

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

.
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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 Alcademii Naulc 
SSSR) and the Journal of Experimental and 
Theoretical Physics (Zhurnal Ek:sperimental’- 
noy i Teoreticheslcoy 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- 
bov’s mathematical ability is comparable to 
that of the late John von Neumann (us. 
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. . 

/I 

5 I 

1- 2" 

Important Soviet contributions to- quan-iv
§ 

tum field theory include the Tamm-Dancoifj 
scheme, developed by Tamm; field (second);<»§ 
quantization, further developed by Fok; new,-1% 

mathematical representations of Landau; 
the rigorous mathematical proof of dispersiorjji 
relations (relating to the scattering of high_";§ 
energy particles) by Bogolyubov. 

05¢ 

‘* 

-..~..w

, 

._..... 

_,.......4,“_.._,_~..,_._..l.__ The Soviets are fully conversant with Wes 
ern efforts in quantum field theory. They; 
have published papers in such Western jou1;',~_t-‘ 

nals as Physica, II Nuovo Cimento, and The‘; 
Physical Reoiew. Soviets who are working int; 
quantum field theory have appeared at vari-5*, 
ous international‘ conferences and are ex; _§" 

changing preprints of works on quantum field; 
,2 

theory with their Western counterparts. F015 F? 
example, U.S. researchers are receiving pres»? 
prints from the Joint Institute of Nucleali 
Research, Dubna, USSR. 

.¢ 

Many Soviet works on quantum field 
clearly relate to nuclear phenomena 
in high-energy accelerators and cosmic 
Such phenomena as the -scattering of 
energy particles, nuclear forces of 
spin of particles, radiation from fast 
particles, and creation and 
particles are often discussed 
the chief Soviet worker in quantum 
theory, is the head of the Laboratory of 
oretical Physics at the Joint Institute 
clear Research, where the world's largest 
ticle accelerator— 10 billion electron 
(Bev) --is located and where. extensive lex- 
perimental research on'_all phases of 
energy particle physics is being conducted? A, 
This indicates close cooperation between i 

orists and experimentalists at 'this"cent§$-Q fl‘ 

Most of the authors of the quantum field ’ 

ory papers are doing research relate 
cosmic-ray and high-energy physics at‘wél1=“." 
known Soviet universities. " 

l 

Soviet physicists are pursuing researfi-$11‘ 53511 
quantum field theory along two main _. 
The first, an older one,- involves field~>§l11l9:§§ '1 

tions and perturbation methods, and 7) 

sents a direct outgrowth of the still 
quantum mechanics. The second and

; 

approach, which involves so-called axiqfllfi-1.111%}

2
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rfietlI1ods'.developed t.o*overcome the unsatis- 
fafimyylvlfgatuiégl of the» first approach, deter- 

Pr°Pe"i¢S 
pr .€.érie1*a1T ‘para ‘eqriatliogis jay. SP3-dually 
rggtriating their -generauty‘ . the _nn,-. 
positionl; of mathematical conditions 

.correspQ1;1diiHg_ ,t91..-physical reahty, 
as; and casuality conditions. 
twp: apjgiroachesv .are;.¢1psa1y associated 

wtiirk; of Landau and Bogolyubov, 
f§spe¢tiwely.. some cases, pertinent studies 

.~__ 5. 1- 

were initiated in the West and further devel- 
oped in the USSR. In other cases, studies 
were initiated by Soviets and carried further 
by.,Wes'terners'._ . In general, Soviet and West- 
ern research in quantum field theory closely 
parallel each other and rely on-one another 
for ideas and clarification. There are as yet 
no indications of any radically new develop- 
ments in or departures from present trends in 
Soviet and Western quantum field theory re- 
search.

1 

_ 
DISCUSSION _

< 

the basis pr. the detailed data inap- 
perid;1"ees~ D E, tables have been prepared 
lip; show t1_1e'quantity of work that has been 
asap» quantum field theory. Tables 1, 3, 
4,5 >5 represent Soviet activity, and table 

; arizes U.S". work. 
“

' 

TABLE 1 . 

QUANTUM FIELD THEORY 
' 

- PAPERS WRITTEN BY SOVIETS 
"" 

j 
“ Eanir” “ 

l9.5§:"§ '-'1_953' --1954*»-1955 1956 ' 1951 -1953 T0t‘-3.1 U51. -49 91.128 91 '11. 455 
V 

""'_B‘efor"e 1953” indicates the number of papers 
‘tha?t.~were.§;publlshed before 1953, but they were not 
reviewed‘ "or abstracted until after 1953. 

/‘_ _,‘,1j,._ _1 V 

> 
.

4 

. . 
p 

< 

_ _ 

- ‘TABLE2 
or THEORY PAPERS PUB- 

LISHED IN THE .U.S. PHYSICAL REVIEW 
, EARLY . 

.1953‘ ~ 1954 1955 1956 1957 1953 Total 
. __, -_ . 

91 " * I02 114 93 ' 93 56 549 
(61) "‘ (68) (76) ,(62) (62) (38) (367) 

, f‘I§‘1g_11res in parentheses represent the articles 
that lire on the type of researchconsidered in this F3130 ‘- . 

1

. 

" Table 1 presents the total number" of pa- 
pers'Ppublished by the "Soviets in quantum 
field theory. The papers havebeen located 
through a survey of - the Soviet literature. 
Table 2 gives ea comparable breakdown for. a 
typical U.S. publication, The,Physical Review, 

The figures of table 2 can be compared with 
those of table 1 only in a very rough way. 
They represent the number of articles listed 
under fieldtheory in the subject index of The 
Physical Review. The_'__1_;erm “field theory” as 
used by the Soviets has 'a_ much broader mean- 
ing than U.S. usagetand includes many arti- 
cles that might more properly be placed un- 
der another subdivision. In table 2, only 
about two-thirds of the numbers listed (those 
in parentheses) would be articles on the type 
of research considered in this paper. The 
figures in‘ table 21 represent the" papers in only 
one U._S. journal in which U.S. scientists pub- 
lish -research in quantum afield "theory, but 
this journal publishes a large percentage of 
the U.S. reports in the field. v 

According to tables 1 and 2, the quantity 
of Soviet work in quantum field is about equal 
to the U.S. effort alone, although probably 
less than the totalWeste'rn effort, especially 
if Japan is included. '_ 

Table 1 indicates that the Soviet eflort is 
growing at a more rapid rate than that re- 
flected in table 2. The. Soviet papers of 1957 
and 1958 are still being translated and are 
not all included, so that those numbers in 
table 1 will be subject to revision upwards. It 
is believed that this rate of Soviet growth is 
probably a real one, not reflecting simply the 
increasing availability of Soviet works. If’ 

this rate ‘continues, the quantity of Soviet 
work in this field will probably equal and then 
exceed the Western effort in the near future.
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NUMBER OF TOP QUANTUM FIELD THE(*_)RY PHYSICISTS ' 

AT SOVIET INSTITUTIONS AND NUMBER OF y 

PAPERS PUBLISHED BY THEM L " 

Nummn or Pusucanons " 

TABLE 3
4

E 

P 

No. of Before Early 
INSTITUTE Physicists 1953 1953 1954 1955 1956 1957 1958 Totals

Q 

Moscow State Univ 33 
Physics Inst imeni 
P. N. Lebedev, Acad 
of Sciences, USSR 19 

Various Institutes 
of Physics of the 
Acad of Sciences, 
USSR 18 
Leningrad State 
Univ imeni 
A. A. Zhdanov 11 

Joint Inst for 
' Nuclear Research 13 ‘ 

Inst for Nuclear 
Problems a 1

' 

12 13 11 13 26 19 4 98 ,

' 

2 4 6 18 14' 12 4 60 

3 1 6 9 '1 4 3 33 Y 

-- ~ - -- .1,.~ 

I-‘m-<-.~w-_<=» 

at

= 
=_ 

.1-~*J'~3--»-.¢-4-..--\.-4.-_ 

.1» 

2 4 6 18 14 12 4 60 

1 6 6 13 

3 3 6 '1 1 -22 ”_ 

Totals 
' 

102
I 

20 ”2:§ 32 61 es so 22 2&6 ‘- 

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 

NUMBER OF PAPERS WRITTEN ON. 
QUANTUM FIELD THEORY BY ONE 

OR MORE SOVIET AUTHORS 
No. or 
PAPERS 
342 
95 
26
2
0 

No. or -- 

Atrrnoas .i1___ 

UIIFQQM

4 
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Table 4 presents a breakdown of the 
work by number of authors. The number 
papers with only one author exceeds 
ber of those with more than one; 
very best men, e.g., Landau and 
almost invariably publish with others‘ 
field. Their counterparts in the 
States, Schwinger and Dyson, almost; 
ably publish alone, but many very good. 
cists in the West also usually publish 
e.g., T. D. Lee and C. N. Yang. The 
percentage of single and multiple 
ships is probably about the same for 
viet Union as for the West. 

Table 5 lists the top producers of 
quantum field theory, andthe 
pers are a fairly good reflection of 
relative importance of the men in 
of physics. Some of the men, fol‘; 

Pomeranchuk and Landau, are more 
tive than the numbers of 
since they also do a great deal of 
areas of research. ‘.~ - 
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V ‘TABLE 5 

PAPERS» BY TOP’ sovnrr ' 

PHYSIGISTSR IN QUANTUM FIELD 
,, TIIEORY RESEARCH 

No. or Aumoa 
24 

‘ 

p 
Bogolyubov, N. N. 

20 Sokolov, A. A. 
1‘6. Ivanenko, D. D. 
~15 

' 

» Shlrokov, Yu. M. 
'15 

‘ Khalatnikov, I. M. 
14 Fradkln-, Ye. S. 

i 12» Galanin, A. D. 
12 _ 

; 
Abrikosov, A. A. 

11 
_ F 

l_\/Iedvedev, B. V. 
T0" " Landau, L. D. 
10 

‘ Novozhilov, Yu. V. 
10 Pomeranchuk, I. Ya. 
9- 

_ 

Zaytsev, G. A. 
>9" 

, 

Barashenkov, V. S. 
‘-Total 1a'r 

‘ 14 
_ p 

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 
science. -

i 

The number of physicists listed in table 5 
who mightbe considered the best i.n the field 
is smaller thana ‘comparable list of Western 
physicists would be. On the other hand, the 
list of‘ physicists in appendix D, which in- 
cludes men who probably work in other fields 
or science, but who still have published in 
quantum field theory in the last 5 years, is 
perhaps somewhat larger than a comparable 
Western list would be and presumably will 
grow in the future. This latter -fact repre- 
sents a significant difference between the 
USSR and the West, or at least between the 
USSR and the United States, in attracting 
young scientists to this field of research. In 
the last 5 years or so, the'West has been dis- 
couraged with the difiicult problems of quan- 
tum field theory. As a result, fewer good 
graduate students have been encouraged to 
enter this field. Students have probably been 
reluctant to enter this work in the United 
States because of the mistaken impression 

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. 
-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 
largeinumber 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 ofthe strong-coupling 
meson theory. They have attempted to work 
out such a theory for it-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-Dancofi 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, itis natural 
that much of thiswork 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 
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attack on the problems of low-energy 1r- 

meson scattering data. By the use of this 
approach, Westem scientists were moderate- 
ly successful in correlating ‘these types of ex- 
periments, and were particularly successful in 
explaining the resonance behavior observed 
in 1-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.

y 

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 withphysicists who 
have visited the USSR. ' 

.
_ 

In -general, the level of training in the 
USSR in field theory seems to be very high. 

..__. 

-

. 

-. 

fi‘-fl;7'\-AP 

- 

Aw... 

_4__..___...s.. 

For example, there seems to be ofiicial supii 
port or encouragement for their best workers} 
to write textbooks. These textbooks are 
ten and published very quickly, so that they, 
have timely’. interest. Since they are writtenj 
by top men and reasonably priced, they probgi, 
ably are influential in enticing young workegi 
into this field and in retaining those who arg. 
already in it. Just within the last few yearsjé 
the following books have been written: Quanli 
tum Theory of Fields by Bogolyubov and‘; 
Shirkov; Quantum Electrodynamics by 
zer and Berestetskii; Foundations of Quangii 
tum Mechanics by Blokhintsev;_ Classical-; 
Field Theory by Ivanenko and Sokolov; Clas,-,2 

it 

sical Theory of Fields by Landau and Lie! 
shits; Quantum Mechanics" Non-Relativistigf 
Theory by Landau and Lifshits; and Probe;-‘i; 

lems in Dispersion ‘Relations by .Bogolyubovj 
Medvedev, and Polayamov. ,3} 

9 £- 

The books themselves, or, their proofs <iI'L?Z“i 

translations, indicate that not only are they:;3*§; 

written by the best men available, but, 
textbooks, they are generally excellent. As g. 
consequence some of the iverybest books it 

field theory available in English or 
are translations of these Soviet works, manfl 
published by American houses. Thus, thBS 
books are becoming standard and ill 

\- 

~ 

\—n'Y1"i_"' 

cases they are the only textbooks in this fieI_ 
in many American universities, notwithstand“.-g 

.~ ing the high cost of the translated versions. . ,¢_ 

The particular quality of some of the better 
Sovietfwork in quantum -field theory ' 

illustrated by the work of "Landau and i 

Bogolyubov, which represents the only
f 

at Soviet research of special importance dun 
ing the past few years. (See appendices if? 
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site, subdiyis-ions~ or steps a¢<¢.<.>.r<11;ns- to the size sf the ebaect weer ~ 

step is the _study_. of very large. objects --"' thel,ux_;ii,verse 

”@e§xe,whs1e/,, including the galaxies, stars , and; planets__-.- S.'tudiefs"on- 
_ 

”
‘ 

lean‘ he'avily.on_the,_ ideas--of special, and general -- relativity , 

, classical mechanics, and-thermodynamics. _ 

, next, step is the study of, matter in-bulk of everyeday size.‘ 
.viT§§i¢_j§f5; fi<i1‘e:Y{phys:Lcs of solids ,- liquids, gases, and plasmas» 1 In the“ 

decades, this phase of physicshss made tremendous strides-, - 

§;g§,""eyi<ifenced. directly by the .sudde_n growth of advanced technologies. A

. 

-,g@r‘e'a¥t strides in the fundamental understanding of the properties 
Qt" in canbeq traced toqcontributions originally made in 
"fgffigv @.if‘__the‘ next sma_.ller»sta.ge._ _. _ 

' 

_ 
' 

- 

'
" 

' 

t‘hird__step embraces; the constituents that makeehup matter in 
the molecules and their constituents, ;the atoms. ;It was at 

'_thisi stage that the revolutionary ideas~_,of quantum physics were first 
necessary and introduced in the- early decades of this century. 
iideas, and th_eor:i.e__s_, linhedfwith s-cientists such as Bohr ,' Planck, 

Dirac, have gradually-{permeated .ph_ysi.cs, until today, 
thetconcepts of -quantum theory are considered fundamental to under- 

,qf_,nature {in general-.,_ "Hot _only,haive these concepts filtered 
‘Rio. the next higher _step",= the -study of matter in ‘bulk, but they l 

lead directly to the next lower step, the study of the e_lem(entary particles, 
e 

,

. 

i 

, the ideas of quantum theory must be used; in the "study of 
éon_sstituents_ of the _:atoms _the1i1se'-lyes, the protons, "neutrons, and . 

'e;Ie/ctrgns. “In attemptingi to u_nderstan_d- the interactions -between these- 
itlgddmental 7'_building§-blocks" of matter in the universe, and their nature - 

,s‘»_tru'cture-, theqniost modern versi-,ons_ oifiquantum theories must be ' ' 

@e'1:lé<1_1into_l_1>ley-' - 
- 

_ 
> -. := 

. 

* ~ 
M ' “The fundamental particles the various interactions» between them 

are described in terms of qua_;_ntiz__e_d, fields , so that there is ea one-toi-one 
'¢or-respondence between a quantumnfield and a particle» or family of . 

particles, such, as the ,pro_ton- 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 ‘fr-meson. It is the study of the-seq-»various‘--quantized 
fields and their behavior under different conditions that is called 
quantum field theory. . 
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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;betVeéhlthé\p6rti¢1es_maRiH8 “P m0le¢u1e5: 5t°m5: and nuclei. ' 

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_ 
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ordinary temperatures, just for their random motions, are about one-fortiethg 'of one electron volt. -' " 
' *‘ *2 ' 

“ 
- 

» 
~" v 

' 

.7 41 "1 
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. ' 

V

T 

1 - ' 
'

. The energies involved in-binding the electrons within the atom itself ii 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. ' 7 " 

On the next level, within the nucleons of\an atom, the_interaction energies-are very much larger, and are of the order of 10 Mev. (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; ~ 

“ 
- 

" 3* V 
' * 

All of the energies except the-nuclear are quite small compared with elementary particle rest-mass energy, i@e;, that energyE?to which the mass m of ajparticle -corresponds“ in" the Einstein relation, E =Mc?: '4 

The rest-mass energy of an electron is one-half Mev; that of a‘1r-meson, 1&0 million_electron volts; and that of a proton is about l 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 indivisiblenparticles, but ' 

rather in terms of fields wherein the number_of particles can change by creation or annihilation. 4" -- 

'

' 

*The strength of these energies determines whether the substance V 

is a solid rather than a liquid or gas. 
_ Ag _ 
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field theory is necessary in that region of energy 
agent l million electron volts (creation of electron_ 
m;;¢1_ear,..e_nergie_s _off' 1oj_1;Q loo Mev to’ the highest p _ 

“are from highsenergy particle acce1erators* and 
gggg At these_energies; all_sorts of particles are created. 
ifié§g§£,gogé,_called K¢mesons,“nhose|mass is between that.of 

2 

and the proton; others called hyperons, whose mass is 
_thah one proton mass, but less than two proton masses; and 
Q5 yet unfliscovered new particles, _ 

- -.
7 

1¢1&gf=approach inyolving field equations and perturbation theory;_ » 

,anfiY@2Qf$fig neqhor_akiomatic.approach. ;<_, ‘ 

., - 
. 

.2 
,

- 

)‘A~ $hé.o1&er approach nae a direct outgr0Vth_of the even older-, J- 
(5@qu£Ql92Q§3Q) qnhntum mechanics. This approach attributes certain 
nethematical“fnnctions called wave functions or fields to such-as A-; 

V .~ < |-.- ... . »i- i 

Qfiyfiiéfil entities as elementary partic1es,_ These fields are assumed ~ 
to 6Bey"certain mathematical equations, the form of-which is _~ H 
~a§t§rnine@ by certain physical properties of the fields realized;in 
’netnre ¢ for example, its equations are Lorentz-invariant and have __ 
certain symmetry properties. VThe physical interaction between 
tarionsfparticles (e,g. the Coulomb interaction between electrically 
ehargee particles) is_&escribed by a certain mathematical_combination 
o£;the field functions of the interacting particles.and this inter- 
action,term is inserted in the field eqnation_in_the appropriate place. 

\- Thus the_field eqnations, 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 £ield_functions, it is possible to calculate such interesting 
phyéical quantities as the energy of interaction between two_inter-_' 
acting particles, snch 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-nay in experiments that could he 
performed with highgenergy accelerators; the life¢time.of unstable M 

‘pérticles; the internal structure of such elementary particles as the 
proton; and man? others. “vI .> 1 

. 
_ 

~' 
7. , 

_

- 

_ 
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 V 

the interaction term is neglected._ This corresponds physically
p 

* afihout l0 Bevjwherein proton pairs are created. 
l

l 

**Extremely high energies from a thousand to a million Bev. 
_ A3 _ 
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a 

to assuming the neglected interaction energies are quite small in p comparison with otherrelevant energies, such as the‘ kinetic energies. Having this "unperturbed" solution ,' one finds"corrections“to it in - 

which the interaction is -alloweditoact 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. t ' ' 

" ‘ 
A 

' ' 
"

‘ 

l 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 
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 aie
_ few fundamental properties of the field, likef its mass and charge. ‘ 

Thus, the "original or "bare" mass and charge of the field put in the equations could be combined with these‘ divergencesto give, ‘by definition, the real, or renomalized "mass and charge of the particle. Actually, "the equation changed the -character of the so-V-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"“_char,ge to its ‘real or 1‘-renormalized_" charge, the particle has essentially. interacted with this vacuum in such a way that virtual pairs of particles surround it and .alte:l: its original“ charge. The prediction of this type of strictly“ quantum field-P ' 

theoretical effect, confirmed by some extremely accurate experiments, was one of the great successes of quantum electrodynaznics. ' 

.. 

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

i 

In an attempt to by-pass tthese unsatisfying features ‘of quantum field theory, a fairly new, axiomatic, ‘approach has started to u

' 

<1eV@l015"~~ ~ This approach does not use ‘field equations and the strictly ' 

c dynemicproperties of fields ,~ but rather attempts to speak very ’

_ generally about the ultimate mathematical properties that the field d ‘ 

functions, or. certain combinations thereof, must have I.‘

’ 

invariance, causality (roughly: * "no signal traveling -faster than light,‘ or no output before input), and certain invariances in space and time 
_ _, are translatedinto mathematical terms. These properties are used as A restrictions on the functionsthemselves rather than to determine] field, " 

equations that the functions must satisfy. This provides a very broad class of mathematical ‘functions. ‘l‘hen,'one'by one , restrictions are 

-All-— J 
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formally meaningless; Mathematically infinite quantities appeared in '
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» _ 
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l Thus, certain physical properties of nature, like Lorentz- * 
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rehqgziation 15 , appendix B, part II. . ‘This appears -at a momentum of -

m
r 

§315;@efii1.Qj1I,'_~*I;gjgé*5e .f1inctions by neans of the basic axioms _(which correspond 
~§ji@§Qerties~).. These restrictions are represented _by equations 

must satisfy, entirely different from fieldvequations. 
,_ -line restrictions lead to equations called dispersion 

af set ». of ;'eS*—.1‘i¢'l=i.-0I1;=_. 1'-hat are an exhaustive and accurate 
re:E"Jie{évf§*51'é_fi-.1€>ff be successfully placed on these functions, it is 

.s'et;,. of. functions are left will be so limited that they 
answer to the original problem of obtaining mathematical 

.£=;,_-2él1;3;, to, represent the physical world. 
'

. 

1. _ 

questions still need ‘to. be answered;_'_ 
l A '4 

a .se_t of_ restricted. functions be obtained? _A
_ 

‘ alsvet of restricted £m;¢¢-:=1L>ns”1_s obtained, they: be
l 

5iiiifl;)ahJ=ei?_. ., 
p _ 

I 

V 

» 
. 

-

_ 

’ the .8-Xioms really restrictive? 
_ 

. 
V 

_ __ _

. 

I (h:)> the axioms mutually contradictory? if they_. ...~e; as - 

concept of nature must be changed. s 

_ 
V

_ 

p 
b‘oth.p8-pxiroaches field theorylare beset. severe _' 

and require _further_research. 
p 

, 
_

_ 

'_‘. _.' . 
_ p 

_ 

-. _- 
K been several severe criticisms of this method, which-_ 
probablyl accounts. for the lack of Weste_rn interest - in the Soviet ._work. 

A 
.,$he._,f.irst few, general criticisms, are made by Dyson. 16/ He points 

out. there is no justification, "mathematically, "for usi'n_g' cut-off
A 

‘§I,l%eéedures., Especially in the..two_-cut-‘off, case, the method of taking the 
i_s_’ arbitrary. Whether one can interchange» limits like this'with 

integrations is unknown. . 

_ p V 
V p 

._ problem of the singularity in the proton propagator is shown in* 

k2,=._ e311/a _ m2 ',_:_el0O0m2
' 

which is extremely high, but fi_nite,. What this means physically is not 
clear. In the case of the mesons. theory, ._equation‘l1+, this singularity 
-appears at experimentally observed energies M, where M is the nucleon 
Ina-‘ssh. Besides this, the analytic,_forr_nM_of eq_u_ation,l5 meanslthatpthere 
is ja__d__ouble' "ghost" state in the__Lee model sense, a residue of the wrong 

*A1l equations referred to in this section are in appendix B, part I11 
_ A5-__ 
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1

\ 

_ 
. 

pl; 

sign, and at mass values Again, 'this’“;seéms'to make for f 

problems iin‘ph'ysical inté_i§pretation§.- 
‘ ‘" 

s_ 'A 
A _ 

' 

-

’ 

' 
' Still more severe 'criticis_ms_"o“f afigiathematical 

-natarefare ‘made by ‘ 

Kallen.‘ l'_'(/ These" critieisms are ""on‘_"the approximations "mentioned A _ 

with reference to _eq_uat_io'n_ for5the"’v'ertex _funct_ion, ‘equation 
,' and 

its solution. it is still -not clear ‘what, "effect the terms, neglectedfifl 
c

" 

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

b tion sum integrates and then takesthe sums of the series a pertur a , ,
. 

8-as-is F<>r in1=esr&’fl_ins.@0ne_"replaces!theqterms;"by~>assu1ie&f>asyfnptéti¢
l 

' 
" 

- 

l i t ms is really » 

forms, and then assumes that the sum of these asymptot 
c er _ 

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

i cted that a higher order process does not become 
important ;

' 

It s expe - - - , 

until thezrzenergy is well above its threshold. Thus, for a given cut-off I 
.4‘ 

" ' ‘ 
‘ 

- 

” " » d in an energy 
energy, the asymptotic value for a process is being 

assume _ 

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

t ff in the integral eliminates processes whose 
thresholds are ~

, 

given cu -o _ A

_ 

above the euti-off, the resulting sum “oft integrated 
expressions is "a w 

" 

' 
- ti 

limited one. When the cut-off then goes to infinity, asympto c
V 

expressions "for proce'ss'es>that have already been excluded 
should. be 

_

i 

d Thus the expression" for the vsunrmay "not at allbe its 1

' 

include . ,
. 

asymptotic form. Perhaps this explains why the presumably divergent 
" " ' ~‘ = 

' ults. ‘Ks-llen 
sum of divergent terms -gives such simple, convergent 

res \ 

approaches the problem of summing the series of asymptotic 
terms from‘: ~'

A 

a different point fif view, i-.e. , at high energy, a process is 
a‘ multiple I 

of the corresponding Born approximation’.' He gets an answer entirely y 

F f 

different from that obtained-by and his co-workers. 1. 
“ 1' ~ : 

‘ The work in q_uantum_ field theoryby -Le.'ndau;and<his 
co-workers a_,ppiear§§ -_ 

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

5. 

i true in 

".¥:s‘%;~.t-“s_:"§ 

This should not» be taken -to imply ,-"however 
,-- thatthis s , , 

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

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

2 

- 
- 

_ ; 

t on these subjects 
. 

. 

4 
on the positive effect of again stimulating though s 

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

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

field theory. 

In addition, Landau -has made very significant 
contributions in 

other fields. Most recen-t,r perhaps most "spectacular, of these 1:8 

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

withthe parity experiments. *B_efore7that,‘ he“ did very early and 
goofi- 

on the properties of liquidhelium. ‘He has contributed‘ significantly 
the "theory of multiple producti'on' of mesons in cosmic 

rays. There‘ 

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

f one of many 9-PP1'°ac field theory should be taken me-re'ly__as anexample o 
w.
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» APPENDIX B 

PART I “ ' 

2? 

1‘-?‘33IEaL1?.3§*‘?@°R¥,_?”°l‘1<i OF] PP on-2 o‘ 
. 1 ; , . 

. y
_ 

v-- \ 

'- 
. . . 

. , 
- , ~ ,

~ 

’ 
;. . _ 4 _ _, 

I 

_ _ _ 

_ 

," the"*prob1e_ms’ “of _d.ivergen'c'es_plagued.‘ the’ 
' 

b_

' 

T yapéfgfigpaehen approach‘ to quantum electrodynamics. If certain simplee " 

. éhfrre_;'-;,’;~,,;1;i;,@$g1 'eoi;1puted- straight ‘forwardly, such as the ’e_i‘fect of 
W. §,a§__e1é¢t;sg5n‘.l3~<~ self-energy (mass) because of its interaction with the“ 

- ejjgggn-b11s§§iiaf;gfiBFbilC> j?'i_e1d,y mathematically these corrections were infinite, 
is ’=he>'.-\sh°P11a<1;b¢- “ 

- ;
2 

~l -

p
1 

. . . , - .~ V 
_ 

.7 ,_ 
. A , 

. _ 

’ '» 
‘_ _"T Kramers’""ob‘served that all such corrections to "the" mass of 

fi \‘ ¢¥;;é¢%l;ron;,,"1whi1e;_theyvmight “formally diverge ,ft were still‘-only"‘to*",_be. ,_ 

» as changes inthe particle's mass. Since a mass i.is"'ob_se'_rved 
Y 

_ 

,. presumably of the electron interacting fully, the fictitious; 
, 

" 

;_ fires electron mass together with all its corrections should. be 
"' '* 

w as the true; observeo. mass, 'l‘hus,_ these divergent _g_nantities__, 
- 

1 w§;*E’g'~;\fig»- -1:§e*' abeorbefi with the original e_lectron_mass,'_ and the result 
" 

_

“ 

" '&s;the_ usual‘ finite observable mass. ' This is the Jbasic idea“ t 

# behind the renormalization program in-quantum ele‘ctrod.‘yna‘,mi,cs. when ‘
‘ 

. 

1ide_asr'were applied to other quantities,“like the electric
2 

, it could be shown (seep Dyson) that all divergences were thus 
p 

> irbhiiguantum electrodynamics. t 

Similar cons_id.erations“hold.'for 
fioifms, oifmeson theory: H.__ _A|.t_1_?>ethep_an_<i _1§'.H<ie Hoffman", '_ 

A _ A

k 

*- 
y 

. 1 with this successful removaltof divergencies by renormalization _ 

..' T 
_ 

suliysevquentrexperzhnental‘ cconfirmationrof the very precifse 
p 

‘tiieb§re?tical_;_‘pre"di'ctions, it was_Ahope1d.'_'that the inconsistencies had’
” 

v teen’ "from "quantum electrodynamicm It" soon became clear that ’ 

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

K
. 

v T. D. Lee gave a good. example of a theory which could be renormalized. 
in which the S-matrix* is nonunitary. 5/ Such a situation 

‘ 2 fiurresponds to a physical situation in which states of negative probability 
loccur; hence it is inadmissible. -r ~ 

.-\ 

* ' 

_ 

_ Still anothermatter that had to be determined was the rather formal 
one of the nature and. source of the divergences removed. by renormalization. 

A 
The problem was to determine whether these multiplicative constants were “ -infinite because of an unwarranted. usage of perturbation theory (e.-lg, the 
perturbation series perhaps d.iverges)' 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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Throughout these more recent doubtsfas to, the inconsistency of i 

electrodynamics, there has long been the question concerning the ‘ 

connectionhbetween the point-like nature of -the interaction assumed in v 

electrodynamics and the infinities that arise. It was felt that, while 
thisvpproblem was still somewhat puzzling ,_ no fundamentalqlfiuestions were 
involved.

A 

_ _In. quantum electrodynamics, this question of point interactions, ‘of 
course, corresponds to very high-energy asymptotic. behavior of the, relevant 
function_s.[ This whole question fwas reopened by Landau, who useda ' 

_'

_ potentially very powerful technique not necessarily restricted to .8-' _' - 

0: aw =.'. . 
‘ av ' 

perturbation-theory approach. 
_ 

' 

A 
A 

i '
p 

._The approach adoptedhy Landau is based on the fieldequations 
derived by Schwinger and Fradkin. ‘In principle, these equations are; . A

1 exact and independent of perturbation theory. In practice, certain . 

, approximations. must be made in order to solve these equations and these 
approximations depend stronglyon a perturbation approach. This approach 
gives much the same answers‘ and conclusions forthe meson'theor§§ and even for beta-decay. types of coupling. The‘ physi'calfcouplin'g vanishes the 
pointfinteraction“ limit. ' ‘ ' it ' ' ‘ ' ' ' ‘ ' 

_A9..

\ 

_ \

I 

Kallen and lehmann showed that at least some of the renormalization ' 

constants were inherently infinite. -Thus, there still remains the » 

question of»the,orig:I.n of these infinities. _6-8/‘; ~Gell-Mann and Low have 
attempted to investigate the high-energy (or,“e'quiva1ently, very small 
distance) aspect of the functions involved in quantum electrodynamics, 
using perturbation theory as ;well as some group, properties of these. l 

functions. _9/ Their results, hhile interesting, were rather inconclusive. "

= 

Recently, Bogolyubov has refined the group theory approach to this matter ,’ without essentiallyrchanging its inconclusiveness 
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U1 
\n

r 0 I L1 
A 

I: 
~ Q3; .qu_a;t1m field theory, L D ., Landau used several field 

l ‘ '-£é,;:_ae,§emihe Green _s Ufuncti-ons."_ _In this context, a Green's 
~ g ‘vfij1(§)n-')i".[c’_'G)fi_‘EB:i£I1iS: all the information necessary to find the behavior of ; 

N 

"'1 

I“ 
g-' V. 

.

l 

:/3‘

D 

Lsive» Y» }e1'ea§-éi;én,!."§_w§,Vé; function in space and time; i.e. , in principle, it
~ 

"titer? 
, §t@§@hta\in§i:the¢ iigfiégrmatibn necessary to answer questions about 

scattering 
: am; ¢,;g41@;-915, p5mb"lems'. The term "'pr0'pagater" is used almost interchangeably

' 

4. £hé~term= “Green's function,-." This usage reflects the fact that 11 

»1 
~ * 

;g§’5@é,_ gents,-in'_s L-the» iI1_f0J?‘!11,B@‘l'J-.0,1'1 on how the particle, propagates in - 

m ~ n 1 tor," more strictly, the: Fourier transform_ of G(p),_d,oe,s_ . 

:,_~ v_ U . 
_ l _

\ 

1e 1 

example, the Dirac equation for a free electron in momentum we 
- 111;; terms, of the corresponding free-electron's Green's function, 

A 

. 

1 D 

-‘5:°‘£1»v:)§' ”3F?—siten- ‘This is - 

aim f-.f;. _ 

Go(P) ( P - ml) =.- _l, .

_ 

is the electron‘s bare (inthis case actual) mass. This equation 
2 ‘is: re‘8‘:1l‘ s"' ‘colic in-' that it is" a matrix equation as well as a 
l'- 

p 

- 
equation. The symbol Q stands forthe vfour-dimensional; = 

mzzuec 

-/3/-v,~:-<¢<¢-I-r~.-¢r,T1.-. 

.- 
I 

~ _ 

D 

la 
' product X .p, where the four-vector Y ‘s are the Dirac matrices. - 

- ~ * 
» 

~’ 

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

Se" , 
~ -wné termginq equation l referring to interaction (hence, 

'G°('p) is designated 
" * sis’, “free” propagator). _ 

" 
_

F
7 

5; éi!

_

< 

_—> 

:;_-,»1-:_-

=
~ 

-my 

4;: 

gin _ 
the electron is allowed to interact with the electron-magnetic 

' 

'1 "field, "then Schwinger's exact -equation for the electron propagator becomes 
_fi > 

- 
_ 

. 
» 

- 
_ 

_ 

_»( 

1" 
_ 

‘. 
. 

' 

' ' - 
' - 

' F.-‘_ 

* &(P>{'|:3-m¢—1€;fE(P, P-Mk)-&(p-k>7§,J>w, U<)d"1<}=1. 
;-.=—.m-==re-t:- 

<3 

-'“;,f~ 

.‘-:;=~f'7;': 

. 

,‘ ,\_
' 

" equation-2, theathird termin curly brackets is the effect-of the - 
- -_-‘

i 

I ‘éliectromagnetic"interaction. e= ‘is. the bare electricicharge .(this equation 
~1i§~, of course, unrenormalized).l Xv is, as before, the Dirac matrices; I

2 

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

K cogcerning the form of the interactions,..-'and._is tobe determined _from its 
€§1;ation.D/;v (ls) isthe photon‘-s Green's function, and it, too, is A 

.

- 

.-=- 

\L4<»;KI\g',-.' 

-__—~—.j:-1..-:—.-4.-_/—,< 

<<< 

.<,-v-tvy».-

— 

.__0 

‘. 

I 
.54). 

,._,

. 

, 

l determined by its equation." - It is also clear from equation 2 that we _-new
' 

,
= 

2 '*Fort"the,electron, this is’-~denoted" as e(p),- ma function of the electron's < 

’ tfour-momentum_P.r ~" 
. 4 w Y ” 

- 
.1 

" 

1 
-

I 

' I 

-;~‘-z’.-i';‘¢-7':L—'_17|71t‘~aI-—f‘_1'»\1I:"~§ 

,4.-+ 

at 

._.-./., 

._, 

**The summation convention on four-vector and tensor indices is used in 1 

, 

., 

pl. 

. 

W, 

., 

all of these equations. -' 
i 

. 

'

i 

- A10 _ 
.~

\ 
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‘ 

‘
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deal with complicated matrix equations of the integro-Zdifferential type 
(the differential operators in space-time being here gust P ; 

the integral ‘ 

formcominghfrom'the'G(p;‘k'),under}the“integral)‘.§- . 

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

2 5P.e[j@<p>iF;<?,?—I<;l<)@(F"9X+@'fl%<I<>. 1 

Here, AD/_,_-,9 '-(_k) is‘ the "free" ,' snoninteraicting photon Green’-s function,’
' 

analogous to G°(p). Thus, where G°(*p) satisfies the free Dirac equation 

l, and has the solution _ 1 H 

, _ V. _ 

he 
it '2 

s .@°<F>.r:i"iPil,.;%i - . 

D /4;/°(k) satisfies the free Maxwell equation, and has the solution 
o. __, SE12 

' 

-

‘ 

_ 

5. ibpv "'_v kg 1

- 

The operation SP means that one should take the uspur, or trace, of the 
matrix quantity?-ini the square brackets. 1. ' 

1 

-- 
. . 

. .. 
-»

. 

‘Finally, the equation that landau uses for the vertex function is 

" x¢+-%Iw»,k;k>s<i—k>\2"~<Pi*<»T’"'<"§‘>’<itll 

% 

@<eks/ow<P-*<-»@»’P+1*>Dw<'<>4*“ - 

This equation is the most complicated of the equations 2, 3, and 6, 
because it is a matrix, nonlinear integral eq_uation._ It is nonlinear 

‘ because the unknown function (--)» appears more than once under the . 

integral. r 

= 

' 
- 

A > 
-

. 

- In all equations, itis sometimes useful in terms of = 

’ Feynman graphs. In a very" rough way, these graphs show the electron 
2' 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 Dfw (k). appears, it corresponds to a 
‘ iphoton; when‘/',Z1.(--") appears, -it corresponds-to a-point of interaction 

between them; and D /4.1/9(k) or G°(p) corresponds to propagation with 
no interaction.

' 

..A13__
\ 

ref Release: 2o22/0/
' 

*2 r ‘T ‘ pproved for Release: 2022/03/16 C06927295 ..

I 
, 4;

L

\

\ 

‘.

(

< 

.7 
;~ 

" 
5. 

."‘. 

. r, 

.1_\ -, 

w; 
is 
)3 

:§\\ 
5? 
m, 

.5 
.7

5

1

I

I

4 

.,

; 
u

' 

. 
3' -

.

\

1



aproved for Release: 2022/03/16 C06927295 

(photon) is complete with interaction, G(p), (D€;” 
Qsreken) lines are double. ‘When the_vertex is the 2 

(--), it will be_represented by*a circle at the 
line' 

when it is only the ébare" interaction,_it will be 
just 

»fihus,"equation'3 can be graphed as follows: 

6 may be graphed as follows: 

is clear from graph 8, that other possible topographical forms 
for example_£ .im, ~~§i - -V» 

_ 

-“ 
, , 

. 4 \' 
-1-_-' '

- 

» 
. 

_'..;;..../1”-. 1
c § i 1,» 

‘.-— 

eguation of Schwinger includes these graphs and all other _ 

Neglecting these is the approximation mentioned above" Y 
‘Iamdau makes in Schwinger's equations.* “" " ‘”* ' "“ 

In all these equations, the integration variables (say p er k) 
ssrrespond to the energy-momentum of intermediate-state particles (in 
terms of graphs, the internal lines).{ The investigation of the effect 
er point interactions is introduced as follows. ,The original interaction 
betueen the electron field and the electro-magnetic field was'considered 
tn occur at a mathematical point in space.- This restriction is dropped, 
and it is considered that this interaction takes place ifi a small region 
sf spéce-time, say of'dimension-§_(presumably about l0'l ‘to l0’13"_§ V’ 

centimeters, from present-day'experiments)¢- In these equations, which 
are in momentum-space, this spread corresponds to an upper limit on the“ 
Intermediateéstate particles‘ momenta, i.e., the_integrals in the above 
equations are cut off at an upper limit of momentum, of the order of 
J\-‘=5 1/E, Thus these integrals are made finite. It is hoped that when 

a calculation is completed, the limit §;>o, orjesoo,-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_ 

I _ _ 
. 

~ 
_ 

' 
‘ 

,

' 

1fiIL£fi$$£4flrHBE-GREY" 
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n'@' fulfil '9" 

the simultaneous integro-differential 
equations 

d» then is an attempt to; solve _ 

, , 

_ 
_ 

p 
p V‘ _ 

_ __ 

2, 3, and 6', incorporating 
the _upper;..limit on the integrals, 

an 

passing to the p_oi_nt,_limit 
’ 

. .. ._ _ 
. 

q 

- 

’ 

_ _ 

-_ .-
. 

i 
n 2 s " 

1-, as solution6
¢ 

Since the divergences that occur 
in thepertur a __ A _ 

/_ . 

' with momentum, the major 
contributions 

these equations are logarithmic ' diate momenta. It is 
t als come from the high interme p uses equation 6 tothe inegr____ Y V Q

_ 
because the divergencies» 

are" logarithmic that Landau 
=

- 

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 

' functions assume certain simple _ 

becomes very high , the Green s 

asymptotic forms . 

_z Approved for Release: 2022/03/16 C06927295 

-=>l%' 

\.-'1 

10. ‘6(§>)== 

____ 
' '1. 

Y;L<P»t/>—>/,e<<~‘ > k M 
1 __ v 

*2 ._11. V} 
2 1>,N(|<1 = 1‘z[0|t(KZ)<S/4v if;-1-n)+@\1> (‘<9 ks ¢ 

where fa is any p2 , 
qz , 

12 if they‘ are of the same order of
l 

magnitude, and, if not, should 
be_~__~the' largest. The functions of 

B , (X ,6]-1; and 6.), are slowly-varying function of 
their 

arguments.
, 

and 6 he
' 

Substituting these expressions in__equations 
2, 3,, A 

1- -
V 

' so in the equation for [fl (p , pa-sk; 

solves for the functions. _InMdoing,-. _ _ 

_ 4 
_p 

k) , 
' Landau makes an additional assumptionfin 

findingthe» dependence 

on the second variable p when 
it -differs from o in comparison 

with k. 

This is, that in ,finding_the..cha.nge 
ins»/Ta. (4--;) in going from p=o' 

small p ,4 he can consider “the 
c_hanges»in the integral in equation 

,6 a 

the sum of the changes of the integrated 
expressions. - 

l

_ 

A th se equations, Landau finds 
that withinghe 

4\fi\r\l-Fl 

l I 

‘As solutionsto e __ p

_ 

down equation 6, the functions 
.,-it 

" I approximations made Vinwriting _ q 

_q 

" ' 
» no corrections to the electron-*r- 

n be chosen as l; 1.e., there. are _
' 

" ' rt x function 6’/_, . However, ca , 
p 

_ 

_ p _
_ 

free Green's function or to the 
free? ve___ e - 

I 

A _ 

the photon propagator is changed 
from its free /value of_ dt 

'-='- l 

. 
11. . 

9,1 ./\.1 - - 

~

4 

' ‘ 

' .4/-{_-(k2)»:_"Ej%-‘I-3~1Tj/¢W,.<|<¢’ . 

'- 

Q ej_2 is the bare, unrenormalized el_ectric_ ’chvarge.,j__. “To/put the 
propagator in renormalized terms ,r 

it _1_n_ust_be written: in such -a. 

that it does. not depend on the unphysical 
quantiti_e.s- e12 and ‘the? _ 

the real. observed electric charge e
- 

cut-off ../\- 2‘ To do this, , 
' ' f _ 

2 in the following way. 
r

g 

(=1/137) is defined in terms o e]_ 

_ 

._ A13, _
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corresponds to defining the electric-iehargelas the. 
sieen“ Compton’ scattering of: zero-energy=.-photons‘ (or , . 

» 

-.1 

" 

r . 

»_Cop,ldinb's;'J.aw gives; the potential‘ between--two‘ »rea.;‘L, " 

B11- .¢1?1'§Jt§-£1935 )2 .Jwh91_1_»equ8-jtion»-l2- is used:- in equation ll, e . 

iiequations-res_ult: _- . 

g 

4 ., . 

- s 
~ p 

"

. 

‘ 
' 

2 1_
“ 

.1 I e 6 
1—§ne®

. 

. \ 

. 2:,-—__ef.~ 
4

» atom eZi_%i__jm%) 
l r._ 

‘ 

‘_-, 
V 

," 
d 

_ 
_ 

2 2 
;@1§@ {if we multiply dt(k2*)-_ by the renormalization constant el /e, 
3511.12? renormalized propagator does not depend on any unphysical quantities. 

_ 
_'In~ alé. these equations_,_ the point interaction limit is _taken by 

->00 . Originally, Landau asgumed that the bare charge el2<< l. 
4‘5§§'0mVequation 11+, it is clear that as./\_ increases, eventually e12>> 1. 

*$1if;£'iculty"is eliminated by Pomeranchuk, who introduces two cut-offs, 
Gael‘ the intermediate bosons (photons)./\..k__, and one for the intermediate 
di*f€¥'¥¥?%°n$ (electrons) ./Lp, and , ;. ;._.~_a _/\p >>_/\_k>> p,k._ 

-Results similar to those in equation. 13 are obtained. 
' 

'I'he conclusiogs to be drawn from equation l3 is somewhat startling. 
1‘7°-T‘; as long as el >'o2(necessgry for unitary S-matrix»), irrespective 
-9‘? ‘the variaiéion of e withl\. , we have the limiting conditions: as 

/\.2">°° e —> 0. '1'h'U.S , choosing a point interaction corresponds to no physical interaction at all. 

' 
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This work has been followed by many works in the USSR that apply 
the same analysis to other theories 

It is essential to remember that in this analysis ,j\_represents an 
upper limit to the momenta If, for example, the photon momentum k>>./L 
then Landau finds I;->0, Iu->00 rather than//I This 1S as it 
should ‘be, because as the energy becomes very la ge, it is expected 
that the effect of the (presumably) small interaction will vanish 
This result was also shown by Lehmann quite generally 2 
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1'1 1;'>>_/\_" 
" FIELD THEORY, WORK.._0F_. N.. N. BOGOLY,U,B_0V, _ 

as it =* 1 
’ ' 

N Z
' 

zed 
N 11,, 

Y ]3Qgo1~yubov* is probably the most important Soviet _con_tributor, 
field theory at ,the_prese'nt1 ti_.me._ 

' 

I-Ie has provides‘-,1;he__first s
. 

proof of the so-called ".dispersion relations" .for.0ther than 
scattering and this work has greatly stimulated the most. promising 

" to quantum field theoryat thepresent time. ._ 
V 

. . _ 

-

A 

In order to make a thorough appraisal of the work in quantum field 
of Bogolyubov and his collab_orators,_ all available translated 
were read, including his published papers that are listed in -

g 

The past year has seen an- exchange arrangeme-nt_ under which, 
in quantum field theory and related topics are received from the 
of Theor,etical__Physics.,___Joint;_Institute for__Nuclear Research, 

USSIB',._in;excha.ngej ‘for publications on the same general tepics - 

fr§m'c0mp8_.r8ble_g1_‘_Qups_ in =United_ States. Since Bogolyubovf has ~ I 

recentiybeen appointed .di_r_ec_tor of=_ the Laboratory of Theoretical Physics, 
ith/is“ arrangement ai‘fords- ,a good opportunity tofliollow his work. In _ 

addition to the exchange arrangement _a_nd_publishe.d translations of - 

Soviet articles, several other sources were used. Fqrcexample, the ‘ 

x page_proofs- oi‘ the first #28 pages of theiforthcoming English ‘version of 
I‘ the book Introduction to Quantum Field Theoryby Bogolyubov and 1), V. Shirkov 
» have been obtained recently-. Unfortunately, the page proofs from. the. 1 

entire book a.re_ not; yet. available, but those that have been received include >1 

the iiirst 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 7 

on dispersion relations ,- which were .d.e:_E‘initely the most‘ important 
_, presentation at ithis ‘meeting. f Because of the wide interest his work, 

" he left_.8- mi-n1,;script_ on The Problems of» the Thoery of Dispersion Relations 
. (co-authors are. Medvedev and Polivanov) , which §as subsequently _ h 

stranslated andcirculated, A revised version of the manuscript has also 
recently appeared the Fortschritte der Physik. Bogolyubov later I 

sent an important mathematical supplement to this paper vtoflthe 
_ 

Gongress and it was then -translated. In viewvof» the special importance 
Q1? the paper, a careful study was made of the monograph of Bogolyubov 
and collaborators, andi.a£_l.-so oi‘ the ymathematical supplement. ,_ Similar works 

p by othereauthors have been studied, Thus. a good background has been _- 

5¢qJ1ired._ to, use in appraising the present work of Bogolyubov,even though 
$15 not allnofzehis workshave been translated, _ 

- 

_ 

'

. 

~.:'

' 

J-I 
~

. 

-.1 

Q 
t 

V 

*'1‘his spelling is used to be consistent the system of trans-
| 

' literation followed throughout this report even though the translations 
issued by the author spell the name Boboliubov and Bogolubov. i 

1 _ 
_. _ 

.. ._., -
\

I 
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As is characteristic of 
"of: the world."s best mathematical

I 

t ontributions in several -H 

physicists, Bogolyubov has made importan
c 

' 
' He is fundamental-ly~ a 

mathematician of great ability 
-

f 
different fields. 
whose contributions to physics 

have been primarily the 
presentation 0 {N 

‘ 
' 

‘ 
" 

' ' 

' If 'r.’conjec'tu'res or vague physical ¢— 

1-; 

rigorous mathematical developments
o 

programs that were proposed. by 
others. The nearest parallel among 

present Western workers might be 
ProfessorZF. J. Dyson of the 

Princeton . 

Institute for'A6.'v'ance<l'c'Sti1<3.y- 
" He“ also began asja mathematician and. 

has 4 

smalls" “contributions-“that are 
comps-rable‘"‘ Qusntitatively and qu.alit‘atiir'ely 

to "those of Bogolyubov”; 
” Perhaps Bogolyubov*'s work‘ is 

"even more clearly‘
l 

t f' D son”. alternativeiwestern parallelq a 

-I-.-,-vi--1;-farart.

_ 

<_}m/-/\’..~' 

,___ 
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be the late John von Neumann, 
a ug 

are of a greater importance than 
those of Bogolyub_ov__. _ 
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Bblgolyiibov first gained "wide 
'_rec"ogniti'on* for-‘his“'work with 

' 

,_ 

N. Krylo-ff on nonlinear 
me'chsnics""2 -A good. -su"mmar'y -of the basic work

s 

of-‘Krynldffs and Bogolyubov in 
this“fi*el'6." is ‘contained; in the collection". 

' 

_

7 

of papers jtranslated. by Solomon" 
lefschets ahdvpublished 

by'_the=-Princeton _ 

University Press ‘in l9l>3< 
un<1er*the"title';** Intro<iuction‘to Non-Lineaij 

'_ * 

Mechanics‘. This book gives 
a"list-‘oftll-Q-refe'rénce»s of the original" 

'~ 

Soviet papers of the 
-aupthors’-' '-‘As "Dr.~l'efs‘chetz_ stresses, 

this*Soviet”'
' 

iirork-.in_troduced.* powerful Anew’-~methoc1's 
in 'non;’].ihea.r 1_ne'chani‘cs and gave

~ 

new importance ‘to this field.-3 -It'_ also stimulated. general 
"d.e‘*'velopm'ents'V 

' x 

in the theory of nonlinear 
differential eq_i1ations'. 

' I“ ‘ 

- 

' 7 '_ 

f "Perhaps the next really--outstanding‘ 
contribution to 'Bogoly\>.b<I';_>‘*§¢"'»ajw,‘_a,1t.5’ 

'?-in-"the general "theory of the. statistical 
methancis of interacting“ _

. 

particles. this field he contributéd.'particularly 
to the"probiLe_m 

' "of*'*~c_on6.ensat‘ion "of dense systems in 
approximate"‘eq_uilibrium. This 

fielfi,-='-is‘ too complex to review "itifihere in great 
6.etail,*but it 

be mentioned. "that ‘1Bogoly'nbc5v‘6.'id' 
develop-ia hierarchy of 

differential-‘*2 

>eq1;au@ss 
-'c'alled.' the BBGKY equations _becau.se they 

resulte ~‘~ 

-~'fr6m~the' work of the folrlowingipeople: 
" Bogolyubov, Born; Green ,* 

anc_1"Yyon'.'-~ This hierarchy offeqnations 
“replaces the *Bo‘lt¢mann 

of simplified _,pr1eISenteitions.... 
'Bogolyub.ov then ’showe'd.a' 

approach of Iapproximationto the 
solution of “this ‘hierarchyof 

_'
. 

eqiiations v(hi'ch~6.epen6.'s 
primarily‘ on classifying the 

"various
A 

M H 
* 

' 

' f"adensesysten_L-"” 
istic time intervals -in the 

relaxation o ._
y 

l bof<'r'15 
'

1 

character’ - 
» A 

4_ 

Much work still "remains 
to'be‘-done in this“’ffield.," but ’]30goly\1__ , 

* 

1-. 1 

papers "constitute"-‘the =star'bin‘g~point 
fdr'-manyinvestigations.p

‘ 

‘ 
'" Bogolyzibov has ’ma6.'e; some contribxitions 

to i-problems of" the 

of theT=solid. state". 
— In 1950 5" h‘e‘_pi11blishe6. an 

'i1'r1po'rtant
A 

ththe effects of-the 
polaron problem,31}1hich’s6.eals» wi 

" -
V 

lectrons within a crystal in 
such‘-a way as"to lead." to la thee 

the electron‘s energy and possible 
localization of e

_ 

' " . The first approaches -to 
this,_n.preb15m 

a "self-trapping ‘mechanism _ 
A 

_ M 
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e;-, coupling e:@ansion,-=i-.e- , an expansion einipowers of fthe 
X 

,’ Difficulties in-this! method" of expansion occur that are 

been discussed" in this report. Bogolyubov developed 

"coupling constant. l_/ The approximation of Bogolyubov is still 

Pinesi)‘. 
T Much work remains to" -done before» a complete theory and 

agreement with ezmeriment are obtained in this field, but 
Bogolyubov was certainly an important contribution. 

, even more important contribution by Bogolyubov to solid-state 
been his recent‘ contribution -V‘-to the theory of superconductivity 

th‘eor§£e"s of superconductivity; stemming from the theory of 1 Y T 

depend upon determining how the- interactions between electrons 
proper conditions, create za gap in energy between the lowest t» systemand the next highest" state. A Various -workers-have -1 

senses. theories ~ that predict» this energy gap and a specific model“w_'as 
eeea.»-eeeea recently by Bardeen,"-Cooper, and *'Schrieffer. g/ The theoretical 
resu€Ets= of‘ Bardeen and his co-workers many -attractive features 

exclude many of -the contributions that a general theory-1*t1c=~ 
=pre<1Y<ic1-;. Bogolyubovdeveloped a much more exact mathematical T 

which returned. to the original Hamiltonian” of Frohlich rather 
‘th‘:a‘n~;eho‘osing an arbitrary-model, and-he showed how to obtain more = 

rigorousilyean approximation that produced the "same results ‘as the theory 
3/ The problem of superconductivity is still not fully 

solved, butworkers in this field generally ages that Bogolyubov's 
.re.eeet has been a very important step. c = 

-i is not surprising that Bogolyubov has made outstanding contributions 
statistical mechanics andin the theory of superconductivity as well _ 

quantum field theory, for-'there are many similarities in the 
natnemtieel treatment "of -these various fields of physics. In quantum 
field theory, the time dependence. of relevant functions normally is 

as" exp where E is an energy. In statistical mechanical 
problemscl, the probability function depends upon the temperature through 

ifimction exp L-E/k:T_7'-where T is the absolute temperature. Thus we 
see the time in the mathematical equations of quantum field theory 
correlates with an imaginary temperature in -the equations of statistical EEécs- ‘ This analogy is only -one of the sinlilarities between - 

§‘|?9-fistical 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 
comps-tea by the method of Feynman diagrams," which was developed for 

field theory and is the principal technique for practical" 
.‘ I 
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+39; difficulties of the perturbation theory of quantum "electro- 

ééuplingf limit, which involves expansion in inverse powers of ‘the 

accurate 1treatme_nt,,¢ alternative approaches involving 
coupling have been developed by other workers (e.g. , T. D. Lee
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» .~su@-¥1‘w!?1+el¢,¢trodynan=ical><=QmPni¢e1bi<>n§- »at¢,th@ePrss¢ni=o,.time=~ Thvs, 1; 
1 ~ Qfi the‘--ables? physicists-=l.in;=quantv1n.r-field 1=hssi*y.._-(6-'s--., Feynman, 1 ' 

it .Br11e¢kn¢1"-,: »D-.-».Iee;..£?..§ 1§I;_-».%_¥.ane-hand K-..-@-We'§s¢n)¢havereceritly V 
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=imn<>r1=an1=.ccntribuiiionslrtotstetisticalv-problems,-Just as 3°8°lYl1'bo1?J 7 s _done .- - -
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IN . Fur1ctional,;¢-Algproach to; Quantum Field ~-Theory-Benormalization Gregg, 
31 * 1* 

J lEiieei§yf'§1as§’iQi§1éine§;iiy_.aé$;é1¢pe<i by introducing 
I interactinggfieldsi and. then considering zthe -coupling between these 7 ~' as a t H t _ per urhation”. This imethod:of presentation has thedadvantagev _, L the dependence of the original Lagrangian of the system on the i“ 

0pel_f_8-13915;-_lS usually ;;give:;1= ,in__a~ relatively simple, form; However ,:_ , 
* 

‘fields,-{which gcorrespond -to ¢"ibare!'_‘ Apartic_l_e>S_-_~Wii1hout interactions do § 

A 

describe theireal ;Shysical,p_articles,~-_;_for even -ta-real isolated ‘ 

interacts with the A._flu'ctuations__ojE‘ the. other fields in the 
I

1 

,_ thegenormaliaation’ problem had to be -introduced so,asT._ ‘Q to o;btaini.the-_qua;1tit'_i':es cqrresfpond,ing,;-_to, real‘ quantities from those. orig;;inally____.~introduced_-in; the theory. Because of-the infinities :5 in.~1:elet.ins "1_=he*1:eal.<-.:s>arti¢l<=:é to "128-re?-,-Particles, a new appreach has t been developed i'n_recent;yea;_?s_ whichattempts to define the basic - 

- 

entirely -in -terms ;_.of- quantities for real _particles_.' Thus, it. is assuniedtthat the fields are already renormalized In this cas

I

\ 

0118e 
_ 

_ Jen r into the 
I 

or other_<-important quantities, <.suc_h-as the scattering matrix S. Never. g theless,,§:_ertain ~_general_,_math_e_ma_tical -relationships between these ‘ 

quantit;_£es- can beldeter1nined;»;»,§Bogolyubo1z has been one" of the many who have__¢c9n'tr_i_huted, to _the_,‘de-ve»lopment<;of_ -these general mathematical as 

‘ 

formulations. “One assumes that -.a_.__ quantity such as the scattering matrix? , \ is a. general functional of the fields ¢(x) and introduces the concept {I of <1eriv.ative.b$/85_v(~X)- funetienal _<.1eri.va1=ive,iS .a _ 

i fgl_gene_raJ;i;zation~of t_1__1e idea of an ordinary, tderigative and it expresses 
\ 

the way_;i_n _~_v;hich_ S varies when the operator .sufffers a -smallalteration
I 

1!? in the neighborhood’ to_:E'- x, i_I(_Thi_s statement is nonrigorpus but gives the
_ 

‘ 

general ides») _B°é°l;>mb.9v Published Paper 1951+ ’@ha1=~<=Ontribu1=@d to_1the;._.de»-velopngen-t.-of this,~»formuJ.ation,_ a_nd;he,;_and Shirkov have used it \ 
extensively;-nu their work on quantum ,theo_z:y of -fields» .h/any quanti iléfr be e_-xpressed very_»s'uccin_ct_l;v. infterms; o_f_T~..thesje functional derivatives w and Bo l V t

“ 

-g not -._1;noW" exjpli the-H -~_-ffiebld woiaeratoirs te ,'

J M 
V 

go gyuhovtvhas used the1n_-toL_de;E‘i__neV_»the generalized currents of the Y? theoryhand to .re_formula.te the 
__ causality -.pri;nciple._ In his work on the functional approach to qua_ntnm,>;Bield,.v_theory,_Bogolyuhov was to a large if extent simply stating the research results of other people in slightly different form. 

.. . d > 
_ _ . 

- 
__ _,._ ‘-

I 

my A B02;QJ_-50-1'D,93t_ Shirkov: _-also introduced the idea of a "charge 1‘en°rveliZef¢i@n=;sr<>@P.'?. in :qwB¢n’¢.,sn--1lis.l¢ ._t‘¢lf-¢<21?;:>t*~~ is a Lie amp of f transformatibns:_-that be» _intro.d._1;_i,ced to clarify some of the ideas of i 
the 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 in perturbation procedures and in particular to deal with some of the problems connected with the introduction of an artificial cut-off of large momenta.‘ 1t'1s not felt that the work me t’ d n lone was of unusual importance, but it was certainly sound work that helped improve the formalism of quantu field theory and constituted the first appreciable contributions of Bogolyubov in quantum field theory; ~ 

iIndefinite Metric V "‘# H ‘ ' ’ 

~--N0ne of the major problems in quantum field theory is the intro- ¢duction¥0f 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 heorists (principally Kellen of Sweden) that infinities must occur even if the theory is treated accurately with- out the use of the perturbation method. Kellen and Lehmann showed ' 

that the divergencies were a very essential property of the theory. related to the singularities of the Green's functions.- c 5"; 
In the case of the renormalized coupling constant, these functions‘ are defined over all space-time, but become infinite on the light hone. I s hoped at first that these infinities in the Green's function be removed, or at least decreased, by the normalization procedure. and¥Lehmann proved,?by very general arguments, that the- Greenls functions must at least be as singular as the functions. This result showed that it would be difficult A trove the logical consistency of quantum field theory. Furthermore, seemed to prevent the construction of nonlinear theories of a =kind4- -»= »="', '- 

I 
"" " 

"The'Lehmann-Kallen.theorem depended upon som very general ~postulates; one of these was that the appropriate space which to describe the states of the quantum field is a "Hilbert " ‘This is a generalization of a vector space to an infinite of dimensions. All of the states in this space have a positive es, all vectors have positive~length.' Heisenherg~androthers that the difficulties posed byithe Lehmannekhllen theorem be avoided by introducing states of negative norm.. These would to states with a "negative probability."“ Such a space, in ‘the length of vectors can be either positive or negative, is t0‘have an "indefinite metrie.”. These negative probabilities have no direct physical meaning. Earlier, Gupta and had used a theory with such an indefinite metric to carry ,ion-of the electromagnetic field in such a way ass eliminate the longitudinal photons, and they had shown indefinite metric does not need to lead to unphysical results 
- A20 - " 
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» if the areal physical states 12are= “limited to ;the~.s-ubspace -of the states 
2. of positive "norm Bogolyubov and "Shirkov considered in uite ene -. -.~ g.ral' 

i i‘ashion".the.vusefuJ.ne'ss of introducing .=s..uch-,2an--indefinite-r_;metri\% 
. flnd that there are difficulties with the use of indefinite metric and 

3 

that its introduction does not ,..appear~ to =__-ioffer 8. ;ParticuJarlysimp1e solutionto the problems of nonlinear uantumfiéld theories. nt A 

' 

V 

2 2 

. . 

-" ,~I erest 
2; 

in the idefinite metric in quantum;fieldgtheory_;stems,2now-in peat/pa.rt from use of such a metric in the program of Heisenberg for a unified 
; 

‘ field theory for elementary particles. This program 1S ~ still too 
to permit any clear appraisal. The publications by Bogolyubov and 

1;; 

2 as well as articles by their. 'associate.s- on.:_the wszibject. of-the indefinite 
ya metric, -2"$11¢h as 8- -l953'PI'eprint b.y.=Medvedev Polivanov entitled». 
|\ 

\ o a Classical Mbdel of Indefinite Metric; indicate that Soviet-workersr 
ié 

are =‘-contintzingitheir inte'rest,in~this field‘ ~ ;- 
_ 
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H Causality and Dispersion Relations .4: 2. 2. 
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~ 
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xi The.:.work .of Bogolyubovand collaborators on the rigorous derivation 
of dispersion relations .in quantum field theory i;s;.believed tobe the- 

‘l- most important contribution that Bogolvubov has made in quantum field. 
2 theory; . 
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Thework on the. proof -of the dispersion relations by ‘Bogolyubov 
T1,! and .his~co-workers represented 'an.outstand2ing-Piece of work which-was 2 

‘ extremely diificult from a technical _standpoint,<- The most difficult part was mathematical supplement, .-which appears to have been done 2 

by Bogolyubov alone» 4 The-methods that heiused have since '-been". 
,1 simplified by. Bremermann, Taylor, who have restated his - 

_

. 

Hi proof in terms -of. -general theorems about theholomorphic envelopes L 

; 

of domains of many complex variables. However, some idea» of the ~ 

of Bogolyubov's theorem can be gainedfrom the fact that it took these 
3*; three expert; '-"workers over -6-;months.t_o~ restate;-BogoJ_.yubov'sproof; they agreed "that~-it-wasrvery unlikely -that they would have come to a roof ~ 

'4? 

~ 
. 

22 
, 

4 
_ 

~ 

4 p 
f. 

of thestheorem without Bogolyubov'S»theorem~_"bo guide them. 2 2 

Q} 

I

, 

1;! The essential step ingthese - proofs ,- L-as '-has been c].a.ri-fied by - I 2 

52] Bremermann, '0ehme "and-Taylor,‘ is -to extend functions which are originally 
. proved to sbe. analytic in_;a ‘small _domain,- called D. j Then by _very general 

1 theorems it is; proved that any function -which is -analytic in ;a domain-_'_ “ 

H D must ,also_¢be analytic in, a -la.rger==doma:L-n D, -which is the. pseudo-convex 
P 

hull of n and is called the holomorphic-envelope of.D.= wn11e_tne.aoma1n 
2 D is by ..2its.elf,not:_large enough ¢to prove the dispersion relations ,- the p‘ extended domain is. ~ 

>- 1 
_ 

» 

_ 
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2 ~_ 4 : _, 
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The proof of Bogolyubov and-_his~; group ¢stimu'J-8-ted-2manyp other workers. 
i 

The current proofs for; dispersion relations. are found to_ be valid only 
p 

for -those values 1-of’ A less thanza certain-m'a.x:L1num2va1ue_ of 
|_

_ 
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As the proofs have been improved .th"”’*1" r ii """ ':"“ 
_ .., 2 vs 11¢ 0 .'_beeh ¥i1¢re¢‘~‘$.'i=<1'§’.i Thi$"iS’-déiié better and better" methods" 836" fauna‘ 1'01‘ approximating the hoihbmnrphic 'envéloge. '-'*']3he"_‘Sovietlworkers'_ "W-‘sestfvalue for‘ was ‘ 

approiéimatelyt-2-"-" were the pion~rést:-mass} “More recentl’ '=a ’ ' 

. 

_ _._7Y..nY'.
. 

explicit representation has been -'found-fr<Smtt'he worktof‘ Dyson,"*Jost, and ' 

Lehn1ann,1whi£c1iia1lows=-‘one"‘to extend‘-the elimitfiffor ’?Zl~-Qrggx *to*7about' 3 ’ 
'.T.‘hes"e' --*1-East 7three~-workers -have ‘shown that the -- current methods‘ of proo '

’ canndt be eictendedito”greater»--value‘-I_of"%Z\2 be»cause"~they have'~a counter examplefor which dispersion relations break-down ?at'5 this critical“ ' “' 0 ' 

momentum transfer. This example is not sufficient to prove 'th'at7 the '
" 

dispersion relation is not really valid. for a great momentum transfer, for the -current" proofs*d_'o not ‘make -'us‘e“ of the principle , which may easily extend the "range-“of val»idit$*'fof the"'theo'rem.§_»' 
_ 

'- 1 

s ‘».Pilfiispersion-relations have now"-beenfproved fori other '”proce»sses"-~in addition-’t"o_ pion-nucleon":“scattering-t‘i The"-methods; of scgeiyutcv;-=ee '1 
’

" 

-yexftendepd. ‘to 'daite-vby others ,= have not been --sufficient‘ It-o .-_.prcve‘-"=_aie1sereicu \rel'at‘ions ‘in‘T-"many ?'inte=rest’i1iig "case-s. "For"'»e1'€amp1e, dispers'ion'~relations_ ‘_ for nonforward scattering of nucleons by nucleons cannot be proved. " ’ -rigorously. It is clear that the Soviets appreciate the great importance of Bogolyubov's a hi‘ ' c evement in this proof because it was cited as one of the major reasons that he was recently awarded the Lenin Prize. 
.§§_§ossible Future W0rk_ of Bogolyubov u = 

Both in the USSR and in other countries, many applicationsflof edisfpersion relations have been made. - The Soviet workers have also applied dispersion relations to photo-production and scattering of pious *1» ‘dc t - o _y u erons. The Soviets seem to be aware of the full potential of dispersion relations. They have begun considering relations in which 13 is varied ena.a>he1a fixed, which has recently shown promise tr useful 'aI2Pil-ications. All or nearly all the important work in th USS _ S 
. 

, 

c 

V 

* 

_ 
_ 

e __R on $525-lspersion relations in quantum field theory is probably coming from the Laboratory of Theoretical Physics of the Joint Institute for Nuclear Dubna, USSR; Bogolyubov is now director of this Laboratory and work is presumably a result of his influence and interest in this >field. Some idea f th ~ 

' 

' ' " ' o e amount of..effo_rt in this particular field in USSR relative to the rest of the world may be indicated. by the 
the ' comparison A bibliography of all significant papers related lpdevelopment of dispersion relations in quantum field theory was- to contain a t t 8 _ 

.. o al of l 7 papers of which 37 are by Soviets. 181-hove comparison may be somewhat misleading because it is obviously to obtain papers of Western workers. 
lpit is difficult to predict exactly what the future contributions ‘bile Soviets will be in quantum field. theory. The usefulness of the relations as such will probably decrease and emphasis will shift to other gevneralcconsequences of the analytic properties 

- A22 .. 

- _EQR_OEE;GE&£-HSE'UNfY' 

for Release. 2022/03/16 

I

!

\ 

a

1 

9. 

4-as 

5? 

~'-q-gee 

FYPJQ



_ppr0ved for Release: 2022/03/16 C06927295 
1- 

“V11 _ 

1 

"

- 

*§ 
of;-,ib1;e=_.;sc;_a.1;'l;er:I_ng,fim¢’l;:Lo1is- , _O‘_i,';;cot11:se,_jbl;:i.e_:i§__<a;-_,;;lgsely .re1a_.-bed, l 

3 j field.§_ ',;Ré_'<_E_en'E,..maj_or.»a;ehié\reme1;'bs_ 
A1_1;!:_-'1*,h;l.s.'A1<j.~i;|;-e<;-I;j_p__1~1 been the Proof. V 

‘* 0?" 
'i'»1..@e°rem'*" 1n=1%his.-awayrby, *>he.,$wi»=1.s.. Physicist» Jest 81141. Q V ~ 

V generall_ proof of we -§O11I1_&'Cf_l'§iOl1'-'~b€__'l7_TlIG$n spj:j.n=,a.nd. statisiiics »~by_-Burgoyne, l 

aI1<1.._- -by 
. 
IM@1I¢'r$- @m<,1.--;Z1fi=1i~n@_.>.~\ lhe :S<.>¥i..e1zsh¢v¢ _n<.>1=. .~'-=-es ye1=~~ma<1e.. an

. 

p 
I 

_ cofififibupiop 'in~;fi1;ig 
pa.17b1c1\1lar_;<_1~;Y.xfec'l;;ozA;,v:-.1_>1rl; ilghere-.2 seems “togbe every I'M 1 reason‘_'l;o.._expect.1l;ha§t i;he~y;w:I,ll';d.o .»sp.- __'.E1e_,Sov;_Let_s ._a.re_ g_u:I.te__o0mpe'ben-1; 

‘ 

Ii_,1'J,__;'§‘-_1f@Q__7_'b8.SJ'_(':v~f1§l(1_ of me1;hema.tics- , ._wh:Lc1__i is -mos1l;Avclosely"related.,\ to this» parbiculer field of, .pb5_ps-ic-s;;1_ this.-»is fiche ~*-theory-_-voikfunctions of-_severa,1~ complex --variables. ' ' 

__. 9;,‘ H ' 
' 

‘- ~ - ' 
I A

\ 

;_1'Q1_1£_;a.- longex? range baeiuél-, it is c_:lear_t11at;new ideas ere needed. in . 
quantum "field. theory eaLn_d. that -_e.- fu:rl;1_1e__r- -development is -ve_ry;~ap1;_ ‘toj \ require a combination of the methods already developed by Bogolyubovflikhe theor;y_;o:§ _§1,1_n<_;1t:l,ons_._,of 'se_v,er-a_.J.' eomplexlzvariablees, and. a, muchmore '<' 

$1-1.<_:!,1;1 nonlineazv-.._relation_ships._e.s the unitary "principle fl It eppeere _the;b.Bogolyubvov. will be _-as apt to make _a. fu.nda.menta.1 ‘Q to t_11l§_‘::;;xgporl;e,1;t_ "£_':L-eld of _ma,then1a*t._1¢:s as any‘-other single worker in this 
‘ field. 
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- The term ~‘.‘the assumption" of .c'ausality", as used in currentwork" in quantumifield "theory, refersto the_physical»assumption-that '.‘no_effect can beoobserved before its cause." While this may seem to -be a-very .- obvious and trivial» requirement, - it actually places severe‘ limitations on the'""mathematica'lproperties of a theory that describes =a linear" scattering system. The nature of this mathematical correction and the needooforo it will be "explained briefly .- 
V 

Assume that an input or source is introduced. at the time t=0 andvthen removed aln1ost’imme6.iately‘.f “Let G( t) be a function that gives a time dependence of any resulting physical observable. This will beljcalled an output. scattered wave. The input at 't=0 can excite many transientsl in the‘ phy'sical"system and therefore an output G(.t) may~;cont:‘.nue to be observed for a long time ‘after the input pulse has stopped-. -<However,- the output"-‘cannot occur before the 1 input, and therefore G"(t) must equal 0 for "< O. Let .g (co) be the Fouriertransform of theoutput c(1:); which Eivenoby " * ‘ 
' 

'- 
" 

+5; ~ 

_~ 
s 

, 

- 
- 

'

’

" 

Since Gtt)-vanishes for t<O,_-the integration domain actually ‘extends 1 only -fromithe--t-ime t=O. to »-t=oo‘. The Fourier transform g (00) is originally defined only for real frequencies-Q) .. 
* However, we can nowl fex_tend- -this definition to -complex valuesi of (Q using-V the property that ‘ 

‘, I 
2 ei(a+1a>t ‘*1 Q.-at .e»~e¢ "

s 
‘note that the factor ‘Q-wit has absolute‘ value less" than l f o 

_ 

o or all positive -I it and ‘all. positive 6.1;"; hence» the factordepending on 60-; - Onld d ' __y ecreases the integral for g(Q_)). The damping factor issinffact ‘Q. strong damping term since it is exponential, and it will therefore <5IQmi*nate- any-"power of t that might be introduced b differe t‘ t‘ 2 
_ 

I ' 

;r- n ia ing the /expression for g(6)’)‘ with respect'.to- Cd under the‘ integral-Sign tn _ 
0 

* " ~ ‘ ese properties, we can therefore show that the function g(cu) all its -derivatives are well defined‘ -for allzvalues of 0) such“ 4_’:lT1Btw,,'>O - In this Away, it can-be proved that the function g (Q) ,
A 

firiginally definedonly on theorealw Jaxis, can be extended into a ' that is analytic in the upper half of the complex Q)-plane.' ' 

, the presence of the damping factor e“‘L’t implies that the of the function in the upper half plane are . always dominated the values of-the real 60- ax-is.» 1' 
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\ {ls is well known f t ' 

la in 

that is analytic in a rggibnhjéghgory of complex variables, any, 
~ ~ W \ 

a °°11*=<>11~1¢ about that re -. 
. 

- = 5’ 53'?“ by *1“ in“?-gral f°I'm11la 
Since the boundary of tfigqm This f.°I.m1l:a.' .i.sA"¢al1ed°'Gau°hY‘s 

., 

Show in this Way that the tgillfzzshgiiiftglane is.the.re8'l axis’ ‘me 
7 -Slvlaue are given by an integral. around ihfunction 

in the upper half gm’ lets a‘ Point in the.11ppei-' .hal'f lam 
e meal‘ axis‘ ‘FM-’°h°1'm°i‘<~i, 

an Prove in this way -ghat the real? a :40 afiproach ‘l;he_Qreal=.a.xis,' ,o1;e- 

I‘ 

P°int'°n the real axis is given i Ytp 
n '9 th? fun°t1°n 5'at'an¥‘ 1 

\ 

°nly the imaginary Part (6 ~~s ‘P erms Of an integral involving-1. 
! 

If‘r1nction~ g is not 
0 

‘ 
.x°ePt'P°S$ibly for someconstants "if. the: 

H? cznsality runes1¢§p§§§?§i?;§§:n::d;)aiIn£thiS~wHy; one sees that 
W w ' h:- " 

» 
" u v en ~t »" * ~ - 

, 

lc 
~ 
.l.n the simplest Cases takes-"the,-~foll01?Ti:g ggigfr-slot? r?-Jjatlonin 

* 8- (co) =-i—~ I , _ S? A 1q~ »H a’L__aD C10) ,_ 
V 1 

i, 

Ship tha1;--~- ~ 

. 

~. 

' 
" am Y ._ 

the causali€yFa%%ed-a Hilbert tran$f°rm- WE have thus shown that 4» i 
the imaginary--§ar::1cg.£l:}€re§;:ly restricts the function g(a) bnce, 

MM‘ the real 8 notion is known f 9,1 ~ 3 _1
‘ 

g» part _ or l freque A o 

if g( Q) ) is ana1;:2¢behdetenm’.‘ed by the 9-‘Dove formula and thelciléwiriction 
M freouency plane 

W en extendgd int° the uPPer half of the so 1 of g ( OJ) are 
- Furthermore,- if both the real and the ima inmpar 

ex
. 

W‘ ' real axis 'fromg%ZEn only on a Small intervél °f frequencie: on thpgrt 
" the func=b§_o.n ‘theory of a_na1y-bic continuation it is" the-ht 

\ 

* If the Physicilfurg then 93-1‘e9»<3-y:deteI'mined at -all other ft:
a 

Ii‘, region is known exagtion €( VCd,?.;at1-the,low, energy or low frequency - 

‘J f ‘ ___,_lQ} then it is known accurately as all other, > 

\ requencies, includl §~ - 
' .'ng hi h f '

_ 232% be rszznzaziczhezz "shins 
I one ifrived that permit sthe {mediation ofusb ity Principle relations 

. 

I 

0 Servable information on ‘F’ ’ 

. 135- from ‘bh -~ '0 information. .. 

e exact kn°“1ed8e of c0mpletely different observable

I 

1- .. 
M . 

.' ~- he fun -|;~ ~ 
- .

_ 

@ :‘;P;_-1:‘-15-Z gar the scatteringcogognsgg? L-J1? Z126 fzgward Scattering 
‘i 

. 
S .8 6I'mj_ <1 _ 

4 __ 
1? en‘ e imagin ‘ * 

1-,- 

]; 
section. This 2: ts: iefiaiurement of the‘ total absorptionaggozz? - 

I 

" 

. 
‘ 

- 
- 

' ' ' ' 
\ . 

H 
fggperslon relation makes itn;J)oT'r1:Si£§tvl-EB-l theorem," i'I'hus, the _ rw d - _- e o deduce the results of a ( 

ar S¢3tt€r1n 
4 

acti°n»¢ros$-sectio§TPe§;pent fr°m measurements on the total inter-
1 

a l~ V. 
. 

*- »
. 

are PP lcation, the functions that occur in quantum field theory complicated and do em-1 O . 

:::£frequenoy, but thePassumgtyjfiyégarameters in &ddltiOD to the tine. nations On such quantiti causality leads to P°weI'fi1l 
soa,-{;-[;e_-ring matrix, or the S ee: as 

scattering amplitudes, ‘the 
eXPectation values of the E C-rat rePr€$entati0ns of various

' 

o 
P ysicalhy important operators. 
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- _.'I‘he causality assumption. ins quantmnvfield-"theory" is usually stated as therequirement.~thatr1measurements-at=a-space-time point" x and-"-at‘ 1 - another space-time -point .x~' -. cannot havezany-:ef£‘ect-on one< another if ‘

» the (two ievents are simultaneous with -respesctito. some frame oi-Preference.
. This is stated mathematically bythe ._ requirement thatthe field T

- quantities at suchpoints must co'mmute~;-- This is expressed by the 0 follovling -equation < 2| E ;:_-A(-x), -B(x-‘ ~ rl >7-=0. for -(x:-.x'-)2 —< 0, where A and'B are -any. twoilocal physical operators" and ' 

._ I.-<1» >_.c andul.-2 > .c are any possible. states of-the system.-' ~’-Ametric Wis usedyin. which the space-time length is positive fortime. like s
» directionsliand negative for speciali.directions'-V yo n ' 

. 

_ 

The ,-causality -assumption alone is not enough forthe derivation of dispersion _..relations .in quantum field theory. In addition, -we imust nsei zthe iiollowing-general limitations zon our theory: 1 2 ' 

(.1) Relativistic Invariance: 
I 
.‘I'he.relativi‘stic i'nvariance~of;the' - theory demonstrates that the "commutator -expression written ahovevmust be ~Lorentz-invariant so that e.g.',. if. | 1)-fand |2>ar'e_-cbothh the Iii - ;va-cuum state- .. -I 0 , this». expectation value‘ is a'rfunction»'of.?only the one !+-:-vector (xi-x~' ). .and -not "a function: of"both- x and xi‘-:sepa:‘ratsl*_y. 1=Fu_rthermore-, ~ such expressions =can' depend upon -the "four. componentssof is-x~' only-_ through the Lorfentz-invariants -"of these quantities. when combined-2 with. the other ‘vectors; te'nsors;,.- etc. ,» in the theory»-@_ i'3Z‘ht1's","

“ 

the principle of relativistic invariance leads to a very largef-reduction in the number of variables of the theory and simplifies the form of .H1Bn$F-'f1mctions. 1 
~ 

. 

" ~ 4 ~ -- 

_. (2).. Asymptotic Condition: -_-It is assumedthat each of the-V flo"cal’_ “ 
field operators for _the"interacting. sys-tem'approache.s (in a= proper-.,..~r " mathematical sense) a solution of the equations for -a‘ noninteracti-ng 

_
» system when the differences and times involved. become infinite. 

4

' 

. ,(3) . Energy‘ ~S£ctrum:. -A natural assumption is madecthat avacnum; I is the-_state~ oflowest energy; -sofithat allother states havepositive w '§ne_‘rgy__._ Each operator oi’ theory then has-"iaispectral vrepresentation‘ terms of the “contributions from the states of differenttenergyi.-"in the These states include both discrete or bound states and ~§_9ntinuum states. . 

V 

.- . 

A 

1 
1 - 

V ’ 

_- 
V 

"One other very strong restriction that-. a true ‘quantum field shonld ati -!s_p -sfy is the unitary principle. {This principle expresses‘ "the conservation of _<s:<_"Probahility and -is=;given~mathematically 1>y.~:1=11-é lrequirement that "the .- 3/Iglatrix must he ,u.n1tary:_ This particular requirement has not been used in ' most of the proofs "of dispersion relations "-thatiareldiscnssed * i '%=i6w. 
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‘:4,SJ‘-n__c,e> the 19,51; paperezof Gelfl-.--'-Mann, Goldbexggerv and ‘ThiI‘I‘1ng=_, workers; have =:_de_veloped;- dispersion ==rel~a¢t:ions.;- in quantum ~ field ~~theoz1-5» However; '*il-ihe _or_iginalpresentationss lacked-much;»‘ rigor. ‘-and the should zproperly have been. "considered; as conjectures; a1"|.‘-h011gh'~it'wa5 Senez-ally -expected 
_ that they ~.f_o_llow .=»f.rom- ‘very-=1generaL' principles ;.

v 

relations- were .4-extremely fivaluableenrinptheoretical. physics ;= 'e.g-., they allc;§wed=~;Anderson and his group" to determine fthe Fermi‘-Yang‘ ambiguity in they-phase~~sh»ifts ~~for»the ‘scattering of pions Furthermore, the -:-dispers.ion‘.relation‘ for forward;sc'attering_allowed~~a4 general of the eoupling ‘constant between pions and nucleons -. ‘I'his*was the time that this basic ‘coupling con-stant,v -which characterizes" the of nuclear forces, could be determined in a manner free from the 6.-iff,i¢11l'l7i8svOi1_=peI¥'bU.I"b8-‘C1011 theory or other types of approximations, MEmy.j»applications_ were made1of,~.the dispersion relations_ and they were found to be in good agreement with acwide variety of experimental However, there were many difficulties. in proving the dispersion fonr-i“pdr,ticle-s"wwith finite mass uandifor escattering invpdirecntions other 
‘ 

than-.rthe:?.e;cactly1"forward 
direction.-~:_Thetifirstwrigorous proof yer (1iS‘p6I‘S§i;0I1:I'8l8.'t3§;OI1S"fOI! the'.-forward direction .in¢field theory was by t_h‘e."German;.-phys_icist ‘Symanzik... slightly later and Bogo3:yubov-"and- his "coworkers, developed.-a gproof of a. -dispersion relation 

for pionenucle-on scattering that»-was. valid for .:.al]_: ‘di.rection_s»- of V 

ing- The -re..-lation-, which. was =~conjecturedY. -earlier‘ by Goldberger and involved relating scattering-‘amplitudes for yariou-s$.energies :8-ll.-.;fior»-v~,the same value of the momentum" transfer "A ' 

This proof of dispersion relations was first shown to Western by Bogolyubov in Seattle and was then circulated. in a. paper entitled. The..l?I‘0'blems "of =the_Z'I'heory of Dispersion Relations‘ b3i,l3ogolyubov, and Polivanov. *Whi1e'_this proof jislnecessar-ily very intricate, it the _fol£Lo!win"g>. important parts 
(1.) The use of a particular representation for the scattering amplitude. of» pions of enez-gr A. (36) ,4»-A. scattering ofpions through - 

momentum:-tiransfer A=~ 
. . This flrepre-sentatiopn utilizes the spectral = 

» ~ - 

properties ,of-- vacuum operators in-. accordance {with earlier investigation ' 

of"Leh1nann<,and others. " 

~ 

- - 

- 4 
‘" 

I 

'

c 

(2,) The expression for A (6) ,A ) depends upon the rest mass M.‘ When M9 is positive, it is not possible to givean easy proof of c 
.rel.ations~. .' ‘However,’ the relations are easily proved if, the parameter M2 is 

.- fichosen less than .».;The proozfisiis _. therefore carriedout first -for such "negative.values»-of -the M2-,»and.the~necessar'ye analytic properties of 
A( 60 54 -) -are proved -irrthis case; .1-Then analytic continuation -in the 
rest mass is‘-'m‘ade back to the .-physics,1ly"meaningfu';l real positive value.

.
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‘Begolyubov, N. N. Leningrad St,ate2Univ. "115 ,2 8/2 5/2 2/3/5 
_ 

(1) Numbers appearing in any given column represent articles""oriYgihall 
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M "'1 ;_A-PPENDIX D 

J BssLraaainsr*i' 

. The following list was extracted from the bibliography of appenaix c, part II. It constitutes the basic data from which the tables in the‘“‘ 51* discussion were drawn and upon which most of the conclusions are based. 
Th? list gives the harieus authors, their institution, and the nnmber_ of articles which they published, either alone, or jointly. The foll wi” N 

. . M0 B8, data on Bogolyubov have been excerpted to use as-an example in explaining the system:_ 4 w"‘» /-' ”' ’ 

a 
t M 

p 
c.1a53p{195h:§19ss2 1956 /195zP@195§

Y .d in that year (usually in Russian), although abstracts and/or : appeared at a later time. V 

Numbers ‘appearing to the left ofthe dotted Vertical line under
V 

. column refer to articles found. abstracted, etc. , in 1953, but ly published before 1953. 
Whole numbers, or integers, refer'to papers=pmblished bi the el I -J"

. 

Fractions refer to Joint authorships. 
The denominator indicates how many*authorsiurote the article
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