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CONCERNING THE INVARIANT CONSTRUCTION OF THE QUANTWM THEQRY O A FIKLD
N. N. Bogolyubov, Corr Memb Acad Sed USSR

V., L. Bonoh=Bruyevich
B, V, Medvedov

The ropeated ahtomptmonutruot a quantum theory of a field whose rel-

ativistic .‘mvnrd.ar# would not be purely 111\:@ which it would not

be necessary to resort to physically absurd consequences/with the help of e
so-called "deductive formalism! have not ket with success. Therefore, we have
undertaken in thia work a deteiled investigation of the conditions imposed on
any quantum theory of a field Bplely by the requirement of relativistic inver-
.umii- Wo write thesc conditions in the rorm of tho well=known permutation

relationshipat - -
rpa)[/y,g].o sy//opj=a WAIER

vl VAR = gt YL ] s e //”///3,-‘%{7‘ 78

" ‘:v I\, ‘,_7 Canllh A M ]+ ceqpl DAus= 0 (4AP= 443D |

oo ertum
N”‘ W ) Here H, By, M(; and Ir are bhevoperators, reppectively, of energy, damwec=

f
( Iz)(
pulse, moment, and the time part of the 4-moment M=oc=1)

It is easily seen that all the relaticnships (1) are not independent. |
For example, all remaining relationships are consequences of the relaticnships

(la) &, (lf). Therofore, we will consider only the relationships of the first

group.

The relationships (1) were recently studied by Dirac (P. A. M. Dirac,
Rev, Mod. Phys., 21, 392, 1949) for the case of the classical theory. We
will consider them within the limits of the method of secondary quuntization,

We introduce the ordinary operators a;:, &y conforming to the permutation

54’ 44~ 00

rules:
(2)
(for simplicity, we restrict oursdlves to the case of 4 Bose statistics).

" | The index u is & combination of signs m and M, the first of which is the or=

dinary wave vector, while the second characterlzes the nature of the fleld,
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the charge, the number o!' the cqnponant., eto, In those cases in which M takes
v b

on disorete vnluu,r\the dymbol dl(“r) Wo designate

f/d'ﬂ)d///'tu}?/‘ﬂ?ﬁ/a-) /r//lt .-./{« {;;p)7/0(m(/—;io)(3)
3 o~ Ta « T (k)
Wie will algo"dse the symbole ( ) and’ [ 7 to designate aymmetry and

alternation, respectively, with respect to the indices in the parenthese~ ~r
brackets,
We will consider that any operator encountered in the theory can be ex=

pressed through a;:. and Y and conscquently can be written in the form:

Fo S8 fatnar 4 09, T (5)

LS
where the functions fpg(uy,eee vy My} 1\,,......7«;_) a).fre nnotric with respect
my
to permutations of the argumants within each group. W can show that the

commutator of two operat.ors F and G of the type (5§ has the form:

FG—GF = % _/m,w (v... ,,~..-~fr'/— (6)

where V4 J
h‘J"A“)[t*S i
/( /V ?") 2/‘{5 e ‘., ’4¢-m),’,,/f [).’ |
Se/
_ x[)‘;/h’_//g...vm;z;...2}'_(,‘0‘,",,‘G:)a |
X 7 ] ~ o~
;ﬂ‘:-hﬁe ‘(’):" Tt ):) 0;',,, 6:')' ‘f‘fv-l P /f’ )x
X_;MF»S(/)/I;.\" ',,'T{()‘S:"'G->‘ (7)

h"‘ »\,,' ,6‘11; ...r)
In con.t‘orﬁﬁw with the above we wriée the operators Poc, H, Iﬁin the ror it

,/d/‘ A & _'J)/b//‘y‘? q, (a)

S8 Stn Atk 0 T ®
28 Fatmse 2 fot) 77T
? where po¢ (4)= E@&) '"' and E(M) = + 1 according to thu sign of the charge.
Y ' From the relationships (la) and (ld), we easily obtain:
"}

; JZ/""J/ J‘/z"/"')"iﬂﬂk)/ [rA) ) |
(10) i

b //"”/‘ ~eS é/‘j“f— ...MJ )f ,.//’HJ/ ;
) (where the prime indicates diﬂ'erentiation ¥ith rewpag.t to the entire argument).
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Fron (le) it follows that, because of (7), (8), (9), and (10):
) Z h%) = Z/vr’?')) Vemsee) (i T e &, £ 5""/’5}’\& L

Lansgmm)liers . (w)
o "(V i ré-j‘/{n%z' Fh=m)! fr=¢€) /s'/:/ -§)x
T

whex-e\L f/if) 'D(:‘) [ifm rosol | e f’n—s-me]

‘Ss-j-'-'z VP/V)‘Z"‘/Z')_: /‘/6‘)‘{ (12)
On the bao{e of {le), (8c), and (10), we have, taking (7) and (11) into
conaideratiox:\/,/ . J”/" d’/;& [prh ) = pofe )/;7 7/7/)‘"'&? -
Mﬁd\

r.l'l

28 Jipn d s forr )b e

where

A'/
Finally, the relationahip (1f) yie s:

. T HES = ). ‘S"tﬂ/
* ZS‘B»% éo ’h-»ﬂ‘/’f rss¢ i[‘?(s —S>m Y" £ o= e\h.s me)*
w8(45") 575 (oo me“r o (2 P S'hiz)) -

E(_g)p/‘ 5.*)\0‘"5 " .»r-s-/ =8(5™ %)% f't'f-\rnu =t J& |

I(SMJ/ZN.—E Z))- Swél_,[z hiv:) f 2 }}o/\/ z)~ |
~ 6y 8p /2 /*N.)-ét/sr?z» Vg, ) (s) ;

,Uig /‘/?)‘Z//V/"Ef /6"/} (16) .

ot [ty

where

[}
s =Ees Cemer
The solution of equations (11) and (15) givea all forms of Hemiltonians

] which are possibie in the relativhsticelly invariant theory. Equation (11)

t plays a basic r~'., since from this equation are determined the values of
(Pml(p.;ﬂ.) on *he special surface ff,p("'i) -/ezf/ p(ﬂk) which figure in the
Hamiltonien. Equation (1l) is eaa‘ily solved in the general form only for
free fields, when all unctions fml(mk) = 0, except ?11(1*3 A). In this
case, the Hamiltonien is easily diagonalized with respect to the major index,
and we, as maght be expected, obtain:

2t NFp T wm) + ) ALY T m ) an

where K%(M) is the constant of integration. Fpom the Hermitian nature of H,
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it follows that 'K.% >0, ag it should be, The functien Fn(mk) is detor=
mined fram (15)
In the gonoral ocase, (11) hap the particular soluu?l
fos ™ ,‘/.{Lg}éyﬂv) -¢;”‘9,{ ) t'é‘kéz‘//k'y)"‘”ﬂ/d,)zjh
* 4’;”:‘,‘/‘/&_)-“/,% ) ] % |
JO [ A B b ] iy (m # ) 8

) e ITRERT | a0 (TR (L DR |

Here gy and g are arbitrary real functions and ?:/E/ (‘!) an arbitrary con-
stant, The function Fp) are deterninsd from (15). Hor the case of a ngpiple i
Hamiltonian when only ?u. ﬁ-" and ?,_1 are d:l.frerentéy from zero, & similar
solution (with no Bhdication of tho method) was roportdd Snyder (Hartland S.
Snyder, Phys. Rev., 73, 524, 194,8), In this paper, the coefficient i in the i
exporent was left out, apparently because of a typographical error. The gen-
eral solution of (11) for the case of interacting fields im much more diffi- ,
cult. However, it 1s not required for the meantime, since the theory is still
too general. Actually, up to thls time we have not evenkmk introduced the con-
cept of coordinates (therefore the tool developed may prove useful for the stu-
dy of quantized space=time systams) and the interaction can be as “gpread out"
Yy as desired as well as "point"., But the condition of weakening of correlation
must be formulated in any theory, and it imposes mery important new restric-
tione on the functions , to which we hope to return later. e note in
conclusion that the considerations developed above remain the same for Ferml

fields, except that the calculation is made sirgihat more complex because of

g TS

the antisymmetry of the functlons Pml.........Submitted 11 August 1950
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