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fhe quaaipotential method proposed by Logunov and Tavkhelid

ze/l,2/ is effectively applied to the investigation of bound-sta

te spectra and also to study of analytic and assymptotic propor-
k# 

ties of the scattering amplitude. The quasipotential approach ba-

sed on the equal-time description of the two particle system does 

not include a relative time and this is one of its merits. As is 

known the relative time in the Bethe-Salpeter equation gives rise 

to essential difficulties connected with mathematics and with phy

sical interpretation. In the simplest case of scattering of two 

spinless particles of equal masses the quasipotential equation for 

the scattering amplitude reads /1,2/ 

(1.1) 

where p , k are the center of mass system relative momenta of 

the initial and final states, respectively. The physical relati-· 

vistioally invariant scattering amplitude T(s,t) is defined by 

the condition ,, 

T(s t)=32t7 3 T(p K·E)/ 
' I ' / 1~=itE~f(h,L,.J~=~(j..z,.~;J 

t=-f,P-~=Y2 

• (1.2) 

Some possible versions of the quasipotential approach to the 

more general oases are 1~estigated in papers/8-lO/ • 

On the basis of the three-dimensional formulation of 

quantum field theory an equation similar to (I,I) has been 

obtained/2 ,11/as a generalisation of the non-relatiYistio Lipp-
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mann-Schwinger equation on the spirit of the Lobachevsky geometry. 

It can be written in the form 

'T(f ~·F)= V;f:(E)~('t~3 (elf fft;e;:·El'71f;~·E) 
_ __,~ )f;,~ .. z E (E: -E-/tJ) 

where £
1 
= Jltfl•fvlz . r 1 7 

(l.J) 

Note, that (l.J) differs from (1.1) only by the form of the free 

propagators. 

In the present paper the equations of a quasipotential type 

are proposed to describe a system of two relativistic particles. 

These are derived by using the retarted part of the 2-time Green's 

function. It will be shown that this part contains the full infor

mation about the physical relativistic scattering amplitude. The 

derivation of the quasipotential equations proposed in the paper 

may be extremely useful in considerations of the three and more 

particle problem. 

2. ~:J:~Q~B..l:~~ 

Consider the Green function for the two particle system with 

masses m1 and m2 and arbitrary spins 

C ('<, >.; y" y.)= (o IT ( Y;rdl:rK, J Y;},J '1: ~.j;o > (2.1) 

Now write its Fourier transform taking into account the transla-

tion invariance 
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C 0, f.; r., z )fc(K.;.;;-,y.)tl:/t~f; ,;,;) 4! e t 

C(/,;;:;g,f.)=P,./ /!P-tl) Cfq;:; 
1
, 

Here the following notations are used 

P= t,+ 11 
f-=~1;-~t 

t:=;P+p 
t~t~P-f 

O=r;-~ ~ 

f=jlz ~ "j!, ~ 

tt =~tt?~ f 

~ =fz~-1 

The Bethe-Salpeter equation for Green funct 

representation is of the form 

t(fp,r) = t: (f;,J/(p-r J ,, (f) Ji fit,. 
where f:o(/j;)= ..} (;:} s; (~) is the 1 

particles and, for instance, in the scalar . 
s = -=-'--i {:)1._/11z.+/£ 

It ~ 

in the spinor particle case 

~ fj;)= i{f+ ~) 
f -~ ~t-/£ 

~ 
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1/j 

:l'i :; 

= ;;, '2 

C ~ f;?., z )J'C r¥.;,j f,f.)ti,tJ,;J;~;) 1/ e£ 'o/7 -~ Jl J 

Cftt;z,1,)=tf:V' /(P-?J) Cff] M) · 
Here the following notations are used 

P= t-f I? 
f=~t-;t,t 

O=r;~ ~ 

f=Jiz e "j!, ~ 

(2.2) 

/;=} P+p 

t~t~P-f 
ft =jttJ~ f 

~=!l~-, 

r,"= :~m~ (2.J) 

; " 

The Bethe-Salpeter equation for Green function in the momentum 

representation is of the form 

tl!;/lf) = t: (f;)/j,-y) •t. (f) f fft,kY:) C!l? K; 1)' (2,4) 

where f;,(/j;)= ~ {;:} S: ~) is the propagator of two free 

particles and, for instance, in the scalar particle case . 
s = -:'--

i p 2._ /11.1. +/£ 
It :t 

in the spinor particle case 

.s; 0)= i{f ~ ~) 
f -~ ~~-/£ 

' 

(2.5) 
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f( (~f,9)is the kernel corresponding to the sum of the two

particle irreducible graphs. 

Let us now introduce a 2-time Green function 

&-0! XJ,;f.,j.)=(ol T~((ij Y,'(f,.t;) '/:(tj) 't~Jj;o> (2.6) 

and determine its Fourier transform as 

(2Tt)°C(;:-;f) /(P-(J )= 

=fl /x: &; '1~ 1 r/((.;,K.; fo,f.)o;/ P.l-l-f-f~;, ~);, ,;y.J. 
(2.7) 

Then expressing the time-ordered product in (2.6) in terms of the 

[9 -functions it is not difficult to derive the spectral represen

tation /l/ ..... 
Fli •• 1J7.tu;/yJ :!: I l. (( ;:;,,.-) 
u/llf3?:; )~- E +'E )f) +E -i£ 

(2.8) 

0 ~ 0 ;;; 

where 

J;(E;ftrr)= }% { /!E-~)!/;3-~)/:/f-:PX: rf) 
(2.9) 

~(£;~f)= 1% [fiF-t:Ji0f.)J;~rfJ~;t;,:rl). 
- h. 

Here ~: ff) and :x:: r;Jhave the aeanJ.ns of the relati-

vistic wave functions of a relative motion in momentum space. 

Indeed, it can be shown, that 
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t;P~- ~) '}11 r.-u~ 2 ~ ~~_. -tJ!~;-ti{,K~ 1 

d{ I ~"' !loll f. (2it)~j~ ~(' ('0/ ~ 

~;:..... ~ ) v+ (I L 2 fl;, ~ .. k ,'1:-;r,~ -r/ o9£ t1fP-k,. /I.Oftr'/-(2,7)3J«fttr)';~ I I jq <hi 

The plus sign in (2.8) is for the case of 

in other oases there is the minus sign. Th 

in (2.8) represent the retarded and advano 

function, respectively. We denote them by 

Now let us derive explioitely the div 

time Green function of two free particles 

~ 

((P,;,y)=_fo. C(/jf,f)~ 
-.oo 

which follows from the definition (2.7). 

To this end we write down the propaga 

an arbitrary spin in the form 

s (p)=~ !f Ll(pJ"tlr>)! ..[I 
ZW(f') L~ fo-tJ(pj-r/£ fo+" 

where 61{f)= Yp 1 -tJH-z. •• 

!Jt/) is the wave function of positi'V 

with k-th- spin direction and V{f} 
negative energy free particle. 

7 
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.... - ... ft:~, -t;;~-'/?~l ' ~ ff, 2 J/C~ .~ .. ·~., 
(P-t;,)trf)-= (2il)!> ~~( ' • <OI~;;JY;r~~)ln> 

(2.10) 

JlP-;. rx.: (f) 1; :J."-/4·.~: ~ '"'..,.,. ·-t "-=a. 1 'f!q .f) Y;'/q ..-:) 1 o > . 
The plus sign in (2.8) is for the case of odd number of fermions, 

in other cases there is the minus sign. The first and second terms 

in (2.8) represent the retarded and advanced parts of 2-time Green 
""'t ....... 

function, respectively. We denote them by C and C 4 • 

Now let us derive explicitely the division (2.8) for the 2-

time Green function of two free particles using the relation 

=-

Cfi;;,r)=fo. c (/j f',, J ..it (2.11) 

_,.,.... 
which follows from the definition (2.7). 

To this end we write down the propagator of one particle with 

an arbitrary spin in the form 

S(f)=~ f[tlfts;et/r~! .frr}J4PV[oJ/. 
2W(f'J L..1j;-tJ(;t)-rt"E. fo-ft./(j:>""*)-iE j (2.12) 

where 61{/)= Yp 1 -tJHl. '. 

tft;7) is the wave function of positive energy free particle 

with k-th - spin direction and J! ff .. ) is the wave function of 

negative energy free particle. 
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in the fermion case 

( !Jr{J /J~J):(2ht ;;{( 
~ in the boson case · 

The plus sign in (2.12) is in the fermion case and the minus sign 

in the ~oson case. It is easy to check (2.12) in the spinor case 

taking into account the following relations 

£/J(f) @(jftj= W(f//;- If+~ 
/( 

2, v (f) ® v ~~ -:: tJ(fj!:- f _, f- h7 • 
IC. 

Inserting (2.12) into (2,II) we have 112•13/ 

C,(Pptt}=tt/1-y"")__!!!_ l't ~ £ + IZ (jl/2- (2.1.3) 
,..._ I -. }' /Jr~J 1/.~"~J t-J ,.-.j 

0 ) I I I I -7~ t.ll J5 . - I 

• -41 -~ "1 £' /?~I.{ 'Wz -/£ 

where W,· : ()j z"" /?1.. z. 
1 

r; I 

M -/1; = 1/,- ftl) ~ t{ (f,) 
1-) -

/J,. ~ y. ff) @ t( 0cf) . 
I 

~he ohoioe of the sign ia the same as in (2.8). 

8 
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J. ~!..~lJ.!tion!..£.2:t..~l!.U!D_qL Tw_g_~;Ucles 1 

For the sake of simplicity in this section 

case of scalar particles. Then 

~f&r)~ lffF)/f;>--f)= 

_ /fr- """) tTt( 41i[ )+t{t/TJ} 
2 - (f 'I 0f;{JtJ,r;tJ(P.'-(w;p+4f.f"~ +19 

c.'t~ .. ~ L "-t ~... 771 drp- f) 
, r'l!t, r;-' fl/r Jdft -rY= /} r;rJtv~.fi.'l/i /. ~ '!! " r;; /;'-4/.t 1!/ 

First of all we note that the spectral represen 

cates that all the information about the physic 

litude is contained in the retarded part of the 

tion. 

Indeed, define function T/1; f-; f) iii 

manner 

C~rJ=C:Zmr~+ ;' l!?;)7!Jf;,--Jl(; 
Then using the connection of the relativistic f 

/(s,l) with the usual 4-time Green functi< 

9 
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2.12) into (2,II) we have /I2,13/ 

-. A' /)f+) /)~ .. ) _,1 (-~//."-/ (2.1J) =-£ _ _, 111 l't (fbi~ .! It, ~ . , 
/; ~~t.{ t../z /] -~ -t/. ~o/£ p.,.t./., .-w. -/E 

I# r4. o tl 
I :- r/J ..... ~.of> /11.. ~ 

f":. I 
I 

,. 0) (Jp t{ (f,) 

rt) qp I( fp.~) . 
I 

of the sign ia the same aa 1n (2.8). 

8 

...... 
,_.,., 

J. :ll!!L!!LU!:ti!!BU.2~!...§l!!.!!!L~!...ru..~t!cles 1 
For the sake of simplicity in this section we consider the 

oase of scalar particles. Then 

~I& r-1= C: (fp ..... )'4---t J= 

/(r-"j i7i(4f;[J+4t/FJ/ 
= (f ? 0 (;;/ fJ, 1tJ[ P. '-A r;p+~V,{f[ l 2

• 19' 
. //.- ~) ~, ~, •1 l71 rf'1 :J 

t.{!jy N;. ffrJdf;!-v= :?41 r;;tJ41.t;fJ/I?-411fJ·tJ, ({J"t: 

(J.l) 

. (J. 2) 

First of all we note that t e ape h otral representation (2.8) indi-

cates that all the information about the physical scattering amp

litude is contained in the retarded part of the 2-time Green func-

tion. 

Indeed, define function T{1j f-; f) in the following 

manner 

CYfNJ=i'!ffirJ·/ lif?Jl?J;;,,--Ji.(/},-1 (J.J) 

Then using the connection of the relativistic scattering amplitude 

/(5,1) with the usual 4-time Green function 
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Cff!t/1)=~ (f}flf)~to(f,) T!lj~,) t: fl;,) 
(J.4) 

T(5,t J~-/617~/ T(!j ~"t.·. t ', ,.,,. 
we obtain 

jtoff!;) T(IJ"9)Coff/t)cltci = 
(J.5) 

-=fta(f;JT(f;;rJlrf!,-+J~ t(f.,;7y-?;r;;1~,-'l· ,...._ -
According to (2.8) ~~ and ~~ have no poles at posi-

tive values of ~ • So, from (J.5) it follows that 

f, l(~f,f}/ = T(P;t,rJ! = d;f T~1 · ().6) 

/f?=tJ.tf)+tJ,Jf} ~; ~.z.;,.a 
R, ; IJ.ff.) -+Wz ffi'.J 1 1 

' 

The latter relation proves the assertion given at the beginning 

of this section and. makes reasonable to use the function ~r?;;,r) 
as the off-shell relativistic scattering amplitude. Writing down 

the 4-time Green function (2.4) in the form of iteration series 

by use of the Bethe-Salpeter equation putting relative tiaes 

in. the initial and final states equal to zero (in. the aoaentwa 

representation this means the operation (2, 11)) and picking out 

the retarded part one gets 

10 
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'· l 
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C ......... 'I: '"'--z /_-------: ) 'l /-
= Co ~ 1 ~ K Go/ + r C:0 K c;~ K 4 

Treating ?'Z(f} j; f) as an op1 

which consists of functions of the tl 
;;'""'l.t have for the inverse operator(~~ 

(CJ-~(C:)-~ (C:y-t~Uo)~ 
Introducing quasipotential K r.(f} 
. 
I//~ j;-'Z-J-.l/- )'l./, 'l.) 

Jf f. =(Co j { t:o K tfo {?.. / :~. 

one gets the following equation for 

t~ t:'l:+ ;· C~k~c;t. 
·Eq.(J.lO) is the symbolic notation o 

tion 

t~·"rJ-=217/ ~--f'J 
. u. t/.//) t z ;; -~ -t/..~1 t ~ 

- 1 - (; 
:2w.w._[P.·u,-v,_.i.J J t{!;-;. 

11 



(I} f~ f)~ Co 1ft) T /!J ~ 1) t., fl! ,) 

-/6;7
9

/ T(;J 1/7'{,= 1, '= m,' 

(J.4) 

f!}f; 9)Ca(!jf)to/; ci = 

(J.5) 

~~r--Jlr;;,-+J+ t?t;;,Y-lr!J;~1-:J. 
r- -

o (2.8) Ca. and C,4. have no poles at poai-

/; • So, from (J.5) it follows that 

T(P;~r)l = -;/;~ !!5;1 . (J.6) 

"=tJ,((J+WJ(l} ~; ~-z•k·' 
: I.J. ff.) -+CJz{fl;} t I I 

relation proves the assertion given at the beginning 

tion and makes reasonable to use the function T{;:Jp,f) 
shell relativistic scattering amplitude. Writing down 

Green function (2.4) in the form of iteration series 

e Bethe-8alpeter equation putting relative t~es 

al and final states equal to zero (in the aomentua 

on this means the operation (2, 11)) and picking out 

part one gets 
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C'"'--r ;o--z ;:~ )-'l 
= lro ~ 1 ~ K G.y + (d.,k ~ K {;<7) ?_. (J. 7) 

Treat:tng C?:(l} j; fj as an oparator in the Hllbert spaoa 

wh:toh cons:tsts of functions of the three-dimensional vector, we 
J:.-'7-zt' have for the inverse operator(~~ 

;:--ztl ;;~,_ t' t":-z.rt /--)~-'l )-' 
(C / =(Co/ - (f:o/ (~£Co (vo / -t • • · 

(J.S) 

Introducing quasipotential K -c(f;· f~ rJ 

I r;, ft,"lf t:UJ'~: 'J/. · -ft:F-f?:r (J.9) 

one gets the following equation for ?'Z 

C--~ /?.~ _j_ c'l. 1/?.c:t. 
Lr, 1T /(.. 0 

(J.lO) 

.Bq.(J.lO) is the symbolic notation of the ·following integral equa

tion 

,..._. /(p--er} "" .) Ill (/ /· c M· t: v-= 2-.:.u.~-t.L-~ ;;~;;:--_ ~-.t -« ~/v 
(J.ll) 

- ~:. [;; -v, -</, .,f] ft fP; fi £) ciE ;: ff3 ~ :r) . 

11 
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From here and the definition (J.J) the equation for the off-shell 

scattering amplitude follows 

Tr f: fi if)~ I?P; N )+ /1?i; t£KJ h__~ I)~ 6l) cwl 
J 2 w. l/-;/4 f,t;_)(qr,c,)~£{ a-:)-/!-/U 

Here it should be noted that the equation (J.l2) up to unes-

sential constants coincides formally with the Kadyshevsky 

/2/ ( ) tion l.J • "' 
The part of the function C z corresponding to the 

contribution of one-particle state with the mass i18 to 

the sum (2.9) has the form 

----'Z~ • ) E 

equa-

(J.lJ) c f!J/tf/Z 2E; 
Xs (OJ ~Xa+tf":J 
/;- £s -tt'E ~=fP$tY/ . 

Consequently the waTo function ~ (;P~ 
wing equation 

satisfies the follo-

~ (fJJr(./. /~) f)) V J::<-L i - tl 
( ~t t, J. f/} - ;; )..At/f/-2f-1(;f)tJJpJj/\fiJ/Tl)tl;/);tR)}3

•
14

) 

where P. = r " cs 
It is easy to see, that if the kernel ;i(~f,rf) reproduces 

-'l 

the correct spectral representation for C b;r means of the 

equation (J.ll) (see (2.8)), then the equation (J.l4) will 

have only solution at the positive values of total energy }.?. 

Using the identit/12/ 

12 

' 

tY rc:t-; rye·= c· 
we get the normalization condition for the 

functions 

fpw. {I!){J,ff. Jf,.~"'Jl;r;J/rsft-:Jt/t;N·)); 
4. !i!m!i£!:!~!2B..Ji.2.,jj}U~!...s.f~l!!l;i;.!H 

Spin • 

The results of the previous section • 

ly to the case of higher spins because tht 

singular. Indeed, according to (2.13) wt 

,..., - _ ~ .., /II r--{1- 0 -' ~ If;, r -4-r-J 2~ t./l 
Ji?: 

and it is clear that t.,, 

IJf+) I 
f!t./f}~/1 

Po-t.1-~ 
has no the 

(+) 0 

far as /Ji fjf) has the projeoti.oll pro 

which is well - known in a quasipotential 

avoided if we try to oonatruot the equati 

function projected onto the space of the 

energies : 

lJ 



and the definition (J.J) the equation for the off-shell 

g amplitude follows 

~ l:?fj/';1-.J+ !T?~t:_?J~ l'~gf) "·1~) J 2 W. f,<;/4 ~)/t..;r,c;)~~ rr:)-;l-/ij 
it should be noted that the equation (J.l2) up to unes

onstants coincides formally with the Kadyshevsky equa-

l.J). ~z 
part of the function {f corresponding to the 

ion of one-particle state with the mass tf8 to 

2.9) has the form 

. ) /il 
//tf/Z iZ Xs r;o) (1!J Xa +rr:J 

ll- Es ~/£ 
(J.lJ) 

~ = fP$1faZ I ' 

function ~ 0P~ satisfies the follo-

f.!,_ (f?) - fl) X. f/)~2/vtf}C.f,(iJ ~ tf,t),/t:-:)(;rKJ/'"14
) 

D = 0s 
is easy to see, that if the kernel ;t(~f,ff) reproduces 

~l 

ect spectral representation for C b7 means of the 

(J.ll) (see (2.8)), thEn the equation (J.l4) will 

y solution at the positive values of total energr ).?. 

g the identit/12/ 

12 

.,... 

t'( ft:t-,;"KjC·= t• 
we get the normalization condition for the bound-state wave 

functions 

(3.15) 

;, 2 /,}, (f )tiJf. J'K.'rt"'Jl;r; )/t:ft-;}! hfr){ rpltlf = 2 I;, . (3.
16

) 

4. Gea,e~~!!2!!~.2-lb~~!...s1~ll.2J&!L~!L!!L!!:.ill!:!U 

Spin • 

The results of the previous section cannot be extended direct-

-· ly to the case of higher spins because the operator G0 is 

singular. Indeed, according to (2.13) we have 

//.

(+) ll/f") 
t If}" 2 (ffJ (4.1) 

~{P;f rJ= 4-:rJ 2~~~ n_t./. ~w:. ..,./£ 10 .t z 
Jr?: 

and it is clear that ~. has no the inverse operator as 
(+) 0 

far as /1/ f{) has the projecti.oll properties.· This difficulty 

which is well - known in a quasipotential approach /l2- 161 can be 

avoided if we try to oonstruot the equation for the 2-time Green 

function projected onto the space of the states with positive 

energies : 

lJ 
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II 

II 

i 1 

,I 

I 
I 
'I 

.,.. 

c~; rr:rrJ~ /6:2'"l~'~-v~~;(/a--tJJ~~-v~;~~ · (4.2) 
II,K)::' I z l 1/17 I 

Indices i, .J! , k, k 1 denote the spin directions of each partie-

le. 

Using (4.1) we have 
~ 

I" f+) (P: -+ if'l~ 77/ /f;---p ~ ~~ 
LT. .., I p, 7) 2 ;;;: :} Ott •t:: tc.' . 

) I I ~ ~ (1-tJ.t -t.{ +IE 

(4.J) 

Now, considering G(+) and G~+) as the operators in the 

above-mentioned subspace we can introduce the quasipotential K(+) 

by the following relation 

f Kr')= (c.rf~ (cr.y- 1 
(4.4) 

From here the equation for G(+) follows 

~.:) (p.b ... ,~)~ it/~~~ ~-#-f) 
Lr1·1 \ 1::. J::.' 1 fJ ::;--:...;::y...:_-=--!.__..:..._-=-
'' 2~~~~-~-~+/E} 

- _1 ;[ ( (;-) (4.5) 

2 ~ ~ (!: -4/-v. ~~·tj ~ J f;i! [~ f ~jciJtC r~yf} £ ;;) . ~ 1. 

1
11 I) 1 ,.. I f. ,~Jc, J!' 

14 

' 

It is easy to see that by analogy with th 

tion for the bound-state wave function an 

on have the form 

P«) <61.rf.J- 0.) K)pz :ft/t/,lt:J /f.~ 

f -If-) I ·'J Vf+) / 
<'" X. (!J~)LC/, f;FJ ~ {f.__,) A .. , (p / cr;. L Bll' I I 8/_1 I I • ., J I 

"' 
+ Z j;x~~) ~0~ l(p ~d ;tt" . 

.. , , 13/t'(f-:J 1'7/)f;/~ ,:tr') e~. 
1/t::/::. 7 t?'~ 1 KK. !.! t: 
It I -;_, 

~- B 

where X~} :: !Jit/' 1/ • 
B "I '1. l ;{,8 ) ·-

v (+) 'v 
!\.~ t i' AL3 

It is not hard to check that the funotioi 

defined by the operator relation 

t ~) l'cf} . 
-= Lro -f ;/ ~(+) Tr") ~ (r) 

coincides with the relativistic soatterii 

menta satisfy the mass-shell condition 

Po ~ « rt J-(- t{ (ft~J = w, fK.) + wl. r K: 
According to (4.5) and (4.8) T~+J 

equation 

15 



r:;, rJ~ /A~,,., .11. ·v::;il)tJ[/p,.,)~~") tJ)r.~ . (4.2) 
I 1 L 1 )I 17 I 

es i, i 1 
, k, k

1 denote the spin directions of each partie-

Using (4.1) we have ,. 

I" f,) (P. ... j~ i7/ eft~-,,~~( 
Lr, . 'f,! 2 (;f: :} O/t'•K.IC' ' 

111 ~t.{ fl-t.J;-~+/£ 

(4.J) 

Now, considering G(+) and G~+) as the operators in the 

-mentioned subspace we 

e following relation 

can introduce the quasipotential K(+) 

r+)= (G(Irj-~ (cffy-~ (4.4) 

here the equation for G(+) follows 

(!j!~l)~ _77/ ~~I 4~-,/ 
2~/vi l ~-1.1-~ +ltj 

1 z r: r-J (4.5) 

,{1:-4{-V.·'rJ ,.,. ) ~Je-~:~:jt4~e,_:r15f). 
I I,.. 

14 

.... 

It is easy to see that by analogy with the scalar case the equa

tion for the bound-state wave function and normalization conditi

on have the form 

;; .. J' vf+J ... -=- i k v7£ .., ""... ... Lt '")--[t.{(j()+t/.~)- ~ As/f:J 2t{({J~!;:J)/;; \,;"'~1f1k~tfKI'&JK~c4.6) 

fi.-li-) . (+) 

<"" X. ftr)lv, r1rJ ~ ~-'}) Z. (/-> / c/;5" + L Bll' I ' 8{1 I I • ., I I ',I 

-f 2 -~~) ~ 2 f(; _,<4 ;t('-) (1.7) ~_.,?~~-f; ~ d (4.7) 

' . 1;,. 01 "/) !,,. '(j nJ. BK,e 'f 't '! -2 t;, . ',~ /:f ~ (?'~ /Ktc '/J=t. 

• 

')/f-.} j;itti' 1/ I 

where It , . = U u. ;C ) 
Bu' 1 z B 

r; 8 

vr+J v" · ·, 
A,dti'=-AB ~~~~. 
the function T~~J( /ff, ~ ). /6113 

4 t 'i l:.)z' 
It is not hard to check that 

defined by the operator relation 

t ~) J7c'fJ . 
-= lro -1 I ~{+) Tr";) ~ fr) 

/1 Lro (J,. 

(4.8) 

coincides with the relativistic scattering amplitude if the argu-

ments satisfy the mass-shell condition 

/?, -= ~ fi) + t/z. ():__,) = w, (K,) + ?ll. ( £;) . 
Acoordi~ to (4.5) and (4.8) T~+J obeys the following 

equation 

15 
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T M ( p _. .,) = t(r) ( /! _, _,)-+ 
· ·, If, 7 //'• K K' I /1 1 ~/;J:./( 1 

I ) 1 

(4.9) 

(r) / ) _J-J rf .. ) /p -+-) 

I !(.,. .. ,,u.,lf}fit:"" If/:_ /""';,·~,efl/k/9/ 
+ f ~ w, r,e;Jt.{ (IZ,Jfw,r£J--v, r,o-~-/d 
'",~ 
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