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: The method oL w~rks/l-11/;·ls genera
lized :t;:.o the case ·of Fermi particles.· The 
constructions of. .. ground ~-state functional 
'(29) 1 (30). and eXCited State fUnCtional 
(59)- (6ff are _given analogo'usly with the 
Boson case /1/. ·Equations .('37) for coeffi
cient functions: of ground state functional 
~are derived; they are the Yukawa equiva
·lent ·of g¢ 4. ·-eqs. JS).- E-quations (37) are 
rewritten in dimems'ionless va.riables (§3}; 
tnis step .is useful for the 'ihv~s-tiga tion 
of strong coupling limit·. We .do not suc
ceed, however i unr'ike g¢ 4 model/1-1/, in re
ceiving strong coupling· decompositiori. ·;.. 

. The construction of-asymptotic ·states 
is given;;;·· 4; so that the scattering 

·. problem is' reduc'ed t.o···ti1at ·of solving 
Ekstein equations: /9,11/. ·. . 

; The transformation is ·given:·which · 
turns the· Ta~-Dankoff·· eouations<:Lnto:: .. 
equations·· of ·our:metnod:"Citerri·r~i> .; /-_,_ 
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Introduction 

We have proposed and are now developing a method in 
quantum theory of boson field I I- II I. Unlike the approach 
of general use /13/, we mainly consider notthe scat~ering 
matrix but the vecto'rs · of physical states, that is the 
eigenfunctiorials of the Hamiltonian._ The investigation 
of the ground state functional n 0 and of the simplest 
excited state functionals provides the way for constructing 
the asymptotic state functionals; thereafter it is possible 
to determine the scattering· matrix'-solvl.ng the Ekstein 
equation /lJ · 1 2 / 1 

.. , 

1. Our approach is based on the representation 

no 
-K 

l' (1) 

of the ground state functional; here:: " is the series in 
powers· of field variables, e.g., for ;the mojl~l of neutral 
scalar field with the self-action · g ¢ ·1 !r"-

~ =<J~_(k)'¢(k)_c/J(-k)dk 

4 . 4 
+JC4 (k 1 .k2 ,k 1 ,k 4 )~ (¢(ki)dki)o(1 kj) 

+ •• (2) 

= f p (<f>). 
n =I 2n 

-----~----~---~----------· ~· 
"' It is pos,sible also -if there exist the bound,· states .. -
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Substituting (1) and (2) into the Schrodinger equation 

( H - E 
0

) !l 
0 

= 0, 

where (for· g¢ 4 model) 

H.= .L fdk [-
2 

2 . 0 . 2 2 
o¢( k)o¢(-k' + (k +M >¢(k)¢(-k)] 

. 4 4 
+. gf ·v <¢<ki )dki)o c'T k i> 

gives the system of eqs. 

1 Eo= ""2o(O) f a(k)dk 

a2( k) = k 2 + M 2+ 6J C4 ( k, -k, s, -s) ds · 

C4 (1,2,3.4)2 4 =2g + l5fC 6 (1,2,3,4,s,-s)ds 

(3) 

(4) 

(5) 

C6 (1,2, ••• 6) 26 + 4[C4 C4] = 28fC8 (l,2, ••• 6,s,-s)ds 

which determines the coefficient functions of decomposi
tion (2) and the ground state energy E 

0 
•. 

1.1. Let us make some remarks here, concerning 
representation (1)~ 

1) Equation (5) implies, that the coefficient functions 
c 4 , c 6 •. • are irreducible in the following sense: None 
among homogeneous translationally-invariantpolynomials 
p of series (2) contains the part equal to the product of 
tilb homogeneous translationally ·invariant polynomials 
(such a product part necessary gives the singularity for 

4 

; 
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,/ 
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j 
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j 

I 

I 

the coefficient function c 2n and :according:·to (5) all 
these functions are regular). 

2) Let us. consider also another representation of the 
ground state functional · 

0 0 = l + fy 2 (k) ¢ (k) ¢ (-k)dk 
· .. 

(6) 
... - . • 4. . .. ·. 4 

+fy (k
1
,k 

2
,k

3 
,k

4
) n <¢<k. )dk. >o <I. k.) 

4. 1 11 11 

. +- •.. = Iq 2n(¢) • . 0 . 

One has, evidently 

r 
q2= -2p2 

l 1(1--)2 
_q 4 = - 2 p4 '+ ·""T 2! p2 • 

(~a) 

' 

This formula and the irreducibility of the coefficient 
functions of expansion (2) imply -that the coefficient 
functions of expansion· (6) are not irreducible:··. 

3) So· representation (1),- (2) is, in some sense, the 
simplest possible one. · :; 

: ~ ~ ~ -; 

4) The unphysical ground state. ~nergy.~is separated 
from essential part of eqs. (5): firstofall; tli·e:second and 
subsequent equations of system (5) are to be solved with 
respect to functions a , C 4 , c 6 • .. and then the first 
equation (5) gives the value of E 

0 
. 

5) The equations for the determination of coefficient 
functions of expansion (6) are similar to the Tamm-Dankov · 
equations. The transformation of the coefficient functions 
according: to formulae (6a) turns these equations into (5). 

6) Let. us substitute in (6) and (2)the meson creation 
operator I)* ( k) for the fUnction cp ( k) ; denote these new 

5 
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expressions (6) and (2) by n 0 and K ', respectively. Let 

· us search {or-.'_j:he-' ground· state (of the niodel g ¢4 ) in . · 

,k_:;~;0~~/~f~, .. _,:,:~~::. · . ~ o = n_o 1 o > ·_ 

-(he;re 1 0 > is the state without mesons); then to determine 
. the coefficient functions y of the operator no we get 
exactly. the Tamm-Dankov equations. If, otherwise, we 
search for the ground state in the form 
. . no = e ...:K 'I 0 > ' 

then .we get for the· determination of the coefficient func
tions. a , C 4 , •C6 ••• of the operator K ' by the method oL 
· 2. the system of equations similar to (5), though more 
complicated· (the equations will contain combinations of the 
functions •C up . to the fourth order instead of combina
tions. of the second order- [ ·CC] in (5)); we mark this 
system of equations by.(5a). So the connection 

' .· Q Q = e -K' . . 

defines(through the equations like (6a)) the transformation 
of unknown functions, which turns the Tamm"'-Dankov 
equations into· our type equations (5a). 

In practice, we use · eqs. (5), and not (5a), for the 
sake of simplicity. · 

1.2. In works /I-11/we. were restricted to the case of 
boson quantum field theory. Now we are able to 

·generalize our method to .the case of the Fermi 
particles. · . · .. . 

1.3. We shall consider the Ytikawamodelin two-dimen
sional space-time. This model was studied by 
Glimm and Jaffe /14/. Our investigation has little 
in common with that of /14/ . . , · ·· 

· Our ~odel i_s defined by the Hamiltonian. 

H =ftfr* (p) (a1 p +a3 p)tfr(p)dp 

+.1.Jdk [-
82 

+(k
2

+M 2 )¢'0d¢'(-k) 
2 . 8¢'(k)o¢'(-k) . . · · .· 

(7) 
. + gftfr* ( P:i) a

3 
tfr ( p 2 ) ¢ '(k) 8 ( k+p 2-:Pl) dp 

1 
dp2 dk 

where a 1 ·and a 3 are Pauli matrices, 

6 
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.1 

I 

tfr * ( p) tfr (q) + tfr ( q) tfr * ( p) = 8 ( p..:. q ) 9 

tfr(p) tfr (q) +tfr (q) tfr (p) = o. 

1.4. We · shall split the quanti'ty fl 

fl =v+A; 

~(8)' 

according . to 
·• 

(9) 

. The convenience of such splitting will be clarified 
later on .. 

1.5. It-is useful to introduce two-component normalized 
eigenvectors u (p) and v( p) of the Dirac operator 

d(p) =a1 p·+a3 v 

d(p) u(p) = E(p) u(p) 

_d(p) .. v(p) =-E(p) v(p),. 

_E(p)=yp2+v2, 

·u*{p)u(p)='v*(p) v(p)=l, 

u*(p) v{p)=O. 

The formulae 

(10) 

•• :;i ··-

.' (11) 

(12) 

(13) . 

\ 

tfr{p) = u(p) a+(p)+ v(p)a_::(-p),. 
. . '. (14) ' .. 

. tfr.*(p)= u*(p) a~(p) + v(p)* a~(-pl 

.. introduce operators at ' a*- . and a! 'a- of the a~nihi
. lation, and creation of the cl!a~ge~ 'From (8) and (14) it 

follows 

'·~": 

" 

7· 
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• 
[a* {p), af3 {q)] =o(p-q)of3 

a + a 

[a a ( p), · a {3 ( q)] + = 0 9 

(15) 

here indices a , {3 take the values ± • The operators of 
ferm"ion charge arid momentum take the form 

Q = ft/J*(p)t/J(p)dp 
(16) 

=fdp[a~(p) a+(p)-a~(p) a_ (p)] 7 

PF = f dp t/J * ( p) t/J ( p) p 

(17). 
= f dp p [a* ( p) a ( p) + a* ( p) a ( p) ] • 

' + + - -

So a± {p) (a± (p)) are the operators of the annihilation 
(creation) of the particle with the charge ± 1 and momen
tum p. Note that in (16), (17) eqs. (13) are used. 

1.6. Let us introduce new variable- of meson field. 

¢'{k) ,= r o(k) + ¢(k) , (18) 

Sunstituting (14) and (18) into (7) transforms Hamil
tonian into the form 

8 

H = h + h
1 

+ V, 

where 

h = f dp E ( p) [ a* ( p ) a ( p) + a * ( p) a ( p) ] 
. + + - - ' 

' 1 ' 
-- fdk ·a 2 ' 0 cp(k) 8¢(-k)+ gfdp'1 dp2 dk-¢(k). 

(19) 

(20) 

{.. 

~1 

~ 

' I 
I 

[A(P]_.p 2Ha!(p1 ) a+(p2 ·)+a_:(p 1 Ya.:_(J2~))o{p 1 : .. :p 2-k) -

- B(ppp 2 ) a+(p1 ) a_(p2 ) o (prf-p 2+k)] 9 

< .. 

h 1 ~, ! J d k ( k
2 

+ M 2 )¢ ( k) cjJ (-k) +o (9) ( ~ M_ 2y 2- fE ( p) d p) 

+ ( M 2y - g f A ( p :-- p ) d p) ¢ ( 0) . (21) 

+gfd_p
1 
~p2d k B,(p

1
{p 

2
) a: (p

1
) a*..,(p

2
) _¢ (k) o (p 

1
+p

2
-k). 

V = (.\ + gy)ft/J*(p) a 3¢(p)dp, 
.• 

A(p 9 p h= u*(p )a u(p) 
1 2 1 3 2 

-v(-p2)* a3 v(-pT)' 

B(p1,p2) = u*(p1)a3v(-p2) 

v (-p2) * a3 u (pl) • 

Note that 

' 

·; 

A ( P.! 'p 1) = A (pI' p 2) = A (-pI' -p2 ) ' 

B (p2,pl),;, -U(pl,p2) = B(-pp-P2). 

. (22) 

(23) 

(24) 

./'-

.' ( 

(25) 

For proof of eqs. (23)-(25)- the following formulae-. 

v(p) = a 1 ~3 u (p) 
(26) 

u (-p) = aau{p)' 

9 
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and .the fact that the vector u ( p) is real, are u.seful. 

I. 7. Taking· X to be eq_llal 

X=- gy 

.we get rid of the third term in (19)~ 

(27) 

1.8. Define I 0 > .· as the state of fermion 'vacuum: 

a±(p) IO> = 0 (28) 

for all P· 

1.9. Now we are iri a position to proceed to our gene
. ralization pf the ground' state functional construction (1), 
(2) to the case of Yukawa model. · · 

2. Ground State· 

· This generalization is ~iven by formulae 

- ·~ (-K~I n = e 1 o > = ~ --. o > 
0 · n! · (29) 

and. 

2K= c 01 rfJ(O) + f c
02 

(kpk 2 ) ¢(k1').¢(k.idk 1dk2 o(k 
1
+k 2 ~ 

. · + JC20 (p,q) ~: (p) a~ (q) dp dq o'(p+q) 

3 

+fCoa(kpk2,k3~ IJ (rp (ki )dk no 0:. ki) 

. + fC 2 1 (p1; q i k_~a~ ( p1 ) a~ (q 1) ¢ ( k) d p1 d_ q 1 d ko ( p 
1
+ q ck) 

= ~-· fC2n r (php2,_ •• p ·;q1,q2 •••• q; kl,_ •• k )_, 
n+ r> 0 ' n . n r .. 

10 
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'· 

~~: 
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n . r ·. .. :,\··~ 

Il (a*(p.) a* (q.) dp.dq.J Il ·(rp (k;-) dk .. Y·. 
• 1 + 1 - l 1 -~ 1 1 1 

.t 

. (30) 
n . , r 

o(~ (p.+q_J~~k. ). 
1 · 1 1'- . · 1 ·1 

Note, that' all terms of expansion (30) commute with. each 
other. 

2.1: Let us substitute . (29), (30) into Schrodinger
equation· (3) with Ha.miltonian (19). 

It is easily seen that 

2 2 . 
'0 . -K -K [ 0 K. 0 K 

e =e - + . 
ocfJ(k) o¢ (-k) o ¢ (k) o¢ (-k). · . oc/J (k) 

n n-1 . , 
a ( p) K I o_ > = n K [ a ( p) / K.1J 0 > ' 

~ . ' 
a ( p) e -K I 0> . = - e -:K J a ( p), K 1_ I 0 :> 

a(p )a(p )e-KIO> 
1 2 

~l 
0 ¢ (-k) ... 

(31) 

(32) 

(33) 

(34) 

= e -K [ [ a ( p L K 1 [ a ( p ), K 1 - a ( p ) a ( p J K 1 I 0 > 
. I - · 2 - · I> 2·.~' . ,~_ 

So vie get . 
:!f ' 

[- E 0 + h 1 + ;:-K - hK 11-0 > = 0' (35) 

. here, according to (iS),· (20), ·(31), (~4) ;.· 

KK = _ _!_ fdk DK ~ 
·· 2 o¢(k) o¢(-k) 

-gfda d~dk 0 Ca+~+k)cp(k) B(a ,~) (36) 

[a (a},K} [~ (~);K]. . + - - . -

u· 
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The last term in (19) is, because of eq. (27), equal 
to zero and gives no contribution to (35). 

2.2. Having got rid in (35) of the annihilation operators 
we represent left-hand side of (35) ·as a sum of 
homogeneous polynomials in variables ¢ , a: a:. 
In order that such a sum would be equal to zero 
there must be: equal to zero also each of the 
above-mentioned polynomials. 

So from (35), (36) and (20), (21) the system of equations 
follows: 

(37.0.0) 
( )[ l 1 2 2 E 0 =o0 -JC02 (k 9-k)dk-JE(p)dp+-M y] 

2 . 2 

. (37.0.1) 
2 

C 01 C02 (0,0) =-2(g J A(p,-p )dp-l\1 y )+3JC 03 (0 9 s,-s)ds 

-gJ B(a·,tn C (a;f3) o (a+f3) da df3 

Let us take now the value Y such that right-hand side 
of (37 .0.1) be equal to zero; then we have 

Col= o, (38) 

· this equality simplifies the subsequent equations; 

2 2 2 
C 02 (k,-k)=k +M +6JCo4 (k,-k,s,-s)ds 

(37.0.2) 

-gfB(a9{3) C 21 (a ;{3;k) o(a+f3-~) da df3 

C03 ( k1, 1<2 , k 3 ). ::£ 03 = 10 f ~OS ( k1 9 k 2, k 3, s, -s) d s 
(37 .0.3) 

-gsymm(k
1
,k

2
,k

3
)JB(a,f3) C

22
(a;f3;k

1
,k

2
)o(a+f3+k

3
)da df3 9 

12 

(. 

" I 

! 
'· !, 
! 
0' 

,1, 

'):·. 
! 
. ' 

I 

' 

f. 
·,. 

't 
:· 
! 

I 
'I 

' 

I 
I 

I 

.. 3" 3 . ' 
co 4 (ki9k 2' k3 ,k) + -4- [co3 .. c.o3 J (kl,k2,k3 9k 4) 

. . . 

=15 J c~6 (k],k 2'k3,k4 ,s,-s)ds-gsymm(kl,k2,k3 ,k4) 

(37.0.4) 

J B (a,f3) C 23 (a;f3; kl'k 2,k 3 ) o Ca+f3 +k 4)da df3 

........ 
C20 (p.;-p) ::£2o=JC22 (p;-p;s,-s)ds (37;2.0) 

c 21 (p; q; k) ::£ +2g 1
4
.\c20 c ~ 0B](p; q;k) + g [A c 20](p; q; k) 

.=2gB ( p, q) + 3 J C23 ( p; q; k, s; -s) d s 
(37 .2.1) 

-2·2gJB(a,f3)C 40 (~,p;f3,q)o (a+,B+k,)d~ df3 

c22(p;q;ki,k2) ::£22+ 2-lf3
[c2I co3] <p.;q;ki,k2)-tg[A~2I 1 

+2g 14·1( [ C2o C 2IB ]·+ [C2·1 C2o B] )(~ ;q;k(,k2) 
(37 .2.2) 

. . . j;>' 
=6 J c24(p;q;kl'k2,s9-s)ds-2•2 gsymm(fl'k2) 

JB (a,f3) C41 (a,p ;{3,q;k
1
)o (a+f3+k

2
) da df3, 

(37.2.3) 

1·4 2·3 
c23(p;q;ki 9k2,k3)I23+ 2 - 4-[C.n co4l + 2 -4-[S2 co3l 

+2 g l ~ 1 ([ C2o C 22B] +[ C zi ~o B]+[.C2IC21 B]) + g[ A C22 ] 

= 10 J c25 (p; q ;.kl' k 2' k3 959-s )ds-2·2 g 'symm (k l'k29k;) 

13 
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I.B (a,f3) C42 (a,p; f3,q; ~1 ,k 2)o (a'+f3+k3 ) dci' df3 , _ 

c~o (pi ·P~;q·f~2) I 40 + 
12 [ c ~1(:21. 1 (37.4.0) 

= I C 42 ( p , p ;q· , q ; s , -s ) ds , 
I 2 1 2 

. l ·2 . 
C 41 . ( p , p ; :q • q ; k ) I -+ 2 -- [ C 

21 
C 

22 
] + g [ A C

40 
] 

. 1_. 2 1 2 41 4 ;; . 

. . (37.4.1) 
1· 2 . 

+2g~([ C20 C 40 B] +[C40 C20 B] )(ppp 2;qpq 2;k) 

= 3 I C 43 ( p I ; p 2 ; q 1, q 2; k , s , -:-s) ns 

-3·3giR(a,f3)C6o(a,p1 ,p 2 ;{3,q 1,q 2)8(a+fJ+k)da df3 

and so on. In (37) we use notations like 
n 

I 2 =ei [E(p.)+E(q.)}+IC 02 (k.,-k.), (39). 
. n, r I 1 1 1 1 1 

[ C 22 C 0J (p:q;ki ,k2,k
3

)=:. symm (kl'k2,k3 ), (40) __ 

c 22 ( p ; q ; k 1 ' p + q- k I ) c 0 3 ( k 2' k 3 '-k 2 - k 3 ) ' 

[ C 22 C 4_1 B] ( p~ 'p2 : q 1' q 2; kl' k2 'k3 'k 4 ) = 

= symm (PI • p 2 ; q 1' q 2 ; k I~ k 2' k 3' k 4 ) .' (41) 

. 14 

.·._ 

c22 <pi;f3; kl'k2)c4t'<a',"p2 ;qi ?q2; k-~) -~--~~· __ f3> • .. ·· 

a= k 3 - P 2- q C q 2' f3 = kl+k2-p I ' 

~A C4~] ( p1 , p 2; q1 ~ q 2;k~ ;k2;k 3) ~- symm( kl' k2, k3 ) ~ 

A(p p· -k·) C (p -k -· p · q q · k k ) 
I' 1 . 3 42 1 3 ' 2 ' · 1' 2' . I ' 2 

''P.,_ 

. +A(p2,p2-k3)C42:(pl,p2...:k3 ;q1,q2;kl,k2) 
·,. 

+ A ( q 1 • q c k 3 ) c 42 (PI • p 2 ; q i - k 3 • q 2 ; k 1 'k 2 ) ( 42) 

. . 

+A (ql ,q2.::.:.k3) C42 (pl'p2 ;ql;q 2-kg;ic~ ,k2)} • 

:....,., 

symm· denotes the operation of symmetrization over boson 
momenta { k) and· antisymmetriiation. ove.r. the momenta 
of idEm tical · fermions _ (this is made over p and over 
q separately). · · -· ~-~ ~ . 

2.2.1. System (37) is Yukawa equivalent of eq.(5). 
2.2:2. The splitting of mass parameter (9), item 

1.4., has the only aim to remove the first term 
of expansion (30) and _t<t, siinplify)1n this wa_y 
eqs. (37). _ · ' '' · · 

2.3. It follows-from (37 .2.1) ~hat: 

C 21 (p;q;k) = 2qB(p~q) /:£21 + ... . (43) 
:.• -·. .. . 

so that the last. integral in eq. (3_~.0.2)' diverges; intro
ducing. instead of M 2 a new parameter· m 2 by the formula . 

·,. -~. . . . ·- . ~ . ·-
2 2 '. . . . 

. M =m +-giB(a,~a) C 21(a_;-a·;o) da (44). 

(comp~re ~ith eq. (II) in' /I/ ) we eliminate the diver
gence, eq. (37 .0.2) taking the form ' 

.15 

... -: 
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• 

2( 2.2 k ·. C 02 k,-~) = k + m +6 JC 04 (k,- ,s,.....:s)ds 
(37 .0.2a) 

+ g fda [ B (a,-a )C21(a;-a; 0)-B (a,k,.-a)C21 (a;k-a;k )]. 

On substituting eq.(37.0.2a) for eq. (37.0.2), system_ (37) 
contains . no divergences (with the only exception of eq. 
(37 .0.1), see item 2.5). 

2.4. Let us consider, for the proof of the latter state
ment, the. asymptotics of some .functions C n r for 
large values of momenta~ In order ·to get these 
asymptotics, it is sufficient to·determine C nr in 
the lowest order in coupling. constant · g ; the 
higher order corrections a:re (relatively) small 
for large values of momenta. So (37 .2.2) and 
(43) give 

C 22 (p; q; k I , k 2 ) = -2 ~ symm ( k 1 , k 2 ) [ 

A(p,p-:-k2 ) B(p~k2 ,q.)-

'(45) 

A ( q; q- k 2 ) B ( p, q - k2) . · 
+ . . 1 

E ( p- k 2 ) + E ( q) + C 02 ( k 1 ) E ( p) + E ( q- k 2) + C02 (k 1 ;....:k 1) 

·<E:<P~+·_E(q);+-·c:~2 (k"l'"7"ki)+Co2<k2,-k 2))-\ .-. 

According to (23),• (24) one ha's 

A(p,p+s)B(p+s,-p)= u*(p) a
3 

u (p+s) u*(p+s)a
3 

v(p)' 

ai(p+s) +a3 v +E(p+s) 
=u*(p) a3 

2 E (P + s) 
a

3
v(p) 

(2 p + s) v 
_ E(p+s) E(p) 

(46) 

Here the columns . u, v are handled in the same way as. 
the solutions to Dirac equation /I 3/. , . · ·· · 
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Substituting (45), (46) into (37 .2.0) gives. 

c20(p;_;p)=O(Ip\-~. IPI ~·oo::· 

Analogously, substitUting (45) into (37.0.3) gives. 

(47) 

Cog.(k 1,k 2 ,k 3 ) = O([max(\kJi,·lk2\,·\kg!)(~ •. (48). 

Substituting into (37.0.4.) the following equation 
. 2g 

czs=-(g[ Acz~+ 4[ czicz18 n /Izs+ ... (49) 

gives 
. ... . . . . . . .. ' -3 . . 

C
0
ik

1
,k

2
,k

3 
,k 4 ) = O([max(\ki\,\k 2 \,\k3 \,\k4 ])1 ). (48a). 

These examples show that all integrals in system (37), 
(37 .0.2a) converge .. 

2.5. The only exception is eq .. (37.0.1) where the 
integral ·· 

da · 
f A(a,-a) da = v f E(a) 

and quantity M 2. (44) logarith:mically diverge. So, 
(38) and (43) give \ · · ·· · 

-1 
y = v/g + 0 (( ln f) ) • ·· (50) · 

The divergence of M 2 makes system (37) supersensitive 
to the parameter Y: infinitesimal (= On £)-1 ) variation 
of this parameter implies finite (= l) variation offunctions 
C nr·· We meet such a phenomenon for the first time. 

It follows from (50), (27), (9) that 
jl. = 0 (( ln o-1) : . . . . . 

system (37) is supersensitive also to the parameter p. : 
Without performing transformation (18) all the · func-

tions would be infinite. · · 
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3. Transformation-to Dimensionless Variables. 
Weak and Strong Coupling Approximations 

Equation (7) implies the dimensions of ¢ ( k) , t/J Cp) 
and · g . to be those of inverse mass, square root of 
inverse mass and mass, respectively. (For determination 
of the dimension of variational derivative_;.it is necessary 
to have in mind that o <P I o¢ < k). is only the notation 
for the limit_ of expression . 

[ <P ( ip + o ¢ ) - <P ( ¢) ] I f ds o ¢ ( s) 
-for· 

o ¢ ( s ) .= >. ·o ( s - k) , A -+. 0 ) • 

3.1. So, our quantum field theory model is completely 
determined _by three constants of dimension of mass: v (9)~ 
(10), (12); rri (37.0.2a); _g · Actually, the theory depends 
not on these three parameters, but on their two. dhnen-
sionless combinations (compare II I, item 2.1). . 

· 3.2. Any of parameters v, m, g can be used to 
. -· ' 

transform (37) to the dimensionless form. 

Let us take, e.g., 

p = mp 

k =rrik/, 

¢(k)=m¢!(k'), 
(51) 

a+ ( p) = 
1 

a ~ ( p ' ) 
- I -ym 

. 1 . 
a! (p) = -==- a~*(p ') , 

- V m - .; , 

(new operators a', a'* satisfy canonical anticommutation 
relations (15) also). . 

Let us introduce new coefficient functions C 'n-r . via 
expansion (30), ill pbwers of new function cf< '.. and new 
~perators· . a'*~ 
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. In order to get the equations for the determination of 
functions C'nr olle must substitute into (37); (37.0.2a) 
_the following quantities. 

v-+vlm. 

m -+ 1 

g -+ gl m 

(52) 

(53) 

(the parameter v enters into eq. (37) through functions 
(12), (23), (24)). Let us make. an additional transforma-. 
tion 

C' = C" (·I )n+r-2 
nr nr g m , - (54) 

The equation for C'~r can be received from (37) by the 
following successive manipulations: 
1) substituting (52), .. 
2) putting g /equal to unity, , 
3) adding the factor ( g/m) 2 to the integral terms. 

This latter form of ground state· equation is suitable 
for investigating the weak coupling limit. 

1 qlml .<<-1 (55) 

and. if is similar to eq. (l4) of /I/. 
'.:: 

3.3. For the investigation of st~ong ~~oupling limit 
· compare /7 ,II/ we substitute g!r'"f~r m in 

transformation "(51) and define coefficient functions 
Cur by expansion (30) in pOwers of new 
function ¢' and new operators· a'*. 

In order to get the equations for determining the 
functions C nr · one rriust substitute into (37),. (37 .0.2a) 
the following~expressions · · 

y-+y/g=q 

.m-+m/g= 0 
(56) 

g -+ 1 ; 

19 



... -.. 

~ 

such- a • system will be -denoted as (37-) .• It depends ori two 
dimensionless parameters a - and - o (56). One may 
think,- that to the strong coupling·limit there ·correspond 
zero values of both these parameters. It seems to us, 
however, to be not ~orrect. 

3.4. We introduce a new parameter t: , 

2 2 -
( = a + 6 f c 0 i 0 ' 0 ' s'- s) ds • - (57) 

'e Then eq. (37.0.2-) takes the form 

c~ ( k '-k) = k 
2 

H 
2
+6 f d s [~4 (k ,-k ,s '-s )-C04 (0,0,8,-s )] 

+fda [ B (a,-a) C 21 (a;-a ;0)-,B (a,k-a)C21 (a;k-a;k)]; 

(37_.02-) 

here B is the function (24) with the par~meter 
,, replaced by a (56). - -
According to (56) and 17 I we state that strong 
coupling limit corresponds to zero values of 
parameters a and l • 

3.5. After work /J 11 it is- natural t~ expect, that strong 
coupling_ decomposition contains integer non

: negative degrees of· c. We cannot, however, at 
presentpoint out, how the_ parameter (1 enters 
int~ th~~ decomposition. -

4. Excited-States·. Statefuent of uie· 
Scattering Problem. 

-The construction of excited state functionals given 
in _/3,2J can be almost straightforward generalized to 
our case. One must search for these functionals in the 
form 

20 

n = un 0 , 
(58) 

where U is the expansion :in powers of the function 
¢and operators a±· In particular, the-formulae 

k 3 
.U0 (k) = ¢(-k) + f r 03 (k

1 
,k

2
,k

3
) P (¢(ki)·dki)x 

3 k 
·xo(k + ~ki) +f r 21 (p;q;k 1)a! (p) a~ (q) X 

I 

x cp ( k1 ) dpdq dk 1 0 ( k + k I- p - q) 

+ ••• 

U + (p) = a~ ( p) 

p 2 

+ f rl 2 ( pI ; k 1 ' k 2) a: ( p 1 ) dp I ~ ( cp ( ~ i) ~k i ) x 
- p 

x o(p- pi+ k1 + k2) + f r30 (pl ,p2;ql) X 

. (59) 

(60) 

x a*+{p 1)a:(p2 ) a*_(q)' dp 1 dp 2 dq8fp-pL~p 2-q) 
-+ 

U_(q) =a~ (q) + 

- -·· 
i:: 

:I/ 

q - . 2 

+ f r I 
2 

( q 
1 

; ki , k 2) a ~ ( q I) dq I ll ( cp ( k i ) dk i) x 
1 

xo(q-ql+ki+k2) 

+ •.• 

(61) 

define the one-particle excited states of the types: 

- 21 
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"meson", "positively charged fermion", "negative char
ged ~errriion", respectively. 

4.1. The products of commuting factors (59)-(60) 
define asymptotic states quite similarly to work/9/. 
So, the scattering problem is reduced to that of 
solving Ekstein equations /9 • 12/. 

. 4.2. For the computation of expressions 

N = <n 0 ,n 0 )_, . (62) 

z <n 0 , zn 0 )/N (63) 

there exist the rules, analogous to that given in 
item 2.7 of /I/. 
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