
V. A. Slobodenyuk 

0 ti b e AM H e H H bl M 
MHCTMTYT 
RAE PH bl X 

MCCnEAOBaHMM 

AYliHa 

E2-92-359 

ON CALCULATION OF EVOLUTION 

OPERATOR KERNEL OF SCHRODINGER 

EQUATION 

Submitted to 11 Z.Phys.C - Particles and Fields 11 

1992 

• 



, 1 INTRODlJCTION 

The problem of going beyond the scope of perturbation 

theory .in ,the quantum .theory is' now one of; t:he most important 
. ~ , " 

problems. There are a lot of different approac}:les for this· 

problem. Some _authors try to.sum the. seri~s .of perturbat_ion 

· theory [ 1, 2] using · the, information, abo~t .. its, asymptotic 

behavior [3, 4]. Others build up the_. expansions .not _con~ected 

with the coupling constant. This expansions are derived from 

the action, in which the contributions are redistributed 

between the · free and· interaction· 'parts ''cs,'6]. Besides, 

variational methods are extensively used [7-9] .. _But they _do 
t • ' • ·• • , • • ~ · ' , ' l • e, • 

not aliow to .estimate the pre'cision of the result obtained in 

·· intrinsic terms .. To overcome this s~~rt.coming, . Sissakyan · and 

Sol~;tsov are developing variational p~rturbati~n theory' [ 1()). 
7 , ~ - " • ' ~- ". 

( in this paper one can find a . more complete· review of 

references). Nevertheless, the prob~em of no,npe_rturbative 

calculations is not y~t solved. 

We here prop~se a new. method of computations_ in. quantum 

theory ;that does not ~eqt.1:i:e the coupling constan~ t~ · .bt; 

small. 

Evolution of a quantum-mechanical system is determined 

by the evolution __ operator U(t' ,·t)=exp{-:--iH(
0

t'~t)/h}, •·where 

H=p 2 /2m+V(
0

q) is the Hamiltonian. Calcul.~_tind the. evolution 

operator kernel or Green· function ( let us ·consider the one.::.. 
' - j ' ' ~ ' • 

dimensional case for . the sake o_f simp~icit}".) <q', t' lq, t>:;= 

=<q' IU(t' ,t) lq> iri the .. path integral formalism [11] one 

starts with the expression. for the kernel for ·lit=t' .:..t k~own 

·with a precision of _the',first order in tit: 

• .. • [ • ]

0

1/2 { ( , )2 - _ _ -1m .. m q -q 
<q' , t+lit I q, t><>< --_ -· exp i ---- - i 
· · ·· • .. - . 2rrhlit · · 2hlit 

Here V(q',q) is the expression derived from the potential by 

'symmetrization in q', q. For finite time intervals the kernel 

can be .. .obtained as a limit 



<q',t' lq,t;=lim J<q'=q ,t'=t lq ,t >dq x n n n-1 n-1 n-1 
n➔OO 

. X <q , t I q , t ·• >dq ... dq <q , t I q =q, t =t>. ( 2) n-1.n-1 n-2 n-2 n-2 1 1 1 O 0 

This is the path integral. Nevertheless, 

produce the functional ·integration, but 

either directly from the equation 

we 

seek 

may 

the 

<q",t"lq,t>= J<q",t"lq',t'>ciq'<q' ,t~ lq,t>, 

do not 

kernel· 

(3) 

whi<;:h is called the Smoluchowski equation in the statistical 

physics, or from the Schrodi.nger equation, which 'really is a 

consequence of (3). It is possible to use for this purpose 

the representation of kind (1), in which, besides the termiof 

the first order in At, all further terms.of th~ ~xpansioniri 

the powers' of At are present. This w'ay for solution of the 

evolution equation.is close to the space of small time method 

(which is a veision. of the' asymptotic method of functional 

param"'.ters) developed by Cherepennikov f~r the problems ~f 

classical mechanics in [12,13) (see also references therein). 

The expansion in At was ·used in [14). But there was in 

fact· considered the 'harmonic oscillator. and the lowest 

~or.rect.ion terms only were calculated. 

The m~thod suggested can be easily transferred to quan

tum field 'theory. This leads to' a new version of the lattice 

field theory th.;_t in spirit is . similar to th~ . Hamiltonian 

approach developed by Barnes et al. [15-17). 
. ' 

The article is organized as follows. In Se~tion 2 the 

method of solution the quantum mechanical problems is des

cribed; The anharmonic oscillator is considered here as an 

example. In Section 3 a possible generalization to quantum 

field theory is examined. 

-~ 
& 

\: 

i .;, 

l 
J 

.. _2. QUANTUM ·.MECHANICS 

2.1 Square Lagrangians 
~ ..... - . -

For problems with square Lagrangia11s.equation (3) may.be 

. solved by the substitution 

<q I ' t / I q J t> 
(

-im]l/2 

= 2rrflA:t, . exp { i 

in<q'-q>2 

2hAt 

- [ .. L ( iAt) nq'_kqi'dkn 
1 

.}: . 
n = 1 k, l · ·, . · . . . · · 

(4) 

Here the only coefficients dn are different from. zero. for. · kl · · · · ·· · · . 
which k-tl:S2. Ca~_culating th"'.,,Gaussian integral. in the right-

hand .. side of ,.(3). we get ,the system .of .equations. for _dn . · The; 
· · · ·· -· · · · · · · . · · · · ·.· · · · , ,, · kl · -

representa~ion.,( 4) , .. becomes,. fully ;,determined .,_after .. so_lvi:pg._ 

this system. 

In this manner a number, of well-known expressions for 
,,, ' 

the kernel [11] ..... was rederi ved: for. the p~rticle in. the con-

stant externaF field, for the free harmonic oscillator, for 

the harmonic oscillator in the time-depending homogeneous 
.· . ;· ·, ' 

e_xternal fi_eld, for _the :,charge in the, coi:istarit homogeneous 

magnetic field. Consideration of the oscillator can be pro

duced both in the coordinate and in the holomorphic represen

tati6~~- Fo~ the latter we should. u~~;- instead. ~f (3), the 

eq'uation f6r the 'kernel ''u(a*. a) (riot·'ations are standard)· ·., i: 
- , ~ l 

' I ,* I 1* I 

U.(a"*,a,t"-t)= da ._~a: e-a a U(a"*,a',t"-_t')U(a'*,a,t'-t). 
- 2rri '' ~ ,. -

(5) 

·_But in this way we cannotsolve·(3)· (or (S)).for non

square Lagrangians because in this .case. the integral in-.the _ 

right-hand side of the equation cannot be calculated expli

citly, and the .term by . terin intt'ig'ration of an expansion for 

the exponent£a1 leads to a ~i verge~t se~ie~-. 
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2.2 Qtrantummecban.ics in one dimension 

Let us seek the solution of (3) in the form 

-and further we will use the notation 

(X) (X) 

( 4). 

D('1t,q' ,q)= L (i'1t) 0 P
0
(q' ,q)= L L (i'1t)nq,kqldn 

k • 1 k 1 n= 1 , , n=l 

Here 

(6) 

The function P should satisfy the condition P (q,q)=V(q)/h 
1 , 1 -

(we consider that V(q) does not depend on the time 

explicitly). The · problem· is. to find all functions P ( q' , q) , . n 

or, whic11 is the same, function D('1t,q' ,q) using· (3) and 

knowing the potentiai 'V(q). 

Let us-consider (4) 'when V(q),;,O,' i.e: the free particle: 

The kernel is singular when At➔O .. This singularity may be 

expressed through the o-function and its derivatives 

[ . r { ( ,, 'l' } -1m . m q -q . 
<q",t"lq',t'>= -- exp .· i' · · .· • = 

2rrhl1t - 2hl1t . 

oi (iAt)" [ h r o'" 
= o(q"-q') + I · · - -·-- o('q"-q'). · • ( 7) 

n=l n! 2m 8q~ 2n ,_ ..... 

·· Substituting the kernel _ <q", t" I q' , t' > in the form ( 7) 

into (3) we can obtain after some mathematics_ the Schrodinger 

equation 

1 -~ h a2 

- ~q' ,t' lq,t>= - --<q' ,t' lq,t> 
.i at 2m aq' 2 

V(q~) ·, t' lq,t>. .. q ' 
h 

(8) 

"Let_us seek the solution of (8) in the form (4). -For P 
n 

we get the sequence of -equations 

. aP 1 < q' , q) .. • - . 
Pl(q',q)+(q'~q)------= Pl(q',q'), 

aq' . 
( 9) 

nP ( , aP ( , n q ,q)+(q'-q) n q ,q) 
aq' 

= 

4 

h,o, 

~ 

t, r 
,( 

,t 

h 8 2 P . ( q' , q), 
n-1 

= 
2m aq' 2 

h - n-2 

r 2m n· = 1 

aPn, (q' ,q) aPn-n'-1 (q' ,q) 

aq' aq' 
(10) 

Equation (9) with the condition P (q,q)=V(q)/1) _determines , 1 , , , , , , , 

unambiguously the way of symmetrization of the potential in 

q', ·. q. Equations ( 10) allow us to obtain recurrently any P . 
" - , . n 

To do this we should expand P - in powers of q' and q (see n . 

(6)). Then we have for the coefficients d 0 (which are sym-
. ·. k 1 · 

metric in k, 1) 

1 
.. ·.s -

d - 10 
k, 1 -

k+1 

k 
\ dl, , +dl , 
~ k , k-k .k+l, 1-1 

k =0 · 

d 0 = - 1- [<k;1)d0 + ~(k+1) (k+2)d0
-

1 -
k,l n+k . k+l,1-1 2m. k+2,l 

(11) 

- \° -.\°·· \°. k'(k-k'+2)d0
,· ,d0

:- 11 ,- 1 
·,. (12) 

h n-2 k+l 1 . ' , . , ] 

2m n~=l k~=l 'l~=O . . k ,I k-k +2,l-l 

Th~ polynomial potential V(q) determines non zero coef

ficients d 1 
, which allows us to find 'all d 1

,; from (11) and k0 kl 
n . , , " . . . . -,· . . ~ 

then subsequently all dk 1 from ( 12). That determines the 

function D(l1t,q ,q) as a series in powers of-its arguments: 

It may occur that it·is convenient-for technical reasons 

to seek the solution of the Schrodinger equation (8) in the 

form :::~ ~' 

<_q I , t / I q' t>= 
[ 

-im ·i 1 / 
2 

{ 
-.-.-. exp 
2rrlil1t · 

. m(q~-q)2-} 
1 .. . X 

2hl1t · . 

x { 1 -n~/t~,t_~~Yn(,q' '.:q)l .. ,( 13) 

Here•.y (q' ,q)=P (q' ,q). Then we get for Y (n>1) 
· 1 1 , n 

nY c· / aY ( I n q ,q)+(q':...q) - n q (q) , ,, 
, • aq' = 

;Ii•• 
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= -~l(q',q')Y (q',q) + 
- n-1 2m 

h a2 Y (q', q) n-1 
aq' 2 

If Yn is represented by the expansion 

_., 1 k l n 
y (q' ,q)= L q q Wkl' 

n k. l . 

then for w:
1 

we have (n>1) 

w =-- ~1w . +-~1 k~w n 1 [<' ) n h ( ) ( ) n-1 
k,l n+k k+l,l-1 2m k+2,l 

1 
L ,wk',1' 

'k, , I 

n-1 ] w , .. , . 
k-k -1 , l _ 

The sequence of equations ( 16) is really linear 

because the coefficients w:
1 

are given initially. 

2.3 Anharmonic oscillator 

(14) 

(15) 

(16) 

in w:1 

Let us apply the equations obtained to the anharmonic 

oscillator with the potential 

V(x)= 
2 2 mw x 

2 

- 4 + ax . (17) 

We· intro.duce dimensionless variables q=x/Vh/mw, T=w(t' -t), 

a=~h/m2w3. In this case the solution of (11) gives 

d 1 =d1 =d1 ;c:1/6 20 02 11 ' d 1 =d
1 

=d
1 

=d1 =d
1 

=a/5. 40 04 31 13 22 

It is obvious that the coefficients dn are polynomial func. , kl 
tions of a. They can be represented as 

n '° m n 
dk l = L a 1\nk I • 

m 

where Kn are numbers, and D can be treated as a function of mkl 

6 

~ 
' ' I 

~ 

-t 
~; 

y} 

four arguments T; a,· q~ ·, · q,.: 

(I) 

D(T,q':q~a)= L · L n m · -, k ·,·I · n· ' 
(iT) a q q Kmkl 0 

n=l m,k, 1 

It is easy to obtain·the equations for Kn from (12) 
mkl 

Kn = - 1- [ck+1)Kn . + !(k+1)(k~2)Kn-'-l . 
m • k ' I n+ k m' k + 1 ' I - 1 2 m' k + 2' I 

(18)' 

1 n-2 - ·r 
. 2 n =1 

m k+l r•~ 
m =.0 . k = 1 

l n '. n - n, - 1 :· . , , , ] • 
\: k'(k-k'+2)K, k' 1'K~_;;.',k-k'+2,1-1' 4-,, m , , 

I =O - - ,.-i - , 

Initial values are 1 1 
Ko2o=Ko11=1/ 6 , 

1 1 '1 · 
K140=K131=K122=1/S. 

· ( 19) 

Calcu·.:... 

lation of the coefficients Kn with the help of (19) allows · mkl 

usi to determine the function D(T,q' ,q,a) in the .. region: of 

convergence of the series (19). 

Convergen7e o_f _the expansion_ ( 18) will 

detc3:il in a subsequent p~per;. Now we just 

be studied 

refer to 
,'.'-•.•. 

in -

the 

results of numerical estimates which. show that the finite 

region of' convergence _in T with the radius: r · t~kei~ place c1t 
' , - . - - .. . -· ,. , T ,. , ..• ,._. - . 

every fixed set of q', q, a. It is obvious ,that this_ region 

cannot be infinite, because even the series fo~··D(T-,q',q,O),· 

corresponding to the harmonic oscillator, has a finite con

vergence__ range iffT which is.equal torr. 

-. S~ far ~s the kerne.l should be I determined at every q' ,;_q 

and at every positive T, the problem arises to continue 

analytically the function D outside the region of convergence 
. ,, '.-1·: • • ,, •• - .. · .. . -, 

of the series (18}. 

For the harmonic oscillator that d~ntinuat.ion ~i,;.n be· 

made with the use of period~city of the functions ctn(T) and 

-. 1/sin(T). In the. case. of .the anharmoni.c oscil,lator we may 

hope that the information about periodical character of the 

classical solution (which is expressed through the Jacobi 

elliptic functions) will help us to produce the continuation. 

7 



Notice that it is easy to distinguish the terms corresponding 

to the quasi_-classical approximc1tion in the expression ( 6). 

It is enough for this to retrieve the dimension factors for 

the· variables q', q, a. 

Note that the representation ( 18) allows us not to 

restrict ourselves to a small coupling. constant a. One can -

consider ·1arge a, but this diminishes the convergence range 

for the series in T. 

2.4 Quantum mechanics in three-dimensional space 

. The method being developed can be easily generalized .to 

the case of; three-dimensional space. If the coordinates in 

. thi~_- space ~re q=( q 1 , q 2 , q
3
), then the general representation 

for the kernel is 

_· [ .:.im l 31_2 

<q~,t' lq,t>= -.-- .. exp 
2rrh~t { 

_m(q'-q)2 
·1 

2h~t 
D(~t,q ,q • ➔, ➔)} (20) · 

The function D is 'represented by '(6) in which now the co-. 

ordinates are vectors and indexes k, 1 are multi-indexes· 

k={k1 '.k2 ,k
3
}, ·1={1

1
,1 2 ,1

3
}; 

In analogy with the one..:..dimensional case we get the 

Schrodinger equation 

1 a h 3 

--<q',t' lq,t>= - E 
i at'. 2m J=1 

a2 
---<➔, t' I ➔ t> 

2 q ' q, 
aq' . . 

J 

V(tj') 

h 

➔, I I ➔ . q ,t q,t>. 

(21) 

When one seeks the solution of (21) in the form (20) ,· 

· -then one gets the sequence of equations for P . . n 

3 aP (q' ,q) 
Pl(q',q)+[(q~-qJ) .1 =Pl(q',q'•), 

J = 1 . aq~ 
(22) 

8 

;j 
,J 

u 
\I 
,'It 

= 
h 

2m 

nP ( ➔, ➔ 3 aP ( ➔, ➔ n q ,q)+ [ (q'-q) n q ,q) 
J=l J J = 

3 [a 2 p ( ➔, ➔ E n-1 q. , q> 

J=l aq'2 
J 

n-2 

-~ 
n =1 

aq' 
J 

( ➔, ➔) aP, q ,q 
n 

➔; ➔ 

______ aPn-n'-1(q ,q)]•· 

aq' 
. J aq~ 

(23) 

which are a direct generaliz~tion of (9), (10). Then one can 

obtain from (22), (23) the equations for the coefficients -c1~
1 

generalizing ( 11), (12). For n=1 we have (in dimensionless 

units) 

d 1 = 
k ,.1 

1 [ 3 ] o d 1 + k +1 d 1 
3 -- 10 E, k' ,k-k' E < •J > k+o ,1-0 ' 
E k +1 . k J = 1 J J 

l 1=1 

and for n>1 -

dn = 
k, 1 

1 3 [ -- [ (k +1)dn r r + !(k +1)(k +2)dn-
2
1

r 
1 3 J k+o,1-u 2 J J k+uj, 

Ek +n J=l J J 
l 

l=l 

1 n-2 I I ] 
- k' k -k' +2 dn dn-n -l ~ L L J( j J ) k 1 1' k-k 1 +2o 1-1' • 
2 n =1. k 

1 
1 

1 
' j ' 

(24) 

(25) 

Herek', l', like k, 1, are multi-indexes and summation runs 

over ail components k', l', for which th·e coeffi!=ients d dif.:.. 
· ·· - l l · · · · . -

fer from zero. The symbol o is treated as o o o -, and 10 . , 1 0 1 0 1 0 
1 2 3 

the ·indexes of kind k+mo mean here and further that the j-th 
J 

component _is equal to k +m; and.the i-th one.(i:#j) to k. The . J . . . . .. l 

sequence of equations (24); (25) allows-us to find any terms. 

in the expansion (6) starting from the initial coefficients 

d~ 1 and in this . way _to determine the fun~tion _D and the 

kernel (20) in the range of convergence of the series. 

9 



• 3 QUANTUM FIELD THEORY 

In the field theory the components of' fields play a role 

of generalized coordinates. For the definiteness we will 

consider the real scalar field cp(x). Let us divide the three

dimensional space into _small elements of volume 6V . Here 
a. 

a={a , a , a } is the multi-index numbering the ·elements of· 
1 2 3 · , , · 

di:"ision. We will consider that the field may be represented 

by the countable set of functions of the time cp (t)=cp(~ ,t). 
. a a 

. Introduce the state vectors I cp(~):> satisfying at the 

morilent of time t the equation 

ici) I,<~)>=,<~) I,<~);,. 

where~(~) is the field operator. If we will consider the set 

of- cp so as the component.s of the radius-vector in the .case 
. , a , . , ·,· . , 

pf quantum'mechanics, then the formalism developed for quan-

tum mechanics may be easily transferred to the field theory. 

The kernel can be sought in the form 

(
-i6V ] 

1 
/ 

2 
{ <cp',t'lcp,t>= TT ____ a exp 

a· 2rr6t 

f 
L 6V (cp'-cp )2 -

26t ·a a a a 

- [ (i!J.t)nPn(cp',cp)}." 
n=l 

(26) 

Here for the sake of brevity we denoted cpa=cpa(t), 

cp:=cpa(e). The symbol cp m~ans the complete set .of {cpa}, and, 

the ·system of uni ts iri'· which c=h=1 i.s used. 'The analogue of · 

the Scllrodinger equation (21) 

! ~,, 't' I cp, t>=!:~t ---1...: ~cp'·; t, ,,. t>-P '.( cp' ; cp') <cp' 't, I cp, t> 
i at' ·. . , 2 a 6V arp' 2 1 

· a : · a 

,,(27) 

in· the same way as iri · Section . 2 can be< derived from, the · 

equation. 

10 

<cp",t"lcp,t>= J<,",t"I,' ,t'>nd,:<,' ,t' lcp,t>. 
a 

The sequence of the equations for P. is: for n=1 
n 

aP(cp',cp) 
Pl(cp' ,cp)+ [(cp'-cp) 1 = Pl(cp',cp'), 

a a a acp' 
a 

for n>1 

. nP
0

(cp' ,cp)+ I:(cp'-cp /P0 (cp' ,cp) 
a a = 

a acp' 
a 

[

a2P ( , ) 
~!I: _1_ n-1 ',, 

.2 a 6V acp' 2 

a a 

n~2 aP
0

,(cp
1

,cp) aP
0

~
0
,_ 1 (cp',p)]· 

J2 
= 1 acp' · acp' 

a a 

(28) 

(29) 

(30) 

We will not write an equations analogous to (24), (25). They 

can be obtained in obvious way. 

Let us consider, for example, 'the scalar field with 

the Lagrangian 

~(x)=_! a cp aµcp- ! m2 cp2 

2 µ 2 

ex 

4! 

4· 
cp , 

which determines the function 

Pl(cp.~)= L 6V { ! 
a a 2 

3 ( cpa-,a-o I: __ 1 

I= 1 6X al 
] 

2 } 1· 2 2 ex 4 +-mcp +-cp • 
2· a 4! a 

Here we denoted 6xa
1
=xa-xa-~. Solving (29) we will find 

I 

(31) · 

(32) 

. p 1 ( cp' • cp) = L 6V { _! 
a a 6 [ 

3 . 1 3 

· I: 2 + L 
1 = 1 . ( 6x ) 1 = 1 ' al 

1 6Va+o] 
(6X . 2 . 

1 

X 
a+o 1 ) . 6V 

I' a 

X cp' +cp' cp +cp ( 2 .. 2) 
a a a a 

11; 



1 
3 

I: 
6 1=1 

' 

1• ·(2'm' +2 ,n •. +'' +m' m)·+ --2· 'l'ara-o 'l'ara-o l{)al{)a-o ra-o ra 
( AX ) l l I I 

al 

+ 1.m2(q,'2+q,'q, +q,2) + ~(q,'4+q,'3q, +q,'2q,2+q,'q,3+i4)}· (33) 
6 a a, a a • 5 ! a . a a a a a a a 

For n=2 the solution of (30) is 

P2(q,',q,)= 
{ 

3 

I: _!I: 12 
a 12 1 = 1 ( Ax ) 

al 
[ 

AV l 1+ a . + 

-~~ 
I 

+ m2 + ~(3q,'2-q,'q,_ +3q,2)}: 
12 5 ! ·• a a

1
a a 

(34) 

The technique described is really a variant of the lat

tice·_ field theory. It is close' to th~ 'iattice Hamil tcmI~n 

field theory approach developed in [15-i7J. In that'approach 

the state functional.is sought from' the Schrodinger equation 

discretized in space and time variables. Besides, th~ '"space 

of discrete values of field q, at every point of the ordinary 
, . . a •. ·- . 

three-dimensional space is considered, but our method 

requires to discretize only the three-dimensional space. Ini

tial and final field configurations should begiveri as bouri'~ 

dary conditions._ The time evolution is described by (26), 

where the fields at intermediate moments ,of time do not arise 
at ·a11. 

Nevertheless, -the scheme suggested ( 1 ike any other 

founded,,on e(luati()n (~7}} has one unpl~asant .feature. Let. us 

discuss it. We.use the notation a for the characteristic size 

of a cell-of the three-dimensional lattice .. The structure of 

the expression (33) is_ s.uch that it is possible to perform 

the Hmi t ;a-¾> : in it,' and P' ( 1{) 1
• q,r· will be represented as the .. . 1 

integral over the three-dimensional volume. However (34) and 

the expressions for subsequent P do not have this property 
.. ·, n . 
yet. The functions P do not allow us to perform this limit 

n 

12 

.,· 
and cannot be- represented as an integral-. over. volume: The 

magnitudes of: P · depend on the ·choice of divisiori·'of three-
n . -

dimensional space into the ·cells AV. Because the express·ions 

for. p· are singular as a~, one cannot -say about any limit 
n 

magnitudes of the functions P. 
n 

No~e that the singularities appear even for a free field 

because of the singular structure of initial equation (27). 

(term~ 1/AV !}. Early i_t was pointed out in (16) that theory 

is: singular as a-¾), nevertheless, in that paper this diffi

culty was . by-:-passed with the . help of. a not very rigorous 

mathematical . trick .. 

'· The singular behavior of· the functions P can be treated . n 

as artifact. Then we s_hould tend. to avoid it in some way. But 

it is possible to try to look at this fact from another view

point.-Maybe, it is an indication-of the necessity to work in 

_the qu~n1::ized space._ Choice of the latter variant would mean 

that quantization of the field is closely connected with 

quan'tization of the space (and time?). 

4 CONCLUSION 

We suggest the method for calculation of Green function~ 

in the _theories with polynomial potentials as an. expansic;m in 

powers of the time interval At .. In fact, the perturbation 

theory in parameter At is being built. Here the coupling con

stant o: should not be small, i.e. the so-called nonperturba-:

ti ve a_spects are taken into account·. · Tpe expansion· parameter. 

At should not be small too·. Its maximai possible value is 

determined: by the convergence radius of ,the series r that 
. ·. : . , T 

depends on the initial conditions and coupling constant. When 

it is necessary to calculate the kernel for At>r , then , . T 

~nalytical continuation of the functionD beyond .the conver-

gence range of the series should be done.·Probably, it may be 

achieved by-using information on the quasiclassical behavior: 

Applicatiori of this method to quantum field theory leads ·. 

to a new version of the lattice field theory in which only 

the.three- dimensional space is discretized. Here singularity 
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of .. the Sc:tlrodinge_f- equation (and hence,, its solutions) as the 

lattice cell size tends 1:,0 zero become.s. essential. Maybe, .it 

•is.an artifact of. the. !attice Hamil_tonian field theory, but 

maybe, .it is an indication of the· necessity to quantize the 

space. 
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· APPENDIX· 

Here the ·functions P (q', q) 
n , . -

are prei:'~nt:ed: 

for 'some initial, numbers n 

p : ¼' 2 + ¼' q+ !q2 + <X [¼' ~ + !q, 3q+ !q, 2q2 + ¼' q3 + ¼' 4] • 
1 6 6. 6 5 5· 5 5 5 

· p. = !_ + 'ix(¾' 2+ ~''q+ ¾2] ,' 
2 -12. · · 10 5 '· 10 : 

P 
1 ,2 . 7 , . 1 2 <X 

= -'-:-:<I ~ --q q- -q + -3 90 360 . 90 10 

p = . 4 

<X [ 4 , 4 +. 17 , 3 + 2 , 2 2 + 17 , 3 + '4 4] --q . --q q -q q.. . --q q --q 
·· 105· · · 2.10 · 21 · 210 105 

' 

•'[~''+ ~''q+ ~-'q'+ ~''q'+ 
225. · .· 150 15 45 · · 

+ 
2 , 2 4 13 .. , 5+ -8 ·. 6)\ . 
-q q +. --q q --q • , 
15 150 225 

1 . (1 / 2+ 13 I . 1 . 2) - - <X -q --q q+ -q 
360 •.. 14 · 105 · . 14 

14 

i;i· .. · 

<X2[~'4+ ~'3q+ 2-q,2q2+ ~'q3+ ·~. 4]· 
150 ,' 75 25 75 . 150 : .. 
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Cno6oAeHK>K B.A. E2-92-359 
0 B~Y~cneH~~ HApa onepaTopa asonK>4~~ 
jpaBH~H~~ WpeA~Hrepa 

- . . - -

npeAnaraeTCH MeTOA B~Y~c~eH~H HApa onepaTopa aso-
nK>4~~ B B~Ae PHAa · no cTeneHHM speMeHHoro ~HT.epsana 
At. MeTOA np~MeH~M K 3aAaYaM c .. non~HOM~aJlbHblM~ noTeH-
4~anaM~ B KBaHTOBO~ MexaH~Ke .~ KBaHTOBo~·.Teop~~ nonH. 
OH no3BOJ1HeT YY~T~BaTb HenepTyp6aT~BH~e (no KOH~TaHTe 
CBH3~) acp(f)eKTbl. · - · 

Pa6oTa BblnonHeHa B na6,opaTop~~ TeopeTw-iecKo~ _QJJ13~K~ 
.··. Ol,1511,1. 

flpenpm1;r Om.e:imiemwro u11CT11T)'Ia si:ie.p1it.ll( ucc.1e:iosam1rt: ,Uy6m1 1992 

Slobodenyuk V.A. E2~92-359 
·on Calculation of Evolution Operator 
~ern~l of Schrodinger Equation . 

. The method for calculation. of the evolution ope
rator kernel as. an .expansion in powers of the time 
~nterval At is proposed. This method can be applied 
to the pfoblems of quantum mechanics an~ quantum 
field theory with polynomial potentials. Nonperturba~ 
tive (in coupling .constant) effects can be considered 
in the .fra~ework of this appr6ach~ · 
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