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The operator diagram technique within the framework of
which a number of important results have been recently obtain-
ed seems fo be very useful for consideration uf'radiitiva ef -
fects in extermal fields, By the prauenf time the phnnnmenn in
8 unif. 'm, constant electromagnetic field, the field of a pla-
ne wave and their superpositions /1-3/ have been studied., It
is believed that this method will be alsoc very valuable for in-
vestigation of the corresponding problems in tpn Coulomb field
(the Lamb-shift in heavy atoms, the vacuum polarization in the
strong Coulomb field).

In this work electron operator Green's function in the

".‘f
Coulomb field ~™ has been found which is one of the components
=
cf the approach mentioned sbove. The value (&ff G;f£t> ag-

rees with Creen's function discussed in a variety of works
(see, for inetance, /4,5/ end cited in these works).
Electron operstor Green's function for an central-symmetr-

ical field is written as follows

A Ed
Zo
where 'Z(CE) is & potential; Ulz) =~ Zz in the attractive

Coulomb Tield. The operstor d/P in the expression (1) can

be represented in the known form

¥P = [P gL+ ZL)Jr7 @
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A — i E-‘//’-----u-
where is the operator of an angular momentum, *’° = /el >

é 2
Pa=“ggz_ » Using this formula, taking out the combination

?H out of the denominator & ,» and carrying out the ex-

panential parametrization, we obiain

G = -¢ Sm’s afﬂ E%"{ﬁfﬁjt“’“ z‘fﬁz,}-r

(3)
Ly (et -m 7]

where the integration contour € is going from zero tc in-
finity in a complex plane in such a way that integral (3) would
exist; it should be borne in mind that the exponent in the in-
tergrand (3) contains ) -matrices.

Let us consider now the combination

“‘-5/02

S = exp ESZ/E’:: ﬁ*f&)*[f @'Zfﬁ/y‘m fj (4)

Differentiating this expression with respect to £ and taking
into account that

ESP{, 5y 'S‘/Dq-

e pPlz)e
is valid for an arbitrary function tp‘(t) , we find

4 dS_

EJC oAS '21‘*5

P (z2+s) (5)

(Z* Z'x:; -—v[{}’“[‘%-g}’(zﬂy-m fﬁ

Prom this equation the operator r?nntinnjia seen to con-
tain only angular operators and nmot to depend cn 25, . The

solution of the equation (6) can be represented in the form
g_. Q}(P{ jds ..---(f."'zﬁf)'”[t), é-" 5//‘3'*3))“’:’]:}:_2)
)

here the symbol ’7; ) denotes the antichronologic operator
product in respect to "time" s

It turns out that the ?_-;1 product in formula (7) can be
found in the explicit form. This is due to the faet that the

operators

i /{+ZZ
Kaifrh JKC= ‘_gaq-é_ 3K2=—K;K;

(8)

where fj @ “» Z) commutes with all K s+ form the group
K,e-d, K, =2K'=4;
Ka .K;_ :“&Ka '"'—-""]&2 P (9)

KK, =KK =K, , KiKo=Feki=K,

what it is anily to uu teking into account that san anticom-

matator { J’" {f.,. Z[‘ 2} . ¥ote that the operators £ 0 4
Uef-: ‘*K:'!

quaternions.

(adding the unit element) form the algebra of

Naking use of relations (9) we shall represent the solu-
tions of equation (6) in the following form




4 =ik *:ﬁ_K‘{,* faKg* 53 (10)

After substituting the expression (10) into equation (6)

we get the system of aquutiunu

615: il jF + D :f:s
;& .

:? = E’—-Z;fs “'“15+Cfa

C'{'fz*_—' ;fo et " Jci

o€

(11)

o(JCS i - ;3
L A

A€

where D, = L[J’a(é‘ Z//)/fm Ye ¢S, D= 52*;? This

system must be solved under the following boundary conditions

§(s=0)=1, (=)= 2K,+ DK,

(12)

One can easily verify that for the combinations Tj: f
and = ¢ (f 2+ ‘:f!_) the system (11) reduces to the system of
Dirac equations for radial functions in a central-symmetric
field 2{{2) . In the following let us consider the attracti-
ve Coulomb field. Using the known form of wave functions (see,

€.8., /6/), expressing them through the Whittaker functions /7

and W(dataninad as in /7/), and satisfying the boundary
conditione ("12}, we get th explicit form of the function f
(10).

From the formula (3), (4), (8) we have

A c S
G:'*Cj}{ufe ‘0/5

i
Substituting here the obtained expression for f » taking
(3) into account and performing not complicated transformati-
ons with making of use the recurrent relations for the Whit

taker functions, we obtsin the following final expression for
the electron Green's function in the Coulomd field:

C-- s @ § = [TV @+
+é V. (9)./(j tS’O?_f_V()JV_' [M+SJV@{13)
s &l (9)[{;/6 S 0/5}

where
' | e ZoAmy© .
N @)=,y @ QK S My @

(14)

V. 0=, @ (oK, + =N, @

hate 13 L/iyébf z af }/E?gi é?lale A= !/ 2 2_ }}H_EEQQE
Q°=2)\, 9= 2A(2+9); M,rgjxaf@)W L) o

\,/+..
the Whittaker functions,



The choice of the integration contour C is carried ocut

with taking the known ssymptotic properties of the Whittaker
functions into consideration.

To find the standard form ag‘the Gre&nzg function one
BT ek dn wane Bt XELEIE O = £ J?(E‘-E"/,

7. S 54,
i =-”(i** '5;)‘3 (15)
593
and also that operstor € is the displacement operator.
Representing '
FC2) s> 5
- - -
S(E-5) = 5% y(h /

and taking (15) into account, we have

¢ S0, é—’{/a_:g-y“ f(t-f-.s-t_V

2/ >/ (16)

Using the known expansion of an angular :g?-Iunntiun in
spherical harmonics, substituting (16) into (13) and carrying
out the integration over .5 , we get the common representa -

tion of the Green's function (see, for example, /4/).

REFERENCES

1. Bajier V,N., Katkov V.M., Strakhovenko V.M, Sov., Phys. JETP
40, 225, 1975.

2. Baier V,N., Katkov V.M., Milshtein A.I., Strakhovenkc V.M,
Sov. Phys. JETP 42, 400, 1976,

3. Baier V.M., Milshtein A.I. Preprint IJAF 76-66, 1976.

4, Mohr P, Annals of Physice, v. 88, N 1, 26 (1974),

5. Granovski Ja. 1., Nechet V.I. Journ. of Mathematical and
Theoreticel Physics (Russ) 18, 262, 1974,

6. Berestetski V.B., Lifshiz E.M., Piteevski L.P, Relativiestic
Quantum Theory. Part I, Pergamon Press, Oxford
1971,

7. Bateman H, Erdelyi A. Higher Trancedental Functionm. Vol,i.
Me-GRAW-Hil1l Book C, 1953.




PaGora mocTynaiaa - 8 mekalpa 1976 r.

i e S

prm——

OrBercreemnuft 3a Bumyck - C.I.IOIOB
Hommcaro Kk nmesats 25.1-1977 r. MH 02621
Yoa. 0,3 med.i., 0,2 yueTHO-H3T.A.
Tupax 200 3xz. becnaarHo

3agaz & 7.

Orneuarano Ha poranpmure WA® CO AH CCCP




