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Examination is made of the pseudoscalar meson field which interacts with moving
nucleons in the strong coupling approximation. A theory is developed which takes into
account the polarization of the nucleonic vacuum.

1 IN earlier works 23 we investigated the meson
o field which interacts with infinitely massive
nucleons at rest. We now consider this problem
for moving nucleons with finite mass.
The Hamiltonian (1) and (29) in reference 1, for

nucleons at rest,
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2mc? f«% , F,; Fjdr are the so-called contact
tems®. The Hamiltonian (1) is obtained from (2)
with the help of a transition to the nonrelativistic
approximation(i.e., a neglect of terms of order
E/nmc?) in comparison with those entering into
(1), and then with neglect of the kinetic energy
of the nucleons. Neglect of the kinetic energy of
" the nucleons in the zeroth approximation corres-
ponds to expansion in powers of p/m, as it does in
molecular theory. The motion of the nucleons can
essily be taken into account by means of adiabatic
perturbation theory, analogous to the theory which
applies to molecules?.

However, if we take into consideration in the
Hamiltonian (1) the subsequent terms im the expan-
sion of (2) in powers of (E/nmc?), then, as was
shown in reference 4, these terms give the follow-
ing correction for ¢Q in the case of a single
nucleon:
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Equation (3) keeps terms of order g2(amc?) ! in
comparison with ¢ for m = « (a = nuclear

“radius’’). The correction for the energy E)C( is of
the same order of magnitude (i.e., it is of order
E/mc?). If we assume that the eigenvalue of the
energy of the nucleon in the meson field amounts
toonly a small part of its rest energy, then

g%/a ~mc? and g‘2/l<2a:'l ~ mec? (for gradient
coupling); if @ » 0, then the passage of m to
infinity must be removed by renormalization. In
this case the usual transition from the exact
Hamiltonian to the nonrelativistic approximation
and then to nucleons at rest (1) is invalid. For
two or more nucleons, the condition for the appli-
cability of the non-relativistic approximation

(E)(: - E)?f)/mc2 « 1 is not satisfied in the case of

small separation of the nucleons, even for
0 . . ..
8¢, =0, i.e., without taking into account the sub-

sequent terms in (E/nmc?). Indeed, it was shown
in reference 2 that the distance between two
levels Eg3 - E?l for a system of two nucleons is

equal to 2K, i.e., ~ g%/a for r ~ a ( nongradient
coupling) and ( g2/«%a?) (gradient coupling).
Thts, Ega - EY, is of order mc? if g%/a

~ me?(g?/k%a® ~ mc?). Therefore, if mc?

~ g2/a(mec? ~ 8%/k%a®) we must consider the
Hamiltonian (2) directly. In this case, only the
solution of (2) for the nonrelativistic case
v < ¢ makes sense, so long as the nucleons are
assumed to be extended.

For pseudoscalar coupling the energy of inter-
action of the nucleons with the field depends not
only on ®_hut alsa on the momenta II,. There-

fore, @, =7:' [H, ® 1+ 0. As was shown in

reference 1, the zeroth approximation corresponds
to a neglect of the kinetic energy of the field, but

since II_ = 0 for® _ =0, then I1_ # for the zero

field also (potential momentum). We assume that
@, =@ +q ;M =7%+nm_. The Hamiltonian of
zeroth approximation is then

Ho — 2 [c (%, i) + Bime?]

+ g { D[+ en e — 2

n

—4cV7 DG, + F,m2) + dnc2 D FF,|dr
i iy

The eigenfunctions of Hox//r? depend :)n the co-

ordinates ry, . . . , r,. and on the spin vari-
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ables s;, . . . , s_. The perturbation is

H = H— H'=HY + H®,
H®= S;{cz [(x’_ NG
— Vr/e i Gai] O
+ [“g —cVin ,é Fai] m} dar;
H® — 4 S 3 [R2 + e, (2 — D) gl dr.

The equation for @0 and 72 must be found from the
condition

B = @, HOW [Ldn=o.
i

as was shown previously in reference 1 [see Eq.
(12)1. This condition will be satisfied if
¢ and 72 obey the equations?’5:

Viz s . 4
(X2 ———A)?g == T’%‘ <Gai >nn‘ ( )

™ =cVdn D (F,. 5.
Here
<Gai >:1n

e 8,) G (ry e s,)

(9, 49)

WY (rp, .-

N

is the mean value of G; over the variables of
ordinary and isotopic spin of the nucleons. Equa-
tions (4) are the natural generalizations of the
equations for the zero field in the case of nucleons
at rest (reference 1). We substitute the solution
of Eq. (4) in the expressions for H® and HV),

5 B. T. Geilikman, Dokl. Akad. Nauk SSSR 91, 225
(1953).
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Ifthe eigenfunctions ¢r? and eigenvalues E'? of the non-
linear equation H ot,br? =E r?‘/’r? are found, it is possible to
formthe Hamiltonians Hr? from H° by substituting in
<F.>5 and <G, >3 the function ¢ (r,, . .
., §_) in explicit form. The eigenfunctions l/l’?l

of the equation H° ,?l = Eg ;?l form a complete
orthogonal set. We now seek the total function

for the Hamiltonian (2) in the form

W, = 2[00 (9) B + X (8193 (s - -+ S,)-

1

Assuming that ¢ < ¢°, X, 7 € x’?, we can de-

velop the theory of perturbations as in reference 1,
Sec. 2(only now the spectrum of the unperturbed
Hamiltonian is continuous or quasi-discrete if a
finite volume V is considered). In this case we
obtain an equation for x,? (in the absence of de-

generacy for E:n:E'?l + Er?n of | # n; the de-

generate case will be considered below):

COUPLING FOR MESON FIELDS. III

(5)

2
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(Hpo H;z:; - Hns) Xg = E;zx?d @

E’," = Eft - Egn;

Huy = Hyw 4+ DY HSPHED (B3, — B2~

l+n
Hps= X HYHY [(ES, — B+ E,)™
l
— (Enn— En)7J;
Hus = 2 D) HSHIMH ), (B — E )™
Il m

X (Egn — Egm )_1,'

Hin= {85, Ho3) [drs

Hon = HR), tak xax HY — 0.

o'

If we generalize the usual method of reducing to
the sum of squares a Hamiltonian which is
quadratic in momenta ps and coordinates g5 (see

reference 6) to the case of 7, and ¢ which de-

pend on the continuous index r, we can show that
H , takes the form:

1
Hpy = § (75 + 2g?)

after the canonical transformation:

L —
a

%:' [“;a (l‘) (qk - iph/wh) + _;‘ ﬂ;; (l‘) (ph - i"‘)qu)] ’

% [?L (1) (@, —1py/y) + 7 o5 (1) (B, — iwhqh)] ;

Here 7, ¢}, are the solutions of the field equa-
tions ’

cp; = — oy,

=5 [, @) and — iomg = =~ [Ho, wal,

°E.T. Whittaker, Analytical Dynamics.



454

which correspond to the frequency + w,, and
Moo Poc LO the frequency - w, .

Inasmuch as H®) for m # oc coincides with
H® for m = o, the frequencies w,
= ¢/ K2 + k2 as before, and do not depend on 2.
Since the field 2 ~ g! and ¢~
case for m = o, the nonhneanty of the fleld of
real mesons ¢, remains of the order g

The conditions of apphcablhty of the perturba-
tion theory ¢ < ¢, Xo1 K X, 0 have the same form

0 , as was the

as in the case of nucleons at rest, since the
estimates of ¢and ¢°(7° =~ k¢ ¢°) remain un-

{he (@ ®) +pme* + 7 2\ 0Ga () b — 2Ga ()] | Ga () oG (x, 1) dr dr’

B. T. GEILIKMAN

changed: g2/# ¢ > 1 and g%/#%c> k%a? (in the
absence of mesons).

2. The solution of the zeroth order approxima-
tion of the equation with the Hamiltonian (5) pre-
sents the greatest difficulty in the case of moving
nucleons. Equation (5) is then a nonlinear differ-
ential equation, and not an algebraic equation as
was the case for nucleons at rest. The problem
is simplified in the case of a single nucleon. There
the solution has the form: ¥°(r, s) =[u®
x (s)e! ¥"[4%(s) is a factor which depends on
the spin variable 5]. Substituting u°(s)e’ ¥'* in
Egq. (5), we get an algebralc equation for the eight
component function u®(s):

(8)

+25c* D\ 10 F, o — 2F) [ F Ly + F2) dr} us, — Egup.

An analogous equation is obtained in the case
of a scalar field with scalar coupling:

[hc (@, &) + fmc2 + £ 25 [l e ir

— 2¢.8] | aB U (r) U (v') G (r, 1') dr dr’]

X Uy = EQu-

As an example we take the solution of the equa-
tion for u;i with a neutral field:
[c (¢, p) +Bmc? + ( Eu;

JE2)— B/ Fluf =
=g umuw)a(r, rydrar;
§=|8pa; p=rk.

If we equate the determinant of this set of four
equations to zero, we get:

[(me — 22 F4 2~ (2 3T =0,
=Js§2 —_Fc‘/(mc _g)z-{_ o

We see that both the level with E°> 0 and the
level with E0 <0 are doubly degenerate. The same

degeneracy is obtained for a pseudoscalar field
with pseudoscalar coupling. Because of the de-
generacy, we cannot use Eq. (4), since the expres-
sion <G_>% »n remains indeterminate in the case

of the two functions l/lr?l and ¢l3

FEo°

o- With degener-

acy, therefore, it is more appropriate to use the

first, and not the second, variant of the adiabatic
perturbation theory (see reference 1, Sec. 2). In
such a case

Ho = ¢ (o, p)+pme?

3 —
+5 2% [c2D, (2 — B) @ — 4c Y/ =G.Da] dr;

L2
for the scalar field G, = B7,gU(r—r;). (For

pseudovector and mixed coupling, the degeneracy
is absent; see below.) The  functions of
zeroth approximation depend upon @ :

(Dd-) = gk ((D¢) q’?*k (l‘, S, (Da)-

We seek the total ¥ function of the system in the
form!:

Hgx (t, s,

¥ kT zkx!*k' (q)d) ugk’ (S, (I)a) el (W, 1),
*L, ’

If the degeneracy is twofold (as was the case for
neutral field with nongradlent coupling ), then
fork’=k, ES, (¢°) =E k((po) In the first ap-

proximation in the sum over k “and p, there remain
only two components with k“=k and =1 and
p=2. If we substitute in the equation

HY = BY ¥ = (8, + 1) o' ®0,

we get two equations for x}, and xgk (below,
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xS =0 V! [ES dry =V EY dry =E%®),

ugk = ug):

[\ war + E0 @) 12 ©)
+ fn (H’ ('D):X.g + f]g (H’ (D) Xg =

[%-S]Pdr o ((I))] 0

7 (. [{rear a]):

(1A, B]

ExS;

Here

fal, @) =

= AB — BA).

We can now introduce the 2x2 Pauli matrices

0, 0,0, and the two component function xo

- X . Then the set (9) is written in the form
Xz

Hlx = Ey% H, (10)

- ?Sn24r+.€°(q>)+(c, a(®, )+ b (@, II);

Ay = %(flz + fu);

i
ay = ”2‘(.f12 —

fal @ =5 (Fu— fu);
b= (fu+ fan)-
We calculate
= [(mar, uy(@)]
= § ([T, &g ()] + (1L, u (V)M dr;
[0, u§ (®)] =gy (®) = functional of ®. There-

fore

= (L, g + 2:0) ar
= { (A (@) + 222 (®) D dr;

1 . .
fo=% S [, h)+ 2@, g,)Odr.
Thus b and a, a, a, are linear functionals of II.

Equation (10) can be svlved by the usual method.,
We set ® =¢’ + @ I =#° + 7 and expand H, in a

power series in @ m: H, _"20 H(") limiting our-

selves to the quadratic terms. The equa{.lons for
4 and #° are found from the conditions *:
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<H(11)> = 0; they have the form:

SE[3¢° = 8<H]y [8¢° = 0; 3 H3)[3n®= 0.

In first approx1mat10n for Eq. (10) we write

=y%(q, ¢° 7% x% ), we oham an equation
for the two component function x %(q) (g is the
spin variable 0. . 4=9q, ‘12)

(£ i+ P 4G a =)

+6(e =)| () = EM4(9)
and the equation for x%¢) is

[H‘“’ + Z | Hiho | H oy (B — E&)'l] X° (@)

= E, x° (¢);
|HP Lo = (39 (), HP93(9)).

It is evident that the degeneracy is removed be-
cause of the terms in Eq. (11) which contain a
and we obtain Egl + E02 for a given k.

with [ % n, i.e., k’#% kor p=3, 4

fork’ = lt, we can make use of the usual equation
(see reference 1, Sec. 2). The appropriate solu-
tion of Eq. (10) will be given in another work.

In the case of fourfold, rather than twofold, de-
generacy, a set of four equations for thjk’ xgk,

For x’

ng" Xft)k can be written with the help of 4x4

Dirac matrices. The method outhned above, with
the introduction of the matrices o can also be em-
ployed in molecular theory in the case of degener-
acy of the electronic level for arbitrary values of
the nuclear radius vectors Ri'

We now consider the solution of Eq. (8) for the
pseudoscalar neutral field with pseudovector
coupling (degeneracy is not present in this case ):

- J. ()2
[c (@, p) +Bme? + ”(;) +1d ;-Cz)

12)
—J, (, o) — chs] ug, = E° uf;

= l;’l;\)‘; L= "]‘5‘17\;

Jp= gfm SO’G (r, 1)

x2 0xox'

Ur)U(r')drdr;
J = 4Trgfm
X2

/

S U2 (r) dr.
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If we set the determinant of the system (12) to
zero, and assume that the z axis is directed along
the vector p, we obtain

(P, + b, — 11 (P, — b,)* — 7]
+2(pP+8) (B— 1 — b))
—2(b% —b2) (p§,'+ 7 — b2+ 8 — p?)
+ (b2 — b2 + (PP — B)°

+ 8pb Sy =0; p,= mc;

-

1= (p— ) [

For p = 0, the system (12) divides into two
systems of twoequations, if we assume that the
axis 7 is parallel to b (see reference 2, Sec. 1).

1) For A=1and A=2: up, =uy, =0;n; =+1;
{=0for A=1

J

—J
E) = —-£ + me?;

J—J,
2
2) For A=3and A = 4: u°1=u03=0;7] =-1
{=0; o *
J—J

A=3 Ep=—"L+me

for A\=2 E}p= — mc2.

for

J—JP_ et
2 g

for \=4 EJ=
The vector b is oriented in arbitrary fashion for
p=0. For p # 0, the energy E° and u° can be
found by means of a Lorentz transformation. Also,
forp % 0, b||pand {+# O.

If the ““nonmeson ’’ mass of the nucleon is
small in comparison with the ‘“‘meson’’ mass:
me? « ], we can effect a transition in Eq. (2) for
a single nucleon to the nonrelativistic approxima-
tion, assuming that £ = const + J + E “and
E’< ] (ep <], mec? < ). But there is no neces-
sity for this, since, as we have seen, it is pos-
sible to solve Eq. (8), which corresponds to the
relativistic Hamiltonian (2), and then assume
p<J/e.

For two and more nucleons, the transition to the
nonrelativistic approximation (E” < J) and then
to the case of nucleons at rest, is possible for
large separations |l'i - | > a; for small separa-

tions |r; - rJ.] ~ a such a transition is not pos-
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sible in principle, as was shown above. Thus, in
this case the concept of a static potential of inter-
action loses its meaning. The general form of the
energy of zeroth approximation can be found by
taking the mean value of H° (5) (in terms of the
eigenfunctions x/lnom ):

E?m = 2 [C! (;i: pt) ]nn + IBI l,,,,m02]
3, n,n

- 2 {%S l Gai (r) Irm l Gai (r’) lnnG (r, r’) dr dr’

a, i, j
+ 21'5(,‘2 S (IFai 'nn [ Faj Iml - l FaiFaj ]nn) dl‘} .

Here, in addition to an interaction with effective
radius k"1 (due to terms which contain FFq we

also get forces between nucleons with a radius of
action ~ a [this is seen directly from Eq. (4) 1.

3. Up to the present, we have been assuming
the nucleons to be extended, and have not con-
sidered the presence of a nucleonic vacuum which,
as is known, leads to an additional interaction of
nucleons among themselves, of mesons among
themselves and of nucleons with mesons.

A systematic consideration of the vacuum is
possible only in a relativistically invariant
theory, i.e., for the transition from extended
nucleons to point nucleons. Therefore, in the
following we shall assume that the transition to
the limit a >0 [ (r = r;)»8(r- ri)]is carried

out. In this case, the eigenvalue of the energy

of the nucleon which enters into the energy of
zeroth approximation is divergent, and there
arises the problem of renormalization, which will
be considered elsewhere. It must be observed
‘that a transition to zero nuclear radii, without
consideratipn of the vacuum, gives reasonable
results in the case of nongradient coupling. Ac-
tually, as was shown in reference 2, Eq. (9), for
an infinitely extended nucleon interacting with

the scalar field, the scattering cross section of
the meson with the nuclegn is, at a =0, do

= (k? + k¥2)"1dQ; in the case of gradient coupling,
the cross section tends to zero as a approaches
zero in the limit. However, it is necessary to take
account of the nucleonic vacuum in a systematic
relativistic theory, in addition to the transition to
point nucleons.

The effect of the vacuum, without application of
second quantization to the nucleons was
estimated in reference 5. It is more convenient to
make use of the method of second quantization.
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In this case the Hamiltonian has the form (in
charge symmetric form; see reference 7):

=@ p) +pmer) var as)
3
+ {2+ ¢ (Vo + Al
—2 V={1%(r),
B(Ga®a (1) + Full (1)) (1)) dr,
+ o= (J[E (), Fab ()1 ar )} 2
U(r—r’) enters in G_ and F_ [see Eq. (2)]:
=9 009t (r) + 0T (1) (1) = 3 (r — ).

The Hamiltonian (13) is obtained from the Hamil-
tonian (2) in the usual way by a transition from
the method of configuration space to the method of
second quantization. The ¥ function of the state
now depends on the occupation number

We assume, as earlier, that ®_ = @2 + ¢ 11

 Then H=H° + HV) 4+ g,
H= H} + {07 (c (, p) + Bmc®) v dr

—eV=\{Z G
B(G, 7 () + Fmd (1) 4 (£)] dr dr;

L3

=nl+nm

(14)

Hy = 3 § S (a0 + (Vo 1 et anp

a

+me2 (B (), BFay (') dr' )} dr
ae [y

HY SZ{“‘;H + ¢, (o — A) ¢

a

— e VB, UG 5, +F,m )0 ar' Jar

HY =, S + %, 00 — B,

As was shown in Sec 1, and in reference 1, Eq.
(12), the zero field ¢, 72 O must be found from the

ldr.

condition < V> = 0 (if degeneracy is absent;
see above), i.e., in case of Eq. (13):

7 A. 1. Akhiezer and V. B. Berestetskii, Quantum
Electrodynamics, GTTI, 1953, pp. 150, 130, 442, 126.

8 J. Schwinger, Phys. Rev. 82, 664 (1952),
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02— M) = (V= /o) {<I¥', BG.0pdr;  (15)
= V=<V, §F, 0 dr';

V=1 (r');

Here <{xz, BG ¥ 1> is the mean value (diagonal
matrix element) of [, BG_¥] as a function of

the state, which depends on the occupation.number.
It is not difficult to show that the condition
<HM)> = 0 will be satisfied in this case also, if
the averaging in the equations for @, 70 is car-
ried out only over the spin variables:

(2 —A) ¢t = (V= /)| (V> 3G ar;
0 = ey \ (1Y, B9 dr'.

Ify and e,
of the equation

(16)

are eigenfunctions and eigenvalues

[C (. p)+Bmez—cV'n S LY, B(G o a7

oo

+F,m) o'y dr'| b

tm = sm"l)m

with cpg and ng from Eq. (15), then, substituting
the expansion ¢ = 2(-am!/l(I)+ b; 5[’1(11—)) in H°

(14) (see reference"’l7), we evidently obtain:
H® = 2 (@m Amem— bmbi cm).
Here we find from Eq. (15)

03— D)ol = (/). .. (18)

o S § @rea e ar

+ 728 (¥ 780,47 ar'}
(with an analogous equation for 72) : n} = ata_;
n_ = b;bm.

vacuuny ]«)

The mean value of the current in the

vac» a8 is known, is given by3

Uu)lvac= ——L'_;j Sp<["l)’ wuq’]),,,c;

In the equation for (j,)___we have undergone a

vac
transition from U(r — r’) to the 8-function
8(r — r’), since such a transition, as is well
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known, does not lead to additional divergences
('sp denotes the diagonal sum over the spin

indices G_=U(r—r") G ).

Since <[, BG ¥ 1>° has a complicated form
if the method of second quantization is used, then
it is expedient in the case of Eq. (16) to return
to the method of configuration space:

(k2= A) g2 = () JYAT

vac $<6,,>" (19)
13

c

(and analogous equation for 72):

(jo), 4. has the same form as in (18), and <G,; >
as in ).
It is not difficult to show that the interaction of
the nucleons (and anti-nucleons) in Eq. (18) is
substituted for the self-consistent field, in con-
trast to Egs. (16) and (19). This is explained by
the fact that the operators ¥, ¢, as well as the
spin operators T, o,, f enter into H 0. Therefore,

the averaging in the equations for ¢2, 72 in the

case of Eq. (15) is carried out not only over the
spin variables, but also over the occupation
numbers. In Egs. (16) and (19), the averaging is
carried out only over the spin variables; they
entirely correspond to Egs. (4). If the system con -
sists of a large number of nucleons (for example,
the nucleons in the nucleus), it is expedient to
usé Egs. (15) for <p2, 112. In this case, however,

we must add the usual condition for the appli-
cability of the self-consistent field to the condi-
tion of applicability of strong coupling, given in
Sec. 1 and in reference 1. In our problem we can
obtain this condition by comparing the correction
for the Y-functions with the Y-functions of zero
approximation.

The perturbation theory for second quantization
of the Hamiltonian H = H®) + 1) 4+ H(?) 5
entirely similar to the perturbation theory developed
in Sec. 1 and in reference 1. Expressing the
complete W-function of the system in terms of the
eigenfunctions of the Hamiltonian H°:

¥, == 2 [0 (9,) 3rit-X'i(9,) ] Wht (m),
l

we obtain an equation for x’? which is similar to

Eq. (7). It is evident that the anharmonicity of the
field of real mesons ¢, is connected with the
presence of the vacuum as well as with the
absence of the vacuum, and appears only in the
second approximation 1/gZ. Consequently, the
anharmonicity of ¢_ is small in the case of strong
coupling just as in the case of weak coupling®.

B. T. GEILIKMAN

We consider the zeroth approximation of per-
turbation theory for one nucleon which is located
at a positive level. In this case the field @0, m2
is defined by the Eqgs. (19).

The eigenfunctions of the Hamiltonian # 0 can
easily be found, since Eq. (17) for the function
¥ ., by which we can expand the second quantized
functions ¢ and ¥, depends on the operators p, r
and the spin operators T, o, B just as Egs. (5)

and (8) in the absence of the vacuum. Therefore,
diagonalization of (17) and the spin variables is
obtained in the same way as the diagonalization
of Eq. (8) in Sec. 1, and the solution has the form
u.e ¥t However, inasmuch as the equation for

the field @2, 72, because of the term with (j,)

vac
have some other form than in the absence of the
vacuum, then the integrals analogous to /¢ and

], are also proportional to gzihence they will diverge

for a » 0 differently than was shown in reference 1,
where the vacuum was not considered. If we intro-
duce the corresponding integrals in the form of
numerical parameters, ignoring the character of
their divergence, then it is not difficult to carry
out calculations in the first and second approxima-
tion of perturbation theory, i.e., to compute the
scattering cross section of the mesons with
nucleons and the interaction of the mesons among
themselves. This problem will be considered in
another work. It should be noted that the great-
est difficulty is presented by the calculation of the
interaction forces between nucleons (in zeroth
approximation of perturbation theory). In order

to estimate the internuclear forces, we must

solve Eq. (19) for n # 1 and find the form of the
function ¢2(r).

We now return to Eq. (19) for a single nucleon.
The average current in the vacuum can be ex-
pressed by the Green’s function of the Dirac
equat:ion8

G (x,x')

=i (ch) ™ <T (9 (x) b (x));

x = {r,ct};

T is the symbol of the T-product’:
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[eyp + me2 — c V4= B (G, D, (20)
+ F I G (x, x") =8 (x — X);
o) <[¥v Bbu q)]>vac
= ichsp [ﬁf?a G(x, X" Ngrw s
4
T2 = D\, Dy
1 = Bor; Yo =18;
X
Ps= — ¢ ot *

Schwinger® has pointed out the method for the
computation of the mean current in the vacuum,
i.e., the Green’s function of the Dirac equation
without application of the theory of perturbation
for the case of a constant electromagnetlc field.
This method was used by Malenka® in the case of
a constant neutral meson field with pseudoscalar

coupling in the presence of a given current. We
now attempt to take into account the change of
the field ®_ in space. By way of an example, we
consider a charged field with pseudoscalar
coupling. In this case the equation 8H,/5¢2 =0

(see Sec. 1) for ¢ has the same form as Eq. (19),

but the current of the nucleon Jop» in View of the
presence of degeneracy, will not equal

2
\(‘” <G°‘>S. We first find G (x, x):

c

G(x %) =c(tp + mc

+ g5 Yraa) 18 (x — X')

= ¢ (me—1p — ig'15 D)% V) (m2ct
+ P2 4 hg'1s D 1rta0xPe
+ (g')2 Q02 )18 (x — x');
0P 1.
6k¢¢=ax, g =gVir; 1i=1

9
B. Malenka, Phys. Rev. 85, 686 (1952).
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Expanding % ysg'ZykTa P _(m2c? +p2+(g"?

x 2®92)"1 in a power series and noting that ( AB)
=B 14! , we find

G(x, x")=cYmec—1p (2D

—ig'1sEt. @) D) (@7B) a8 (x — x');
n=0

a = mich fpt 1 ()20
b= — hg"rsz Tktaakq)a;

J, (%, %) = ik V7 sp [f Ga G (x, X')] (22)

L2
= -g:.— sp [wa (me —1p

— ig'1s Tta®g) D) (@) a8 (x —-x’)] .

In the calculation of the spur in Eq. (22), after
multiplication by y.7, all terms of the row are

zero, after multiplication by v the terms of the

row with odd n are zero, and after multiplication

by 7.ycy, the terms with even n are zero. There-

fore, we get from Eq. (22):
2

8 (g i [q,“

c

J (x, x") = (23)

+ ik kEm (m2c? - p?

+ ()2 021 942

x[p? + moc + (g2 20
+h2(g')? Zﬂ O @y (p* + m2c?

+ (S0 a0,

X 8 (x— x').

If the field ®_ is changed slowly, then:
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Jox, x) 2 foa + fia + fra ey (24)
fo=—1i8(g')2hcD,;
H=8(g') ¢ L p,a™* 0xDq;
8 =—h2(g')? uE 0r ©g a™* 9rDg.
,8
Using the identity

A = S (¢4 — e~ ) ds

(see, for example, reference 7), it is possible to
write F.q. (23) in the following form:

(o]

jo e x) =28 o 4 i3 py ( sin (52 + mac:

0
sin {[p2

+ m2c® + (g')? D) 0}
g

(g')? 2‘, ®2) 1) du 0xPa }

o8

+ h2(g')? 2, or ®a§° sin((p2+m2c2
&,8 5

+ (&' 2 84)0)dv0n 0 | dsd (x— x).
SAY

If A and B are noncommutating operators, then we
have, with accuracy to terms of first order in

e=AB - BA'®

eA+B oA B | pAgBe[2. (25)

For a slowly changing field, we can consider
[p2. Eq)é] to be a small quantity. Then, using
Eq. (25), and expressing 8(x~- x°) in the form of

a Fourier integral, we obtain the zeroth term in Eq.

(24), corresponding to a constant field ®:

10 R, Pejerls, Z. Physik 80, 763 (1933).
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4(g)PhO, ( .
WS [exp {is (m3c?

0

Jox, x') = —
+(g")? LOF} eisF*

— exp {is (m?c? + (g')2E®3)} e—isP") dsg exp

4
{i ) ki (o — x})} dsk.
Evidently,

exp (isp?) exp (i Mk (xi— xé))

3 4
—exp[— i (D 41— kz)s +i ki(xg——xg')].
i

Integrating over d*k, we find:

Jo(x, x")= ch)= tcz sin {[ m2c® + (g')? T
(1]
i d.
tps(c—rr—ae—ty)]s}
‘,(ja (x'))iv ac— j¢ (x’ X')g=ste

For x = x/, the integral over s is easily computed
with the help of differentiation with respect to the
parameter (the small quantity s must be sub-
stituted for the lower limit );

jo(x) = Ex 2e (mter + (&) 2 %) (26)
[1 —7—In (So (mc? 4 (g') 2@@))];
<]
1= 1,78.

In the case of the field @2 we must assume ®_= ¢

in Eq. (26). We see that a loga.rithmic divergence
appears in Eq. (26). The other terms in Eq. (24)
can be computed in a similar manner. If we limit
ourselves to second derivatives of ¢ (which are
necessary for the renormalization of the meson
mass) then only in the first member of Eq. (24) --
fo -- must one consider the second component
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of Eq. (25) in the expression for a™1; in the re-
maining members of Eq. (24), one must keep only
the first component of Eq. (25). This method of
obtaining the mean current in a vacuum can easily
be apphed to the case of pseudovector coupling,
when @2, 70 are defined by Eqs. (19). In the

same manner, we find the Green’s function

G%x, x ) which corresponds to the constant field
I, o,.:

! 1 ¢

G°(x,x)=m7rg(m5—7p + fB15 L 7 I0) SS
0

ds

X [(mee2 + prmg + iy (o — #))s]

f=g V‘l—w/(xc)

We can then find the mean current in the vacuum for
the momentum II_ - g:

3

%]

ECV‘I_'E_SP <[$, ?Fa UDvac

Seell,
= TR (m2€2 + f2)311§)

X [l — 1 —In (s, (m2c?® + f2L13))].

g, (x) (27)

Close to the nucleon, it is not possible to con-
sider the field @2, 72 to be changing slowly.
Therefore for the investigation of the behavior of
@2, 2 in the neighborhood of r,(r — r, - 0), it is

appropriate in the exact equation for j_(x, x ") (23)
and g_ (x,x") or for G (x, x”) (21) to substitute

the solution of the equatlon of the field (19)
(or 8H,/8¢0 = 8H,/n = 0; see above) in the

form of a functional of j_(x) and g_(x).

For the computation and later renormahzatlon of
the mass of the nucleon, the equations for 72 and
¢ must be solved. Renormalization of the meson
charge of the nucleon can be carried out®:® on
the basis of the expressions for j,(x) and g (x).

Translated by R. T. Beyer
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