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FIG. l. Electron-positron shower of 6 particles initi
ated in the lead plate by an electron of momentum 360 
mev/c. 
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FIG. 2. Energy distribution of the secondary elec
trons N (E), 

the corresponding experimental results of refer
ence 2, and with the theoretical value forthis 
quantity obtained in Ref. 3 by means of a 
Monte-Carlo calculation of an electron cascade in 
lead. 
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2-3* I 
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Number of show-
en ers with a giv 

no. of particle 
corresponding 

s 
to 

ex-Poisson's law, 
pressed in% 

17 
30 
26.6 
15.7 
6.9 
2,5 
0,7 
0,1 
0,01 

.*These data for the relative number of stoppages of 
pnmary electrons are taken from Ref, 2. 
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J T has been shown that in investigating the 
electronagnetic and meson fields of 
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elementary particles, the effects of gravi
tational interaction cannot be neglected l-5. The 
p-esent note is an attempt to find solutions to 
the equations of the general relativistic gravi
tational and scalar ~reson fields of a point nuclear 
charge. The solution is nonsingular at all points 
of the gravitational and meson fields. Although 
it contains several functions whose form is not 
given, this solution can be used to obtain the po
tential of the scalar meson field, which is a gen
eralization of the Yukawa potential; further-
more, it makes it possible to calculate the mass and 
self-energy of the nucleon, which turn out to be 
finite. 

We take the general centrally symmetric ex
pression for the interval in the usual form 

where ,\, p., and v are functions of r. The energy
momentum tensor of the scalar meson field is 

T~ = ( __!_) {2gz" au. au 
\8~ ax• ax" 

_a~ ( zm ~ .!!:!:!_ _ 2u2)}. 
' g dxl dxm X 

We shall consider the field static and set U = U(r). 
Then 

Ti = (1;8~) (- e- "U'2 + x2U2); (l) 

It is easy to show, on the basis of the invari
ance of the Einstein equations under the transfor
mation r ... or, X-+ x/a, wherea is a constant, 
that the solutions to these equations is of the form 

(2) 

where U0, ev•, e"• and e""' are solu
tions for the case X= 0, and V, <I>, '1', and tfr are 
functions of the one argument X'· 

As xr ... 0, each of these four functions approaches 
unity; i.e., for r-+ 0, the solutions for the cases 
X I: 0 and X = 0 are identical. 

Let us set4 

!J. =- 2 In f (r), 

where f(r) is an arbitrary function with no singu-

larities in the region 0 ~ r ~ + oo and satisfying 
the following conditions: 

If (r) I~ 1; lf (r)Jr=o = 0; lf (r)Jr=oo = 1; (3) 

If' (r)Jr=O =ex; If' (r)Jr=oo = 0; 

If" (r)Jr=o = [3; If" (r)Jr=oo = 0. 

Solving the Einstein equation for X= 0 and in
serting the solutions for U0 , e ••, e"•, and 
e""' into Eq. (2), we arrive at the general solu
tion in the form 

G 
U r = -;JV::-.;A;:;;2=+==;:4=;:( k=u=2::::/ c=4=-) 

(4) 

l [X + (A/2q) (1 + q)] 
X n X- (AJ2q) (1- q) V (xr); 

ev._ [X- (Aj2q) (I-- q)]q 
- X+ (A;2q) (l + q) <D (xr); 

e"= _!!_ [1 _ r f'(r)Jq _1_ [.X- (A/2q) (1 _ q)] q 
f' f (r) X X+ (Ai2q) (1 + q) 'I' (xr); 

e"" = X (xr) 1 f 2 (r), 

where X is the solution to the algebraic equation 

[X- (Aj2q) (1- q)J1-q (X+ (Aj2q) (5) 

q =A [A2 + 4 (kCJ2jc4)J-'I• < 1, 

and A is a constant of integration which can be 
determined from the conditions (3). From Eq. (4) 
and conditions (3) it is easy to prove that all the 
components of the metric tensor g ik and of the 
potential U are nonsingular as r ... 0. 

The self-energy of a rrticle is calculated 
using Tolman's formula 

W=~(Ti+T~+T~-T:)Y gdV 

0) 

(6) 

= 02 \ d (r/f) " 
J (rJf)X =o. 

0 

It can be shown that with conditions (3) the inte
gral in Eq. (6) is finite. Then the self-~ass of 
of the nucleon will be m = G2o/c2, and its 
classical radius is r = 1/o. If we neglect small 
quantities of the ord~r of kG2/c4 = I0-68, then 
the constant q "' I. 
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In this case the potential of the scalar meson 
is of the focm 

U (r) =- ~- ln [1- A f ~)] e-xro 
(7) 

In view of the condition \f(r)\ ~ l, we can ex

pand the potential U(r) in a series for r >A: 

a [ trA) U (r) = - f (r) e-xr 1 + -1- f (r) 
r 2 \ r 

(8) 

1 r A \ 2 • ] +-,-I -I /" (r) -t- 0 o o 

3 \ r; 

For r >>A, the function f(r)"" l, and we obtain 
the Yukawa potential 

U (r) = Qe-X'jro 

Equation (7) is a generalization of the Yukawa 
potential. When r ""A, the gravitational field 
greatly alters the potential of the meson field. From 
(7) and (3) we obtain 

U (0) = (0/A) ln [11(1- A<X)]o 

Thus the theory we have here developed is in a 
position to give not only a finite nucleon mass, 
but also a finite potential well depth for nuclear 
forces. In this lies its attractiveness. 

In conclusion I express my gratitude to Prof
essor M. F. Shirokov for valuable advice and sug
gestions during the performance of this work. 
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l AS is known, the total interaction cross 
•section is proportional to the imaginary part 

of the forward elastic scattering amplitude 1• This 

general relation, which is sometimes called the 
optical theorem, is the result of the unitary 
character of the S-matrix and holds true for par
ticles with no arbitrary spin. It may be represented 
thus 

cr1 = (47t I k) Im Tr M (0') I (Zs1 + 1) I (Zs2 + 1), (l) 

if one introduces the matrix M(O), which connects 
the wave scattered through angle e with the inci
dent wave, and designates the spins of the col
liding partie les by s 1 and s 2 • 

When a spinless particle collides with a par
ticle whose spin is l/2, the matrix M may be repre
sented as 

M (6) =a (6) + b (6) (crn), (2) 

where a and bare functions of invariants (kk0 ) 

and k 2 = k 2 , a in the spin operator (nucleon), and 
n = [k:k] /\lk 0k]\is the normal to the scattering 

surface. 
When spin s 1 = l and s 2 = 0, M has the form 

M (6) = X (6) + Y (6) (Sn) + Z (6) (Sn) 2 (3) 

+ W (6) [(Sk0 ) (Sk) + (Sk) (Sk0)], 

where s is the spin-operator (deuteron) and the 
quantities X, Y, Z, and W play the same role as 
functions a and bin Eq. (2). 

For the scattering of Jllrticles with a spin of 
s 1 = l/2 on a target with an arbitrary spin of s 2 , 

we have 

M (0) =A+ O\H =A (4) 

+ B (a1n) + C (a 1m)+ D (a11); 

and, for s 1 = l and an arbitrary s 

S2 [(S, kk0) = (Sk) (Sk0 ) + (Sk0) (Sk) e, t. c. ], 

M(6) = K + L (Sn) +M (SI) 

+ N (Sm) + R (Sn)2 + T (S, kk 0) (5) 

+ F (S, nl) + V (S, nm) + Q (S, ml), 

where m =(ko- k)/ I k0 - k I, I =(k0+ k)/ I k0 + k I , 
and the quantities A, B, C, ... , K, L, M, ... are 
linear combinations of the total assembly 

(2s + 1)2 of the operators in the spin space 
2 




