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CTaTnqecKne cKanHpaoe n sneKTpnqecKoe rronH B Teopnn 

THroTeHHH 3~Hll!Te i1:aa I The static spheric 

B pa6oTe paccMoTpeaa Moaenb c¢9pnqecKH-CHMMeTpnqaoro Tena 
(c¢epbi) rrpH H8nHqHH rp8BHT8llHOHHOro, 9neKTpOM8rHHTHOrO H CKanHp
HOrO none~. Ha liAeHHb!e CTaTnqecKHe pell!eHHH OTnnqaJOTCH OT pellleHHH 
rrpo6neMbi, A8HHb!X cPHll!epoM, EeprMaHOM H ne~ITHHKOM, B OTnnqne OT 

rrocneAHHX yAOBneTBOpHIOT 06ll!HM Tpe60B8HHHM, KOTOpb!e AOn)KHbl rrpeA'b 
HBnHTbCR K CT8THqeCKHM pell!eHHHM B paMK8X o6me~ TeOpHH OTHOCH
TenbHOCTH, H ecTeCTBeHHO HHTeprrpeTHpyJOTCH ¢H3HqeCKH. 

npe npHHT 0 6 "be.llHHe HHOrO HHCT HT y T a SlllepHbiX HCCne.llOB8HHAo 

ny6Ha, Hl67 • 

Asanov R.A. E2-3108 

Static Scalar arrl Electric Fields in the Einstein The ory 
of Gravitation 

The model of a spherically symmetric body (sphere) was 
considered in the presence of g r avitational , electromagnetic 
arrl scalar fields. The static soluti ons derived differ from thos E 
given by Fisher, Bergmann and Leip nik by that the former sa
tisfy the general requirements imposed on static sol utions in 
the framework of the g eneral relativeity and are naturally inter 
p r eted from the physical point o f view. 

Preprint. Joint Institute for Nuclear Research. 
Dubna, 1967. 
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The static spherically sy-nmetric model of a body(sphere) of res tricted d i men

sio ns is considered in the presence of gravitational, electromag n e ti c and scalar 

fields. A similar problem was repeatedly solved in the presenc e of only g ravita

tional and electromagnetic fields (see for exa mple, p.."'tp e rs by Papapetroj
1

/ Bonnor 

etc/
2
/\ It was shown tha t such static solutions are possible. Such rnorlels wer e 

subjected to a criticism even b y Einstein/
3

/ because of some ambiguity \\hich p er

mits to choose various distributions o f the el e ctric charge density. 

An advanced investigation of th~ proble m in the presence o f o nly gravil<">tio

nal and sca lar fielr!s \Vith a point source vvas marie by !.Fisher in 19'1[,/'l/. N 0 t r> 

howev e r that this solution in itself has no physical meaning since it cl cJ'~s n o t s <1-

tisfy the requirement for the me tric to be Euclidean in the infinit.">l y small reg i on 

near the origin/
5

/ (i.e. at this point the r a tio of the length of an infinite l y small 
>.(o) 'I 

circle to its diameter is not ffi"" ) what follows from the e q uality e = 0;. Moreover, 

in ref/
4

/ the e rror in the calculations has led to a wrong conclusion about the 

non-Schwarzschild b ehaviour of the function e y(r) 
a t r-oo. The total ener gy was 

also found to be wrong (the infinity) due to a strongly singular transformation of 

the coordinates. Thus, in reality, the described system can not be realized. Moreo

ver, as it will be shown b e low, the static mod e l of a particle (body) consisting o f 

a "dust-like" matter can not also be realized in the presence of only g ravitational 

and scalar fields. (It i s impossible to fulfil the condition like· (15) ><-~ h1 i. -t- )( G-~ = 0, 

here G- is the scalar constant, ><... is the g ravitational r0nstant. This conclusion 

can be understood from th e physical point of view since both g r avitational and 

scalar forces are a ttractive a nd, consequently, can not be a basis fo r the const

ruction of a steady system. 

T he problem of a point source for g ravitational and scalar massless fields 

was also considered b y O.Bergmann a nd R.Leipnik/
6

/ in 1957. Thc:y o,ave, in ad

dition to the Fisher's solutio n, some o th<'r ones. H owever, a fractio n of them ,as the 

authors point out, doe s not obey the condition fo r the metric to be Galilean a t in

fini ty. The r emaining o n e does not sa tisfy the natw·al condi tions of positiveness 

( > o) of the quantities Kf..mi. and ){ G-i. (or the sum X...i.mi.+KG-~).In particular, 

3 



the solution for which m • 0, G- ~ 0 . doe s not satisfy the Bianc hi identity 
I • I 
~ .f + J V = 0 (camp, below eq, (6)) at the point 1-== 0 since at this point we 
i, • I 

would h a v e f= 0 but ;} V¥ 0. 

It i s c l ear from the physical p o int of view that if, in addition to the gravita

tional and s c a l a r field s, we introduce the electrostatic one then we may hope to 

constn1ct a s teady model since the e lectrostatic forces are repulsive, We first 

cons ider the c a se of a massl es s scalar field, We do not introduce phenomenolo

gical exte rnal forces inside the b ody, This picture corresponds to a "dust-like" 

body structure, 

For the Eins tein equations 
'tl v 

G-I' = 8 T\K. T/"' the material tensor consists in 

the mentioned c a se of three parts. The tensor of the matter is 

(m)v JJ::.-6" c( x" 
Tr- =-PCJr~ C?{ s c~s 

h e r e .f is the invariant mass d e nsity. The e l ectromagn etic fi e ld tensor (in Gaus

sia n units) is 

(efm> 

Tv= _i_!F. Fv~_Lt."'£ F6'>-) r 4JI t' If~ Lt r o. , 

here F,.v = ot< Av- ovA~ 

The tensor of the scalar mass l e s s field is 

<sc) 1.. ( 1. (l y ~ J 
T: = l.fJf -vrVvvV+.ror ~Vv~V;. 

T h e e qua tions for e lec tromagn eti c a nd s c a l a r fi e l rls are 

vr- Fvr_ itJr J'', 17
6 

v-s V = -lj JT j 
h e r e J is the invariant density f o r the scala r fie ld source. In the c onsidered 

stati c s p herically symmetric case we have 

( ds/"'= c;}f'Yd5t<clf" = - e>.(drv/:_ r'W.eJ2-_ r'Lsln 2e(J'f'/ + ev(c{t)~ 

..\=,\(r-), Y= Y(r)) d.etfir.,-::::.9==-e;..-t-~,_,Sin<J..e, 

( 't-1~2..~3 y . 
~))) s ~ .f = t) e} ~ -t) . 

T he E ins tein equatio n s b e come 

4 
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- >-. 1 -r-r-
v' -r + 1 

v" - _._ \. 2, I -
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Bianc hi identity 

7 since at this point we 

addition to the gravita

then we may hope to 

~ repulsive. We first 

introduce phenomenolo

Jonds to a "dust-like" 

•rial tensor consists In 

!r is 

,tic fi eld tensor (in Gaus-

>-J 
) 

::e. In the consid ered 

.A+V }, 'L f =- e !""'Sin (), 

here 'f Is the scalar potential of the electromagnetic field and the prime mean s 

the derivative d/dr, 

The equation for the electromagnetic field takes on the form 

w" r~ v'-r>..')'f'- ), J ). , + -;::;---~ --·-or "e (4) 

here J If is the electric chB.rge density, and the e quation for lhe scala r fi e ld is 

t1 2._ I AI) I 
V + ( -;:- + v ~ V = it Jf j-- e). (5) 

The contracted Bianchi identity ( ~6 G<S-:= 0 ) gives 

v' . ' , J 9:.P-t-JV+'f v= 0 (6) 

It retains in the set of equations (1)-(5) only four i n clep endent. Note that the sum 

of the equations (2{ and (3) leads to 

.>-
\111 3v' (v')'L 1 '(j__ }i_J_£ r + 'L ~ + 4 + ,~- >- 21' + 4 r'L 

which on integration gives 

9J 

->e 
1__ -V 

f + 1) t )'L (1+ '; )'1..- r'L 1+'; 
i s a constant of integ ration. 

) 

0) (7) 

(8) 

We first fini the asymptotics . o f the solutions for 1-00 then we use it as 

a n "external" solution, In order to construct the solution inside the body we use 

well-known receipts of connecting the internal and exte rnal solutions at the boun

dary, 

Outs ide the body (i. e , fo r £ = j = J'f = 0) e qs. (4) and (5) have the fol

lowing solutions vanishing a t infinity 

5 



'f
t f. i-+V 

=- ~~ er V
'- G ;.. -v 
-- r'L e ~ (9) 

h e re £ is the e l ectric char ge. 

In this case the problem reduces to a completely definite system o f e qua-

tions 

I )... i, 

>- 1-e _ KG- ).-\> Kfi.. A 
-+ ----e --e 
I f"'i.. '" r'~ ' 

(10) 

I >- ~ 
v 1-e - KG- A.-Y ).([~ >. 
r + ,~ - -.e --e (11) jY fy 

'I'o fin:! the solution for this system at r-oo we use the r e quirement for the met

ric t o be Galilean a t infinity ( e y- L, e). -1) arrl the corrlition of corresporrlance 

with the N e wtonian a pprox imation (for this the integ ration constant is c hosen so 

tha t o Y ~ i- ~X tr1 + ) As a r esult we get the expansions 
'L I .... 

v e 1. _1xm ,-
K. f. f. , (X.I"rl)K Gt 

+ .~ + .3 /3 
+. .. (12) 

J 

~ 2- 1.. 
.>-

e = 1- 1_.,on +KG +.Kf. +(J<tt1))( G- + ... 
r r<L 1 3 (:13) 

T hese expansions if E.= 0 natura ll y g,ive the a symptotic s fo r t h e Fi s h er's solu

tio n s , if G- = 0 trans fo r m to the solutio n fo r th e e l e ctros tatic prob lem (Nords tro m

Rei s s n e .J7 I. e y =.e).= i- .2><1Yl + )(['L) a nd if ( = G- -= 0 "tra nsform to the Schvvarz-
1 ('"i-

S I' hilrl ~G1 1 J t i oP 

Using the a s y mptotics fourrl it i s eas y t o d e termine the c onstant 'lJ in the 

inte g ral (13) o f the i n itial s yst e m o f equa ti o n s 

V= x.!l.mi..+Kc!--><-~t. (14) 

'I'o fulfil the r equinerno nt for th e metric to be E u c lidean if /- 0 it i s n e cessary 

e}.(o) i f . ey . t t . . I . . t l t o have = . If the u nction ts n o oo stng ular tn t 1e o n g u1 1en 

from (13) i t foll"'""" tha t the sol t1lio n of in l <'!l"Pst can be d e rived o nly if 

" 

., 
J 

·~ 

CfJ= 

Note that if G=O t 

tic problems obtained h 

solution for the p roblem 

an "external" in constn. 

R~ 

\1\e have also the exact 

e>-:: 

Now we look for the in· 

V(r) 

'I'he bourrlary corrlitio n 

of them at I=R and 

A=-

B-= 
.>. 

'I'he quantity e is C O ' 

a discontinuity at I= R 
c onnect the d erivatives 

choose fo r lf(r} e lsewt 

boundary : 

I 

lf= 

'I'he n the scalar field is 

s phe r e 

x(V. 



(9) 

ly r!efinite syst e m o f equa-

.K[~ .A -e ,v 

J (10) 

(11) 

~ the requirement for the met

condition of correspondance 

ion constant Is chosen so 

?xpansions 

(xrt~)K Gt 
+ ... ' (12) 

toties fo r the Fisher's solu

rostatic problem (Nordstrom-

' 0 'transform to the Schwarz-

line u.e constant 1) in tl1e 

(111) 

n if r~ 0 it is necessary 

n g ular in the odg in tl1<>n 

d e rived only if 

(15) 

Note that if G = 0 this gives the condition X~.., S!..- X £. ~ 0 for electrosta-

tic problems obtained ln the Papap etrou and Bonnor's models. Thus, we have th e 

solution for the problem outside the body in the form (12), (13) which is used as 

a n "external" ln. constructing the model of the sphere of large radius 

(16) 

V1.e have also the exact relation which is valid both outside and inside the s phere 

(17) 

Now we look for the internal solution for V{l) in the form 

J 
A and B are constants. (18) 

The boundary conditions on V and \) 
1 

(see Synge/
8

/) require the continuity 

of them at and g ive: 

A=ZxJn.+ 
R.~ 

B-=- Ltxi'Yl -t 
R.. 

) (1~ 

(20) 

).. I 

The quantity e i s connected automatically owing to (17). The derivative A has 

R 
,, 

a discontinuity at I= (simultan eously with \i and 0 ). Then we have to 
f f J 

connect the rler ivatives of the fields ( V and 'f' ). Due to some ambiguity we 

choose for 'f'{r) e l sewhere insid e the sphere the value which it takes on a t the 

boundary : 

)\(R]+. V(R.) 

lf'=- E~ e £. ==- ti. 
R. ((_ 

(21) 

Then the scalar field is connected automatically due to (2), which g ives insid e the 

sphere 

(22) 

7 



'I'hus, the natural r e quireme nt for the quantity (V? ~ to be positive is satisfied 

owing to the c orrlition (15) . Using (17), (18) a rrl (21) from the Einstein equation(1) 

we obtain fo r the mass density 

8J~Kr'L~~jJ = Ar(i +f)+ Ar(1+ fl-zx,£.1-''(~/~= 

~ 4xml 
R._f-

2, )(..12.(£. 

~v 

(23) 

'I'o provide for the quantity J7 ( r') 

Zxm > 
to be positive the following restriction 

R._ 

){_f.£. 

1\_~ 
Or' 

o ><..E~ 
(\._>~ 

2-><-m... 

(24) 

should be fulfilled elsewhere inside the sphere which does not contradict the con

ditions (15) a rrl (16) . 'I'he behaviour of the functions e ~ e '\)J VI arrl 'f I Is given 

by the graphs of Fig. 1. 

It 

.i 0 I 

0 I 
R.. 

Let us consider the behaviour of the covariant densities of the electric arrl 
I ~ I ). f- ~)f, 

scala r char g es in this model. Taking 'f=C.011~L 1 V=A 1 e =\1+£. from (4) for the 

firs t o n e we have 

v.J t Ar)('· A£.ri.) r 1. ' -8 JT r-e 'I = ~1 + r '1 - y; lf ::::: '1 "f < o 

A .-v .2.XIYl I /- i 
since I=~· R.. ,<._ 

I 
arrl \f == C011S't < 0 

(25) 

C o nseque ntly , Jv (r') has elsewhere the same sign (arx:i is positive). For the d e n

sity o f the scalar field source we have from eqs. (.5) ard (2) 

8 V+>-v'· , ·~ /) I 'Jr. fi, Ai. v7 JTX.I~ J = -KIV('f) +e-l+iV-IA Lx('f) -if e J;; (26) 

x e.cz..- x.. t mi.= it J.<. G- £.. 

R_'l rzV f<.Y 

8 

'I'he last equality follows fron 

. v' sign (arx:i j-< 0 since <O ). 

sities j arrl Jv have (in 

known that this singularity is 

If we assume that at least \. 

vanish at I- 0 the singu1 

eq. (23) it follows that at 1-

'I'he expression for the 
00 

I= lt;r jv'} 
== - \f /' [ 

, . 
for the solution obtained g ive 

), 

I= [- lf'r~e--

=E. 

'!'his is in agreement with the 

'I'he total mass of fhe 

M = L rq 
~X~ 

is in this case 

fv1 = _1 [rre 
£J<. 
(!-=) 

'I'hus the construction of the 

'Ve consider now a p c 

sphere in the presence of s 

and those o f the s c a la r fi e ld 

1 >. 
_L+ 1-e ==

r rcz.. 
V1 1-e>-
~ + --::::. 
1 ri. 



! positive is satisfied 

th e Einstein equation(1) 

(23) 

::>win g res trictio n 

(24) 

os not contradict the con-

'?v v' w' _ , and 1 ls given 

i 

3i tie s o f the electric and 

= (1+~/'trom (4) fo r the 

( 0 (25) 

i s positive) . For th e d e n-

(26) 

The last equality follows from eq. (15). Consequently, j has elsewhere the same 
' I 

sig n (and j-< 0 since V <O ). Note that from these formulas it follows that the den-

sities j and JV have (integrable) singularities at the origin ( "' ij( ). It is 

known that this singularity is specific and due to our simplest choice Y 
1 == const. 

If we assume that at least V '~r' at the origin arrl the quntities If 1 
and V' 

vanish at (.- 0 the singularity disappears. The same is valid for ,P(r-) 
0 

(From 

eq. (23) it follows that at I~ () J 8JTx. p rv .2.rA ) 
0 

The expression for the total electric charge of the system in our metrics 

~ ~ ~ y~ 

I= ltJT J1JrJr'r£..e~vtr=- J('f'r'Le-y J'clr-= 
>.+-V 0 (27) - [-lf' 1'Le --~}/ oo 

0 

for the solution obtained gives 

[ 
- X+-VJI R.. ~ A{R)+Y{R),~ 'L- )..{ll)+v{R.) - V+A I= -lf'r~e. ~ = -~ e ~ (( e ~ - lim r'L.e :L = 

o R.~ •~o (28) 

== E. 

This is in agreement with the electric charge conservation law. 

The total mass of lhe system according to the Landau formula/sf 

(29) 

is In this case 

M = jJ<- [r(i><;' + ... 3- 1~ [r(i+ooo-1)] = m. 
(1-=J (1-0) 

(30) 

Thus the constructio n of the model is completed. 

'V e consider now a pos sib l e construction o f a n a nalogous model of the 

sphere in the presenc e of scalar field of mass 

and thos e o f the s cala r fi e ld a r e 

9 

10 The Einstein equations 

(31) 

(3 2) 



11 1 \ ' '( 1 >..') , 'l i t. A -v ,z. 
~ + v ;: + vv; =-x.W)-x.r Ve +ke ('f) (33) 

V II (2_ V~)...')v f.TT A 1. • A + I+ y- - f< ve =~JTj€ (34) 

The electrostatic field equation (4) an::! the Bianchi identity (6) conserve the pre
).. 

vious fonn. The sum of eqs. (32) and (33) leads to U>e equation for e 1 which 

integrates into 

_c; 00 

>. ( ) "" -2. -Yfl /ffG ~fl ~ 1
n 7 e- == li +'; + r e (~-~-~vi LfJ+2)(fJVIY.£e")J'J/3s) 

~is 3- constant of integ ration. 

Outsid e the body (i.e. for p= j== J..f=O) the system of e quations under con

sirl eration becomes completely definite. We find the asymptotic expansions of its 

solutions f o r r--eo taking into account the c onditi o n for the metric to be Galilean 

at infinity and the corresp onrlance w ith the N e,vtonia n a pproximation. For the 

e lectric field we have as before the exact expression 'f 1
=- ~i.e~. For the 

scalar fi e ld represented as 

V(drv ~ e-JW.,tl 
' 

(36) 

from eq. (34 ) w e g et 

I 2. 
1 

'( {) A - W + W - v ~A \if+ I = f< 2-e (37) 

It is natural to loo k for the a symptotics of 
ev an::! 

. . ).. 
e in the form 

1. £X/'Yl K£i. or: -r; ----t--+ e. 
I I'L ' 

(3 fl) 

-r,... 
assumin~ that e << :i 

The n from eq. (37) for the scalar field we obt,"J. in 

W= H+f)(h1+:b_-t-.}_ + ... 
1 1 ri. r ?> 

J.J... = km + 3 x.2 Y"Y1t../'(- ><£'i.K 
i. I ' Z ~ :tpr= Km + ~K2-m t< +5J<.3m

3f.'L-k.£2.f-_3(x..rn)J<f fi . 

10 

Substituting this exp 

tant fro m correspondance 

scalar rio!d 

V- G- -rr --e 
I 

Note the p ecularity of this 
-)(ltf~ ) 

tor (fr) I which was ir 

first terms of the expansio 

->. e ::::- 1-g_ 

v e = i _1x 
( 

wher e the last dots are fol 

The expansions (39)-(41) a 

has obtained the expansio1 

Using the asymptotic,; 

'/) = x._ 2. WI 

It is now obvious that for 

v a nd e v a r e not sin 

Then for 

x..2.m.i.- X..E. 

-,A e we get 

->. (,1 i)i e =t" + ~ 

Further in orc;ler to constru 

solution. This means that t1 

b e imposed on the body ra 

field will g ive an e xponent!. 

the s calar field remains sm 



i t.>. -v ,t 
lr Ve +Ke ('fJ (33) 

(34) 

ntity (6) c ons erve the pre

equatio n for e >-, whic h 

t ern o f e quations under c on

rmpto tic expansi o ns of its 

for the metric to be G alilean 

=tpproximation . For the 

w'=-L o¥ For the 
l r'L \... . 

(36) 

.\. 
~ (37) 

.. ).. 
e i n the fo r m 

(38) 

J . 

.2. 2. 2. 
- k. f f<-- 3(>< rn) J< f. f' . 

r 

S u bstituting this expression Into e q.(36) a rrl c hoosing the integ rati o n cons

tant fro m c orrespondanc e with the usua l solution witho ut g ravitation we get fo r the 

scala r fi e ld 

(39) 

Note the p ecula rity of this expansion in comparison w ith the flat-s pac e cas e (fa c-

( 
-)(ltfl'( ) 

tor fr) I whic h was indicated by Zastave nko. Now it is possib l e to find the 
-).. )I 

first terms of the e xpans i o ns with the e xpo n e nts for e a nd e . They a re 

v1the re the last dots are followed by the terms ·,-vtth the hig her pow er e xpo nents. 

T he expansions (3 9)-{41) are easily compared with the Stephenson/10/ results, who 

has obtained the expansions of the same quantities in a power serie s in ){ . 

Using the asymptotics obtained we find the constant in the exact integral (35) 

- 2, ~ ~ 1J= x.m._ -K-c. . 
-.>. 

It is now obvious tha t for e not to be sing ular a t the orig in 

v arrl e v a r e not sing ular there it is necessary to have 
00 

The n for 

xim.~- ><-t.~+ 'L~rx_ fv~9..(r-~ev)'J,... = 0. 
o I 

-,A e we g et 
; 

(42) 

\.vhen the functions 

(4 3) 

e->-=(1+~'T~r-~+r)-~-Yixr1v~'L(r¥-e'/dr_ (44) 

Further in o l"Q e r t o construct the model we use the a s ymptotics a s a n "ext e r nal" 

)0>1 ><£'1.. xG-'- -t<R. i 
solution. This mean s that the fo llowing res trictions R '~ '¥I e << a r e to 

b e imposed on the body radius arrl, consequently , outsid e the body the sca la r 

field will g ive an exponentially small contribution. Assuming that ins id e th•? s phe r e 

the scalar field remains small \ '-"? obtain a mod e l which in its phys ica l meaning i s 

11 



v0r y c los e t o th~ B onn a r mod e ls inv o l ving the g ravita tional a nd e l ectrical fi e lds 

o nly . '!'his is .:llso see n fro !'Tl 0 q s . (1:1) a nd (4•1) whi c h give i mmedia t e l y r e la tions 
'L ~ ,,c-'L~ 0 >.~;;1 r-vJ'L 

c l nse to th~ l 'ftpa.petrou a nd B onn o r formula s K. m - ,.._ <- = 1 e = ~~ + ~ . 

'Ne take a~a.in for the internal solution 

v(r)= Ar+6, A a nd 13 are con s tants. 

Imposing on \) and 
I 

\) Uoe b o unda ry c onditions, w e obtain 

AR.
- ~xm 4xfrn'L_iJ.J1£2- 8-- Ltxm 3><f~bx.2rn.t 
- R. + rz '1_ + .. · ; - R... + R 2- + ... 

(Sc) i g 1 ~ -.>. 2. ~ 
Then we have to co n nect o n the bounda ry the qua ntity T 1=- rvJ e - k V I 1 8A f . • 
After l e tting V a nd V continuousl y r~o i nsirte tho s p her e by a. s imple c h oice 

of v = lY: +~ r ( 1./i .:md ~.t. a r e con stants) we p rovid e s i multan eously 

1 ~ " t f}z, c ontinu it v both of li1" functi o n e (a ccordi n q t o e q . (t1 4)) a nd th0 expres s ion 

T/. T'his proc<?dure leads to tho exp ress i on V insic! e the body 

G- ( ) - fiR+... G-( ) - t<R.+ ... V=rzlrfZ+fkm+i + ... e +f:[ - rR..-r'Km+t+ ... e ;;_ 
, 

Finally , the funct ion lf l u i'! 1s out to be connected o.u t o •nulically <i u <" t o e q . ( 3:~) . 

T o s implify the a nalys is r,f the mass rJens itv b ehavi our w e s u b tract e q. (32) from 

(~ l ) a nd ·~,<'t 

" 8 JTKI£ f 

U s ing the val u e s 

I I ( )' ~ \+V - ~KIV . 

v'=A=~ >-.' ~ 
R.<J._ ' 

r v"+ v' 
1 rv' 

+2.. 

, 
V=A - ' 

(4 5) 

I V ~-f-. G- .e-rr< 
R.._ ' 

w e r1et for the rin,ht-hard sirlr of (45) a n a pproxima te e xpression 

2, A- 2- x.G~ H.~, e-£rt?.. > o 
R'L I 

I.e • .f is s •.1r ely p osith·r. For the e l e clrornag n e tic fi e ld e q. (32) <;l ives everywher e 

ins id e th e sph~re t : ,, ·.?l lue 

K.(lf')2.::' )(_f.~~ 
fZ. '{ -

)<... .t I'Yl ~ 

R_'f 

which is a l ·n<>SI <..onstdnl cH"K.! close t o u .. ,t (> 1'\ U1e bouol'lary. 

1:' 

~ · 

~ 

Now it can be she 

s a me sig n a nd the total 

res pec tively. 

Using the o b tained 

ditio n (4 3) approximate l y 

x.~m2.--} 

'!'his e quation is really 

since . e-!fR. << i . 
'!'he probl e m of a 

particle s was consid e r e< 

peels are being discuss 

mentary particle theo ry. 

am g r a teful to A< 

as for the persistent su 

v e tsky and LV. Polubarin 

1. A.Papapetro u. P r oc. R 

2 . W .B .Bonnor.Zelts. fur 
12, 264 (1965). 

3. A.E ins te in. Sitz u n g s b 

A. 3 AnwTelln. Co6patu 

4. 11.3. <l>H wep. )!(3T<l> 

5. L.Landau, E .Lifshit z . 
Cambridge, 1951. 

n.nan11ay , E.flH<!Jw nn 

6 . O.Bergman n , R.Leip nf 

7 . G.N ord s t r i:i .n . Verha ne 
(1918); H . ReisS>iE 

8 . J.L.Synge. Relativity: 
1960. 

il>K. Cnur . 061UBH Te 

9 . G.Ste phenson. P coc.C 

10. M.A.Mar kov. Suppl. l 



Now it can be s h o wn that the d e nsity of the e l ectr ic char~e Jy has th e 

same sig n an:! the total charge an:! the total mass of the syste m a r e E. an:! In_ 

res pectively. 

Using the obtained e xpression for the scala r fi e ld we can inte rpre t the con

dition ( 43) approximately as follows 

~ i i-)1. Y) -i.rR. +. .. o 
x£.m2..- KE + 15 (xG- If R. e + ... . 

v~m~-K c:l.=O '!'his equation is really very close to the Papapetrou con:lition "- c. 

since e-fiR.. << 1.. . 
'!'he problem of a possible role of the gravitation in the nature of e l e me ntary 

particles was considered e ven by Einste in. Its various quantum an:! c lassic as

pects are being discussed /
10

/. Such models may be interes ting as applied to e le

mentary particle theory. We hope to come back to this proble m later on. 

am g ra teful to Acaderri'cian M.A.Markov for formulating the proble m as well 

as for th e persistent support an:! attention, I thank also L,G,Zastavenko, V.I.Ogie

vetsky an:! I.V, Polubarinov for consultations, 
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