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AcaHOB P.A. E2-94-459 
fpa:e~TaD;HOHHOe IlOJie CKaJISip~OI'O 3apsma' Ha <pOHe npOCTpaHCTBa 
Jio6aqeBCKOI'O Ha 6oJiblliHX paCCTO.SIHHSIX OT HCTOqH~Ka · - . 

B BapHa~'ie T~opHH lJepHHKOBa c ABYMSI CB.SI3HOCTSIMH, B KOTopoM <f>oHoBaSI 
CBS13HOCTb' 3aAaeTCSI no' Jio6aqeBCKOMy; npH6muKeHIIO ' pemeHa 3aAaqa 

. ' ; ' 

0 .. rpaBHTaIJ;HOHHOM noJie · 'JIOKaJIH30BaHHOI'O · HCTOqHHKa CTaTHqeCKHX 
ccpep1iqecKH-CHMMeTpHqHbJX ·. cKaJISipHoro · H rpaBHTiiIJ;HOHHoro · · noJieii. · 
IlpH6JIH)l(eHHe COOTBeTCTByeT _MaJIOMY CKaJISIPHOMY '' 3apSJAy HCToqHHKa 
GG;< <G2m2; 3AeCb G - KOHCTaHTa TSII'OTeHHSI H,bJ?T~Ha, Gs·-:-:- CKaiISip~:11,IH ·. 
3ap.sm, m - Macca CHCTeMbl,' H 6oJiblliHM paCCTOSIHHSIM 'OT HCToqHHKa 
r >> Gm/ c2• TeM CaMblM_.OHO SIBJISieTCSI npH6JIJt:)KeHHeM K TQqHOMY pemeHHIO 
IJepHHKOBa CTaTHlleCKOH 3aAaqH 'o noJie . JIOKaiIH30BaHHOI'O . 
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HCTOqHHKa . 
rpaBHTaIJ;HOHHOI'O IlOJISI Ha <pOHe npocTpaHCTBa Jio6aqeBCKOI'O, Pe3yJibTaT cnpa- ' 
BeAJIHB Aim BapHaHTa 6HMeTpHqeCKOH TeopHH rpaBHTau;irn Po3eHa, B KOTOpoM 
<pOHOBaSI npoCTpaHCTBeHHaSI MeTpHKa OilHCblBaeT npocTpaHCTBO Jio6aqeBCKOI'O. 

· ... Pa6oTa BblnOJIHCHa B Jia6opaTOpHH TeopeTHqecicoii: <pH3_HKH HM. H.H.Boro-
JI1060Ba 011.sIH. . ·· 1 

· 

Openpm1T Ofh.e,111HeHHOro ~HCTHT)'Ta 11,1epHblX 11cCJ1e,1ouaH11iL ,LJ:y6Ha, 1.J 994 .. ·. 
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Gravitational Field of the Scalar-Charged Mass ·. 
in the Lo~achevski Space Fai from Source . 
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A variant oi' the Chernikov gravitational theory with. two connections, 
in which the background connection describes the Lobaclievski space, is treated: 
A localized source of'static spherically symmetric gravitational and massless 
· scalar fields is present. An approximate solution is given, when the scalar charge 
is supposed to be small, GG; <.< G2m2, and the distance from. the source 

is•Jarger tha~ the gravitational radius, r >> Gm/c2 (G. is the Ne~ton 
· , gravitational constant, Gs --: the scalar charge, ni -:--: the mass of the system). 

· The result is valid for the Rosen bimetric general relativity when the background 
. space-metric describes tlieLobachevski space. · . . . .. . . . : . . 

. The investigation has been performed af the Bogoliubov Laboratory 
of Theoretical Physics, JINR. · • · · 
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Recently, Chernikov [1] has suggested a generalization of the 
Einstein theory, the theory with two connections but one met.ric. 
The main aim of this theory was to obtain a covariant generalization 
of the Einstein gravitational energy-momentum pseudotensor. For 
this aim it occurs necessary and sufficient to introduce a second 
connection. A more early bimetric approach by Rosen [2] for the 
same aim proved, in this way, to be sufficient. Both theories have 
the general relativity as a limiting case, and this fact is to be taken 
into account if one appeals to an experiment. 

The following variant of the Chernikov theory is considered. 
First, when the gravitation is absent (G = 0), the field connection 
r;11 is put equal to the background connection r;11 • Second, under 
the same condition, the metric in the spherical space coordinates is 

ds2 = ( cdt )2 
- dr2 

- ( k sinh i-)2 df22
, df22 = d02 + sin2 0dcp2

, ( 1) 

so its spatial part describes the Lobachevski space (k is the Loba
chevski constant). Third, the background connection chosen is 
christoffelian and defined by the metric (1). A consequence of the 
latter is the symmetry of the background connection Ricci tensor 
RJW = Rvµ. and field equations become 

... 81rG 1 
Rµ.v - Rµ.z, = 7(Tµ.z, - 29µ.vT), T = g''<TT~. (2) 

Tµ.11 is the Einstein material tensor. Note that these equations 
coincide with equations of the Rosen bimetric general relativity with 
the background metric (1). For the static spherically symmetric 
space these equations have been solved by Chernikov [1] when a 
concentrated massive source of the gravitational field is present. 
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This exact external (i.e. T;/:> = O; r =I= 0) solution is of the form 

ds2 = V2(r)(cdt)2 
- F 2(r)dr2 

- H2(r)dn2, (3) 

sinh ,-; r 
V2(r) = p-2(r) = p-2 

• ~, P = exp(--k), (4) 
smh' ' k 

H( ) = Pk . h r + r ~ . h 2r = Gm (s) 
. r sm k ' 2sm k c2, 

and,when k -+ oo it turns into the Schwarzschied solution written 
in the spheric~ space coordinates that are conventionally related 
to the rectangular harmonic coordinates [3]. · 
· Now we consider an analogous static problem when a concen

trated source of the gravitational and massless scalar fields is present. 
For the scalar field U we assume the simplest generalization of 
the Schrodin:ger-Klein-Gordon-Fock equation, which . outside the 
source gives 

'\J<T'\J (TU = -F-2 [U" + (In JP V )'U1 = O, 
F 

the prime denotes d/dr. The static solution of it is 

U'= -GsH~v· 

The scalar field material tensor is 

rnf SC) 1 ( 1 <T ) 1ii,11 =-- Vµ,UV11U- -gµ,11'\l<TU'\l U. 
471" . 2 

By using (7) and (8), field equations (2) give 

(H
2V')' _ F -0, 

. , 2r 
0 ( HH'V\ -FVcosh-= ' --) k F. 

2 

(6) 

(7) 

(8) 

(9) 

(10) 
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H" - H - H'(FV)' ' - Ga} L_ ( )· 
k2 FV c4 y2 H3. 11 

We adopt that the scalar constant is small, G} ~ Gm2
, and the 

distance from the source is-sufficiently large, r ~ Gm/c2. In this 
case, in the limit k -+ oo, we should have the approximate general 
relativity solution of the problem in harmonic coordinates, 
namely, [4] 

Gm GG} 
H(r) = r + - 2- - -

4
- + ... , r-+ oo, (12) 

c 2c r 

which is the first apprqximation to the Lanczos-Fock quantity 
r+Gm/c2

, and 

FV = 1 + 0(:), _ (13) 

F 2Gm 

V 
= 1 + -2- + ... (14) 

Cr 

Since for k -+ oo, the constant r tends to Gm/ c2, equations (5) and 
(12) prompt to suppose a solution of the form 

H(r) = Pk sinh r +;. + A(k)/r + ... , lim A(k) = - GG2s. (15) 
k k-oo 2c4 

If so, the equation (11) gives 

Fv _ 1 2A In h r + r + A/r + ... · 
- - r 2 cos k + ... , r -+ oo, 

and 

(Fv)'- 2A hr+r+A/r+ ... 
- kr2 tan .. k + ... , r-+ oo. 

It follows from the equation (9), that 

IPVV' = N/2, N = const, 
FV 

3 

(16) 

(17) 



whence, using (15) and (16), we get 

Fv 1 + 2A ln h r+i+A/r+ ... + v2y - N- - N ~ cos " .. . 
( - H 2 - P2k2 sinh2 k-1(r + r +Afr+ ... ). 

(18) 

It is possible at this step to omit the second term of the numerator 
and integrate 

V2 _ M _ !!_ h r + r +Afr+ ... 
- P2k cot k + ... (19) 

Comparing with the Einstein limit ( k --+ oo) we find M = 1, 
N = 2Gmf c2

• However, we can determine these values more ex
actly after comparing with the Chernikov solution, 

· 1 2r . 2r 
M = P2 cosh k' N = k srnh ,;· (20) 

Finally, equation (15), (16), (19) and (20) give the answer to the 
question. In this approximation it is not possible to obtain a de
tailed expression for the function A(k), but here it is sufficient to 

h . limi' . . al k A G~~ ave its _ trng v ue as --+ oo, = - 2c • 
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