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ABSTRACT

A mistake in an earlier paper is corrected and the correct expression for the mass of
a heterogeneous spherical system is obtained. -

In an earlier paper (Royv, 1957) with the above title the present author had
considered a physical svstem consisting of a spherical core of perfeet fluid of con-
stant density o and radius 7y surrounded by a svherical shell of perfect Huid of con-
stant density B and thickness R—ry and he had calculated the mass of the system.
The line-element was taken in the form

ds2 = — el (dr24r2d02 41 sin? Odd2)+ev0) di2 .. (D

and the functions ¢#, e¥ were taken both inside the corc and within the shell to be
of the form

et = (A4 Br2)-2 .. . .. o (2)

VYV — l M ¢ .
where

R2AB=38zT% .. .. .. .. ()

Different sets of constants A4, B, L. M were taken for the inner sphere and for the
suter shell. There has been un oversight in assuming the same form of e# and e* for
both the zones and Synge (1958) has rightly criticized this on the ground that the
metric potentials within the shell cannot be the simple functions given above. We
have checked our calculations and found that the system considered by us corres-
ponds to a spherical fluid core of volume density « separated from the spherical
fluid shell of volume density 8 by a layer of surface density }(B—ux)rg at r = r, the
shell being separated from the empty space by another layer of surface density
3
Ho—pB) I—EE at » = K. Since this introduces a negative density it does not correspond
10 a realistic distribution. In the present note we shall reconsider the field of the
shell and obtain the total mass of the system.
The field equations corresponding to (1) are

877p=e-“( -}-ﬁ*‘i “-:‘P) .. . .. (D)
sﬂpze'*‘(2+ + ) (6)

VOL. 26, A, No. 2.



S. R. ROY: A RELATIVISTIC ANALOGUE OF A SIMPLE NEWTONIAN RESULT (11) 141

. 2
Bmp = —e” *‘(#'+" +:‘) N )
For constant p the most general solution of (7) is
—piz _ _1 {1_ 32 ., 8 }
e =~ 13 log b7,3, apC a7 .. .. (8

which has a singularity at r = 0. The most general solution of (7) which is free from
singularity at r = 0 is (2). The function e¥ corresponding to (8) is given by

87 O\t xdx

12 = (1= oF py2 — XoX

v (1 3 PX + ) AIJ(I = +C’)3+Blg N L
)
where

1 32 8 ) :

= 2 __
x=—715— @(Zlgbr,g 5 el 7)} a0

We shall take the solutions (2), (3) with T: =« for the core and the solutions (8),
(9) for the shell with p = B. The field outside the shell is given by

2
w2 m
e _(1+2r) RO 0 § )
m
1—2
e 2 .. .12
144
2r

We have again nine unknown constants 4, B, b, ¢, L, M, 4,, B; and m'as in the
earlier paper (1957). We make use of the boundary conditions of O’Brien and
Synge (1952) at the surfaces r = ry and » = R, viz. the continuity of the metric poten-

0
tials and that of —g)ﬂ for ¢, v =2, 3, 4 across the boundaries. Thus we have the
[ J

equations :

() A+Br = — Zro (1—p(3logbro)}

(11) 2BT0 - T {& @(% 10g b70 }+2(/v@ (%‘ lOg b’ 0)
1 m\ 2
(i) — =R {3—p(3logbR)} = (1+2—R)

: -3
%) g (= pld 10w bB) -+ g 1og 0B) = 7% (14.7%)

M ' x dx
(v) L— —~——2=( > BXE4 ) {Alj s+B1
A+ Br 3 r=1, ( 8 0)
0 1— = X2+
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dx
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. 2MBr, Wr 16 o\t
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( =+ br, ) ]__ i ﬂx2+_._
¥ d
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‘ . ! 3 Px +x) ey
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1— "
8 \ ' { 2R
(vii) I—Tﬂﬁ 2+(” Ay | = xx TR 1) =
3 X r=R 8 ° & l+l
1 v I—TIBX +5\: ‘l’:[\ QR
dx
AX - . .
dr . 167 g dx STy o {)
o Tﬁ’_’ Bx2+ﬁ(_" : (‘_g_ BX+X2) dr (‘] 3 Ay
3 X
i
~ | 2
X ‘.—'11 ‘ *—_-\.de "("4 ]))1)\‘ = e R 7—2
- S : ‘ ne
_— 2.4 1
( (1 3 ‘BX +X) ) r =R ‘ + )

(ixj 1248 = 8ma.

These are nine equations in the nine unknown constants. From (i), (i), (iii), (iv)
and (ix) we get

=

T (x—B)r3 3133 rrrrr B2 RS

— (1— )(20r5 — 3Bro+ HBRY) . S8

correct up to the second order of approximation. The first two terms correspond to
the classical value of the total mass. The rest is the relativistic correction. How-
ever, the quantities 74 and R are the co-ordinate radii and are distinet from the
classical radii. Moreover the densities « and 8 do not precisely convey the classical
meaning. The correction depends on our mode of calculating the total mass of the
system,
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