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ABSTRACT 

This paper deals with static spherically symmetric elastic matter in 
its own gravitational field. It is shown that in the case of a certain type 
of homogeneity the field equations can be reduced to an ordinary non-linear 
differential equation. This equation has solutions corresponding to finite 
bodies. 

АННОТАЦИЯ 

В рамках оощея теории относительности обсуждается статическая 
упругая материя сферической симметрии, находящяя в своем гравитационном 
поле. Предпологая гомогенность некоторого сорта уравнения поля сводятся 
к несвязанному нелинейному обыкновенному дифференциальному уравнению, ко
торое имеет решения он . тквапщие конечное тело. 

KIVONAT 

Е cikk az általános relativitáselmélet kereteiben saját gravitációs 
terében lévő sztatikus, gömbszimmetrikus rugalmas anyaggal foglalkozik. Meg
mutatjuk, hogy bizonyos homogenitást feltéve a téregyenletek egyetlen nemli
neáris közönséges differenciálegyenletre vezethetők vissza, és ennek vannak 
véges testet leiró megoldásai. 



1. INTRODUCTION 

The problem of e l a s t i c i t y in general r e l a t i v i t y has not been s tudied 
ex tens ive ly . For example, the general e l a s t i c Schwarzschild i n t e r i o r so lu t ion 
is unknown, in con t ras t to the analogous f lu id problem, which i s reduced tc 
the Tolman-Oppenheimer-Volkov i n t e g r o - d i f f e r e t i a l equation [ l ] . Though an 
e l a s t i c i n t e r i o r solut ion would have much less physical importance than the 
f lu id s o l u t i o n s , which are necessary for the desc r ip t ion of the f ina l s t a t e s 
of s t e l l a r evolut ion , however t h i s problem i s of. ce r t a in t h e o r e t i c a l i n t e r e s t 
independently of i t s immediate u t i l i t y . 

In 1973, S. R. Roy and P. N. Singh found a .-series of so lu t ions 
descr ibing spher ica l symmetric e l a s t i c matter of constant densi ty [2 ] . 
However t h e i r so lu t ions are very spec ia l and can f u l f i l the boundary condi
t ion T 1x1=0 only with dust on the sur face , and have no c l a s s i c a l l i m i t . 
/In Sect . 2 we s h a l l e labora te these s t a t emen t s . / For t h i s reason a more 
rigorous treatment i s necessrry . In t h i s paper we w i l l deal with the simplest 
case : e l a s t i c Schwarzschild i n t e r i o r so lu t ion with a ce r t a in type of homoge
nei ty w i l l be t r ea t ed . We s h a l l show t h a t t h i s problem can be reduced t o an 
ordinary non- l inear d i f f e r e n t i a l equat ion, whose ce r t a in so lu t ions descr ibe 
f i n i t e spheres . 

In the following Rayner's formalism w i l l be used [}] with Car ter 
and Quintana's modification [V]. In t h i s formalism the energy-momentum tensor 
for the Hookean l imi t has the form: 

T i k - P u i u k - 2 l c i k r S ( h r s - h ° r s > ' / 1 Л / 

hik = gik + UiV U 4 = - l^ 

where h 0 ^ is a symmetric tensor of rank J orthogonal to the velocity 
with vanishing Lie derivative along u.. It describes a fictitious undeformed 
/strainless/ state. The quantity С is a matrix of rank 6 in the pairs 
/Ik/ and /£m/. It stands for the elastic coefficients of the matter. Both 
С and p can be expressed by material constants [b] as 
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, 1 „iklm,. .о л ,. .о . 
о = пг о • 5 с (ь 1 к - h l k ) ( h l m - h l m ) , 

„iklm „iklm „iklm kilm „lmik 
С = ПК , — v_ = l_ — t. i 

/1.2/ 

and the Lie derivatives of m and К vanish along u . The particle number 
density is denoted by n, which can be expressed by h,. , h . and material 
constant n , however the relation has a complicated form, unless we introduce 
comoving coordinates, when 

n = J-± n r /1.3/ 
Л 

whore h denotes the determinant of the S-ter^or h , 1=1,2,3. The material 
IK 

constants may depend on certain coordinates, but must have vanishing Lie 
derivatives along u . 

It can be seen that. С has 21 independent components, as in the 
classical mechanics for crystal.! of minimaJ symmetry. For isotropic bodies 
/e.g. for macroscopic bodies without macroscopic crystallic structure/ two 
characteristic terms remain: 

„iklm -1. .oxik.oxlm . ,.ох:.1.охкт , . oxim. oxklvi ,, „ , к = n \yh h +y(h h + h n )J /1.4/ 

ox ilc \ 
where h is a matrix of vanishing Lie derivative along u , for which 

oxirho = I _ i о 
rk k о k 

These conditions do not determine it unambiguously, but the quantity 
К m ( n i m ~ n i m ) will be unique. The quantities и and v are the usual elastic 
coefficients /the Lamé factors/ and L ^ = L - = О /where L denotes the Lie 
derivative along u /. 

2. REMARKS ON HOMOGENEITY 

In general case the spherically symmetric static solutions for 
elastic bodies contain seven functions of the radial coordinate r, which in 
our case are u, v, g.-, g o Q, p, h?. and h ^ ' There are five equations for 
them, namely three of the Einstein equations and two material equations for 
the elastic coefficients. Thus the general solution will contain two arbitrary 
functions of r. The procedure of obtaining the general solution is not known. 
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T h u s , i f o n e l o o k s f o r s p € ; c i a l s o l u t i o n s , two o f t h e s e f u n c t i o n s may be 

s p e c i a l l y c h o s e n . 

Roy and S i n g h take p t o b e a c o n s t a n t , t h e r e i s no m a t e r i a l e q u a t i o n 

a s s u m e d , and t h e m e t r i c t e n s o r o f t h e u n d e f o r m e d s t a t e i s g i v e n by 

ik 

1 

О г 

О 

О 

О 

О 

О О r ^ s i n Ö О 

О О 0 0 

/ 2 . 1 / 

because it is connected to the undeformed state. However, there is no 
fundamental reason for such a choice, and if h., has this form, the boundary 

1 
condition T 1 = О is fulfilled only where 2(i+y=0. It is clear that the condi
tion that 2u+v vanish somewhere is very artificial even though u and v are 
arbitrary functions. The quantities 2n/3+v /the compressibility/ and м /the 
shear modulus/ must be non-negative because of fundamental thermodynamical 
principles [б], and 2ti+v is a combination of them with positive coefficients. 
Thus it can vanish only where both \i both v vanish, i.e. where there is dust. 
Consequently their solutions describe very special bodies, whose matter 
becomes continuously dust going outward to the surface. This behaviour is the 
consequence of the unnecessarily special form of h., -

Another difficulty about these solutions is that they have no 
classical limit. The deformation tensor ГS1 

p .. = 4 (h... - h". ) /2.2/ 
IK 2 v i* ik' 

h a s o n l y one n o n v a r . i s h i n g c o m p o n e n t , t , , , i n c o n t r a s t t o t h e c l a s s i c a l c a s e 

Ik 2 ( s , , + s, . ) v i ; к к ; i ' /2.37 

w h e r e s i s t h e d e f o r m a t i o n v e c t o r ; e... h a s t h r e e d i a g o n a l c o m p o n e n t 
f o r r a d i a l d e f o r m a t i o n : 

r " l l = S ' r ' ' F-22 = F 3 3 s i n " 2 8 s r ; s / r / . / 2 . 4 / 

Thus a l s o t h e e n e r g y - m o m e n t u m t e n s o r c a n n o t h a v e c l a s s i c a l l i m i t . 

An a l t e r n a t i v e way i s t o r e q u i r e a c e r t a i n t y p e of h o m o g e n e i t y . Of 
c o u r s e , we m u s t n o t r e q u i r e h o m o g e n e i t y f o r t h e m e t r i c t e n s o r , b e c a u s e i n 
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t h i s c a se t h e s o l u t i o n could no t d e s c r i b e a f i n i t e body. In t h i s p a p e r we 
w i l l use a weaker type of t h e homogeneity / " m a t e r i a l h o m o g e n e i t y " / , for 
which t h e d e f i n i t i o n w i l l be t h e f o l l o w i n g : 

a . / There be N s p a c e - l i k e v e c t o r s К , A = i , . . . N , w i t h rank 3 f o r t h e m a t r i x 
i К in t he i n d i c e s / i A / , and they be independen t in the fo l lowing s e n s e : 

A A i A 
i f A a r e c o n s t a n t s , > к ~ О i f and only i f > = О fo r e v e r y A. / I f t h e 
v e c t o r s K, are r eg^ rdeu as K i l l i n g v e c t o r s of a t h r o e - d i m e n s i o n a l 

A 

space , t h i s c o n d i t i o n means t h a t the space 4 d homogeneous/ , 

b . / These v e c t o r s be o r t h o g o n a l t o t h e v e l o c i t y . 

c / The Lie d e r i v a t i v e s of t h e " m a t e r i a l " q u a n t i t i e s \s, v , p and h van ish 
i a long eve ry v e c t o r К . 

3. THE SYMMETRIES OF THE SOLUTIONS 

We impose t he c o n d i t i o n s t h a t the i n t e r i o r so lu t ion . " and the m a t e r i a l 
q u a n t i t i e s be s t a t i c and s p h e r i c a l l y symmetr ic , and t h a t t h e t i m e l i k e K i l l i n q 
v e c t o r be o r t h o g o n a l t o every К . Th i s 

d s

2 = e * < r > d r 2 - r W + s i n W ) - e * ( r > d t 2 

1 
Ф 

u = e <V 
o 

' ik 

e 
0 
О 
0 

0 0 0 
r 2 0 0 
0 r 2 s i n 2 9 О 

/ 3 . 1 / 

The number N of t h e v e c t o r s K. must be 3 , 4 o r 6 because they a r e 
K i l l i n g v e c t o r s in a t h r e e - d i m e n s i o n a l p o s i t i v e - d e f i n i t e Riemann space whose 
m e t r i c t e n s o r i s t h e s p a c e - l i k e p a r t of h?. . On t h e o t h e r hand , t h e s p h e r i c a l 
symmetry i s r e q u i r e d fo r h ° k i . e . t he symmetry group must c o n t a i n the SO/3/ 
group wi th two-d imens iona l t r a n s i t i v i t y as a subgroup . C l e a r l y t h e r e a r e four 
p o s s i b i l i t i e s : SO/3/ ЙЕ/1/ /N = 4/ and SO/4 / , E / 3 / , S O / 3 , 1 / /N=-6/, and the form 
of h ° i s : ik 

' ik 

Ф 2 ( г ) 0 0 0 

0 R" о о 

0 0 R 2 s i n 2 9 0 

0 0 0 0 

for N=4, and 
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. - s - r ( r ) 

1 К 

(О 
! f o r N=h, 

Л, ч 2 r ') ! 

/ 3 . 2 / 

where i / r / i s an i i tLi t r a r y f u n c t i o n , R and s a r e c o r . s t a n t , and 

i f t h e q r o u p i s S O / 4 / E / 3 / SO/ 3 , 1 / 
t h e n s О -•- С О 

The t r a n s f o r m a t i o n r ' ~ r ' / r / , wh ich c o u l d make . e q u a l t o 1 f o r N = 4 and t o 
r f o r N--6 i s n o t c o m p a t i b l e w i t h the: c h o s e n for:? o f q . -̂  , t h u s Ф / r / r e m a i n s 
a r b i t r a r y . 

Tiie s e a l a r s ,;, v and v a r e c o n s t a n t b e c a u s e t h e y a r e t i m e - I n d e p e n d e n t 
and h a v e v a n i s h i n q d e r i v a t i v e s a l o n g t h e K . - s , i . e . we n e e d n o t d e a l w i t h 
t h e m a t e r i a l e q u a t i o n s f o r и and v . The p a r a m e t e r s p , si a n d v a r e c o n s t a n t s 
w i t h v a l u e s d e p e n r l i n q on t h e t y p e of m a t t e r c o n s i d e r e d . 

4 . THE FIELD EQUATIONS 

The Pl ins t e i n e q u a t i o n h a s t h r e e n o n t r i v i a l c o m p o n e n t s . T h e i r l e f t 

H i d e s c a n bo o b t a i n e d from / 1 . / , / 1 . 2 / , / 3 . ] / and / 3 . 2 / : 

7 - - 7 ) • T 
r 2 r z 

2 

• > i l l ' ] 1 
- K - T , , / 4 . 1 / 

( \ 
' 2 >4^> 2 r 

„ ^ 

whe re 

—-г1- ; у " в , 6 7. Ю 
í 

2 ' 

2 - А , vi Г ' „ 
- Ф f * <• (Ф - - - J - ) ;.o,r N 4 , 

• , 2 - л 2 
Ф + • " — g

T - (<p - V X

; ) f o r N Ь 
J-fPi / 1 / 

/ 4 . Л / 
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т>=< 
Г 1 R 2 ,. _ Л 

j v - (р + Sj (ф - | »j) for N=4, 
г Ф 

and 

2 X 
± v - < p + * r ( « p - ? f (1-s«2) ̂ -т) for W=6, /4.2/ 

Ф, v, p, s, and R are constant. 

There are three equations for the three unknown functions A/r/, 
Ф/г/ and Ф/г/. In addition to this they have to fulfil certain initial and 
boundary conditions. 

Since p=const., the matter does not vanish continuously. Thus the 
interior solution has to be matched to the exterior Schwarzschild solution 
at a certain boundary surface r=r . This is equivalent to two conditions [7] 
First, there g.. must be continuous. This condition is trivially fulfilled 
for g. . because ф does not occur in the equations. 

The only remaining condition for the metric tensor is: 

e-*< ro) , x - im / 4 3 / 

ro 
We shall see that this is simply the definition of m. 

The second condition is that T, vanish at r . There are two possibili-
1 * ° 

ties: either T, vanishes nowhere and the solution does not describe a finite body or T. vanishes at certain values of r and one of them will be r /i.e. in 1 о 
the second case the condition does not restrict the solution/. 

The initial conditions have to guarantee that there is no singularity 
at the center. The /11/ component of the Einstein equation can be immediately 
integrated: 

-А С e £ • 1 - Щ pr'. /4.4/ 
3c 

It can be seen that for C+Q there is singularity at the center, thus we 
must deal with th'j case C=0 only. /4.4/ shows that condition /4.3/ is simply 
a definition for m: 

m = i ^ p r 3 = Y M . /4.5/ 
3c ° c 2 
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The second e q u a t i o n of / 4 . 1 / g i v e s i|/' in t e rms of T. and known 
func t ions of r , and s u b s t i t u t i n g i t i n t o t h e t h i r d e q u a t i o n of / 4 . 1 / , we get 
a d i f f e r e n t i a l e q u a t i o n fo r ф / г / . I t i s conven ien t t o e x p r e s s t h i s e q u a t i o n 

1 2 
in terms of T. and T de f ined by / 4 . 2 / : 

С = 2 ( 1 - *Ц рг2)(2Г2-тт\ г | T J + £ р с 2 ) - ( Р С 2 + т } ) < 1 + I j l r 2 T l } / 4 6 / 

Зс ' с 
1 2 

Eq. 14.6/ i s t h e fundamental e q u a t i o n . A f t e r i n t e g r a t i o n T. and T . can be 
de t e rmined , and 

yo Í [i « 1) к re T. d r . / 4 . 7 / 

As i t was ment ioned , we can only a c c e p t t h o s e s o l u t i o n s which 
g ive v a n i s h i n g T. at a f i n i t e p o s i t i v e v a l u e of r . On the o t h e r hand , we 

1 2 
a l s o r e q u i r e t h a t T. and T 2 be f i n i t e a t t h e c e n t e r . This c o n d i t i o n r e s t r i c t s 
the behav iour of Ф fo r smal l r , so t h a t t h e r e a r e t h e fo l l owing t h r e e 
p o s s i b i l i t i e s : 

i f N=4: Ф/г/ = * A ^ r - + r 2 y / r / ; y / 0 / i s f i n i t e , 2Ф 

f N=6: Ф/г/ = Ф + 1 ^ - ( 1 - 5 Ф 2 ) 1 1 / 2 г 2<p 

S V 2 3 , . 
- 4 ^ - r + r y / r / ; 

Ф о , у / 0 / and 

y ' / O / a r e f i n i t e 
Table 1. 

or Ф/г/ = ry/r/; y/0/ is finite, y'/O/ 0 . 

The v a l u e s of y/O/ and y ' / O / a r e t h e i n i t i a l v a l u e s for t he d i f f e r e n 
t i a l e q u a t i o n / 4 . 6 / . There may be s i n g u l a r i t y a t c e r t a i n p o i n t s , i . e . at 

2 
the ze roes of Ф, Ф' and 1-эФ , b u t t h e s e a r e p h y s i c a l l y ext reme v a l u e s of r . 
Every r e g u l a r s o l u t i o n of / 4 . 6 / , which f u l f i l s the i n i t i a l c o n d i t i o n s l i s t e d 
in Table 1 and has Т. = О a t a f i n i t e p o s i t i v e va lue of r , g e n e r a t e s the 
f i e l d q u a n t i t i e s o f a r e g u l a r f i n i t e e l a s t i c s p h e r e . 

Eq. / 4 . 6 / i s an o r d i n a r y but inhomogeneous n o n - l i n e a r d i f f e r e n t i a l 
e q u a t i o n fo r y / r / , for ;<=-4 of f i r s t o r d e r , for N=6 of second o r d e r , and i t 
seems t o be h o p e l e s s t r o b t a i n t h e s o l u t i o n in a n a l y t i c form. Of c o u r s e , 
the numer ica l s o l u t i o n i s always p o s s ^ l e , bu t i t i s n o t t h e s u b j e c t of t h e 
p r e s e n t pape r . Here we want only t o demons t r a t e t h a t c e r t a i n s o l u t i o n s of 
/ 4 . 6 / d e s c r i b e f i n i t e i n t e r p r e t a b l e o b j e c t s . 
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3. A HOMOGENEOUS MODEL OF THE EARTH 

Now we are anin ' i to show that / 4 . 6 / has a s o l u t i o n d e s c r i b i n g а 
s p h e r e wi th the average pa ramete r s of t he F o r t h . Гп o r d e r t o s ec t h i s , if. 
i s neces sa ry to l i s t th^ fo l lowing p a r a m e t e r s : 

a. / Rad ius : r ( ) 6 . 4 . 1 0 cm; 

b. / Dens i ty : r- " c> • г> ч I cm 

cl E l a s t i c c o e f f i c i e n t s : ;: -- "I.O.IO '' q/crns^, -J - 4 . ЗЛО g/crr.s'' 

Those a r e ch.it a c t e r is t i с v a l u e s c a l c u l a t e d from the v e l o c i t i e s of 
t h e l o n g i t u d i n a l and t r a n s v e r s a l waves about the p o i n t , where p has i t s 
average v a l u e s \81 ; the f l u i d behav iour of the core i s i q n o r e d . 

These a r e the p a r a m e t e r s which have immediate p h y s i c a l meaning. 
Wc choose t h e t h i r d p o s s i b i l i t y from Table 1, thus we have t o t a k e va lue s for 
s and y / 0 / t o o . The q u a n t i t y ь has the dimension v ! ; c , and, i f i t s o rde r of 
magni tude i s a l s o equa l t o t h a t of у г с , i t does not have remarkab le 

2 -9 
i n f l u e n c e on the f i n a l r e s u l t , s i n c e s r would t e about 10 a t t he boundary 
s u r f a c e . Thus s--0 may be chosen . The f ree pa rame te r which g u a r a n t e e s t h a t 
T j / r Q / - o is y / o / . 

Since e q . / 4 . 6 / q ives l i t t l e hop»"1 for a n a l y t i c a l s o l u t i o n s , l e t 
us i n t r o d u c e the power s e r i e s e x p a n s i o n : 

у - y ( 0 ) f l t л?г? t- a ^ r 3 + a ^ r 4 + . . . ] / S . l / 

The e q u a t i o n i s too compl ica ted to f ind _• höiidy formula fo r a , t hus we 
cannot p r o v ? the convergence , but we s h a l l see t h a t the l a s t c a l c u l a t e d 
term / t h e f o u r t h - o r d e r one/ g ives s u f f i c i e n t l y smal l c o n t r i b u t i o n s to y / r / 
and T.lrl /whose v a n i s h i n g is n e c e s s a r y / . 

The va lues of a,., a., and a . a r e : 

a ^ [1 + Q ( 1 0 ~ 8 ) 
1 5 ( ф У ( о ) - , ) 

a 3 - 0 , 

, . 2 13+17W 

ФУ(О) -

http://ch.it
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where the ignored cor rec t ions are less than 10 pa r t of the given value 
if the parameters have the mentioned order of magnitude. 

1 2 
Having calcula ted TÍ and T_ we ge t : 

T} - ( У (о) 2 -1)ф - m p 2(W +3)r 2 - ЛУ(2+35Н417* 2 ) r 4 
1 1575(<py(o)2-4>) 

/ 5 . 3 / 

T 2 = ( У 2 ( О ) - 1 ) Ф - ^ p 2 ( l + 2 W ) r 2 - *Vp 4(6+105W+5lW 2) r 4 
2 l b 1575(<py(o)-v) 

Using the above-mentioned values for r , VJ, V and p we ge t : 

y / 0 / 2 - 1.12 

4 2 1 

and the r a t i o of the r and r term of T. at the boundary surface /where i t 
i s maximal/ i s 0 .017, which shows tha t we may rely on the convergence. The 
function ф can be ca lcu la ted by means of t h i s form of T., but the second 

i * 
term of the integrand in / 4 . 7 / /conta ining T, / can be ignored because the 

-9 
ratio of the second and first terms is about 10 , thus 

/i 111 ,2,^/2/, 8ry 2.-1/2 ., .. 

Зсг ° 3c 

The quantity A is given by /4.4/. 

The maximal degree of compression at the center can be obtained as 
j (h o r - h r ) = 0.17, which means 5 % linear deformation. Of course, for 

such a great deformation the Hookean behaviour is generally not valid. /E.g,, 
for steel, the critical dilatation, at which the matter breaks, is 0.2-1 %/. 

Our result agrees with the classical solution up to the quadratic 
2 2 

terms /except the factor у ^ 1 in (p у - vi the classical formalism is 
well-defined only for the case е.. << 1/. The г terms are not relativistic 
corrections; they are caused by the change of y/r/ because of which the 
constants v and v correspond to classical coefficients slightly depending 
on r. Thus we have shown that our procedure can give solutions with classical 
limit. 

1 2 We note that the series of T ^ T 2 and Ф seem to converge faster for 
smaller objects, e.g. for moons and asteroids because their densities are 
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approximately equal to that of the Earth, and their radii are less, thus 
л the r forms canno^ qrcw -ip to such an extent as for the Earth. 

6. REMARKS ABOUT THE ELASTIC COEFFICIENTS 

We have seen that the field equations have solvit ions describing 
finite homogeneous elastic spheres. Гп this paper we did not want to inves
tigate, which sets of the parameters admit finite solutions, because that 
would require a large amount of numerical calculations. However the question 
of the possible value of the parameters and the equation of state have to be 
investigated. 

If the elastic coefficients were too great, the velocity of sound 
2 would be greater than velocity of light. For small deformations 2vi+v<c p 

must be required [з], for great deformations the formula of the sound 
velocity can be found in Ref. 3, but it should be completed by a term 
appearing because of Carter and Quintana's modification of С .On the 
other hand, \i and v + 2|.i/3 must be non-noqative, and, for the known types of 
matter, v is non-negative too [б]. 

A further question is whet'ier the adopted assumptions for the material 
homogeneity are compatible with a reasonable equation of state or not. Namely, 
it is known, that if the matter were fluid of constant density, either the 
pressure would be constant and the body would he infinitely large or the 
pressure would depend on r, but this is impossible for cold, one-component 
fluid of constant density \l] . We show that the present case differs from the 
mentioned one. 

Consider a cold elastic matter with the equation of state given 
in eq. /1.2/, regarding the values of h .. and h,, as known from the solution. 
Since p, ii and v are constants, n/r/ can be obtained from the equation of 
state. Now we write: 

v = ~^Ш- У (n/r/) /6.1/ n o/r/ ° ° 
where the "restrained density" n /r/ can be calculated by means of n/r/ 
and the determinants of the space-like parts of h,, and h., . Thus the condi-

r ik ik 
tion that v do not depend on r i s an equation for v /n / , which i s a mater ia l 

о о 
equation. /Since n depends only on a s ingle va r i ab l e , general ly such an 
equation i s so lvab le . / The procedure i s s imi la r for p. Consequently the ho
mogeneity conditions can be fu l f i l l ed for spec ia l type of the dependence 
of the "unstrained" e l a s t i c coef f ic ien t s on the "unstrained" dens i ty , but 
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the denstiy must not be homogeneous. Such a case seems to be slightly 
unnatural, but the homogeneity of a finite body is alvays a slightly unnatural 
approximate assumption. 

7. CONCLUSION 

We have shown that there are materially homogeneous solutions of the 
Einstein equations describing finite elastic spheres. These solutions are 
generated by a non-linear ordinary differential equation, whose solutions 
have to fulfil certain initial and boundary conditions. These solutions are 
not generalizations of Roy and Singh's ones [2] because of the constancy of 
the elastic coefficients. 
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