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The paper presents two classes of non-static solutions for charged dust distribution with 
plane symmetry. In either class, charge density cannot be less than the mass density (in 
case of equality giving a static solution). For arbitrarily large charge density to mass density 
ratio, the dust distribution is found to collapse to a state of infinite density. 

§ I. Introduction 

In an earlier paper it has been shown that for a singularity-free and simply 
connected static charged dust distribution, charge and mass densities must be 
equal (De and Raychaudhuri1>) and such solutions have also been studied by 
Bonnor2h 8J in case of spherical symmetry and by Das.4> It has also been shown 
that the expansion (or contraction) cannot be shear-free in case of charged dust 
(De,~> De and Raychaudhuri6>) and that a distribution having (J = ± p would even
tually collapse (De,5> Hamoui7>). 

A number of authors (De,8> Shah and Vaidya,9> Faulkes10>) have also studied 
the non-static charged fluid distribution. But so far the question remains unan
swered: Whether a collapsing charged dust distribution may bounce back for 
suitable values of (J /p (where (J is the charge density and p, the mass density). 
To answer this question, a spherically symmetric problem would have been phy
sically simplest and most appealing but we are yet to find any explicit solution 
for that symmetry. 

We therefore thought it worth while to consider the case of plane-symmetric 
charged dust distribution, as mathematically it seems readily amenable. We have 
under the condition of plane symmetry (it allows a translation along two per
pendicular directions and a rotation in the plane containing the translation), 

di=goo(x, t)dt2 -g11 (x, t)dx2 -e~b(x,t) (dy 2 +dz2). 

Here we have further specialized to the case g00 = g11 • While such an equa
lity can be obtained by a translation in (x, t) space, however, that would in 
general destroy the co-moving nature of the coordinate frame. We here assume 
that the dust is in equilibrium in this coordinate system. 

Plane symmetry implies that the distribution is infinite in the direction of 
Y- and Z-axes, and in the present paper we shall consider the distribution to ex
tend indefinitely along the X-axis. We are therefore in a sense considering a 
charged dust universe similar to that considered by Bondi and Lyttleton.11> 
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In the present paper, two classes of solutions have been presented and in 
both the cases, the distributions collapse. The interesting point is that, in both 
cases, the charge to mass. ratio must be larger than unity and the collapse can
not be stopped for any arbitrarily large value of (J / p. 

§ 2. Field equations 

Let us consider the simplest line-element with a plane symmetry, 

ds2 = e2a (dt 2 - dx2),- e2b (dy2 + dz2), 

where we assume 

a=a(x, t) and b=b(x, t). 

(2·1) 

(2·2) 

The, charged dust is considered to be at rest in this coordinate system, so that 
the velocity has only the component 

0 1 -a 
v =;../goo =e . (2·3) 

The Einstein-Maxwell equations in case of a charged dust may be written as 

R,.,.= -8n(T,.,.-to~T), (2·4) 

where 

T,. =pv,.v --1-(F,.aF - _!_(]'' Fallp ) '" " 4n va 4 " ajl ' J 

, F,.";. = 4n(Jv,. (2·5a) 

and 

(2·5b) 

From the symmetry of the problem 1t 1s obvious that only the F 01 component of 
the electric field tensor may exist and in the absence of magnetic fields, one can 
write: 

R 0°= -4np+ F 01F01 =e-2a~ii -a"+ 2(b2 + b -ab-a'b') ], 

R/ = 4np + F 01F01 =e-2"'[ii -a"- 2 (b'2+ b" -ab -a'b')], 

R22=Rss= 4np- Fo!Fol = _!_ e-2<a+b>[_f_(e2b) _ _f_(e2b)], 
2 iJt2 iJx2 

R 01 =0 =2[b' +bb' -ba' -b'a]. 

The above four relations may be also expressed as 

R1o=O·, 

R 0°+R22 =0, 

(2 · 6a) 

(2·6b) 

(2·6c) 

(2·6d) 

(2·7a) 

(2·7b) 
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R0°+R11=2F01Fol, 

R/ + R22 ~8np . 

Further from the divergence of the relation (2 · 4), one may have 

Fo1= _ (p/rJ)a'e-sa, 

i.e., 

(2·7c) 

(2·7d) 

(2 ·Sa) 

(2·Sb) 

Since in our coordinate system, (p/rJ) must be' a function of spatial coordinates 
alone, Eqs. (2 · 5a) and (2 ·Sa) give the following two relations: 

a' e(2b-a) =A (x) (2·9a) 

and 

(2·9b) 

One can also write 

Snp =e-<a+2b>Z(x). (2 ·10) 

If Eq. (2 · 7a) is now combined. with the relation (2 · 9a), an integrable equation 
can be written 

(a'+b') +(a'+b') (b-a) =0. 

Solution of the equation comes out as 

either 

or 

(a'+ b') e<b-a) = F(x) 

(a' +b') =0. 

(2·11a) 

(2·11b) 

We have not been able to obtain any solution of type (2 ·11a) and in this pa
per only the condition (2 · 11 b) has been investigated; Equation (2 · 11 b) may be 
written after integration as 

a+b=f(t). (2·12) 

The relations (2 · 7b), (2 · 7 c) and (2 · 7 d) can now be written out as 

a+ 3b + 4b2 - 2ab = (a"+ b") + 2b' (a'+ b'), (2 ·13a) 

(p/rJYCa'Y= [a"+ b" + Cb'YJ- [a+ t; + b2], (2 ·13b) 

Z(x) = e<2b-a) [ { (ii +b)+ 2b (a+ b)} -{a"+ 3b" + 4b'2 -2a'b'}]. (2 ·13c) 

From (2 · 9a) and (2 · 12), the solutions come out after ·integration as 

ea=[Xe-2'+G]-lf8, (2·14a) 

where 

X= -3 J A(x)dx=X(x), 
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G=-G(t) 

and 

(2·14b) 

Further, from (2·13a) in combination with (2·14a) and (2·14b), it comes out 

Xe- 21 [ ~ j] + [3fG+ ~ G+ 13°Gj+4j2G] =0. 

The above equation can be satisfied only if 

]=0 (2·15a) 

and 

_!_c;+.§.:_Gi+2Gi2 =0. 
3 3 . 

(2·15b) 

Obviously (2·15a) involves two possibilities: 

either, Case I. (2·16a) 

'where k1 1s a constant 

or, Case II. f=_O. (2·16b) 

Case I. When f = 3k1t, one gets after integration of (2 ·15b), 

(2·17) 

where Ae and Be are constants of integration. From (2 · 13b) one gets 

The above equation must be time-independent and hence one must have Be= 0 in 
Eq. (2 ·17), i.e., 

(2·18) 

Then 

(2·19) 

If one writes X+ Ac = Y, then 

(- -/G)2 = [1 - 9k12 (Yl J. 
P -- (Y'l ---

(2·20) 

Obviously (p/6? may have any value between 1 and zero, if Y' /Y -is suitably 
adjusted. Hence in this solution, charge density will always exceed the mass 
density. When k1=0, (p/6Y=1, and the entire solution becomes static. 

From (2·13c) one can write, 
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1550 U.K. De 

Z(x) = 2Y [ 3k12 - ! ( ~) J. (2·21) 

Now from the relations (2 ·Sa), (2 ·10), (2 · 9b) the physical quantities like F 01, 

p, (J may be determined. 

IF01 I = IP/f11a'e-sa=il [1-9kNY/Y'YJ12Y'Ie- 6k't, 

8np=e-<a+2bJZ(x) =2Y2fBe·-4k,t [3kl2_! ~]; 

and the line element, 

di = y-2fBe4k1t (dt2 _ dx2) _ y21ae2k,t (dy2 + dz2). 

Case II. When f = 0, from (2 ·15b) it comes out 

G=3kii+k2, (2·22) 

where k1 and k2 are the constants of integration. Obviously Eqs. (2 ·14a) and 
(2·14b) are simplified to, 

ea = (X+ G)-l/S (2 · 23a) 

and 

eb = (X+ G)ll8• 

Now, from (2·13b) and (2·13c), it comes out 

( / (J)2- [1 9kt2 
] P - - (X'Y , 

(2·23b) 

(2·24) 

Z(x) = -tXn, hence xn must be negative. From (2·24), one can again con
clude that (p/l1Y may have any value between 1 and 0. Again, from Eqs. (2·8a), 
(2 · 10) and (2 · 9b) the quantities F 0\ p and (J may be determined. 

8nlt11= (2/3) j{x'[1- 9kl2Jlj2} j 
(X+ Gy;a (X'Y ,I 

and the line element, 

where xn =negative and G = (3klt + k2). 
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§ 3. Collapsing nature of both the solutions 

The general dynamical equation for a charged dust distribution m presence 
of rotation w, shear q and magnetic field H may be written as (De and Ray
chaudhurPl), 

4n-p(1 _ 621P2) +E2(1 _ 62Ip2) +H2 

=2(0"Ip)H'wt-2(q2 -w2)- (O"Ip),,Ei-Ml-O,iv', (3·1) 

where (}, the. expension = v";a and E is the electric field. 
In the present problem w and H vanish and hence Eq. (3 ·1) IS simplified 

to 

_ _!_(}2 -0,av"=4n-p(1- 62) +E2 (1- ()".2) + (_i_) Ei+2l. 
3 p2 p2, p ,i 

(3·2) 

In absence of rotation, the most general line element can be written as 

ds2 = goodt2 + hudxi dxk. 

If one writes, ../ -h =L8, where h=det(h;,k) and further if one considers a co
moving coordinate system, i.e., v 0 = 11 ../ g00, then Eq. (3 · 2) can be written as 

3 d 2L ( 0"2) 2 ( 0"2) ( 0") ;, 2 ---- =4n-p 1-~ +E 1-- + - E +2q. 
L ds2 p2 p2 p ,i 

(3·3) 

Since d 2Lids2 determines the acceleration of the dust distribution along a longi
tudinal direction, obviously if the right-hand side of Eq. (3 · 3) is positive, then 
the collapse will be accelerated. However, by direct calculation it is found· that 

m Case' I, 

and in Case II, 

_1_ d 2L = ~ y21se-'k1t 

L d.s2 3 

_1_ d 2L = !i__k12 (X+ G)-'ls. 
-Lds2 3 

(3·4) 

(3·5) 

Both Eqs. (3 · 4) and (3 · 5) remam positive for any arbitrarily large value of 
(0" I p). It demonstrates the collapse of the charged dust distribution being con
sidered here, irrespective of the fact that classically the repulsion increases with 
the magnitude of I 0" I pl. From Eq. (3 · 3), it is apparent that the shear is here 
the most predominant factor. 

The author wishes to express thanks to Prof. A. K. Raychaudhuri for his 
helpful guidance. 
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