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Abstract 
 
We obtain a new class of charged super-dense star models after prescribing particular Forms of the metric 
potential and electric intensity. The metric describing the superdense stars joins smoothly with the Reiss-
ner-Nordstrom metric at the pressure free boundary. The interior of the stars possess their energy density, 
pressure, pressure density ratio and velocity of sound to be monotonically decreasing towards the pressure 
free interface. In view of the surface density 14 32 10 g cmb   , the heaviest star occupies a mass 5.523 
Mwith its radius 13.98 km. In absence of the charge we are left behind with the regular and well behaved 
fifth model of Durgapal [1]. 
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1. Introduction 
 
Exact interior solutions of the Einstein-Maxwell field 
equations joining smoothly to the Nordstrom solution at 
the pressure free interface are gathering big applause due 
to some of the following reasons: 1) Gravitational col-
lapse of a charged fluid sphere to a point singularity may 
be avoided. 2) Solutions of Einstein-Maxwell equations 
are useful in the study of cosmic sensership. 3) Charged- 
dust models and electromagnetic mass models are ex-
pected to provide some clue about structure of an elec-
tron . In the present paper our aim is to obtain a class of 
regular and well behaved charged fluid models whose 
neutral analogues are also regular and well behaved. 
Here we consider a spherically symmetric metric which 
shares its metric potential with one of the Durgapal’s 
interior metric [1]. 

On account of the nonlinearity of Einstein-Maxwell 
field equations, not many realistic well behaved, analytic 
solutions are known for the description of relativistic 
charge fluid spheres. For well behaved model of relativ-
istic star with charged and perfect fluid matter, following 
conditions should be satisfied (Pant et al. [2]): 

1) The solution should be free from physical and geo-
metrical singularities i.e. finite and positive values of 
central pressure, central density and non zero positive 

values of e  and e . 
2) The solution should have positive and monotoni-

cally decreasing expressions for pressure and density 
( andp  ) with the increase of r. The solution should 
have positive value of ratio of pressure-density and less 
than 1(weak energy condition) and less than 1/3(strong 
energy condition) throughout within the star. 

3) The solution should have positive and monotoni-  
cally decreasing expression for fluid parameter  2P c  
with the increase of r. 

4) The solution should have positive and monotoni-  

cally decreasing expression for velocity of sound 
d

( )
d
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with the increase of r and causality condition should be 

obeyed at the centre, i.e., 
2

d
1

d

p

c 
 .. 

5) The red shift Z should be positive, finite and mono- 
tonically decreasing in nature with the increase of r. 

Electric intensity E is positive and monotonically in-
creasing from centre to boundary and at the centre the 
Electric intensity is zero. 

Under these well behaved conditions, one has to as-
sume the gravitational potential and electric field inten-
sity in such a way that the field equation can be inte-
grated and solution should be well behaved. Keeping in 
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view of this aspect ,several authors obtained the para-
metric class of exact solutions Pant et al. [3,4], Gupta- 
Maurya [5-7], Pant [8,9], N. Bijalwan [10] etc. These 
coupled solutions are well behaved with some positive 
values of charge parameter K and completely describe 
interior of the super-dense astrophysical object with 
charge matter. Further, The mass of the such modeled 
super dense object can be maximized by assuming sur-
face density is 14 32 10 g cmb   . In the present paper 
we have obtained yet another new parametric class of 
well behaved exact solutions of Einstein-Maxwell field 
equations, which is compatible within the range of Neu-
tron star and quark star. 
 
2. Einstein’s–Maxwell Equation for Charged 

Fluid Distribution 
 
Let us consider a spherical symmetric metric in curvature 
coordinates 

 2 2 2 2 2 2 2d d d sin d 2ds e r r r e t           (1) 

where the functions  r  and  satisfy the Ein-
stein-Maxwell equations 
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where  , p, , Fij denote energy density, fluid pres-
sure, velocity vector and skew-symmetric electromag-
netic field tensor respectively. 

iv

In view of the metric (1), the field equation (2) gives 
Dionysiou [11] 
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where prime ( ' ) denotes the differentiation with respect 
to r and  represents the total charge contained with 
in the sphere of radius r. 

 q r

By using the transformation  

 5 2
11 , ande B x x c r e Z          (6) 

where B being the positive constants. Now putting (6) 

into (3)-(5), we have 
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and Z satisfying the equation  
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where 2
1 ,x c r e Z  . 

 
3. New Class of Solutions 
 
In order to solve the differential equation (9) let us con-
sider the electric intensity E of the following form 

  
22 2

1 3
2

1

1 1 6
2

c qE Kx
x x

c x
          (10) 

where K is a positive constant. The electric density is so 
assumed that the model is physically significant and well 
behaved, i.e., E remains regular and positive throughout 
the sphere.  

In view of (10) differential equation (9) yields the fol-
lowing solution 
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where A is an arbitrary constant of integration. 
 
4. Properties of the New Class of Solutions  
 
Using (11), into (7) and (8), we get the following expres-
sions for pressure and energy density 

 
   

 
  

 

4
1

2 3

4 1

3

2

1 8

475 4125 1050 200 1 111

1121 1 6

1 1 15 29

16 1 6
3

G
p

c c

x x x A x

x x

x x xK

x



          

  




 

(12) 

Copyright © 2011 SciRes.                                                                                 JMP 



P. FULORIA  ET  AL. 
 

Copyright © 2011 SciRes.                                                                                 JMP 

1158 

 
 

 
 

  
 

4
1

2 3

2

4

3

2 3

4

3

1 8

1935 15 450 1201

1 4 112

3 11 22

1 6

1 3 29 109 158

6 1 6

G

c c

x x x

x

x x
A

x

x x x xk

x



     
   

 

   




 (13) 

4
1 0

1 8 d 6025 7
5

d 112

G p K
A

c xc

 
    

  3
       (18) 

4
1 0

1 8 d 7725 4
25

d 112 3

G K
A

c xc

 
    

 
      (19) 

The velocity of sound is given by the following ex-
pression (20)-(21) 
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The expression for gravitational red-shift (z) is given 
by 
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The central value of gravitational red shift to be non 
zero positive finite, we have Differenting (12) and (13) w.r.t. x, we get: 
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Differenting (22) w.r.t. x, we get, 

0
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the expression of right hand side of (22b) is negative, 
thus the gravitational red-shift is maximum at the center 
and monotonically decreasing. 
 (16) 
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5. Boundary Conditions 
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The solutions so obtained are to be matched over the 
boundary with Reissner-Nordstrom metric: 
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which requires the continuity of ,e  e  and q across 
the boundary r = rb (17) 
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The condition (27) can be utilized to compute the val-
ues of arbitrary constants A as follows: 

Pressure at p(r = rb) = 0 gives  
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In view of (24) and (25) we get 
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The expression for mass can be written as 
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The expression for surface density is given by 

 
 

 
 

  
 

2 3

2
4

2

4

3

2 3

4

3

1935 15 450 1208 1

1 4 112

3 11 22

1 6

1 3 29 109 158

6 1 6

b b

X X XG
r

Xc

X X
A

X

X X X XK

X


      

   
 

   




 

(31) 
 
6. Discussion 
 
In view of Table 1 it has been observed that all the 

physical parameters (p,  ,
2

,
p

c
d

,
d

p
z


and E) are  

positive at the centre and within the limit of realistic 
equation of state and well behaved conditions for all 
values of K satisfying the inequalities . How-
ever, corresponding to any value of K > 10, there exist no 
value of X for which surface density is positive .From 
Table 2 we observe that for K = 2 we obtain increasing 
mass with increasing values of X and central redshift also 
increases. We have taken a different expression for elec- 

0 K 10

 
Table 1. The variation of various physical parameters at the center,surface density, electric field intensity on the boundary, 
mass and radius of stars with different values of K and X = 0.2. 
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1 5.167 14.496 0.3565 0.9298 1.63 0.202 1.3728 4.41 19.20 
2 4.664 16.0037 0.2914 0.7017 1.68 0.404 1.277 4.60 18.52 
4 3.660 19.0156 0.1925 0.4806 1.814 0.808 1.060 4.83 16.87 
5 3.158 20.5217 0.1538 0.4186 1.885 1.01 0.955 4.88 16.02 
6 2.656 22.0275 0.1205 0.3728 1.962 1.212 0.851 4.89 15.12 
8 1.652 25.0394 0.0659 0.3411 2.134 1.616 0.643 4.75 13.14 

10 0.648 28.0513 0.0231 0.2655 2.342 2.02 0.434 4.31 10.80 
 
Table 2. The variation of various physical parameters at the center,surface density, electric field intensity on the boundary, 
mass and radius of stars with different values of X and K = 2. 
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0.10 3.6036 19.1889 0.1889 0.5628 0.754 0.1504 1.1811 2.955 17.81 
0.15 4.2883 17.1349 0.2502 0.64168 1.196 0.2646 1.2822 3.89 18.55 
0.20 4.6643 16.0037 0.2914 0.7017 1.688 0.404 1.277 4.60 18.52 
0.25 4.8138 15.5583 0.3094 0.7300 2.276 0.5756 1.168 5.13 17.71 
0.30 4.764 15.7075 0.3032 0.7202 3.000 0.7747 0.9890 5.500 16.29 
0.35 4.5018 16.4343 0.2751 0.6738 3.985 1.0045 0.7276 5.523 13.98 
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tric intensity as compared to that of Gupta and Mau-
raya’s solution [5]. Our solution satisfies all the neces-
sary physical conditions giving us a possibitity for dif-
ferent  charge variations within the fluid sphere. Owing 
to the various conditions that we obtain here we arrive at 
the conclusion that under well behaved conditions this 
class of solutions gives us the mass of super dense object 
within the range of neutron star and quark star. 

We now present here a model of super dense star 
based on the particular solution discussed above corre-
sponding to K = 0.35 with , by assuming sur-
face density; 

0.2X 
14 32 10 g cmb   .The resulting well 

behaved model has the heaviest star occupying a mass 
5.523 M　with its radius 13.98 km. In absence of the 
charge we are left behind with the regular and well be-
haved fifth model of Durgapal [1]. 
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