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Table 1. Results

f M (M⊙) Mb (M⊙) Me (M⊙) Ratio Charge (×1017 C)

0.0 1.428 1.428 0 0% 0
0.0001 1.439 1.436 0.00250 0.17% 260.95
0.0008 2.548 2.166 0.38227 15% 3488.01
0.001 4.156 2.905 1.250 30.07% 6727.17

The solution for the metric function λ(r) is given by

e−λ = 1 −
Gm(r)

rc2
+

GQ2

r2c4
. (9)

The first two terms on the right-hand-side of Eq. (9) describe electrically neutral

stars, while the third term originates from the net electric charge distribution inside

the star. From Eqs. (7)–(9) one finds that the mass contained in a spherical shell

of radius, m(r), is given by

dm(r)

dr
=

4πr2

c2
ǫ +

Q(r)

c2r

dQ(r)

dr
. (10)

The first term on the right-hand-side is the standard result for the gravitational

mass of electrically uncharged stars, while the second term accounts for the mass

change that originates from the electric field. Finally, the Tolman-Oppenheimer-

Vokoff (TOV) equation generalized to electrically charged stars follows as

dp

dr
= −

2G
(

m(r) + 4πr3

c2

(

p −
Q2(r)
4πr4c2

))

c2r2
(

1 −
2Gm(r)

c2r + GQ2(r)
r2c4

) (p + ǫ) +
Q(r)

4πr4

dQ(r)

dr
. (11)

To solve the TOV equation, we need to specify the charge distribution inside the

star. Here, we will follow the approach of Ref. 100, 104 and assume that the charge

distribution is proportional to the energy density, j0(r) = f × ǫ, where f is a

constant which essentially controls the amount of net electric charge carried by the

star. Moreover, we choose as initial and boundary conditions of the problem the

following values, ǫ(0) = 1550 MeV/fm
3
, Q(0) = m(0) = λ(0) = ν(0) = 0, and

p(R) = 0. In this study we focus on the difference between the mass-energy coming

from baryonic matter, here represented by the polytropic EoS, and from the electric

field. To this aim we rewrite Eq. (10) as (b=baryonic matter, e=electric field)

dm(r)

dr
=

dmb

dr
+

dme

dr
, where

dmb

dr
=

4πr2

c2
ǫ ,

dme

dr
=

Q(r)

c2r

dQ(r)

dr
. (12)

Table 6 summarizes the properties of several electrically charged sample stars. Fig-

ures 8 and 9 show, for two selected values of f , how much of the star’s total (grav-

itational) mass exists as baryonic mass (mb) and how much mass-energy (me) is

associated with the electric field energy. For a strongly charged star, f = 0.001, we

find that 30% of the star’s mass (1.25 M⊙) is actually electrostatic energy.
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