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ABSTRACT

We found new class of solutions to the Einstein-Maxwell system of
equationsfor charged quark matter within the framework of MIT Bag Model
considering a gravitational potential Z(x) proposed by Thirukkanesh and
Ragel (2013), which dependson an adjustable parameter n. Variablesasthe
energy density, charge density, pressure and the metric functionsare written
in terms of elementary and polinominal functions. We show that the form
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chosen for the gravitational potential allows obtain physically acceptable

solutions with any value of the adjustable parameter.
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INTRODUCTION

From the devel opment of Eingtein’s theory of gen-
eral relativity, the description of compact objects has
beenacentrd issueinrdativigtic astrophysicsinthelast
few decades™4. Recent experimental observationsin
binary pulsarg? suggest that could be quark stars. The
existenceof quark starsin hydrostatic equilibriumwas
first by Itoh® inasemind trestment. Recently, the study
of strange stars consisting of quark matter has stimu-
lated muchinterest since could represent the most en-
ergetically favourable state of baryon matter.

Thephysicsof ultrahigh densitiesisnot well under-
stood and many of the strange stars studieshave been
performed within the framework of the MIT bag
mode . Inthismodel, the strange matter equation of

. : . 1
satehasasmplelinear formgivenby p = é(p —4B)

where p istheenergy density, pistheisotropic pres-

sure and B isthe bag constant. However, in theoretica
worksof redistic sellar model$58 it hasbeen suggested
that superdense matter may be anisotropic, at least in
somedensity ranges.

Many researchershaveused agreet variety of math-
ematical techniquesto try to obtain exact solutionsfor
quark starswithintheframework of MIT bag mode,
since it has been demonstrated by Komathirgj and
Maharg®®, Malaverl™¥, Thirukkanesh and Maharg™
and Thirukkanesh and Ragel*?. Ferozeand Siddiquit™?
and Ma aver* consider aquadratic equation of state
for thematter distribution and specify particular forms
for thegravitational potentia and dectricfiedintensty.
MafaTakisaand Maharg*® obtained new exact solu-
tionstothe Eingtein-Maxwel| system of equationswith
a polytropic equation of state. Thirukkanesh and
Ragel® have obtained particular model s of anisotro-
pic fluidswith polytropic equation of statewhich are
cong stent with thereported experimental observations.
Morerecently, Ma aver*18 generated new exact so-
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Iutionstothe Einstein-Maxwel | system consideringVan
der Waa smodified equation of statewith and without
polytropical exponent. Mak and Harko™ found arela
tivisticmodel of strange quark star with the supposi-
tionsof spherica symmetry and conformd Killing vec-
tor.

Our objectivein this paper isto generate anew
classfor charged isotropic matter with the bag equa-
tion of statethat presentsalinear relation between the
energy density and theradial pressurein static spheri-
caly symmetric spacetimeusing agravitationa poten-
tial Z(x) of Thirukkanesh and Ragel'*? which depends
on an adjustable parameter n. We have obtained some
new classesof static sphericaly symmetrica mode sof
charged matter wherethe variation of the parameter n
modifiestheradial pressure, charge density, energy
density and the metric functions of the compact ob-
jects. Thisarticleisorganized asfollows, in Section 2,
we present Einstein’s field equations as an equivalent
st of differentiad equationsusing atransformationsdue
to Durgapal and Bannerji®!. In Section 3, wemakea
particular choiceof gravitationa potentid Z(x) that al-
lows solving thefield equations and we have obtained
new modelsfor charged i sotropic matter. In Section 4,
aphysical analyssof thenew solutionsis performed.
Findlyin Section5, we conclude.

EINSTEIN FIELD EQUATIONS

Congder agphericdly symmetricfour dimensiond
gpacetimewhoselinedement isgivenin Schwarzschild
coordinatesby

ds? =—e*dt? +e*dr? +r?(de’ +sin’0de?)

the

(1)

transformations, x= Cr ? ,
Z(x)= €20 and APy (X)= ™" with arbitrary
constants A and c, suggested by Durgapal and

Bannerji®®¥, theEingteinfield equationsasgivenin (1)
are

2
1-2 -2 E
X C 2

Using

(2)

3)
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47Xy + 2z'x2y+(zx— Z+1-

E*x
=0
)

(4)

o'= L (e +E) (5)

Where p istheenergy density, p, istheradia pres-

sure, E isdectric field intensity, ¢ is the charge
density and dot denote differentiations with respect
to x. The equation (4) in the condition of pressure
isotropy. We can replace the system of field equa-
tions, including the bag equation of state by the sys-
tem

(6)

(7)

. B
VYA (8)

(9)

Theeguations(5), (6), (7), (8) and (9) governsthe
gravitational behavior of acharged quark star.

GENERATINGNEW EXACT SOLUTIONS

Using the procedure suggested by Komeathirg and
Mahargj[¥, it is possibleto obtain aexact solution of
the Eingtein-Maxwell system. In thispaper, motivated
by Thirukkanesh and Ragel'*?, wetaketheform of the

gravitationa potentid Z (x) asZ (x) = (1 ax )",
whereisareal constant and nisan adjustable param-
eter. Thispotentia isregular at theoriginand well be-
haved intheinterior of the sphere. For theelectricfield
wemakethechoice
. NX
T (1+ax)y
Thisdectricfieldisfiniteat the centre of the star

and remainscontinuousin theinterior. Wehaveconsid-
ered the particular casesfor n=1, 2, 3.

(10)

For the case n=1, the substitution of Z (x) and
(9)in(8), itdlowsto obtainthedifferentia equation of
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thefirst order

Yy _ _ X _ D
y  6C(i+ax) 3(1-a) (10)
B 3
D=——a
Where c 3
Integrating (10), we obtain
y(x)=C,(1+ ax)za_Tla2 (-1+ax)
e (12)

-1
exp( 12Ca’(1+ ax)]
The equation (11) and Z (x) alows generate
the following analytical model:

™= C A (1+ax)ma( 1+ax)

e -1 (12)
p( 6Ca(1+ ax)]
23.(r) 1
e =T (13)
_ (-ax) 1+ 8DCa  Ca-2B
P dta(l+ax)  24a 2 (14)
_ (1-ax)’ (1+8DCa) 3Ca
" 8a(l+ax)’ ga ' 2 '° (15)
. Cll-ax)3+ax)’
T ray (16)
Withn=2, theeq. (8) becomes
y__ X (2a X+ F)
y  3C(l-axf(l+ax)f 3(1-ax) (7)
for conveniencewehavelet F = %—Ba
Integrating (17), we have
[(F +2a)2Ca’x + 4Ca® + 2CFa+ 1]
Y(0=C 6(- 1+ axJa’c(1+ ax) (18)

(-1+ax)”

Therefore with eg.(17) and we can generate the
analytical model:

[(F +2a)2Ca’x + 4Ca’ + 2CFa + 1]
RECIPRIY 3( 1+ ax)a C(1+ ax) (19)
’ (-1+ax )"
ezl(r) 1
(1—ax)2 (20)
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2a (aca®+2cFa’) ]
T 31+ax) * 6a°C(- 1+ ax)(1+ax)
((F +2a)eca’x + 4Ca’ + 2CFa+1)
p=C(l-ax)| 6(-1+ax) ac(1+ax)
((F+2a)2ca’x+4ca’ + 2CFa+1)
h 6(— 1+ ax)ac(1+ax)’

+aC(l-ax)-B
(21)

2a (aca®+2cFa?) ]
- -1+ ax)+ 6a°C(—1+ax)(1+ax)
((F+2a)eca’x+4Ca® + 2CFa+1)
- 6(-1+ax)ad(1+ax)
((F+2a)j2ca’x+4ca® + 2cFa+1)
6(—1+ax)ac(1+ax)’

p=3C(1-ax)’ +3aC(1-ax)+B

(22)

e 2C(1-ax)’(3+ax)’
(1+ax)’

(23)

Zx(r)

With n=3, the expressions for ¢ ,
saregivenfor

, p,pand

\ 3+128Ca }

e =A® C, (—1+ ax) 48ca® (1+aX)1ec 2
(3zca —3a*)x* - (16Ca’ + 8CH — 3ajx - 8CHa-6-48Ca’ | (24)
24Ca*(- 1+ ax ) (1+ax)

(25)

__(s+12ca’) 1
9%6aC (-1+ax) 32aC(l+ax)
(64Ca“-6a’)x—16Ca® - 8CHa * + 3a
48Ca’(-1+ax ) (L+ax)
(32ca“-3a’)x?+(3a-16Ca* - 8CHa ?)
x—48Ca’-8CHa — 6
24aC (- 1+ax ) (L +ax)
(32ca“*-3a*)x*+(3a-16Ca* - 8CHa ?)
x-48Ca’-8CHa -6
h 48aC(-1+ax y(l+ax ) | (26)

p=c-ax)

3%C 1_ax)-B

(3+128cCa?) . 1
T o6aC(—1+ax) 32aC(L+ax)

(64ca®-6a’)x-16Ca® - 8CHa * + 3a

48Ca’(-1+ax F(1+ax)

(32ca*-3a’x*+(3a-16Ca® - 8CHa ?)
Xx-48Ca’—8CHa — 6

h 24aC (- 1+ ax (L +ax)
(32ca®-3a’)x*+(3a-16Ca* - 8CHa ?)
X -48Ca’—8CHa — 6

- 48aC(-1+ax Y@L+ ax ) (27)

p=3C(l-ax)

Lac (1-ax)+B
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oie 3C(1-ax)’(3+ax)’
(1+ax)’

(28)

. . 9 B
Againfor conveniencewehavelet H =-Jatc

PHYSICAL FEATURESOFTHE SOLUTIONS

The showed model ssatisfy the system of equations
(6) - (9) and congtitute another new family of solutions
for acharged quark star withisotropic pressure. The
metricfunctions > and ¢ can bewritteninterms
of polinomind functions, and thevariablesenergy den-
Sity, pressureand charge density a so are represented
analytical. For thecasen=1, Thefunction > iscon-
stant and behaveswell insidethe star and have afinite

1+8DCa

valueof €”"=C A*(-1) ui eXp(

6Ca’

x=0. Theenergy dendity ispogitiveintheinterior andin
the center takesthevalue p=3aC . Thepressurepis
regular and in the center x = 0 takes the value

j at the center

4B o . ) .

p =aC—? . Thechargedensity iscontinuesinthein-
terior and it vanishesin thecenter.

For the solution found with n=2, the functions

e and g2 acquirefinitevaluesinthecenter x =0

asinthecasefor n=1. Theenergy density and the pres-

suretakethevaluesof p=6aC and p=2aC —% atthe
center Xx=0, respectively.

Withn=3, e and 2 aso havefinitevaluesat
the center x=0. Theenergy density is p = 9aC and the

48
pressure p =3aC - 3 at x=0.Indl thecases, thecharge

density iscontinuesand behaveswell insideof the star.
Thefact that thefunctions gz , g2 | p, pand

o haveafinitevaueinx = 0impliesthat the solutions
(12) - (28) for charged quarks starsare physically ac-
ceptableand do not present singularitiesintheorigin,
asit established Jotaniaand Tikekart?!,

CONCLUSION

We have generated anew classof exact solutions
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for the Einstein-Maxwell system which not present
singularitiesat the origin. We have studied three new
typesof analytical solutionsspecifyingtheform of the
gravitationd potentia z(x) and of thedectricd fidd g.

Three obtained solutions correspond to model swhich
havefinitevauesfor the energy density, the pressure
and the charge density at the center of the star. All the
solutions present abehavior smilar to the sol ution pro-
posed by Komathiragj and Mahargj® and Malavert*9
withisotropic pressure. The method to generate ana-
lytical exact solutions will depend on the form of

Z(x) andtheeectricfiddintensity g, necessarytode-
termine physicaly acceptable solutions.
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