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Abstract. The presence of accretion around neutron stars is assumed to be one of the causes of
the decreasing of the magnetic field around neutron stars. Therefore, the equation that
describes the relation between the decreasing of the magnetic fields and the accretion are
required. The equation of the magnetic field decreasing describes the dynamics of the magnetic
field around rapidly rotating neutron star. The relativistic magnetic field dynamics equation
around a accreting and rapidly rotating neutron star in the ZAMO (Zero Angular Momentum
Observers) frame has been formulated. The equation is derived from the rapidly rotating
neutron star metric and the first and second of the relativistic Maxwell equations. The magnetic
field dynamics equation is a differential equation in the radial, polar, and azimuthal parameter.
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1. Introduction
Stars with mass M, = 8M,, where M, denotes Solar mass, can undergo nucleosynthesis process or

nuclear reactions. The nuclear reaction occurs in the form of burning silicon 28Si to burning iron >¢Fe.
If the nucleosynthesis had finished, then the star collapsed and the supernova explosion occurred.
After undergoing a supernova explosion, the state of the star depends on the thrown material. If a
number of materials in the star's core after undergoing supernovae collapse, cool, reach an equilibrium
and contain an abundance of degenerated neutrons, the star is called a neutron star [1]. In other words,
neutron stars are produced by M, = 8M massed massive stars that undergo supernova explosions
[1]. The abundance of neutrons are obtained from the beta decay process, i.e., +e~ = n + v, which
occurs at high density.

A neutron star has a mass of M, ~ 1 — 2 Mg and radius R, = 10 — 14 km [2]. The maximum
mass of neutron star is about M, ~ 1,5 M, with its radius is about R, ~ 3 km [3]. The density of
neutron star is about p ~ (2 — 3)p,, where p, = 2,8 x 10* gcm™3 is the normal density of the
nucleus  [4]. The  gravitational potential of a neutron star is  about
Egray~GM? /R ~5 x 10°3erg ~ 0,2 Mc?, whereas the gravitational field at a neutron star's surface is
about g~ GM/R? ~2 x 10**cm s~2 [4].

The very large density and gravitational fields of neutron stars indicate that neutron stars are
relativistic objects. Therefore, to understand all of the various physical phenomena both inside and
outside of neutron star and around it, it can be explained by the general relativity approach. General
relativistic aspects are determined by the compactness parameters as shown in equation (1.1)
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xg = 15/R, Withr; = 2GM /c? ~ 2,95 M, /Mg , (1.1)

where 7, G, and ¢ denote the radius of Schwarzschild, gravitational constant, and the speed of light,
respectively. In general, stars have a compactness parameter is about x,; « 1, for example, xg~10‘4
for white dwarfs, and xg~10‘6 for the main row star with M, =~ My, [5]. By substituting the mass,
M,~ 1,4 Mg, and radius, R, ~ 12 km, of the neutron star into equation (1.1), then we obtain x, =
0,3.

The fact that neutron stars are rapidly rotating astrophysical objects also requires us to do a
general relativistic approach to consider various physical phenomena in neutron stars. The rapidly
rotating neutron star is one of the astrophysical objects that is classified into a gravitational field class.
The very rapidly rotating neutron star is called the pulsar [6]. Numerically, the explanation of rapidly
rotating neutron star is the solution of Einstein's field equations. There are two main influences that
differentiate the rotating relativistic star from its non-rotating pair, i.e., the form of a star is flattened
by centrifugal force. Moreover, the local inertial frame is "pulled" by rotation from the source of the
gravitational field. To study the "pull” of inertial frame in the spacetime of rotating neutron star can be
assisted by ZAMO (Zero Angular-Momentum Observers).

The existence of pulsar is known from electromagnetic waves. There are two types of
electromagnetic waves, i.e., radio waves and X-rays. The emission will show the magnetic field
possessed by the neutron star [7]. If the pulses are radio pulsars, the magnitude of the neutron star
magnetic field is B~108G — 10'3G. Whereas the magnetic field of X-ray pulses is about B > 102G .
The magnetic field is obtained from radio pulsars that emit infrared and accrete X-ray pulsars and
LMXBs (Low Mass X-ray Binaries). The magnetic field inside the neutron star reaches of at least
~1015G [8] or perhaps up to 10" G, while the pulsar magnetic field is about B~10%°G [9]. The
neutron star magnetic field is the strongest magnetic field found in the universe [9].

Magnetic fields in neutron stars can decrease, for example, a neutron star that has a magnetic
field of ~10'2 G becomes ~108 G in 5 x 10 years [10]. Neutron stars that experience a decrease in
magnetic fields are found in multiple systems. A neutron star in a dual system shows a neutron star
that performs the accretion process. Many astrophysicists therefore argue that the reduction of
magnetic fields in neutron stars is due to the accreting neutron stars [11-17].

Cumming et al. have derived the equation that describes the decrease of the magnetic field in
neutron stars due to accretion, for non-relativistic studies and non-rotating neutron star case. They
obtained the equation of magnetic field dynamics related to the accretion velocity. Whereas the
relativistic studies were introduced by Anderson et al. [18] that yielded the stationary electromagnetic
fields in the Schwarzchild spacetime. The electromagnetic field is required to study the dynamics of
magnetic field. The equation of the electromagnetic field can be obtained from Maxwell equations.
Sengupta [19] stated that the obtained electric field of Schwarzschild metric in the neutron star was not
the solution of Maxwell equations. Sengupta [20] has considered the velocity of Ohmic decay in the
Schwarzschild spacetime. The Ohmic decay is assumed responsible for the cause of the magnetic field
in the neutron stars. The studies related to the relativistic slowly rotating neutron stars were proposed
by Muslinov and Tsygan [21]. While the study of the solution of Maxwell equations in spacetime for
the slowly rotating neutron star with the absence of material around it has been conducted by Rezolla
et al. [22]. In other words, they considered non-accretion neutron star. The considered case is slowly
rotating neutron stars in the ZAMO (Zero Angular Momentum Observers) observers. These studies are
required for describing the magnetic field dynamics for rotating neutron stars [22]. Previously,
Atsnaita et al. [23] have also derived the equations of magnetic field dynamics for slowly rotating
neutron star with the presence of material around it.

To describe the decrease of the magnetic field in neutron stars due to accretion, we need to
derive the equations of magnetic field dynamics for rapidly rotating neutron stars. The equation is
obtained from the formulation of Maxwell equations on neutron stars with the ZAMO frame.
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2. Research methods

This research is an analytical theoretical-mathematical study. The research procedure to obtain the
equation of magnetic field dynamics for the accreting rapidly rotating neutron stars in the ZAMO
frame is shown in Fig. 2.1 below
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Figure 2.1. Research procedures to obtain the equation of magnetic field dynamics for the accreting
rapidly rotating neutron stars in the ZAMO frame.
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3. Results and discussion
3.1. The rapidly rotating metric, tetrad, 1-form, and 4-velocity component for relativistic neutron stars
The metric for rapidly rotating neutron star in the coordinate system { ¢, r, 8, ¢ } is given by

ds? = —e2?dt? + e?*r?sin? 0 (de — wdt)? + e?*(dr? + r?d6?), (3.1)
where ¢, A, w, a are the functions in the parameter of r and 6, respectively. The function of w (r) is

the angular velocity of the inertial reference frame [24]. The covariant metric component of rapidly
rotating neutron stars is given by

—(e2% — e r2sin2hw?) 0 0 —e**r2sin 0w
_ 0 e2a 0 0
Guv = 0 0 e2ay2 0 ' 42
—e**r25in2 9 w 0 0 e? r2sin2 9

The tetrad {e;} = (eg, e7, €3, e ) carried by ZAMO observer are

eg = e %(1,0,0,w), (3.33)
el =e~%(0,1,0,0), (3.3b)
ey = e~“r=1(0,0,1,0), (3.3c)
e2®_e22y25in2 9?2 _
6 =g g € ®(0,0,0,1), (3.3d)
The 1-form {w#} = (w®,w", w®, w®), corresponding to this tetrad are given by [25]
1
w = (e2? — e?*r2 sin% 0 w?)?(1,0,0,0), (3.4a)
w) = e%(0,1,0,0), (3.4b)
wf = e%r(0,0,1,0), (3.4¢)
Wf = e’rsinf (—w, 0,0,1). (3.4d)
The 4-velocity vector for the rapidly rotating neutron star metrics are [25]
-9
p—_&
u = (1,0,0, w), (3.52)
e
where
V2 = 2% [e”r2 sin? @ (Q —w)? 4+ e?*(v")? + ez"‘rz(vg)z]. (3.6)

3.2. The 4-velocity vector of conductor

The 4 -velocity vector of a conductor can be obtained from the equation below
w = 61, (3.7)

where & denotes the existence of Eulerian perturbation [26]. The value of each component of velocity
represents the perturbation is

out = F(l, 6vi), (3.8)

where
Svt = ef sv'. (3.9)
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By substituting Egs. (3.3a) - (3.3d) and Eqg. (3.9) into Eq. (3.15), then we obtain the 4-velocity vector
of the conductor, i.e,

1
N =~ (2P _p202:2,.2 <in2 )2 -
Sut = [‘(Le—a&]r’e—arﬂ&]e’(e :mi:;i:lgn 6)2 617“’) = w? (3.10)
where I is [26]
1
Jap(6vE8VPN] 2
r= [_900 (1 4 Jap(O7ovT) — ))] . (3.12)

If the considered perturbation is weak, then sv*8v? for a = B is very small. The metric components
in equation (3.2) are not zero if « = B, then equation (3.18) becomes
1

1 —_——
['~ [—gool 2 = (e*® — e**r2w?sin?0) 2. (3.12)

If the neutron star is assumed as a conductor, then the relation u#* = I'(1,0,0,Q) = w* applies [26].
Therefore the 4-velocity vector of the conductor for the rapidly rotating neutron star is given by

—_e242

1
w? sin? 6)? Sv®
eb*+2rsin@

2¢
SuM = r(1,0,0, (e ) =T(1,0,0,Q) = w® (3.13)

3.3. The electromagnetic tensor in ZAMO frame
The electromagnetic field tensor F,z denotes the relation between the 4-vector of electric field £
and magnetic field B*. The covariant component of the electromagnetic tensor component satisfies the
equation

Fap = 2uiqEg) + Napysu’ B?, (3.14)

where 144, is pseudo-tensor. The pseudo-tensor expressed by the Levi-Civita symbol €4, 5, are
1
naﬂ]/ls = _\/_T_geaﬁya; 770:[?1/5 = /—g E(ZBV(S' (315)
Where

g = det|gqp| = —e2 @Mt sin? 6. (3.16)

Therefore, the non-zero components of the covariant tensor of the electromagnetic field for the rapidly
rotating neutron star are [25]

Foo = F11 = F33 = F33 =0, (3.17a)
Fy; = —Fo = —YE, — XwB?, (3.17h)
Fop = —F,y = —YEy + XwBT, (3.17¢c)
Foz = —F39 = —YE,, (3.17d)
Fi, = —F,; = XB?, (3.17¢)
Fi3 = —F3; = —XBY, (3.17f)
F,3 = —F3, = XB", (3.179)
where
X = (e****r%sing) /N1 -V?, (3.18)
and

Y =e?/V1-V2, (3.19)
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Whereas the contravariant tensor components of the electromagnetic field are the inverse of the
covariant tensor. The non-zero components of the contravariant tensor of the electromagnetic field for
the rapidly rotating neutron star are

FOO — F11 — F22 — F33 — 0, (320a)
FOl = —Flo = ET/Y, (320b)
F92 = —F20 = EO)y, (3.20c)
F03 = —F30 =E%)y, (3.20d)
F'? = —F?1 =B, /X, (3.20e)
F13 = —F3' = —(YBy + XwE") /XY, (3.20f)
F? = —F32 = (YB, — XwE®)/XY. (3.200)

The covariant and contravariant tensor components of the electromagnetic field for the rapidly rotating
neutron star are measured by ZAMO observer. They are obtained by changing the 4-vector of electric
field E% and magnetic field B* in the ZAMO frame. The 4-vector of electric field E* and magnetic
field B® in the ZAMO frame are given by

El = eEF, (3.21a)
E; = giepEP, (3.21b)
Bl = e;;BF, (3.21c)
Bi = giieﬁBﬁ. (321d)

From the equation (3.22a) and (3.22b) then we get the 4-vector of electric field E* for rapidly rotating
neutron star in the ZAMO frame, i.e,

E, = e“E", (3.22a)

Eg = e*rB?, (3.22b)
1

E, = e ®rsin6 (e?® — e**r?2w?sin? 0)2E?, (3.22¢c)

ET = e “ET, (3.22d)

E? = e 2y 1E9, (3.22¢)

1
(ez‘t’—e”‘rzcu2 sin? 19)E

eP+2rsing

EY =

E®. (3.22f)

Whereas based on the equation (3.23c¢) and (3.23d) we can obtain the 4-vector of magnetic field B¢
for rapidly rotating neutron star in the ZAMO frame as follow

B, = e*BT, (3.23a)

By = e*rBY, (3.23b)
1

B, = e %rsin6 (e?® — e**r?w?sin? 0)2B?. (3.23¢c)

BT = e~%B", (3.23d)

BY = e~ar~1B9, (3.23¢)

1
(e2¢’—e21r2w2 sin? 9)E PN

pr =& — o 10 po, (3.23f)

By substituting equations (3.22a) - (3.22c) and (3.23d) - (3.23f) into equation (3.17a) - (3.179),
then we obtain the components of electromagnetic field covariant tensor for the rapidly rotating
neutron stars measured in the ZAMO frame as follows

Fop =F11 = Fa3 = F33 =0, (3.242)
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edta 7 wea+l

o1 = —Fi5 = ~==t rsm989 (3.24b)
Fo5 = —F55 = \/f;VrEe \/_r 2sin@ BT, 1 (3.24c¢)
Fo3 = —F35 = —\/%r sinf (e2? — e**r2w? sin? 0)2E?, (3.24d)
Fi3 = —F37 = ef%r(ez‘p — e r2w? sin H)ZB“’ (3.24e)
Fi3 = —-F373 = \/eair sin @ 39 (3.24f)
Fs3 = —F35 = \/_r 2sin@ B". (3.249)

While the components of contravariant tensor of electromagnetic field for the rapidly rotating neutron
stars measured in the ZAMO frame are obtained by substituting equations (3.22d) - (3.22f) and (3.23a)
- (3.23c¢) into equation (3.20a) - (3.20f). The components of contravariant tensor of electromagnetic
field for the rapidly rotating neutron stars measured in the ZAMO frame are

FO00 — p11 _ p22 _ (33 _ (3.25a)

FO1 — _pi0 — _—¢- a\/ VZET (3.25h)

FO2 — _p20 — p-¢-a,—1\/7 _p2E0 (3.25¢)
N o 20_ 242 2 g2\ 1/2 N

FO3 = 30 = (200 Tz, (3.250)

1

— Py 2¢_ 21,2 2 2)2 ~

F12 — _F21 I (3 ea:(ﬁilln Ow ) /—_ VZB¢ (3256)
3_ 3 [ E° —2

pi3 = _p3l = [eaw R ]\/1 vz, (3.25)
01 _ _p10 _ BY © g

Fo=-F"=- [e‘”’lr2 sing = edta Er]' (3.259)

3.4. The 4 - current in ZAMO frame
The conduction current j* carried by electrons with electrical conductivity o satisfies Ohm's law, that
is

Ju = oF,w?. (3.26)

Therefore, using equations (3.17a) - (3.17g), (3.13), and (3.26) the covariant components of the
conduction current are

jO = —ol’ YE(p; (327a)
jr = o (YE, - XB (0. — w)), (3.27b)
jo =o' (YEg + XB"(Q — w)), (3.27¢)
jp = oTYE,, (3.27d)

While the contravariant components of the conduction current satisfies the equation
J“ = 9"y (3.28)
Therefore the contravariant components of the conduction current are

j*=e2%6I' YE,(Q + w), (3.29a)
jT = e %%T [YE, — XB%(Q — w))], (3.29b)
0 = e=29r=26T [YE, + XB"(Q — w)], (3.29¢)

—~.
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(e2¢+eur2 sin? fw?)

J® =0l YEy " —Ggmaaze — T e 2?wQ]. (3.29d)
The 4-current density satisfies the equation
J# = pew? + j¥, (3.30)

where p, is charge density, so the components of 4-current density are

=T'[p, + e ??0Y E,(Q — )], (3.31a)
JT =e 2% oT[Y E, — XB? (0 — w)], (3.31b)
] = e 2@ r=26T[Y Eg + XB"(Q — w)], (3.31c)

2¢ 102212 5in? g w?)
ez¢+2}.r2 Slnz 2]

J = p,TQ + oTY E, [("’ + e‘2¢wﬂ]. (3.31d)

The relation between the 4-current density J* and the 4-current density in the ZAMO frame J! is
JE =el'Jt. (3.32)

The 4-current density in the ZAMO framework for rapidly rotating neutron stars are given by

JO=e®p, T+ 0e 2Pt rsinfyY (O — w)E?, (3.333a)
It = ar[YEf — X e~22y-1B0(q — a))], (3.33b)
J8 = ar[YEa + X e~2er1B7(Q — a))], (3.330)

~ P+2A4 i Py
] =T |p.(Q— w) (c#7r sinf) c+0Yr?sin?E?|, (3.33d)

(e2®—e24r2sin2 g w?)?

3.5. Maxwell equation in a rapidly rotating spacetime
The general form of the first pair of general relativistic Maxwell equation is given by

3 Flapy) = 2(Fapy + Fyap + Fpya) = 0. (3.34)

By substituting equations (3.24a) - (3.249) into equation (3.34) then we get relativistic Maxwell first
equation for rapidly rotating neutron stars in the ZAMO frame, namely as

_ e r(EB) +w

r smH(BT) +7r (e Sme( 2¢ _ o2Ay2in sz)zE‘P)

Vi-vZ2 «/ —v2 V1-v2 P
a+ 7
+e—wr 51n9 =0, (3.353)
_ et (ET) ) e r2sinf (Bg) +sind ( elr (e2¢ — e?Mr2gin2 9 a)z)%Ea’>
Vi-vz2 Vi-vz2 @ Vi-v2 -
@+ @
~ =T sin§ 22— prale 0, (3.35b)
_opra_E Y\ _ et? 9 ¢>+a< rE® ) o et opf
e <W)(p a)r(\/l_smeB ) +e m,r smB(wmrB)'r
e2a— (0]
+\/1_r (¢ — e?*r?sin? 6 w?)? a:;ﬂ = 0. (3.35¢)
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The relativistic Maxwell second equation satisfies the equation
FK?., = 4mJH. (3.36)

Substituting equations (3.25a) - (3.25g) and (3.33a) - (3.33d) into equation (3.36), then we obtain the
relativistic Maxwell second equation in the ZAMO frame that are

(e"“’/1 r¢sin@v1 — VZEf)r + (e“”rsin@x/l — V2E§) + (e‘¢+2“r\/1 —V2 (e2¢ —

0
1 2a+2 ~
e?*r2?sin% @ wz)zE‘p) = 4nlp,e?P*20+4r25ing + 4?/% r3sin? 0 (Q — w)E?, (3.37a)
P

(—e"‘” r2sin0v1 — V2 aa_EtT> +r (\/1 —V2etsin @ (e?? — e?*r?sin% 0 wz)l/zB‘ﬁ)
T

0
—pta,. (RO _ o oatd 2 7Y AnTpee?®t2ath o o pp _4Anre?r o _
e Ar(B ),<p we T smH(E )'(p Nz r“sin6 E 77 1 sin 6 (Q
w)BY, (3.37b)
0 LN
(—e"‘”rsine 1-V2 aait) —sinH(\/l —V2e%r (e2® — 2Ar2 sinZBwZ)ZB‘P) i
T ,r
¢+a (pfy _ A+ . o 9 — anlpee?Pt2art  , g AmTeft2ert 4 o 2 _
e (B ),(p we rsinfg (E ).<p N r*sinf E” + =z 7 sin 6
w)B’, (3.37¢)
1 ) 5 R
(—e‘¢+"‘ r(e?? — e?*r?sin? 0 w?)2 V1 — V2 aait) + (e¢+“ rBe) — e®*ta (B7) -
T i ’
(we*** rET) +ra)(e°“"1 Ea) =
r 0
2¢p+2a+1 d+2a+i N
4nTpee - 135in2 0 (Q — w) + 2ZZ< r*sin* 9 E®, (3.37d)

V1-v2

(e2?—e22r2sin2 Qw?)?
This equation corresponds to the slowly rotating neutron star case as conducted by Rezolla.

3.6. The dynamics equation of the magnetic field for the accreting and rapidly rotating neutron stars
in the ZAMO frame

As conducted by Rezolla [22], in this article we write the terms that contain w and 2 as O0(Q).
Therefore the Maxwell second equation as shown by equations (3.37a) — (3.37d) can be written as
follow

E" =
Vi-v2 ] E
anlre2d+2a+Ay2 gin @ [ea+l r?sinfv1—-V2 - +
L —~
r(VI=VZetsind (2 — e?r? sin? 0 0?):5?) — e~0+er (B9) ] +0(0). (3.382)
Y. 0
6 _ 2
0= 4nrez¢ﬂr2 sin @ [(_ea-“lrSin@ 1-V2 aait)r —sin6 (We“r (eZ¢ —

1
e**r?sin? 0 wz)EB‘T’) + e®ta (BT) (p] +0(Q), (3.38b)
r ’
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- Vi-v2 _ AE®P )
E? :4nare¢+2a+/1r4sin49[ ¢+“r\/1—V2(ez¢—e r?sin? 0 w ) — +(e¢+“rB )‘r—
(e?*eB7) | + 0. (3.35¢)

Furthermore, by substituting equations (3.38a) - (3.38c) into Maxwell first equation, then we obtained
the dynamic equation of the magnetic field for the accreting and rapidly rotating neutron star in the
ZAMO frame, that are

ot (e**rZsin@) |4nTr2sing

oB" V1-V2 { e~ P-a-4

1
[ a+d 2 5in g1 — V2 (aE ) —sinf <(V1 —V2e%r (ez¢ —e?Myr25in2 g wZ)ZB‘T’) > +
P T

P

+ (0(.(2)) \/_Vr 2sin @ (Br)

eh+a ((Bf”), )

—( rsing (e — e2Mr2gin Ga)z) [ e ¢+“r\/1—V2(eZ¢—e r?sin Gw) aE(p+

4moTe2d+2a ot

(e¢+a TB@) _ (e¢+aBr”) 6] + 0((1)) , (3.392)
T : 0

oB° V1-V2 { g~ P-a-2

ot (e®*Arsin@) | 4nlr2sinf

[ a+d Zsmem(w) +
P

e%r <(sin 0V1—VZ2 (e?® — e**r2sin? 0 wz)%B¢> ) — e ((8‘7’)’9)@ + (O(Q))’(p -

,0

@
ea+/1 . @
wﬁrsmH(B )'(p
+sin9<m(e2 — e?*r25in? 9 w?)? [ e~ Pt r V1 —V2(e?? — e24r2 sin Ha)) +
e$+arpd) — (e¢tap®) (1o | | (3.39b)
)
na ’
0

9B? V1-V?
at

1
(e~P+2ar(e2¢ — e2Ar25in2  w2)2

edta <—1 [ e r2sing V1 — Vzaait +

4nTr2sin O

1 —~
er (sin@ V1-V2(e?® — e?Mr2sin? g wz)EBa’) — ePta r(Bg) ] + 0(!2)) +
,0 P

,0



10th Southeast Asia Astronomy Network (SEAAN) IOP Publishing
IOP Conf. Series: Journal of Physics: Conf. Series 1231 (2019) 012030  doi:10.1088/1742-6596/1231/1/012030

ettt . (2 P+a 1 A+ . i 2 9E® ¢+a (pt
wr (F=msinBY) +e* | g | e rsin VI = V2 St et (B)
1 a+i
- AT — V2 (029 — 02212 ¢in2 9 2 )2 R® . we )
sin 6 (e 1=V (e e“*r<sin“ 0 w )ZB )‘r]+0(ﬂ)> +sm9(mr )’r . (3.39¢)

,r

4. References

[1] Lander S K 2010 Thesis (England: University Of Southamton)

[2] Potekhin AY 2011 astro-ph. SR, 1235-1256.

[3] Shaphiro L S and Teukolsky S A 2004 Black Hole, White Dwarfs, and Neutron stars (Verlag:
Wiley-VCH)

[4] Haensel P, Potekhin A Y, and Yakovlev D G 2007 Neutron Stars 1 Equation of State and
Structure (New York: Springer)

[5] Istigomah E L 2010 Thesis (Yogyakarta: Department of Physics, Faculty of Mathematics and
Natural Sciences Universitas Gadjah Mada)

[6] Camenzind M 2007 Compact Objects in Astrophysics White Dwarfs, Neutron Stars, and Black
Hole (Verlag Berlin Heidelberg: Springer)

[7] Reisenegger A 2003 Origin and Evolution of Neutron Stars Magnetic Fields arXiv:0307133v1

[8] Bhattacharya D 2002 J Astrophys. Astr. 23, 67—72

[91 Reisenegger A 2007 Atron. Nachr 15

[10] Zhang C M 1997 Astron. Astropys 330 195

[11] Anzer U and Borner G 1979 Astron. Astrophysics 133-139

[12] Choundhuri A R and Konar S 2002 arXiv:0108229

[13] Cumming A, Zweibel E and Bildsten L 2001 arXiv:0102178

[14] Hoand Wynn C G 2011 arXiv:11024870v1

[15] Konar S and Bhattacharya D 1996 R. Astron. Soc. 284 311

[16] Lovelace RV E and Romanova M M 2005 The Astrophysical Journal 625 957

[17] Melatos A et al. 2001 Astron. Soc. Aust. 421

[18] AndersonJ L and CohenJ M 1970 Astropys. Space Science. 9 146.

[19] Sengupta S 1995 ApJ. 449 224,

[20] Sengupta S 1997 ApJ 479 L133

[21] Muslinov A and Tsygan A | 1992 General Relativistic Electric Potential Drops Above Pulsar
Polar Caps MNRAS 255 61

[22] Rezzolla L, Ahmedov B J, and J. C. Miller 2004 General Relativitic Elektromagnetic Fields of
a Slowly Rotating Magnetized Neutron Stars |. Formulation of the Equation MNRAS 1-19

[23] Yasrina A and Rosyid M F 2013 Thesis (Yogyakarta: Department of Physics, Faculty of
Mathematics and Natural Sciences Universitas Gadjah Mada)

[24] Gregory B, Cook, Stuart L, Shapiro, Saul A and Teukolsky 1994 The American Astronomical
Society: Astrophysical Journal 424 828

[25] Yasrina A 2015 Tensor Elektromagnetik Bintang Neutron yang Berotasi Cepat Diukur oleh
Pengamat ZAMO (Zero Angular Momentum Observers), ISBN 978-602-71273-1-9, A-1-A-5

[26] Rezzolla L, Ahmedov B J, and J. C. Miller 2004 Electromagnetic Fields in the Exterior of an
Oscillating Relativistic Sta-1. General Expressions and Application to A Rotating Magnetic
Dipole. MNAR. 1-21


http://www.arxiv.astro-ph/0102178

