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Abstract：Two numerical schemes of rotational neutron star based on general relativity，Hartle code and 

Butterworth and Ipser’s code(BI code)，are introduced and discussed． e numerical results of the two 

codes with different equations of state(EOSs)are compared，and the results indicate that most properties 

of rotational neutron star with different EOSs and different numerical schemes ale in accordance with each 

other． 
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1 Introduction 

Nowadays，solving the structure of neutron stars 

rotating with arbitrary angular velocity has no difficulty 

of principle，but has difficulties in numerically treat— 

ment．Instead of two ordinary differential equations in 

non—rotating case，one has equivalent of an infinite sys— 

tern of ordinary differential equations in rotating case 

_ - — — one for each coefficient of an expansion of all rele— 

vant quantifies in spherical harmonics． An exact nu— 

merical solution for arbitrary an gular velocity seems for— 

midable．So several different approximate solution of 

this problem were developed[ -4]
． In this paper．Hal- 

tie code and BI code will be introduced and discussed， 

and the numerical results of the two codes with difie卜 

ent equations of state(EOSs)will be compared． 

2 Numerical Scheme of Hattie 

Code E ，2] 

In relativity，the space—time geometry of a rotating 

star in equilibrium is described by a stationary and axi— 

symmetric metric of the form  

ds =一e dt +e dr2+e 妒( 一wdt) 

e~d02
， 

+ 

(1) 

where ccJ(r)is the angular velocity of the local inertial 

flame and is proportional to the star rotational frequen- 

cy力，which is the angular velocity of the surface ofthe 

star relative to an observer at infinity．Accurate to o卜 

der力，from the(t， )component of Einstein field 

equ ations，one gets 

( 誓)+÷ =0， 
where 03=n一(t，．which denotes the 

the fluid relative to the local inertial 

· [1—2 (r)／r]1／2．The 

imposed as --一o) 
，d~／drI 

(2) 

angular velocity of 

frame，J(r)：e 

boundary conditions are 

： 0，where ccJc is chosen 

arbitrarily．Integrating eq．(2)outward from the cen— 

ter，one can get the function (r)． 

Expanded the metric function through second or— 

der in力，from the(t，t)and(r，r)components of 
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Einstein field equations
， one gets two coupled ordinary 

differential equations ofh0 and 0 as 

r cp+p)p + 

， (誓) 一} ， 
m0(1+8耵r P) 

[r一2Mo(，)] Pn0 + ，一2眠 (r) 。 

i1 I
⋯

Tr + 一 _ l 
⋯  

1旦f r 1 T 【 J， 

(3) 

(4) 

where Po=一̂。+了1 r2e-2v∞-- +c
， here c is a．con- 

stant determined by the demand that h
。
be continuous 

across the star surface
． These equations are also inte

一  

ated。utward，with boundary c。nditi。ns that b
oⅡl m。 

and po vanish at the origin
． 

Using above result
，
the effection of the r0tation 

could be calculated
· With the same central densit)r

， 

tl1e difference between the mass of the 
mtating star and 

the non—rotating star is 

8M=m。( )+ JA
， ， (5) 

where =(1／6)R d~o／drf
，： ， R is tl1e meal1 radius of 

the rotating star
． 

3 Numerical Scheme of BI COde[3] 

The BI code solves the four field eq
uations f0ll0w— 

mg the Newton—Raphson linearization and it
eration Dro— 

cedure· Une starts with a non—rotating or slow
- r0tating 

model aI1d Increases the angular velocity in sm
aII 

stePs'trearing a new rotating model as a linea
r Dertur- 

D tl。n of the previously computed rotating m
ode1．In BI 

cod。，。 cn linearized field equation is di
scretized． 

WhiIe in Hartle code the equations of th
e perturbed 

m。tri。function are coupled
， 80 the four field equations 

aJ1d the hydrostatic equilibrium equati
on are Solved 

separately． ‘ 

In the BI c。de
，
the metric。f a rotating star i

n 

equilibrium is written as 

ds =一e2"dt +e2~-2v(dr +， drY)+ 

r sin。0B e ( 一 dt) ． (6) 

The Bardeen and Waginer projected field equati0ns[3】 

(BW equations)will be used as the Einstein field 

equation as following 

’ (BY )= 1 2sin OB3e 4v 
∞ ． ∞ + 

4祁e2(-2v【 1 +2p1， (7) L —z， 。一 J’ 、 ， 
’ (r2sin e ) 

一  inOB2e2~-2~ 
， 

‘ (rsinOVB)=16-；rrsin0Be2~一 
， 

(8) 

(9) 

and ，p，which is a long equation(please see Ref- 

3)，where is the 3一dimensional derivatiye。perator 

in a flat 3-s·pace with spherical coordinates r
， 0， ． 

The angular expansi。ns of the metric pote
ntials 

could be written as 

= ∑ (r) ( )， 
f=0 

(10) 

(11) 

y B (r)咭( )， (12) 

where P』( )is a Legendre polynomial
， ( )is a 

Gegenbauer po lynomia1
． 

1'he method for numerical calculating the mode1
s 

s as toI10ws：given the EOS
， i~eetion energy and a 

se of solufions ，∞
， B， ，P for a smaU 

． one in— 

creases the angular velocity in small steps
， treating a 

new rotaring model as a linear perturbation of the Dre
vi一 

。u ly c0mputed rotating model
， as each liearized field 

qu tion is discretized
， the linear system could be 

solved． 

Result 

using Harde code
，
Weber et a1[ 】investigated t}le 

influence of rotation on the bulk p
r0penies 0f neu n 

。tar by several“mod e131’’EOSI _引
． The resu1t are 

pr。。。med in Table 1．Th ey attempt to impro
ve 0n H 

、 

／ 

+ 

、 
r  

， 

2  ∞ 
∑ 

IJ 

∞ 

∞ 
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de code to obtain a more accurate estimate of the angu— 

lar velocity at the mass—shedding limit． Form their 

work，we know that Hartle code cannot have a suffi— 

eient accuracy to compute mod els of rapidly rotating 

relativistic stars． 

Friedman et al e9】extended the BI code to obtain a 

large number of rapidly rotating models based on a va— 

riety of realistic EOSs E 引
． The result are presented 

in Table 1．From the work of Friedman et al，we know 

that the Kepler angular velocity is substantially 

small than the value for the spherieM mode1．Th e rail— 

ges of are from 55％ ofits spherical value for softest 

EOS to 75％ of its spherieM value for stiffest EOS． 

Table 1 Rotating neutron star s property with“modern”EOS‘ 

=e一 + )is the Kepler angular Velocity，the 0ther notation is llle same 88 in Table 1． 

Th e eflfect of rotation on the moment of iBertia is 

that the effect is greatest on the stiffest EOS with 170％ 

of its spherical value．while on the softest EOS there is 

still 60％ increase． 

To the sanle value of the total mass M of the star， 

the central density P。of the non—rotating spherial mod el 

is bigger than that of the rotating model with Kepler an— 

guler velocity，while the radius R of the non—rotating 

model is small than that of the fastest rotating mode1． 

Using Hartle code．Sehramm[13]studied the prop— 

erties of rotating neutron star by a generalized chiral 

su(3)一flavor mode1．From his work，we could know 

that：(1)Compared to Newtonian value of ，there is 

a decrease in Kepler angular velocity of about 25％ 
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两种计算旋转中子星性质方法的比较’ 
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摘 要：对两种基于广义相对论的计算旋转中子星怪质的数值方法：Han1。法和Butt。rw0rth和 
Ipser法(简记为BI法)进行了较详细的介绍、讨论和比较．对基于不同物态方程给出的旋转中子 

星的性质进行对比。结果表明两种方法给出的相关结果例如旋转中子星的质量、半径和形变等基 

本一致，特别是在观测值范围内的计算等均能较好地解释观测结果． 
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