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1 Ú ó

¥f(�*ÿA5Ì�5g§�>^Ë�Ú
=Äá5, *ÿ��>^Ë�óÀ�)�>Ú X

��Åã, Uþ�U
gu=ÄU!^|U½á
ÈU. óÀ(½�XÚU°(ÿþg=±ÏÚ±Ï
CzÇ, ¿�âóÀ(^óË���Ä�.��Ñ
§�^ó4|. (JL²ÊÏóÀ(�^|��
3 108—1013 Gs �m [1] (1 Gs = 10−4 T), §�´�
>óÀ(½áÈE¤� X ��óÀ(. ,�a¥f
(UË�±Y�½�u�pU X ��½ γ ��, Ï
��äk�r^| (L¡^ó|rÝ 5.9 × 1013—

1.8 × 1015 Gs) 
¡�^(, ���)�~ X ��
óÀ( (AXPs) Ú^³ê��2y
 (SGRs), §�
�g=±ÏÑ'�� (5.2 s � 11.8 s), =ÄU��
�ÇØU)º±YË��>^Uþ, Ï
@�*
ÿ��Ë�UþÌ�5g^| [2]. �´, ¥f(^
|�å
¯KEØ´é�Ù, ÊH@�5gu�©

ð(SÜ²{¥ �/¤�z�|, ¥ L§÷v
^ÏþÅð. ��k�ê (��z©�A) xL(
�^|�L 106 Gs[3], U^ÏþÅð¥ ¤¥f(
�^|�Ø�L 1011 Gs. �)ºr^|AO´^
(^|�å
¯K, ,�«nØ@�^|å
u�
©ð(¥ L§¥�lfN����=ÄÚé6
$Ä, ÏLù«p��^u>ÅL§�)
^(�
�r^|, nØ��� 3 × 1017 (pi/1 ms)−1 Gs[4],

ª¥� pi �L�©¥f(�=Ä±Ï. UdnØ,

�©^(äk�¯�=Ä�Ý, Ïd�^(éA
��#(¢,¥;�
�õ�du^�Ä
Ë
��>^U, �3ÊÏ¥f(Ú^(��#(¢
,�*ÿ¥¿vkuyù«²w��O. 8c, '
u^(�Ë�Å��Ø´é�Ù, ÊH�É�n
Ø@�ØSÚ^|�Û­pu
�N���»�
½����9^�^|�/C [4], 3dL§¥º
��Uþ/¤¤*ÿ��pU���½ãð. U
d�., �gãðL§ (;.Uþ: E � 1046 erg

(1 erg = 10−7 J)) I��N��AC ψα > 10−2, �
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u¥f(��¤UJø�� [5], `²�ØSÜ�
^|ë�
ãðL§�Uþº�, ��A�º�
Å��Ø�Ù. ���]Ô5g$^|^(�u
y: PSR J1846–0258 Ú SGR 0418+5729[6,7], cö^
| Bp ≈ 4.9 × 1013 Gs, $uDÚ^(��$^|,


�ö�^|�$, Bp < 7.5 × 1012 Gs, áuÊÏ
¥f(�^|��. §��^|J±pu�¡È�
��»�. Ïd, 'u¥f(^|�å
!üz¯
K��3Nõ�ÆÚØ�Ù�/�.

�á¥f(^|�1NÌ�´SÜ�>fí
N, Ù¥�D�>6Ú^Ý (�)g^Ú;�^Ý)

´-u·�^|�
, 
�f>69¥f!�f^
Ý�é5`Ñ'��. k'^(^|�å
±9p
U����u¯K7,�SÜ>fíN��­½
�k', �©^(�lfN���­½ë6��Ä
�r^|�)��Ï [4]. e�Ä>f^z�m��
p�^, 3�.^�e (�©^zÇ�u 1) �U3
>fíNSÜ�)g-^z, /¤�­½�^z�,

aquc^Ngu^z [8,9] . ·�@�¥f(¥>
fíN�^z�k�U�3�­½æ­½��, l
�­½ (æ­½) ��­½��üzL§¬º�Ü
©^|U, l
>u�N���(�, /¤3^(
½a^(¥�pUË�L§. ½ö´(�Úu
�
ØSæ­��aC, Ö¿
3^(ãðL§¥�U
þº�. ¥f(SÜ�>fíN?upÝ{¿��
éØ�þf�, �,Ü©ïÄö?1L^z1��
©Û [10−12], �^z��­½5¯K�vk�½�
(Ø. 3�öc¡�ïÄó�¥ [13], �
)¥f(
S{¿>fíN´Ä?u�.^z, b½>f´�
�éØ���|^^9K��^´p�Õá�, (
JL²ù«�.^zG�(¢�UÑy. 3�©
¥ò¢S�	¥f(SÜ�éØ>fíN�^z
y�. uy3f|^�e�²þ^zÇ�xL(Ó
êþ? (10−3 ); 3r|^�e^z(¢¥yÑ de

Haas-van Alphen ���A, pg�ª���^zÇ
�±�C½�Ñ�.�.

2 f|^z

2.1 ^̂̂���ppp���^̂̂nnnØØØ

3f^znØ¥, ^0��´�	\^|^z,

²þ^z|Úå�^z�	\|'�´Ã¡�, �

±�Ñé^z�K�. �3r^z�¹e, >f^
z�m�3^�p�^, Úå^z�|Ø´f^z
nØ¥�	^| H 
´^aArÝ B, üömÏ
L^zrÝ M ïá'X: B = µ0(H + M), Ù¥
� µ0 �Lý�^�Ç. 3��éØ>fíN¥ H

�� B ��A®3,
7á¥�*ÿ� [14], ¡
� Shoenberg �A. 3ÅÚ - OÏd"và�¥^
�p�^�*ÿ�A´�8và�Ôn�9�ï
ÄSN�� [15−17]. ÷,�A½��, DÚ¿Âe
��©^zÇ χm �AC��

χm = µ0δM/δB. (1)

�A�^aArÝCz�^|rÝCz�m÷v
'X

δB =
µ0δH

1 − χm
. (2)

þªL²^�p�^�>fíNk�U�3�­
½�^z�, �^zÇ��½�Ñ�.� (χm = 1)

�, ^z1�aqð������?�C, ­½�
´ü«^z����·Ü� [18], 3"�,«^z
� “(¬Ø” ��¹e, aquLeíN�æ­�
¬Ñy3^XÚ¥. 3¥f(SÜ��éØ>fí
N¥, ù«ü����½æ­�´Ä¬ý��3?

½^zÇkvk�U���.�, ù´�©�)û
�Ì�¯K.

2.2 ���|||^̂̂^̂̂555

�éØ>fíN3^|¥����!��
�¯KI¦)).��§, ÙU?��éØ�K
�U? [19]

E = [c2p2
z + µ2 + eB~c2(2n + s + 1)]1/2, (3)

Ù¥, c �ý�¥�1�, µ = mec
2 ´>f�·�

Uþ, me ´>f�·��þ, pz ´>fÄþ3^|
�� (÷ z ¶��) �©þ, e �>f>þ, ~ �ÊK
�~ê, n = 0, 1, · · · ´K�þfê, s = ±1 L�g
^�y�. (3) ªL²U?�þfê¤��5'X,

`²K��^��|^^ØU©mO�. ����
éØ�¹'�, kO�>fS�^Ýé^zÇ��
z
�ÑK��^, ù¢S´�Ñ>f$Ä3R�
^|��ÝK�þfz�A, ��up§�¹. d
�©l�U?�kg^þfê, �Äþ¤�ëY�
¼ê'X, (3) ª¤�

E = (c2p2 + m2
ec

4 ± 2mec
2µeB)1/2, (4)
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Ù¥, p �$ÄÄþ, µe = e~/(2me) �>f�À
�^f, “±” Ò����Lg^��z. 3f|^
�eg^3	|¥�Uþ����6�, ÙzÆ
³ ψB (�^|k') �U (4) ª?1�VÐm, ��
�?�,

ψB = ψ0 ±
mec

2

ψ0
µeB, (5)

ª¥ ψ0 = ξ0

[
1 − π2

3

(
kT

ξ0

)2
]

�Ã	|�>fí

N�zÆ³ [10], 3ùp k, T XÏ~¿Âe�À�
[ù~êÚýé§Ý, 
 ξ0 �"§��zÆ³. l
zÆ³�L�ª (5) �O�d��^zÇ [13],

χm = (
mec

2

ψ0
)2µ2

e

∂n

∂ψ0
, (6)

Ù¥, n �>fê�Ý. 3¥f(SÜ>fíNA�
´��{¿����éØ� (ξ0 À kT ), Ã	|�
�zÆ³Cq�u"§��zÆ³,

ψ0 ∼ ξ0 = c(
3h3n

8π
)1/3, (7)

éÜ (6) Ú (7) üª��

χm =
32/3

2
π1/3(

mec
2

ψ0
)2

µ2
e

hc
n2/3. (8)

e��f©ê��¥f%Ñ�fØc� 0.36, ^
zÇ���.������þ�Ý��� ρcrit ≈
4.2 × 1016 g·cm3, '¥f(�þ�ÝpC��þ?,

`²�53��éØe���^zÇ´Ø���,

�éØ�A´wÍ�. eòK�;�þfz�g^
þfznÜ�Ä, f|^�e (µeB ¿ kT ) �^z
Çò�$, e¡�©Ûò`²ù:.

2.3 fff|||^̂̂���eee���^̂̂zzzÇÇÇ

²;^�e>fíN�^zÇ�", Ï��Å
9$ÄA�!²
;�$ÄÚS�^ÝÚå�l
ÑU?m��O. 3�éØ�¹p, e	|�é�
f (µeB ¿ kT ), R�^|��$Ä�K�U?Ú
g^þfz�U?J±«©, (3) ª¥�K�þf
êÚg^þfênÜ¤��þfê, d��U?�
�¤,	�«/ª

E = (c2p2
z + µ2 + 4µµeBn)1/2, (9)

d?� n = 0, 1, · · · . � n = 0 �U?¥��¹�
«g^�� (�²1^|��), Ù¦U?K¹kü
«g^��, ù�´f|^�e^zÇ�"��

Ï, UþfÚO��{�O�d«^�e�^zÇ.

þãU?3Äþm� pz ∼ pz + dpz S���Ý
� eB/h2dpz = g/hdpz , Ù¥ g = eB/h ´R�^
|��þf;�$Ä3ü ¡ÈS���ê. �Ä
�Ä�U?�g^{¿Ý� 1, Ù¦U?�{¿Ý
� 2, >fXÚ�ã³��¤Xe�¼ê/ª:

J = −2β−1h−1g

∫ ∞

−∞
[
1
2
F (0)+

∞∑
n=1

F (n)]dpz, (10)

ª¥ β = kT , ¼ê F (n) ½Â�

F (n) = ln[1 + eβ(ψB−
√

c2p2
z+µ2+4µµeBn)]. (11)

3f|^�e, ©lU?Úå�¼ê F (n) �Cz
é�, �@�´OëY�, (10) ª¥�¦Ú$�C
q�È©, |^î.¦Úúª

1
2
F (0)+

∞∑
n=1

F (n) ≈
∫ ∞

0

F (x)dx− 1
12

F ′(0), (12)

¿ 5 ¿ � þ ª ¥ È © $ � � ( J � ^ | Ã ',


 F ′(0) N´U (11) ªO�, (10) ª¤�

J = J0 −
2
3
h−1gµµeB

×
∫ pzm

0

(c2p2
z + µ2)−1/2

1 + e−β(ψB−
√

c2p2
z+µ2)

dpz, (13)

ª¥ J0 �L�^|Ã'��, pzm ´÷^|���
��Äþ©þ. (13) ª¥�È©�¤�È©, é¥
f(¥�>fíN5`, ÙzÆ³ (�� 10 MeV)

��u>f·�Uþ (0.5 MeV), ã³��ª(J
Cq�

J = J0 −
e2c

6πh
B2 ln

2ψB

mec2
. (14)

^zÇ�

χ̄m = −µ0
∂2J

∂B2
=

µ0e
2c

3πh
ln

2ψB

mec2
. (15)

¥f(�¹�zÆ³ ψB É^|K�Ø�, Cq�
"§��¤�U, (15) ªL²f|^��^z��
5^z, ^zÇ���l�C:, �´xL(�þ
? (10−3).

3 r^|e^zÇ����A

3r^| (µeB > kT ) ^�e, K�þfz�
A¤�wÍ�, ¦Ú$��î.Cqúª (12) ªØ
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·^, A�������Ñt¦ÚCqúª

1
2
F (0) +

∞∑
n=1

F (n) =
∞∑

r=−∞

∫ ∞

0

F (x)ei2πrxdx.

(16)

��BO�½Â�éØ�ÄU� ε = E − µ, �d
UþéA���Ý�

Z(ε, B) =
2eB

ch2

∑
n,s

[ε2 + 2εµ

−eB~c2(2n + s + 1)]1/2. (17)

ò þ ª é g ^ þ f ê s = ±1 ¦ Ú ¿ Ú \ Ã
þjz�Uþëê b = (ε2 + 2εµ)/(2εcµ), ª¥
� εc = ~eB/me = ~ωc �>f£^$Ä�Uþ,

(17) ª¤�

Z =
2√
π

g3/2[b1/2 + 2
∞∑

n=1

(b − n)1/2], (18)

|^ (16) ª, U��Ý (18) ª�O�(J� [10]

Z =
4√
π

g3/2

[
2
3
b3/2

+
∞∑

ν=0,2,4

(−1)ν/2(2ν − 1)!B(ν+2)/2√
b(4b)ν(ν − 1)!(ν + 2)!

+
1

2
√

2π

∞∑
r=1

cos(2πrb − 3π/4)
r3/2

]
, (19)

ª¥ Bm �LËã|ê, m>cü������,

1n�����. ã³�^U��Ý?1O�,

J = −β

∫
ln[1 + eβ(ψB−ε)]dZ(ε, B)

= −
∫ ∞

0

Z(ε, B)f(ε)dε, (20)

ª ¥ f(ε) = [1 + eβ(ψB−ε)]−1 � ¤ � © Ù ¼ ê.

ò (19) ª�\ (20) ª��ã³����Ü© (¦Ú
���1��)

J̄ = − 4
3
√

π(2µεc)3/2
g3/2

×
∫ ∞

0

(ε2 + 2εµ)3/2f(ε)dε

−
√

2µεc
6
√

π
g3/2

∫ ∞

0

f(ε)dε

(ε2 + 2εµ)1/2
. (21)

é¥f(
ó, >fXÚ�zÆ³�~p, ψB À µ,

�ÏLIO��{O�k'¤�©Ù¼ê�È©,

dd��^zÇ���Ü©�

χ̄m =
1

3
√

2π

µ0
√

µεc

B2
g3/2

×

[
ln

2ψB

µ
− π2

6

(
kT

ψB

)2
]

. (22)

þªL²� kT ¿ ψB �, r^z������´
f^z��^zÇ (15) ª.

Ón, éÜ (19) Ú (20) üª¿|^�r�È
©úª∫ x

0

cos
(π

2
t2

)
dt ≈ x (x ¿ 1),

≈ 1
2

+
1

πx
sin

(π

2
x2

)
, (x À 1),

(23)

�±��ã³���Ü©

J̃ =
√

2
π3/2

g3/2
∞∑

r=1

1
r3/2

[(
1
2

√
π

2ar
− µ

)
× cos(arµ

2 +
3
4
π)

+
1
2

√
π

2ar
sin

(
arµ

2 +
3
4
π

)]
+

√
2

π3/2
g3/2

∞∑
r=1

1
r3/2

× 1
arψB

[
π

2
− π2

3
(kT )2(arψB)2

]
× sin

(
arψ

2
B − arµ

2 − 3
4
π

)
], (24)

ª¥ ar = πr/(εcµ). Ïd, 3r^|e�éØ>
fíN�k3ÊÏ7á¥*ÿ�� de Haas-van

Alphen ���A. �O�^zÇ, ·���Ä�^
|Cz�¯��, Ï ψB À µ, ¢Sþ�é (24) ª¥
1��¦Ú¥��u¼ê¦�=� (ψB ��~ê),

Ïd^zÇ���Ü©�

χ̃m =
√

2µ0ψ
3
B

π1/2~ec2B3
g3/2

×
∞∑

r=1

[
π

2r1/2
− π4ψ2

B(kT )2

3ε2cµ
2

r3/2

]
× cos

(
arψ

2
B − 3

4
π

)
. (25)

þªL², ^zÇ´'u 1/B ¯�Cz�±Ï
¼ê, ��@�´'u^| B �±Ï¼ê, �d
�I�Ä3,�^| B0 NC�¼ê5�, ¿½
Â B = B0 + B̃, ^zÇ� B̃ ���±Ï�

Tr =
2~ec2B2

0

ψ2
Br

, (r = 1, 2, · · · ). (26)

(25) ª¥���Ì�´ r �uÑ¼ê, 3pg�ª

179701-4
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��Ì�Cq� (�Ñþª¦ÚÒ��1��)

Amr =
2
3
π3α

(
BQ

B

)1/2

×(kT )2ψ5
B

ε3cµ
4

r3/2, (r = 1, 2, · · · ), (27)

ª¥ α ´°[(�~ê, BQ = 4.414 × 1013 Gs, �
>f�þf^|. é¥f(�¹, ψB À µ, (27) ª
L²>fíN�^zÇ��k�U�L�.�. ~
X, e�,^(�£^^|U�>f·�Uþ, S
Ü§Ý�� 107 K, zÆ³� 10 MeV, � r > 43 �
�^zÇ�Ì��u�.�.

4 ( Ø

�éØ>fíN3^|¥�U?´;�þf
ê9g^þfê���5¼ê, ��ü«^zm�
3'é, IÚ��Äü«^zÏ�5O�^zÇ.

�����éØnØ?1'�·�ÄkO�
3
f|^�e�éØ>fíN�^zÇ, (JL²^
zÇ��uu)�C��.�, `²K��^é�
|^^äk�r�³��^, 
��éØ��^�

´^^�n©��. ÙÌ��Ï´3d^�e, �
kÄ�NC�U?þfzé^zÇk�z. 
3r
^|^�e, U?þfzÚ��{¿�A¤�wÍ
�, |^²ï�þfÚO��{O�
�éØ>f
íN�^zA5. (J�¤ýÏ���, (¢Ñy
^z� de Haas-fan Alphen ���A. �k¿Â�´
y²
3¥f(SÜ�^zÇk�U��½�L
�.�, Ù^z1�ATk�qu,
7á¥ (X
Ã) � Shoenberg �A, Ù­½�´ü«^z���
��½±,«ü�^z/ª�3�æ­�, aqu
í�u)�?�C��LeíN½L9�N. �¥
f(SÜu),«ì�¹Ä (X(�) �, k�U�
�æ­��,�^z��â,�C, Ò�3Leí
N¥â,\\v(Ø���z��. ^z��ù«
�C��^|�â,Cz, CzÌÝ�C (26) ª�
±Ï. äk�r^|�^(�ù«Cz7,Ë��
þ�^|U, U
)º^(ãðL§¥*ÿ��U
þL�¯K. ù«�CL§�k�U>u^(�N
���ä�, Jø
^(Uþº��#Å�, �[
�?Ø�I38�UY?1.
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Abstract

The dense electron gas interior neutron star is high degenerate and relativistic. The observation of neutron star about its thermal

and magnetic effects depends on transport properties of the electron gas which is thought as the magnetic carrier. Its Landau levels

in magnetic field are quantized and highly degenerate. The energy difference of an electron gas between in and not in magnetic

field determines the magnetization of the gas, and the corresponding susceptipilities can be obtained through the thermodynamic

calculation. When the magnetic field is weak, the susceptipility is 10−3 having similar order as in white dwarf. While in strong field

the magnetization has the de Haas-van Alphen fluctuant effect like in microtherm metals. The differential susceptipilities can equal or

exceed critical for high order harmonic frequency. Correspondingly, there is probably the phase-instability occuring in dense electron

gas and the stable state is consisted of two different magnetization phases similar as the first-order phase transition of water. But if,

there is a surface energy at the boundary then there is metastable state of homogeneous magnetization. The phase transition of interior

neutron star can be observed through its electromagnetic radiation.This electromagnetic radiation may provide the extra energy in

starquake model which was proposed to explain the giant flash of a magnetar.
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