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$^nØ)ÛÚê��[��{, ïÄr^|¥ Fermi íN3$§e�½59^^5, ©Û§Ý!^|é
½59^zÇ�K�. ïÄ(Jw«, r^|ÚåXÚ½5�UC, ù«UC�§Ýk', §Ýé½5UC9
^zÇ�K�q�gdíN�zÆ³=âfê�Ýk'. �gdXÚ�zÆ³�óê�, ^|fzXÚ�½5,
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1 Ú ó

Cc5, �XnØïÄ�?ÐÚ¢�Eâ�
Jp, �e Fermi íN�ïÄ®²��
�¤
J [1−7], 'u Fermi XÚ½5�nØÚ¢�ïÄ
�ÅìOõ. X©z [8] �(JL², {¿ Fermi
íN3�½^�e�¬Ñy�¥. ©z [9] �éÉ
�å�f�p�^ Fermi íN�Ø½5?1

ïÄ, �Ñ
XÚØ½5��Ý^�. ©z [10]
l9åÆ�ÝïÄ
f�p�^ Fermi íN�
½5, �Ñ
XÚØ½5�âfê�Ý�â. ©
z [11] ïÄ
f^|¥f�p�^ Fermi íN�
åÆ½5, �Ñ
XÚØ½�^�. ©z [7]
ïÄ
r^|¥ Fermi íN�$§ÚO5�, ©Û

^|�K�Å�. 3dÄ:þ, ·�ïÄr^|
¥ Fermi íN$§e�½5Ú^^5, �\&?
§Ý9^|é½59^zÇ�K�Ån.

2 XÚ�½5^�9^zÇ

â©z [7], 9åÆ³¼ê���

Ω = Ω0(µ) + Ω1(µ) + Ω2(µ) + Ω3(µ), (1)

Ù¥

Ω1(µ) = −(mσB)3/2TV

π3~3
log[1+e

µ
T ]

∞∑
k=1

1
k3/2

, (2)

Ω2(µ) = −(σB)5/2m3/2

π4~3

eµ/T

1 + eµ/T

∞∑
k=1

1
k5/2

, (3)

Ω3(µ) =
√

2(mσB)3/2TV

π2~3

∞∑
k=1

cos α

k3/2 sinhβ
. (4)

Ω0(µ) � Ã ^ | � � 9 å Æ ³ ¼ ê, Ω1(µ)
Ú Ω2(µ) �^|�)�����, Ω3(µ) �^|
�)����. �3$§�¹e, ½5^��

∂P

∂V
=

∂P0

∂V
− 2(mσB)3/2

9π3~3

µ

V

∞∑
k=1

1
k3/2

−2
√

2m3/2(σB)1/2T

9π~3

µ

V

∞∑
k=1

sinα

k1/2 sinhβ

+
4
√

2m3/2T

9~3(σB)1/2

µ2

V

∞∑
k=1

k1/2 cos α

sinhβ
< 0, (5)

Ù¥ α = πµk/σB − π/4, β = π2kT/σB. �Är
^|^� T 6 σB ¿ µ, - µ = xσB, T = yσB (ù
p x À 1, 0 < y 6 1, σ � Bohr ^f) Kk
∂P

∂V
=

∂P0

∂V
− 2m3/2(σB)5/2

9~3V
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×

[
x

π3

∞∑
k=1

1
k3/2

+
√

2xy

π
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k=1

sin(πkx − π/4)
k1/2 sinh(π2ky)

−2
√

2x2y
∞∑

k=1

k1/2 cos(πkx − π/4)
sinh(π2ky)

]
. (6)

2- σB = zµ, T = 10−2TF ≈ 10−2µ, Kqk
∂P

∂V
=

∂P0

∂V
− 2µ5/2m3/2

9~3V
z5/2

×

[
1

π3z

∞∑
k=1

1
k3/2

+ 10−2

√
2

πz2

×
∞∑

k=1

sin(πk/z − π/4)
k1/2 sinh(10−2π2k/z)

− 2
√

2
z3

10−2

×
∞∑

k=1

k1/2 cos(πk/z − π/4)
sinh(10−2π2k/z)

]
, (7)

Ù¥ ∂P0/∂V = −2nεF/3V , n �âfê�Ý, εF

�gdXÚ� Fermi U.
9åÆ³¼êé^|¦�,

−∂Ω1

∂B
=

3(mσ)3/2µV
√

B

2π3~3

∞∑
k=1

1
k3/2

, (8)

−∂Ω2

∂B
=

5(mB)3/2σ5/2V

2π4~3

∞∑
k=1

1
k5/2

, (9)

d©z [12], 3 µ À T ��¹e, ��

−∂Ω3

∂B
≈ −

√
2σm3/2µTV

π~3
√

B

∞∑
k=1

sinα

k1/2 sinhβ
, (10)

�XÚ�^Ý

M = −∂Ω

∂B
=

3(mσ)3/2µV
√

B

2π3~3

∞∑
k=1

1
k3/2

+
5(mB)3/2σ5/2V

2π4~3

∞∑
k=1

1
k5/2

−
√

2σm3/2µTV

π~3
√

B

∞∑
k=1

sinα

k1/2 sinhβ
, (11)

XÚ�^zÇ

χ =
M

BV
=

3(mσ)3/2µ

2π3~3
√

B

∞∑
k=1

1
k3/2

+
5m3/2σ5/2

√
B

2π4~3

∞∑
k=1

1
k5/2

−
√

2σm3/2µT

π~3B3/2

∞∑
k=1

sinα

k1/2 sinhβ
, (12)

- µ = aσB, T = bσB, a À 1, (12) ªL�

χ =
m3/2σ5/2

√
B

π~3

×

[
3a

2π2

∞∑
k=1

1
k3/2

+
5

2π3

∞∑
k=1

1
k5/2

−
√

2ab
∞∑

k=1

sin(πka − π/4)
k1/2 sinh(π2kb)

]
. (13)

- pµ = σB, T = 10−2TF ≈ 10−2µ, (12) ªq
�L�

χ =
m3/2σ2√µ

π~3

×

[
3

2π2√p

∞∑
k=1

1
k3/2

+
5
√

p

2π3

∞∑
k=1

1
k5/2

−10−2
√

2
p3/2

∞∑
k=1

sin(πk/p − π/4)
k1/2 sinh(10−2π2k/p)

]
. (14)

3 �[9©Û

�â (6) Ú (13) ª, � n ∼ 1021, εF ∼ 10−24,
V = 1, �ãXã 1, 2(σB = 10−2εF, T : (0—1)
σB = (0—1) 10−2TF).

�â (7) Ú (14) ª, �ãXã 3, 4 (T =10−2TF,
σB: (1—9) 10−2µ).

ã 1 §Ýé½5UC�K�
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ã 2 §Ýé^zÇ�K�

ã 1 w«, r^|ÚåXÚ½5�UC,

=
dP

dV

(
dP

dV
=

∂P

∂V
− ∂P0

∂V

)
, ù«UC�§Ýk

', §Ýé½5UC9^zÇ�K�q�gd
íN�zÆ³ µ =âfê�Ýk' (Ï$§�gd
íN�zÆ³ µ 3"?Cqe�âfê�Ý¤'
~). � µ �óê (= µ � σB �óê�) �, ^|Ú
u�½5UC��, �ù«���§Ý�,p3
ü$. d�^|fzXÚ�½5, �Ø¬»�X

Ú�½A�, Ï�
(∣∣∣∣∂P0

∂V

∣∣∣∣ ∼ 10−4,
dP

dV
∼ 10−7 ,

¤±
∣∣∣∣∂P0

∂V

∣∣∣∣ > dP
dV

)
, ¿�ù«fz�^¬�§Ý,

p~�����; � µ �Ûê (= µ � σB �Û
ê�) �, ^|Úu�XÚ½5�UC�K, �ù
«K��§Ý�,pÄ�þ3~� (�k��ã§
Ý��éAu*�). d�^|rzXÚ�½5,
�´�§Ý�þ,ù«rz�^Ä�þ�3~�,
����. ÃØ µ ´óê�´Ûê, �§Ý�,p,
µ �ØÓé½5UC��É�3 �, ����.

lã 2 �wÑ, � µ �ó (Û) ê�, �§Ý�
þ,, XÚ�^^5^zÇÄ�þ´eü (þ,).
ù«A���´d^|�)�±Ï5¼ê¤�.

l (13) ª�1n�= −
√

2ab
∞∑

k=1

sin(πka − π/4)
k1/2 sinh(π2kb)

�w�, Ù¥ b �L
§Ý�Cz, �T���K
d±Ï5� sin(πka − π/4) ë�û½, T�Ú¥
����´ k = 1 ��. Ïd, � µ �óê (¢S
þ´ a �óê) �, sin(πa − π/4) �K, K1n��

�, � b �O�=§Ý�,p,
b

sinh(π2b)
�ê�Å

ìü$, l^zÇÅìeü; Ón, � µ �Ûê�,
�§Ý�,p^zÇÄ�þ´O\. lã 2 ��w
Ñ, a ���, = µ ��, ^zÇÒ��, ¤±âf
ê�Ý��^zÇÒ��. ÃØ µ ´óê�´Ûê,
�§Ý�,p, XÚ�^zÇU µ �ØÓ�gªu
ØÓ�½�. � µ ´óê�, T = 0 ��^zÇ

´���; � µ ´Ûê�, T = 0 ��^zÇA�
´���. � µ Ø´ σB ��ê��, ��^�[
�ã?Ø.

ã 3 L², r^|�Cz�¦XÚ½5�
UCu)��. �X^|�\r, ���ÌÝ3
O�. �

dP

dV
< 0 �, ���±¦�5½�XÚ

�\½; ��¥�,k
dP

dV
> 0 ��¹Ñy, �

´
dP

dV
∼ 10−7, ¤±E,

∣∣∣∣∂P0

∂V

∣∣∣∣ >
dP

dV
, d���

Øv±»�XÚ�½A�. ã 4 w«, r^|E
,¦XÚ�±^^5, ��^|�\r, ^zÇ
���¥%e£, ���ÌÝ�3C�. =�^|
�ØäC�, ^zÇ�������Ñ3ü$, �

ã 3 ^|é½5UC�K�

ã 4 ^|é^zÇ�K�
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Ù�O3O�.
©z [12] ïÄ
r^|¥ Fermi íN�^5,

�Ñ
3r^|^� (T ∼ σB) e, XÚ^Ý��
�Ü©�ÌÝ�uüNÜ©. 1930 c¢�þuy
�Í¶� de Hass-van Alphen �A, w«
r^|
¥ Fermi XÚ�^Ý�	\^|�O\���
A5 [13,14]. ù�N©z [12] ¥���nØ´k
¢�Ä:�. �©'ur^|éXÚ½5UC
�?Ø, Q´Äu©z [12] ¥���nØÄ:, Ù
nØ(Ø (r^|ÚuXÚ½5�UCäk��
A5) q� de Hass-van Alphen �A (^Ý���A
5) ��. Ïd, �©'ur^|éXÚ½5UC
�(Ø´´u�É�.

^|éXÚ½5�UC�§Ý±9âfê
�Ý��'5, 3Ônþ´�±n)�. 	^|é
XÚ½5�K�´�«kS5��^, §Ýé
½5�K�´�«ÃS5��^, üö��Jn
A�|ï, =�§Ý�,p, ^|é½5�K�
ò~f����; ^|éXÚ½5�UC�âf
ê�Ý=gdXÚzÆ³��'5, �N
Ôn�
µ (ü�ü�X) �K�, �µØÓ, ^|��J�

,ØÓ.

4 ( Ø

�©Äur^|^�, ^nØ)ÛÚê��[
�{ïÄ
$§e Fermi XÚ�½5Ú^^5,
©Û
§Ý9^|éXÚ½5Ú^zÇ�K�.
(Jw«, ^|éXÚ½5�UC�§Ý±9g
dXÚ�zÆ³�'. �gdXÚ�zÆ³�óê
�, ^|fzXÚ�½5; �gdXÚ�zÆ³
�Ûê�, ^|rzXÚ�½5. �´�§Ý�
,p, ^|éXÚ½5�K�!gdXÚzÆ³
�ØÓé½5K���Éþ�fz����. �
gdXÚ�zÆ³�ó (Û) ê�, �§Ý�þ,,
XÚ�^zÇÄ�þ´eü (þ,) ��ªu½
�, �âfê�Ý��, ^zÇ��. \r^|, �
¦XÚ½5�UC±9^zÇu)��, ¿��
��ÌÝÅìC�. �X^|�Øä\r, XÚ^
zÇ���¥%e£, Ù������3ü$, �
üö��O3O�.
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Abstract

By using theoretical analysis and numerical simulation, the stability and the paramagnetism of Fermi gas in a strong magnetic

field at low temperatures are studied, and the influences of temperature and magnetic field on the stability and susceptibility of the

system are analyzed. The results show that the strong magnetic field causes variation of a system stability, and such a change relates

to temperature. While the effects of temperature on stability and susceptibility are relevant to the chemical potential (i.e. the particle

number density) of free gas. When the chemical potential is even, the magnetic field weakens the stability of the system, and the

increasing of temperature leads to the reduction in the susceptibility of the system. When the chemical potential is odd, the magnetic

field strengthens the stability of the system, while the increasing of temperature can increase the susceptibility of the system. With

temperature increasing, the effect of the magnetic field on the stability is weakened. With magnetic field increasing, the change of the

stability of the system becomes oscillatory, and the oscillation center of the susceptibility shifts down.
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