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1 Ú ó

þfg^XÚ´nØÔnÚvà�Ôn¥
ï Ä � 9 : ¯ K � �. C A � c 5, < � é þ
f Ising �.?1
2��ïÄ. 1966 cÚ 1967

c, Blume[1] Ú Capel[2] 3 Ising �.�Ä:þJ
Ñ
��#�­��., �¡� Blume-Capel (BC)

�.. 3ù��.¥, Ø=�Ä
C�g^�m
����p�^, ��Ä
¬�SÜ�3�ül
f��É5U, ¿òù«��É5U����«
|, ¡�¬�|. ��<�^õ«�{X²þ|C
q!Monte Carlo �[��{éÙ^¢5�Ú�C
5�?1
ïÄ, uy�{ü�g^ s = 1/2 Ising

�.�'�, BC �.�Ôny��\´L, X�3
n�.:y� [3−6]. 8c, BC �.®�¤õ/^u
)ºNõÔn¯K, X^5XÚ, 3He-4He ·ÜXÚ
9��!��½n��N�.

�,<�ég^XÚ�²ï�5�?1
�

þ�ïÄ, �ÙÄåÆ5��ïÄ%�é��, �
ïÄ�õ�g^ 1/2 �XÚ, 3�
E,á�¥, Ï
~g^�u 1/2 ���Ä¬�|��^. �
ïÄ
�L², g^þfêÚ¬�|éXÚ�ÄåÆ1�
�)­��K�. 1993 c, Bohm Ú Leschke[7] ïÄ

p§4�eg^þfê s éXÚÄåÆ5��
K�, uy�X s �O�, XÚ�ÄåÆ1�Âñ
u s = ∞ ��1�. ��, Barreto[8] ÏL©Ûp�
µþ¼ê�ë©ªXêïÄ
î|¥ BC �.3p
§4�e�ÄåÆ5�, uy¬�|�^éXÚ�
ÄåÆ5�äk­��K�.

Cc5, <�é�Åþfg^XÚ�ÄåÆ
5��)
ßþ�,�, 8cE?uuÐ�ã.

Florencio Ú Barreto[9] ïÄ
���Åî� Ising

�.3p§4�e�ÄåÆ, uy���ÍÜë
þ½	|©O÷vV�©Ù�, XÚÄåÆÑ�
3¥%¸�1��8N�1���ª�A. ;�
X Barreto � [10−12] qïÄ
og^�p�^�
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��î� Ising �., (JL²�Å©Ù�K�X
Ú�ÄåÆ5�. 2003 c, Nunes Ú Florencio[13]

ïÄ
�Å XY g^ó, uyXÚ���ÄåÆ
1��ûur��ÍÜëþ. ��¦��ïÄ

	|¥�Å XY g^óÚ XY g^Ff, uyX
Ú�ÄåÆ5���6u	|��Å§Ý, �r
ÝÃ'. Cc5, <��U?Ø
g^� 1/2 ��
X��Åg^�.�ÄåÆ1�, X��þfî
| Ising ó [14,15]!XY XÚ [16]!�ÄgC��p
�^� Ising XÚ [17,18] Ú�� Ising XÚ [19] �.

�
��\/ïÄ BC �.�5�, &Ä�
Å	|éXÚÄåÆ5��K�, �©ïÄ
g
^ s = 1 ��� BC XÚ�ÄåÆ5�, ÏLO�
XÚg^�g'é¼êÚ�A�Ì�Ý, ïÄ�Å
©ÙéXÚÄåÆ5��K�.

2 �.��{

2.1 ��� ...

�Ä��¬�þg^ s = 1 � BC �., XÚ
� Hamilton þ���

H = −J

N∑
i

Sz
i Sz

i+1−D

N∑
i

(Sx
i )2−

N∑
i

BiS
x
i , (1)

Ù¥ Sα
i (α = x, y, z) ��: i þ�g^�Î, J ´

C�g^���p�^ëþ, D �¬�|�^~ê,

Bi L«¤\	|, Ù�÷v�½�VÇ©Ù.

õâfXÚ�ÄåÆ5��±ÏLÙ'é¼
ê5ïÄ, Ù¥g^XÚ�g^g'é¼êq´ï
Ä�9:. g'é¼ê�Ó��Î3ØÓ���'
é, �½Â� C(t) = 〈A(t)A(0)〉−〈A(t)〉 〈A(0)〉, Ù
¥ 〈 〉 �LÚO²þ, ?¿�� Hermite �Î3Ð
©��Ú t ���L«� A = A(0) Ú A(t). 3p§
4�eg'é¼ê�L�ª� C(t) = 〈A(t)A(0)〉.
e�Ä��Å©Ù, g'é¼êAL«�²þg'
é¼ê, ÙL«/ª�

C(t) = 〈A(t)A〉, (2)

Ù¥ 〈 〉 L«k¦ÚOåÆ²þ�2¦ÃS²þ.

Ï��±ÏL¥fÑ��¢�Ãã��ÿ
þg'é¼ê�Ì�Ý, l
�ÏL¢�êâ�
ynØí�ÚO���(5, ¤±Ì�Ý� ï
Ä�é­�. Ì�Ý�O��dg'é¼ê (2)

ª � Fourier C � � 4 � / ª ¦ ), = φ(ω) =

∫ +∞

−∞
dtC(t)e−iωt. �3¦)Ì�Ý�, �
¦O

��B, ��^ (2) ª� Laplace C��4�/ª5
¦), ���

φ(ω) = lim
ε→0

[Re
∫ ∞

0

dtC(t)e−zt]. (3)

2.2 444ííí'''XXXªªª���{{{

và�nØ¥~^î�¦){!?êÐm
{!Green ¼ê{Ú4í'Xª�{�ïÄõN
XÚ�ÄåÆA5, Ù¥4í'Xª�{´O�
g^g'é¼ê�~k���{��. Lee 3 1982

cJÑ4í'Xª�{, �Ð^Ù)2Â Langevin

�§ [20−22], �5^uïÄg^XÚ�ÄåÆ5
� [9,14,16−19]. 4í'Xª�{�Ø%´r��Ä
åÆþU��Ä¥Ðm, 3ùp´r��mk'
� Hermite �Î A(t) U��Ä¥Ðm,

A(t) =
∑
ν=0

aν(t)fν , (4)

Ù ¥ aν(t) � � | � 6 u � m � ¼ ê, fν � d

� Hilbert �m���Ä¥. ��ï�|���
��Ä¥, Äk�3 Hilbert �m½Âü�?¿�Ä
¥ X Ú Y , ¿�§�÷v Kubo SÈ�/ª

(X,Y ) = β−1

∫ β

0

dλ
〈
X(λ)Y +

〉
− 〈X〉

〈
Y +

〉
, (5)

Ù¥ X(λ) = eλHXe−λH , 〈XY 〉 = Tr(e−βHXY ) /

Tr e−βH , β = (kBT )−1, H �XÚ� Hamilton þ,

kB � Boltzmann ~ê. XJ3p§4�e�ÄÃS
²þ, KSÈ (5) ª�{z�

(X,Y ) = 〈XY +〉. (6)

Ùg, 3ÄåÆ� Hilbert �m�ï�|���
���Ä¥ α =

{
A(0), A(1), A(2), · · · , A(ν), · · ·

}
,

� A(ν) = (iL)νA, ν > 0, Ù¥ L � Liouville �Î,

÷v LA = [H,A] = HA − AH , �e |ν − µ| =

2k + 1, ν, µ > 0, K ((iL)νA, (iL)µA) = 0. 3�
��Ä¥| α �Ä:þ�E�|��Ä¥ f =

{f0, f1, f2, · · · , fν , · · ·}, ¦�÷vSÈ (5) ª.

XJÀJ"�Ä¥ f0 = A, �±���|÷v
Xe�4í'Xª���Ä¥,

fν+1 = iLfν + ∆νfν−1, ν > 0, (7)

Ù¥ i �Jêü , ∆ν = (fν , fν)/(fν−1, fν−1) ¡
�ë©ªXê (½4íÏf), � ν > 1, f−1 ≡ 0,

∆0 ≡ 1.
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é (4) ªü>Ó�Ú A �SÈ, 2dúª (6)

��
a0 (t) = 〈A (t) A〉, (8)


 (4) ª aν(t)÷v1��4í'Xª,

∆ν+1aν+1(t) = −daν(t)
dt

+ aν−1(t),

ν > 0, Ù¥a−1(t) ≡ 0. (9)

é (9) ª ? 1 Laplace C � aν(z) =∫ ∞

0

e−ztaν(t)dt, (z = ε + iω, ε > 0) ��

∆0a1(z) = 1 − za0(z), ν = 0, (10)

∆ν+1aν+1(z) = −zaν(z) + aν−1(z), ν > 1, (11)

d (10) Ú (11) ª�� a0(z) �ë©ª�

a0(z) =
1

z +
∆1

z + · · ·

· · · + ∆ν−1

z + ∆νΓν(z)

, (12)

Ù¥ Γν(z) �ë©ª a0(z) �1 ν ��ä¼ê. d
uO��E,5, ��U¦�k��ë©ªXê,

¤±�é (12) ªæ� Gauss �ä [9,14,16], l
¦
Ñ a0(z). 3í�L§¥d (2) ªÚ (7) ª�wÑ,

a0 (t) =´¤�¦�g'é¼ê C(t). @o (3) ª
B���

φ(ω) = lim
ε→0

[Rea0 (z)], (13)

ù�·�Òò a0 (z) � φ(ω) éXå5
, l
{
z
O�L§.

¦)g'é¼ê�, �±ò C(t) UÝÐm�

C(t) =
∞∑

ν=0

(−1)ν

(2ν)!
M2νt2ν , (14)

Ù ¥ M2ν =
1
Z

TrA (t) [H, [H, · · · [H,A (t)] · · ·]]
� C(t) � 1 2ν � Ý. | ^ ë © ª X ê ∆ν Ú
Ý M2ν �'X,

∆ν = M
(ν)
2ν ,M

(−1)
2ν = 0,M

(0)
2ν = M2ν ,

M
(ν−1)
2ν = ∆ν−1M

(ν)
2ν +

∆ν−1

∆ν−2
M

(ν−2)
2ν−2 , (15)

�¦�k��Ý, 2�E C(t) ��p� Padé%C
ª [9,14,16], Ò���g'é¼ê�Cq).

3 (J�?Ø

ÀJ BC �.�g^�Î Sz
i (t) �þã4í'

Xª�{¥� Hermite �Î A (t), = Sz
i (t) = A(t),

Sz
i = Sz

i (0) = A. d (2) ª��g^g'é¼ê�
L�ª�

C(t) = 〈Sz
i (t)Sz

i (0)〉. (16)

· � ï Ä � g ^ s = 1 � . � g ^ � Î �
m � é ´ ' X � Ŝ × Ŝ = i~Ŝ, (Sx)2 + (Sy)2

+ (Sz)2 = 2~2, �g^ s = 1/2 �.�é´'
X

(
Ŝ × Ŝ = i~Ŝ, (Sx)2 = (Sy)2 = (Sz)2 = 1

4~2
)

�,ØÓ, l
3í�Ä¥�C�éE,, O�
ó�þ�ÌO\, 3k��O�ÅS�^�e��
�Ä¥�´k�. ÀJ"�Ä¥ f0 = Sz

i , dg^
�Î�m�é´'X94í'Xª (7) �O�Ñ¤
k�Ä¥. ùp��ÑÄ¥ f1 �í�L§ (Ù¥
- ~ = 1):

f1 = iLf0 + ∆0f−1

= iLf0 = i[H,Sz
i ],

[H,Sz
i ] = −

N∑
j

Dj

{
Sx

j [Sx
j , Sz

i ] + [Sx
j , Sz

i ]Sx
i

}
−

N∑
j

Bj [Sx
j , Sz

i ]

= iDSx
i Sy

i + iDSy
i Sx

i + iBiS
y
i ,

¤± f1 = i[H,Sz
i ] = −DSx

i Sy
i − DSy

i Sx
i − BiS

y
i .

Ón��

f2 = −2BiDSx
i Sz

i − 2BiDSz
i Sx

i

+BiJSz
i−1S

x
i + DJSx

i Sz
i−1S

x
i

−DJSy
i Sz

i−1S
y
i + DJSz

i−1S
x
i Sx

i

−DJSz
i−1S

y
i Sy

i + BiJSx
i Sz

i+1

+DJSx
i Sx

i Sz
i+1 + DJSx

i Sz
i+1S

x
i

−DJSy
i Sy

i Sz
i+1 − DJSy

i Sz
i+1S

y
i

+
(
∆1 − B2

i − D2
)
Sz

i .

�A�SÈ�

(f0, f0) =
2
3
, (f1, f1) =

8
9
D2 +

2
3
B2

i ,

(f2, f2) =
2
3
∆2

1 −
4
3
∆1B

2
i +

4
3
B4

i

−4
3
∆1D

2 +
44
3

B2
i D2 +

2
3
D4

+
8
9
B2

i J2 +
64
9

D2J2.

d ∆ν = (fν , fν)/(fν−1, fν−1) ���A�ë©ª
Xê. |^ë©ªXê�g'é¼ê±9Ì�Ý�
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'X, ¦�g'é¼ê9Ì�Ý.

3.1 VVV���©©©ÙÙÙ

�¦ïÄ(JØ���5, ·�©O?ØlÑ
©ÙÚëY©Ùü«�¹. Äk?Ø (1) ª¥C�
��ÍÜëþ��

√
2/2, 	|÷vlÑ©Ù - V

�©Ù��¹, �1 i ��:�	|÷v�VÇ©
Ù¼ê�

P (Bi) = pδ(Bi − B1) + (1 − p)δ(Bi − B2),

Ù¥ B1 = 1.6, B2 = 0.4. ÏL (14)—(16) ª¦
� C(t), 2|^ (12) Ú (13) ªO� φ(ω). ¬�|�
^~ê D ©O� 0, 1.0 �XÚ�g'é¼ê9Ì
�Ý�ê�)3ã 1 ¥�Ñ. �ã��A�ë©ª
Xê.

lã 1(a) ¥�±wÑ, � D = 0 �, �X p �
ÅìO�, 	|�²þ��ØäOr, d�g'é
¼ê­�düN4~ (ç¢�) ÅìC�{Z��
/ª (J�); ã 1(b) ¥�A�Ì�Ý���¤éA
�ªÇ�d ω = 0 ?£� ω = 1 NC. ù`²T
XÚ�ÄåÆ5�²{
l¥%¸�1��8N
�1���ª�A. äN)º�: � p = 0 �, g^

É	|��^�g^�m��p�^�'f�õ,

ù�g^m�p�^éXÚåû½�^, ¤±XÚ
Ly�¥%¸�1�. �X	|²þ��ÅìO�,

g^É	|��^ÅìÓâÌ�/ , XÚ�Äå
Æd¥%¸�1�üC�8N�1�. D = 1.0 �,

�ã 1(c) Ú (d), XÚ�ÄåÆÉ p �CzLyÑ
l¥%¸�1��ÃS1���ª. 	|���,

g^�m��p�^�r, XÚ�¥%¸�1�L
y²w. �	|�²þ�ÅìOr, d�¬�|�
^~ê���, ¦g^É	|�K��r, XÚg
^Ñy,ÏÃS�G�, =ÃS1�. �Ò´`, D

���3, ¦XÚ�8N�1�~f, ¥%¸�1
��éOr.

d±þ©Û�wÑXÚ�ÄåÆ5��ûu
C���ÍÜëþ�	|��érÝ. ÏL©Û�
C���ÍÜëþÚ^|ªÇk'�S|þ��
��XÚ�ÄåÆ5�, 3p§4�e, S|�L
«� 〈

G2
i,j

〉
=

∑
j,k

Ji,jJi.k

〈
Sz

i Sz
j

〉
=

∑
j

J2
i,j

〈
(Sz

i )2
〉

= 2J2. (17)

ã 1 	|÷vV�©Ù, ¬�|�^~ê©O� 0, 1.0 ��g'é¼êÚÌ�Ý
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�wÑS|�þ���
√

2J ¤�'. äN/`, �
	|�²þ��u

√
2J �, XÚ�ÄåÆ1�d

g^m��p�^5|�, Ly�¥%¸�1�.

3	|�²þ���� (B >
√

2J), XÚ�ÄåÆ
1�Ly�Õág^3^|¥�^?, 
S|K�

�^?g^±{Z���/ªP~, �Ì�Ý�­
�Ð°, XÚÄåÆLy�8N�1�. Ïd, �	
|÷vV�©Ù�, �X	|²þ��O�, XÚ
�ÄåÆ1��3l¥%¸�1��8N�1�
��ª.

ã 2 	|÷v Gauss ©Ù (IO �� 0.3 Ú 3.0), ¬�|�^~ê� 0, 1.0 ��g'é¼ê

ã 3 	|÷v Gauss ©Ù (ëê�Óã 2) ��Ì�Ý
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3.2 Gauss ©©©ÙÙÙ

�e5?ØC���ÍÜëê J =
√

2/2, 	
|÷v Gauss ©Ù��¹. �1 i ��:�	|÷
v�VÇ©Ù¼ê�

P (Bi) =
1

σB

√
2π

exp
[
−(Bi − B)2

2σ2
B

]
, (18)

σB �IO �, B ��ÅCþ Bi �þ�, 3ùp
©O� 0, 0.5, 1.0, 1.5, 2.0. ã 2 �Ñ
IO � σB

©O� 0.3 Ú 3.0 ��g^g'é¼ê, �A�Ì
�Ý3ã 3 ¥�Ñ, �ã��A�ë©ªXê.

ã 2(a) Ú (c) �Ñ�´ D = 0 �(J. lã¥
�±wÑ, � σB = 0.3 �, XÚ�ÄåÆ1��	
|þ��O��3l¥%¸�1��8N�1�
��ª�A. N´wÑ, � σB = 3.0 �, g'é¼
ê­�QØ´{Z��/ª, �Ø´üN4~/
ª, XÚ�ÄåÆLy��«0u8N�1�Ú
¥%¸�1��m�E,ÃSG�. ã 2(b) Ú (d)

� D = 1.0 �(J. � σB = 0.3 �, XÚÄåÆ�
LyÑ
�ª�A, Úã 2(a) ?1'�N´uy,

¬�|�^��3, ¦�XÚ�8N�1�~f.


� σB �� 3.0 �, XÚÄåÆ©ªLyÑ
ÃS
1�, ù�ã 2(c) �(Jaq. �Ò´`, �	|�
IO �v
��, ¬�|éXÚ�ÄåÆ5��
K�é�, ù´Ï�d�	|�����é�, g

^Ú	|��^�ªéõ, ¦�XÚ¥g^���
ªuÃS, l
XÚ�ÄåÆ�ª�A��, �L
yÑÃS1�. ±þ`², �IO ��O�, ÃS
1�O�
�ª�A, ¬�|�^~ê~f
XÚ
�8N�1�. Ó��uy�g^� 1/2 XÚ��,

XÚ�ÄåÆ5��¤÷v��Å©Ùvk'X.

4 ( Ø

|^4í'Xª�{ïÄ
p§4�e�Å
	|é�� BC �.ÄåÆ5��K�. O�
	
|÷vØÓ�Å©Ù (V�©Ù, Gauss ©Ù) �X
ÚSg^g'é¼êÚ�A�Ì�Ý. (Juy,

3Ã¬�|��¹e, �	|÷vV�©Ù�, X
Ú�ÄåÆ�3l¥%¸�1��8N�1��
�ª�A. �	|÷v Gauss ©Ù, IO ���
�, XÚÄåÆ��3ü«ÄåÆ1���ª�A;

IO �v
��, XÚÄåÆ�Ly�ÃS1
�. k¬�|�^��¹e, 3	|÷vV�©Ù
�, XÚÄåÆLyÑl¥%¸�1��ÃS1�
��ª; 3	|÷v Gauss ©Ù, �IO ���
�, XÚÄåÆ�Ly��ª�A, 
IO �v

��, XÚÄåÆ5�LyÑ�Ã¬�|���
�1�.
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Abstract

The dynamical properties of quantum spin systems have received a great deal of theoretical and experimental attention in the past

decades. Only recently, has much attention been paid to the random quantum spin systems. In this paper the effect of random external

field on the dynamics of one-dimensional Blume-Capel model with s = 1 in the high-temperature limit is investigated by using the

recurrence relations method. The spin autocorrelation function as well as the corresponding spectral density of the system is calculated

in the presence of the field that satisfies two types of distributions. When the single-ion anisotropy takes 0, for the bimodal distribution,

the dynamics of the system behaves as a crossover from a central peak behavior to a collective mode one. For the Gaussian distribution,

when the standard deviation is small, the dynamical behavior of the system also exhibits a crossover; when the standard deviation is

large enough, the system only shows a disordered behavior. We also discuss the effect of the single-ion anisotropy on the dynamical

property of the system, and find that the collective-mode behavior becomes weaker as the single-ion anisotropy exists.
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