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∑
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Pr{Ĉ(t)}

= 1

� � � �� � � � � 
� �� � � � 	 �� � 	 � � 	 � � � � � 
 � � 	 � 	 � � � � 


� � � � � �� �� � � � 
� 	 � ��



� � � � � � �
 � � � � � � �� � �� �



� �� � � � �� � � 	 �	 �� �� � 	 �� � �� � 
 � � � � � � � �

� 
 � �� � ε1, . . . , εN � � N � �� 
 � � � � � � �� � �� � �� �� �� � � � �� � � � � �� � εk = ±1

� 
 �� � �
 � � � �� �� �� ��� � � 
 �� SN =
∑N

1 εk � � � � �
 � � ��

•� �� 
 � � �� � � �� � � � 
 � � � �� � � � � � � � � SN/N → 0 � � �� � � � � � � � � �� � �

•� � � � �
 � � � � � � � �� � � �� � � �� � � � � � � � � � � � � � � � � SN/
√
N � �� � 
 �� �

� � � � � � � � �� � �� �� � � � � � 
 � � � ��

	 
 � � � �� � � � �
 � � �
 � � −1 < r < 1 �
 � �
Pr

(

SN

N
= r

)

∼ e−N Φ(r)


 � Φ(r)� � �� � � � � �� r = 0�

� � �
 � � � �
 � Φ(r) �� � � � �
 
 � � � �
 � � � � � �� � �� � 
 � � � �
 � �



� � � �� � � � � � � � � � � �� � �� 
 � �� � � � � ��

V, T

N

v n

� �� � �� � �
 
 �� � � ρ0 = N
V

� �� � � � 

 � � � � 1 � v � V

〈n
v 〉 = ρ0

� � � �� � �� � �
 � � � � 
 � � � � � � �
 � � � � ρ0 � 
 �� � �� � �� � � � � �
 � � � 
 � � � � ��

� �
 � � � �

√

v/V� � � � �
 � � � �� �� � � � � 

 �� � � 	 � �� � � � � �� � � � � �
 � � � � �

�
 � � � � � � �

Pr
(n

v
= ρ

)

∼ e−v Φ(ρ) � 
 �� Φ(ρ0) = 0



� � � �� � �	 �
	 
� � � � � � �
	 �� �� �� �� � � � � ��� 
� �	 � � � � �� 	 �

� � �
 � � � �
 � � � 	 � � � � � � � 
 � � � �
 � � �� � �� � � � � �
 � � � � �� � �� � 
 � � �

Φ(ρ) = f(ρ, T ) − f(ρ0, T ) − (ρ− ρ0)
∂f

∂ρ0


 � f = − logZ(ρ, T ) � � � )�� � " ' $ (& ' )& + $ ' � % $� " & # � � '� !)� � ' � �� � � � �

�� � � �� � � � � kT�

� � �� �� 	 � � � � � � � � � �� � �� � � �� � � 
 � � � � � � �
 � � � �
 � � � 	 � �� � � � � 
 � � � �
 � �

�� 
 �� � � � �� � � � �� �
 � � � �
 � � � � 	 � �� � � � � 
 � � � �
 � �
 � � � � � �� �
�


 � � � � �

� 	 � � � � � �
 � �� � � � � � � � � � �
 � 
 � � � � � � �� �
 �� � � � � � � � �� � � � �� �



�� � 	 � � � 	 � � � � � 	 � � � � � � 	 � 
 � � � � � �
 � � � � � � � �� � � � �

q

L SITES

N  PARTICLES

RESERVOIRRESERVOIR

1 1α β

p

�� �� � � � � � � � � � � � 
 � ��� �� � �� �� � �
 � � � � �
 � � � � � � � �� � � � �� � �� ��

�� � 	 	 � � � � � � �, � �� � � � � � � 
 �� 	 � � � �� � � �� � �� � � � � � � �� � ��

	 � � � �� � � � �
 � � � � � �� 	 � � � 
 
 � �� � 
 � � � �� � �� 
 � � � �� �
 � � �� 	�

� � 
 � � �� � �� � � � � � � �, � � � � �
 � 	 �
 � � � � � � � � �
 $&  � ' �
 � � �, � � � � � � � �

� � �� 
 � �� 
 �
 	 � � � 
 � � � �, � � � �� � �� � � � � �� � 
& � � ) ' �
 � � � �� � �� � � �

� � � �
 � � � �
 � � �, �� � �� �� � � �



�� � � � � � �

• 	 �
 � �� � � � � �
 � � � �� � �� �� � �� �� � �
 � �� � �� 
 �� � � � � � �� �� � 	 	 �� � 	�

•� � � 
 �� � �� � � � 
 � � 
 � � � � � ��� � � 	�

•� � �� � �
 � � � � 	 �� �
 �
 � �� � � � � � �� � � �� � � � �� � � �� � � �

	 
 � 
 � � �� � � � ��� � �� �� � � � � � � � � 	�
• �
 � � �� � � 
 �� � � � � � � � � � � �� � � �� � � �� � �
 � 
 � �� �
 � � � �� �

• 	
 � 
 � �� �� � �� � 	 �� �� � �� � � � � � � � �
 �� �� � � � � � � �
 � �

� � �� � � � �� �� �

•� � �� � �

•� � � � �� � � 	 � � � � � �� � � 	 
 � � � � � � �
 � � � �� � �



� �� � � � � � 
 � 
� 	 � � � 
 � � �� �� �

� � � � �� � 	 
� � � � � � � � �	 � � � � � � � � � � �

�
 � � �� �
 � � �� � � � 
 �� � � �� � �� � � � � � � �� � 
 � � � �� � �� � �� � ��

M =
L

∑

l=1

(

S
+
l S

−
l+1 + xS−

l S
+
l+1 +

1 + x

4
S

z
l S

z
l+1 −

1 + x

4

)

� � � � � � � 	 �
 � � �� �
 � � � �, �� Mψ = Eψ�
•
 
 � � � � �� � � � � E = 0 � P = Ω−1 �� 
 � � � � 	 �� � � � 	�

• � � � � � �, � �� �� � <(E) < 0 � 	 �� �
 � �
 �
 � �� � � � 	�

� �� �, � �� � � �
 � � � 
 � � �� �
 � � �� � � �, � � � � � � � � � � �, � � �
 � �



�, � � � � � � � � � � � �� � � �



� �� �� � � � � � � � 
� � � � � � � � � �� � 
 � � � � � �� �

� 
 �� Yt � � � �� � � � � � �
 � � � � � � � � 
 � � � � � � � �
 � � �� � �� � � � � �� � � � � � �

� � �� � � � � �� � � � � �� t� � � � � �� � � � � � � � Yt�

J = lim
t→∞

〈Yt〉
t

= (p− q)
n(L− n)

L− 1 � �
 � � �� � � 
 � � � 	 
 
 �� 	

D = lim
t→∞

〈Y 2
t 〉 − 〈Yt〉2

t
=

Ln(L− n)

(L− 1)(2L− 1)

C2n
2L

(Cn
L)2

(Fluctuations)

� � � � � � �� � � � � �� 
 � � � �� � �� � � 
 � � � � � � � � �
 � � � �
 � 	 �� �� � � � �� �

〈

eγYt
〉

log
〈

eγYt
〉

= Jγ +D
γ2

2!
+ C3

γ3

3!
. . .

� �, � � � � � �
 � 	 � t→ ∞ �
 � �
 � � � � � � �

〈

eγYt
〉

' eE(γ)t



� � �� � �� � � 
 � � � �
 � � � � Yt�

Pr

(

Yt

t
= j

)

∼ e−tΦ(j) 
 � Φ(j) = 0 �
 � j = J

� � �

〈

eγYt
〉

=

∫

Pr(Yt)e
γYtdYt = t

∫

Pr

(

Yt

t
= j

)

eγtjdj ∼
∫

eγtj−tΦ(j)

	 � � � �� �
 � � � � � 
 � �

E(γ) = maxj {γj − Φ(j)}

� � �
 � � � �
 � � � 	 � �� � � � � 
 � � � �
 � � Φ(j) �� � � �
 � � � �
 � 	 �� �� � � � �� � � ��

� � � � � �� � � E(γ)�
 � � � � � � � �� � � � � � �� � �
 � � � � �
 � � �� � 	 �� � � ��



� �� �� � 
� � �� � 
 � 
� 
	 � � �� 


�, �� � �� � � �� � � � � � �� � �� � � � � � � � � � �� � � � � �� �� � � � �� �� � �� � �� � � �

�
 � � �� � �
 � �� �� � � � �� � � � �� � �� � � �
 � � � � � 
 � � � � � � � � � � 
 � ��

� �� � � 

 �� � �

� � � �
 �
 � � � � � �
 � � � � � � � � � �� � �� �
 � � � � � �� � � �� � �� � � � t �� t+ dt � Yt

�
 �� �� � � � � �� � � � � y

C → C′ � � Yt → Yt + y � 
 �� � �
 � � � �� �� � My(C′, C)dt

	 � � $ '" � ' $ 
 ' � '"# �� # ' � � 
 �� �� �� � � � � �� � y� � �� 	 � � � � � 	 � ��

C′ → C �� Yt → Yt − y



� 
 � � � � � �
 � � �
 � � � � � �� �, �� � � � � �� 
 � � � �� � � γ0� � � � � � � � � �� � � �, � �

� � �� � �� �
 � 
 �� �� �� �
M+y(C′, C)Pstat(C) = M−y(C, C′) eγ0y Pstat(C′)

� �� �� � � � � �� � � � �� � � �� �� �

� �� � � � � � � � �
 � � � � 
 � � � � � �
 � � � �� � 
 �
 � � �� �� 	 �� � � � � �� � �
 � � � �

� 
 � � � � � �� � 
 � � �� � � 
 �� � �� � �� � � 

 �� � � � � � � � � �� � � �� � �� � �
 � �

� � � � � �� � � � � � � � � �� � � � �� � �� � � 	 �� �� � � �� � �� � � � �� 
 � � � � � �� � � � � � �� ��

� � � � �� � � �
 � � � � �� � � � � � � � 
 � � � � � � � �� �� 

 �� � 	�

�� � 	 � � � � � �� � � � � � Yt+dt = Yt ± 1 � � � �
 � � � � � � � � � � �� � � �� � � �

� �� �� � �
 � �
 � �� � 
 � � � 
 �� � �
 � � p 	
 � � � 	 � � � 
 � � � 
 �� � �
 � � q 	� � �� � �

p = qeγ0 � 
 �� γ0 = log
q

p



� �� � � � �� � �� � � � �� �� � � �� � �� � �� 
 � � � � � �� � � � � � � � �

Y=y + y + ... +y
1 2 n

n
t    

C

C

C1

2

C
0

n

Y=0
Y=y1

TRAJECTORY  C(t)  

Y=y  +  y1 2

t    t    0
1 2

T

Pr{C(t)}
Pr{Ĉ(t)}
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