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• � � 	�
 �� � �  � �
 �� �� � � �� 
 	 �� � �� �  � �
 � �� �� Tc = 2/ log(1 +
√

2) ≈ 2.269...
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• �� �
 � � � � � ��� � L� � � �� 	 � �
 � � 	�  � �� �! L = 20 " �
 # � �  � � $ �� �  � � � � ��

�
 � � 	�  � �� �! T = 2.0 " �� � � � �  � �
 � �  � � $ $ � # � 
 � �  � � � � � $ � �� � % � &
 � 	 �  � % �
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• (� � $ � �) � � � �* �  � # �  ±M + , � � $ � � #� *  � # � �.- 
 � � 	 �� &0/ � � 
 	'

• (� � % �� � � � �* �� � � �� ) � exp( − βσL) ⇒ � �
 �� � �
 � � � �* �� � � �� ) � exp( + βσL)'
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 �� � �
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• � � � � � � � � 	 � � � ! � � � $ � �) � �� � %� ��  � # �
 # � � % �� � � � � � � $ $ � �� � � �  �� �

� � $ $ � � � � � # � � � � �*  � � 10−4/10−1 = 10−3'
• � � � � � �  � � � � �� � � �! � �  � �
 �� � �
 � −M + , ↔ M + , �� � %� �� � � � � � #� �� 
 * 

� � � $ �'

• � � � �� �
 ! �* ��� 
 	 �� � � % �� � � � �' ' ' ⇒ % �� � � P ( � � � )� � 
 � � # � #'

• � �� � � �
 ! � � � � * �
 �
 � * �� �� 	 � � � � �  	� �� 	 �
 # 
 � �� � � �� � � � "
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� �� � � �� � � � � ��� � � 	 � �� �� � 
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• � � � � $ ��� � ≡� � $ � �  �
 * � � � � $ �� 
 	 ! � � � $ � � � �� � # � �� 
 � � � � � � $ � �) � �� � �

#� � � � � � � �
 �* * � � #� 
 	  � � � � �� � � �
 
 #� � � � � �  � �
 '

• � � * � ! � � � $ � � �� � # � �� 
 �* * � � #� 
 	  � � �� ��  � �� � � � � � �� �� � #� � � � � � � �
 '

•  �� � � �
 � � � � �
 * �
 �
 � * �� �
 # � � * � #� � � � � � � �
 !

P � ��� (M) ≡ P��� (M) exp(−βf)
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• � �� � ) 
 �� 
 $ � �  � � � � #� � � � � �  � �
 �� � � � � 	�
 �� � �  � �
 � � �  �� 
 � # � � � � �
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• (� � � � �� � � � �� � � �  � � * � ⇒ �
 �� 	 � E � � � � ⇒ � � 	
 � � � � � �
 M " � � � �

10 × 10 × 10 � � � � �  � � ! T� ≈ 4.51... " �  T = 2.5 �
 # T = 2.0!
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• � ��  $ � �  ! �� � �  � * � � % � � �
  � 
 � � � � 	�
 �� � � � �
 ✓

� 	�  $ � �  ! � � �* ) � # � � � *  � � � ✗

• � �
 * � � �� �
 ! � �� � �� �� � # # �
 � � � � � �� �  � 
 � � � � � � �
 �� 	 � " � �  * �
 
 �  � �

� � � � % � #  � % �
 � � � $ �� � �*  � � � �� �� 	�  �� "'  ⇐ �  � 	 � �� �� �� � � � $  � � � � �' "

� �� �� 	
 �� �� � 	� � 	� � � 	� �� �
 	� � 
 � �� ��� � �
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• �
 � � � � ! 
 � �� � � � �
 # � � 	 ��  * �
 # � � �  & � � �� � �� " �� $ � �� 
 � � � � �� � %� � � � � � �

	 � � � � � � * � � � � � � # �� $� � � � � � �
 �� � �
 '

• ( � � 
 # �� � �
 # � � � ⇒ � � � 
 	 �
 # �� �  � � � � "!  m0! � $ �
  �
 � � � �

� � 	
 �� � � � �
 � f0! � � � ) � � � � �
 �� 	 �� �� � $ �� � * �  � �
 ! σ � ≡ σ � ≡ σ �� ' �' # � � $ � �

�
 # � � � $ �� � % � � � � � � �� � �  � � $� * � 
  �� � �* �  �
 �� �
 "

� � � $ � � !

PSfrag replacements

R

M � = m0(L
2 − 2πR2)

f � = f0 + 2πRσ

�  � � $ �!

PSfrag replacements d

M � = m0(L(L − d) − dL) = m0(L
2 − 2dL)

f � = f0 + 2Lσ

(� �
 � ��� * � � � * ��
	 # � � $ � � � � #� � �� � f � = f � ⇒ R� = L
π

�
 # � �� * � �  � * ��
	

� � 	
 �� � � � �
 � � M � (R = R� ) ≡ Mc = m0L
2(1 − 2

π
)'
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• (� � � � 	�  $ � �  	� % � � � 	 � � $� � * �� � 
  �� �

$ � � �  � �
 � � f � = f �'

• (� � � � 
 *  � �
 � � � � � � �� � � % �� � �

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

• � � � � � � � 
 	 � ��� � � # # �
 	 � � � � �
 �� 	 � � �� � � �� �! � ' �' * �� * �� � � 
 	 � �

�� * � � � � � � � �
 �� 	 � �  � � � � � � $ �� 
   � � � � � �� � � �*�  � # # � � $ � � "'

PSfrag replacements

L

θ R

l = 2θR

A

B

C

θ

R cos θR sin θ
� �*  � � �
 #  � � �
 	� �!

AS = θR2 �
 # AT = R2 sin θ cos θ .

� � � � � � $ �
 #� 
 	 � � 	 � �
  !

AD = R2(θ − sin θ cos θ)

� �
 #� � �
 �  � � � � � �� �� �
 	 �  � �
 �
 # � � � # � � 	
 �� � � � �
 m "!

2R sin θ = L �
 # AD = L2/π

	� % � �!

θ =

(
2

π
sin θ + cos θ

)

sin θ � � � � � �  � * � ! θ = 0.860...
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 	 � �� � � � � � 
 # � � � ! ∂A = 4θR = 2L θ
sin θ

≈ 1.13 × 2L

� � � �� �
 * � � � � � �
 � � � � � 
 # �� � �� � # � � $ � � ∂A = 2L �
 # � � �*�  � # # � � $ � � � �!

∆A =

(
θ

sin θ
− 1

)

2L ≈ 0.135 × 2L � � τ ∼ exp(0.135
︸ ︷︷ ︸

α

×2σβL)
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α ≈ 0.129 ± 0.007

� �  ! % �� � # � � �
 #� 
 	 �� � �� �  � �
  � 108 � � �� � � $ � � � � L = 50 " �
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•� � � � �*  	 � � � � � � � � �
  �� � � � �� � � �� ��� �! � ' �' * � � � �� � * � � �
 � � � �

* �
 � 	 � � �  � �
 � �* * � � #� 
 	  � � �� � 	 � � � � � � * �� �� � $ �'

� �
  � � # � * � �
 �� � � �
 � � �  � � $ � $ �� � � � �� !

A ≡ sx − sy

sx + sy

� � �� � sx = |Y1,0| �
 # sy = |Y0,1| ⇒ � � � �� �  % �� � � � �� � � � � � � � ��

* � �� * � �
  � � � � � � # � � ~kx = (2π/L, 0) �
 # ~ky = (0, 2π/L)'

� � � � �
  � �� � � !

# � � $ � � ! sx = sy > 0 ⇒ A = 0

� � � $ ! sx > 0 �
 # sy = 0 ⇒ A = +1

sx = 0 �
 # sy > 0 ⇒ A = −1

� �� � �� � � �
 �  � � � � # � � 	�
 �� � �  � �
 M� � � �� � � � $ � �) � P (A � ) �
 #

P (A � )� � % � � � � � � �� �� 	� '



'

&

$

%

− 20×20 � � � � M =* �
 �' �� � � � � � �
 �

� � � M = 116 �  �  � � $ �� �  � � � T =

1.5'

− (� � � � � � �� �� 
 #� * �  � � � * � � � � � $ �
 �

#� 
 	 �� � $ � �'
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• � � � � � � � � �
  �� � � � � �� �� �� � � � * � � � �� �� � $ �! � ' �' � % �� � 	 � � $� 
 * �
 � 	 � � �  � �


� 
 # � $ �
 # �
 * � � � � � �
 � � �  � � $ � $ �� � � � �� A'

( �*� 
 � * �� � � !

� � �� � � � � � 
 	 � � � � �� � � � � � �
  � � �  �� 
 � �� 	�  � W (A)'

� � �� � � � � � 
 	 M =* �
 �'  �� �� � � �) � # � 
 � � � * � "�� � � � �� � �� � � �
  � �� 
 	

� �� 	�  � � � � � $ � � %� � � � �� � �� � � �
 " �
 # � � � � � � � 
 	 !

� " � �
  �� �� � � � � �� �
 # � �� 	 � � # � � $ � �  ⇒ � � �� �
 � � � $ � �� � �


�� 	 � � � � � "

� " � 
 � � � � $ �

� �� � � � 
 	 � $� 
 �* �
 � 	 � � � � �
  �� � % � �- � �  (L/2, L/2)

� � # # � $� 
 �* �
 � 	 � � �  � �
 �* * � � #� 
 	  � A ⇒� � � � 	 � � � h(x, y,A)


 ��  $ � 	 �! � � � ��  � �� � � M =* �
 �' � � � � � �� � �� �  � �
 �
 � 50 × 50� �   � * � � 

 � � $ �� �  � � � T = 2.0� � � 105 � � �� � � $ �'
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• � 	 �� 
 ! � �� 
  �� � �* �  �
 �� �
 � �� � �  � � $� * �
 # � � � �� � � � � �*  � � � � � � � �

� $� �� �!

PSfrag replacements

R

M � � = m0(L
3
− 2 ×

4

3
πR

3

� � )

f � � = f0 + 4πR
2

Spσ

� ��� 
 # �� !

PSfrag replacements

R

L

M � � = m0(L
3
− 2πR

2

� � L)

f � � = f0 + 2πRCyLσ

� � �
 �!

PSfrag replacements
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M �� = m0(L
2(L − d) − dL
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3
− 2dL

2)
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