
�� ��� ��� �
	
��
 �� �� �

��� ��� ��� �� �
�� � ��

�� 
� �
� !" #$ �% & ' () *+ � ( #�,- . ('/ ( 01 ( 23 �45 ��6. (7 8 9$ :8 ;*) � <$ = >� 2$ (3 ? &$ () � J @$ 3 �A) �B (B C$ � �� D �

lnJ =
gV

ah3

∫

d3p ln(1 + aze−βε), E �F
G01 ( a = −1

�* <= / 7 � &$ () � = a = +1
�* <7 H%) I &$ () � �8C

$ � J 23 7K �� E �F &$ �L � (3 23 7 K MN ( 3 ' G>H* ' O� � (3 P () , 6 . ( <$ = 3 ' ln
C
$ � �� DQ� (

G>R >* (7S P () ,6. ( 0N �T. ��
Eln(1 + x) =

∑

∞

n=1
(−1)n+1xn/n U�N �� . # (3 F&$ 3 (V, N �J �� G>H:8 �41 �W % (3 �* P () , 6. ( MN ( Xε = |p|2/(2m) �$ 6H4� . )$ HY 2$ (3 ? &$ () � D Z

G>H:8 �41 �W % (3 J
#>%[ 01 ' �� )$ N ' �\%E∫ ∞

0
dx x2e−αx2/2 =

√

π/2α−3/2 U�N �� . # (3 F
G>H* ' ] �̂ . ( (3 ε = c|p| 0$ � �_ &$ () � 3 �� MN ( ��= `4a 0$ � �_ �$ � �-% & (�41 �W % D b

E∫ ∞

0
dx x2e−αx = 2/α3 U�N �� . # (3 F

Φ(s, x) :=
∑

n=1
(xn/ns)

C
$ � � � c$ � _ ) � (3 EbF = EZF &$ � * > : � 3 ' '7 S Z$ (7 J D '

G>H� N7 :�P$ = ( &$ �d � J �1 G>H� N7 : � z = eβµ / ( &3 7 d H � O$ � � 2$ 3 7 K �� (3 J = exp{lnJ } D*
G>N3 (' �, . (3 O��

G>N3 = [ 01 ' �� (3 Q2 = Q1 @$ 3 �A C$ � �� XJ =
∑

∞

N=0
zN QN

Q$ N) �� / ( #' �e61 ( �� D=
3$ �%[ / ( ) H Y �� F &>N >J �$ � 6 . (7 8 3$ �%[ / ( �8 >N) H , � ) f . 3 ' (3 &3 (']) J 2$ (3 ? D "
b= / 2$ 3 7K �� �T : � (3 0� �_ ) * 2 (3 ? MN ( G>::8 �% 0H� 4� EMH6- . (D/ 7 � = g () N 'D �%) I

G>::8 �% P �hR ( E. . . X4 X2 X0F #3 ?
GEε = |p|2/(2m)

F >N) H, � ) f . >� �i 3 3 ' 2 (3 ? MN ( / ( �- :8 ;*) � <$ = >� P$ [ #>N ( /$ �j DQ� (
G>N3 = [ 01 ' �� ;^_ = X�N �H�HR $̀ H� . �6A X �% ' / ( ��� �� <$ (7 :5 �� (3 J @$ 3 �A C$ � ��G>N3 = [ 01 ' �� (3 &k ) . ( 0$ � �_ ) * 3 ' 2 (3 ? O$ 17 6% '$ (>�� D Z

l$ L 1 mn o % F p01 �* <= / 7 � �N = �* <7 H %) I �H 4R ;6� H1 MN ( 3$ �6 I3 MH N �A &$ �* �% ' 3 ' D b
EpMH6- . (D/ 7 � 9$ � �,q �N = '3 (' �%) I &$ k ) . (

MN ( >H : 8 r) I G>N) H , � ) f . 3 ' (3 s H1 m8 9$ : 8 ;*) � <$ = >� )$ N VA �. + H � � ;$ � (N D 

�



$̀ H� . �6A 3 ' 2 (3 ?
V (x) =

α

2
x2 +

γ

2
(y − y0)

2, E"F
3 ' ��= >: 6� H . >H \ % y = x &$ �61 (3 3 ' 2$ (3 ? G>: 6� * 0� �� &) N ' �\ % γ = α �8 X>.3 (' 3 () aG01 ( T = 0� �� / �j &$ �% ' G>. >H\% z = ±L/2 3 ' �N �*3 (7 N ' �� z &$ �61 (3p01 ( 3 >a �q X>R �� y + dy = y &$ �dK �I 3 ' & (#3 ? �8 <[ P$ ��6_ ( DQ� (p01 ( 3 >a �q X>R �� vy + dvy = vy

M$ H� y &$ �61 (3 3 ' & (#3 ? 0$ 5) 1 �8 <[ P$ ��6_ ( D Zp01 (3 >a �q QN(N, L, T )
/ �j @$ 3 �A C$ � �� D b

G>N3 = [ 01 ' �� T = XL XN / ( ��� �� <$ (7 :5 �� (3 fz
X3 (7 N ' ) � '3 (= &$ = ) H. D '

>: N[) I M N ( 3 ' G'7 R �% ') 1 Tf
&$ �% ' �� = 3 3 '� � 3$7 � �� / �j Xγ 3$ (>\ % <$ ') 8 ;8 �� D=�� �H �= ( &$ �% ' = Xγ �$ N �T . = �H �= ()$ N ' �\ % c$ � _ ) � (3 �N �T . &$ �% ' G>. �% �% 0� �� �A= ) 6 . (G>N3 = [ 01 '

G>HR �� �I7 %

"


