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|ψ(t)〉 = H(t)|ψ(t)〉. �3�
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U(t, t′) = U(t− t′). �4�

?&�,�- ��@&	$ �2� �� 4A� % 6�%�8 '� %&

H(t) = i�
∂U(t− t′)

∂t

∣∣∣
t′=t

,

= i�
dU(s)

ds

∣∣∣
s=0

, �5�

?($ 2	-11 �=�#- �;����� 4! &�,�- @9�& 	5'� 1 �
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d
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|ψ̃(t)〉 = H(t)|ψ̃(t)〉. �9�
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O(0) = 1. �13�
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O(s) = exp
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(O −O†) =
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B = cos
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C = sin
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&�,�- 4O���
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?($ ��AV 23 %& �;����� 4! 9,	� � 4�	I

H |E, i〉 = E|E, i〉. �34�
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B|E, i〉 := f(E, i)|E, i〉, �35�
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!���� ���	 �'����% � �#�() $�*�+ ��� �'�) � ��� �,+� -�.) $�*�+ /� �������

%& B � ���� 6"� 4��� ��4���  % f � U�	� 2�B ?(�% ����5 &�,�- "� '� 1 	�*
+($ 23 � U�	� H 6&�,�- 	54�	5 H 	� ���� '� 2�B � 6($ '4��	� �35� �� 4A� %
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-�.) �� /� ������� 0 � ���� -�.) �� /� ������� 0 �/ $�*�+ �� /� ���

!���� �� � 1��) ������� 2��%#	 � ���� -�.)�% � 	�� ���3 �#�() �� 	
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H 	 � �;: �� 9;
� G��  % H �% 9=-@^ �� 4! &�!  9� I � ���� &�,�- 6'� N5
eT Q- 69;! G��  % �i� "�#�$ � �]�& �� ���� �! �� & 9� 	 �� � &9� 	- �&�, 	54�	5

	� A � ����

A|E, i〉 = a(E, i)|E, ı′(E, i)〉. �37�
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� 7 � \ " � @&� ! G� � 6h	 � � &% � - �� 4 � � %& " � ; ! �%�3&	 � ( # � � 9 � 	T ; � F
+($ �-	! "�#�$ �� �;�����

��)�*� 4

� �
, 4� � @&	$ �� �;����� (I

H =
(

1 0
0 0

)
�38�

'� 	� 4! � "�#�$ �� 	�2%	=� �� 4�� PI +(#�� '4�� �;����� '� +9���]� �L� %&
'��� %& � ($ "�#�$ � 2%	=� O � ���� UV � %& +9� �d�9� &�,�- 7�8�� �;�����

6�%�8 '� %& +�1 �� 4��V� 9,	� ��AV 4�	I

O =
(
a 0
0 b

)
. �39�
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O = f(H), �40�

23 %& 4!

f(x) =
{
a, x = 1
b, x = 0

, �41�

�eT Q-� 	�

O = b+ (a− b)H. �42�

�� �;����� (II

H =

⎛
⎝

1 0 0
0 1 0
0 0 0

⎞
⎠ �43�

7�8�� �;����� '� 	� 4! � "�#�$ PI +($ 4�	�& 23 � 1 %� 9=-@^�� ?($ '4��
%& 23 � P���	- 4! ($ � ���� "�#�$ '� � 2%	=� �� +&% & �d�9�	� � 2%	=� &�,�-
H 4! � 4�	I &�,�- 6O � l	D � 2%	=� �� ��  �� UV � %& +($ ��AV mm�
�<� 4�	I '� 

6�%�8 '� %& +9,	� ��AV 4�	I 2	�� %& "� O 4! (�� 2	;B  % ($ ��AV 23 %&

O =

⎛
⎝
a 0 0
0 b 0
0 0 c

⎞
⎠ . �44�

?($ H � U�	� O @	23 6a = b � 

O = c+ (a− c)H. �45�

�%�8 '� %& +($ �d�9�	 � � 2%	= � �� � (#�� H � U �	 � O @	23 6a �= b � 	- 
./0- ��& ��� O � H � % 9=-@^�� '��:� 	� &�,�-  % O � H � f��0- �� 	�% &��@^��
' � %& 4 ! 9 � ; ! 4 5� � +|0, c〉 � 6|1, b〉 6|1, a〉 9 �� ,� - 4 �	 I ' � �� 	 � � U V � %& +&� !
	� % &�� �� 1 b�� �;:� +9;!�- `R* eT -	!  % �;4�� O � 2&�! &% � 6l	D � �	Q-
O � &� D @	 23 6a �= b �= c �= a �  +&% 9 � &� 5� O � H ��  � � ' � : - �� 	 �% 9 = -@^ ��
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� U�	� H �%�8 '� %& +($ ��AV 23 %& O 4! &% & &�5� 4�	I �� M=� � ($ '4��	�
[	d� � 2�9� 6O � % 9=-@^�� M=� 	� &�,�-  % O �� @9;;!��AV �� 4�	I �� 	�� � ($ O

+&�! ./0-
+4� O 	� �)� &�, 	54�	5 H 	� 4! &�!  9�I � �]�& � ���� &�,�- 62%	=� '� N5

eT Q-

A =

⎛
⎝

0 1 0
1 0 0
0 0 1

⎞
⎠ . �46�

+"�&�! 7��:� ��V � b/� %& 4! 6($ ��	�&�� �	����� � p�� 1 '� 
� � �h	 � �� 	 �� � � � � C # *� �� �9 : �� � � q ; �3" � � � 2	 $� � �� � ; � � � � � (III

���'��	I

H = �ω

(
a†a+

1
2

)
�47�

623 %& 4! 6($ 

[a, a†] = 1. �48�

�;����� '� �� 	�% &��@^��

|n〉 :=
(a†)n

√
n!

|0〉 �49�

23 %& 4! 69� 

a|0〉 = 0, �50�

�

H |n〉 =
(
n+

1
2

)
�ω|n〉. �51�

"�� &�- 	- +9,	� 4�, & �d�9�	� �2%	=� 9�	�� "�#�$ PI 6(#�� '4�� �;����� '� 
� 2	
- �� 	����� � C#* ��  % �;����� � UV � %& +($ "�#�$ '� � 2%	=� �4�	I"�

?"�#��;� 4�	
�

H =
1

2m
P 2 +

mω2

2
X2, �52�
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�� 	��@^�� 	� Π �� �4�	I"� ����� &�,�- @9�&

{Π, X} = {Π, P} = 0, �53�

9 �	 � Π �%� 8 ' � %& +( $ " � # � $ � 2%	 = � Π P I +&� ,� - 	 54 �	 5 � ; � � � � � 	 �
�� � ; � � � � � �� 	 �U �	 �@^ �� " � � &� - +" �%�3� - ( $& 4 �  % U �	 � ' � +9 ,	 � H � U �	 �
UV � %& +9� &�� &�� �� 	� n ��  1 4� � 6r�1 r�1 �� 	� n ��  1 4� 6q;�3"��� 2	$��
	� Π &�,�- [��:- �53� �� 	�4A� % 1 	T;�F +($ r�1 4�	I � ()	* � U�	�@^�� "�� &�-

PI +&�,�- 	54�	5&	I "� ��'��	I � ��h	� �� 	�����

Π|n〉 =
{ |n〉, n = 2k
−|n〉, n = 2k + 1

, �54�

	�

Π|n〉 = (−1)n|n〉. �55�

(,�� '�;B &�,�-  % '� ��51� �� 4A� % 4� 45�� 	�� 	- 

Π|n〉 = (−1)[H/(�ω)]−(1/2)|n〉, �56�

	523 1 �

Π = (−1)[H/(�ω)]−(1/2). �57�

� ��#�	�I �� 	� 4! �� �9:��� �� 	�"�#�$ �� 4�� ��  �� 6'� 4� 4��, � s��
2	0�� �;����� �� 	�()	*@^�� �� 4�� �� 9��,�- 7�8�� �X 4� (�#�� r�1 � %	��%t�D
�� 	�"�#�$'�;B �� �;����� 9���- 4! "�% & � 4��V +($ ($%& �($ 9�=-
4� 4� 9;B �� 69,	� �;����� � U�	� 9�	� �4�	I"� 6�%�8 '� %& +�2� ($ '4��	�
%��O- U�	� '� � �
, � 2&%�3($&4� ��  �� ($ '
�- eT �� +�57� �� 4A� % � �
,

+"�;! E	#*  % �;����� �� 	�% 9=-@^�� � 	�% &��@^�� "�,	�
	 � 69 ,	 � � %	 � �%t� D 	 5 4 � � � � # �	 � I 	 - 69 ,	 � 2%	 = � -� 4 �	 I" � " � # � $ �  
+9,	� �d�9�	� � 2%	=� �� �4�	I"� ($ '
�- 69;,	�� 9�=- �;����� �� 	�()	*@^��
	5'� %& +($ 2%	=�- �� 4�	�& � (�	d��� � ��#�	�I@�	B �� %& @%u �� � ()	* � �	Q-



�;����� �� �;4�� � 6���	
-"�� �! %& 2%	=� n>

�� 4�� +($ & 13 4�*	� '� %& � 9�	�� (−b,−a) ∪ (a, b) �� 4�*	� %& ($ 9�=- @%u

� @	 B %& 4 ! ( $ � @%u � [ n � 1 � � |n, r〉 ?9 � 4 �	 �& " � # � $ ' � �� �v � � �� 	 �1 � �

� [ n � 1 � � |n, l〉 � �($ �Y8 �Y;- �� 	� x %& 23 r� �-U� �	 � �;:�� ($ ($ % �̀ �\
()	* �& �� �� �v �� +($ wB �̀ �\ � @	B %& 4! � @%u

En = n2 h2

8m(b− a)2
�58�

4! (�� 2	;B &�,�- "�  % ()	* �& '� �� ��#� � 1	� +($ 

〈x|n, l〉 = 〈−x|n, r〉. �59�

+($ ��	 �&�� � ���� �� � 9;!�- ��9�� "� 4�  % ()	* �& '� Π 6�%�8 '� %&
23 �� 	�% &��@^�� +&�! ��AV  % Π &�,�- 	T;�F

|n,±〉 :=
1√
2
(|n, r〉 ± |n, l〉) �60�

4! 69� 

Π|n,±〉 = ±|n,±〉. �61�

+(#�� H � U�	� Π 	5'� %& PI
N5� "� & 13�� @%u �� �;����� �� 	�()	*@^�� +($ & 13 �� @%u [�& � ()	* � �	Q-
	� @9�� %($ %� (�� (/� � r�- &�,�-  % �v �� �� 	�U�	�@^�� +9� 4�	�& �4�	I � ()	*

� E	/�� 	� +x�;�$ � x�;�#! 	� �($ ��	�&�� � ���� Π 	�'� ��  �� 4!� �@9�� %wB
'4��	� � ���� �� 4�	
� � &�D +"� 4��� "� 4�	
� � ()	*@^��  % 	�()	*@^�� 6�� 

?($ 23 � U�	� �;����� 4! 6($ 

H =
P 2

2m
. �62�

	� �c	;�- x�;�#! y9� Π � H � f��0- �� 	�()	*@^�� [�& � E	/�� �� 	�()	*@^��
4! ($ [��:- "� 	5'� +−1 � % 9=-@^�� 	� �c	;�- x�;�$ � 6Π ��  �� +1 � % 9=-@^��

+(#�� �;����� � U�	� �4�	I"�
�� 4 � � 4 ! 69 �� � ] � � L � %& 2%	 = � -� � � $ �� �9 : ��& � " � # � $ � � (IV

23 �� �;����� 4! � "�#�$ +9;,	� 9�=- 23 �� �v �� �� 	�()	*@^��

H =
P 2

1 + P 2
2

2m
+ V (ρ) �63�



nH X1-001 (2001/02/21) �-�D 9��-

	5'� %& +9;! ��- +∞ 4� ρ→ ∞ %& 6V � ��#�	�I 4! � z�, 4� 6($ p�� '� 1 9,	�
� 4�� 1 �� 4�	
� "�#�$ � 2%	=� �� +($ ��AV � �	{�/- %& ��	:, �� 4{�/- ρ
�	|$ '� 4� 2& &E �5 ��  �� i($ �d�9�	� 2%	=� '� 	�3 +($ 2 %�& � 9)�- 4! 6($ 
�� 	�()	* ��  �� 6�;����� ��  �� �% 9=-@^�� �� 4)&	:- +&�!  9�I  % �;����� � 7�\ 9�	�

&�,�- l� �� � 4�� 1�� 4�	
� 	�
[
− �

2

2m
1
ρ

d
dρ
ρ

d
dρ

+
�

2l2

2m ρ2
+ V (ρ)

]
R(ρ) = E R(ρ). �64�

� E �5 R ��  �� 4)&	:- '� 4! '� �  �� &�,�- [��:- 6"�&�! V ��  �� 4! � G�� 	�
'� +��v �� � b�� �!� &��]� � l	D �� 	�% 9=- E ($ [1h 69,	� 4�, & �d�9�	�

?&�,�- '��:� nρ TeQ- 6�]�& �� �Y;-	� � }��8 � &9� �� � l 	� 6l	D �� 	�% 9=-

E = E(nρ, l). �65�

	T;�F +($ '�:-�� � 4�� 1�� 4�	
� 	� �� 	�()	* �� �4�/�]� �� �� @%	�, nρ UV � %&
"�� &�-

E(nρ, l) = E(nρ,−l). �66�

i%� \4 B ' � N 5 +( $ ' 4 � � 	T � � * �l �= 0 �� 	 � �� �1 %& " !(� $&� � ; � � � � � P I
� �	�e\ i9� 4�	�& h	�(� $& �v �� �� 	�1 �� 	� &% & &�5� "� � �]�& �� �;4��
E 6"���]� (�	K  % l � 9�& &�,�- +(#�� ��	! 2& &E �5 ��  �� 6"�% & 	5'� 	� 4!
� 9 ,	 � � � � � E(n′

ρ, l
′) 	 � E(nρ, l) ( $ ' 
 � - 	 �3 	 - +( $ � �4 �� � nρ 4 � ( � # �

	- +9�� �- ~	Y� '� 4! 9�&�- 2	0�  % � ()	* �9:� �� 	��	Q- 1 � �� il2 �= l′2

� 29�& ��  �� +9�&�- �% � l	D%	�#� �� 	�"�#�$ ��  �� M=� � ($ %&	� � N�B'�;B
I × I 1 6"���]� �L� %&  % �Y;-	� �� 	� l M=� � 6�65� � U�	� 4! 9�;! 45�� 6p�F�- '� 
�=�=* � & 9� �� 4���O- R � 6�Y;-	� � }��8 � & 9� �� 4���O- I� +($ R 4�
C���� '� 4�  % 	��v �� � PI +($ �Y8 R �� @1 9� 4� (�#� I × I �� @1 9� �+($ 
1  % l P�$ � 6. . . � 1 � 0  % nρ � "���]� 0  % l �� 4! "�% R]� �=�=* � %��- �� %

� & &�� % 69;�Y�� "� �� % 	��v �� 1 	��& 4! '� 6. . . � "��& �����  % nρ @%	��& � "���]�
�� 4�	
� � (-e�� sgn(L) � �;����� � &�D hT ��:- 6C���� '� 4� +($ � C�O� %	�#�

+($ �;����� � U�	� L2 �;:� +9� ��	! "�#�$ � ()	* � 2&�!./0- ��  �� �� 4�� 1



�;����� �� �;4�� � 6���	
-"�� �! %& 2%	=� nX

+&�!�- (!�* V � 2%	=�-���$ � ��#�	�I %& 4! &�!�- 7�8��  % � @%u ��V � �	Q- (V

@%u � (!�* �� 4�Y8 �� &��� B � (D ���� � �#�\	;�- � 2 9�- �� 6'� �� @�e� � 
&�,�- "�#�$ � �;����� 69,	� 4�, & &�5� "�

H =
P 2

1 + P 2
2

2m
− e B

2m c
L+ V (ρ) +

e2 B2

8m c2
ρ2. �67�

�� 4)&	:- 	5'� %& +($ "�#�$ � 2%	=� �L� � 4�� 1 �� 4�	
� "� 	5'� 4! ($ ',� %
l� �� � 4�� 1�� 4�	
� 	� �� 	�()	* ��  �� 6�;����� ��  �� �% 9=-@^��

[
− �

2

2m
1
ρ

d
dρ
ρ

d
dρ

+
�

2l2

2m ρ2
− e B � l

2m c
+
e2 B2

8m c2
ρ2 + V (ρ)

]
R(ρ) = E R(ρ) �68�

+&�,�- G�� l → −l � ��9�� � (�� ��64� �� 4)&	:- � `eD��� 4)&	:- '� +($ 
PI

E(nρ, l) �= E(nρ,−l). �69�

�l	D �� 	�()	* %& N5� � &% 9� &�5� ��V � �	Q- �� 4�	�& �� �;4�� 6C���� '� 4�
($ '
�- 9;B�� 6($ �;����� � U�	 � � 4�� 1 �� 4�	
� � ($ '4��	 � �;�����

+9,	� % �,& U�	� '� � }��8 � �
, � 2&%�3($&4�
�9:��& � &�2	$"� � q;�3"� � �2	$�� �� �;����� (VI

H =
P 2

1 + P 2
2

2m
+
m ω2

2
(X2

1 +X2
2 ) �70�

� �
, 4� �;����� '� +($ 

H = H1 +H2 �71�

� 69� �9:���q� ;�3"���2	$�� �� 	��;����� H2 � H1 23 %& 4! 6($ 

[H1, H2] = 0. �72�

&�,�- H � 7�\ 6C���� '� 4�

E = E(n1, n2),

= �ω(n1 + n2 + 1), �73�
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� 9� |n1, n2〉 �;����� �� 	�()	*@^�� +ni ∈ I 623 %& 4!

Hi|n1, n2〉 = �ω

(
ni +

1
2

)
|n1, n2〉. �74�

+($ "�#�$ �� �d�9�	� � 2%	=� �� H1 eT Q- 6UV � %& +($ '4�� H 4! ($ ',� %
��9:��� �� 	��2	$�� � ��'��	I � ��h	� �� 	����� � C#* ��� �70� �� �;�����

H = �ω(a†1a1 + a†2a2 + 1) �75�

� 9��,�- 	54�	5 �;����� 	� a†2a1 � a†1a2 �� 	����� +($ 

a†1a2|n1, n2〉 ∝ |n1 + 1, n2 − 1〉. �76�

+9;!�- &	�1 � ��  % n2 � 9;!�- "! � ��  % n1 4! ($ '� "� �]�& � ���� � �K 
+9� ��	�&�� � ���� �&'� 

|n1, n2〉 &�,�-  % �;����� �� 	�% &��@^�� "� 1�;� 69,	�� &�2	$"� �2	$�� � 
&�,�- �;����� �� 	�% 9=-@^�� ()	* '� %& +(��

E = E(n1, n2),

= �ω1

(
n1 +

1
2

)
+ �ω2

(
n2 +

1
2

)
. �77�

+9,	� 	�� 9-3P��& � (�#� �]- (#�� '4�� �;�����
"� � 4�� 1 �� 4�	
� PI +&% & "� ���$ � 2%	=� 6&�2	$"� � q;�3"� � �2	$��
�� 	�"�#�$ 1 � �� '� UV � %& +4� i($ �d�9� 2%	=� '� 	�3 +($ "�#�$ � 2%	=�
� �;����� � f��0- �� 	�% &��@^�� +"�&�� "$ 2	,� 1 IV � �	Q- %& 4! ($ �� ��	;Q�$ 

4! 69� |nρ, l〉 � 4�� 1�� 4�	
�

H |nρ, l〉 = �ω(|l| + 2nρ + 1)|nρ, l〉, �78�

�

L|nρ, l〉 = �l|nρ, l〉. �79�

M = � E � 2&� �[� � : - 	 � 4 ! &� ,� - @9 �& +&� !  9 � I �2� eT Q - %& &� ,� -  % C )	 A - ' � 
��  �� 6C���� '� 4� +&%�3 ($& 4�  % |l| &�,��� 23 �� � % 1 � 6&�,�- [��:- |l| + 2nρ
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-"�� �! %& 2%	=� na

�� 4�	
� 6��	�&�� �� 	����� � 2&%�3($&4� ��  �� +(#�� H � U�	� "� L2 "�#�$ '� 
?"�#����- ��'��	I � ��h	� �� 	����� � C#* ��  % � 4�� 1

L = i�(a†2a1 − a†1a2). �80�

&�,�- 4O��� �4�$	�- � "! 	�� 	5'� 1 

[L, a†1a2 + a†2a1 ± i(a†2a2 − a†1a1)] = ±2�[a†1a2 + a†2a1 ± i(a†2a2 − a†1a1)]. �81�

� �����&

A± := a†1a2 + a†2a1 ± i(a†2a2 − a†1a1) �82�

4 �  % L � % 9 = -@^ �� 	 �� � � � ' � 9 �& &� ,� - � @&	 $4 � +9 � � �	 �&� � �� 	 �� � � �
�� �d�9�	� � 2%	=� �� "�#�$ 	5'� %& 648eD � %�\ 4� +9;�&�- ����� 2� �� @1 9� 
�� 	����� N�� � 6	�Hi � �Q- 6&% & "� � �]�& �� 	�2%	=� "�#�$ '� +�L2� &% & ��	F 
��	F �� �;4�� � ��&	{� � 2%	=� "�#�$ '� 9;���- +PiPj/(2m) +mω2XiXj/2

+&% &
9;!�- (!�* 2%	=�-�� �! � ��#�	�I �� %& 4! � @%u �� �;����� (VII

H =
P · P
2m

+ V (r) �83�

� 4�� 1 �� 4�	
� �� 	�4Y�|- +($ �� �! � �	{�/- %& ��	:, �� 4{�/- r +($ 
� L3 2�B +($ "�#�$ � 2%	=� � &�,�- 	54�	5 �;����� 	� "� L ·L +9� "�#�$ � 2%	=�
 % �����& '� � �;����� � f��0- �� 	�()	*@^�� &�,�- 69��,�- 	54�	5 "� 	� L · L

L · L � L3 �� 	�% &��@^�� ��  �� H �� �% 9=-@^�� �� 4)&	:- +&�!  9�I
[
− �

2

2m r

d2

dr2
r +

�
2l(l+ 1)
2m r2

+ V (r)
]
R(r) = E R(r) �84�

� +&% & &�5� L · L � % 9=-@^�� M=� � @90� ��	c L3 � % 9=-@^�� 4)&	:- '� %& +($ 
�%�8 '� %& +9� 9�=- "�#�$ �� 	�()	* �� 4�� 69;! ��- +∞ 4� r → ∞ %& V

?&�,�- ./0- ���� �! � &9� �& 	� �v �� �� 	�% 9=-@^��

E = E(nr, l). �85�
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hT ��:- 6C��� � '� 4 � +l ∈ I 	5'� %& 4! ��	Y � '� 	 � 6($ �65� � 4� �, 4A� % '� 

� U�	 � L · L �%�8 '� %& � 9� nr � l 1 ��4��� � U�	 � �� �v �� �� 	�% 9=-@^��
�;����� ��  �� �83� � �
, 4� @% N '� +(#�� �;����� � U�	� L3 	- +($ �;�����
69��, 	54�	5 �;����� 	� � 4�� 1�� 4�	
� �� 	�4Y�|- � 4�� � UV � %& +&% 9� �4�#�

�� 	����� @	23 69,	� 2%	=�-�� �! "�#�$ � �;:�

L± := L1 ± iL2 �86�

 % L3 � % 9=-@^�� � 9� L3 � ��'��	I � ��h	� �� 	����� 	�'� +9��,�- 	54�	5 H 	� "�
+9;�&��� �����  % �v �� � % 9=-@^�� 	- 69;�&�- ����� ±� �� @1 9� 4�

�9:�4$ � &�2	$"� � q;�3"� � �2	$�� �� �;����� (VIII

H =
P ·P
2m

+
m ω2 X ·X

2
�87�

+($ �9:��� � q;�3"��� 2	$�� �� �;����� 4$ � p��O- "� �;����� '� +($ 
�;����� '� � 7�\

E = �ω

(
n1 + n2 + n3 +

3
2

)
�88�

��9:��� �� 	��2	$�� �� 	��;������ 	� Hi � ($ '4�� H 4! ($ ',� % +($ 
2�B 69;�#�� �=�#- �� �d�9�	� � 2%	=� 	��;����� '� �� 4$�� 4��) +9� "�#�$ � 2%	=�
�� �d�9�	� �� 	�2%	=� &�,�-  % 	�'� 1 	� �& 	- +($ �;����� � &�D 4$'� � p��O-

+(�� "�#�$ � �=�#-
'� �� 	�% &��@^�� +&�! 2	�� &�,�- "� � 4�� 1�� 4�	
� � C#*��  % "�#�$ �� �;4��

23 %& 4! 6(,�� |nr, l, l3〉 &�,�-  % "�#�$

H |nr, l, l3〉 = �

(
l + 2nr +

3
2

)
|n, l, l3〉 �89�

�

L · L|nr, l, l3〉 = �
2l(l + 1)|nr, l, l3〉 �90�

�

L3|nr, l, l3〉 = �l3|nr, l, l3〉. �91�
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