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� "��� (!�2��

V (r) = −Ze
2

r
LMN4MP
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4Z2

2h̄2n2
= − e2Z2

2a0n2
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h̄2

µe2
, LMN4]P
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2
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1√
4π
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Z
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)3/2

2 exp

(

−Zr
a0

)
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1
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)3/2(

2− r
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)
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− r

2a0

)

Y 0
0 (θ, ϕ),

ψn=2
l=1,m=0,±1 =
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1

2a0

)3/2
1√
3

r

a0
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(

− r

2a0

)
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1 (θ, ϕ). LMN4
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Ĥ ′ = eEz = eEr cos θ = eErnz, LMN4O�P+���� e > 0 L2��, �$ ���$��� , #� �-� −eP4�� "��-��#�� ��-$,-!� ����,$�#� �() ����� �%# ��(�����#�() ��� #�$���� #���&K(�+� ~n #����0 H� ���+� �� � ����� �� nz
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E
(0)
2 = −me

2

8h̄2
LMN4OOP

!�$�
ψ1 = ψn=2

l=0,m=0, ψ2 = ψn=2
l=1,m=−1, ψ3 = ψn=2

l=1,m=0 ψ4 = ψn=2
l=1,m=1.R� ��#�H #�$��� #���&(� nz

��  ������#� ����� �� ��(�����#� ���$� ��3��� -�� ���
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� ψ2,3,4
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∣
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∣

∣
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∣

∣

∣

∣

∣

∣

∣

∣

∣

= 0. LMN4OMP
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13 ≡ h� �%# � �� LMN4OMP "���!�,!� "�-��J
E

(1)2
2

(

E
(1)2
2 − h2

)

= 0 LMN4ONP
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E
(1)
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2 = 0

\








0 0 h 0
0 0 0 0
h 0 0 0
0 0 0 0




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









a
b
c
d









= h









c
0
a
0









= 0. LMN4O]P
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H� #�$���� #2�- � �� #����^(� #2�- �! 0 -& $��/� �(!��� �� ��#��� 1, $(!� ψ2

� ψ4
4 �
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




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
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




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b
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d









= 0. LMN4OhP
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ψn=2
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)

, LMN4OjP+���� a #�� �(���� � #��, $, , ����#� �� a = 1/
√
2 4 �, $(!3 1���#& -�� , � � ��+��

E
(0)
2 + h ��H��� #�� �(��J � �%# � �� � ���+�(� �+� �� LMN4OhP �,/ � #��, $, ����+�K �� �^(� �� -�� , LMN4OjP\
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ψ1 = ψn=2
l=0,m=0 =

(

1

2a0

)3/2 (

2− r

a0

)

exp

(

− r

2a0

)

Y 0
0 (θ, ϕ),

ψ3 = ψn=2
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1

2a0

)3/2
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3

r
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exp
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− r

2a0
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Y 0
1 (θ, ϕ). LMN4O
P

'�,$� � ����� � ��(�����#� #���H� -�3 #�����

h = eE
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∞
∫
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)
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√

1
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\

h = eE
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1

2a0

)3
1

3
a40

∞
∫

0

dρ ρ4 (2− ρ) exp (−ρ)

= eE
a0
24

(2− 5) 4! = −3eEa0. LMN4MOP
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h = −3 × 4, 8× 10−10
(�√(�+

- n

300

√(�+
- (� 5, 29× 10−9(�

= n× 0, 25× 10−19��+ = n× 1, 56× 10−8�� = 12, 48× 10−6 1(�, LMN4MMP
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~E = −1

c

∂ ~A

∂t
− ~∇V, ~B = ~∇× ~A. LMN4MZP

[ ��� (�3^J ���$���(� �  �� "����-��#�� "��/���%#0 �� (�3^J ��#����!&(� "��� (!�2 #�$��K��#� ~A
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(

~p− q

c
~A(~r, t)
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→ p̂2 +
q2

c2
Â2 − q

c

(

p̂ · Â+ Â · p̂
)

= −h̄2~∇2
+
q2

c2
~A2 + i

qh̄

c

((

~∇ · ~A
)

+ 2 ~A · ~∇
)

. LMN4M]P
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Ĥ = − h̄2

2m
~∇2

+ i
qh̄

2mc

(

~∇ · ~A
)

+ i
qh̄

mc
~A · ~∇ +

q2

2mc2
~A2 + qV. LMN4MhP
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Ĥ ′ = −i eh̄
2mc

[(

~∇ · ~A
)

+ 2 ~A · ~∇
]

, LMN4MjP
+���� �� 2��, �$ q "���!3��^�� 2��, �$ ���$��� ,

q = −e, e > 0.
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1

2
~B × ~r. LMN4M	P
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~∇× ~A
)
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=

1

2
εijk∂jεklmBlrm =

1
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Bl (δilδjm − δimδjl) δjm = Bi.
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~∇ · ~A =

1

2
εklmBl∂krm = 0,
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2 ~A · ~∇ =
i
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(
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)

· p̂ = i
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i
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Ĥ ′ =
eh̄

2mc

1

h̄
~B · L̂. LMN4M
P

����$�^J
µB =

eh̄

2mc
= 9, 27× 10−21

��+
�- = 9.2740154× 10−24

�
� = 5.78838263× 10−5

��� LMN4N�P
 ���#��� �TdXc��Xc� ���ST4[������ � "�#�H�! )������ �� �� ^(�-2� �#�&��$ � $��-�(� �� �,()�� ���$��� , �
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