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1√
2
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φs
0 = ψ1,0,0(r1)ψ1,0,0(r2)χsinglet = ψ1,0,0(r1)ψ1,0,0(r2)

1√
2
(|+,−〉 − |−,+〉). F9C

���� 
 �	B� φt
0 U��
 %��5 �����

\



E�� %#� ����� %��5 ��� ���
�

E0 =
−1
2
mc2(Zα)2 − −1

2
mc2(Zα)2 = −8 × 13.6 ev = −108.8 ev. F10C

"Q�� �  8�� n = 2 %��5 �� ����� � n = 1 %��5 �� �� ���.D�� !� �D� �� �	8 �� %#�� �.7� �.N��
��� %��5 �����
E��  
����� %��5 ����� ���
� ��� %��5

φs
1 =

1√
2
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3r2ψ
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Ψ(r1, r2) = φ(r1)φ(r2) F27C
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H∗φ = (
P 2

2m
− Z∗e2

r
)φ(r) = E∗

0φ(r) F28C
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0 = −1

2
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〈Ψ|H |Ψ〉 =
∫
d3r1d

3r2φ
∗(r1)φ∗(r2)

(
P 2

1

2m
+
P 2

2

2m
− Ze2

r1
− Ze2

r2
+

e2

|r1 − r2|
)
φ(r1)φ(r2) F30C
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H =
P 2

1

2m
− Z∗e2

r1
+
P 2

2

2m
− Z∗e2

r2
+

(Z∗ − Z)e2

r1
+

(Z∗ − Z)e2

r2
+

e2

|r1 − r2|
= H∗

1 +H∗
2 +

(Z∗ − Z)e2

r1
+

(Z∗ − Z)e2

r2
+

e2

|r1 − r2| . F31C
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0 + 2(Z∗ − Z)e2〈1

r
〉 + 〈 e2

|r1 − r2| 〉. F32C
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� �� l	��� $�� !� �� �*�� O� 〈1
r 〉 I��<1 ���� %3��� �� �*�� ��

����� ���� "��� `�35 ��<7

〈1
r
〉 =

1
a0

F33C
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〈 e2

|r1 − r2| 〉 =
5
8
Ze2

a0
. F34C
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〈Ψ|H |Ψ〉 = − e2

2a0

[
−2Z∗2 + 4Z∗Z − 5

4
Z∗

]
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α2mc2(Z − 5

16
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1√
2

(ψ1,0,0(r1)ψn,l,m(r2) + ψ1,0,0(r2)ψn,l,m(r1))χsinglet , F37C
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n,l = 〈Ψ(s,t)

n,l,m| e2

|r1 − r2| |Ψ
(s,t)
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=
1
2

∫
e2

|r1 − r2| [ψ1,0,0(r1)ψn,l,m(r2) ± ψ1,0,0(r2)ψn,l,m(r1)]
2

=
∫

e2

|r1 − r2| |ψ1,0,0(r1)|2|ψn,l,m(r2)|2 ±
∫

e2

|r1 − r2|ψ
∗
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= Jn,l ±Kn,l F40C
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