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 𝑠 𝑝 𝑑



 ℓ
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真空 介质







𝜆

 𝜈
= 𝜆𝜈
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 𝑐

𝑐 = 𝜈 × 𝜆
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 相长干涉 同相

相消干涉 异相

 色散
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 折射
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𝜖 = 𝑛ℎ𝜈 𝜖

𝑛 ℎ 𝜈

 ℎ
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𝜈 𝜈0

 𝐼𝑝
𝐼



截
止电压𝑉𝑠



𝐸𝑝 = ℎ𝜈
9



 𝜈0 功函数Φ

𝜈0 Φ = ℎ𝜈0 = 𝑒𝑉0 𝑉0

 𝜈0 ℎ𝜈 ℎ𝜈0

电子的动能 𝐸𝑝 = ℎ𝜈 = Φ +
1

2
𝑚𝑢2

 𝑉𝑠 𝑒𝑉𝑠 =

ℎ𝜈 − 𝑒𝑉0
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 连续光谱

不连续光谱
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 𝜆 =
𝐵𝑚2

𝑚2−𝑛2
𝐵

𝑛 𝑚

 𝑚 > 𝑛; 𝑚, 𝑛 ∈ ℤ+ 𝑛 = 2


1

𝜆
=

4

𝐵

1

𝑛2
−

1

𝑚2 = 𝑅H
1

𝑛2
−

1

𝑚2 𝑅H
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𝑢

𝑟 𝐸

ℓ = 𝑚𝑢𝑟 (ℎ/2𝜋) ℓ = 𝑛(ℎ/2𝜋) 𝑛 =

1, 2, 3

 𝑛 𝐸𝑛 = −
𝑅y

𝑛2
𝑅y
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−𝑅H −(𝑅H/4) −(𝑅H/9)

− (𝑅H/16)

 𝑛 → ∞ 𝐸 → 0
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 𝑛 = 1

 Δ𝐸 = 𝐸𝑓 − 𝐸𝑖 = −𝑅H
1

𝑛𝑓
2 −

1

𝑛𝑖
2

 𝐸𝑝 = ℎ𝜈 = 𝐸𝑓 − 𝐸𝑖 = 𝑅H
1

𝑛𝑓
2 −

1

𝑛𝑖
2



 原子发射光谱 原子吸收光谱
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 𝐸𝑖 𝐸𝑖 = 𝑅𝐻

 类氢原子

 𝐸𝑛 = −
𝑍2𝑅H

𝑛2
𝐸𝑖 = 𝑍2𝑅H 𝑍



𝑛 = 5 𝑛 = 3
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 𝐸2 = 𝑝𝑐 2 + 𝑚0𝑐
2 2

𝑝 =
ℎ

𝜆



 𝑢 𝑚 𝑝 = 𝑚𝑢

相位波 𝜆 =
ℎ

𝑝
=

ℎ

𝑚𝑢



衍射
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 0.1𝑐



 𝑥 𝑝

Δ𝑥 Δ𝑝 ≥
ℎ

4𝜋
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 𝐿 𝑛 𝜆 =
2𝐿

𝑛
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𝜓

 𝐿

𝜓𝑛 𝑥 =
2

𝐿
sin

𝑛𝜋𝑥

𝐿
, 𝑛 =

1,2,3⋯ = 2𝐿/𝑛
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 𝐸𝑘 =
1

2
𝑚𝑢2 =

𝑝2

2𝑚
=

ℎ2

2𝑚𝜆2

 𝜆 =
2𝐿

𝑛
𝐸𝑘 =

𝑛2ℎ2

8𝑚𝐿2

 𝑛 = 1



𝝍𝟐 𝝍𝟐

 𝑛 = 1

𝑛 = 2
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𝐸𝑛𝑥𝑛𝑦𝑛𝑧 =
ℎ2

8𝑚

𝑛𝑥
2

𝐿𝑥
2 +

𝑛𝑦
2

𝐿𝑦
2 +

𝑛𝑧
2

𝐿𝑧
2



 𝑛 = 5

 𝑛 = 3
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−
ℎ2

8𝜋𝑚𝑒

𝜕2𝜓

𝜕𝑥2
+

𝜕2𝜓

𝜕𝑦2
+

𝜕2𝜓

𝜕𝑧2
−

𝑍𝑒2

4𝜋𝜖0𝑟
𝜓 = 𝐸𝜓

 𝐸𝑛 = −
𝑅H

𝑛2
𝑅H =

𝜇𝑒4

8𝜖0
2ℎ2

𝜇

1

𝜇
=

1

𝑚𝑒
+

1

𝑚𝑛

 𝑅H
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 𝜃 𝜙 𝑟 𝑥, 𝑦, 𝑧

𝑥2 + 𝑦2 + 𝑧2 = 𝑟2

𝑦 = 𝑟 sin 𝜃 cos 𝜙

𝑧 = 𝑟 cos 𝜃

 𝑅(𝑟)

𝑌 𝜃, 𝜙 𝜓 𝑟, 𝜃, 𝜙 = 𝑅 𝑟 × 𝑌 𝜃, 𝜙

 依次

 𝑛 𝑛 = 1, 2, 3⋯

 ℓ 𝑛 ℓ = 0, 1, 2,3,⋯ , 𝑛 − 1

 𝑚ℓ −ℓ +ℓ 𝑚ℓ = −ℓ,−ℓ + 1,⋯ , 0,⋯ , ℓ − 1, ℓ
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 𝑛 𝑛 ℓ

 𝑛

 ℓ

 𝑚ℓ

 𝑛 = 1 ℓ 𝑚ℓ 𝑛 = 2
ℓ 𝑚ℓ

 𝑛 ℓ
𝑠 𝑝 𝑑 𝑓 𝑔

 𝑛 𝑝
𝑑

 𝐸𝑛 = −
𝑍2𝑅H

𝑛2
𝑍
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𝒀(𝜽,𝝓) 𝒀(𝜽,𝝓) 𝑹(𝒓)

𝑌 𝑠 =
1

4𝜋

2

𝑌 𝑑𝑧2 =
5

16𝜋

1/2

3cos2𝜃 − 1 𝑅1𝑠 = 2
𝑍

𝑎0

3/2

𝑒−𝜎/2

𝑌 𝑝𝑥 =
3

4𝜋

1/2

sin𝜃cos𝜑 𝑌 𝑑𝑥2−𝑦2 =
15

16𝜋

1/2

sin2𝜃cos2𝜑
𝑅2𝑠 =

1

2 2

𝑍

𝑎0

3/2

2 − 𝜎 𝑒−𝜎/2

𝑌 𝑝𝑦 =
3

4𝜋

1/2

sin𝜃sin𝜑 𝑌 𝑑𝑥𝑦 =
15

16𝜋

1/2

sin2𝜃sin2𝜑 𝑅3𝑠 =
1

9 3

𝑍

𝑎0

3/2

6 − 6𝜎 + 𝜎2 𝑒−𝜎/2

𝑌 𝑝𝑧 =
3

4𝜋

1/2

cos𝜃 𝑌 𝑑𝑦𝑧 =
15

4𝜋

1/2

sin𝜃cos𝜃sin𝜑 𝑅2𝑝 =
1

2 6

𝑍

𝑎0

3/2

𝜎𝑒−𝜎/2

𝑌 𝑑𝑥𝑧 =
15

4𝜋

1/2

sin𝜃cos𝜃cos𝜑 𝑅3𝑝 =
1

9 6

𝑍

𝑎0

3/2

4 − 𝜎 𝜎𝑒−𝜎/2

𝑅3𝑑 =
1

9 30

𝑍

𝑎0

3/2

𝜎2𝑒−𝜎/2
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𝜎 =
2𝑍𝑟

𝑛𝑎0



 𝑅(𝑟) 𝑌 𝜃, 𝜙

 𝑠
1

4𝜋

2

 𝑝, 𝑑 𝑛

 𝜎 =
2𝑍𝑟

𝑛𝑎0
𝑎0 𝑎0 =

𝜀0ℎ
2

𝜋𝑚𝑒𝑒
2

 𝑎0
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 𝑛 = 1, 2, 3

 𝑟 𝑅(𝑟) 𝑛

 𝑅(𝑟) 𝑛 − ℓ − 1 𝑛 − ℓ − 1

 𝑠
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 𝑅(𝑟) 𝑒−𝜎/2

 𝑅(𝑟) 𝑛 − ℓ − 1 径向节点 𝑛 − ℓ − 1

 𝑝, 𝑑 𝑅(𝑟) 𝜎 𝑟 = 0

 2𝑠

𝑅 𝑟 =
1

2 2

1

𝑎0
1.5 2 −

𝑟

𝑎0
𝑒
−

𝑟
2𝑎0

 𝑟 = 2𝑎0

30





31



 𝒔
1

4𝜋

2

𝑠

 𝒑 𝑝

𝑝 𝑝𝑥, 𝑝𝑦, 𝑝𝑧 𝑥, 𝑦, 𝑧

𝑝 角度节点

相位

 𝒅 𝑑 𝑑𝑥𝑦 , 𝑑𝑦𝑧, 𝑑𝑥𝑧

𝑑𝑥2−𝑦2 𝑑𝑧2 𝑑

 𝑓, 𝑔, ℎ
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 1𝑠

𝜓 1𝑠 = 𝑅 𝑟 × 𝑌 𝜃, 𝜙 =
2𝑒−𝑟/𝑎0

𝑎0
3/2

×
1

4𝜋
=
𝑒−𝑟/𝑎0

𝜋𝑎0
3

 1𝑠
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 2𝑠

 2𝑠 𝑟 = 2𝑎0 3𝑠

34

𝜓 2𝑠 = 𝑅 𝑟 × 𝑌 𝜃, 𝜙 =
1

2 2

𝑍

𝑎0

3
2

2 − 𝜎 𝑒−𝜎/2 ×
1

4𝜋
=
1

4

1

2𝜋𝑎0
3

1
2

2 −
𝑟

𝑎0
𝑒
−

𝑟
2𝑎0



 2𝑝𝑥 𝜓2

35

𝜓 2𝑝𝑥 = 𝑅 𝑟 × 𝑌 𝜃, 𝜙 =
1

2 6

𝑍

𝑎0

3
2

𝜎𝑒−
𝜎
2 ×

3

4𝜋

1
2

sin𝜃cos𝜑 =
1

4

1

2𝜋𝑎𝑜
3

1
2

𝑒
−

𝑟
2𝑎0 sin 𝜃 cos𝜙



 2𝑝

36



 3𝑑
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 𝑚𝑠

 𝑠 𝑚𝑠 𝑠

𝑚𝑠 𝑠 𝑚𝑠

−𝑠,−𝑠 + 1,⋯ , 𝑠 𝑚𝑠
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39





𝑛 = 1 ℓ 𝑚ℓ 𝑚𝑠

 1𝑠1 𝑛 = 2

2𝑠1 2𝑝1



𝑛, ℓ,𝑚ℓ, 𝑚𝑠

2,1,0,0 2,0,1,
1

2
2,2,0,

1

2
2, −1,0,

1

2
2,1,0, −

1

2
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𝑁 𝐸𝑎 = 𝐹 − 𝐺 𝐹

𝐹 = 𝜖1 + 𝜖2 + 𝜖3 +⋯+ 𝜖𝑁 𝐺

𝑛 𝑛 ℓ

𝐸𝑎 𝐹 𝐸𝑎
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 𝐸𝑎 = 𝐹 − 𝐺

𝜖1
𝜖2

𝐹 − 𝐺
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 𝑠 𝑝, 𝑑

 𝑠 𝑝, 𝑑



𝑟 𝑟

 𝑠 𝑟2𝑅 𝑟

43

 𝜓2 1𝑠 =
1

4𝜋
𝑅2 1𝑠 𝑟 𝑟 + d𝑟

 𝜓2 1𝑠 d𝑉𝑠 =
1

4𝜋
𝑅2 1𝑠 × d𝑉𝑠 d𝑉𝑠 d𝑟

4𝜋𝑟2d𝑟
1

4𝜋
𝑅2 1𝑠 4𝜋𝑟2d𝑟 = 𝑟2𝑅 𝑟 d𝑟



 𝑟2𝑅 𝑟

 1𝑠 2𝑠 2𝑠 2𝑝

 𝑍

𝑍eff

44







1𝑠 2𝑠 2𝑝 3𝑠 3𝑝 4𝑠 3𝑑 4𝑝 5𝑠 4𝑑 5𝑝 6𝑠 4𝑓 5𝑑 6𝑝 7𝑠 5𝑓 6𝑑 7𝑝

原子中不存在量子数完全相同的电子

具有最大平行自旋数的排列的能量低于

由相同配置产生的任何其他排列
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 𝒔𝒑𝒅𝒇

1𝑠22𝑠22𝑝2

1𝑠22𝑠22𝑝𝑥
12𝑝𝑦

1



 1𝑠1 1𝑠2 1𝑠22𝑠1 1𝑠22𝑠2 1𝑠22𝑠22𝑝1

1𝑠22𝑠22𝑝𝑥
12𝑝𝑦

1
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 3𝑠 3𝑝 1𝑠22𝑠22𝑝6

 4𝑠1 4𝑠2

 3𝑑 𝑑

4𝑠

 3𝑑54𝑠1 3𝑑104𝑠1
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3𝑑104𝑠24𝑝6



4𝑑105𝑠25𝑝6



4𝑓145𝑑106𝑠26𝑝6
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 𝑠 𝑛𝑠1

 𝑠 𝑛𝑠2

 𝑛𝑠2𝑛𝑝5

 𝑛𝑠2𝑛𝑝6

 𝑠 𝑝 𝑑 𝑓
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1𝑠22𝑠22𝑝63𝑠23𝑝5
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