
Introduction to the Controlled 

thermal Fusion



Homework 20230426

[𝑱]

[𝒎𝟑]
=
[𝑵.𝒎]

[𝒎𝟑]
=

[𝑵]

[𝒎𝟐]
= [𝑷𝒂]

𝝉~
𝑹𝒇

𝑪𝒔
~

𝑹𝒇

𝑻/𝒎
~

𝟔 × 𝟏𝟎−𝟓𝒎

𝟓 × 𝟏𝟎𝟑 × 𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗/𝟏𝟎−𝟐𝟕
~
𝟏𝟎−𝟓

𝟏𝟎𝟓
~𝟏𝟎𝟏𝟎𝒔



Homework 20230506

𝜌 =

4
3𝜋(𝜌𝑟)

3

𝑚
= 75.2 𝑔/𝑐𝑚3

𝑝 = 2𝑛𝑇 = 2
𝜌

𝑚
𝑇 = 2.9 × 1010𝑀𝑝𝑎

𝐸 = 4.84 × 105
(𝜌𝑟)3

𝜌2
𝑇 = 1.16 × 104𝐽

𝑝 = 2.2𝜌5/3 = 2𝑛𝑇 = 2
𝜌

𝑚𝐷𝑇
𝑇, 𝑇 = 5𝑘𝑒𝑉, 𝜌~103𝑔/𝑐𝑐

𝐸 =
3

2
𝑝𝑉 =

3

2
𝑝
𝑚𝐷𝑇

𝜌
=
3

2
× 2.2 × 105𝜌5/3

𝑚𝐷𝑇

𝜌
~102𝐽

𝐸 = 𝑚𝜖 = 𝑚 × 3.27 × 105𝜌2/3 = 2.9 × 103𝐽

𝐸 =
3

2
𝑁𝑇 =

3

2

𝑚𝐷𝑇

𝑀𝐷𝑇,𝑚𝑜𝑙
𝑇

=
3

2

2 × 10−4

2
× 6.02 × 1023 × 5 × 103 × 1.6 × 10−19

= 7.224 × 104𝐽

1.

2.

3.



Homework 20230508

𝑀
𝑑2𝑅

𝑑𝑡2
= 4π𝑅2𝑝

𝑝 = 𝑝0(
𝜌0
𝜌
)−𝛾𝑀 = 𝜌𝑅3 = 𝑀0 = 𝜌𝑅0

3

𝑑2𝑅

𝑑𝑡2
= ∁𝑅𝛼 ∁=

4𝜋𝑝0𝑅0
3𝛾

𝑀
𝛼 = 2 − 3𝛾

𝐸𝑘 =
1

2
𝑚𝑉2~1.88 × 107𝐽

𝑚ℎ𝑜𝑡 = 𝜌ℎ𝑉ℎ =
4𝜋(𝜌ℎ 𝑟ℎ )3

3𝜌ℎ
2 , 𝜌ℎ = 2.88 × 10−5𝑚

𝐸𝑘 = 𝐸𝑡ℎ =
3

2
𝑛𝑇 𝑉 = 2𝜋𝜌ℎ

3𝑝ℎ

𝑑𝑅

𝑑𝑡
ቚ
𝑅=𝑅0

= 𝑉𝑖𝑚𝑝

1.

2.



Homework 20230510
𝜕𝜌

𝜕𝑡
+ 𝛻 ⋅ 𝜌𝑢 =

𝜕𝜌

𝜕𝑡
+ 𝜌𝛻 ⋅ 𝑢 + 𝑢 ⋅ 𝛻𝜌 = 0

𝜕 𝜌𝑢

𝜕𝑡
+ 𝛻 ⋅ 𝜌𝑢𝑢 + 𝛻𝑝 =

𝜌
𝜕𝑢

𝜕𝑡
+ 𝑢

𝜕𝜌

𝜕𝑡
+ 𝛻𝜌 ⋅ 𝑢𝑢 + 𝜌𝛻 ⋅ 𝑢𝑢 + 𝜌𝑢 ⋅ 𝛻𝑢 + 𝛻𝑝 = 0

𝜕
1
2𝜌𝑢

2 + 𝜌𝜖

𝜕𝑡
+ 𝛻 ⋅

1

2
𝜌𝑢2 + 𝜌𝜖 + 𝑝 𝑢 =

1

2
𝑢2

𝜕𝜌

𝜕𝑡
+ 𝜌𝑢

𝜕𝑢

𝜕𝑡
+ 𝜌

𝜕𝜖

𝜕𝑡
+ 𝜖

𝜕𝜌

𝜕𝑡
+

𝑢 ⋅ 𝜖𝛻𝜌 + 𝑢 ⋅ 𝜌𝛻𝜖 + 𝑢 ⋅ 𝛻𝑝 + 𝑢 ⋅
1

2
𝑢2𝛻𝜌 + 𝑢 ⋅ (𝜌𝑢𝛻𝑢) +

1

2
𝜌𝑢2𝛻 ⋅ 𝑢 + 𝜌𝜖𝛻 ⋅ 𝑢 + 𝑝𝛻 ⋅ 𝑢

= 𝜌
𝜕𝜖

𝜕𝑡
+ 𝑢 ⋅ 𝛻 𝜖 + 𝑝𝛻 ⋅ 𝑢 −

𝑝

𝜌

𝜕𝜌

𝜕𝑡
+ 𝜌𝛻 ⋅ 𝑢 + 𝑢 ⋅ 𝛻𝜌

= 𝜌
𝜕𝜖

𝜕𝑡
+ 𝑢 ⋅ 𝛻 𝜖 −

𝑝

𝜌

𝜕𝜌

𝜕𝑡
+ 𝑢 ⋅ 𝛻 𝜌 = 0

𝛻 ⋅ Ԧ𝑎 Ԧ𝑏 = 𝛻 ⋅ Ԧ𝑎 Ԧ𝑏 + Ԧ𝑎 ⋅ (𝛻 Ԧ𝑏)

𝛻 ⋅ 𝐴 Ԧ𝑎 = 𝐴 𝛻 ⋅ Ԧ𝑎 + Ԧ𝑎 ⋅ (𝛻𝐴)
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𝜌 = 𝑚𝑛, 𝑝 =
𝜌𝑇

𝑚
+
𝑎𝑇4

4
, 𝑠 =

1

𝑚
ln

𝑚𝑇
3
2

𝜌
+
𝑎𝑇3

𝜌
= 𝑐𝑜𝑛𝑠𝑡.

𝑐𝑠 =
𝜕𝑝

𝜕𝜌
𝑠

=
𝑇

𝑚
+
𝜌

𝑚

𝑑𝑇

𝑑𝜌
+ 𝑎𝑇3

𝑑𝑇

𝑑𝜌

𝑑𝑠 = 0 ⇒
2

2𝑚𝑇
+
3𝑎𝑇2

𝜌
𝑑𝑇 =

1

𝑚𝜌
+
𝑎𝑇3

𝜌2
𝑑𝜌 ⇒

𝑑𝑇

𝑑𝜌
=

2𝑇 𝜌 + 𝑎𝑚𝑇3

3𝜌 𝜌 + 2𝑎𝑚𝑇3

𝑐𝑠 =
𝑇

𝑚
+

2𝑇 𝜌 + 𝑎𝑚𝑇3 2

3𝑚𝜌 𝜌 + 2𝑎𝑚𝑇3
=

𝑇

𝑚
1 +

2 𝑛 + 𝑎𝑇3 2

3𝑛 𝑛 + 2𝑎𝑇3

3.



Homework 20230510

𝑚 = 2𝜋 න
2

𝑟

𝜌 𝑟′, 𝑡 𝑟′𝑑𝑟′ ,

𝜕𝑚

𝜕t
= 2𝜋න

0

𝑟 𝜕𝜌

𝜕t
𝑟′𝑑𝑟′ = −2𝜋න

0

𝑟 𝜕 𝜌𝑢𝑟′

𝜕𝑟′
𝑑𝑟′ = −2𝜋𝜌𝑢𝑟

𝜕𝑚

𝜕𝑟
= 2𝜋𝜌𝑟,

𝜕

𝜕𝑡
+ 𝑢

𝜕

𝜕𝑥
=

𝜕

𝜕𝜏
,

𝜕

𝜕𝑟
=
𝜕𝑚

𝜕𝑟

𝜕

𝜕𝑚
+
𝜕𝜏

𝜕𝑟

𝜕

𝜕𝜏
= 2𝜋𝜌𝑟

𝜕

𝜕𝑚
𝜕

𝜕𝑡
=
𝜕𝑚

𝜕𝑡

𝜕

𝜕𝑚
+
𝜕𝜏

𝜕𝑟

𝜕

𝜕𝜏
= −2𝜋𝜌𝑢𝑟

𝜕

𝜕𝑚
+

𝜕

𝜕𝜏

𝜕𝑉

𝜕𝜏
=

𝜕

𝜕𝑚
2𝜋𝑢𝑟

𝜕𝑢

𝜕𝜏
= −2𝜋𝑟

𝜕𝑝

𝜕𝑚
𝜕𝑠

𝜕𝜏
= 0

4.



Homework 20230515

𝑇𝑑𝑠 = 𝑑𝜖 + 𝑝𝑑𝑉, 𝑇𝑠 = 𝜖 + 𝑝𝑉 = ℎ

𝜕
1
2
𝜌𝑢2 + 𝜌𝜖

𝜕𝑡
+ 𝛻 ⋅

1

2
𝜌𝑢2 + 𝜌ℎ 𝑢 + Π ⋅ 𝑢 − 𝜅𝛻𝑇 =

𝜕
1
2
𝜌𝑢2 + 𝜌𝑇𝑠 − 𝑝

𝜕𝑡
+ 𝛻 ⋅

1

2
𝜌𝑢2 + 𝜌𝑇𝑠 𝑢 + Π ⋅ 𝑢 − 𝜅𝛻𝑇 =

=
1

2
𝑢2

𝜕𝜌

𝜕𝑡
+ 𝜌𝑢

𝜕𝑢

𝜕𝑡
+ 𝜌𝑇

𝜕𝑠

𝜕𝑡
+ 𝑇𝑠

𝜕𝜌

𝜕𝑡
+ 𝜌𝑠

𝜕𝑇

𝜕𝑡
−
𝜕𝑝

𝜕𝑡
+

1

2
𝜌𝑢2𝛻 ⋅ 𝑢 + 𝜌𝑇𝑠𝛻 ⋅ 𝑢 +

𝑢 ⋅
1

2
𝑢2𝛻𝜌 + 𝜌𝑢𝛻𝑢 + 𝑇𝑠𝛻𝜌 + 𝑇𝜌𝛻𝑠 + 𝜌𝑠𝛻𝑇

+u ⋅ 𝛻 ⋅ Π + Π ⋅ 𝛻 ⋅ 𝑢 − 𝛻 ⋅ 𝜅𝛻𝑇

= 𝜌𝑇
𝜕𝑠

𝜕𝑡
+ 𝑢 ⋅ 𝛻𝑠 + 𝜌𝑠

𝜕𝑇

𝜕𝑡
+ 𝑢 ⋅ 𝛻𝑇 −

𝜕𝑝

𝜕𝑡
+ 𝑢 ⋅ 𝛻𝑝 + Π ⋅ 𝛻 ⋅ 𝑢 − 𝛻 ⋅ 𝜅𝛻𝑇



Homework 20230517

𝑝𝜌−𝛾 = 𝑐𝑜𝑛𝑠𝑡. 𝑑𝑝 =
𝛾𝑝

𝜌
𝑑𝜌 𝑐𝑠 =

𝑑𝑝

𝑑𝜌
= (

𝛾𝑝

𝜌
)1/2= (𝑐𝑜𝑛𝑠𝑡. 𝛾𝜌𝛾−1)1/2

𝑙 = න
𝑑𝑝

𝜌𝑐𝑠
= න

𝑐𝑠
𝜌
𝑑𝜌 =

2

𝛾 − 1
𝑐𝑠

𝑝𝑉𝛾 = 𝑐𝑜𝑛𝑠𝑡.
𝜕𝑉

𝜕𝑝
= −

𝑉

𝛾𝑝

𝜕2𝑉

𝜕𝑝2
= −

1

𝛾

𝜕

𝜕𝑝
𝑉𝑝−1 =

1 + 𝛾 𝑉

𝛾2𝑝2

𝜕𝑟

𝜕𝑥

𝜕𝑠

𝜕𝑡
−
𝜕𝑠

𝜕𝑥

𝜕𝑟

𝜕𝑡
=
𝜕𝑟

𝜕𝑥

𝜕𝑠

𝜕𝑥
(𝑢 + 𝑐𝑠) −

𝜕𝑠

𝜕𝑥

𝜕𝑟

𝜕𝑥
(𝑢 − 𝑐𝑠) = 2𝑐𝑠

𝜕𝑟

𝜕𝑥

𝜕𝑠

𝜕𝑥

1.

2.

3.
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4.

2𝑟 = 𝑙 + 𝑢, 2s = l − u 𝑙 = න
𝑐𝑠
𝜌
𝑑𝜌

2𝑑𝑟 = 𝑑𝑙 + 𝑑𝑢 =
𝑐𝑠
𝜌
𝑑𝜌 + 𝑑𝑢 =

𝑐𝑠
𝜌

𝑑𝜌

𝑑𝑐𝑠
𝑑𝑐𝑠 =

𝑑𝑙𝑛𝜌

𝑑𝑙𝑛𝑐𝑠
𝑑𝑐𝑠 + 𝑑𝑢

2𝑑𝑠 =
𝑑𝑙𝑛𝜌

𝑑𝑙𝑛𝑐𝑠
𝑑𝑐𝑠 − 𝑑𝑢

𝑑𝑢 = 𝑑𝑟 − 𝑑𝑠 𝑑𝑐𝑠 =
𝑑𝑙𝑛𝑐𝑠
𝑑𝑙𝑛𝜌

(𝑑𝑟 + 𝑑𝑠)

𝜕𝑢

𝜕𝑠
= −1,

𝜕𝑢

𝜕𝑟
= 1

𝜕𝑐𝑠
𝜕𝑠

=
𝜕𝑐𝑠
𝜕𝑟

=
𝑑𝑙𝑛𝑐𝑠
𝑑𝑙𝑛𝜌



Homework 20230522

1.

𝑠 =
𝑐𝑠

𝛾 − 1
−
𝑢

2
= 𝑐𝑜𝑛𝑠𝑡. 𝑐𝑠 = 𝑐𝑠0 +

𝛾 − 1

2
𝑢

活塞面处，流体速度等于活塞速度u=-U，活塞坐标

𝑥(𝑡) = න−𝑈𝑑𝑡 = −𝑈𝑡

简单波方程中替换成活塞速度
𝑓(𝑢) = 𝑥(𝑡) − 𝑢 + 𝑐𝑠 𝑡 → 𝑓𝑈 = −𝑈𝑡 − −𝑈 + 𝑐𝑠 𝑡

𝑓(𝑈) = −𝑈𝑡 − −𝑈 + 𝑐𝑠0 −
𝛾 − 1

2
𝑈 𝑡

= − 𝑐𝑠0 −
𝛾 − 1

2
𝑈 𝑡

带入简单波方程𝑥 = 𝑢 + 𝑐𝑠 𝑡 + 𝑓 𝑢 ，

替换回流体速度，得到流体运动
𝑥

𝑡
= 𝑐𝑠0 +

𝛾 + 1

2
𝑢 +

𝑓 𝑢

𝑡
= 𝑐𝑠0 +

𝛾 + 1

2
𝑢 − 𝑐𝑠0 −

𝛾 − 1

2
𝑢

𝑥 = 𝑢𝑡
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2.
活塞坐标

𝑥(𝑡) = න−𝑈1𝑑𝑡 = −𝑈1𝑡, 0 < 𝑡 < 𝜏1

= −𝑈1𝜏1 +න
𝜏1

−𝑈2𝑑𝑡 = −𝑈1𝜏1 − 𝑈2 𝑡 − 𝜏1 = 𝑈2 − 𝑈1 𝜏1 − 𝑈2𝑡, 𝑡 ≥ 𝜏1

简单波方程中替换成活塞速度

𝑓(𝑈) = − 𝑐𝑠0 −
𝛾 − 1

2
𝑈1 𝑡, 0 < 𝑡 < 𝜏1

= 𝑈2 − 𝑈1 𝜏1 − 𝑐𝑠0 −
𝛾 − 1

2
𝑈2 𝑡, 𝑡 ≥ 𝜏1

带入简单波方程𝑥 = 𝑢 + 𝑐𝑠 𝑡 + 𝑓 𝑢 ，

替换回流体速度，得到流体运动
𝑥 = 𝑢𝑡, 0 < 𝑡 < 𝜏1
= 𝑈2 − 𝑈1 𝜏1 + 𝑢𝑡, 𝑡 ≥ 𝜏1

3.
活塞坐标

𝑥(𝑡) = න−𝑎𝑡𝑑𝑡 = −
1

2
𝑎𝑡2, 𝑈 = −𝑎𝑡, 𝑡 = −

𝑈

𝑎
简单波方程中替换成活塞速度

𝑓(𝑈) = −
1

2
𝑎𝑡2 − −𝑎𝑡 + 𝑐𝑠0 −

𝛾 − 1

2
𝑎𝑡 𝑡 =

𝛾

2

𝑈2

𝑎
+ 𝑐𝑠0

𝑈

𝑎

替换回流体速度，得到流体运动

𝑥 = 𝑐𝑠0 +
𝛾 + 1

2
𝑢 𝑡 +

𝛾

2

𝑢2

𝑎
+ 𝑐𝑠0

𝑢

𝑎

脱离时刻

𝑡 =
2𝑐𝑠0

𝑎(𝛾 − 1)
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𝜌1𝑣1 = 𝜌0𝑣0, 𝜌1 𝑈𝑝 − 𝑈𝑠 = 𝜌0 0 − 𝑈𝑠 , 𝜌1 =
𝑈𝑠

𝑈𝑠 − 𝑈𝑝
𝜌0

𝑝1 + 𝜌1𝑣1
2 = 𝑝0 + 𝜌0𝑣0

2, 𝑝1 = 𝑝0 + 𝜌0 0 − 𝑈𝑠
2 − 𝜌1 𝑈𝑝 − 𝑈𝑠

2

𝑝1 = 𝑝0 + 𝜌0𝑈𝑠𝑈𝑃

1.

2.
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3.

4.

𝑝1𝑉1 − 𝑝0𝑉0
𝛾 − 1

=
1

2
(𝑝0 + 𝑝1)(𝑉0 − 𝑉1)

2

𝛾 − 1
𝑝1𝑉1 − 𝑝0𝑉0 = 𝑝0 + 𝑝1 𝑉0 − 𝑝0 + 𝑝1 𝑉1

2

𝛾 − 1
𝑝1 + 𝑝0 + 𝑝1 𝑉1 = 𝑝0 + 𝑝1 +

2

𝛾 − 1
𝑝0 𝑉0

ℎ =
𝑐2

𝛾 − 1
=

𝛾𝑝𝑉

𝛾 − 1
= 𝑝𝑉 +

𝑝𝑉

𝛾 − 1
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5.

Δ𝑠 = 𝑠 − 𝑠0 =
𝑐𝑣
𝑚
ln

𝑝𝜌−𝛾

𝑝0𝜌0
−𝛾 =

𝑐𝑣
𝑚
ln(

𝛾 + 1 − 𝛾 − 1
𝑉
𝑉0

𝛾 + 1
𝑉
𝑉0
− 𝛾 − 1

𝑉

V0

𝛾

)

𝑉0 − 𝑉1
𝑉0

≪ 1,
𝑉1
𝑉0

~1, 𝛼 =
𝑉1
𝑉0

Δ𝑠 =
𝑐𝑣
𝑚
ln(

𝛾 + 1 𝛼𝛾 − 𝛾 − 1 𝛼1+𝛾

𝛾 + 1 𝛼 − 𝛾 − 1
)

=
𝑐𝑣
𝑚

ln 𝛾 + 1 𝛼𝛾 1 −
𝛾 − 1

𝛾 + 1
𝛼 − ln 𝛾 + 1 𝛼 − 𝛾 − 1

=
𝑐𝑣
𝑚

ln 𝛾 + 1 + 𝛾𝑙𝑛𝛼 + ln
2 + 𝛾 − 1 𝛽

𝛾 + 1
− ln 2 − 𝛾 + 1 𝛽 ,

𝛼 =
𝑉0 − 𝑉0 + 𝑉1

𝑉0
= 1 − 𝛽, 𝛽 =

𝑉0 − 𝑉1
𝑉0

∼ 0

=
𝑐𝑣
𝑚

𝛾 ln 1 − 𝛽 + ln
2 + 𝛾 − 1 𝛽

2 − 𝛾 + 1 𝛽

=
𝑐𝑣
𝑚

𝛾 ln 1 − 𝛽 + ln
1 +

𝛾 − 1
2 𝛽

1 −
𝛾 + 1
2 𝛽

𝑐𝑣
𝑚

𝛾 ln 1 − 𝛽 + ln 1 +
𝛾 − 1

2
𝛽 + ln(1 −

𝛾 − 1

2
𝛽)

=
𝑐𝑣
𝑚

𝛾 −𝛽 −
𝛽2

2
+
𝛽3

3
+

𝛾 − 1

2
𝛽 −

1

2

𝛾 − 1

2
𝛽

2

+
1

3

𝛾 − 1

2
𝛽

3

+⋯

−
𝛾 − 1

2
𝛽 −

1

2

𝛾 − 1

2
𝛽

2

−
1

3

𝛾 − 1

2
𝛽

3

ln 1 + 𝑥 = 𝑥 −
𝑥2

2
+
𝑥3

3
−⋯ .



Homework 20230529

1.
1.1.

1.2.

1.3.



Homework 20230529

2.
𝑠 = 𝑠0 + Δ𝑠
𝑐

𝛾 − 1
−
𝑢

2
=

𝑐0
𝛾 − 1

−
𝑢0
2
+ Δ𝑠

𝑐 = 𝑐0 +
𝛾 − 1

2
𝑢 − 𝑢0 + Δ𝑠, Δ𝑠 =

1

12𝑇0

𝜕2𝑝

𝜕𝑉2
𝑠

ΔV3

𝑢 = −𝑗𝑉, 𝑢0 = −𝑗𝑉0, Δ𝑉 = 𝑉0 − 𝑉 = (𝑢 − 𝑢0)/𝑗

3. 𝑐1 = 𝑐0 +
𝛾 − 1

2
𝑢1 − 𝑢0 ,

𝛾 + 1

4
=

𝑐1 − 𝑐0
2(𝑢1 − 𝑢0)

+
1

2

𝑈𝑠 = 𝑢0 +
𝑐1 − 𝑐0

2
+
𝑢1 − 𝑢0

2
+ 𝑐0 1 +

𝑐1 − 𝑐0 + 𝑢1 − 𝑢0
2𝑐0

2

≃
𝑐0 + 𝑐1 + 𝑢0 + 𝑢1

2
− 𝑐0 + 𝑐0(1 +

1

2

𝑢1 + 𝑐1 − 𝑢0 − 𝑐0
2

4𝑐0
2 )

𝑐1 − 𝑐0 + 𝑢1 − 𝑢0
2𝑐0

2

∼ 0小量， 1 +
𝑐1 − 𝑐0 + 𝑢1 − 𝑢0

2𝑐0

2

泰勒展开



Homework 20230531

𝑝3 = 2𝑝2 = 4𝑝1, 𝑝3 > 𝑝2 > 𝑝1

𝑢1 − 𝑢2 = −𝑢2 = 𝑝2 − 𝑝1 𝑉1 − 𝑉2

𝑢3 − 𝑢2 = න
𝑝2

𝑝3 𝑑𝑝

𝑐𝑠𝜌
=

2𝑐𝑠
𝛾 − 1

1 −
𝑝2
𝑝3

𝛾−1
2𝛾



Homework 20230605

𝑛𝑒 = 𝑛𝑖 , , 𝑒 = 1.6022 × 10−19𝐶,

𝜔 = 𝜔𝑝𝑒 =
4𝜋𝑛𝑒𝑒2

𝑚𝑒
=

4𝜋 × 5 × 1026 𝑚−3 × 1.602 × 10−19 𝐶 2

9.11 × 10−31 𝑘𝑔
≃ 1.3304 × 1010,

𝜈𝑒𝑖 =
4 2𝜋

3

22 × 1.602 × 10−19 4 × 5 × 1026

2500 𝑒𝑉
3
2 × 9.11 × 10−31

1
2

ln
2
5
2 × 2500

3
2

1.781
5
2 × 1.3304 × 1010 × 2 × 1.602 × 10−19 2 × 9.11 × 10−31

1
2

≃ 4.0282 × 10−36

𝜔 = 8.4144 × 109, 𝜈𝑒𝑖 = 1.6181 × 10−36, 𝜄𝐼𝐵 =
1

𝜅𝐼𝐵
= 8.2038 × 1045

𝑓 =
1

𝑇
, 𝜌 =

𝑀

𝐿 3 , 𝑇𝑠 =
𝑀

𝑇 2 , 𝑅 = 𝐿 , 𝑓 = 𝜌𝑎1𝑇𝑠
𝑎2𝑅𝑎3, 𝑎1 = −

1

2
, 𝑎2 =

1

2
, 𝑎3 = −

3

2
, 𝑓 = 𝜌−

1

2𝑇𝑠

1

2𝑅−
3

2

1.

2.

3.



Homework 20230605

𝑛𝑒 = 𝑛𝑖 , , 𝑒 = 4.8032 × 10−10𝑠𝑡𝑎𝑡𝑐𝑜𝑢𝑙𝑜𝑚𝑏,

𝜔 = 𝜔𝑝𝑒 =
4𝜋𝑛𝑒𝑒2

𝑚𝑒
=

4𝜋 × 5 × 1020 𝑐𝑚−3 × 4.8032 × 10−10 𝑠𝑡𝑎𝑡𝐶 2

9.11 × 10−28 𝑔
≃ 1.2614 × 1015,

𝜈𝑒𝑖 =
4 2𝜋

3

22 × 4.8032 × 10−10 4 × 5 × 1020

2500 𝑒𝑉
3
2 × 9.11 × 10−28

1
2

ln
2
5
2 × 2500

3
2

1.781
5
2 × 1.2614 × 1015 × 2 × 4.8032 × 10−10 2 × 9.11 × 10−28

1
2

≃ 4.7722 × 10−6

𝑓 =
1

𝑇
, 𝜌 =

𝑀

𝐿 3 , 𝑇𝑠 =
𝑀

𝑇 2 , 𝑅 = 𝐿 , 𝑓 = 𝜌𝑎1𝑇𝑠
𝑎2𝑅𝑎3, 𝑎1 = −

1

2
, 𝑎2 =

1

2
, 𝑎3 = −

3

2
, 𝑓 = 𝜌−

1

2𝑇𝑠

1

2𝑅−
3

2

1.

2.

3.

𝜔 = 𝜔𝑝𝑒 = 7.978 × 1014, 𝜈𝑒𝑖 = 1.9262 × 10−6, 𝜄𝐼𝐵 =
1

𝜅𝐼𝐵
= 6.8914 × 1015

𝜔 =
2𝜋𝑐

𝜆
= 5.3676 × 1015, 𝜈𝑒𝑖 = 1.8543 × 10−6, 𝜄𝐼𝐵 =

1

𝜅𝐼𝐵
= 7.1586 × 1045



Homework 20230607

𝜉 =
𝑥

𝑄0
𝑚𝑎𝑡

1
𝑚+2

, 𝐸 =
𝑄0
2

𝑎𝑡

1
𝑚+2

𝑓 𝜉

𝑙𝑛𝐸 =
2

𝑚 + 2
𝑙𝑛𝑄0 −

1

𝑚 + 2
𝑙𝑛𝑎 + 𝑙𝑛𝑡 + 𝑙𝑛𝑓,

𝜕𝐸

𝜕𝑡
= −

1

𝑚 + 2

𝐸

𝑡
,
𝜕𝐸

𝜕𝑓
=
𝐸

𝑓

𝑙𝑛𝜉 = 𝑙𝑛𝑥 −
𝑚

𝑚 + 2
𝑙𝑛𝑄0 −

1

𝑚 + 2
𝑙𝑛𝑎 + 𝑙𝑛𝑡 ,

𝜕𝜉

𝜕𝑡
= −

1

𝑚 + 2

𝜉

𝑡
,
𝜕𝜉

𝜕𝑥
=
𝜉

𝑥
𝜕𝐸

𝜕𝑥
=
𝜕𝐸

𝜕𝑓

𝜕𝑓

𝜕𝜉

𝜕𝜉

𝜕𝑥
=
𝐸𝜉

𝑓𝑥

𝑑𝑓

𝑑𝜉
,

𝜕2𝐸

𝜕𝑥2
=

𝜕

𝜕𝑥

𝐸𝜉

𝑓𝑥

𝜕𝑓

𝜕𝜉
=

𝜕𝐸

𝜕𝑥

𝜉

𝑓𝑥
+
𝜕𝜉

𝜕𝑥

𝐸

𝑓𝑥
−

𝐸𝜉

𝑓2𝑥

𝜕𝑓

𝜕𝜉

𝜕𝜉

𝜕𝑥
−

𝐸𝜉

𝑓𝑥2
𝜕𝑓

𝜕𝜉
+
𝐸𝜉

𝑓𝑥

𝜕

𝜕𝜉

𝜕𝜉

𝜕𝑥

𝑑𝑓

𝑑𝜉
=
𝐸𝜉2

𝑓𝑥2
𝑑2𝑓

𝑑𝜉2

𝜕𝐸

𝜕𝑡
= 𝑎

𝜕

𝜕𝑥
𝐸𝑚

𝜕𝐸

𝜕𝑥

𝜕𝐸

𝜕𝑓

𝜕𝑓

𝜕𝜉

𝜕𝜉

𝜕𝑡
−

1

𝑚 + 2

𝐸

𝑡
= 𝑎𝑚𝐸𝑚−1

𝜕𝐸

𝜕𝑓

𝜕𝑓

𝜕𝜉

𝜕𝜉

𝜕𝑥

2

+ 𝑎𝐸𝑚
𝜕2𝐸

𝜕𝑥2

fm
𝑑2𝑓

𝑑𝜉2
+𝑚𝑓𝑚−1

𝑑𝑓

𝑑𝜉

2

+
𝜉

𝑚+ 2

𝑑𝑓

𝑑𝜉
+

𝑓

𝑚+ 2
= 0

𝑑 𝑓𝑚
𝑑𝑓

𝑑𝜉
+

𝜉𝑓

𝑚 + 2
= 0

𝑑𝑓𝑚 = −
𝑚

2 𝑚+ 2
𝑑𝜉2, 𝑓 =

𝑚

2 𝑚 + 2

1
𝑚

𝜉0
2 − 𝜉2

1
𝑚



Homework 20230607

𝐼𝑎 = 0.5𝐼 = 2.5 × 1014𝑊. 𝑐𝑚−2, 𝑛𝑐 𝑐𝑚
−3 ≃

1.1 × 1021

𝜆𝜇𝑚
2 ≃ 8.9285 × 1021[𝑐𝑚−3]

𝜌𝑐
𝐵𝑒 =

9

4
𝑚𝑎𝑛𝑐 =

9

4
× 1.673 × 10−24 𝑔 × 8.9285 × 1021 = 3.361 × 10−2[𝑔. 𝑐𝑚−3],

𝑇 =
9 × 1.673 × 10−24

4 + 1
×

2.5 × 1014

4 × 3.361 × 10−2

2
3

≃ 4.5538 × 10−14𝐽 ≃ 2.846 × 105𝑒𝑉 ≃ 109𝐾, 1𝑒𝑉 ≃ 104𝐾

𝑝𝑎 = 12 × 2.5
2
3 ×

1

0.351

2
3

×
9

2 × 4

1
3

≃ 46.2𝑀𝑏𝑎𝑟,

𝑝𝑎 ≃
1

2
1
3

𝐼𝑎

2
3𝜌𝑐

1
3 ≃

1

2
1
3

× 2.5 × 1018 𝑊.𝑚−2
2
3 × 33.61 𝑘𝑔.𝑚−3

1
3 ≃ 4.718 × 1012𝑃𝑎 = 47.18𝑀𝑏𝑎𝑟

𝑝𝑎
𝜆1

𝑝𝑎
𝜆2
=

𝜆2
𝜆1

2
3

=
0.35

0.53

2
3

≃ 0.7583



Homework 20230612/14

𝑍2 =
σ𝑖 𝑍𝑖

2𝑛𝑖
σ𝑖 𝑛𝑖

, ҧ𝑍 =
σ𝑖 𝑍𝑖𝑛𝑖
σ𝑖 𝑛𝑖

, 𝑙𝑛Λ𝑒𝑖 = 𝑐𝑜𝑛𝑠𝑡.

𝐼𝐵𝑒: 𝐼𝐶: 𝐼𝐶𝐻 ≃ 3.78: 7.34: 7.57



Homework 20230612/14

𝛼𝑎𝑙𝑏𝑒𝑑𝑜 =
1

1 + 12.7 × 290−
3
4 × 3−

1
2

≃ 0.91

𝐴𝑤 = 𝜋 × 6.4 × 11.24 ≃ 225.99𝑚𝑚2

𝐴𝐿𝐸𝐻 = 𝜋 × 22 ≃ 25.57𝑚𝑚2

𝐴𝐶𝐴𝑃 = 4 × 𝜋 × 0.552 ≃ 3.80𝑚𝑚2

𝜂𝐶𝐸 ≃ 0.9, 𝛼𝑊 ≃ 0.9, 𝛼𝐶𝐴𝑃 = 0.1,
𝑃𝐵𝑎𝑐𝑘𝑠𝑎𝑐𝑡𝑡𝑒𝑟 ≃ 0.9𝑃𝐿, 𝑃𝐿 = 4.5 × 1014𝑊
𝜃 ≃ 2.07 × 106𝐾 ≃ 188.18𝑒𝑉, 1𝑒𝑉 ≃ 11000𝐾


