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Magnetic Induction Review 佴沐阳 

Note Magnetic Flux 磁通量 
  

Magnetic Flux 磁通量 

𝛷𝑚 = ∫ 𝐵⃑ ∙ 𝑑𝐴 
𝐴

= ∫ 𝐵
𝐴

𝑑𝐴 cos𝜙 

 

 

 

 

 

 

 

Faraday’s Law 法拉第电磁感应定律 
  

Inducted EMF 感生电动势 

Ԑ = −
𝑑𝛷𝑚
𝑑𝑡

 

The induced emf in a closed loop equals the negative of the time rate of 

change of magnetic flux through the loop. 

 

 

Lenz’s Law 楞次定律 
  
⚫ The induced emf is in such a direction as to oppose, or tend to oppose, the 

change that produces it. 

⚫ 感生电流的磁场方向与磁通量的变化方向相反。或者感生电动势的方向

总是反抗引起感生电动势的原因。 

 

 

  

  

𝛷𝑚 = 𝐵⃑ ∙ 𝐴 = 𝐵𝐴 cos𝜙 
𝐵⃑  is uniform 

A is flat  

𝛷𝑚 = 𝑁𝐵𝐴 cos𝜙 
Coil has N 

turns  
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Magnetic Induction Review 佴沐阳 

Note Faraday’s Law: An infinitely long wire lies 

on the y-axis and carries a current given 

by I(t) = ct2, where c is a constant with 

units of A/s2, as shown in the right figure. 

Calculate the EMF experienced by the loop 

of wire shown as a function of time. 

思路：1. Ԑ = −
𝑑𝛷𝑚

𝑑𝑡
 求出𝛷𝑚的表达式并

且微分即可 

2. 𝛷𝑚 = ∫ 𝐵⃑ ∙ 𝑑𝐴 
𝐴

需要求出 B 和 A 的关

系 

3. 安培环路定理∮ 𝐵⃑ ∙ 𝑑𝑙 
𝐶

= 𝜇0𝐼𝐶
距离电流𝑥处
⇒        𝐵(2𝜋𝑥) = 𝜇0𝐼,  

𝑑𝐴 = 𝑙𝑑𝑥,⇒ 𝛷𝑚 = ∫ 𝐵⃑ ∙ 𝑑𝐴 
𝐴

= ∫ (
𝜇0𝐼

2𝜋𝑥
) (𝑙𝑑𝑥)

𝑥=𝑏

𝑥=𝑎

=
𝜇0𝐼𝑙

2𝜋
ln
𝑏

𝑎
 

4. |Ԑ| = |
𝑑𝛷𝑚

𝑑𝑡
| =

𝑑

𝑑𝑡
(
𝜇0𝐼𝑙

2𝜋
ln
𝑏

𝑎
) = (

𝜇0𝑙

2𝜋
ln
𝑏

𝑎
)
𝑑𝐼

𝑑𝑡
= (

𝜇0𝑙

2𝜋
ln
𝑏

𝑎
) (2𝑐𝑡) 

Lenz’s Law: An external force 

pushes a square loop of wire 

through a region of constant 

magnetic field 

as shown in the right figure.  

1. Which of the following is a plot 

of the magnetic flux as a function 

of the position of the loop? 

2. which of the plots shows the 

induced current in the loop 

(with clockwise current 

designated as positive)? 

 

 

 

 

 

 

 

 

 

答案： 1. A， 2.C 

 

 

  

Ԑ = −
𝑑𝛷𝑚
𝑑𝑡

 

𝐵⃑  变 

𝛷𝑚 = 𝐵⃑ ∙ 𝐴 = 𝐵𝐴 cos𝜙 

𝑑𝐵⃑ = (
𝜇0
4𝜋
)(
𝐼

𝑟2
)𝑑𝑙 × 𝑟Ƹ 

 

半径 R 电流环的中心点 

𝐵 = (
𝜇0
4𝜋
)(
𝐼

𝑅2
) (2𝜋𝑅) 

 

距离电流 R 的点 

𝐵(2𝜋𝑅) = 𝜇0𝐼𝐶 

𝐴  变 

𝑑𝐴 = 𝑙𝑑𝑥  
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Note Inductance 电感 
  

Self-Inductance 自感 

例如 solenoid:  

𝐵 = 𝜇0𝑛𝐼, 𝑛 =
𝑁

𝑙
 (𝑁扎数，𝑙长度) 

𝜙𝑚 = 𝑁𝐵𝐴 cos𝜑 

= (𝑛𝐿)(𝜇0𝑛𝐼)(𝜋𝑅
2) cos 0 = 𝜇0𝑛

2 𝜋𝑅2𝑙 𝐼 

定义： 

𝜙𝑚 = 𝐿𝐼  ⇒ 𝐿 =
𝜙𝑚
𝐼
= 𝜇0𝑛

2𝑉   𝐿: 𝑆𝑒𝑙𝑓 − 𝐼𝑛𝑑𝑢𝑐𝑡𝑎𝑛𝑐𝑒  
  

Mutual-Inductance 互感 

𝜙12 = 𝑀12𝐼1 

定义： 

𝑀12: 1对于 2造成的互感  

  
Energy Stored in an Inductor 电感储能 

𝑈 =
1

2
𝐿𝐼2 

对比记忆： 

电容：𝑈 =
1

2
𝑄𝑉 =

1

2

𝑄2

𝐶
=
1

2
𝐶𝑉2  

电阻：𝑃 = 𝐼𝑉 =
V2

𝑅
= 𝐼2𝑅 

 

R-L 电路 
  

Charging 

{

Ԑ = 𝐼𝑅 + 𝐿
𝑑𝐼

𝑑𝑡

𝐼(𝑡 = 0) = 0
𝐼(𝑡 = ∞) = Ԑ/𝑅

 

 𝐼(𝑡) = 𝐼∞(1 − 𝑒
−𝑅𝑡
𝐿 ) 

𝑉(𝑡) = 𝐿
𝑑𝐼

𝑑𝑡
= Ԑ𝑒

−𝑅𝑡
𝐿  

Discharging 

{
 
 

 
 𝐼𝑅 + 𝐿

𝑑𝐼

𝑑𝑡
= 0

𝐼(𝑡 = 0):已知

𝐼(𝑡 = ∞) = 0

 

 𝐼(𝑡) = 𝐼0𝑒
−𝑅𝑡
𝐿  

𝑉(𝑡) = 𝐿
𝑑𝐼

𝑑𝑡
= (−𝐼0𝑅)𝑒

−𝑅𝑡
𝐿  

Time Constant 

𝜏 = 𝐿/𝑅 

 

𝐿 

𝑉 = 𝜋𝑅2𝑙 
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Note Maxwell’s Equations 麦克斯韦方程组 
  
变化的电场产生磁场 Ampère’s Law 

∮ 𝐵⃑ 
𝐶

∙ 𝑑𝑙 = 𝜇0(𝐼 + 𝐼𝑑)      𝑤ℎ𝑒𝑟𝑒 𝐼𝑑 = Ԑ0
𝑑𝛷𝑒
𝑑𝑡

 

变化的磁场产生电场 Faraday’s Law 

∮ 𝐸⃑ 
𝐶

∙ 𝑑𝑙 = −
𝑑𝛷𝑚
𝑑𝑡

             或   𝜀 = −
𝑑𝛷𝑚
𝑑𝑡

 

封闭曲面包围的电场(电通量)Gauss’s Law 

∮ 𝐸𝑛𝑑𝐴
𝑆

=
𝑄𝑖𝑛
Ԑ0
                   当𝛷均匀时： 𝛷𝑛𝑒𝑡 = 𝐸𝑛𝐴 =

𝑄𝑖𝑛
𝜀0

 

封闭曲面包围的磁场(磁通量)Gauss’s Law for Magnetism 

∮ 𝐵𝑛𝑑𝐴
𝑆

= 0 

麦克斯韦方程组 {
变化的电场产生磁场

变化的磁场产生电场
  ⇒电场磁场交互变化产生电磁波  
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Note  

AP Physics C Homework 7 
 
  

 

 

 

 

 

  

𝐿 = 𝜇0𝑛
2𝑉 

1. 答案 A 

半径 r 电流环的中心点 

𝐵 = (
𝜇0
4𝜋
)(
𝐼

𝑟2
) (2𝜋𝑟) =

𝜇0𝐼

2𝑟
 

⇒ 𝐼 =
2𝑟

𝜇0𝐵
=

2𝑟

𝜇0(𝛼𝑡 + 𝛽𝑡
2)

 

t=∞时 L处于短路状态 

𝐼 = 𝑉/2𝑅 

𝑈 =
1

2
𝐿𝐼2 =

1

2
𝐿 (
𝑉

2𝑅
)
2

=
𝐿𝑉2

8𝑅2
  

 

t=0时 L处于开路状态 

𝐼(t = 0) = 𝑉/2𝑅 
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Note  

  

𝛷𝑚 = 𝐵⃑ ∙ 𝐴 = 𝐵0(ℎ0𝐿) 

𝐸⃑ = (
1

4𝜋𝜀0
)
𝑞

𝑟2
𝑟Ƹ  

Gauss’s Law电通量 𝛷𝑛𝑒𝑡 = ∮ 𝐸⃑ ∙ 𝑛⃑ 𝑑𝐴
⬚

𝑠
 

Ampere’s Law磁通量 ∮ 𝐵⃑ ∙ 𝑑𝑙 
⬚

𝐶
= 𝜇0𝐼𝐶 

 

𝜀0:通过电通量𝛷𝑛𝑒𝑡可

得⇒答案(A) 

𝐹𝑎𝑟𝑎𝑑𝑎𝑦′𝑠 𝐿𝑎𝑤: Ԑ = −
𝑑𝛷𝑚
𝑑𝑡

⇒ 𝐼𝑅 = −
𝑑𝐵

𝑑𝑡
𝐴 cos0  ⇒ 𝐼不变，𝐴错误 

𝐴𝑚𝑝𝑒𝑟𝑒′𝑠 𝐿𝑎𝑤: 𝐵(2𝜋𝑅) = 𝜇0 𝐼𝐶 ⇒ 𝐵不与𝑅呈正比，错误。 

𝐴𝑚𝑝𝑒𝑟𝑒′𝑠 𝐿𝑎𝑤: 𝐵(2𝜋𝑅) = 𝜇0 𝐼𝐶 ⇒ 𝐵与 1/𝑅呈正比：𝐸正确 
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Note  

  

𝐼 

𝑇ℎ𝑒 𝐵 ⃑⃑ ⃑⃑  𝑜𝑓 𝑡ℎ𝑒 𝑐𝑙𝑜𝑠𝑒𝑑  𝑎𝑟𝑒𝑎 𝑖𝑠 𝑑𝑒𝑐𝑟𝑒𝑎𝑠𝑖𝑛𝑔, 𝑠𝑜 𝑡ℎ𝑒 𝑖𝑛𝑑𝑢𝑐𝑡𝑒𝑑 𝑀𝑎𝑔 𝐹𝑖𝑒𝑙𝑑  

𝑠ℎ𝑜𝑢𝑙𝑑 𝑏𝑒 𝑡ℎ𝑒 𝑠𝑎𝑚𝑒 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑜𝑓  𝐵⃑ , 𝑎𝑐𝑐𝑜𝑟𝑑𝑖𝑛𝑔 𝑡𝑜 𝑡ℎ𝑒 𝑟𝑖𝑔ℎ𝑡 − ℎ𝑎𝑛𝑑  

𝑟𝑢𝑙𝑒 𝑡ℎ𝑒 𝐼 𝑠ℎ𝑜𝑢𝑙𝑑 𝑏𝑒 𝑡ℎ𝑒 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑠ℎ𝑜𝑤𝑛 𝑎𝑏𝑜𝑣𝑒. 

Ԑ =
𝑑𝛷

𝑑𝑡
=
𝑑

𝑑𝑡
(𝐵0𝐿ℎ) = 𝐵0𝐿

𝑑ℎ

𝑑𝑡
= 𝐵0𝐿𝑣 = 𝐼𝑅 

⇒ 𝐼 = 𝐵0𝐿𝑣/𝑅 

𝐼 =
𝐵0𝐿𝑣

𝑅
=
𝐵0𝐿𝑔

𝑅
𝑡 

⇒ (𝐵0𝐿𝑔 𝑘𝑒𝑒𝑝 𝑠𝑎𝑚𝑒)𝑅 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒, 𝐼 𝑑𝑒𝑐𝑟𝑒𝑎𝑠𝑒 

෍𝐹 = 𝑚𝑔 − 𝐹𝑚𝑎𝑔 = 𝑚𝑎 ⇒ 𝑚𝑔 − 𝐼(𝐿 × 𝐵) = 𝑚
𝑑𝑣

𝑑𝑡
  

⇒   𝑚𝑔 −
𝐵0𝐿𝑣

𝑅
(𝐿 × 𝐵0) = 𝑚

𝑑𝑣

𝑑𝑡
⇒ 𝑚𝑔 =

𝐵0
2𝐿2

𝑅
𝑣 +𝑚

𝑑𝑣

𝑑𝑡
  

𝑡 = ∞,𝑚𝑔 = 𝐹𝑚𝑎𝑔 ⇒ 𝑚𝑔 =
𝐵0
2𝐿2

𝑅
𝑣 

⇒ 𝑣(𝑡 = ∞) =
𝑚𝑔𝑅

𝐵0
2𝐿2

 

𝑑𝑒𝑐𝑟𝑒𝑎𝑠𝑒 
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Note  

 

 

 

 

 

𝐼 =
Ԑ

𝑅
 

𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛: 𝑡𝑜 𝑡ℎ𝑒 𝑙𝑒𝑓𝑡 

𝑚𝑔 

𝐹 

𝐼 
𝐼 

𝐵 

𝑚𝑔 

𝐹 

𝐼 
𝐵 

𝑡ℎ𝑒 𝑟𝑜𝑑: 𝐹 = 𝑚𝑔 = 𝐼𝑟𝑜𝑑𝑙 × 𝐵⃑  

𝑡ℎ𝑒 𝐵⃑  𝑏𝑦 𝑡ℎ𝑒 𝑐𝑎𝑏𝑙𝑒: 𝐵(2𝜋𝑟) = 𝜇0𝐼𝑐𝑎𝑏𝑙𝑒 

⇒  𝑚𝑔 = 𝐼𝑟𝑜𝑑𝑙 (
𝜇0𝐼𝑐𝑎𝑏𝑙𝑒
2𝜋𝑟

)  ⇒ 𝐼𝑐𝑎𝑏𝑙𝑒 =
𝐼𝑟𝑜𝑑𝑙2𝜋𝑟

𝜇0
= 
Ԑ𝑙2𝜋𝑟

𝑅𝜇0
 

𝛷𝑚 = 𝐵⃑ ∙ 𝐴 = 𝐵𝐴 
𝑑𝐴=𝑙𝑑𝑟
⇒     𝛷 = 𝐵𝑙𝑑𝑟 

𝐵(2𝜋𝑟) = 𝜇0𝐼𝑐  ⇒ 𝛷 = (
𝜇0𝐼𝑐
2𝜋𝑟

) 𝑙𝑑𝑟 =
𝜇0𝑙Ԑ

2𝜋𝑅
ln
𝑙 + 𝑑

𝑙
 

 𝑟 

𝑑 

𝑙 

𝑑𝐴 = 𝑙𝑑𝑟 


