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Induced Electric Field

• Electrostatic rule

𝛻 × 𝐸 = 0 (Electrostatics)

• Generalization of this rule to Faraday’s Law is

𝛻 × 𝐸 = −
𝜕𝐵

𝜕𝑡

• Divergence of 𝐸 is still given by Gauss’s Law 𝛻. 𝐸 =
𝜌

𝜖0

• If 𝐸 is purely Faraday Field, then                    
𝛻. 𝐸 = 0 Think!

What is Faraday Field?



Comparison

Amper’s Law

• 𝛻. 𝐵 = 0

• 𝛻 × 𝐵 = 𝜇0  𝐽

• 𝐵 𝒓 =
𝜇0

4𝜋
 

 𝐽(𝒓′)×  𝓇

𝓇2 𝑑𝜏′

Faraday’s Law

• 𝛻. 𝐸 = 0

• 𝛻 × 𝐸 = −
𝜕𝐵

𝜕𝑡

• By using the same token, we can 
write 𝐸

𝐸 𝒓 =
1

4𝜋
 

−
𝜕𝐵
𝜕𝑡

×  𝓇

𝓇2
𝑑𝜏′



Comparison

Amper’s Law

• Ampere’s law in integral form

 𝐵. 𝑑𝑙 = 𝜇0𝐼𝑒𝑛𝑐

Faraday’s Law

• 𝐸 𝒓 =
−1

4𝜋
 

𝜕𝐵

𝜕𝑡
×  𝓇

𝓇2 𝑑𝜏′

• 𝐸 𝒓 =
−1

4𝜋

𝜕

𝜕𝑡
 
𝐵×  𝓇

𝓇2 𝑑𝜏′

• Faraday’s Law in integral form

 𝛻 × 𝐸 . 𝑑𝑎 = − 
𝜕𝐵

𝜕𝑡
. 𝑑𝑎

 𝐸. 𝑑𝑙 = −
𝑑∅

𝑑𝑡

The rate of change of magnetic flux plays the same role as the 𝜇0𝐼𝑒𝑛𝑐 in 
Ampere’s Law



 𝐸. 𝑑𝑙 = −
𝑑∅

𝑑𝑡

The induced electric field be in such a direction that 
it will opposes the magnetic field.



At any time t flux passig through Amperian Loop is 
∅ = 𝐵 𝐴 𝑎𝑟𝑒𝑎 𝑜𝑓 𝐴𝑚𝑝𝑒𝑟𝑖𝑎𝑛 𝑙𝑜𝑜𝑝

∅ = 𝐵(𝑡)𝜋𝑠2

𝐸 and 𝑑𝑙are in same direction so

 𝐸. 𝑑𝑙 = 𝐸 𝑑𝑙 = 𝐸 2𝜋𝑠

Using the Faraday’s  Law  𝐸. 𝑑𝑙 = −
𝑑∅

𝑑𝑡

𝐸 2𝜋𝑠 = −𝜋𝑠2
𝑑𝐵 𝑡

𝑑𝑡

𝐸 = −
𝑠

2

𝑑𝐵 𝑡

𝑑𝑡

𝑑∅

𝑑𝑡
=
𝑑 (𝐵 𝑡 𝜋𝑠2)

𝑑𝑡
= 𝜋𝑠2

𝑑𝐵 𝑡

𝑑𝑡

𝐸 = −
𝑠

2

𝑑𝐵 𝑡

𝑑𝑡
 ∅


