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Faraday’s law of   
electromagnetic induction 

1. Global (integral) form of the law: 

2. Physical meaning: 

• Time variation of the magnetic field 

induces an electric field 

3. The lines of the induced electric field 

• Are closed curves 

• They are turned around the (inductor) 

magnetic field lines 

• Their direction is dependent of the 

magnetic field direction.   

• If the magnetic field decreases in 

time, then the induced field has the 

direction given by the right screw rule  

• If the magnetic field increases in time, 

then the induced field has an inverse 

direction 
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Local forms of Faraday’ law in 
fixed (not mobile) bodies 

1. Local (differential) form 

of the  law: 

2. Proof (based on Stokes 

theorem): 

 

3. Conservation of the 

tangential component of 

the electric field strength  
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Local and developed integral 
forms  in  mobile bodies 

1. Local (differential) form of the  

law: 

2. Proof, based on Stokes theorem 

and flux derivative: 
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Applications of Faraday law 

• 1. EM induction in 
fixed bodies- 
Transformer principle   
 
 
 
 

• 2. EM induction in 
constant magnetic 
field- Rotating 
generator principle 
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Static potential theorem 

In static fields and not mobile bodies: 

• Global form 

• Local (differential) form  

• In Cartesian coordinates: 

• Proof: 

 

• Gradient definition 

 

 

• Independence from the shape of 

the static voltage 

 

 

 

)
k

V

y

V

x

V
(

VgradVcurl


















kjiE

EEE 0





   S,du 00 rE

0 )V()gradV(curlcurlE

 



Ω

W
dv) Vol(ΩW,Vd

W
limgradV   where

1

0
A

}B,A{CCC,Cuu

uudddddu
CCCC



 




212121

21

2

2

1

1

21

 with 

0rErErErErE



© LMN 2007 EM Field Theory – 1. EM Quantities 

_  

Integral definition of the potential 
 

1. Potential uniqueness 

2. Integral definition of 

the scalar potential 

3. Poof: 

 

4. Voltage difference: 
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Applications of the static 
potential theorem 

• The 
potential of 
a charged 
sphere in 
vacuum    
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Several forms of the Faraday’s EM 
induction  law 

Movement No Yes 

Global 

Integral 

 

Developed 
integral 

On 
surfaces 

Conserv. - 

Field lines Tourned around the 
inductor field 
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Not so easy questions for 
curious people 

1. What do the surface SΓ(t) in the moving bodies ? Is it fixed or carry on 

by the moving body ?   What is the Faraday paradox and how it is 

solved ? Does the Earth's magnetic field rotate with the planet?  

2. How  looks like the local form of the Faraday law in orthogonal 

coordinates? 

3. What kind of function (continuous, derivable, integral, etc) should be 

the scalar potential and the electric/magnetic field?  

4. May be the static electric field lines closed ? 

5. May be defined a scalar potential in the variable field ? 

6. How the distribution theory (e.g. Dirac generalized function) may be 

used to write Farday law. 

7. Is still valid the E tangential component conservation in the case of a 

sheet carrying magnetic flux. 
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