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Example: A simple-minded Generator
• An electric generator transforms mechanical energy to 

electric energy, usualy by moving conducting wires in a 
direction perpendicular to the magnetic filed.

• The link slides to the right at a speed v such that v2<<c2 in 
a uniform B

• The resistance at the left-end of the line R, and that of the 
link is Rl. The gorizontal wires have zero resistance
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• Inside R and Rl

• Let us now see what happens inside the link, in its own 
reference frame S’. Then



•



Example: Alternating-Current Generator
•



Faraday’s Unduction Law for Time-dependent B’s.
•



Electric field Strength E Expressed in Terms 
of V and A
• An arbitrary rigit and stationary closed circuit lies in a 

time-dependent B. Then

• We can replace the surface integral on the right by the line 
integral of the vector potantial A around C:

• Thus 
• The expression enclosed in the paranthesis is equal to the 

gradient of some function:

• The faraday induction law relates the space derivatives of 
E to the time derivative of B at given point



• In any given inertial frame, say S, the equation

always applies.
• If a charge Q moves at a velocity v with respect to S, then 

for an observer on S the force is

• All the variables are measured with respect to the same 
reference frame S.



Six Key Equations
• It is useful at this stage to group the following six 

equations:

• The four equation preceded by (G) are general, while the 
other two apply only to slowing varying fields.

• In each equation all the terms concern with same 
reference frame 



Magnetic Energy Density Expressed in 
Terms of J and A
•



Magnetic Energy Density Expressed in 
Terms of H and B
• From ampere’s law

• Where C’ is any line of H. Then

• Since the fields extends to infinity, this double integral is 
the volume integral of H.B over all space and

• The magnetic energy density in nonferromagnetic madia is 
thus
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