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Maxwell’s Equations

Lecture 6

Introduction
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Faraday’s Law
• Faraday discovered that the induced emf. Vemf(in 

volts), in any closed circuit is equal to the time 
rate of change of the magnetic flux linkage by the 
circuit. 

• where N is the number of turns in the circuit and 
V is the flux through each turn. The negative sign 
shows that the induced voltage acts in such a way 
as to oppose the flux producing it. This is known 
as Lenz's law.

Faraday’s Law ( Con,d)

By applying Stokes's theorem to the middle term in eq.

It shows that the time varying
E field is not conservative 
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DISPLACEMENT CURRENT

DISPLACEMENT CURRENT
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DISPLACEMENT CURRENT

Maxwell’s Equations
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ELECTROMAGNETIC WAVE
PROPAGATION

• In general, waves are means of transporting 
energy or information.

• All forms of EM energy share three 
fundamental characteristics: 

• they all travel at high velocity;
• in traveling, they assume the properties of 

waves;
• and they radiate outward from a source

Solution of Maxwell’s Equations

• goal is to solve Maxwell's equations and 
derive EM wave motion in the following 
media:

where w is the angular frequency of the wave
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Solution of Maxwell’s Equations

Solution of Maxwell’s Equations
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PLANE WAVES IN LOSSLESS 
DIELECTRICS

PLANE WAVES IN FREE SPACE
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PLANE WAVES IN GOOD 
CONDUCTORS
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• The skin depth is a measure of the depth to 
which an EM wave can penetrate the 
medium.
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• The net electric flux through any closed ( 
Gaussian) surface is proportional to the net 
charge inside the surface.

• The net Magnetic flux through any closed ( 
Gaussian) surface is equal to zero, means 
there is no Magnetism Monopole.

• The line integral of the electric field vector 
around any closed path equals the rate of 
change in the magnetic flux through any 
surface bounded by that path.

• The circulation of the magnetic field vector 
around any amperian loop is proportional to 
the sum of the total conduction and 
displacement current through any surface 
bounded by the path.


