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Lecture 6: fields in free space

ECE 313: Electromagnetic Waves

Lecturer :Dr. Gehan Sami



Electromagnetic wave equation

0

0,0

)(

)(

).(

),(
)(

2

2

00

2

00

2

2
2

2

2
2

2

2
2

=



−

====

=



−




−




−




−=−




−




−=−

=



+




−=




−=




−=

t

E
E

spacefreefreesourceif

t

E

t

E
E

t

E

t

E
E

t

E

t

E
EE

EJ
t

E
J

tt

H
E

t

B
E



















General form of wave equation for electric field
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Electromagnetic wave equation
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Attenuation constant 
(Neper/m)

Propagation  constant 
(m-1)

Phase shift constant 
(rad/m)
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E   is polarized in x direction
Propagation in Z direction e±j𝛽z

Let E doe not vary with x or y  

Wave propagate in +z direction Wave propagate in -z direction

Wave propagation with free source :
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Electromagnetic wave equation
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Constant Frequency; Different wavelength and different velocity
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When a wave enters a different material, its speed and wavelength changes 

Assume no losses(no decaying)
n, 𝜇 and 𝜀 are pure real
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Example:
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