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Plane Waves

• A plane wave is a special case of wave or field: a physical quantity whose value, at any
moment, is constant over any plane that is perpendicular to a fixed direction in space.

• The phase surfaces (i.e., surfaces on which the phase of the wave is constant in any point
of such a surface) are planes if the direction of wave propagation is unchanged.

• The wave vector k is the same at any position and at any time.
[Review>> Wave Vector: A wave vector is a vector indicating the direction of wave
propagation and the phase delay per unit length.]



Homogeneous Waves
• The vector E0(x,y,z) is unchanged on a phase surface; this 

means that the wave’s intensity is the same in any point of such 
a surface.



Harmonic Waves

•A wave is called a harmonic wave if the general d’Alembert
solutions f and g are harmonic functions (varying with
angular frequency ω).
• [Review: A harmonic function is a twice continuously

differentiable function ]



Transverse Electric (TE) Waves 

• The electric field vector does not have a field component directed in the direction
of propagation, E0(x,y,z)·k = 0.
• The magnetic field vector can have a field component directed in the direction of
propagation.
• The electric field is parallel to the phase planes and perpendicular to the direction
of propagation, E0(x,y,z) ⊥ k.



Transverse Magnetic (TM) Waves 

• The magnetic field vector does not have a field component directed in the
direction of propagation, H0(x,y,z)·k = 0
• The electric field vector can have a field component directed in the direction of
propagation.
• The magnetic field is parallel to the phase planes and perpendicular to the
direction of propagation, H0(x,y,z) ⊥ k.



Transverse Electro-Magnetic (TEM) Waves 

• A TEM wave has neither an electric nor a magnetic field component
directed in the direction of propagation.
• Both the electric and the magnetic field vectors are parallel to the

phase surface (i.e., perpendicular to the direction of propagation, E0(x,
y, z) ⊥ k, H0(x, y, z) ⊥ k ).



Linearly Polarized Waves 

• There exists a constant vector e such that |E0(x,y,z)· e| = |E0(x,y,z)| holds for all
times and all positions.
• The electric field vector does not change its orientation while propagating.
• For the indication of a linearly polarized wave, the direction of the electric field
vector E0 is used as the reference.
• Example: The waves of satellite TV are typically vertically or horizontally
polarized TEM waves.



Plane Waves in Free Space

Assume a homogeneous and plane TE wave propagating harmonically in the z- direction. The
wave should be linearly polarized in the y-direction. The medium is an insulator and free of
charges.



Plane Waves in Free Space

[ Maxwell’s Second Equation]

It must be a TEM Wave!



Plane Waves in Free Space

• The ratio of the Electric (E) and Magnetic
(H) field components is seen to have units
of impedance, known as the characteristic
wave impedance.

• For planes waves the wave impedance is
equal to the intrinsic impedance of the
medium. In free-space the intrinsic
impedance 377 Ohm.

• Note that the Electric (E) and H vectors
are orthogonal to each other and
orthogonal to the direction of
propagation.



Plane Waves in Free Space – TEM Waves

and and are in phase!

Orthogonal System



Plane Waves in Free Space – TEM Waves

The Poynting vector describes the flow of electromagnetic power 
and directed in the direction of propagation.





• The ratio of the Electric (E) and Magnetic
(H) field components is seen to have units
of impedance, known as the characteristic
wave impedance.
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