
Waveguide Types 



Uniform Waveguides 

We are interested in finding what electromagnetic field solutions are possible in a 

uniform infinite waveguide with no sources.   

 

We can always find those solutions by solving: 

or  

Subject to boundary conditions. 



Uniform Waveguides 

Because the cross section does not change in the z direction 



Uniform Waveguides 

Three Cases: 
(1) Ez=0, Hz = 0 TE (2) Ez=0, Hz = 0 TM 



Uniform Waveguides 

Three Cases: 

(3) Ez=0, Hz = 0 TEM 

=0 



Rectangular Waveguides 

TM Modes 



Rectangular Waveguides 

TM Modes 



Summary of TM modes 
Plane waves in the 

dielectric medium 

Inside the waveguide 
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Rectangular Waveguides 

TE Modes 
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Rectangular Waveguides 

TE Modes 
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Rectangular Waveguides 

TE Modes 
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Summary of TE modes 
Plane waves in the 

dielectric medium 

Inside the waveguide 
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Variation of wave impedance 

• Wave impedance varies with frequency 
and mode 

TE 
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PW 
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Power transmission 

• The average Poynting vector for the waveguide fields 
is 

 

 

 

• where  = TE or TM depending on the mode 
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Attenuation in Lossy 
waveguide 

• When dielectric inside guide is lossy, and walls are not 
perfect conductors, power is lost as it travels along 
guide. 

 

 

• The lost power is 

 

• Where aac+ad are the attenuation due to ohmic 
(conduction) and dielectric losses  

 

• Usually ac >> ad  
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Attenuation for TE10 

• Dielectric attenuation, Np/m 
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If there are losses in the conductor, our solution is not strictly 

correct since the boundary condition has changed. 

 

Nonetheless, we can use our current solution with the 

perturbation theory we discussed for transmission lines. 

Attenuation for TE10 

Conductor attenuation, Np/m 
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Attenuation for TE10 

Conductor attenuation, Np/m 
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Magnetic fields on the walls create surface currents. 

If the walls have a resistance they will absorb energy. 

 

 



Attenuation for TE10 

Conductor attenuation, Np/m 
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Attenuation for TE10 

Conductor attenuation, Np/m 
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Attenuation for TE10 

Conductor attenuation, Np/m 
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Rectangular Cavity Resonator 

P
EC

 

P
EC

 

We can form a rectangular cavity by placing metal caps on two ends of a 

rectangular waveguide. 



Rectangular Cavity Resonator 

We are interested in finding what electromagnetic field solutions are possible in a 

resonant cavity with no sources.   

 

We can always find those solutions by solving: 

h 



Rectangular Cavity 

Subject to boundary conditions. 

We can solve these! 

h 



Rectangular Cavity 

TM Modes in Z  or TMz 
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Rectangular Cavity 

TM Modes in Z 
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Rectangular Cavity 

TM Modes in Z 
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TMmnp Boundary Conditions 
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Resonant frequency 

• The resonant frequency is the same for TM or 
TE modes, except that the lowest-order TM is 
TM111 and the lowest-order in TE is TE101.  
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Cavity TE Mode to z 
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TEmnp Boundary Conditions 
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 x=m/a 

 y=n/b 
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Quality Factor, Q 

• The cavity has walls with finite conductivity 
and is therefore losing stored energy.   

• The quality factor, Q, characterized the loss 
and also the bandwidth of the cavity 
resonator. 

• Dielectric cavities are used for resonators, 
amplifiers and oscillators at microwave 
frequencies. 



Quality Factor, Q 

• Is defined as 
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Example  

For a cavity of dimensions; 3cm x 2cm x 7cm filled with air 
and made of copper (c=5.8 x 107) 

• Find the resonant frequency and the quality factor for the 
dominant mode. 

Answer: 
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