
Chapter 5           
Waveguides and Resonators

ECE 3317

Dr. Stuart Long

5-1



Structure that transmits electromagnetic 
waves in such a way that the wave 
intensity is limited to a finite cross-

sectional area 

In this chapter we will focus on three types of waveguides:

1. Parallel-Plate Waveguides

2. Rectangular Waveguides

3. Coaxial Lines

What is a 
“waveguide" (or 

transmission line) ?
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y x z z

y x z z

    E H H TE E 0  

           

From Maxwell Equations 

( , , )  (Transverse Electric) 
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    ( , , )  (Transverse Magnetic) 
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(Sect. 5.1)
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( )y x z yB.C. at    and   

                                        0              Remember:  
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The wave equation for the  case derived from 
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The Electric field can be expressed in another form by
substituting in for 
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The 

 

guided wave propagates with the phase velocity

 is imaginary for 

If  bec

Note: 
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2

2                                   

 

 

 

or or    

z

z

p
z

x

k

k

m v
k a

m ak k
a m

ω λ
µ ε

πω µ ε λ

−
  = = −  

   

< < >

omes imaginary, the wave will attenuate exponentially, 

and the velocity for the guided wave will also become undefined.
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Physical Interpretation 
TE mode

x

z
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Physical 
Interpretation of 
Guided Waves

x
mk
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(fig 5.3)
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( ) -
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The field solutions can be expressed in another form by
substituting in for 
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Remember that for  waves we can now have .
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For this case  and  are both perpendicular to the direction 
of propagation ( ).
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The field solutions for the  or  mode are given by 
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Physical Interpretation 
TEM mode

x

z

0 0
x=0

0

ˆ ˆ ˆ ˆ=   =  =  

ˆ ˆ                                 

  (on bottom p

 =  =  

late)       jkz jkz

jkz

E Ee e

E e

η η

ρ ε ε

− −

−

× ×

=

s

s

J H

D E 

n x y z

n x

(5.13c)

0

0

ˆ ˆ- = -  

                    

(on top plat

            

e )    

       

jkz

jkz
s

En e

E e
η

ρ ε

−

−

=

= −

s Jx z

(5.11d)

n

n

                         
s J

                         
s J

for TE and TM modes 
has both       and  
components.
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dielectric
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ground plane

microstrip line 
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Microstrip 
Lines 
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Rectangular 
Waveguide 
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  Using Maxell's equations we can solve for the 

  transverse fields ( , , , )in terms of the 

  longtitudinal fields 
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Rectangular 
Waveguide y
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Rectangular 
Waveguide TE:

Case (Ez=0)  
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Physical 
Interpretation TE10
mode (m=1 , n=0)  
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Design of Practical 
Rectangular 
Waveguide
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Time-average 
Poynting vector 

y

z
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b

( Example 5.3)

Total transmitted 
power  

Design of Practical 
Rectangular 
Waveguide
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Design of Practical 
Rectangular 
Waveguide
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X-Band Waveguide   (8-12 GHz)
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Design of Practical 
Rectangular 
Waveguide

Historical 
standard design
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Example

Example 5.5 & 5.6
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(Cont. e.g 5.5 & 5.6)
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(Cont. e.g 5.5 & 5.6)
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Rectangular Waveguide 
Simulation
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Coaxial Transmission 
Lines 
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Cylindrical 
Coordinates

φ
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x

ρ

z

ρ̂

φ̂
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ˆˆ ˆ×ρ φ = z

( fig. 5.16)
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Coaxial Transmission 
Lines 

b

aε

Maxwell Eqns.
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−
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( 5.48b)

( 5.49a)

( 5.49b)
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The “Del” Operator in 
Cylindrical 

Coordinates

φ

z
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x

ρ

z

ρ̂

φ̂
ẑ

ˆˆ ˆ×ρ φ = z

( fig. 5.16)

(5.44)

(5.45)
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Currents on Coaxial 
Lines 

b

a
ε

( 5.50a)

( 5.50b)

n̂ sJ
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Short-Circuited 
Coax 

(Fig. 5.18)

( 5.52a)

0 1

0 1

1 0

for 0 

both Incident Fields and Reflected Fields exist

B.C at

ˆ=   

ˆ=   

0 tangential 0  0   
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z

V Ve e

V Ve e

z E V Vρ

ρ ρ
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− +
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E

H

E

ρ

φ

( 5.52b)

0z =

z

Negative sign comes from 
same place as in reflected 
H-field in Chapter 4
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Short-Circuited 
Coax 

(Fig. 5.18)

( 5.53a)( )0 0

0Similarly,                            

2ˆ ˆ=  - sin

2ˆ= cos

jkz jkzV jVe e kz

V kz

ρ ρ

ηρ

− +  
− =  

 
          E

 H

ρ ρ

φ ( 5.53b)

To measure standing wave pattern cut longitudinal 
slot in outer conductor for moveable probe. 

:  totally in  direction so  totally 
i

ˆ
ˆ

Note
n  direction 

sH J
z

φ

0z =

z
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Example
(Example 5.8)

2
0

2

Calculate the transmitted power along a coaxial line. 
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1 1 V V Vˆˆ ˆ= Re = R
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TEM mode in a 
coaxial line
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Transmission 
Lines

b

aε

Coaxial

two-wire 
(shielded

)

three-wire 
(shielded)

2 or more conductors 
 TEM possible   

 along with TE and TM
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Transmission 
Lines

2 or more conductors 
 TEM possible   

 along with TE and TM
Parallel Plate

Microstrip Stripline

Conductor Dielectric
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Waveguides

Elliptical 

Ridged 

Rectangular

Optical FiberDielectric Slab

Circular

http://optics.org
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Circular
Elliptical 

Rectangular Bends
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