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Problem 1: 
A rectangular copper waveguide filled with a dielectric (ε = 4 εο) has dimensions a = 1.5 cm, and 
b= 1 cm. Determine the following for the TE10 mode at 10 GHz.   
 

a) medium velocity u’ (3):     
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b) β10  (5):    
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c) λ10  (4) 
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d) η10 (4):     

Ω=
−

=

Ω===

3.211
)/(1

5.1882/377
4

2

'

10

'

ff c

o

o

ηη

ε
μ

η

 

 
e) Phase velocity up (5) 
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f) What is the value of  λ10  if the frequency is changed to 4 GHz?  (4) 

 
  Frequency f = 4 GHz  is less than cut-off frequency. No propagation.  No λ is defined. 

 
 
 



Problem 2: 
 

A 5.0 cm by 3.0 cm rectangular waveguide is filled with a dielectric material  
(μ = μο , ε = 4εο, σd =0 ). Given: 
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Determine the following: 
 
(a) Mode of operation :  

 
TM13 mode 

 
 
 

(b) Cutoff frequency: 
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(c) Propagation constant  β 
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(d) The group velocity for the  (m = 1, n = 0) mode 
 
 

TM10 is not supported.  Group velocity has no meaning 
 
 
 
 
 
 
 
 
 



 
Problem 3: 
 
Circle the correct answer(s): (show all calculations if needed) 
 
(1) The dominant mode for a rectangular waveguide is:   (4) 
 

(a) TE11 (b) TM11   (c) TE101   (d) TE10
 
 
(2) The TM10 mode can exist in a rectangular waveguide.   (4) 
 

(a) True (b) False 
 
 
(3) For the TE30 mode which of the following field components exist (i.e. non-zero): (4) 
 
 (a) Ex  (b) Ey   (c) Ez  (d) Hx  (d) Hy  (c) Hz  
 
 
(4) Which of these modes do not exist in a rectangular cavity:  (4) 
 
 (a) TE110 (b) TE011 (c) TM110 (d) TM111 
 
 
(5) In a rectangular waveguide, the cutoff frequency for TE02 is 12 GHz. If  a = 2b, the cutoff 

frequency for TM11 mode is:  (9) 
 
(a) 3 GHz,  (b) 3 5  GHz  (3) 12 GHz,  (c) 6 5  GHz      (d) None of these. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Problem 4: 
 
A metallic air filled rectangular waveguide operating at 20 GHz  in TE mode has the following 
magnetic field component: 
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The waveguide delivers 500 Watt  power to the antenna located at the end of the waveguide. Given 
a = 5 cm and b = 2 cm ,  the length of the waveguide is 100 cm, and σc = 5.8x107 S/m, determine 
the following 
 

(a) operation mode: (4) 
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(b)  The corresponding real electric field for this mode? (6) 
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(c) The input power Pin :  (5) 
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(d) The power dissipated in the waveguide Pd  (5) 
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(e) The power dissipated in the waveguide Pd when the operation frequency is reduced to 10 
GHz? (5) 

 
 
Frequency f=10 GHz is less than cut-off frequency. No wave propagation.  No Pd 


