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Physics 315 Homework #9 Guide Professor Mallinckrodt 

Please note that these “Guides” are intended to go only part way toward a properly “presented” set of solutions.  You should 
be able to fill in the blanks with drawings, equations, and additional explanation as necessary.  If you can’t, do not hesitate to 
come see me. 

9.28 a) We just need to find the values of !
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= 0.762 . Now it should be easy to show that the following modes will propagate:  10, 20, 01, 11.   

 b) Show that the two lowest cutoff frequencies are 6.57 GHz and 13.1 GHz so that frequencies between those two will 
propagate only in the 10 mode.  These frequencies correspond to vacuum wavelengths between 2.28 and 4.56 cm.  
(Note that a 4.56 cm wavelength wave corresponds to one for which a half wavelength fits in the long dimension of 
the waveguide while 2.28 cm corresponds to one for which a whole wavelength fits in the same dimension.  To fit a 
half wavelength in the short dimension would require an even shorter wave of wavelength 2.02 cm.) 

9.29 a) First, using the result of problem 9.11 and the forms given in 9.176 
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 Next, using 9.178, along with the fact that E
z
= 0  for a TE mode, 
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 Next, inserting Ez = 0  and 9.186 into 9.180 and substituting the resulting values back into the above, we get 
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 Next, find the time averaged Poynting flux across the cross sectional area to find the rate at which energy 
propagates down the waveguide 
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b) First, using the result of problem 9.11 and the forms given in 9.176 
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Next, using 9.178, along with the fact that Ez = 0  for a TE mode, 
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Next, inserting E
z
= 0  and 9.186 into 9.180 and substituting the resulting values back into the above, we get 
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 Next, integrate the time averaged energy density over the cross sectional area to find the average energy per unit 
length along the waveguide 
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c) Finally, the speed at which the energy travels down the waveguide is 

  venergy =
dz

dt
!
"#

$
%&

energy

=
dU / dt

dU / dz
=

kc2

'
= vg   Q.E.D. 


