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Midterm Exam 2 of EE161
Spring, 2005

MName:

Score: 7 0/

Problem #1. (25 Points) In a coaxial transmission line (TEM mode c-nly}, the inner and
outer conductors are with radius 0.5mm and 2 mm, The operating frequency is 3 GHz. (1)
Find the characteristic impedance 7 when the coax is filled with air (2)) Find the wave
number k and the guiding wavelength A, . (3) Redo (1) and (2) Tor the case when the

coax is filled with Teflon (£,=2.55), (4) If a 3cm long section in this coax is filled with
Teflon, what is the reflection coefficient when observed on the first air/dielectric surface,
considering an infinite long section on the other end?
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Problem #2. (25 Points) For a rectangular waveguide, the length a = Sein and width b=
p= __,gm (1) Find the cutoff frequencies for the lowest four modes mcludlng both TM and TE
“modes (2) for single-mode operation, how shall we limit the excitation frequency (3)

What is the phase constant f, guiding wavelength 4, , the phase velocity v, and group
velocity v, for the dominant mode at 6 GHz. (4) Consider a signal propagates along the

2 waveguide with two frequency components at respectively 6.0GHz and 6.5 GHz. They
have the same phase at the excitation position; find out how much phase difference
L etween these two components after they travels about 5 cm.
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Problem # 3 (25 points) Perfect Magnetic Conductor (PMC) is a counter-part of Perfect
Electrical Conductor under the dual relationship of electric field and magnetic field. For
PMC. it satisfies the boundary condition that the tangential magnetic field and normal
electric field must equal to zero. For an air filled waveguide shown as below, the top and
bottom of the waveguide is made of PEC, while the two sides are made of PMC. (a)
What is the dominant mode propagating in this waveguide? (b) What are the first TE
mode and its cut-off frequency? (¢) What transverse field components exist for this TE
mode? (d) Draw the field template (variation) in the cross-section for all the electric field
components of this mode.
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Problem #4 (25 points) For an air-filled rectangular waveguide with inner dimension 0.9
in by 0.4 in. (1) If one is designing a cavity resonating at 8 GHz by placing shorting
plates in both end of the same waveguide, what is the minimum length of the waveguide
(2) What is the second and the third lowest resonant frequencies and their associated
modes? (3) Redo the above calculations for the same waveguide filled with dielectrics
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