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Problem #1. (35 points) A microstrip line has a width of 3mm and height of Imm on
a dielectric substrate with a relative permittivity of 9. (1) If the parallel-plate
waveguide model is used, what is the characteristic impedance of this line? (2) what
are values of 3, Vp, and Vg at the frequency of 10GHz? (3) Based on the same model,
how wide should a 200hm line and a 500hm line be? (4) What is the highest
frequency one can use the 3mm wide microstrip line before another mode may
appear. (hint: one can assume a model of rectangular waveguide with two PMC
sidewalls for microstrip line)?
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Problem #2. (35 points) A TM wave propagating in an air-filled rectangular

waveguide of has dimensions a=5cm and b=3cm. If the x-component of its magnetic
field is given byﬁ=-36cos(40nx)sin(100ny)sin(mt—52.9nz)

Ex

Determine: (1) the mode number (2) the operating frequency of this wave

(3) the cutoff frequency of this mode (4) the field templates for all the components of

this mode (5) the lowest three resonant frequencies of a rectangular cavity made of a

7cm long section of this waveguide.
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Problem #3. (30pts) A rectangular waveguide has a length a = 5cm and width b =
2cm. (1) What is the phase constant, guide wavelength, the phase velocity and group
velocity for the dominant mode at 4 GHz. (2) Consider a signal propagates along the
waveguide with two frequency components at respectively 3.5GHz and 4.0 GHz.
They have the same phase at the excitation position; find out how much phase
difference between these two components at the observation position which is about
5 cm away from the excitation plane. (3) If a 20ns wide pulse modulated on a carrier
of 7 GHz is transmitted in the waveguide, at what distance from the excitation plane

you may observe two separate pulses?
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