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1. (30 points)

Calculate the unloaded Q of a short-circuited microstripline resonator of length £=2, /4

and characteristic impedance Z;; =30 ohms at 5000 MHz. For this circuit:

Pts
10 a. Calculate the physical length ¢ assuming a substrate of dielectric constant ¢, =2.5 and

thickness 1/16".

15 b. Calculate the unloaded Q at the resonant frequency of 5000 MHz assuming copper as
the material for the microstrip and the loss tangent for the dielectric substrtate
tand =0.001.

5 c. Without calculating individual R, L, and C values, draw the equivalent circuit of this
resonator.
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2. (30 points)

The S-matrix of a three-port circuit measured with a Zo = 50 ohm measurement system is
given as follows:

02 02 05
S=10.6 03 05
04 05 -04

Pts
10 a. Draw the flow graph for the above circuit.

15 b. Calculate the reflection coefficient at port 2 if port 3 is connected to a mismatched load

with a reflection coefficient of 0.5 and port 1 is terminated (connected to a matched
load).

5 ¢ Calculate the input impedance (magnitude and phase) of the circuit at port 2 when ports
1 and;’are connected as given in part b,
Hint: Do not draw any branches with value zero.
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3. (25 points)
Pts
10 a. Design a full n-section m-derived low-pass filter with the following specifications:

R, =60 Q, f. = 5.0 GHz, f, = 6.0 GHz.

8 b. Calculate the values of series inductance and shunt elements to use for this full
n-section m-derived low-pass filter.

7  c. Calculate the image impedance Z; of the filter at 3.0 and 4.0 GHz, respectively.
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4. (30 points)

The wave impedance of the TE;p mode of an air-filled rectangular waveguide at a
frequency of 15 GHz is given to be 480 ohms.

Pts
5 a. Calculate the cutoff frequency for the TE o mode of this waveguide.

4  b. Calculate the “a” dimension for the waveguide.

8 c. Calculate the cutoff frequencies for the TE;; and TE|; modes for this waveguide given
that b = 0.4 a.

5 d. Without using the Smith chart, calculate the reflection coefficient I' (magnitude and
phase) in the air-filled waveguide if it is connected to a load of effective impedance
Z1. =400 ohms.

8 e. Calculate the wave impedance at the signal frequency of 15 GHz for the TE|y mode if
the above waveguide is filled with a dielectric with g; = 2.5. Note that the cutoff
frequency for the TE ;o mode of a dielectric-filled waveguide is lower than that for an
air-filled waveguide.
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Name

Score:
Problem 1 of a possible 30 points
Problem 2 of a possible 30 points
Problem 3 of a possible 25 points
Problem 4 of a possible 30 points

Total of a possible 115 points




