ECE 5130/6130 Final Exam
May 2, 2001
Name KM"

You may use your thfolio, lab notebook and calculator. No textbooks.

PLEASE TURN YOUR PORTFOLIO AND LAB BOOK INTO THE ECE OFFICE (BOX NEXT TO
AMBERY).

Time: 1 hour and 50 minutes

Problems 1 and 2
Problems 3 and 4
Problems 5 and 6

Part I (can be used to replace Midterm I)
Part IT (can be used to replace Midterm [I)
Part 11T (all stndents must complete)

Good Luck! Do well.



L. Steady-state transmission lines: (35\ ot
A 50 ohm transmission line 5.2 meters long is connketed to 2 25 ohm generator. The voltage loss torm, «,
is 0.1 nepers / meter, The wavelength is 1 meter. The input impedance is measured 10 be 35 ohms. What

is the load impedarzce?
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2, Impedance Matching

Design a double stub matching network. The load impedance is 25 + i 25 ohms. The generator impedance
is 25 ohms. The characteristic impedance of all of the lines is 50 ohms. The characteristic impedance of the

stubs is 100 ohms, and they are terminated by open circuits. !
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3. Filters

(a) Design a maximally flat high pass filter with a cutoff frequency of 3 GHz, impedance of 50 chms, and
at least 15 dB of insertion loss at Z GHz. Sketch the hiter and specity the L,C components that will be
used for a lumped element filter.

(b) Design a stepped impedance filter for a low pass design with cutoff at 2 GHz and at least 15 dB of
insertion loss at 3 GHz, (Note that this can be done by converting the values you obtained in parta
above.) Match your filter to a 50 ohm line. The minimum impedance that can be used is 10 ohms, and
the maximum is 100 ohms.

{c) Sketch your design, and clearly specify the lengths and impedances of all lines.
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4, Power Dividers

Design a power divider to feed four antennas with the following magnitudes, phases, and characteristic
impedances:

S 54
Antenna 1: 1.0 £0° volts 50 ohms 9 é tAz) w} m (A}W ‘tﬁ 8"&
Antenna 2: 1.0 Z-90° volis 50 ohms
Antenna 3: 0.5 £0° volts 100 ohms '/h . 'g-LQ
/ fT .
Antenna 4: 0.5 £180° volts 100 ohms /1/0 !
You may use any combination of the power dividers we have studied, losstess transmission lincs, maiching

networks, etc.  Sketch your system and clearly label all parts of the network, the location where each
antenna is connected, and what the input voltage should be.
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5. Rectangular Waveguides
An X-band waveguide has a recommended frequency range of 8.20-12.4 GHz, This WR-90
waveguide has inside dimensions of 2.286x1.016 cm .

(a) What are the first three waveguide modes and their cutoff frequencies?

(b)Y Why is the recommended frequency range of this waveguide given as 8.20-12.4 GIiz?

(c) Assume the wave is propagating in the z-direction. Write an equation for Ex if all of the first three
modes are propagating.
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6. Circular Waveguide

Acircular waveguide is filled with sea water € = 80.0 and o = 0.1 S/m (ignore changes in the electrical
properties as a function of frequency). The radius of the waveguide is 3 cm.

(a} Write the equation you will use to find the cutoff frequency of the modes in the waveguide.

(b) What is the first mode of the waveguide and its cutoff frequency?

(c) Inthe derivation of the modes of a circular waveguide, we were able to eliminate the Y,( ) term. Why?
(d) Describe what would happen o a pulse with an “infinite” bandwidth in this waveguide. Tell what will
happen to ALL of the power in the pulse (for any power that is not transmitted, tell where it goes).

Explain what causes any changes to the shape of the pulse as it transmits through the waveguide.
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