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EE 481/581 Microwave Engineering Examination #1 (Fall 2024)
Name KEY

Instructions: Place answers in indicated spaces, use notation as given in class, and show/explain all work for credit.
All Smith charts should be fully labeled. Turn-in equation sheet(s) with exam.

1) A material has a relative permittivity of 8 and a loss tangent of 0.03 at 3 GHz. Determine the
complex permittivity and effective conductivity of the material at 3 GHz. A 3 GHz plane wave
propagates through this material in the +x-direction. Find the propagation constant, phase velocity,
wavelength, skin depth, and intrinsic impedance. The electric field has an amplitude of 16 V/m at x =
0 and is oriented in the +z-direction, write the equation for the phasor vector electric field.
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2) A two-wire transmission line (TL) is made using a platinum-gold alloy (&, 0, 6= 1.3 x 107 S/m) for
the conductors and a plastic for the insulator (& = 1.4, po, tan 3 = 0.003) for operation at 4 GHz. If
the conductors have diameters of 3 mm and are separated center-to-center by 12 mm respectively,
find the complex permittivity of the insulator, the distributed parameters R, L, G, & C, and
characteristic impedance of the transmission line.
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3) A generator (Vy=16£0°V, Z, =300 Q) operating at 3 GHz drives a lossless TL (300 Q, 2.1 x 103 m/s)
of length 9.6 cm connected to a 60 + ;120 Q2 load. Using a Smith chart, find the unmatched input
impedance and power delivered to the load. Then, design and sketch (fully labeled) a shunt single
inductor matching network. Place the inductor as close as possible to the load. Find the matched
input impedance and power delivered to the load.
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4) A lossless 40 Q microstrip TL (v, = 2.25 x 10 m/s) is terminated by a load with reflection coefficient
0.6£114° Q3 at 1.5 GHz. Find the load impedance and SWR as well as the maximum and minimum
impedances along the unmatched TL. Using a Smith chart, design a quarter-wave transformer
(QWT) to match the load to the TL. Place the QWT as close as possible to the load. Assume the
QWT section has a phase velocity of 2.3 x 108 m/s. Sketch the fully labeled result in box provided.
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EE 481/581 Microwave Engineering Examination #1R (Fall 2024)
Name KEY R

Instructions: Place answers in indicated spaces, use notation as given in class, and show/explain all work for credit.
Smith chart should be clearly & fully labeled. Turn-in equation sheet(s) with this work.

1) Problem to replace (i.e, 1, 2, 3, or 4).

2) (20 points) A generator (Vo =8£0°V, Z, = 50 Q) operating at 600 MHz drives a lossless TL (50 €2,
2.4 x 103 m/s) of length 130.8 cm connected to a load with a reflection coefficient 0.62297.1°. Using
a Smith chart, find the load impedance Z; and the unmatched input impedance Zi,nm, reflection
coefficient I'innm, and SWR. Also, calculate the time-average power delivered to the load P;nm
without matching.

» Wavelength A = v,/f'=2.4x10%/600x10° = A = 0.4 m = 40 cm.

Smith chart steps
1) Plot I', = 0.62.£97.1° on Smith chart.

2)Read z,= 0.4+ 0.8 Q/Q. Compute Z, = Zpz;, =50 (0.4 +/ 0.8) = Z, =20 +j 40 Q.

3) Draw circle, centered on Smith chart, through I';/z; point and arc on SWR scale.
Read SWR =4.25.

4) Calculate ¢/A = 130.8/40 = 3.27 = move 0.27A toward generator on arc of constant

IT'| to arrive at zi, v and ['innm point. Since 0.115+0.27=0.385, draw radial line from
center of Smith chart to 0385 on the “WAVELENGTHS TOWARD
GENERATOR” scale.

5) Read ZinNM = 04 -j 0.8 Q/Q and an NM = 0.62/-97.3°. Compute Zin,NM = Zo ZinNM =
500.4-708) = Zuxu=20-7400.

Use circuit analysis to compute Pinnv = Prawm (lossless TL).

loxm = Vg I(Zg + Zinam) = 8£0° /(50 + 20 - 40) = 0.099227788.£29.745° A

Pin,NM = 05 | [O,NM |2 Rin,NM = 05 | 0099228 |2 20
= P =Praxv=0.0984615 W = 98.4615 mW.

Not matched
Zr :_20 +740 Q0 L Zin,NM :_20 -7 40 Q_

TCinm = 0.62£-97.3° SWR = 4.25 Pravi = 0.0984615 W = 98.4615 mW
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Design and sketch (fully labeled) a matching network using a shunt single capacitor C placed at a distance
d (cm) as close as possible to the load. As part of the process, determine the normalized load admittance y;
and appropriate match point admittance ym. Find the power delivered to the load after matching Pz m.

6) Move 180° around circle of constant |I'| to arrive at y, =0.5-j1 S/S.

7) The two points are ym; =1 % j1.58 S/S. Choose ymz =1 - j1.58 S/S (inductive y) to
match with a shunt capacitor.

8) The distance in “WAVELENGTHS TOWARD GENERATOR” from y; t0 ym2 is d =
0.135+0.322 = d=0.457\ = 0.457(40) = 18.28 cm.

9) At ym» add a shunt capacitor with susceptance Y, =;1.58/50 S=jwC. Solving for C =
1.58/(2r 600x10°50) = C = 8.38216 pF.

After matching, Zi, = Zo=50 €. Use circuit analysis to compute Piny= Prm (lossless

TL).

o = Vo (Zy + Zinpt) = 8.20° /(50 + 50) = 0.08.£0° A

Pin,M: 0.5 | IO,M |2Rin,M: 0.5 | 0.08 |2 50

= Pum=Prm=0.16 W=160 mW.

y.= 05-j18/S

= 1-j1.58S/S

£=130.8 cm
50 Q 3 d=18.28 cm
]
Ve= ZO__SOE’S C=38.38 pFJ— Z,, u Z
SZOOV — l/l—24 10 m/s -|_ |+
3 -O I O
f_ 600 MHZ Zin) 1ﬂin ZL’ 1_11‘
Matched- Pry= 0.16 W=160 mW
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