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1. (30%) A wave with the frequency of 1-MHz travels in the -z direction in air. Assume the wave
travels at the speed of light (c = 3.0x108m/s in air). If the wave reaches a peak value of 1.5 at z
=100 m when t = 0.2 ps. Find:

1) (10 points) Wavelength in air

2) (10 points) Expression for the instantaneous of the wave (time domain)

3) (10 points) Expression for the wave in the phasor domain

Solution:

c _ 3x10%m/s

D.Af =c 4 — 7T T 10%mz

= 300m

2). y(z,t) = 1.5cos (wt + 27"2 + <p0)

1.5 = 1.5cos (271106 x0.2%x107° + 3%100 + (po) o = 0.9337
y(z,t) = 1.5c0s (wt + 2z +0.933r)

3) §(z) = 1.2nej(27"z+0.9337t)



2 (35%) An air spaced lossless 50-Q line (er= 1) is terminated in a load with impedance of
Z_ =100 + j60-Q at frequency 5GHz. Find (1) the reflection coefficient; (2) the voltage standing

wave ratio (S) and (3) the location of the first voltage maximum from the load in centimeters.

Solutions:
(1) T = 2020750 _  48,28.4°
100+60+50
14|
(2)S=5; =285

(3) Lmax = =4 = 0.041 = 0.24cm



3. (35%) A lossless 50-Q line A/8 is terminated in an unknown impedance. If the input
impedance is Zin = -j60-Q. Find the load Z..

Solutions:
2T A T
PL=2%=%

Zin _ Zi¥jZotanBL _ Zp+jZo
Zo  Zo+jZitanBL  Zo+jZL

=—j1.2



Voltage maximum

Voltage minimum

|V Imax = |V I[1 + [T]
|V i = 1V57ITL — T[]

G:A  nA
Positions of voltage maxima (also Imax = -+ —, n=012,...
. .. A7 2
positions of current minima)
O
i ifo<6 <m
Position of first maximum (also Imax = 4m
position of first current minimum) Qri“ + A if —7 <6, <0
Ao 27 -
Or A 2n + DA
Positions of voltage minima (also Lmin = = 4+ -(————-j_-i, n=0,1,2,...

positions of first current maxima)

Position of first minimum (also
position of first current maximum)

47 4

A Oy
min 4 ( + T )

Input impedance

ZL—I—jZotanﬁZ)

Zin =2
in O(Zo+jZLtanﬁl

Positions at which Z;;, is real

at voltage maxima and minima

Zi, at voltage maxima

[+ ||
Zinw = Zog | ——
i O(I—IT‘I)

Zin at voltage minima

P I —Iy
in — 40 1—{-|F|

Z;y of short-circuited line

Z¥ = jZotan Bl

Zin of open-circuited line

Z> = —jZgcot Bl

Zin of line of length [ = ni/2 Zin=1721, n=0,172,...
Zin of line of length [ = A /4 + n)/2 Zin=Z2%/ZL, n=0,1,2,...
Zin of matched line Zin =29

IV0+| = amplitude of incident wave, I' = |T"|e/% with —7 < 6; < 7; §; in radians.
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