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1. (30%) For a wave with frequency f = 1 MHz, the amplitude phasor at different position
z can be written as: A(z) =5e %7, (1) What is the instantaneous value of the
amplitude A(z,t) at different position z? (2) What is the direction the wave travels? (3)
What is the wavelength of the wave?

Solution:

(1) A(z) =5e "™ = Re[pe ¢ i | = 5cos(at —100z) = 5cod2710°t —100z ).

(2) The wave travels in the +z direction.

27 27
3 =— =100, 1 =——=0.0628(m).
@ p== % = 0.0628(m)



2. (30%) An air spaced lossless 50-Q line (er= 1) is terminated in a load with impedance
of ZL = 60 + 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.
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3. (40%) A lossless 50-Q2 line is terminated with a load. The capacitance is unknown. The
voltage standing wave ratio (S) was measured to be S=3 at the frequency of 5GHz. (1)

Find the capacitance; (2) what is the shortest length of the transmission line to make the

Zin real?
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0.5£0.72.

Zin is real at [V|max Of |V|min.

| = il =0.0574, |, = iﬁ +1/1 =0.3074
Ar A 4



Voltage maximum

Voltage mintmum

[V lmax = [V I[1 4+ T[]
IV imin = 1V, I[1 = T[]

iy A
Positions of voltage maxima (also Imax = - E—, n=012,...
.. . . A 2
positions of current minima)
Or A
=, it0<6, <m
Position of first maximum (also Imax = 4
position of first current minimum) Qri“ + & if —7 <0, <0
A 2’ -
Gr A 2n + DA
Positions of voltage minima {(also Lmin = Zr— + EME)—, n=10,12,...
T
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Position of first minimum (also
position of first current maximum)

A Br
I == 1+
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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

1+
%:%Q—m)

Zin at voltage minima

P 1 -
in — &0 1+|F|

Z;y of short-circuited line

Z¥ = jZotan Bl

Zi, of open-circuited line

7Y = —jZgcot Bl

Zin of line of length{ = ni/2 Zn=72L, n=0,172 ..
Zin of line of length I = /4 + ni/2 Zin=12}/Z1, n=01,2,...
Z;n of matched line Zin =729

|V0+| = amplitude of incident wave, I' = |I"|e/® with —7 < 6; < 7; 6; in radians.
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