ECE343 - Spring 2027 LO7 Practice SOLUTIONS 1of b

Learning Objectives 3.3 and 3.4: | can use the transmission line equation to calculate the voltage/current
at an arbitrary point on a specified transmission line. | can use the transmission line equation to match a load to
a source using a length of transmission line.

Show your work. Write a Documentation line at the end (None if you did not collaborate). All lines are lossless. The load is at
z = 0and d is the distance from the load toward the source.

1. Deriving the input impedance. The phasor voltage and current on a line terminated in Z_ are

+
V(z) =V, (7772 + Tel??) I(z) = ‘;i (e77P% —TelF?)
0

(a) Write Ziy(d) = V(—d)/I(—d), substitute I' = 4=22, and show that

7 + ]ZQ tan gd

Zin(d) = Zg 2L TJ20 700
in(d) 070 + jZ, tan Ad

ejﬁd =+ Fe—jﬁd

Iin="20 ——————
n 0 ejﬁ/jd o l—veijﬁd

Multiply the numerator and denominator by Z; + Zg:

(2 + Zo)e?P? + (2 — Zp)e= 3P4
(ZL + Zg)edBd — (2| — Zg)e—iBd
Z, (eIPd 4 e=3Pd) 4 7 (e7Pd — ¢=iP4)
070 (e3P 4 e=iBd) 1 7, (edPd — ¢—ibd)
; 27\ cos fBd + j2Zq sin Bd

27 cos Bd + j2Z sin Bd

Zin = Zg

using Euler’sidentity. Dividing the numerator and denominator by 2 cos 3d gives the result.

(b) SetZ_ = 0andthenZ_ — ootofindthe inputimpedance of a shorted line and of an open line.

jZotan Bd
0 7

7
=79 =———— = —jZgcot(B)d
UjZL tan Sd jZocot (B)

ZL=0: Zin=1 = 720 tanf)’d
Z|_ — 00 : Zm

For the open line we divide the numerator and denominator by Z; before taking the limit.
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2. Oneload, three lengths. A 100 2 resistor terminates a 50 2 line.
(a) Find Z;, for aline A/8 long.
Bd = 45°,sotan Bd = 1:

. 100 +j50 _ o (100 + j50)(50 — j100)
in — =

ot
o

50 + 5100 ° 502 + 1002
10,000 — 57,500
— 50 2P0 =IO 40— 300
7 12,500 J

(b) Find Z;, for lines A/4 and A/2 long.

Z3 2500
Z. 100
N2: Zin=12.=1009

Nd: Zin= =250

A4

A/2:

40 — 30 Q

100 2

(c) Theresistor absorbs real power, but the input impedance in part (a) has a reactive part. Explainin

one or two sentences how both can be true.

The reactance in Zj, comes from the standing wave on the line, which stores energy that flows
back and forth between the line’'s inductance and capacitance. The lossless line dissipates nothing,
so the real power that enters at the input is the real power the resistor absorbs.
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3. Stubs. Acircuit at 2 GHzneeds a5 nHinductoranda 1 pF capacitor. Build each from 50 €2 line in which waves
travel at 2 x 108 m/s.

(a) Find the wavelengthin the line.

2 x 108 A= 10 cm
=—" " _—0.I1m=10cm
2 x 109

(b) Find the length of the shortest shorted stub that acts as
the inductor.

{= 1.43cm
wL =27 x2x10° x5 x 1077 = 62.8Q
62.8
51.5°
= A=0.143A=1.43
360° cm
(c) Findthe length of the shortest open stub that acts as the
capacitor.
l= 0.89cm
L ! =79.69
wC 2 x2x10%x 10-12 7
79.6 3
cot(f)f=—-=1592 = Bl=321
8]
32.1° i
l= A =0.089\ = 0.
3600 = 0-089A = 0.89¢cm

(d) Your stub in part(b)is accidentally cut 2.5 cm longer than designed. What does it act like now?
Explain without computing.

2.5cmis \/4, and ashorted line between A/4 and A/2 long has tan 3¢ < 0: it acts as a capacitor.
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4. Quarter-wave transformer. A 200 2 antenna is fed at 500 MHz from a 50 €2 line. Waves travel at 2 x 108 m/s
in every line.

(a) Find the characteristic impedance and the length of the
quarter-wave section that matches the antenna.

Z] = 100 Q2
Z] = \/ZURL = \/50 x 200 = 100
2 x 108 A
= 505 wem, o =10cm length = 10 cm
(b) The same network is used at 1 GHz. Find the impedance
the 50 Q line sees and the reflection coefficient there.
At 1 GHz the 10 cm sectionis A/2 long, so it repeats the Zin = 200 Q
load:
Zin = 200 Q
_200-50 r= 06

-~ 200+50
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5. Power delivered. An incident wave of amplitude |V;"| = 10 V travels on a 50 Q2 line toward a 100 Q2 load.

(a) Find the incident power.

V2 100 -
Pint::‘OI =—=1W Fine = LW
27, 100

(b) Find the power the load absorbs.

ro100=50 1 Pr = 0.889 W
1004+50 3
8
P =Pne (1—-|*) =1 x - =0.889W

(c) Check part (b) directly: find the load voltage V(0) =
Vo' (14 T')and compute |V (0)[*/Ry.

, Pp= 0.889 W
WWN:10X§:B3V
13.32
P = =0.889 W
2 x 100

Documentation:




