ENEE 381 Problem Set #4
10/14/04 due 10/26/04
Questions like (1) -(6) and (9) -(14) could easily be on the first examination

(1) A length of loss-less transmission line is first short-circuited at one end and then open-
circuited. The impedance measured at the other end in the first case is ' Z; and Z; in the
second. Prove that Z;Z, = Z2. This is a convenient way for measuring the characteristic
impedance of an unknown line.

(2) A 50 ohm transmission line is terminated with an impedance of 20—]30 What is the
magnitude and phase of the reflection coefficient?

(3) Repeat question (2) using the Smith chart

(4) A 75 ohm transmission line is terminated with a load of 150 + j50 ohm. Compute p

in terms of both amplitude |p| and ¢. What fraction of incident power is absorbed in the
load?

(5) Use Smith chart. A line with Zy = 1002 is terminated with an unknown load. The
SWR is found to be 3. A current maximum is observed 0.1\ from the load. What are:
(a) the load?

(b) the reflection coefficient p, magnitude and angle?
(c) how would you match the line without changing the load at the end of the line?

(6) Use Smith chart. A transmission line of characteristic impedance 75 ohm is terminated

with an impedance 50+4-j125 ohm. 0.1\ from the load a 150ohm shorted stub 0.2\ long is

connected in shunt to the main line. What are:

(a) The reflection coefficient in magnitude and phase at this point?

(b) The standing wave ratio?

(c) Where is the nearest current minimum that is greater than 0.1\ from the load?

(d) Where is the nearest point greater than 0.1\ from the load where the line can be
matched with an open 75 ohm stub?

(7) RWvD 5.2b

(8) RWvD 5.5b

(9) RWvD 5.7f Do with and without the Smith Chart
(10) RWvD 5.8a Use Smith Chart

(11) RWvD 5.8¢ Use Smith Chart

(12) RWvD 5.10a Use Smith Chart

(13) RWvD 5.10b Use Smith Chart

(14) RWvD 5.10g Use Smith Chart



ENEE 381 Problem Set 4. SOLUTIONS
The transformed impedance equation is
2w 2 LKD) + 2 sinkD)
Zgcos(kl) + j-Zj sin(kl)

(1)

For a shorted line Z, =0, so

Zshort ™ J+Zg-tan(k])
For an open line Z, is infinite, so

Zopen = —i+Z0root(KI)

ZohorrZopen ®Z0°  QED.

@) Zyg=50 j=i

Zy = 20-j30
o= ZL-2p
) Zy+Zy

p = -0.207 - 0.517i

Ip] =0.557 ~magnitude

ars(p)
deg

(3) On chart the normalized impedance is

=-111.801 phase angle in degrees

Z

CL= Zo

{L=04-06i Point A on chart

4 2zy:=175 Zp := 150 + j-50
- -2
T+ 7

(|p|)2=0.153 Fraction of power reflected

1 —(lpl)2 =0.847 Fraction of power absorbed in load
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(_5") Zo:= 100 s:;s

On chart mark point on real axis for S=3, draw circel abour center of chart
Inax is ON left hand side. Load is 0.1) away at point 0.5-0.6

|p| m0.49 ¢ = 108 degrees
Sanity check

{p=05-j06

2y, :=ZpGL
-2
Pz

lo| = 0.483 arg(p)
deg

= —108.004

Matching points are at B or C. You can match with series or parallel components
but the distances from the load vary depending on whether you use the chart in

impedance or admittance
Zo:=175 Zy == 50 + j-125
ZL

[é) ng Normalized load

{L =0.667 + 1.667i pointA

L= 1
CL

yL = 0.207 - 0.517i Normalized admittance of load, point B
Shorted stub 0.2 long starts at point C and has ifs normalized admittance at point D
Ystub150 := —=j-0.32

. 1
Renomalized Ystub = = Ystub150

150 multiplying by admittance of 150 ohm line

Normalize again but this time to 75 ohm line

Ystub
Ystub75 = '_1"

75

Ystub?75 = =0.16i



0.1 from the load is point E, where
yi:= 017 + j-0.14

After adding stub
Ytotal = Yi + Ysmub75
Ytotal = 0.17 - 0.02i Point F

See chart for rest of problem
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