ENEE 381 Problemn Set #4

4/1/04 due 4/13/04

(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 Zy in the

second. Prove that Z;Z, = Z5. 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-j30. What is the
magnitude and phase of the reflection coeflicient?

(3) Repeat question (4) 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) Cheng problem 9.27

(6) Cheng problem 9.30

(7) Use Smith chart. A line with Z; = 100Q is terminated with an unknown load. The

SWR is found to be 3. A current maximum is observed 0.1A from the load. What are:

(a) the load?

{(b) the reflection coefficient p, magnitude and angle?

(¢) how would you match the line without changing the load at the end of the line?

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

with an impedance 50-+j125 ohm. 0.1A from the load a 150chm shorted stub 0.2A 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 0.1A from the load where the line can be
matched with an open 75 ohm stub?

(9) Use Smith chart. Cheng problem 9.48

(10) Use Smith chart. Cheng problem 9-49.

(11) Use Smith chart. Cheng problem 9-50.

(12) Use Smith chart. Cheng problem 9-51.



ENEE 381 Problem Set 4. SOLUTIONS

(1) The transformed impedance equation is
(2y-cos(kl) + j-Zg-sin(kD))
0 cos(Kl) + j-2; -sin(k])

For a shorted line Z, =0, so

Zshort = jZg-tan(kl)

For an open line Z, is infinite, so

Zopen = —J-Zg-cot(kl)

2
Zshort Zopen = Z0 QE.D.

Zy, =20 - j-30
Zy,-Zy
pi=
Zy + 2y

p =-0207 - 0.517i

lpl =(.557 magnitude

.____a;g(p) =-111.801 phase angle in degrees
cg

(3) On chart the normalized impedance is

Z,

CL= Zo

¢ =0.4-0.6i Point A on chart

4)  zy=75 7y := 150 + j-50
Z1,-Zy
pi=
Zr + 2y

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

1-(]pl )> = 0847  Fraction of power absorbed in load
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-1 2~4 ¢
(5 R9-27 @) Irl= .s+/ = 2¥7 - 3
Eg.(9-133a): VD= 34(2,+ 2, [1+ Irle”]'
£g (g-134): [ = LimZp ]Fle79ﬁ — 8. '2/62

3,42,
Voldage is a minimum when ¢=%7 — 0 "’2( )x/)p\
[’_ A ?/'2'/ “04”
A ls . 1+ ‘
b) zL—.La(-,—;F)—zzeu;zoe Q5.
¢) Terowaating resistance R = —§—= —3~2—- =150(R),

L= 5 -2 = (ag«o,s_w;-\ =02

Airctber .sef of.fo/uv‘/oh js - B 5}2 EO0L) & .( =0.95

f‘"

(é> £330 @) Given: V,=01/0° (), Z=2,=50 (1), R = 25(0)

Z. v =052,.
Vi=Zaz,% . L=zame
where Z=2 0.52, .2, tan Bl _ /#;21:4,,/1

v 2Z,+,052 tnnfl 0 Z")—tonﬂl

Vi= 1+ 7210 A¢ = (n (Srg2tanfl
[ 3(]-}; t“"ﬂl) 9 30 ’4} t‘* ) (V)

L= _22itenpt =2 .lL.‘;Ee_jl_
‘ 3Za("jtdn'/4!) v 3\ +;‘t°:;1) (mA) .

Sefﬁng Z,=2, and /;*-0 in Egs. (9-120a) and (9-1208),
we have Y = V(r-g)= -——-z"’zz"g CAary (ra Bk o

T R+2,773

= };— ¢.)/a, (V);

“0) = AL 2
l I(zw0)= ——L_z z’e/’ (1-7)= 2 (78 (mA).

b §= Al
$ 1-lri

c = 1
) (R = 7Ry 12)= L (L) (45107)=2.22000% (w)
' y =0.0222 (mW).
If kL;é"o(ﬂ)) \{z-iiedﬁl’ JL,:Z_é;"JM
— V, -
Mas. (/iv),, = 3%; =2.50x00" (w).

=2‘



(7) Zo = 100 S:i=3

On chart mark point on real axis for S=3, draw circel abour center of chart
Imax 18 On left hand side. Load is 0.1A away at point 0.5-j0.6

lp| =0.49 o = 108 degrees
Sanity check
= 0.5-j-06
7L = ZoGL
21, -2y
p =
21+ 2y
Ip| = 0.483 arg(p) 108004
deg

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

@ Z0=75 Zp, =50 + j-125
Zy, .
Cp = — Normalized load
Zy

¢, =0.667 + 1.667i  point A
1

yL= —
cL

yL = 0.207 - 0.517i Normalized admittance of load, point B

Shorted stub 0.2 long starts at point C and has its normalized admittance at point D

Ystub150 = —j-0.32

. 1
Renormalized  Yyyp = 50 YStublso multiplying by admittance of 150 ohm line

Normalize again but this time to 75 ohm line

Ystub
1

75

Ystub75 =

Ystub75 = —0.16i



0.1) from the load is point E, where

yii= 0.17 + j-0.14

After adding stub

Ytotal == ¥Yi T Ystub75
Yiotal = 0.17 — 0.02i Point F

See chart for rest of problem
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2, = 05+508,
y‘_= "):-

a) See construction.

P p' : =058 1,08
{7
P o: Y= I—jla ¥, —>d;=0
Py : V=1 +51.
——+d,=0./62A +(0.5-0.315)A
g =0,324x .
03y g"-‘ 5, =3 {—=g =(o.5+0125)2
(0.375) . - 0,375
LA lg--jt——-,(?.’:(n.ng.o.zs)»\
= 0.025

B) For Z,=75=152,, Y, =o0.67Y,.

. It ’ > .
The re quired normalizad stub odmittances are 5,=-5’= 5_%—67-=3 1.5

(zo),w,,g = (zo)[;,;g’ (Z’)Jfﬁé:/'s (zo )l.in

’ .
3, =05+505 | dy=0, £,=0.3752 d,=0, 4, =0.4062

Y= 1 -§1 dy= 03204, 4 ~0.125x | dy=0.329x, f=00§32

[/b’) P 9-4¢6 , =0.5 +jo.5

{

Use Smith chart as an ‘mpedance Chart. Same construction
as that in problem P 9-34 except P, wouid be on the
exfreme Joft (marked 157 a l)’Ond g=/circla bacomas raf circle,

R Z=085+505, P:Zy=fejl with d,=(0.762-0088)r
= 0.074A
P: z

37 L7101 with d = (0.335-0088) A=0.2c0x,
7o achieve a matchwith a series Stub having ,Qo’z ?’3‘1%
we need a normalized stfub Jusceptance ‘J.g =-7143
for solution corresponding 40 . From Smith chart we
obtain the reguired stub fength £,=0347x .

S:'m:'/ar/y For solution Corresponding Yo £, a stub
with a normalized Susceptance 4;{/,43 /s needed
which reyuz’res a stub /en__gﬁ‘)jj=0./53/\_



//7) £9-50 . 2, = 0.33+;033.

B: ¥, = 1507150 (0306 atf),
A’ Yy=1.50-31.80 (03040atp]),
Bat %= 1-50-jorq (0.2¢9x at B)),
By’ Y1004 5160 (01790 qu,')’
b

Y.~ 1-00+3-040 (0144 ahgz).

a) Jﬁor}-cir;uihd b) Open-Circuifcd
Stubs Stubs

(Ysa) = Ya=¥, = -joso | L,=0203x | 4, =0453x

(Yead= Yag=Y, = ;136 | £y=0.399A | L,,=0.7492

(Yse)= =jt60 B, = 0.089x| @,=0339x

(Yeg), = ~F0.40 4,,=0199X | g = 0.439x

= 00 oy
Y, J———,oowo- 24-)12.

Po/nf }1 on Smith chart,
(o.250x at F’)
Since the rotated g=t0

circle s }anycnf fo #he
g=2.0 ¢ircle , an added

line length e, s needed
fo convert A (2.4)%0 2.0,

mov/n9 from P

f q/ong the |rl-cirele 1o 2, Cnot shown)
on the g=2.0 circle (02912 o /"") Note that b,

/s differant from & , the point of fangency between
the 9=20and rotatad g=40 crirclas,

a) Min.

d, = 0.29{A-0.280x =0.01/X

A
¢

&

b F Y,=2-51 (0287x at P').
Py : Y= 1+51 (0162 at p/).

Ysia= Yo=Y, = (2-51)-(2-51.38)=;035 — f,=0304x

Yig=-gl— f,=0.7128 A



