Matching Networks Problems:
1. In order to match a 300-CQ2 load to a 75- Q) transmission line, a quarter-wave
transformer is used. Find the characteristic impedance of A/4 x’former.
Solution:
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2. An antenna has a feedpoint of Zr = (100 —j80) Q). The characteristic impedance of
this antenna is 75 Q. Determine (a) the shortest distance from the load which a
A/4 x'former maybe inserted to provide matching; (b) Zor.

Solution:
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rofi=%0 102780275 4 ¢, 45080
Z, +Z, 100-j80+75
SWR = 1+ _1+0.436 _ 5 55
1-[[] 1-0.436
s =9 4808 0667.4; make i positive :—0.0667 4+0.54 = 0.4331
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_ $+180°  —48.08°+180°

Smin Y agoc =0-1832
2A%%)
Since Smin is closer to the load, choose Smin= 0.183A.
(b) Since load is resistive: R = Zo _ 7> 19410
SWR 2.55

Zor =[ZoR, = [75(29.41) = 46.97Q

. For a TL with Zo =50 Q) and a load impedance of Z. = (120 + j100) (), determine
the distance where a series stub must be placed from the load to the line and
determine the length of the stub.

Solution:

Zn=Zo =X

Z, =Zo+jX =501+ X

7, =7, LLFIZo R0 G _ tan s
Zo +jZ; tan S

120 + j100 + j50 A

50 + j(120 + j100) A

50 + jX =50
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120 + j100 + j50 A
50 + j(120 + j100) A
120 +j(100 +504) (50 —1004) - j120A
(50 -100A) + j120A (50 -100A)— j120A
120(50 —100.A) + (100 + 50 A)(120 A) + j(100 + 50 A)(50 — 100.A) — j120(120 A)
(50 —100A)* +120% A?

50 + jX =50

50 + jX =50

50 + jX =50

Equate real parts:
6000 — 12000 A + 12000 A + 6000 A*
2500 — 10000 A + 10000 A% + 14400 A°
2500 — 10000 A + 10000 A% + 14400 A% = 6000 — 12000 A + 12000 A + 6000 A*

18400A% — 10000 A — 3500 =0
Solve for the roots: A1=0.78561; A>=-0.24213

0.78561=tan(3io )S, ;S, =0.1064

360°
A
Since S1 is closer to the load, insert the stub at a distance 0.106A from the load.
7. =50 120 + 7100 +.j50(0.78561) _ 50— j78.79
50 + j(120 + j100)(0.78561)
The series stub must have an input impedance of Zins=j78.79C) to tune out the
—j78.79C) reactance.

50 =50

—0.24213 = tan( )S, S, =—0.03784 or —0.03784+ 0.54=0.46221

For the length of the stub:

a) Short circuit stub
Z..s=]Zotan pS;; j78.79 = j50tan S,

tan S, =1.5758; (%)sl =57.6°

S, =0.161
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b) Open circuit stub
Zis =—]Zocot fS;; j78.79 =—j50/tan S,
360°
A
S, =-0.094; making A positive :0.414
4. A series RC combination having Zv = (120 - j100) Q2 at 10 MHz is connected to a 75
Q) transmission line. Calculate the position and the length of a shunt stub that
will match the load to the line.

tan BS, = -0.6346; (

)Sl = 32.40

S

7
=
Ze .

Y, =G+jB=1/Z,

Y, = ! :
in _Z Z, +jZytan fS’

© Zo +jZ, tan S

let A=tan fS

1 . 1 Zo+jZ,A
ot jB=(p) o
75 75" 7, + jZo A
1 g 1,75+j(120- /1004
757" \75 (120 - j100) + j75A

1 1.(75+100A) + j120A . 120 - j(75A —100)

—+jB=
751 (75) 120 + j(75A-100) 120 - j(75A —100)
R ( 1, (75+100A)(120) + 120 A(75A - 100) + j(120A)(120) — j(75 + 100A)(75A - 100)
7517 \75 120% + (75A —100)?
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Equate real terms:
1 (i) (75+100A)(120) + 120 A(75A —100)
75 75 120% +(75A —100)?
120% +(75A - 100)* = (75 + 100 A)(120) + 120 A(75A — 100)

144000 + 5625A% — 15000 A + 10000 = 9000 + 12000 A + 9000A* — 12000 A
3375A% +15000A — 15400 =0

Solve for the roots: A1=0.8602; A>=-5.305

0.8602 = tan(%)S1 ;5, =0.11314

360°

A
Since S1 is closer to the load, insert the stub at a distance 0.1131A from the load.

75 + j(120 - j100)(0.
Y, = ()2 1120 = JI00NO8602) _ 5 133336 1 jo.01541)5

7_5) (120 - j100) + j75(0.8602)
The shunt stub must have an input admittance of Yins= - j0.01541S to tune out the
j0.01541 S susceptance.

For the length of the stub:

—5.305 = tan( )S, ;S, =-0.22034 or —0.22034+ 0.54=0.2797 4

a) Short circuit stub:

Y=L j001541=—
Z,s ]Zotan fs, j75tan S,
tan S5, = 0.86524; (330 )S; =40.8676°
S,=0.11354
b) Open circuit stub
y -t .~ j0.01541 = LA
Zins _JZOCOtﬂSI _175
tan A4S, = —1.15575; (36}? )S, =—-49.1324°

S, =-0.13654+0.54=0.36354
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