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UNIT I ]

Poblems : =77

Transmission Livies - I

Guvan Hhot ——
Open-circuited impedance, Zo. =750 Q. .
Short-circuited impedance, Z,; = 500 . F‘H\A Q\'\Qvacbﬂu\lc I‘rn])e_d Qliea G'CD |

The characteristic impedance of a line is given by
— VZa X Zs: = /TS0 % 500 = V/37500.
The characteristic impedance is Zp = 612.37 Q.
Eample 1013  Z,. = 900£-30°Q, Z,. = 400£~10°Q. Calculate the Zg and y of a 12 km long,
e.

—

Solution Given: Z,c = 900/—30°Q, Z;. = 400£—10°Q

a? The characteristic impedance is given by

Zy = /Zpe X Zse = v/900Z—30 x 400Z£—10 = 600£-20° Q.
Hence, the characteristic impedance, Zy = 600£—20° Q

Zsc

We know that tanh 7/ =

—Z:c'- ) 41—
Yu@@.
400Z—10 V\QMOJ’D% Qb Vit 0
=4[ 0.67£10.
tanh 71 ,/9004_30 0.67£1 m
el — e , _—5— - \I'L\m

By componendo and dividéndo principle, a{—L J

2e7 _ _1+0.66—j0.116 ———r — C_____+

2e-" ~ 1—(0.66— j0.116)" a— b - ¢ ._Q, "

" = 4.269— j1.798 = 4.632/—22.8. \\

Taking In of both sides, '

271 =1In(4.632£—-22.8°).
y= 517 (In(4.632) + j(—22.8°))

1
2x 12‘

¥ = &+ jB = 0.0638 — j0.01658 napers/km.

or Y=

Example 10.14 A two'yire line has a characteristic impedance of 300 Q and is fed 1o a 90 Q
resistor at 200 MHz. A quarter wave line is used as a tube 0.25 cm in diameter. Find the centre-to-
centre spacing in air.
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Solutlon Given: Z; =300%, Z, = 90 Q, tube diameter = (.25 cm, radiag r == ().125 cm.

For a quarter wave line, we know that
Zo = VZi X Z2 = V/300 x 90 = 164.32 Q0.
Also, we know that the characteristic impedance of a parallel wire line is,

+  Zo=2761og (d/r) ohms,

where d = cemm-lo-centrc-spacing.

d
164.32 = 276log [6'31,2"3]

log [o_fzi] =0.595.

d
—_— g d=0.4 .
0125 3.936 or d=0.49cm

Example 10.15 A 60 ohm lossless lineiis connected to a source with 10 V, Z, = 50 — j40 and
terminated with a load of j40 ohms. If the line is 100 m long and 8 = 0.25 rad/m, calculate Z;, and
voltage at (i) the sending end, (ii) the receiving end, (jii) 4 m from the load end and (iv) 3 m from

. the source.

Solution Given: ) :
Length, I = 100 m, characteristic impedance, Zp = 60 ohms, termination impedance, Zg = j40
ohms, source resistance, Z, = 50 — j40 ohms, source voltage, V, =10V, a = 0, B =0.25 rad/m,

input currentis /= Ve _ L,
e T Zokz, T 0+50— 40

= 85.4420 mA.

K e e
We know that the source impedance for a lossless transmission line is

_ (Zg+iZotan Bl
Z’—Z°(Zo+iz;z tanﬁl)'

(i) At the sending end, I =100 m, BI=0.25 x 100 = 25 rad = 1432.4°,

7. =60 j40+ j60tan 1432.4
T 60+ j240tan 1432.4

) = j29.38 Q.

Input voltage is Vy = Zsly = j29.38 X (85.4£20) x 1073 =2.5Z110 V.
(ii) At the receiving end, I = 0.

Z,=ZR=]4OQ-
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Vg = Zpl; = ja0 x (85.4£20) x 1077 = 3.416£110 V.
(iii) At4 m from the load r\nd: 1=4, fI =0.25x%x4=1rad = 57.3°.

j40+ jé0tans7.3\
607 Pa0mn573 ) — JB3B L

Zl=50(

Vi = Zy I, = —j435.53 x 85.4£20 x 107% =37.2£-70° V.

(iv) At 3 m from the source end: { = 97, Bl =025 x 97.= 2425 rad = 1389.4°.

740+ j60tan1389.4 .
Z, = 60 = —j0.303 Q.
2 (60+ j240tan1389.4) g

Vs = ZoI, = —j0.303 x (85.4£20) x 1072 = 0.0258£~70° V.

’ Example 30.16 An open wire unloaded line, 75 km long, is operated at a frequency of 1000
Hz. The open circuit impedance is found to be 330£—30° € and the short circuit impedance is
540/7° Q. Calculate the parameters of line.

Solutlon Given: Length of the unloaded line, ! = 75 km, f = 1000 Hz, Z,c = 330£-30° &, Z;c =
540£7° Q. \
‘

_ 'We know th_at_Zo =Zce X Zpe

= /540£7° x 330£—30° = 422.14/~11.5.

Also, Z;, = Zytanh yl.

 Z | S40LT
tanh Yl = = = im.14z—23
= 1,28230° = 1.108 + jO.64.
e7’ _3_71 .
m = 1‘1‘.-)8—{—_}0.64.
By componendo and dividendo principle,

2¢M  1+1.108 —j0.64
2e~M 1-1.108 —{0,64'

2.108 + jO.64*
M = .,
—0.108 — j0.64

ot o 2203L1685 4 304 /116470,
0.649/—99.58°
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Taking In of both sides,
2yl =1n(3.394£1 16.47°).
Since, In(rZ6)=Ilnr+j6°,

y= -2‘-1 (In(3.394) + j(116.47°))

=1 222+ j2033) = 122242033 _ 0815 +- j0.0135.
2 150
N

B = 0.00815 radkm and &= 0.0135 nepers/knt.

g = 0.0157£58.88° |
Also we know that = R+ joL.
R+ joL=0.0157/58.88° % 492.14/—10.5° = 6.627247.38
R+ jwL=4.487+ j4.877.
R=4.487 Qkm and oL=4877.

2mf x L=4.877.
4871 ASTI

L=mr= zx”xlm:_ornsmwm.
Y .
L =G+ joC.
Z J

G+joC= 0'015M8'88 =13,72 x 1075 £70.38°

322.147—-105°
G+ jwC =12.5x 1078+ j35 x 107%.
G=125pU/kmand @C=3.5X 107°.
ImfC=3.5%107".
_35x 107° _ 3.5x 10-5
2nf 2% 7 x 1000
C =5.576 nFlkm.

/f-:xample 1047 The input impedance of a short circuited lossy transmission line of length 2 m
and characteristic impedance 75 Qs 45+ j225 Q.

(a) Find o and § of 2 line.

(b) Determine the input impedance if the short circuit is replaced by a load impedance of
67.5 — j45S Q. &



Transmission Lines - [1

Solutlon Given: Input impedance of a short circuited line, Z,, = 45 + j225 Q, charactensuc
impedance, Zo =75 Q, length =2 m.

(a) We know that Z,. = Zg tanh 'ﬂ-

eV — 1
P e = 0.6+ j3.

By componendo and dividendo principle,

2 1+40.6-j3
27 1-06-j3

1.6+ j3
2 _ -1 3.
e 0a—p3 1.12/£114.3
Taking In of both sides,

2yl =1n(1.12£144.3%).
Since, In (rA 8) =1Inr+ j6°,

0.1133+ j2.518 -
2x2

v=0.0157£58.88° B =0.63 rad/km and ¢ = 0.028 nepers/km.

(ln(l 12) -+ j(144.3%)) = =0.028+ j0.63.

(b) Given: Load impedance Zp =67.5— j45 Q.
We know that the input impedance is

1+Ke—27'

Zy—Zy _67.5—j45=T5

== =0.3£-82°. .
Zr+2Zy 67.5— j45+75

where K =

&M =1.122114.3.

0.3£-82

RS RVYETTE] 140.2678£226.3
11271443 | _ - 3) -
Zin =13 0.32-82 = (1 - 0.26784226.3) SA35LE0 6,

T 1.12/144.3
Input impedance is Zi; =48.3+ j20 Q.

Example 10.18 A dipole antenna is fed by a lossless transmission line having Z,= 60 Q. The
source impedance is 600 Q. If the length of the line is 0.14, determine antenna impedance.

A\

[}
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Solution Given: Lcngth of the line { = 0:14, characteristic impedance, Z, = 60 Q,source

impedance Zg = 600 Q.
Let Zg be the antenna impedance. We know that the source impedance for a lossless transmission

line is
Zg+ iZo tanﬂl)
Zy+ jZgr tan Bl ’

_ Zs — jZotan Bl
o 2=z (2220,

Now tan Bl =tan [%{E (0.13.)] =tan (0.27) = 0.726.

Zs—-—-Zo(

600— j60(0.726) ] _ [600~ j43.561
60— j600(0.726) | [ 60— j435.6) |
i

= 17.06 + j80.3 = 82.09£78°,

Ze=60

Antenna impedance is Zp = 82.09£78°.

Example 10.19 A transmission line of 100 & characteristic impedance is connected to a load of
400 . Calculate the reflection coefficient and standing wave ratio. :

Solution Given: Characteristic impedance, Zy= 100 £, load, Zg =400 Q. -

‘We know that reflection coefficient K is given by
_ Zp—Zy _40p—100
T Zp+Zs  400+100°

*. Reflection coefficient, K= 3/5 =0.6.

. . _1+lK] 1406 16
The standing wave ratio is VSWR- T =1-06" 04 =4,

Example 10.20 An UHF transmission line of Zp = 150 ohms is terminated with an unknown
load. The VSWR measured in the line is 5 and the position of minimum current nearest the load is

one-fifth wavelength away. Calculate the value.of the load impedance.
Solution Given: Characteristic impedance, Zy = 150, VSWR = § =5, position of minimum

current Ymax = A4 /5.
Positiun of the first minimum current or voltage maximum can be obtained by

2Bymax —¢ = 0.
2n A N
R

"
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, 4
o o= - = 2.51 radians or 144°.
We know that the magnitude of the reflection coefficient is

§—-1 5-1
K—————_ .666.
K| S+1 5+1 0

The reflection coefficient K is

= |K]e/* =0.6672£144°.

Also we know that X = —Zf_—zu. .
Zr+ 7y )
Zg — 150
0.667/£144° = ————_
Zg+150
. . Zg - 150
—0.5388 0.3916 = ==~ _
+d Zr+150

Zg (—0.5388 + j0.3916 —~ 1) = (—150+ 150 x 0.5388 — j150 X 0.3916)

Zr(—1.5388 + j0.3916) = —69.18 — j58.74

90.753/4—139.66 4
1.588£165.72 °

The load impedance, Zr =57.15/—305.38 or Zr =57.15£54.62 Q.

e Zp=

Example 10.21 An open wire transmission line having Zg = 650£—12° Q is terminated in Zp at
the receiving end. If this line is supplied from a source of internal resistance 300 L, calculate the
reflection factor and reflection loss at the sending end terminals.

Solution  Given: Z; =300 @, Zg = 650£~12° Q
We know that the reflection factor is

(oo WVET
= Z+z0)
2+/300 x 650£—12° 88326 o
= = =0.934/2.22°.
Kr= o0+ 6358 —ji35) 94557822 Ui
The reflection loss, \
1
—2010gw -—l 2010g (0 934)
K. =0.59 dB.

The reflection loss is 0.59 dB.

_—
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/ Example 1022 A 80 Q distortionless line connects a signal of 50 kHz to a load of 140 Q. The
load power is 75 mW. Calculate:
(i) Voltage reflection coefficient,
(i) VSWR,
(iii) Position of Vimax» Tmax, Vmin 2and  [rin.

Solution Given: Zg ég 140 Q, Zo =80 Q.
[
(i) Voltage reflection coefficient

_ Zr—2Zo _ 14080 —0.273.
Zr+Zg 140+80

K=0273, ¢=0.

(ii) VSWR

1+|K|  1+0273 _
1—|K] ~1-0273

VSWR = 1.75.

(iii) Position of Vinax, Tsiax; Vmin a0d Imin
The condition for maximum voltage occurs at ymax from the load, i.e.,

2BYmax — ¢ =2n7.
For first maximum, n=0,
2BYmax — ¢ - 0

4

Therefore, the first voltage maximu, Viax,-and current minimum, Fyin, 0ccur at the Joad position.
The first voltage minimum, V iy , 0ccurs at a distance of A /4 from V qax . e

Ymin =ymnx+-a'/4=0+l/4=/1/4

v 3x108 -
We know that the wavelength, A = 7T SOx10 6 km.
8
vo 3x10 = 1.5 k.

Ymin = A% F ~ 4x50% 103
Therefore, the first voltage minimum and current maximum, Jmgyx occur at a distance of 1.5 km from

A
the load. These values repeat every 7= 3 km distance from the load.

Given: The power at ﬂ}e Joad is P =75 mW.,
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V2 - V.

We know that P = ~52X and 1, = ——==,
3 ZR d i Zp

¢

3.24
Vinax 8t the Joad is /P X Zg = V75 ¥ 1073 x 140 = 3.24 volts and lpn = 6 = 0.23 mA.

Example 10.23 Design a quarter wave transformer to match a line having impedance of 300 £2 to
~load of 600 Q.

Solution Given: Z;=3009, 2, =600L.

The quarter wave transformer should have a sending end impedance of

Z, 600 ,
. . . o '
The impedance will be matched if the Zs of a A /4 transformer is 150 Q.-

/Example 10.24 Calculate the reflection coefficient and VSWR of 2 50 © line terminated with (i)
matched load, (ii) short circuit, (iii) +j50 © load, (iv) —j50 £2 load.

Solution
(i) Matched load

Zo=50Q, Zp=50K0.

Zr—2Zy _50-50 _
Zr+Zg 50450

Reflection coefficient K =

1+|K| 140
Vv = ——,

and VSWR S TR =120
S=1

@i) Short circuit “‘\

Zr=0,Zy =504,
ZR-—Zo_O-—SO_

K= ¥z 0450
S = 1+|K| =-1—=w,
1—-|K] 0

“(iii) +j50 © load
Zp = +j50 Q, Zg =50 £2.

+j50—50 —1+j 1414£135°
j50+50  1+j  1.414/45°

K=



et
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K =1£90°.
T1-|k] 1-1"0

@iv) —j50 Q load )
"\
Zr = —j50Q, Zy=580Q.

_ —j50—50 _ 1.414£4-135° .,
K__ j50+50 ~ 1.414£—45° 90"

1+1 2
=TT
Example 10.25 An aerial of (200 — j300) Q is to be matched {with 500  lines. The matching is

to be done by means of a Iow loss 600 Q. stub line. Find the position and length of the stub line used
if the operating wave length is 20 metres.
Solution Given: Zg = 200 — j300 Q = 360.55£—56.31, Zp = 500 Q, A =20 m.

ot

We know that the reflection coefficient is
Zn—Zs 200—j300—500  —300— j300 ,
= = : = =0.2068 — j0.5172.
K= T2  200—j300+500  700—j300 o

s K=0.557£-110.8,
¢

So, |[K| =0.557 and ¢ =-=110.8°

We know that the position of the stub line  in terms of the refiection coefficient is

A -1
I= 2—n(¢+n—cos (Ix)).
Substituting the values of 4, ¢ and |K]|, we get,

[ = %(—110.8—%71‘—%5‘1(0.557)) ‘

10 _ 10x12.05
= —25(~110.8+180~56.15) = —2o— = 0.669.

The stub position from the aerial is

. = 0.669 metres.

\\
Also the length of the stup line /; in terms of the reflection coefiicient |K| is

A JT-IKP

ll = '2—7[ tan ?.IKI
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