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Problomse on C{)ns'\an\g 05\—— ™) l.-LYL'l& A

) The characteristic impedance of a transmission line is 8039.5 Q ata frequency of
8000 Hz. At this frequency the propagation constant was found to be 0.154£90°. Determine the
values of line constant R, £, G and C.

Solution Given: Zp=28039.5Q, y=0.154£90°,
f=8kHz, ® =2xnf = 2n x 8000 = 160007 radians/s.

We know that R+ joL =2Z x y = 0.154./90° x 8039.5.
R+ joL = 1238.1/90° = j1238.1.

R=0, oL = 1238.083.
_ 1238.083

= —— ——— =2464 mH/km.
160007
) .154/90°
Similarly, G+ joC= % == 0———-—;335950 =1.915 x 1077 £90°.

G+ joC = j1.915x 107>,
G=0, ®C=1915x%1077.

_ 1.915x107°

. C= ==0.381 nF/km.
160007 e

Example 9.9 An open wire transmission line terminated in characteristic impedance has the =~
following primary constants at 2 kHz: R = 12 Q/km, L =4 mH/km, G = 1 uQ/km, C = 0.005 p/km.
Calculate the phase velocity and the attenuation in dB suffered by a signal in a length of 200 km.

Solution Given, R=12Q/km,L=4 mH/km, G=1puQkm,
- C=0.005pu/km, f =2kHz. ® =2nf =2 x 7 x 2000 = 4000 7 radian/s.

Series impedance, Z =R+ joL
= 12+ j40007 x 4 x 1073 = 12+ j50.26 = 51.67£76.57° Q.
Sinﬁlarly, shunt admittance ¥ =G+ joC
= 1078 4 40007 x 0.005 x 10~°,

Y = (1+j62.83) x 1076 = 62.83 x 1075/89° .

We know that y=+/(R+ joL)(G+ joC) = VZ XY

= /51.67£76.57 x 62.83 x 10-6./89.1

=1/322 % 10-3£165.57 = 0.05672£82.78
= (7.13+ j56.3) x 1073,

y=a+ jB =0.0713+ j0.0563.
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Attenuation constant, & = 0.00713 nepers/km.
Phase constant, § = 0.0563 radians/km.

4000m

= =2 939 % 10° kmis.
FRe 2.232 % 10 S

' (0]
Velocity of propagation v, = B

Attenuation for 200 km:
o = 0.00713 x 200 = 1.426 nepers = 1.426 x 8.686 dB = 12.38 dB.

Example 9.10  An open wire transmission line terminated in its characteristic impedance has the
following primary constants at 1 kHz. R = 6 Q/km, L =2 mH/km, G =0.5 g mhos/km, C = 0.05 1t
f/km. Calculate &, B and phase velocity.

Solution Given: ;
R = 6Q/km, L = 2 mH/km, G = 0.5 pmhos/km, C = 0.95 uf/km, f =1 kHz,
® = 27 f = 20007 radians/s.

Z =R+ joL =6+ j12.57 = 13.93£64.48°.
Y =G+ joC
= (0.5+ j20007 x 0.05) x 107¢
=315.16 x 1075£89.9°.

[z 13.93/64.48° .
H=\y= \/315.16 T= 7L
Y=VZY

— /13.93£64.48° x 315.16 x 10-6£154.36° = 0.06623£77.2°

= 0.0147 + j0.0645.
y=a+jp.
o =0.0147 nepers/km; B = 0.0646 radians/km.
o _ 2000
B~ 0.0646

Phase velocity Vv, = =97263 km/s.

Example 9.11 At 8 MHz, the characteristic impedance of a transmission line is (40 — j2) Q and
the propagation_constant is (0.01 + j0.18) per metre. Find the primary constants.

Solution Given:
Frequency f = 8 MHz; characteristic impedance Zp = (40— j2) &
propagation constant ¥ = (0.01 4 j0.18) per metre. -

®=2nf = 167 x 10° radians/s.
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R+ joL
G+ joC

We know that Zy = and y=+/(R+ joL)(G+ jwC).

Zoy=R+ joL.
R+ joL = (40— j2)(0.01 + j0.18) = 0.76+ j7.18.
Equating real and imaginary parts,
R=0.76 Q/m and wL=7.18.

_ 718 718 718
@ 2nf 16w x 106

¥ _ (0.01+;0.18)
Z (40— ,2)

=2.49%x 107+ j4.5x 1073,

L=0.143 pH/m. -

Also, G+ joC = =4.49 x 1073 £89.68°

Equating real and imaginary parts,
G=249%x10U/m and wC=4.5x1073

_45x1073

= Torx 108 > X 10711 € =89.5 pF/m.

Example 9.12 A telephone wire has the following constants per loop km. Resistance is 90 Q,
capacitance, 0.062 pF, inductance, 0.001 H and leakage = 1.5 x 10~ mhos. The line is terminated
in its characteristic impedance. A frequency of 1000 Hz is applied at the sending end. Calculate: (i)
the characteristic impedance, (ii) wavelength, (ii) velocity propagation.

Solution  Given: R = 90 Q/km, C = 0.062 uF/km, L = 0.001 H/km,
leakage conductance, G = 1.5 x 10~ mhos/km, frequency, f = 1000 Hz.
Termination impedance = Characteristic impedance
Now Z=R+ joL =90+ j2z x 1000 x 0.001 = 90+ j6.283
or Z=90.219/3.99° Q.
Y =G+ joC=15x10"%+ j2r x 1000 x 0.062 x 106,

Y = (1.5+ j389.557) x 1076 U = 389.56 x 10~6,89.78° ¥,

(1) Characteéristic impedance Zy = \/;

=/0.2316 x 106/—85.79°.

_ \/ 90.219./3.99°
~ YV 389.56 x 10— x /89.78°

Zy =481.24/-42.89° Q.
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(i) Wavelength
We know that the propagation constant ¥ = 0.+ jB=VZY.

a+ jB = +/90.21973.99° x 389.56 x 10-6/89.78° = 0.1874£46.89
—0.128 + j0.1368.
B = 0.1368 radians per km.

2
Then wavelength A = % = 0.1:68 =45.93 km.
(iii) Velocity of propagation:
1
Vp= % - _.__2’; 132:0 — 45930 km/s.

Example9.13 A coaxial line with an outer diameter of 8 mm has 50 ohm characteristic impedance.
If the dielectric constant of the insulation is 1.60. Calculate the inner diameter.

Solution  Given a coaxial line of characteristic impedance Zo = 50 Q, outer diameter b = 8 mm,
g =16

We know that for a coaxial cable, the characteristic impedance is

138
Zy= 'ﬁlﬂglo (b/a),

where a = inner diameter.

138
2= ——loguo (b/a) = 109.1logyq (b/a) = 50.

logyo (b/a) =0.458 or bja=2.872.

8

=—=2. i
a 1872 784 mm

The diameter of the inner conductor is 2.784 mm.

Example 9.14  The characteristic impedance of a 1 km long line is 100 ohms and is terminated in
200 ohms. It is fed with 10 V, having a source resistance of 50 ohms at @ = 0.3 radian/s. Find the
input voltage and current.

Solution Given: Length [ = 20 km; characteristic impedance Zg = 100 ohms; termination
impedance Zg = 200 ohms; source resistance Zg = 50 ohms; source voltage V, = 10 V; Zo = 100
ohms.

V, 10

g = = 66. rllA.
Zo+2Z  100+50 Bl

We know that the input current is Iy =

Input voltage is Vs = ZoIs = 66.67 x 107> x 100 =6.67 V.
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Example 8.15 A coaxial cable has the following parameters: Zy = 50 ohms, length =20 km. If
the power input is 1 watt and the attenuation constant is 1.5 dB/km, find the output power of the
cable provided it is terminated by Z. Also determine the output current.

Solution Given: Length [ = 20 km; input power P, = 1 watt; characteristic impedance
Zy = 50 ohms; attenuation o = 1.5 dB/km.

We know that if output power is Py, then
1
I

1 1
1.5= 2—0 x 10]0g10 (Fg)

1
=— =1mW.
L

attenuation, o =

10log;p (%) dB/km.

If output current is Ig, then

Fo=nof’z0, [Bff = 2.

_ [Rh _ [1x1073 '
Iy = 7 30 —-_4.47mA.

" Example 9.16 A uniform transmission line operating at 1 kHz has Z, = 75 ohms and propagation
constant of (0.1 + j0.2) m~!. Find G and C.

Solution  Given: Frequency f = 1 kHz; characteristic impedance Zg = 75 Q; propagation constant
Y= 0.1+ ;0.2 per metre; @ = 27 f = 20007 radians/s.

We know that,
.o~ ¥ 01402 . _3
G+J&)C—ZD = 7 = (1.33 + j2.667) x 1072,

Equating real and imaginary parts,
G=133x103U/mand @C =2.667 x 1073.

2,667 x 1073

- —6
20000 = 0.424 x 10™° = 0.424 uF/m.

- Example 9.17 A transmission line has R = 0.01 Q/m, G =1 x 10~ Q/m, L = 10 x 10~ H/m,
C =1 x 10~% F/m. Find the attenuation constants, phase constants and phase velocity.

Solution  Given: R=0.01 ¥m, L=10x 10" H/m; C=1x10"5F/m, G =1 x 10~6 }/km.
Assume signal frequency f = 1 kHz. Then, |

@ = 2x f = 2000x radians/s
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Z =R+ joL=0.01 + j20007 x 1076 = 0.01 + j0.0628 = 0.0636£80.95°
Y = G+ j@C = (1+ j20007) x 1076 = 6283 x 107°/89.99°.
We know that y=+vZY

_ =_.\/0.(}636480.95° % 6283 x 10-6/89.99° = 0.02/85.47 = 0.00158 + j0.0199.

Yy=a+jB.
"0 =0.00158 nepers/m; B = 0.0199 radians/m.
2
Wavelength A = = .- 315.73 m.

B~ 0.0199
Phase velocity Vv, =A x f =315.73 x 10° = 315.73 km/s.

Example 9.19  Find the characteristic impedance, propagation constant and velocity of pro-paga'-
tion at 10 kHz for a lossless transmission line having L = 62 H/m and C = 37 pF/m.

Solution Given: L = 62 x 1076 H/m, C =37 x 10° F/m, f =1x 10* Hz.
For a lossless line, R=G=0,Z=joL; Y = joC.

Characteristic impedance for a lossless transmission line is

———

VA L 62 x 10-6
Zo = \/; - \/; = \/_—_37>< T 1.3 © ohms.

Propagation constant

y=VZ¥ = joVIC = j27 x 10'v/62 x 1076 x 37 x 10-¢.
. y=a+ jB = j3.0L
a =0, B = j3.01 radians/m.

Eo__Z:rxlO"
B 301

Velocity of propagation v, = —1\/_1? = = 20874 km/s.

Example 9.20 A lossless transmission line has a capacitance of 50 uF/m and an inductance of
200 mH/m. Find the characteristic impedance for a section of a line 10 m long and 500 m long.

Solution Given: L =200 x 10~ H/m; C = 50 x 10~° F/m.
For a lossless line: R=G=0;Z=joL; Y = joC.

Characteristic impedance

Z [T [200x10-
sl e D P B
Z=\3=\c =\ soxios ~ O
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Since the characteristic impedance of a lossless line is independent of line length, the characteristic
impedance for a section of a line 10 m long and 500 m long is the same as

Zp=63.24Q. _
Example 9.21 A high frequency line has the following primary constants; L = 1.2 mH/km, C =
0.05 pF/km, R = G = negligible. Determine the characteristic impedance and propagation constant
‘of the line.
Solution Given: L=12x10"3H/m, R=G=0, z=joL, y= joC,C =0.05x 10~ F/m.
Assume that f =1 x 10° Hz.

Characteristic impedance

.|z L 12x103
= \[17_ \g" 0.05x 108 — 1>
Propagation constant
Y=+vVZY = joLC

= j2m x 1084/1.2 x 10-3 x 0.05 x 106,

Y=«a+ jB = j48.67.
a=0; p = ;j48.67 radians/km,

Example 9.22 A transmission line operating at 500 MHz has Zy = 80 ohms, o = 0.04 Np/m
B = 1.5 rad/m. Find the line parameters R, L, G and C.

]

Solution Given Zg = 80 ohms, o = 0.04 nepers!ni, B = 1.5 radians/m, f = 500 MHz.
We know that y=a+ jB =0.04+ j1.5.
@ =2xf =27 x 500 x 10° = 7 x 10° radians/s.
Also, R+ joL=2Zyxy=80x(0.04+ j1.5) =3.2+ j120.
Equating real and imaginary parts,
R=3.2Q/m; oL=120.

12 _
B 2 38.2x10™° or L=38.2 nH/m.
7 x 109 :
T 0 j " »
Similarly, G+ joL= - = "ﬂ;}_ﬂj =5%107% + j0.01875.

Equating real and imaginary parts,
G=5x%10"%S/m.
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wC =0.01875.

C= 0.01875 _ 5.968 x 10712 = 5.968 pF/m.
mx 107

Example 9.23 A lossy cable which has R = 225Q/m, L=1pHm, C=1pF/mand G=0
operates at f = 0.5 GHz. Find the attenuation constant of the line.

Solution Given: R =225 Q/m, L=1x 10~ H/m, C=1x 1072 F/m, G=0.
Signal frequency f=0.5x 10° Hz; @ =27f = 7 X 10° radians/s.

Z =R+ joL =225+ jrx10° x 1076 =2.25+ j3141.6.
Y =G+ joC = jax10° x 10712 = j3.1426 x 107,

Propagation constant ¥= VZY

_ J2:25+ j3141.6) x j3.1426 x 10-3 = VOBEIZT79.9
—3.1414/89.98 = 0.0011 + j3.1414.
y=a+ jB.

Attenuation constant & = 0.0011 nepers/m.
Phase shift constant 8 = 3.1414 radians/m.

Example 9.24 A 75 ohm TV cable of length 20 km has attenuation 3 dB/km and is terminated
with matched load. The dielectric constant of the cable is € = 5&y and pt = Up. If a5V source at 80
MHz is applied, find the voltage and current at the load. a -

Solution Given:
Zo =75 ohms, f:é()MHz. V;=5V, e=5gand p = io
o =3 dB/km = 0.3454 nepers/m
© =271 f =27 x 80 x 10% = 167 x 10 radians/s
B = w+/IE = 27 x 80 x 10%\/5p9 € = 3.746 radians/m.
y=a+ jB = 0.3454 + j3.746.
We know that Vi = Vie "
VR =5 g—({_)_3454+j3.'f46}><2{} = 5% 10-38—;‘74.92 =5% 10_34332.@’ V.

VR Sx10734£332.6
== =66 2.6° pA.
R= 5 = 67£332.6° u
Example 9.25 A transmission line has R = 15Q/m, L=2H/m, C=0.15x 1078 F/m, G=1x

106 /km. Find the additional inductance to give a distortionless line. Also find the propagation
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constant at 1 kHz. .

Solution Given: R=15Q/m, L=2H/m,C=0.15x107° F/m, G=1x 1075 /km.
Assume that signal frequency f = 1 kHz, Then, @ = 27 f = 2007, radians/s.

Condition for distortionless line is L;G = RC. .

RC 15x0.15x 107
L] = ‘—G'—— —W—Z.zsmm.

So, additional inductance required L' = L; — L = 2.25 — 2 = 0.25 H/m.

For distortionless line, we know that

[|C 0.15 x 10-§
e Rl T e R T T R ARy -3 |
a I 575 3.873 x 107 nepers/m

B = w+/LiC = 200071/2.25 x 0.15 x 10-6 = 3.65 radians/m. -
Propagation constant ¥ = o+ jf = 0.00387 + j3.65 per m.

Example 9.26 A 50 ohm distortionless transmission line has attenuation 2.5 dB/m. The line has
capacitance of 0.1 nF/m. Find R, L, G, v, and voltage at 5 m if source voltage is 10 V.

Solution Given: Zy =50 ohms, f=80MHz, V=10V, C=0.1 nF/m, ¢ = 2.5 dB/m
=(0.2878 nepers/m. ' € =

‘The condition for distortionless transmission is RC = LG.

C L
a-—R\/;, Zo—\/—c_—.
R 1

and B = oVIC.

o=

—, V= —
Zy 7 JIC
L=CZ2=0.1x 109 x 50% = 0.25 pH/m.
R = 0Zy = 0.2828 x 50 = 14.4 Q/m.

_RC_R 144

=Tz 50

=5.76 mU/m.

1 1

V= — =2X108 m/s.
7 VIC \0.25%10-6x0.1 x 10-9

We know that the voltage on the line is V; = Ve~ @,

Voltage at 5 m is V; = 10 x e 028T8x5 _ 10 x =439 — 5 37 V.
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Transmission Lines - IT

Givany Phok
Open-circuited impedance, Z,c =750 Q. - .
Short-circuited impedance, Zg = 500 Q. Pnd  chovactente '—"“P‘zdﬂ““* CZ"Q :

The characteristic impedance of a line is given by

Zo = V/Ze X Zse = v/750 x 500 = v/375000.

The characteristic impedance is Zg = 612.37 Q.

Example 1013 Zy. = 900£~30°Q, Zs = 400Z—10°Q. Calculate the Zg and y of a 12 km long
line. -

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

a) The characteristic impedance is given by

Zo = VZoe X Zse = V/900£—30 x 400£—10 = 600£-20° Q.

Hence, the characteristic impedance, Zy = 600£—20° Q.

Z,
We know that tanh ¥l = 4/ =—.
' PV 2 _
[400£—10 ;
tanh ¥l = m =0.67£10.
eV —e M _

By componendo and dividendo principle,

2¢"  140.66—j0.116
2¢~" " 1—(0.66— j0.116)

eV =4.269 — j1.798 = 4.632/-22.8.
Taking In of both sides,

291 =1n(4.632£-22.8°).

y= E]E (In(4.632) + j(~22.8°))

or Y=

(1.533 — j0.398).
5 (1533~ j0.398)

¥=a+ jB =0.0638 — j0.01658 napers/km.

Example 10.14 A two wire line has a characteristic impedance of 300 Q and is fed to a 90 ©
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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Solution Given: Z; =3009Q, Z; =90 Q, tube diameter = 0.25 cm, radius r = 0. 125 cm.
For a quarter wave line, we know that
Zo = V71 X Z = V300 x 90 = 164.32 Q.

Also, we know that the characteristic impedance of a parallel wire line is,
Zy = 276 log (d/r) ohms,

where d = centre-to-centre spacing.

d

d
0.125

Example 10.15 A 60 ohm lossless line is 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 B = 0.25 rad/m, calculate Z;, and
voltage at (i) the sending end, (ii) the receiving end, (iit) 4 m from the load end and (iv) 3 m from
the source. .

=3.936 or d=0.49 cm.

Solution Given: :

Length, / = 100 m, characteristic impedance, Zyp = 60 ohms, termination impedance, Zg = j40
ohms, source resistance, Zg = 50 — j40 ohms, source voltage, V, =10V, a =0, B =0.25 rad/m,

v, 10

= - =85.4/20 mA.
Zo+2Zg 60+50— j40 5

input current is /g

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

Zgr + jZy tan Bl
Zo+ jZrtan Bl )

(i) At the sending end, [ =100 m, Bl =0.25 x 100 = 25 rad = 1432.4°.

ZS=Z0(

j40+ j60tan 1432.4
60+ j240tan 1432.4

Zs= 60( ) = j29.38 Q.

Input voltage is V; = ZyJ, = j29.38 x (85.4£20) x 107 = 2.5/110 V.
(i1) At the receiving end, [ = 0.

© Zo = Zp= jAOK
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Vi = Zgl; = j40 x (85.4£20) x 1073 =3.416£110 V.
(iii) At4 m from the load end: I =4, 1 =0.25 x4 =1 rad = 57.3°.

j40+ j60tan57.3

DT ) [ s Pt
! (60+ 7240tan57.3

) = — j435.53 Q.

Vi = Z1 I, = —j435.53 x 85.4£20 x 1073 = 37.2/-70° V.
(iv) At3 m from the source end: I = 97, B =025 x 97 = 2425 rad = 1389.4°.

j40+ j60tan1389.4
60+ j240tan 1389.4

Z = 60( ) = —j0.303 Q.

Vi = Zyl; = —j0.303 x (85.4220) x 10~ = 0.0258£—-70° V.

Example 10.16 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° Q and the short circuit impedance is
540£7° Q. Calculate the parameters of line.

Solution Given: Length of the unloaded line, I =75 km, f = 1000 Hz, Z,, = 330£-30° Q, Z,. =
540£7° Q.

~ We know that Zy = Zsc X Zpe

= v/540/7° x 330/—-30° = 422.14/—11.5.
Also, Zg : Zy tanh .

Zie _ S4027°
Zy  422.14/-23°

=1.28430° = 1.108 + j0.64.

tanh Yl =

e 108+ jo.64
=1.1 j0.64.
eVl e _ *

By componendo and dividendo principle,

2¢"  141.108— j0.64
2e~"  1-—1.108 — jO.64°

oy 2.108+ j0.64
~ —0.108 — j0.64

oy 2.203£16.89°

=———— =3394/116.47°.
0.649£—-99.58° 339 647
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Taking In of both sides,
291 =1n(3.394£116.47°).

Since, In(rZ0)=Inr+ j6°,
- %(ln(3.394) +j(116.47°))

1.222+ j2.033

=0.00815 + j0.0135.
150 — (0.00815 + j0.0

= %(1.222+ j2.033) =

y=0.0157£58.88°.
B =0.00815 rad/km and @ = 0.0135 nepers/km.
Also we know that = R+ j®L. | |
R+ joL=0.0157/58.88° 422.14/-10.5° = 6.627/41.38
R+ joL=4.487+ j4.871.
R=4.487 Q/km and oL=4.877.

2nf x L=4877.

4877 ABTT
T amf T 2xmx1000

Y .
L =G+ joC.
Z J

=(.776 mH/km.

0.0157£58.88°

———ee T -5 o
422.147—10.5° 372 x 1072 £70.38

G+joC=

G+ jwC=12.5%x10"5+j35x 107°.
G=125puG/kmand ©C=35x107.
2nfC =3.5x107>.

oo 35X 1% 35x107
T 2mf 2xmx1000

C = 5.576 nF/km.

Example 10.17  The input impedance of a short circuited lossy transmission line of length 2 m
and characteristic impedance 75 Q is 45 + j225 Q.
(a) Find a and J3 of a line.

(b) Determine the input impedance if the short circuit is replaced by a load impedance of
67.5 — j45 Q.



Solution Given: Input impedance of a short circuited line, Zs. = 45+ j225 €, charac

impedance, Zp =75 Q, length I =2 m.,
(a) We know that Z,. = Z tanh 71
Zee 45+ j225

el —eg M .
m =0.6+j3.

By componendo and dividendo principle,

2" 1+06— 3
271 1-06—j3

i _ 16473
04— 3

Taking In of both sides,

=1.12/114.3.

2yl =1n(1.12£144.3°).
Since, In(rZ0)=Inr+ j6°,
_0.1133+52.518 -

Transmission Lines - II

1 . .
1= 5;(In(1.12) + j(144.3°)) = =—="I=22 _ 0,028 + jo.63.

2%2

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

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

14-Ke )

=20 (T e

Zr—2y _ 61.5—j45-175
Zr+Zy 61.5— j45+75

where K = =0.3/-82°. .

e =1.12/114.3.

0.3/-82
t{12/1443 7 (1+0.26784226.3
_03Z-82 |~ " \1-0.267822263

1.12£1443

Input impedance is Z; = 48.3 + j20 Q.

Zin =15

) = 52.35/22.66.

teristic

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 0.1, determine antenna impedance.
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Solution Given: Leﬁgth of the line I = 0.1A, characteristic impedance, Zg = 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

- Zr+ jZo tan Bl

ZS—ZO(ZoJerRtanﬁf)'
_ Zs — jZg tan Bl

o =G )

Now tan Bl =tan [2; (0.11)] = tan (0.27) = 0.726.

— j60(0. — j43.
Zﬁzﬁo[soo ;60(0?26)]= [600 j43.56]

60 — j600(0.726) 60— j435.6) |
=17.06+ j80.3 = 82.09478°.
Antenna impedance is Zg = 82.09478°.

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

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

We know that reflection coefficient K is given by

_ Zp—Zo _ 400100

= Zr+Zo 4004100

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

1+|K| 1406 16

1—-1K] 1-06 04

The standing wave ratio is VSWR = =4,

Example 10.20 An UHF transmission line of Zg = 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, Zg = 150, VSWR =S = 5, position of minimum
current ymax = A /3.

Position of the first minimum current or voltage maximum can be obtained by

2Bymax — ¢ = 0.

2n A
by ==t
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o ¢= %E = 2.51 radians or 144°.

We know that the magnitude of the reflection coefficient is

§—-1 5-1
= —— = —— =(.666.
IK S+1 5+1

The reflection coefficient K is

K =|K|e’® =0.667/144°,

Zr— 2y
Al e know that K = .
so we know tha i Ze
o Zr—150
0.667£144 = Ze 1150
: Zr — 150
—0. 10.3916 =
0.5388 4 j0.3916 Ze 7150

Zp(—0.5388 + j0.3916 — 1) = (—150+ 150 x 0.5388 — j150 x 0.3916)
Zp(—1.5388 + j0.3916) = —69.18 — j58.74
_90.753/-139.66
R T15882165.72
The load impedance, Zr =57.15/-305.38 or Zz =57.15254.62 Q.
Example 10.21  An open wire transmission line having Zy = 650£—12° Q is terminated in Z at

the receiving end. If this line is supplied from a source of internal resistance 300 €, calculate the
reflection factor and reflection loss at the sending end terminals.

Solution Given: Z; =300 Q, Zy = 650/—12° Q.
We know that the reflection factoris

- 22 4y

(Zi+2Zo)

_ 2//300x650/—12° _ 883/—6
S~ (300+6358— j135)  945.5/-8.22

=10.934,2.22°,
The reflection loss,

K. = 20log,q

1] 1

—| =20log [ — ).
Kft ? Og(o‘934)
Kg:(].sgdB.

The reflection loss is 0.59 dB.
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Example 10.22 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,
(ii) VSWR,
(i11) Position of Vimax, Imax; Vmin and Jin.

Solution Given: Zz=140Q, Z; =80 Q.

(i) Voltage reflection coefficient

_ Zp—Zy 140-80
T Zp+Zo 140480

K=0273, ¢=0.

=0.273.

(ii)) VSWR

1+]K| 140273

VSWR = -
S 1-|K]  1-0273

=1.75.

(iii) Position of Vinax, Imax, Vinin and Ipin
The condition for maximum voltage occurs at yymax from the load, i.e.,

2B¥max — ¢ = 2n7.
For first maximum, n=0,
2BYmax — ¢_=_ 0
2Bymax —0=0, ymax =0. . '

Therefore, the first voltage maximum, Viyax, and current minimum, Iy, Occur at the load position.
The first voltage minimum, V i, , occurs at a distance of A /4 from V py '

Ymin = Ymax +A/4=0+A/4=2/4.

; .
We know that the wavelength, A:?:%:sm.
o owp 3x10%8
ymln—"4><f—4xsoxlo3—-l.5km.

Therefore, the first voltage minimum and current maximum, 7,,x occur at a distance of 1.5 km from

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

Given: The power at the load is P =75 mW.
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V2 Vinax
‘We know that P = —22% and [yip = ——.

ZR Zs
3.24
Vinax at the load is /P x Zg = V75 x 10~ x 140 = 3.24 volts and Inin = i = 0.23 mA.

Example 10.23  Design a quarter wave transformer to match a line having 1mpedance of 300 Q to
~load of 600 Q.

Solution Given: Zg=300Q, Z; =600 Q.
The quarter wave transformer should have a sending end impedance of

_Z}300x300 _
Zsg = A —-—~—-600 =150 Q.

The impedance will be matched if the Zg of a 4 /4 transformer is 150 Q.-

Exarnple 10.24 Calculate the reflection coefficient and VSWR of a 50 Q line terrmnated with (1)
matched load, (ii) short circuit, (iii) +j50 € load, (iv) —j50 Q load.

Solution
(i) Matched load

Zo=500, Zp=50Q.
Zr—Zy _50-50
Zr+2Zy S50+50

1+|K| 140
1-|K] 1-0"

Reflection coefficient K =

and VSWRS=

S=1
(ii) Short circuit
Zp=0,2Z=50Q.
 Zp—-2Zy 0-50
T Zr+Zo 0450
1+[K] 1 _
1—-|K| 0

S:

“(iii) +j50 Q load
Zg = +j50 Q, Zy =50 Q.

_ +j50—-50 -1+ 1.414/135°
T j50450  14j  1.414745°
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K=129".

14K 1412

S=1-K=1=1"0

= 00,

(iv) —j50 Q load
Zr=—j50Q, Zy=50Q.
_ —j50-50 _ 1.414£-135°

— e =1/-90°,
750450  1.414/-45° .
1+1 2 '
T el S

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 low loss 600 € 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, Zy = 500 Q, A=20m.

We know that the reflection coefficient is
_ Zg—Zp _ 200—j300—500 _ —300— j300
~ Zr+Zo 200— j300+500 700 — j300
K =05572-110.8.

=0.2068 — j0.5172.

So, |K|=0.557and ¢ =—110.8°.

We know that the position of the stub line [ in terms of the reflection coefficient is
fzs 4 (¢ 4 m—cos™ (|KI)
b= os™ (|K]).

Substituting the values of 2, ¢ and |K|, we get,

Is= g]~(—1 10.8 + 7 — cos ' (0.557))
in
10 10 x 12.05
= —1%(——110.8+ 180 —56.15) = T80 - 0.669.

The stub position from the aerial is
I; = 0.669 metres.

Also the length of the stub line I, in terms of the reflection coefficient |K | is

L= i tan*]~—-—-'l‘]Klz.

2 2/K|
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The normalised admittance at stub 2 should be equal to
yg= 1= jb;.
5. Connect a short-circuited stub 2 having susceptance F jb; to the line at 2.

6. The stub lengths can be obtained from Eq. (10.103),
by =cot Bl,,, by =cot Bl,. (10.112)

10.17 Smith Chart

Phillip H. Smith in the year 1939 developed a polar chart for calculating transmission line
characteristics. This chart is called Smith chart. It consists of two sets of orthogonal circles which
represent the values of normalised impedance. One set of circles represents the resistive component
R, called R circles, and the other set of circles represent the reactive component X, called X circles.

Derivation of R circles and X circles

Consider a transmission line having characteristic impedance Zy terminated with Zg. The reflection
coefficient is

Zr |
K:Z—R%zz— :ZR—I
Zn+2Zy ﬁ—i—l ZR+1,
Zy

Zg . ; :
where gz = Z is the normalised load impedance.

_1+K
®=T" g
Since zg and K are complex guantities,
l+K, ‘K
I e el )
I —Kg— jKx

where R and X are the real and imaginary parts of zg, Kg and Ky are the real and imaginary parts of
K respectively. Separating the real and imaginary terms,

(1+Kg+ jKx)(1 — Kp+ jKx)

R+ jX = , .
78 T 1=Kz~ jKx)(1 - Kz + jKx)
1 —Kg+ jKx + Kz — K3 + jKeKx + jKx — jKeKx — K}
- {1 —Kg)2+K? '
| — Kz — K3 + 2K
R jx = 1= Kr— Ky 2Ry (10.113)
(1 - Kg)?+K3
| — K} — K3
_ Kr— Kx (10.114)

(1= Kp)* + K3
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' 2Kx :

Arranging the above equations in standard form, the real part is

R L-Ki—Ke
(1-Kg)2+K3
R(1—Kg)?+RKY =1-Kz—Kg
R(1+K}—2Kg) +RK} = 1Kz —

(1+R)K3+(1+R)Kz+R—2RKg =1.

2R 1-R
KZ-‘."KZ"“ K= -
RS (1+R)3R 1+R

R? s 1—R
K':———
( 1+R) T+ RE TXT AR

1-R R?
Kg— Ki= — 4 ——
( = 1+R> o=k TRy
R N%. s 1
K B LA (10.116;
( o 1+R) T (1+R)? e

This equation represents a family of R circles on the K plane (reflection coefficient plane) as shown
in Fig. 10.18.

R =0 (Short)
|Ki=1
Kp
R == (Open)

Fig. 10.18  Family of constant R circles

These circles are called constant R circles, having centres at (R/(1 + R),0) and radii of (1/(1+R)).
A set of circles can be generated at different values of R.
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At R = 0, the centre of the circle is at (0, 0) and the radius is 1. This is an outer circle. As R
increases, the circle radius decreases. R = o, represents a point at (1, 0). All circles touch the point
(1, 0). Now the imaginary part is

2Ky
p TR ... (RO
(1 —Kg)>+ K}
5 2Ky
| =Kk =%
( R)"+ Kx X
2K
(1~KR)?+K§—TX:0
1N? 1
(KR-I)-F KX—E —FZO
, i

Fig. 10.19  Family of constant X circles

These circles are called constant X circles, having centres at (1, 1/X) and radii of 1/X.

X = 0 represents a straight line along the Kg-axis. If X is positive, then Ky is positive and the
circles are generated above the Kp = 0 axis. If X is negative, then Ky is negative and the circles
are generated below the Kz = 0 axis. X = o represents a point at (1, 0). All circles touch the point
(1. 0).

The complete Smith chart can be obtained by the superposition of the family of the constant-R
circles and constant- X circles on the K plane as shown in Fig. 10.20.
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Fig. 10.20  Smith chart

10.18 Properties of the Smith Chart

Normalisation of impedance The Smith chart represents the normalised values of R and X
circles, If Zg = Ry + jXg is the load impedance and Zy = Ry is the characteristic impedance of a

3 . v RR F 5 R
lossless line, then the R circles give A values and the X circles give values.

0
Thus, to obtain actual values, the values from the chart should be multiplied by Zy.

Load impedance plot  The intersection points of R and X circles give normalised load impedance
(zg) values. I[ X is positive. the pointis above the Kz = 0 axis and if X is negative, the point is below
Kp = 0 axis.

VSWR plot  1he VSWR values can be obtained by drawing S-circles on the chart, as shuwi in
Fig. 10.21. The circles with a centre at the origin (0, 0) with radius |zz| are called § circles.
: : , . Zg |
The radius of the S circle [z gives VSWR value § = k%\
0
If M is the intersection point of an S circle with the horizontal axis AB. the normalised resistance
4t M is egual to the value of VSWR. Therefore. § = OM.
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&xé{—lor Zin Xzp =1
Zy Dy e ‘
YR = Zin-

Thus, in order to find the admittance on the chart, we first locate the impedance point and rotate it
to a distance A /4 (quarter wave) towards the generator. The A /4 distance is an opposite point on
the chart. Hence, the point opposite to the impedance point on the circle gives the admittance point.

Determination of an input impedance: Consider a transmission line of length / terminated
with a load impedance Zg. Denote the normalised load impedance zx as point P on the Smith chart
as shown in Fig. 10.22. With centre O and radius OP, draw the S circle. Extend the OP line to
the outer circle which cuts at point P’. Rotate towards the generator (clockwise) up to a length
I/A. Denote this point as N'. Draw the line ON’ which cuts the § circle at point N. This point N
represents the normalised input impedance z;y.

The angle NOP gives the electric length 3/ of the line,

Determination of the load impedance: Consider a transmission line of length /. Given the
VSWR and the location of the first V,;, point from the load. To locate the load impedance, first
draw the § circle with centre O and radius VSWR. Locate point A on the outer circle at the left side
end of the horizontal axis as the position of Viy,.

Move towards the load (clockwise direction) to a given length //A on the wavelength scale and
locate the point P. Draw the line OP which cuts the S circle at point P. The location of the point P
gives the normalised load impedance.

Input impedance and admittance of an SC (short-circuited) line  We know that the input
impedance of an SC line is purely reactive and R = 0. The short circuit termination represents the
position of Vi, i.e., a point A on the outer circle at left side end of the horizontal axis (i.e.. R =0
on the R circle). From point A, move towards the generator (anti-clockwise direction) to a given
length / /2 on the wavelength scale and locate the point P. The location of point P gives normalised
input impedance of the SC line. The opposite point Q gives the normalised input admittance.

Input impedance and admitiance of an OC (open-circuited) line: We know that the
input impedance of an OC line is purely reactive and R = eo. The open circuit termination represents
the position of Vi, ie., a point B on the outer circle at a right side end of the horizontal axis
(ie., R = oo on R-circle). From point B, move towards the generator to a given length I/ on
the wavelength scale and locate the point P. The location of the point P gives normalised input
impedance of the OC line. The opposite point Q gives the normalised input admittance.

Determination of locations and lengths of stubs by Smith chart: Design of impedance
matching can be easily done by using Smith charts. The locations and lengths of single and dou-
ble stub matching can be obtained by locating the admiltances on the chart. Since the stubs are
connected in parallel, it is much easier to combine admittance in parallel than impedances. Also,
short-circuited stubs are preferred over open-circuited stubs to avoid radiation losses.
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Fig. 10.22  Smith chart for determination of impedances

10.20 Single Stub Matching Using Smith Chart

Consider a iransmission Jine of length / terminated with a load impedance Zg. Assume that ¢ single
stub having a characteristic impedance same as that of the line characteristic impedance and length
I, is connected in parallel to the main line at a distance [, from the load.

Steps for using Smith chart:
1) Locate the normalised Joad impedance (zx) point as P on the chart shown in Fig. 10.23.
) Locate the normalised load admittance point Q which is opposite to P.
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3) Draw the § circle with centre O and radius OP. The length OP on the horizontal axis gives
VSWR value before the stub is connected.

4) Locate the point T at the intersection of the S circle with the R = 1 circle. There are two
intersection points. The point nearer to the load will be taken as the point T.

5) Extend the line OQ on to the outer circle to a point Q' and extend the line OT on to the outer
circle to a point T'. The distance Q'T’ measured on a wavelength scale towards the generator
gives the location of the stub on the line from the load.

6) The value of the intersection point T gives the susceptance of the line at the stub location.
To nullify the line susceptance, a stub of the same negative susceptance value should be
connected. Locating point C with the negative line susceptance on the outer circle gives the
susceptance of the stub.

7) The input admittance of the SC stub represents the point B (i.e., R = oo on the R circle).
Measure the distance on the wavelength scale from point B to C. This distance gives the
length of the SC stub.

8) Similarly, the input admittance of the OC stub represents the point A (i.e., R =0 on R circle).
Measure the distance on the wavelength scale from point A to C. This distance gives the
length of the OC stub.

Figure 10.23 shows the Smith chart for determination of length and location of a single
stub matching.

Example 10.9 A line characteristic impedance 300 € is terminated with a load of 175 -+ Jj207 Q.
An electrical signal of 200 MHz is transmitted along the line in free space.
Determine the following using the Smith chart:

a) Voltage standing wave ratio (VSWR)
b) Load admittance

¢) Distance between the load and the first voltage minimum along the transmission line.

Solution Given: Characteristic impedance, Z; = 300 0,
Load impedance  Zg = Z; = 175 +J207 Q, frequency f = 200 MHz.

, . 3x10°
Signal wavelength A = if = io(;—xio—é =15 m;

Steps for using the Smith chart:
1. Normalised load impedance is

_ZL 175+ 207

=== =0.58+ j0.69.
L= 506 J0.6

The point P is located on the Smith chart shown in Fig. 10.24 at the intersection of the circles
R =0.58 and X = 0.69. )

2. Taking the centre as point O and the radius as OP, the impedance circle is drawn. The distance
between the centre and point M where the impedance circle crosses the horizontal axis on the
right side of the chart gives the voltage standing wave ratio.

VSWR = OM= 2.8,
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Fig. 10.23  Smith chart for determination of VSWR, admittance and Y.

3. The point Q opposite to the normalised impedance point on the impedance circle is the ad-

mittance of the load.
Normalised admittance at point Q is y; = 0.72 — j0.85.
Load admittance, ¥ = Yoy

Y (0.72 — jO.83) =2.38 - j2.8 mU.

300

4. The first voltage minimum from the load lies along the horizontal axis to the left side end of

the chart, i.e.. at point A.



Transmission Lines - [T

The line OP is extended to the outer circle at point P'. This represents load point.

The position of P’ in terms of the wavelength is 0.114 4.
The distance between load point P’ and the first voltage minimum point A towards the gener-

ator is measured on the wavelength scale. That is,

0.386 1.

0.54 —0.114A

P'A
Hence, the distance between the load and the first voltage minimum is

0.386 x 1.5 m. =0.58 m.

Ymin

Figure 10.24 shows the Smith chart for determining VSWR, admittance and ymin.

i

e

T
;ﬂ.v.\...k.p..ﬂ ]

T B o
e »:»},ﬁﬁnmm&. 5

L%

T

AN AR

-

soapote At KL N

Smith chart for determination of length and location of a single stub.

Fig. 10.24
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Example 10.10  Find the location and length of a stub matching for a transmission line having
characteristic impedance 50 Q and terminated with 105 + j40 Q using the Smith chart.

Solution Let a short circuited stub of length [, at a distance /; from the load be_connectcd parallel
to the main line. '

Given: Characteristic impedance, Zy = 50 Q, load impedance, Zgp =Z; = 105 + j40 Q.
Normalised load impedance is

iR =

Zr _ 105+ jd0

=2.1+ jO.8.
Zo 30 + jO.8

Steps for using the Smith chart:

1.

The point P is located on the Smith chart shown in Fig. 10.25 at the intersection of the circles
R=21and X =038.

The impedance circle is drawn witii O(1 + jO) centre and radius OP.
The distance between the centre and the point M where the impedance circle crosses the
horizontal axis on the right side of the centre gives the voltage standing wave ratio.
VSWR = length OM = 2.5.
Point Q is located diametrically opposite the normalised load impedance point on the impedance
circle. It represents normalised load admittance. That is,
vy = 0.415— j0.158.

. Point Q is rotated clockwise to a point T (shorter distance from the load) on the impedance

circle where it intersects the R = 1 circle. At this point, admittance
y =1+ j0.95.
Line OQ is extended on to the outer circle to a point Q' and line OT is extended on to the

outer circle to point T'. The distance Q' T’ measured on the wavelength scale towards the
generator gives the location of the stub.

Location of the stub on the line from the load is I; = (0.5 — 0.47 4+ 0.16)A = 0.194.

The susceptance of the stub is equal to the negative value of the susceptance at point T, i.e.,
Yauh = —0.95. Point C is located on the outer circle for Yun-

. The length of the short circuited stub is calculated from the right side end of the chart at point

B (i.e., R = os on the R circle) to point C on the outer circle towards the generator. That is,
I, =0.3794 —0.254 = 0.13A.

Figure 10.25 shows the Smith chart for determination of stub matching.
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Fig. 10.25  Smith chart for determination of sub matching

10.21 Double Stub Matching Using Smith Chart

Consider a transmission line length [ terminated with a load impedance Zg. Assume that two stubs
A and B having a characteristic impedance same as that of the line characteristic impedance are
connected in parallel nearer to the main line.
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Let I, and /,, be the fixed locations of stub A and stub B respectively from the load. Also, let
I,, and I, be the lengths of stub A and stub B respectively. Assume that the distance between (wo
stubs is Iy < A /2.

The design of a double stub matching is different from a single stub matching. Here the locations
of the stubs are fixed as shown in Fig. 10.27. Matching is achieved by adjusting the stub lengths
such that the admittance at the second stub is equal to the characteristic admittance. To accomplish
this, we use the Smith chart as follows.

Steps for using Smith chart:

1. Locate the normalised load impedance (zg) point as P.
2. Locate the normalised load admittance point Q which is opposite P.

3. Draw the S circle with centre O and radius OP. The length OP on the horizontal axis gives the
VSWR value before the stub is connected.

4. Move the admittance point Q lowards the generator (clockwise direction) to a distance [, at
point Qq on the § circle. This point represents normalised admittance at stub A before stub
connection.

5. Draw circle 1 for unity conductance (y = 1 or R = 1 circle) on the right-hand side of the chart
for stub B.

6. Since the distance between the two stubs is I, all the points of the unity conductance circle
should be shifted by [ distance towards the load. Draw circle 2 to get the shifted unity conduc-
tance circle for stub A.

7. Since stub A adds a susceptance to the load, move polat Q, along the constant conductance
circle to a point C on the circle 2. Point C represents the combined normalised admittance at
stub A after stub connection.

Change in susceptance = Susceptance at point C — susceptance at point Q1.

8. The susceptance of the stub A is equal to the change in susceptance, 185 VeubA»
Locate point C’ on the outer circle for Yyupa-

9. The length of the short-circuited stub A, Iy, is calculated from the right side end of chart at point
B (i.c., R = o on R circle) to the point ' on the outer circle towards the generator.

10. Draw a circle with centre O and radius OC. It cuts circle | at D. Point D gives the admittance
on the line at stub B. i.e., y,, before stub B is connected.

10. To provide proper termination with stub B, the susceptance of the stub B should be equal to the
negative value of the susceptance at point D, i.e.. Vuubp- Locate point D' on the outer circle for
VstubB-

12. The length of the short circuited stub B, I;;, is calculated from the right-side end of the chart at
point B (i.e., R = oo on R circle) to the poiﬁt D’ on the outer circle towards the generator.

Example 10.11 A lossless transmission line 75— 300 ohms has a load impedance of 7345225
chms. Using a Smith chart, determine what lengths of shorted stubs must be attached to the line to
achieve proper matching o maximise the received power.

Solution  For proper matching, consider two short circuited stubs connected in parallel to the main
line. Let stub A be connected at the load and stub B be connected at a distance A /4 from stub B.
Let /;, and /;, be the lengths of stub A and stub B respectively.



Electromagnetic Waves and Transmission Lines

_ Movement along the periphery of the chart:  On the outer circle or periphery of the chart,

moving in the clockwise direction corresponds to travelling from the load towards the generator.

Similarly, moving in the anti-clockwise direction corresponds to travelling from the generator to-

wards the load. The full rotation around the chart gives a distance of A/2. If the line length is

greater than A /2, rotate around the circle n times to reach the line length.

me[z,ql
Z

Matched load: The circle R = | represents zg = = 1. It passes through the point (1, 0).

The resistive part of the load impedance is equal to the gharaclcrisﬂc impedance of the line. This
circle represents impedance only when the reactive component varies on the line. A stub can be
used at this location to nullify the reactive component.

Therefore, the centre point of the chart is known as the muatched load point.

10.19 Applications of the Smith Chart

The following are various applications of a Smith chart.

Smith chart as an admittance diagram: Generally, Smith chart is used as an impedance
diagram. The impedance Z can be obtained from the intersection of R and X circles. We can also
draw the Smith chart for admittance.

s : - . ! A
Normalised admittance is given by ¥ = G + jB, where G = A normalised conductance, and
I .
B= X normalised susceptance.

I R- jX

Attermination. vy = — = ———= = 5 o3
W=k R+jX R+Xx?

R X
8o OB e st
o G-IB=fy T Ipyxe
1150, . -%
also, ypg=-—=——.

L R |+ K

=
P e o
2TIEE TEK

The G and B circles on the K plane can be drawn similar to R and X circles.
A Smith chart with G and B circles is called an admittance diagram. The admittance diagram is
the mirror image of the impedance diagram; all measurements will be taken in the reverse direction.

Converting impedance into admittance: We know that for a lossless quarter wave trans-
former. if Zg is the characteristic impedance and 7y is the termination impedance, then the input
impedance is

Ly = [:;J
in =7
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Constant X circles

Fig. 10.21 S circle on Smith chart

Reflection coefficient values Draw the line OP and extend it to the outer circle, It cuts the
! - 3 - N - .

outer circle at P'. The angles are indicated on the outer circle. The angle (8) of the line OP gives

the angle of the reflection coefficient. The value (K&, Kx) at the point P gives the magnitude of X,

|K| can be obtained from the K scale provided in the chart. The length of OP on the X scale gives
. op
the magnitude of K. Also |K| can be calculated directly as |K| = oF"

Location of voitage maximum and minimum: There are two intersection points of the §
circle with the horizontal axis AB. The point at the left side of the centre represents voltage minima
(Vimin) and the point at the right side of the centre represents voltage maxima (V. ). Thus the points
M and L respectively gives the positions voltage maximum and voltage minimum.

The location of the first Vinax can be obtained from the wavelength scale on the outer circle. The
arc AP’ gives the distance of V,;, from the load. Similarly, the arc P'AB gives the distance of the
first Viax from the load. -

Cpen and short-circuited line: A point B on the right side end of the horizontal axis, both
R and X are infinite which Fepresents an open circuit termination of the line. Similarly. at point
A on the left side end of the horizontal axis, both # and X are zero which represent short circuit
termination of the line.
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18. LOSSES IN TRANSMISSION LINES

The losses in transmission lines are of three types.

Losses

|
! L

Copper losses Dielectric losses Radiation losses

1. Copper Losses

These losses occur because of three reasons.

i)

I2R Power Losses :

This is due to dissipation as a result of heating in pure

resistance. lt“.‘; features are:

a)

Copper loss is small if there are no current loops.
That is, the line should be properly terminated

without producing standing waves.

Copper loss is more if z, is small. This is because,
if z, is low, current is high. If the current is high,

copper loss is more.

" 8kin Effect :

Its features are:

a

When AC signal at high frequency applied to the
transmission lines, the current is confined to the
surface (skin) of the conductors. This is known as
skin effect. This effect reduces cross-sectional area

of the conductor with increase in frequency.

The decrease in cross-sectional area increases the

resistance.
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Losses in transmission lines are of three types:

Losses

|
1 ! o

Copper losses Dielectric losses Radiation losses

Copper Loss

These losses occur because of the following reasons:

1. 2R power loss This is due to dissipation as a result of heating in pure
resistance. Its features are:

(a) Copper loss is small if there are no current loops, that is, the line should
be properly terminated without producing standing waves.

(b) Copper loss is more if z; is small. This is because, if zy is low, current is
high. If the current is high, copper loss is more.
2. Skin effect Its features are:

(a) When an AC signal at high frequency is applied to the transmission lines,
the current is confined to the surface (skin) of the conductors. This is
known as skin effect. This effect reduces the cross-sectional area of the
conductor with increase in frequency.

(b) Decrease in cross-sectional area increases the resistance.

(c) Increased resistance increases power losses.



3. Crystallisation Its features are:

(a) Copper losses increase due to ageing of the transmission line. Losses are
more when the line is subjected to high temperature, high winds and
moisture. Moreover, bending of the line back and forth causes the line to
become brittle and cracks appear. This effect is known as crystallisation of
the conductors.

(b) Crystallisation increases resistance in the conductors which in turn increases
copper losses.

Dielectric Losses

These losses exist due to improper characteristics of dielectric.
Salient features:

(a) These are due to I* R power dissipation because of the heating of the solid
dielectric material between conductors in transmission lines. These losses
are proportional to the voltage across the dielectric.

(b) With increased frequencies, solid dielectric properties worsen and hence
transmission lines with solid dielectrics have limited applications.

(c) Lines with air dielectric are used at high frequencies, as air dielectric loss
is very small.

Radiation Losses

Salient features:

(a) These losses are high when the spacing between the lines is high as the
transmission line acts as an antenna. Therefore, radiation losses are more
in parallel-wire lines than in coaxial lines.

(b) At high frequency, A will be small and hence the transmission lines are
not useful at high frequencies.
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