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INTRODUCTION Construction of Transmission Lines

A transmission line is a means of transfer of energy or infor-
mation from one body to another with maximum efficiency
and minimum losses.

Transmission line must have forward path and return
path.

The following are the examples of transmission lines.
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(ii) Parallel wires

Types of Transmission Lines

The various types of transmission lines are

Two-wire parallel lines
Coaxial lines

Twisted wires

Parallel plates or planar lines
Wire above conducting lines
Microstrip lines

Optical fibres

Nk L=

Radio frequency transmission lines are commonly in the
following three forms:

Two-wire Line

This consists of two parallel wires whose uniform spac-
ing, that is, is small when compared with the electrical
wavelength.

Horizontal two-wire and four-wire lines are balanced to
ground devices. If at a point of one conductor, there is some
positive voltage with respect to the ground, then it will be
balanced by an equal negative voltage at the corresponding
point of the other conductor.

A two-wire line in vertical configuration is unbalanced
structure because of which it gives rise to unbalanced cur-
rents. Further, these currents are undesirable as they increase
energy losses. The characteristic impedance of such lines
ranges from 100 Q to 300 Q.

Four-wire Line

This is constructed as follows:

Four wires placed at the corners of small square, diago-
nally opposite wires that are connected in parallel.

When compared to two-wire line, this is the weaker
external field. Further, neighbouring four-wire lines have
less mutual effect than similarly situated two-wire lines.

Coaxial Transmission Line

Coaxial line consists of a round conductor supported coaxi-
ally (by insulators) within a round tube that serves as the
second conductor. Further, this type of line has practically
no external field when used with shielded transmission.
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Applications of Transmission Lines

1. They are used in transfer energy from one circuit to

another circuit.

They are used as circuit elements.

They can be used as impedance matching devices.

They can be used as stubs.

Transmission lines can be used as measuring devices.

Coaxial cable are frequently used in laboratories and

to connect television to TV antennas.

7. Twisted pairs and coaxial cables are used in computer
networks such as Ethernet and internet.

8. Pair of parallel lines are used in telephony and power
transmission.

SARNARE IRl N

EQuUIVALENT CIRcUIT OF A PAIR OF
TRANSMISSION LINES

The equivalent circuit of a transmission line is a distributed
network. This consists of cascaded sections and each sec-
tion consists of a series resistance R, series inductance L,
shunt capacitance C, and shunt conductance G. The equiva-
lent circuit is shown in the above mentioned figure. Here, R
is expressed in ohm/unit length, L in H/unit length, C in F/
length, and G in Mho/unit length.

Primary Constants

The primary constants are as follows:

Resistance R
Conductance G
Capacitance C
Inductance L

i e

Resistance R (€2/km):

(a) Resistance per unit length (R/L)

(b) It is due to the non-ideal conducting wire of the
line.

(c) It is distributed all along the line as pl/4.

(d) It is a series aspect on the line that causes voltage
attenuation or voltage losses.

2. Conductance G (mho/km):

(a) Conductance per unit length (G/I).

(b) It is due to the non-ideal dielectric used between
the lines.

(c) It is distributed all along the line.
(d) It is a shunt aspect that causes current leakage
losses or current losses.
3. Capacitance C (F/km)
(a) Capacitance per unit length (C/1)
(b) It is due to electric field contained by the voltage
on the line.
(c) Itis a shunt aspect across the two lines.
(d) It is distributed all along the line.
4. Inductance L (H/km):
(a) Inductance per unit length (L/]).
(b) It is due to the magnetic fields contained by the
currents on the line.
(c) Itis series aspect along the wire.
(d) It is distributed all along the line.

Salient Features of Primary Constants

1. R is defined as loop resistance per unit length of
line.

2. L is defined as loop inductance per unit line length.

3. C is defined as shunt capacitance between the two
wires per unit length.

4. G is defined as the conductance per unit length due to
dielectric medium separating the conduction.

5. R, L, C, and G are distributed along the length of the
line.

6. For each line, the conductors are characterized by o,
and 1 =, €, = €, and the dielectric medium, which
is basically homogeneous, separating the conductors
is characterized by 6, W, and €

7. R, L, C,and G depend on the geometry of transmission
line, characteristics of the dielectric material, and in
some cases, on the frequency.

Two-wire Line
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Solved Examples
Example 1

If the inner and outer radii of coaxial cable are 2 cm and
4 cm, respectively, then the inductance and capacitance of
coaxial cable per unit length are

(A) 0.15 nH/m, 0.08 nF/m

(B) 0.138 uH/m, 0.08 nF/m

(C) 0.15 uH/m, 0.08 puF/m

(D) 0.138 nH/m, 0.08 nF/m

Solution

Moy (h
L Py fn(A)

Mo
=== /n(2
Py (2)

=2x10"/n(2)
=1.38x 107 H/m
=0.138 uH/m
_2ms,

(%)

C=79.95x10"12F/m

C

=0.07995 nF/m
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TRANSMISSION LINE EQUATIONS
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The distributed network of abovementioned transmission
line block diagram is shown in the following figure.
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If we solve the abovementioned distributed circuit, we get

dzv_

22

d*1 . .

(R+joL)(G+ joCV

where z=R+joL
y=G+joC

v is the propagation constant.

Y=~VZY =a+jB 3.1
Lossless Line
R=G=0
L joLI (3.2)
dz
ﬂ=—jcoCV (3.3)
A
4V ey (3.4)
dz? '
21
—=—w-LCI 35
72 (3.5

Solution of Transmission Line Equation

V=V, e"+V._e”*

\! l

Wave travelling from send- Wave travelling from receiv-
ing end to receiving end ing end to sending end

(3.6)
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From Equation (3.6)

awv__ YV, e F+yV_ e¥
dz

I= Ll (from (9))
zZ dz

I= 7/l:ereVZ V@’Z]

yf\f

where Z_ is the characteristic impedance and Y is the char-
acteristic admittance.

1=Y,[V,e " —V_e¥ ] (3.7)

This is the solution of transmission line in current form.
In line theory, the current that flows from receiving end to
sending end takes negative sign.

Y=o+
Yz =0z +jBz
e V=02 e_jBZ

The change in phase per length ¢ is B/ (radius).

PROPAGATION CONSTANT
y=NZY

y :\/(R+ja)L)(G+jwc) =o+jp
where o is the rate of attenuation as the wave travels along
the line and P is the phase constant.

Lossless Line

R=G=0
y=jo~LC
a=0,B= oJLC
Low-Loss Line or High Frequency
Approximation
oL>R oC>G
y=o+/B
5 )e)
—jw\/f 1+— 1+—-
JjoL Jjox

s[5 455 )

(142)2 = 1+§(ifx <<1)

B= wJLC

General Lossy Line

v=o+/B=(R+joL)(G+ jor)

Solving the abovementioned equation:

a:%[\/(RZ +0?1?)(6? +02C?) +(RG-0>LC)

]%

_L[\/(Rz +0°1?)(G? +0°C?) - (RG-w2LC)

=7

CHARACTERISTIC IMPEDANCE

It is the ratio of voltage to current of any one wave, that is,
either forward or reverse travelling wave.

]%

Lossless Line

The characteristic impedance of loss line is purely resistive.

Low Lossy Line

oL >>R
oC>G
L R % G %
Zy=,=|1+—— I+—
C JjoL joc
ZO=\/Z 1+L 1_i
C 2 joc 2jwc
z,- F _d[rG
C 2wl L C
L
R, = C
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General Lossy Line B=wJIC =3 2)
R+ w=2rx 108 rad/s
Zo = Ro + jxo = M
G+ joc Solving (1) and (2)
C=68.2 PF/m
PRIMARY CONSTANTS IN TERMS OF
L =3342nH/m
SECONDARY CONSTANTS
j/z\/(R+ja)L)(G+ja)c) =a+jB Condition for Distortionless Transmission
: If the signal received is exact replica of the transmitted sig-
7 = [RHjoL_ x nal, then the signal is said to be distortionless.
" NG+jaoc ° T The exact replica is obtained when
Yzy=R+joL = (o+jB)R, +jx,) 1. If all the frequency components are attenuated to
_ _ same level.
R=0R,~ px, 2. Further, all frequency components travel with same
R velocity.
L — axo + ﬁ 0
o w This means attenuation constant is independent of fre-
Similarly, quency and phase constant is a linear function of frequency
G= —‘;R; * ﬁxzo Baf
o o Distortion is an effect that changes the phase of the signal
C= , 21 . (ﬂRo —axo) and can be in two types:
w( 0" T %o ) 1. Frequency distortion: If the attenuation o of a line is
frequency dependent, then this distortion occurs.
Example 2 2. Delay distortion: If the velocity of a line is frequency
A coaxial cable has the characteristic impedance of 75 Q dependent, then this distortion occurs.
and a nomingl capacitance of % nF/m . The inductance y= \/( R+ joL)(G+ joc)
of the cable is
(A) 0.625 nH/m (B) 0.625 ].LH/m 7/2 =RG +jw(RC+ LG) — *LC.
(C) 0.625 mH/n (D) 0.625 H/m
Solution IfRC=LG= ~JRCLG
z, =\E RC+LG= 2JRCLG
¢
1 2
L=z2c=T75%x75x §><10‘9 =0.625 pH/m y?= (\/RG +jw\/LC)
2
Example 3 (a+jB)>= (\/E+]w\/ﬁ)
Airline has characteristic impedance of 70 € and phase
constant of 3 rad/m at 100 MHz. Calculate the inductance o= JRG
per meter and the capacitance per meter of the line.
(A) 682 nH/m, 334 PF/m B= wVJLC
(B) 682 PH/m, 334 PF/m o 1
(C) 68.2 PF/m, 334.2 nH/m 0= —=—7—
(D) 334.2 nH/m, 68.2 PF/m B ~LC
Solution RC=LG
Airline can be regarded as lossless line R G (3.8)
—== 3.8
a=0,R=0=G L C

L The abovementioned equation is called condition for distor-
2o =4 =70Q (D) tionless transmission.
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REFLECTION COEFFICIENT
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According to Equations (3.6) and (3.7)

V=V e"+V_e*

ORI C
Zo Zy

atz=l,v=vp, I=1y

where suffix R is the receiving end.

Ve = v+e’“/‘+v7 vt
V. A\

IR =_+e—}’/ ___ey(
ZO ZO

7 YR _. vie " +v_e”
L Ig ° v,e ¥ —v_e”

_ reflected voltage/current

* Incident voltage/current

_ V”@f _ _Iref
Vinc Iinc
vl oz -z,

pPr=

)\ +e’yf' - z;+z,

p, is the reflection coefficient at z= ¢ (at load).
p=Ip). /%

0, is the phase angle between incident and reflected wave.
0<ip,l<1

p at any point can be calculated as

_V.er
Ve "

p

Let the point be at a distance ‘d’ from the receiving end.

Then,
z=1-d
V_ey((’—d)

Pi= v+e—y([—d)

V. el e

B Ve " .e¥
Py= p4'6727d

— —20d ,—2jBd
py=pe e

py= |p4|.e—2(xd (0 e/(0:=2Bd) (3.9)

Example 4

In a transmission line the reflection co-efficient at the load
is given by 0.8¢7%°. What is the reflection co-efficient at a
distance of 0.1 wavelength towards the source?

(A) 0.8e/22¥ (B) 0.8¢7i22¥
(C) 0.8¢/13% (D) 0.8¢797%
Solution

p,= 0.8¢736""

py= pl.e*ﬂBd

2Bd=2x 2 .0.14
A
=04r="72°

Py =0.8e71132 =0.8¢/22%

Lossless Line
oa=0
pd = |p(| e./‘(exfzﬁd)

. 3
Unit circle d=0

Towards
generator

>

“2Bd

As d moves towards generator (i.e., towards sending end),
‘d’ increases positively.

On a lossless line, p varies circularly towards the

generator.

Lossy Line

pd = |pl|'e_20<d ej(e/ —-2pd)

A
] d=0Towards
//' oy ’ 0 generator
i A ! >
|\\ \ 7 /I
N 7
~~q-- —2Bd

p on a lossy transmission line varies spirally inwards.

If z,=z,p,=0T

py=0



Matched Line

Reflected wave is absent on the line when V, =0,/ =0,T'=0,
and hence, Z; = Z, under this condition. The load is said to be
matched to the line and all the incident power on the matched
load is absorbed in it with no power reflected back.

LiNE IMPEDANCES

v=v +e’“fz +v e¥

I:i(wre‘?’z —V,e%’)

at z=lLv=vp=Iz

= —Y! v
IRZL ve¥+ve

= 7'Yl — "{l
[Rz ,=v.e Ve

v, =

1
TR(ZL"'ZO)EYI

1
Z?R(ZL —20)6‘7’1

V.
z=¢ —d
(3.10)

Jer]

I
I=ﬁ[(2L +zu)e7’d —(ZL —Zo)e‘”j]

VZ_[ Zy +z )e}d+ Z; —Z,

(3.11)

o

[ (ZL +Zo)e7d +zr —Zoe_7d
? »(ZL +Zo)e7’d —(ZL —Zo)e_wl

e = cos h(yd) + sin h(yd)

[z, +2z, tan h(3d)
| z, +z; tan h(yd)

Example 5

A 40-m long transmission line has V= 15£0%v candz =
30 +,;40Q and v, =5 £ -48°. If the line is matched to load,
then the input impedance is
(A) 30 +;40Q2
(C) 30 —,;40Q

(B) 150 +200Q
(D) 40 +30Q

Solution
_ Z;+jZ,tany,
" Z+ jZ, +tany,

The line is matched
Z =7

Zin = Zo
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Lossless Line
=0 .. vy=/B
tan A(yd) = tan yd
= tan Bd
[z, + jzo tanﬁd]

Z=1 ;
| zo + jz; tan Bd
atd=1

z =z (sending-end impedance)
[z, + Jz, tanﬁl:|

(3.12)
| z, + jz; tan Bl

ZS=ZO

Impedance in terms of Reflection

Co-efficient
]e_z}d
’ 1_(ZL_Z0
z; +z,

)6_2)‘1
-2ud
z=2, I+p .e
1-p .e721

[ }
/)d
(p _p e—Zyd)

Pa= |pd|~ej¢
o=06l-2Bd

14| 2L=%
77 z; +z,

oy = Ip,.e 20’

Example 6

In Example 5, the relation reflection co-efficient at the load is
(A) 0 (B)1 © -1 (D) o

Solution
If the line is matched, then the reflection co-efficient at the

load is
_Z1=Zo
ZL +Zy
p=0(Z =7,
Impedance Variation along a Lossless Line

o
2(d)=2, [—11“ ful e }

~lpy [ €7
J(4+pPn2)
z(d-i—ﬁ) =z, Lrip [ e™™ |.e'
2 1=py | /¢

— l+|pd|ef¢
“L1-lpy |-e®

=z(d)

(3.13)
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Line impedance on a lossless transmission line repeats for
every half of wavelength.

Sending-end Impedance
If Z,=0
This means load is short-circuited
Z, = jzytan h(y¥)

Z,=jz, tan vl (3.14)

Example 7
For a short-circuited lossless transmission line with length

{= /y , the input impedance is (Z is the characteristic

impedance)
(A) JZ, ®B) Z, © JjZ, (D) 0
Solution
Z, =jZ tan B/
. 2r
Z,=JjZ tan e %
ZSC :]ZO
() If z =eo
i.e., If load is open circuited
z,. =z, cot h(yf)
z,.=—jz, cotyl (3.15)

Example 8

For open-circuited lossless transmission line with length %
, the input impedance is (Z_ is the characteristic impedance)
(A) 72, ®7Z, (©0 (D) &

Solution
Z =—jZ cotB/

i 2T A/ n
jZ,.cot ) A = ]Zo.coté
0

V4

oc

(3.16)

Example 9

If the short-circuited and open-circuited input impedances
of a transmission line (loss less) are given by 25 Q and
225 Q, respectively, then the characteristic impedance of
the transmission line is

(A) 50 Q (B) 25Q

(C) 75Q (D) 100 Q

Solution

Zy=rZy Zoe =4/25.225

Z,=5.15=75Q

Example 10
The propagation constant in Example 9 is , if the
length of the line is 10 m.
(A) 0.8435 (B) j0.8435
(C) j(1.8435) (D) —j(1.8435)
Solution
_j -1 ZSC
==tanh =<
7=Lian [ Z}
_J o 1
TR ( Y )
=2 18435
10
=j1.8435
. 1 ,,
(iv) y=—tanh‘1( Z—J (3.17)
l Zoe

(v) For lossless line:

(@) z,, =jz,tan Bd

Zsc A

i
|
induttive |
|
|
|
I

w2

Example 11

If the length of the short-circuited transmission line is 3 2/ ,
then the input impedance

(A) is inductive

(B) is capacitive

(C) is zero

(D) contains both real and imaginary parts

Solution
2w 34
pd= 18
RY4
=
Z,=jZ tan Bl

[

.. The impedance is capacitive.
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(b) Z, =z, cot Bd.

Zoc A

;
|
|
|
|
|
:
/2
|
I
I
|
|
|

STANDING WAVES AND STANDING

i

|

|

|

|

WAVE RATIO ;
According to Equations (22) and (23) i
|

|

:_

Z =R,
| (iii)

V= vgcos fBd +jI R, sinfd

I=1; cosBd + j.Z—Rsinﬁd

0

Case (i) Open-circuited line:

zp =00 [p=0

V.. = Vg cospd
A

]oc_ R—smﬂd

0

Case (ii) Short-circuited line:

z; =0 v =0

. . 27
Vie = JrR, sin T'd The standing wave shifted away from the load by 6,2

2r S=v_ v . =1 /I
Isc=IR COS(T.d) max ~min max ~min

In both the cases, voltage and current are in quadrature. Example 12

Voltage standing wave pattern in a lossless transmission line

Case (iii =R_(matched line
(W) 2, =R, ( ) with characteristic impedance 50 Q and a resistive load is

pt=0 shown in the figure.
V= vR.eJBd; A
I= Iz.e/P

In this, maximum power is delivered to load.

Case (iv): z, =R =3R

p[: ZL_ZO:3R0_R0:y
z,+z, 3R,+R, /2

. . o Then VSWR is
The amplitude of reflected wave is 1/ of the incident wave,
prnce , ) (A) 2 ®2 Q0 ® Y%
and these are in phase, since p/has ‘0’ phase angle. .
1 Solution
Case (v): z; =R, = R/ p=—
> 2 VSWR—Vma"—%—2
.. Phase angle of reflection co-efficient is 180°. v



3.862 | Part Il e Unit 8 e Electromagnetics

Example 13

In Example 12, the reflection co-efficient is given by

IS4 © %

Solution

(B)3 (D) 0

S-1 2-1
e R— 1
p S+1 2+1 /3
Maxima occurs at where incident and reflected waves are
in phase

Bd=nm
wheren=0,1,2,3....
|vmax| = M[l.Fl p[ |]
ZZL

Minima occurs at where incident and reflected waves are
out of phase.
Bd=(2n+ )n/2

n=0,1,2,....
vr (21 t2,
|Vmin|:R(+L)(l_|pf|)
|Vmin| 1_‘P/|
|P|= S__1=‘vmax |_|Vmin |
[/

s+1 |vmax |+| Vimin |

VSWR Properties
1. Matched line: p,=0

S=1

2. VSWR cannot be measured on a lossy line since the
wave is attenuating as it travels along the line from
sending end to receiving end and vice versa.

3. Low-loss line: VSWR remains substantially constant
over a section of line. Even for low-less line, ‘s’
cannot be measured uniquely.

4. Lossless line: For a lossless line, S can be determined
uniquely.

Transmission line as an impedance transformer:

7 + jz, tan B¢
| z,+ jz; tan B¢
where z_ is the sending-end impedance for a lossless
line.
z =R

(4] [}

2 =R, z; + jR, tan 3¢
R, + jz; tan B¢

One-eighth Wave Line

Quarter Wave Line Transformer

Example 14

Zs
—_— Ro
4—% —>

_2m a3/ n
31_7.4_/4
z =R ZL+jRo
’ ’ Ro+jZL

Iz = R,

—_—> R

In Example 12, the load resistance is

(A) 25 Q

Solution

(B) 50Q (C) 75Q

_Z1=Zo
p_ZL+Zo _A
Z

—-1

Zo _y
/3

Zi

Z

o

AT

(D) 100 Q



Half Wave Line

,B£=27n.%=7r

Zs

> R R

>

¢ R0+jZL (0)

Zs =ZL

For every half wavelength, the load impedance repeats.

SMITH CHART

Many of the computations required to solve transmis-
sion line problems involves the use of rather complicated
equations. The solutions of such problems are tedious and
difficult because the accurate manipulation of numerous
equations is necessary. To simplify their solutions, we need
a graphic method of arriving at a quick answer.

A number of impedance chart have been designed to
facilitate the graphic solution of transmission line problems.
Basically, all the charts are derived from the fundamental
relationships expressed in the transmission equations, and
the most popular chart was developed by Phillip M. Smith.

1+| p, | e/®
z=z, A :
1-|p, [/
where z is impedance at any point P, which is at a distance

‘d’ from the receiving end; ¢ = 6, — 2Bd and 6, is the phase
angle of reflection co-efficient.

Construction:

Normalized impedance:
oz _1+[p e

z, 1-lp |.e”
1
gz W 4)
1-w
W= |p1|.e/'9l.e725d= u+jv
. 1+u+jv
Z=r4+jx=—-"-
I-u—jv

where r is the normalized resistance of the line and
x 1s the normalized reactance of the line.

. 1-u?-v? j2v
r+ jx= > >
(l—u) +92 (l—u) +2
1—u?—v?
r:—

(l—u)2 +2
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2v
Y,
(l—u) +v?
r? +v—2u)+r=1-u?—H?
WA+ +v(1+r)-2ur=1-r
2ru_1-r
I+r I1+r

r : 1 :
u——- 7| +vi=| —
1+r 1+r

The abovementioned equation represents a circle on com-

w2 12—

(3.18)

plex u, v plane with centre (u, v) = (%,0) and radius
r
1

C1+r

where r can take value from 0 to oo.

r radius (ﬁj Centre
0 1 ©, 0)
o0 0 (1,0
1 0.5 (0.5,0)
A 0.67 (0.333, 0)

N
g

[/

Constant resistance circles

w
X= 3
(1=u) +12
2
w24 Yoy
X

Radius = %

Centre = (1, %)
X radius (%() centre (1%()
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/<
\/

Superimposing of constant resistance circles over constant
reactance circles gives the Smith chart.

¢=06,—2pBd
1. The point of smith chart moves in clockwise direction
towards the generator.

2. The point on smith chart moves in anticlockwise direc-
tion towards the load.

3' Zmax:vmax:Z()S
Imin
4. Zpy=—min ~Zo
]max S
Z
5 ZmaX: max_S:rmax
Zo
Zoin 1
6 Zmin = = =~ "min
z, S
_ Jo
2 ol [ er
z oz, | 14| p | e/
:lzl—\Pﬂ-ejq)
Yo 1+|p/|ej¢

y =g+ jb (normalized admittance)

Admittance diametrically opposite to impedance and con-
stant resistant circles becomes constant conductance circles
and constant reactance circles becomes constant suscep-
tance circles.

The characteristics of Smith chart are summarized as
follows:

1. The constant 7 and constant x loci from two families of
orthogonal circles in the chart.

2. The constant r and constant x circles are passed through
the point (7. =1, T, = 0)

3. The upper half of the diagram represents +jx.

4. The lower half of the diagram represents —jx.

5. For admittance, the constant 7 circles become constant
g circles, and the constant x circle becomes constant
susceptance b circles.

6. The distance around the Smith chart for one revolution

is one-half wavelength (%J .

7. AtapointofZ . = 5’ thereisa V. on the line.

8. AtapointofZ =S, thereisa V_  on the line.

9. The horizontal radius to the right of chart centre cor-
respondsto VI ..Z . andS(SWR).

ax’ “min’
10. The horizontal radius to the left of chart centre corre-
spondsto V. .1 .., Z . ,and input.
11. Since the normalized admittance is a reciprocal of the
normalized impedance Z, the corresponding quantities
in the admittance chart are 180° out of phase with those

in the impedance chart.

12. The normalized impedance of admittance is repeated
for every half wavelength of distance.

13. The distance are given in wavelength towards the gen-
erator and also towards the load.

A Smith chart of slotted line can be used to measure a stand-
ing wave pattern directly and then the magnitudes of the
reflection coefficient. Reflected power, transmitted power,
and the load impedance can be calculated from it.

IMPEDANCE MATCHING

Impedance matching is very desirable with radio frequency
(RF) transmission lines. A line terminated in its characteris-
tic impedance has a standing wave ratio of unity and trans-
mits a given power without reflection. Further, transmission
efficiency is optimum where there is no reflected power. A
‘flat’ line is non-resonant; that is, its input impedance always
remains at the same value Z, when the frequency changes.

In circuit theory, maximum power transfer requires the
load impedance to be equal to the generator output imped-
ance. This condition is sometimes referred to as a conju-
gate match. In transmission line problems, matching means
simply terminating the line in its characteristic impedance.
Matching devices are necessary to flatten the line. A com-
plete matched transmission line system is shown in the
figure.

Matching

device Z

Arae, 2 2

Matched Transmission Line System

For a low-loss or lossless transmission line at radio fre-
quency, the characteristic impedance Z, of the line is resis-
tive. At every point, the impedances looking in opposite
directions are conjugate.

Matching can be tried first on the load side to flatten the
line; then, adjustment may be made on the transmitter side
to provide maximum power transfer. At audio frequencies,



iron cored transformer is almost universally used as an
impedance-matching device. Occasionally, an iron-cored
transformer is also used at radio frequencies. In a practi-
cal transmission line system, the transmitter is ordinarily
matched to the coaxial cable for maximum power trans-
fer. However, because of the variable loads, an impedance
matching technique is often required at the load side.

Since the matching problems involve parallel connec-
tions on the transmission line, it is necessary to work out
the problems with admittances rather than impedances.

Single Stub Matching

Although single lumped inductors or capacitors can match
the transmission line, it is more common to use the sus-
ceptive properties of short-circuited sections of transmis-
sion lines. Short-circuited sections are preferable to open
circuited because a good short circuit is easier to obtain than
a good open circuit.

For a lossless line with Y, = ¥, maximum power transfer
requires Y}, = Y, where Y, is the total admittance of the
line and stub looking to the right at point 1-1. The stub must
be located at that point on the line where the real part of the
admittance looking towards the load is Y. In a normalized
unit, ¥, must be in the form Y, = Yd tY,=1

4 ;

(‘) Ro— 509)’11 121

—’|d|<—

Single stub matching

If the stub has the same characteristic impedance as that of
the line, otherwise Y|, =Y, + Y =Y,

The stub length is then adjusted so that its susceptance
just cancels out the susceptance of the line at the junction.

Double Stub Matching

Since single stub matching is sometimes impractical
because the stub cannot be placed physically in the ideal
location, double stub matching is needed. Double stub
devices consist of two short-circuited stubs connected in
parallel with a fixed length between them. The length of
the fixed section is usually one-eighth, three-eighth, or five-
eighth of a wavelength. The stub that is nearest to the load
is used to adjust the susceptance and is located at a fixed
wavelength from the constant conductance unity circle
(g = 1) on an appropriate constant standing wave ratio
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circle, then the admittance of the line at the second stub as
shown in the figure is

Y,=Y,tY,=1

Y,=Y,tY,=Y,
In these two equations, it is assumed that the stubs and the
main line have the same characteristic admittance. If the
positions and lengths of the stubs are chosen properly, there
will be no standing wave on the line to the left of the second
stub measured from the load.

LT

Vs Vst ‘%
N
Q
() Ro=50Q—>\—r> —> []2
Yo /v Yo/ Yo L
N
— 3
8 —>| d |e—

Double stub matching

Quarter Wave Transformer

Characteristic impedance

R = \z5.2;

where z_ is the sending impedance and z; = load.

This can be used for impedance transformation. However,
as frequency changes, impedance changes; matching is
required not for a single frequency, but for a range of fre-
quencies over which communication is to be done.

1. If the transition line is terminated into an impedance z ,
standing wave formation takes place.

2. If, at any point between voltage minima and voltage
maxima, the susceptable part is eliminated by matching
stub, then from this point towards generator there is no
standing wave.

3. If, at the point of £

max’

o

the input conductance is

and at the point of £

i iNPUt impedance is T” .

4. There must be some point where the real part of
input impedance is equal to R between £ and E__ .

However, there must be some susceptibility (since volt-

age and current are not in phase with each other, which

can be eliminated by a matching stub that can be open

ended or short circuited).

5. Now, if input impedance becomes equal to z_ of trans-
mission line, then no standing wave formation takes
place.

Practically, this can be achieved by adding a parallel wire
that can be offered opposite susceptance to the transmission
line, and hence, cancels it. Thus, only real components are left.
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Power
If P, is the incident power, then the reflected power at the
load is p = |pl| - Pincident

P, — power transmitted

P, =P, -P

incident ref

P Pmcu:lent(1 |pl‘2)
p, = reflection co-efficient at load

1. z = short-circuited 7, — line input impedance:
Z . =jz, tanBl

(@) Ift= 4/ thatis, Bt= 7/

ZSC = o0
If loading is short circuited, then input impedance
is oo (i.e., open circuited)

.. It is called impedance inverter.
(b) If 1=/ Bt=m
Z.=0
As we already know that % line is a impedance
repeater.

2. z,.: Open-circuited 7, — line input impedance:
Z =—jz,cotft

(a) Ifl= %

oc
if load is open circuited, then input impedance is 0
(short circuited).
.~ It is called impedance inverter.

) =4

ocC

" % line is a impedance repeater.

Example 15

The parallel branches of a two-wire transmission line are
terminated in 100 Q and 100 Q resistors, as shown in the

figure. The characteristic impedance of the line is Z = 50
Q and each section has a length of A 4 then the reflection

co-efficient at the input is

4T

w¥ ®H o oY

Solution
2
IZZ,, _2500_ .o
Z, 100
2
ZZ:Z 2500_ZSQ
Z, 100
Z,=22Z,=125Q
2
2,520 g
L2
~200-50 150 y
7200450 250 /5
Example 16

A quarter wave impedance transformer is terminated by a
short circuit. What would be its impedance equal to?

(A) zero (B) infinity
(C) Z, (characteristic impedance) (D) /Z,
Solution
2 2
Zin = Zn = Zo =00
Example 17

In an impedance Smith chart, a clockwise movement along
a constant resistance circle gives rise to

(A) a decrease in the value of reactance

(B) an increase in the value of reactance

(C) no change in reactance

(D) no change in impedance value

Solution

While moving along the constant resistant circle in Smith
chart in clockwise direction, the reactance increases.

Example 18

Many circles arcs are drawn in a Smith chart used for
transmission line calculations. The arcs (part of a circle) in
the following figure represent
(A) constant reactance arcs
(C) constant VSWR arcs

(B) constant resistant arcs
(D) unit circles

Solution

The part of the circles in the Smith chart is constant
reactance circle arcs.



Example 19

A (50 —25)Q load is connected to a coaxial cable of
characteristic impedance 75 Q at 12 GHz. In order to obtain
the best matching, which one of the following will have to
be connected?

(A) a short-circuited stub at load

(B) inductance at load

(C) a capacitance at a specific distance at load

(D) a short-circuited stub at some specific distance from load

Solution: (D)

Example 20

Consider a 300 €, quarter wave long line (at 1 GHz)
transmission line, as shown in the figure. It is connected to a
20 v, 75 Q source at the other end and is left open circuited
at the other end. The magnitude of the voltage at the open-
circuited end of the line is

—

20V,
75source 300V

I

«— wa—>

(A) 10v  (B) 20v (C) 40v (D) 80v
Solution
V—Lzz—O=>vL=3OOX20 —30v
v Z

in in

Direction for questions 1 to 11: Select the correct alterna-
tive from the given choices.

Example 21

A quarter wave transformer is used for matching a load of
225 Q connected to a transmission line of 256 Q in order
to reduce the SWR along the line to 11 the characteristic
impedance (in ohms) of the transformer is

(A) 205 (B) 256 (C) 240 (D) 273

Solution
Z, (characteristic impedance) = \/Z 1 Lc = J225.256 =240

Example 22

A quarter wave transformer matching a 75 Q source with a
300 Q load should have a characteristic impedance of

(A) 50Q (B) 100Q (C) 150Q (D) 200 Q
Solution

Zo=Z,.Zg =75.300 =150 Q
Example 23

Which of the following conditions will not guarantee a
distortionless transmission line?
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(A)R=G=0

(B) RC=GL

(C) Very low frequency range (R >> wL, G >> w(C)
(D) Very high frequency range (R << wL, G << wC)

Solution: (C)

Example 24

A lossless line having characteristic impedance Z; is
terminated in a pure reactance of value —jZ,. The VSWR of
the line will be

(A) 10 (B) 2 ©) 1 (D) Infinite
Solution
e N )
I71=1
147
then VSWR = —— =

17|

Example 25

On a Smith chart, the concentric circle with R = 0 circle is
(A) R = constant circle (B) X=1circle
(C) |I'| = constant circle (D) none of these

Solution: (C)

Example 26

Which of the following circles will never intersect each
other on a Smith chart?

(A) R=0circle and X =1 circle

(B) R =1 circle and X =0 circle

(C) R =oocircle and X'=0 circle

(D) None of these

Solution

None of these

Example 27

An electro-magnetic wave is obliquely incident at the surface
of a dielectric medium 2 (4, [2) from dielectric medium
1(u,, [1). The angle of incidents is 6, and 6, is the critical
angle. Then, the phenomenon of total reflection occurs when
(A)[,>[,and 6, <8, B) [,<L,and 6,> 6,
(©) [, <l,and 6,< 6, (D) [,>1,and 6.> 6,

My &

= |52
sin 6, JrR=h €
or sin@,= |2 [for®,=90°,0.=8]
€

if 6, > 6, total reflection occurs and or

Solution

sin0;

S

€

>1,e,>€,
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Example 28

A transmission line whose characteristic impedance is a
pure resistance

(A) must be a lossless line

(B) must be a distortionless line

(C) may not be a lossless line

(D) may not be a distortionless line

Solution
_ R+ jwL
O G+ jwC
With Z as pure resistance, we have Z, = R + j0
(1) Lossless line:

R=G=0
1
Z ==
* Nc
(2) Distortionless line: EZL: \/I
(3) L=0 G cZ, C
Cc=0
z= |
G

Thus, transmission line may be lossless, distortionless or
with L=C=0

Example 29

The capacitance per unit length and the characteristic imped-
ance of a lossless transmission line are C and Z, respectively.
The velocity of a travelling wave on the transmission line is

1 Z C
A) ZC B) — Cc) =2 D) —
(A) Z, ()ZDC ()C ()Z0
Solution
1
V,= —
 JLc
and Zo=\/%

Practice Problem |

Direction for questions 1 to 24: Select the correct alterna-
tive from the given choices.

1. A coaxial cable has the inductance of 0.25 pH/m and
capacitance of 2.5 nF/m, then the characteristic imped-
ance is
(A) 10Q B) 50Q (C) 100Q (D) 75Q

2. For a lossy transmission line, the characteristic imped-
ance does not depend on
(A) frequency of operation on the line
(B) load of the line
(C) conductivity of the conductor
(D) inductance of the line

or L=CZ?

A B
© Joxczp  ZC

Example 30

A transmission line of characteristic impedance Z;= 50
Q, phase velocity Vp =2 x 108 m/s and length / = | m is
terminated by a load Z, (30 — j40) Q. The input impedance
of the line for a frequency of 100 MHz will be

(A) (30+,;40) Q (B) (30—,40) Q

(C) (50 +,;40) Q (D) (50 —;40) Q

Solution
Vp:ﬂ»
V 108
. =—p:2)(— 6=
S ’ lOO><10 2m

Since length of the line is half wavelength, and therefore

e Z, =7, = (30—j40) Q

Example 31

The reflection coefficient characteristic impedance and load
impedance of a transmission line are connected together by
the relationship

Z; +7 YAVA
(A) K, =20 (B) K, =—"=~
Zy-2, Zy-2,
Z; — 7 VAR
©) K, =20 (D) K, ==L
Zot+Z; ZyZ;
Solution
_ZL_ZO
" Zy+Z,

3. Which of the following satisfies condition for the dis-
tortionless transmission line?
(A) RL=GC (B) RC=LG
(C) RG=LC (D) RC>> LG

4. In a transmission line, the reflection coefficient at a
distance ‘d’ from the load is pd = 0.8¢™13% and the

reflection co-efficient at the load is p = 0.8¢71*" | then

the distance ‘d’ is
31 A
© ¥ oY

@ A ® Y,

5. The three lossless lines are connected as in the follow-
ing figure. The input impedance is



10.

11.

12.

13.

14.

“Mi—>  —M2— “A2—>

75Q

50Q 100Q

|_>Zin o o

Where Z; =100 Q

(A) 25Q (B) 50Q (C) 75Q (D) 100Q

. Which of the following is not true about a lossless line?

(A) Z, =] Z for a short-circuited line with /= %
(B) Z, =Z_ for a matched line

L . . 1A
(C) Z,,=+jZ, for open-circuited line with /= A
(D) Z,, = jeo for a shorted line with (= %

. In an airline, the adjacent maxima are found at 10 cm

and 20 cm, then the operating frequency is
(A) 2GHz (B) 3GHz (C) 1.5GHz (D) 4 GHz

. VSWR pattern on a lossless line is shown in the follow-

ing figure. If the characteristic impedance of the line is
75 Q, then

[ ] 1

A2
the load of the line is
(A) 75Q B) 150Q (C) 3002 (D) 225Q
. In problem 8, the reflection co-efficient is
(A) 0.6 (B) 0.6 (©) 0.2 (D) 0.2
Consider the following diagram
200 Q
hort

circuit
Z, looking at line 1 is
(A) 125 B)25Q (C)375Q (D)o
In problem 10, Z, looking at line 2 is
(A) zero (B) infinity (C) 50 Q D) 25Q
In problem 10, Z; looking at line 3 is
(A) zero (B) infinity (C) 100 (D) 200€2
In problem 10, the VSWR at CD is
A 2 (B) 4 ©) 8 ((YRU

A 500 m long transmission line is terminated by a load
that is located at P on the Smith chart. If A = 150 m,
how many voltage maxima exist at on the line?

15.

16.

17.

18.
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)
15
W4 B ©6 D7

In problem 14, first minima occurs at what distance
from the load?

(A) 6.25 m towards source

(B) 12.5 m towards source

(C) 6.25 m from source

(D) 12.5 m from source

A uniform plane EM wave incident normally on a
plane surface of a dielectric material is reflected with a
VSWR of 3. What is the percentage of incident power
that is reflected?

(A) 10% (B) 25% (©) 50% (D) 75%
Consider an impedance Z = R + jx marked with point
P in an impedance Smith chart as shown in the figure.
The movement from point P, along a constant resist-
ance circle in the clockwise direction by an angle 45°
equivalent to

r=0.5 circle

(A)
(B)
©)
(D)
A short-circuited stub is shunt connected to a trans-
mission line as shown in the figure. If Z = 25 €, the
admittance Y seen at the junction of the stub and the
transmission line is

adding an inductance in series with Z
adding a capacitance in series with Z
adding an inductance in shunt across Z
adding a capacitance in shunt across Z

«— N2 -

(A) (0.01 +,0.04) ©
(C) (0.01+,0.02) O

(B) (0.01-;0.04) O
(D) (0.01-;0.02) O
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19.

20.

21.

A transmission line with a Z of 100 Q is used to match
a 50 © Q section to a 200 Q section. If the matching
is done both at 300 MHz and 1 GHz, the length of the
transmission line can be done approximately.

(A) 025m (B) 0.3 m

(C) 0.075m (D) 1.5m

A transmission line of Z = 50 € is terminated by a
50 Q load. When excited by a sinusoidal voltage source

at 10 GHz, the phase difference and phase velocity are
%radian and 1.6 x 108 m/s, respectively. Then, mini-

mum spacing between the two point with the above-
mentioned phase difference.

(A) 2 mm (B) 4 mm

(C) 8 mm (D) 1.6 mm

The diameter of the inner conductor of a coaxial cable
is 2 mm and that of the outer conductor is 6 mm and the
dielectric constant of the insulation is 1.60. Calculate
the characteristic capacitance is 60 pF/m. Find the
value of inductance per meter at RF.

Practice Problem 2
Direction for questions 1 to 24: Select the correct alterna-
tive from the given choices.

1.

Which of the following statements are not true of the
line parameters R, L, G, and C

(A) R and L are series elements

(B) G and C are shunt elements

(C) The parameters are distributed not lumped

D G=Y

For a lossless transmission line with inductance 25
pH/m and characteristic impedance 50 €2, then capaci-
tance is

(A) 250 nF/m
(C) 0.5 pF/m

(B) 125 nF/m
(D) 0.25 uF/m

. A 50 Q coaxial cable feeds a 75 +;20€2 dipole antenna.

Then, VSWR is
(A) 0.677 (B) 1.677 (C) 0.25 (D) 0.33

The reflection co-efficient on a lossy line at the load
and at a distance ‘d’ from the load are

(A) same

(B) same in magnitude differ in phase

(C) same in phase differ in magnitude

(D) different both in magnitude and phase

The power reflected along a matched transmission line
with characteristic impedance Z_ is

(A) zero

(B) infinity

(C) depends on Z

(D) None of these

22.

23.

24.

(A) 0.1625 pH/m (B) 0.1825 pH/m

(C) 1.2 uH (D) 0.9256 uHm

A transmission line of characteristic impedance
Zy =50 Q phase velocity V, = 2 x 108m/s and length
£ =1 m is terminated by a load Z = (30 — j40) Q.
The input impedance of the line for a frequency of
100 MHz will be

(A) (30+,40) Q (B) (30—,40) Q

(C) (50+,;40) Q (D) (50 —,40) Q

An airline has characteristic impedance of 70 Q and
phase constant of 3 rad/m at 100 MHz. Calculate the
inductance per meter.

(A) 682 pF/m (B) 0.682 pF/m

(C) 68.2 pF/m (D) 6.82 pF/m

The VSWR on UHF transmission line, working at a
frequency of 300 MHz is found to be 2. If the distance
between load and voltage minimum is 0.8 m, find the
value of load impedance.
(A) 17£-6.4°

(C) 1.7£6.4°

(B) 1.7£4-6.4°
(D) 17£6.4°

Match List-I with List-II and select the correct answer
using the code given below.

List-1 (Load) List-1l (Reflection co-efficient)
P. Short circuit 1. %
Q. Open circuit 2.0
R. Z, 3. -1
S. 27, 4.1
A P-1,0-2,R-3,5-4
B) P-4,0-3,R-2,5-1
©C) P-3,0-4,R-2,5-1

(D) P-3,0-4,R-1,5-2

A transmission line of length 18 , with characteristic

impedance Z , and load impedance Z; , then the magni-

tude of sending-end impedance is

A) Z, (B) 0 (C) e (D) 22,

A quarter wave transformer is used for matching a load

of 225 Q connected to a transmission line of 256 Q in

order to reduce VSWR along the line to 1. Then, Z_ of

transformer is

(A) 225 (B) 240 (C) 256 (D) 273

Which of the following statement is not true regarding

the Smith chart?

1. A normalized Smith chart apply to a line of any

characteristic resistance and serves as well for
normalized admittance.

2. A polar co-ordinate Smith chart contains circles of

constant |z| and circles of constant £z

3. In Smith chart, the distance towards the load is always

measured in clockwise direction.



10.

11.

12.

13.

14.

15.

16.

4. Upper half of Smith chart is with inductive reactance.

A1 (B) 2 © 3 (D) 4
In the following Smith chart

9

D A B

E
The normalized impedance at D is
A) 140 @B) 0+,1 (C) 0+j0 (D) co+joo
In problem 10, the impedance (normalized) at B is
(A) 1+j0  (B) cotjoo (C) 04,1 (D) 14,1
In the circuit shown in the following figure, all the

transmission line sections are lossless, the VSWR on
the 60 Q line is
short

T
N8 20: 30Q
Ao v J k
C
Zy=60Q Z |=30Q
Zb==30<dzg
Bo
B D« wa-
(A) 1.00 (B) 1.64 (C) 2.5 (D) 3.00
In problem 12, if AC = % then Z,, =
(A) 60+ ;30 (B) 60—,30
3600 60+30
©) —— D) ——
60+ 730 3600
A transmission line of Z, =50 Q is terminated in a

line with load impedance Z;. The VSWR of the line
is measured as 6 and the first of the voltage max-
ima is observed at a distance of % from the load.

Then, Z; is
(A) 2% Q ®) 3040
© 20 D) 00

A transmission line of characteristic impedance 400 Q
is to be matched to a load of 25 € through a quarter
wavelength line. The quarter wave line characteristic
impedance must be

(A) 40 Q (B) 1002 (C) 4002 (D) 425Q
A lossless transmission line having 50 € characteristic
impedance and length A/4 is short-circuited at one end
and connected to an ideal voltage source of 1 V at the
other end. The current drawn from the voltage source is
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(A) zero
(C) infinite

(B) 0.02A
(D) None of the above

17.

An open voice line having characteristic impedance
692 £-12° Q is terminated in 200 € resistor. The line
is 100 km long and is supplied power by a generator
of 1.0 V at 100 Hz. Determined the voltage reflection
coefficient

(A) 0.56£172.4°
(C) 0.56£-163.9°

(B) 0.56.£163.9°
(D) 0.56£-172.4°

Direction for questions 18 and 19:
A 30 m long transmission line has no losses with Z; = 50 Q
operating at 2 MHz is terminated with a load Z; =60 + ;40 Q.

18.

19.

20.

21.

22,

23.

24.

Find reflection coefficient
(A) 0.3523 £56°
(C) 3.23 £56°

Find standing wave ratio
(A) 2.888 (B) —2.888
(C) 2.088 (D) 0.2088

The magnitude of the open circuit and short circuit
input impedances of a transmission line are 100 Q and
25 Q, respectively. The characteristic impedance of the
line is

(B) 0.323 £-56°
(D) 3.23 £-56°

(A) 25Q (B) 50 Q (C) 715Q (D) 100 Q
A transmission line is distortionless if
1
A) RL=— B) RL=GC
(A) GO (B)
(C) LG=RC (D) RG=LC

The inductance per unit length of a coaxial cable in
terms of conductor size and spacing is

u d

A) L=—1log, —H/m
(A) 2r g D

u D
L=-—log, —H/
® 2 Og‘d "

© L =2—” logei H/m
u D

D) L= n log, b H/m
u d

A 75 Q transmission line is first short terminated and
the minima locations are noted. When the short is
replaced by a resistive load, R, the minima locations
are not altered and the VSWR is measured to be 3.
What is the value of R, ?

(A) 25Q (B) 50 Q (C) 225Q (D) 250Q
A certain transmission line operating at ® = 10%rad/s
has o= 8 dB/m, B=1rad/m, and Z = 60 + ;40 Q and
is 2 m long. If the line is connected to source of 10 £
0V, Zg = 40 Q and terminated by a load of 20 + j50Q,
determine input impedance Z, .

(A) 6.025+;38.79 Q (B) 60.25 +;38.79 Q

(C) 60.25+,3.879 Q (D) 60.25+0.3879 Q
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PREVIOUSs YEARS’ QUESTIONS

1. Consider a 300 Q quarter wave long (at 1 GHz) trans-

mission line, as shown in the figure. It is connected to
a 10V, 50 Q sources at one end and is left open cir-
cuited at the other end. The magnitude of the voltage

at the open circuit end of the line is [2004]
10V, 50Q Zo=300Q
Source

- w4

(A) 10V (B) 5V
(C) 60V (D) g Y4

. A plane electromagnetic wave propagating in free
space is incident normally on a large slab of lossless,
non-magnetic dielectric material with £> &,. Maxima
and minima are observed when the electric field is
measured in front of the slab. The maximum electric
field is found to be 5 times the minimum field. The
intrinsic impedance of the medium should be [2004]
(A) 120 tQ (B) 60 Q2

(C) 600 Q2 (D) 24 Q2

. A lossless transmission line is terminated in a load

that reflects a part of the incident power. The meas-
ured VSWR is 2. The percentage of the power that is

reflected back is [2004]
(A) 57.73 (B) 33.33
(C) 0.11 (D) 11.11

. Consider an impedance Z = R + jX marked with point
P in an impedance Smith chart, as shown in Figure
given in Q88. The movement from point P along a
constant resistance circle in the clockwise direction
by an angle 45° is equivalent to [2004]

(A) adding an inductance in series with Z
(B) adding a capacitance in series with Z
(C) adding an inductance in shunt across Z
(D) adding a capacitance in shunt across Z

5. Many circles are drawn in a Smith chart used for
transmission line calculations. The circles shown in
figure represent [2005]

(A) unit circles

(B) constant resistance circles

(C) constant reactance circles

(D) constant reflection coefficient circles.

6. Characteristic impedance of a transmission line is
50 Q. Input impedance of the open-circuited line
is Z .= 100 + 7150 Q. When the transmission line is
short circuited, then value of the input impedance will

be [2005]
(A) 50Q (B) 100 +,150 Q
(C) 7.69+,11.54 Q (D) 7.69 —;11.54 Q
Direction for questions 7 and 8:
[Vz]
4
1
z n M2
Load

Voltage standing wave pattern in a lossless transmission
line with characteristic impedance 50 Q and a resistive
load is shown in figure.

7. The value of the load resistance is [2005]
(A) 50Q (B) 200 Q
(C) 125Q (D) 0Q

8. The reflection coefficient is given by [2005]
(A) —0.6 (B) -1
(C) 0.6 (D) 0

9. A load of 50 Q is connected in shunt in a two-wire
transmission line of Z,= 50 €2, as shown in the figure.
The two-port scattering parameter matrix (S-matrix)
of the shunt element is [2007]

Zy=50Q %509 Zo=50Q




10.

11.

12.

13.

[ 1 1 0 1
@ |72 3 |1 o

1 =

[ 2 2

1 2 1 2
© |3 3 (D) | 4

2 1 3 1

3 3 4 4

The parallel branches of a two-wire transmission line
are terminated in 100 Q and 200 Q resistors, as shown
in the figure. The characteristic impedance of the line

is Z;= 50 Q and each section has a length of % . The

voltage reflection coefficient I" at the input is [2007]

@A) —jo ®) =3
5

© ;3 @) 2
7 7

One of a lossless transmission line having the charac-

teristic impedance of 75 Q and length of 1 cm is short

circuited. At 3 GHz, the input impedance at the other

end of the transmission line is [2008]

(A) 0 (B) resistive

(C) capacitive (D) inductive

In the design of a single-mode step index optical fibre

close to upper cut-off, the single mode operations is

not preserved if [2008]

(A) radius as well as operating wavelength are halved

(B) radius as well as operating wavelength are
doubled

(C) radius is halved and operating wavelength is
doubled

(D) radius is doubled and operating wavelength is

halved

A transmission line terminates in two branches, each
of length A/4, as shown. The branches are termi-
nated by 50 Q loads. The lines are lossless and have
the characteristic impedances shown. Determine the
impedance Z;, as seen by the source [2009]

14.

15.

16.

17.

18.
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(A) 200Q (B) 100Q

(C) 50 Q

A transmission line has a characteristic impedance of
50 Q and a resistance of 0.1 Q/m. If the line is distor-
tionless, the attenuation constant (in Np/m) is

(D) 25 Q

[2010]
(A) 500 B) 5
(C) 0.014 (D) 0.002
In the circuit shown, all the transmission line sections
are lossless. The voltage standing wave ratio (VSWR)

on the 60 Q line is [2010]
Short
0
= 30 Mf
Zo=60 Zo=30\2Q Z,=30
<« \/4—>
(A) 1.00 (B) 1.64 (C) 2.50 (D) 3.00

A transmission line of characteristic impedance 50
is terminated by a 50 Q load. When excited by a sinu-
soidal voltage source at 10 GHz, the phase difference
between two points spaced 2 mm apart on the line
is found to be m/4 radians. The phase velocity of the
wave along the line is [2011]
(A) 0.8x10%m/s (B) 1.2x 103 m/s

(C) 1.6 x103m/s (D) 3 x 108 m/s

A transmission line of characteristic impedance 50 Q
is terminated in a load impedance Z; . The VSWR of
the line is measured as 5 and the first of the voltage
maxima in the line is observed at a distance of A/4
from the load. The value of Z; is [2011]
(A) 10Q (B) 250 Q

(C) (19.23 +,46.15) Q (D) (19.23 —j46.15) Q

A coaxial cable with a diameter of 1 mm and outer
diameter of 2.4 mm is filled with a dielectric of rela-

tive permittivity 10.89. Given u, =47 x10~H/m,
-9
€y = EF/HI, the characteristic impedance of the

cable is [2012]
(A) 330Q (B) 100 Q
(C) 1433 Q (D) 43.4Q
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19.

20.

21.

223

23.

A transmission line with a characteristic impedance
of 100 € is used to match a 50 Q section to a 200 Q
section. If the matching is to be done both at 429 MHz
and 1 GHz, the length of the transmission line can be

approximately. [2012]
(A) 82.5cm (B) 1.05m
(C) 1.58m (D) 1.75m

For a parallel-plate transmission line, let v be the speed

of propagation and Z be the characteristic impedance.

Neglecting fringe effects, a reduction of the spacing

between the plates by a factor of two results in
[2014]

(A) halving of v and no change in Z

(B) no changes in v and halving of Z

(C) no change in both v and Z

(D) halving of both v and Z

. . A .
The input impedance of a P section of a lossless
transmission line of characteristic impedance 50 Q is

found to be real when the other end is terminated by a
load Z; (= R +jX) Q. If X'is 30 Q, the value of R(in €2)
is . [2014]

In the following figure, the transmitter 7y sends a
wideband modulated RF signal via a coaxial cable to
the receiver R . The output impedance Z;. of 7y, and
the characteristic impedance Z; of the cable and the
input impedance Z of Ry are all real

Transmitter Characteristic Impedance = Z, Receiver
— —
5l = 7
T Rx
—L L

Which one of the following statements is true about

the distortion of the received signal due to impedance

mismatch? [2014]

(A) The signal gets distorted if Z, # Z, irrespective
of the value of Z,.

(B) The signal gets distorted if Z. # Z, irrespective
of the value of Z,.

(C) Signal distortion implies impedance mismatch at
both ends: Z;. # Z, and Z, # Z,,.

(D) Impedance mismatches do not result in signal
distortion but reduce power transfer efficiency.

A coaxial cable is made of two brass conductors. The
spacing between the conductors is filled with Teflon
(€, = 2.1, tan 0 = 0). Which one of the following cir-
cuits can represent the lumped element model of a
small piece of this cable having length Az?  [2015]

24.

25.

(a) RAz/2LAz/2 RAz/2 LAz/2
GAZ CAz
o o
I Az |
(b) RAz/2[Az/2 RAz/2 LAz/2
o—AMAN—T00—F—AMWN—T00—o0
—— CAz
O O
I Az |
(© LAz/2 LAz/2
o 7500 000 ——o0
GAZ CAz
o o
I Az |
(d) RAz LAz
o—AM\N—000 o
GAz § =—=CAz
o o
I Az |

The propagation constant of a lossy transmission line
is (2 +j5) m™! and its characteristic impedance is (50
+j0)Q at ® = 10 rad s~'. The values of the line con-
stants L, C, R, G are respectively. [2016]

(A) L =200uH/m, C = 0.1pF/m, R = 50Q/m, G =
0.02S/m

(B) L =250uH/m, C = 0.1pF/m, R = 100Q/m, G =
0.04S/m

(C) L =200uH/m, C = 0.2uF/m, R = 100Q/m, G =
0.02S/m

(D) L = 250uH/m, C = 02uF/m, R = 50Q/m,
G = 0.04S/m

A lossless micro strip transmission line consists of a
trace of width w. II is drawn over a practically infinite
ground plane and is separated by a dielectric slab of
thickness t and relative permittivity € > 1. The induct-
ance per unit length and the characteristic impedance
of this line are L and z, respectively. [2016]



w -
e=¢g,
—
€=€xE; E> 1 I t

26.

Which one of the following inequalities is always
satisfied?

@ z,> [ K ®) 7,< [ 4
SoerW €OSrW

© z,> [F7 ®) 7,< |1V
Soﬁrt EOErt

A microwave circuit consisting of lossless transmis-
sion lines 7| and T, is shown in the figure. The plot
shows the magnitude of the input reflection coefficient
T, as a function of frequency f. The phase velocity
of the signal in the transmission lines is 2 X 108 m/s.

[2016]

Input
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Length = 1m

T Length = L

Z= SOQ

r—o{ﬁ Z= 509

0.8
0.6
0.4

(reflection coefficient)

0.2

Open

L +

The length L (inn meters) of 7, is .

0.5 1

1.5

2

25 1 (in GHz)_

EXERCISES

Practice Problems |

1. A
11. B
21. A

2. B 3.B 4. A .
12. D 13. B 14. D 15. A
22. B 23. C 24. B

Practice Problems 2

1. D 2. A 3.B 4. D 5. A
11. B 12. B 13. A 14. A 15. B
21. C 22. B 23. C 24. B
Previous Years’ Questions

1. C 2. C 3.D 4. A 5. B
11. D 12. D 13. D 14. D 15. B
21. 39to 41 22. C 23. B 24. B

16.
25.

> 0

WO "

7. C 8. C
17. B 18. B
7. A 8. A
17. A 18. A
7. C 8. A
17. A 18. B

26. 0.1

oN@!

volivv)

10.
20.

10.
20.

10.
20.
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