Transmission Lines

Statement for Q.1-3:

A telephone line has the following parameters:
R =60Q/m, G =600 puS/m, L =0.3uH/m, C =0.75nF/m

1. If the line operate at 10 MHz, the characteristic
impedance Z is
(A) 210 - j17.6 Q
(C) 108 -479 Q

(B) 29.6 — j214 Q
(D) 140 - j42 Q

2. The velocity v will be
(A) 18 x 10° m/s
(C) 23x10° m/s

(B) 46 x 10° m/s
(D) 36 x 10° m/s

(A) 1.46 m
(C) 4.39 m

(B) 3.36 m

(D) (%m\q
°

3. The voltage will drop by 30 dB in the line afé@

Statement for Q.4-6:

at 120 MHz has
m, L=09 pH/m,

A distortion less line op
the following parametersg R =
C =21 pF/m .

20% in the line after
(B) 185 m

(D) 0.67 m

4. The voltage gi
(A) 93.2 m

(C) 2.6 m

5. The propagation constant is
(A) (756 + j14.25)10° m™ (B) 0056 + j4.37 m™

(C) 808x 107 - j0.304 m™ (D) 0087 + j3.28 m"

6. To suffer a 45° phase shift it will travel
(A) 2.46 m (B) 2.01 m

(C) 1.48 m (D) 0.24 m

Statement for Q.7-8:

The propagation constant ogsy transmission
liney=1+ j2m™ and chaqis‘ic impedance is 20 Q

at frequency 1 Mrad/s

7. The values of x@are respectively

(A) 0.2 S/m, W (B) 0.05 S/m, 1 pF/m
(C) 0.05 s)& F/m (D) 0.2 S/m, 1 uF/m
8. &\s of R and L are respectively

( /m, 40 pH/m (B) 40 Q/m, 50 pH/m

Q O/m, 40 uH/m (D) 20 Q/m, 50 pH/m

9. A line comprised of two copper wires of diameter 1.2
mm that have 3.2 mm center to center spacing. If the
wires are separated by a dielectric material with
g, =35, the value of characteristic impedance Z_ is
(A) 96 Q (B) 150 ©
(C) 714 Q (D) 105 Q

Statement for Q.10-11:
Consider the

air-filled planer line:

following parameters for an

Width w =40 cm

Distance between plane d =1.6 cm
Thickness of conducting plane ¢t =4 mm
Conductivity of plane o, =7 x 10" S/m
Operating frequency f =500 MHz.

10. The values of R and L are respectively
(A) 26.55 mQ/m, 50.3 nH/m

(B) 13.28 mQ/m, 50.3 nH/m
(C) 26.55 mQ/m, 100.3 nH/m
(D) 13.28 mQ/m, 100.3 nH/m
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11. The values of C and G are respectively
(A) 167 pF/m, 175 x 10° S/m (B) 167 uF/m, 0
(C) 221 pF/m, 175 x 10° S/m (D) 221 pF/m, 0

12. A 81Q lossless planer line was designed but did
not meet a requirement. To get the characteristic
impedance of 75 Q the fraction of the width of the
strip should be

(A) added by 4%

(C) added by 8%

(B) removed by 4%
(D) removed by 8%

13. A lossless line has a voltage wave
V(z,t) =10sin (ot —Bz). The line has parameter L =02
pH/m, C =05 nF/m. The corresponding current wave
is

(A) 20 sin (ot —Bz)
(C) 200 sin (ot —Bz)

(B) 05 sin (ot —B2)
(D) sin (ot —pBz)

Statement for Q.14-15:
On a distrortion less line, the voltage wave is

Viz, t) = 180777 cos (10°¢ + 22)+ 90e 251 "% cos (10°¢ — 22)

where z is the distance from the load. The load

impedance is Z; =300 Q) . @

14. The phase velocity is

(A) 12.6 x 10° m/s (B) 314 10@
(C) 20 x 10" m/s D) @s
15. The characteristic impedanc ’

:ﬁiO Q

(A) 400 Q
(C) 100 © ®) 70 Q
Statement for 7:
A8.4 cO¥xial line has following distributed

3Q/m, L=68 pH/m, G=42
mS/m, C =10.75 pF/m. The line operates at 2 MHz.

16. The characteristic impedance is
(A) 23 + j186 Q (B) 46 + j93 O
(C) 1099 + j915 O (D) 55 + j46 O

17. The end-to-end propagation time delay is
(A) 260 ns (B) 130 ns

(C) 180 ns (D) 90 ns

18. A lossless transmission line operating at 4.5 GHz
has L=2.6 uH/m and Z_ =80 Q. The phase constant
and the phase velocity v is

(A) 148 rad/m, 274 x 10° m/s

(B) 714 rad/m, 30.8 x 10* m/s

(C) 919 rad/m, 30.8 x 10° m/s

(D) None of the above

19. A 60 Q coaxial cable feeds a 75 ipole

antenna. The voltage reflection ffi and
standing wave ratio s are resp

(A) 0.212.24855° 1.538 (Bm6468.4°, 2.628
(C) 0.4862£41.45°, 2.682 qm0.212468.4°, 1.538

20. For a short-circu@oaxial transmission line:
Characteri Medance Z, =35+ j49 Q ,
p @\stant Yy =14+ j5m™*
I&&line [ =04 m.
&mut impedance of short-circuited line is

A@ 7390 (B) 41+ j78Q

(CN68 + j46 O (D) 34 + j230Q

o
*3

Statement for Q.21-22:

Consider the lossless transmission line shown in
fig. P8.6.21-22.

| M6 >
10

Z,=600 z,| 1250

Fig. P8.6.21-22

21. The SWR s is
(A) 2.08

(C) 2.44

(B) 1.63
(D) 1.93

22. The input impedance Z,, at the generator is
(A) 36 + j324Q (B) 18 + j162 Q
(C) 35 -j248 O (D) 54 - j26.4 Q

23. The quarter-wave lossless 100 Q line is terminated
by load Z, =210 Q. If the voltage at the receiving end
is 60 V, the voltage at the sending end is
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(A) 126 V
(C) 213V

(B) 28.6 V
(D) 169 V

24. A 60Q lossless line has V, =15¢* V  and
Z, =75¢’". The current at /8 from the load is

(A) 0.2¢° A (B) 0.46e’* A

(C) 0.2 A (D) 0.46¢" A

25. Consider a 300 Q quarter-wave long transmission
line operating at 1 GHz. It is connected to 10 V, 50 Q
source at one end and is left open circuited at the other
end. The magnitude of the voltage at the open
circuited end of line is

(A) 10 (B) 5

o (D) 7.707

Statement for Q.26-29:

The loss line line shown in fig. P8.6.26-29 has
following parameter: V, =1020° V, Z, =50 - j40 Q,
B =0.25 rad/m. Determine the input impedance Z,, and
voltage at the point given in question and choose

correct option

100 m >

Z,=600Q

[
-
a0 .

Fig. P8.6.26-29 Q

26. At sending end is
(A) j294 Q, 2.68.,102° V (B)’j 0.3Q, 575/102° V

(C) j294 Q, 57521022 D) j40.3Q, 2.68£102° V

27. At receiving e

(A) j40 Q, 1096° V

(B) j40 O3 -109.6°V

(C) 60 - j43Q, 5.75.2109.6° V
(D) 60 — j43Q, 5754 -109.6° V

28. At 4 m from the load is
(A) —j1436 Q, 6.752167° V

(B) j1436 Q, 6.75£167° V
(C) —j3471Q, 5752167° V
(D) j3471Q, 575/167°V

29. At 3 m from the source is
(A) j18.2Q, 575,59°V (B) —j18.2Q, 575.59° V
(C) —j18.20, 5752 -59°V (D) j18.2Q ,575,59°V

30. A lossless transmission line with a characteristic

impedance of 80 Q is terminated by a load of 125 Q.

The length of line is 1.25)\. The input impe is
(A) 80 Q (B) 51.2 O
(C) 125 O (D) 45 O

Statement for Q.31-32: &

A50Q, 8.4 m long lossles operates at 150

MHz . The input impeda at @e middle of the line
is 80 — j60 Q. The phase%ty is 0.8c.

31. The input il’ﬂ& at the generator is
(A) 40.3 + jsssb (B) 21.6 — j20.3Q

(C) 43.3 - (D) 80.3+ j76.8Q
32. ’lx ge reflection coefficient at the load is
6.34° (B) 0.468 2£6.34°
684 38.66° (D) 0.468 £51.34°

3. Three lossless lines are connected as shown in fig.
P8.6.33. The input impedance Z,, at A is

A B C
ot 1-0-1 1-0-1

Z, Z,=50Q

in

Z,=100Q Z,=75Q Z;|60-j350

ot 1ot 1-0-t

|le—>5i8—» |je—314—>» |le——i2—>]
Fig. P8.6.33

(A) 46 — j69 Q
(C) 67 + j48 Q

(B) 39 - j57Q
(D) 61+ j52Q

34. Two A/4 transformer in tandem are to connect a 50
Q line to a 75 Q load as shown in fig. P8.6.34. If
Z, =30 Q and there is no reflected wave to the left of

A, then the characteristic impedance Z , is

[ 1-0-L 1-0-L
Z,=50Q Zo1 Zos 750
o 1o 1-0-L
fe—na—n]  fe——ra—
Fig. P8.6.34
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(A) 28 O
(C) 49 &

(B) 56 ©
(D) 245 Q

35. Two identical antennas, each of input impedance
74 Q are fed with three identical 50 Q quarter-wave
lossless transmission lines as shown in fig. P8.6.35.

The input impedance at the source end is

&

ot

=y
“

Fig. P8.6.35

(A) 148 O
(C) 714 Q

(B) 106 Q&
(D) 53 O

Statement for Q.36-38:

Consider the three 50 Q lossless line show@p@

Fig. P8.6.36-38

36. The input impedance Z,, looking into line 1 is
(A) o (B) 25 Q
(C) o (D) 50 Q

37. The Z,, looking into line 2 is
(A) 25 Q B)O0
(C) = (D) 100 O

38. The Z,, looking into line 3 is

(A) 100 O (B) 50 Q
(C) 25 Q (D) «
Statement for Q.39-40:
For the transmission line shown Jjx fig.

P8.6.39-40 the Z, =100 Q.

_

Q i#. P8.6.39-40
39. If &\5 e Z, is

(A) 9&' 6.45Q (B) 9411 + j76.45Q

((@3—j682 Q (D) 4823 + j682 Q

40.°If Z, =0, then Z, is
(A) 39 + j183 Q
(C) 64 + j148 Q

(B) 39 - j183 O
(D) 64 — j148 O

41. The 300 Q lossless line shown in fig. P8.6.41 is
matched to the left of the stub. The value of Z,; is

o
/ |

ot
fe——/4—»]
S.C.
Z “\Q/v\
Fig. P8.6.41
(A) 1-j1.37 (B) 1+ j1.37

(C) 300 + j413 (D) 300 — j413

42, A short-circuited stub is connected to a 50 Q
transmission line as shown in fig. P8.6.42. The
admittance seen at the junction of the stub and the

transmission line is

www.nodia.co.in



5 Transmission Lines

Chap 8.6

o
/ + 100 0

/ fe——/2—»]

S.C.

Wv\%

“

Fig. P8.6.42

(A) 0001 - j0.02
(C) 004 + j0.02

(B) 002 + j001
(D) 004 — j0.02

Statement for Q.43-44:
Consider the fig. P8.6.43—44. A 50 Q transmission

line is connected to a load impedance
Z, =35 - j475Q. A short-circuited stub is connected

to match the line.
b o > fe—a—>

20047150 Q

7
7

Fig. P8.6.43-44

43. The length d is

(A) 0.1111 (B) Q
(©) 0.131 )

44, The length [ is Q

(A) 0.672 (B) 0.13%

(C) 0.53% (D) 0.86

Solutions

1. B) R + joL =60 + j21(10 x 10°)(3x 107
=627 /17.44°

G + joC =600 x 107 + j21(10 x 10°)(0.75 x 1079)
=0047£8927°

Z - JR+ joL _ \/62.7417.44 3652 a35)
JG + joC V0047£8927°

~296— j214 O &
2. (B) y =+/(R + joL) (G + joC) O

= /(6277 /17.44°)(0047 28 — W72 /53.32°
=1027 + j1.38 m™

o =1027 Np/m, N
= 2’”1@ 0° m/s

3. (BQW Np/m 1027 x 8.686 =892 dB/m
@d = %Y _336m
892

\ .(B) V, e =02V,
N

=02 = al=In5=161
161

oa=0087 = [ =--"=185m
0.087
5. (D) For distortion less line, B = G
L C
-12
G _R C :M:42 x10* S/m

L 9x107
o =+vRG =418x 4.2x10™* =0.087
B=wVLC =2nx 120 x 10° \/0.9 x10°%x21x10" =3.28

6. D) pl=45°="

T

p=328 = I[= =0.24 m
4(3.28)
7. (C) z, - NEHIOL o
JG + joC

= R+ joL =400(G + joC)
v =(R + joL)G + joC) =(1 + j2)*
400(G + joC)? =(1+ j2)* = G+ joC =005+ j0.1

G=005S/m, C =% ~0.1 uF/m
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8. (A) R + joL = 400(G + joC) = 400(0.05 + j 0.1) roZ1-2, _300-2, 1 _ , _1000
Z, +Z, 300+Z. 2 °
— R+ joL =20 + j40 L% T
40
R =20 Q/m, L 10 40 pH/m 16. (C) R + joL = 13+ j(2m)(2 x 10°)(6.8 x 107°)
=13+ j85.45
9. (D) 2a =12 mm, d =3.2 mm G+ joC =42 x107 + j(2m(2 x 10°)(10.7 x 107'?)

=(4.2 + j013)x 10

L="cosh™ d _4x107cosh | 32 |=0.66 puH/m
T 2a 12

Z - JR + joL _ \/ 13+'J85.45 _ _1098s
C- e _10°x 35 _59.4 pF/m JG + joC \(4.2+7013)10

L(d (32
cosh™ | — cosh™ | — - -
2a 12 17. (A) vy = J(R + joL)G + joC)
_ \F _ [066x10° 105 O vy =113 + j85.45)(4.2 + j0.13) x 1@.45 +j0.39
C 59.4 x 1072 Bl 0 S

B=0.39 rad/m, t ="~ = =260 ns
o X 10°
10. (A) Skin depth §= L
J fuo x
) 18.(0) 7, =4 B=joLC, Zp=oL,
= &= =2.69x10°
\/1'c5><108><47r><10’7><7><107 B:&L;2 4. 0°%x2.6x10° ~919 rad/m
2 2 . Z 80

B oo, T 04X 269x10F xTx 107 2020 ¥ 1070 & 80

wog, DA xabdx I8 i vl Y- % _308x10°m/s

ud  4nx 107 x 0016 L 26x107°
L =R 2Tt XU 503 nH/m

w 04 * ]

\ . (A) r:? _20 =;§+J§§_gg ~0.212./4855°
+ + +
11. (D)C:%zgizo 921 pF @ " pr J
G—%,G 0 for air thus G =0 B o
sinh y/
20. (A) Z, =Z_ =Z_ tanhyl =Z,
' cosh vyl

12. (C) Z, \r /“d d
w sw

Z, —no =81Q, Z' = sinh yl =-0.245 + j1055, cosh y/ =-0.483 + j0.536

20 vl =(14 + j5)(0.4) =056 + j2

wno . _ .
W 8l zZ, :(35 + j49)( 0.24%5 + j1055) 82+ /390
—=— = w=108w (—0.483 + j0.536)
w 75
21. (A) F:ZL—ZO :125—60 _
Z, +7Z, 125+60
1+IFI ~1+0.35 _908
1-I1TI 1-0.35 '
2n A

22. (C) pl =——==60°
©)B " 6

4 g [ Zu+ iz, tanpl)_ (125 + j60 tan 60°
"N Z,+ jZ, tan Bl 60 + j125 tan 60°

8
14. @ 0=2-20 5,107 m/s
p 2 -35-j24.8
15.r="e 220 _ 1 23. (A)r =21 =%, 2102100 4.,
VS 180 2 Z, +Z, 210+ 100
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_L+I01_1+0355 _,

SWR s = =2.
1-1'l 1-0.355

Since the line is //4 long, the sending end will be at
V. and the receiving end will be at V.

max min

V... =sV,. =21x60=126V

21 A
24. (A) Bl =— = =45°
P A8
V., 15/ _ise
r :Z7L - 75ej30° =0.2e 7
L

I[l :g] =1,e™=0.2e77e/""=0.2¢/""" A

2n A
25.(A) =0, p==T,6 z-*
)o b= #71

y=oa+jpB V,=0, V=10V

E
V=Ver+V e*=V e2=j10V, [V|=10V

26. (C) Bl =0.25 x 100 =25 rad =1432.4° = 352.4°
j40 + j60 tan 352.40]

At sending end Z,, =60 =294
60 — 40 tan 352.4°

V(Z=0)=V, :#Vg
Z, +Z,

- j29.4
729.4 +50 — j 40

27. (A) Z, =Z, = j40 Q . Q

V, =V =0), V, = V,e" N\

V, =V, e =(575,102°)e /*** =5®9.6° \Y
(C) Bl =0.25x 4 =1 rad :5@

]10 £0°=5.75,102°

28.

z, - o[

V=V,e" =(575

)" =515,167° V

29. (B) 3 mgroN th€ source is the same as 97 m from
the load,
Bl =0.25 x 97 =24.25 rad = 309.40°

Z, - 60[]40 + j60 tan 309.40 ]:—j18.2

60 — 40 tan 309.40°
V =V, e =(575,109.6°)(e’*"*) =575 /59°

30. (B) Bl = 2%(1.25 1) =~ + 860°, tan ~ = oo
A 2 2

Z, -7, Z, + J.Z° tan Bl
Z, + jZ, tan Bl

2 2
if tanPl=o, Z, = Z, _80 =5120
Z, 5

31. (B) Blzﬂl: 21 x 150 x 10° x 4.2 _&
v

08x3x10° 4
tan Bl =1
Z, =Z, ZL+JZ()tanBl _50 80—]60-!—_.]5
Z,+ jZ; tanpl 50 + 60 + j

=216 - j203 Q

Z,-Z, 80-j60-50 —&68 s 660

32. (D) " = = :
Z, +7Z, 80-;60 +®
IF|=|r"|=0.468,

P L
But 0,.=0, +2x 1 =—@+90°:5L34°
I' =0.468 £51.34° @
&

33. (B) At C, Q0! =n, tanm=0

1 ’S« o
Zie § X 35 Q
3L 3m

At B, — —=—,2,=2,,=60-j35Q
6 4 4 L c J
2 1002

WS = = 1244+ j125 Q
Z, 60-j35

2n 5L 5m

At A pl=2C22_02T tan295°=1, 2, = Z,,
B 18 4 an L B
2, —z [ ZutdZ | g 1244+ 4725 + j50
Z,+ jZ, 50 + j124.4 —725
=39 — j57
2
34. D) BL=2"2 "7 an T oo 7, = Lo,
L4 2 2 Z,
ZZ
ZinZ = 7052 » Ly :ZinZ
2
7z, =2u_7 - 72 - 77 -307 245 0
Zy, 75
2 2
35. (M) pL=2Fn T g _Zo 50 _ggqg
L4 2 Z, 14

This act as the load to the left line. But there are two
such loads in parallel. Due to the two lines on the right

2
= 50 = 148 Q
9

Z, =169 Q, Z

in

21 A
36. B) t [ =t oy
(B) tan B an[x4J 0

2 2
Zy _50" _onn

o

" Z, 100
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37.(C) Z, =0 (short circuit),

ZZ
Z. = O° = o (open circuit).

in

507

38. (4) 2, =25 Il = = 250, Z, ==~ =1000

39. (A) For % line tanfl =

_Z? 1007
"z, 7200 + 7150

=32-j24
Ao
For 5 line, tan Bl =1

0+Z. ) . .
Z =7 |—"2|=jZ =j100 Q
in2 O[ZO+O] J o J

Z,,, will be load.

inl

At the ? hne Z

_ (32 - j24)(j100)
L7 32— j24 + j100

tan B/ =tan [Zn 'Mj -1
A8

2 100 4708~ 1176 + j100(-1
100 + (4706 — j1176)(-1)

=4706 - j1176

] =9411- j76.45

Z., =2 ( M]:—jZ =— j100

\z,viz,) <3
*
Z, =(32 - j24) lI(- j100) =195 — j24.4

7 :100[ 195 — j24.4 + j100(-1)

: / 64% j148 Q
100 + j(195 — j24.4)(—

41. (C) For the line to be atched, it is required that
dmittance of the shorted

stub and main ligeNat ™e point where the stub is

the sum of normalized i

connected be or % shorted stub, z, =0 and

ins :j t'an Bl ’

1+2z,j tan pl

. . 21 A .
=—jcotpPl=—jcot| — — |=-j1.3764
Yins =— JCOt Pl =—] [x 10J J

For line to be matched at junction normalized input
admittance of line must be 1+ j1.3764

tan B/ =tan 2—7[&
A4

z, =1+ j13764, Z, =Z.z, =300 + j413

yin =2

42. (A) At junction input impedance of line

tan Bl = tan 2z X
A2

Z., =2, M -7, =100Q
Z,+ jZ;tanpl

0

input impedance of stub Z, =0

tan B/ =tan 2n A
L 8

2,,=z,| et IZ Py s
Z, + jZ, tan Bl
1 1 1

At junction Y == =— + @ j0.02
Z j50 100

L 2

43. (B) Normalized load z¥=1J + jx,

X7

L((l—rL)z + xz)}, r,#1

o

T
. Q ;
\ . =35-j475,Z, =50 Q, z, =7L =07 - j095

40. (D) If Z, =0, at the input end of% line @

r, =07, x, =—095,

t= T( ~0.95 £+/0.7{0.7(1 - 0.7)* + 095} ) =593, 0.4
d 1.
For ¢t =593, 0 =—tan " 593=0223
T

For t =04, a_ itan’1 0.4 =0.06
A b

it - —ax ) (x, + 1)
r, +(x, +8)°

(0.7)*(598) - {1 —(-095)(593)}(5.93 —0.95) _
07 + (593 -095)?

For ¢ =04, b, =09526

44. (B) b, = ,  For ¢t=593

by = -118

For b, =-118,

For b, =0953,

sfesfestosk sfokok skokokor sk
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