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Communications and Electromagnetics

Q.126 The parity-check matrix of a (6, 3) linear block code is given by,

H=

S O =
S = O
_ o O

1
1
0

[

1
0
1

If the code word received by the receiver is [001110], then the syndrome vector corresponding
to the received code word will be equal to

(a) [000] (b) [100]

(¢) [101] (d) [110]

Q.127 In a binary baseband communication system, bit-0 and bit-1 are transmitted with probabilities
0.6 and 0.4 respectively. The received signal PDFs for both the bits are given below.

fr(r) fr(r)

o=

o=

= When bit-1 is

= When bit-0 is transmitted

transmitted

r

.
5 0 5 0 5

Bits are decided at the output of the receiver by comparing the received signal with a threshold
value. If the optimum threshold is decided using MAP criteria, then the probability of error in
producing the bits at output of the receiver is equal to

[Round-off your answer to 2 decimal places]

Q.128 The variable at the input of a threshold detector is given by, R = X + N. Here Xe (-0, +) is the
transmitted symbol and N is an independent random variable whose probability density function
is shown below:

fuln)

0.50

-2 0 2
The probability of transmitting X = +o is “P” and “a” is a positive real value. To get zero
probability of error in decision making, the minimum value of “a” should be

(@1 (b) 2
(c) 4 (d) depends on the value of “P”
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Q.129 Consider the block diagram of a frequency synthesizer consisting of a phase locked loop (PLL)
as shown below:

Input —— Phase Ideal | |
P detector LPF veo Output
(fin) (fou

Amplifier

Frequency
divider (+N)

If the reference input frequency (f,) to the above synthesizer is 0.48 MHz and the frequency
divider in the feedback path has N = 50, then the steady state output frequency (f, ) will
be MHz.

Q.130 The modulation index of a single-tone amplitude modulated (AM) signal is increased from
0.20 to 0.25. The corresponding percentage increase in the transmission power efficiency of the
AM signal is %.

Q.131 A data with a rate of 400 kbps is to be transmitted using M-ary PSK modulation through a
channel whose bandwidth is 100 kHz. If the baseband modelling of the data is done by a
raised cosine filter with a roll-off factor of 0.50, then the minimum value of ‘M ’ required to

feasible the transmission will be
(a) 16 (b) 32
(c) 64 (d) 128

Q.132 A TE mode operating at 4 GHz is propagated in the airfilled wave guide.

If, H, = 4005(37“x}cos(% y)cos(wt -40z)a, A/m, then the cutoff frequency of the wave is

(a) 2.85 GHz (b) 3.51 GHz
(c) 3.89 GHz (d) 452 GHz

Q.133 The samples of a sinusoidal message signal m(t) = 2cos(200t) V are applied to a delta modulator,
whose step size is 1 V. The minimum sampling rate required to eliminate the slope-overload
distortion, for the given message signal, is samples/s.

Q.134 The characteristic impedance of a 3 transmission line is given by 50 Q. If the load impedance

of this line is given by Z, = (40 + jX) Q then the value of ‘X" such that the input impedance of
this line becomes real is

(a) 45 Q (b) 90 Q

(c) 180 Q (d) 30 Q

Q.135 A dielectric material has relative permittivity of 18. If the loss tangent is 10~ at 100 MHz then
the distance over which the wave amplitude reduces to 1/e of its original amplitude will be

(a) 225.22m (b) 318.12m
(c) 444.42m (d) 582.62 m
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Q.136 A lossless transmission line having Z, = 75 Q, and VSWR = 3. The first voltage minima occurs
at a distance of 20 cm from the load end. If the operating frequency is 150 MHz then the load
impedance is Q.

Q.137 At 3 GHz a certain material has €, = 2, i, = 1 and tan 6 = 10-3. The distance travel by a uniform
plane wave before its power gets reduces by 20% is m.

Q.138 Given that,
E=50me/® P35 v/m

and H= Hmej(mt_ﬁz)&y A/m

in free space, if ® = 10° then, the value of H, is

5 5

@ 15 (b) 75
12 50

© 3o d 1,

Q.139 An electromagnetic wave travelling in free space is incident normally on the interface with a
perfect dielectric with € = 5. If the incident electric field in medium 1 is given by E; = 1.5 mV/m
then the transmitted magnetic field is

(a) 54942 (b) 242 M2
m m
(c) 3.97 HA (d) 3.89 MA
m m

Q.140 A 50 Q transmission line is connected to a parallel combination of a 100 Q resistance and 1 nF
capacitance. The VSWR on the line at a frequency of 2 MHz is
(a) 1.245 (b) 2.945
(c) 5.89 (d) 4.169

Q.141 A fiber has refractive indices of core is 1.47 and cladding is 1.46 respectively. The minimum
angle at which the ray will strike the core-cladding interface to be guided in the core is

(degree).
Q.142 A plane wave in free space has an average Poynting vector of 1 W/m? The average energy
density is
(@) 1.1nJ/m3 (b) 22 nJ/m3
(c) 3.3 nJ/m3 (d) 44nJ/m3

Q.143 The maximum electric field strength impressed on a half wave dipole is 5 mV/m at 40 MHz. If
the directivity of half wave dipole is 1.64 then, the maximum power received by the antenna is

(a) 33.15nW (b) 54.36 nW
(c) 130.47 nW (d) 243.35 nW
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Q.144 A homogeneous non conducting medium has u, = 1. If the electric field and magnetic field of

the medium is respectively.

E=85me/™ /AW i v/m and H=25¢/"CP 5 v/m
Then the frequency w will be Mrad/sec.

Q.145 A uniform plane wave in a lossy medium has phase constant of 1.6 rad/s, at 107 Hz. If its
magnitude is reduced by 60% in every 2 meter travelled, the skin depth will be
(a) 0.625 m (b) 218 m
(c) 391 m (d) 5.52m

Q.146 A circularly polarized plane wave is incident at an angle of 63° to the normal to an air dielectric
interface. If the reflected wave is linearly polarized then the relative dielectric constant of the
medium is

Q.147 The three regions shown below are lossless and non-magnetic. The standing wave ratio for E
in the left region when d, equal to zero will be
g, =2 e, =6 g, =4

Incident wave

200 MHz d,
Q.148 For a fiber having 0, =1.47 and N,q4in, = 145, the maximum value of core radius for single

mode operation will be um.
(Assume A = 1.6 um).

Q.149 A 50 Q distortionless transmission line has capacitance of 15 nF/m. If the attenuation on the
line is 1.2 x 10~* Np/m then the resistance per unit length will be me/m.

Multiple Select Questions (MSQ)

Q.150 In the figure given, the region 0 < z < 2 is filled with an infinite slab of magnetic material
with . = 2.5. The surface of the slab at z = 0 and z = 2 respectively, carry surface current
304, A/mand —40a, A/m as shown:-

z
o 2| —40a, A/m
u.=25
X
Ho 0 304,Am

—

(a) In the region 0 <z <2, H=354, A/m
(b) In the region z < 0, H=-5 a, A/m
(c) In the region z > 2, H=5 a, A/m

(d) The magnitude of H is directly proportional to u, in the region 0 < z < 2.
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126. (b)
If the received code vector is r and the parity-check matrix is H, then the syndrome vector can

be can be given as,

s = rHT
(1 0 0]
010
= [001110] 0 01 =[100]
1 10
011
10 1]

Note : In the problems related to linear block codes, use Ex-OR operation, whenever there is
an addition operation of bits.

127. (0.27) (0.25 to 0.29)
MAP criteria,

Ho
fr(r10)PO) _ fo(r]1)P(1)
Hq
Given that, P 0) = 06and P (1) =04

Optimum threshold exists at the intersection of the curves, f; (v |0) P(0) and fi(r |1) P(1)

P(0) fx(r10) P(1) fo(r11)

09 (3] =55

5 0 5 0 °
6
50 slope =— %)
4
50
;
0 I 5
6 6 4
“oEnth T En T Eq
250 50 50
6
5 =2
10 5
w63
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Probability of error, P, = sum of two shaded areas
4 1 6
P, = %(Vth)"'ax(&-’_rth)(ﬁ} (5=1n)

ERE I
= | =X |+=|5-2| | ==
50 3) 2 3/) (250
= i‘|‘i = i=i2027
30 30 30 15
128. (b)
Probability of error on decision making will be zero, when there will not be any common area

between fi(r|-0) and fr(r|+0) as shown below.

fr(r|+0)

| |
-0 -2 -0 o-2 -ot+2 o o+2 r

To avoid the intersection of the two PDFs,

(x-2) 2 (o +2)
200 =2 4
o =2

o =2

min
129.  (24) (23.90 to 24.10)
For the given frequency synthesizer, in the steady state,

fout
N T

foe = Nf, =50 x0.48 = 24 MHz
130. 54.60 (53 to 56)

2
W2 004
When pu = 0.20, n, 2+l 204
2
0.0625
When u = 0.25, - M PO 6.0303

L™ o 20625

M2 =M o 100%
M1

_ 0.0303 -0.0196 «100°%

0.0196
= 54.6%

%Increase in the efficiency
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131. (¢)
BW of the M-PSK signal, when the baseband modelling is done by a raised cosine filter is,
Rb (1 + OC)
BWhwrsk = Tog, (M)
For feasibility of transmission,
(BW)M—PSK < (BW)Channel
(BW),1psx < 100 kHz
400(1+0.50)
————— < 100
log> (M)
log,(M) = 4(1.50) = 6
M > 26=64
M, ., = 64
132. (b)
Here, m=3andn =1
B ¢ = 40 rad/m
9
and B — 2:%:%:83‘771'3(1/111
2
o
f
2 2
Pl (fe
B f
_40 ’ = 1- fe ’
- 877 ~ |4
2
_C =
( 4J 0.772
or f. = N0.772 x4 GHz = 3.51 GHz
133. (400)
The condition required to eliminate the slope-overload distortion is,
A ‘dm(t)
T, = | dt |,ax
dm(t) |
at | = |400sin (200¢)] =400 V/s
So, Af, 2 400V/s
400
— =400 1 A=
f. = n samples/s SA=1V
So, Jminy = 400 samples/s
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134. (d)
Input impedance of the transmission line is

7 = z,[AtiZ tanBLJ
Zy+ jZ; tanPl

2n A
—X—=
A8

V4 iZ,
Zin = ZO L +]~ 0
Zy+jZ;

_ 40+ jX + j50 40+ j(50+ X)
= 50 P P =50 [P —
50+ j(40+ jX) 50+ j40 - X

k T
For [ = %, then Bl = 1

50[ 40+ j(50 +'X)J
(50-X)+ j40

[40+](50+X)][(50 X)-j40]
(50— X)? + 402

Z.

m

- 40[ (50— X)+ (502 — X2) - 402 j + (50 + X)40 |
(50— X)* + 407

Thus, for Z,  to be real, the imaginary part must be equal to zero.

Thus, 502 -X2-402 =0
X2 = 900
X =30Q
135. (a)
o
tand = —
e
o = wetan d

2nfe, €, tan §

27 x 100 x 10° x 18 x 8.854 x 10712 x 103
= 10*0/m

tan 6 << 1, the dielectric is a low loss dielectric,

_ \/E O | Mo
o= €o€,

-4
- omx— o4 44x10°N/m
2 V18
distance over which the wave amplitude reduces to 1/e of its original value is 1 22522 m.
o
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136. (32.88) (30 to 34)

N 3x10°
~ f 150x10°

For the first minimum voltage,

2Bx,,, -0 =7
2n
2x—x02-06 =
X T
or 6 = -0.6n =-108°
d po -t 3-1 1
an T S+1 3+1 2
Z; -7
|T|el® = ZL 0
L+ Zo
. o ZL=75
0.5 (cos 108° - j sin 108°) = 7, +75
on solving for magnitude,
|Z, | = 3288 Q

137. 2.518 (2.1 to 2.9)
P = PO e—2<xZ
(1-02)P, = P, e2Z
0.8 P, = P, e2Z

or 22 = 125
or 20Z = 1.25
1 In(1.25)
= —In(1.25) =
Z 20 ( ) 2xao
£ 2
where, o = m\/%( 1+(G/m e) - 1)
9
- 21 x3x10 \/u,zer (W—l)
c
9
- o0 12 4 99x 1077
3x10° V2
or o = 0.0443
7 = 12D ;560
2x0.0443
138 . (b)
from wave equation, we know that,
E
g -n= 1207 (in free space)
50m
H, = 1207
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or H = iEA/m
also E = —ﬁ
4 VXE at
a, Ay a,
2 _ |9 9 9
VXE = 19x dy 0z
E. 0 O
= 5OnBej(10t—ﬁZ)A @)
9B 0 —
_95 _ _“uH
and o atM

d 0%t —p2)) ~
- —uog(Hme]“Ot BZ))ay

. 9 _ N
= —jx10” xpg x e/ P ...(ii)
from equation (i) and (ii)
_50m ei(107-B2) = —j % 10° , Hmej(109t— B2)
it is clearly seen that H, must be positive.

139. (a)
n = JR-120n@=3770
1 £
0 1  120¢m
= [|—=120n—==—==168.59 Q
ne NG
E, 21, 2x168.59
T = —= = =0.618
E; my+m, 168.59+377
Therefore, E, = 0.618 x1.5=0.927 mV/m
d itted 'f'ld—H—i_%
and transmitted magnetic tield = H, = N, 16859
H, = 549 uA/m
140. (b)
The load Z, is a parallel combination of R =100 Q and C =1 nF
s - R 100
L7 1+ joRC 1+ j2nx2x10°x100x10™
_ 10 377 487
1+0.4mj
r o= Z; —Zy 38.77 - j48.72 - 50
r Z,+Zy 38.77-j48.72+50
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_ -11.33-748.72  50.02.£76.90°
© 88.77-j4872 101.26/-28.95°
= 0.493.£105.66°
= (0.134 - j0.475)
1+|0,] 140493
= = =2.945
VEWR = 17 IC,| 1-0.493
141. 83.31 (83.00 to 83.50)
The minimum angle is the critical angle for total internal reflection at core cladding interface.
o = sin_l Neladding
‘ ncore
_ sin”[ 240 )_g3310
1.47
142. ()
_ £
T H
go L
or =%
. P =ExH
and energy density W = uH?
P = nxH?
= NX—="Ng L XK
u g M
P 1 3
W= —= =3.3nJ]/m
v 3x10°
143. (d)
)\‘2
Pr = PiAe B, X4_nGd
8
but A= == 3X106=7.5m
[ 40x10
Gy = D=1.064
E _3515x10°
and p, = o
2
and P,..=F XEdeaX
2
P _ 3315x10°x 7Y 1 64
rmax 41-[
= 24 x107 = 243.35 nW
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144. 56.818 (56.50 to 57.50)
(O 3x10° m/s
NS
g><3><108
or w=32 ()
Jer
E 1
H N=MNo e,
85m  120m
25 Jer
120
Jor = oo =352
! 106.81
or g, = 12.46
8 8
and o = 22100 _2XA07_ 50 018 Mrad)/sec
Je, 352
145. (b)
B = 1.6rad/s
and f = 10"Hz
Here, the reduction in magnitude is 60% in 2 m.
0.4E = Ee™“
-20. = In(0.4)
or o = 0.458
1
Skin depth = P 218 m
146. 3.85 (3.50 to 4.00)
an6 Er
an0, €,
Here, 0, = 63°
and &, =1
Je, = tan63° = 1.96
and e, = 3.85
147. 1.41 (1.00 to 2.00)
Here, frequency = 200 MHz and 6 = 0
. _ _ ﬂz—ﬂl_\/g‘\/a_\/z—\/i_
Since d, = 0, r = = = =0.1716
Mt ey e VA2
1+|T 7
= =+2=141
D
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148. 2.534 (2.20 to 2.80)
The V parameter and core radius a are related as

27 2 2
vV = Txax\lncore_nclad

The maximum value of core radius for single mode operation corresponds to the V_ of 2.405.

21 2 2
= —————xa... X+(1.47)° —(1.45
2405 = 7 076 X Mmax \/( )" —(1.45)
2405 = 949 x 103 Aax
2.405x1072
or, a o = T=2.534 um
149. (60)
For a distortionless transmission line
R _G
L C

*." Characteristic impedance,

7, = \|==50Q

S

L
C
And the attenuation, o = R

o

R =0aXxZ

oI ST

1.2 x 1073 x 50 = 60 mQ/m

150. (b, ¢)
The magnetic field intensity due to an infinite sheet of current is given by
H = %IZxﬁn K = current density vector in A/m
In the region 0 < z < 2,
A o= A+ 0,

= %(—40@ X —01,)+ %(SO&X Xa,)
H = -35a, A/m
In the region, z < 0
H = H/+H,
- %(—40+30)ax X (~it;) = -5, A/m
In the region, z > 2
H = H +H,
- %(—40+ 30)d, x i, = 54, A/m
H is independent of u, whereas B=pH depends on u,.
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