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Detailed Explanations

1. (b)
Carrier power = (A, .)* =(50)* =2.5kW
2 2
Total power = Pc(l +“7]= 2.5L1+ (0‘26) J: 2.95kW
2 ()
0(t) = 1087t + 5sin(4m x 10¢)
ao(t
() = 1087 + 5 x 47t x 10°
dt i—o
f= LA 1 084 5xanx10°)
2n dt 2m
f= i[108n+20n><106]=5x107 +1x107
t2n
=6 x 107 = 60 MHz
3. (b)
LA uA
s(t) = ZC cos[2n(f, +fm)t]+75cos[2n(fc - f)t]+ A LA, cos(2nf.t)
Thus, u=05
4, (c)

1
The amplitude of uniformly distributed is equal to X

E[XK-1] = TXK_lfx(x)dx

15 1]x%["
= —J.xkfldxz— X =(I<)K*2
Ky K| K|,
5 (a)
Since, Y =2x
Th e _1
us, a2
_dx o yodx (Y
Fr) = g =5 5 4]
(o1
2
6. (9
H = Plog2%+(1 P)log,
dH - _
dp
1
Which gives as p = 5
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10.

11.

12.

(a)

17 1 8
p = E[Xz(f)]=£:[ Sy(w)dw = E[5+1'5+1'5]_ﬂ_1‘27

(b)

(c)
T, = % =10"s
0.1(10)
f, =75 kHz =75 x 10° Hz
Now, o=2fT,-1=15-1
=05

(d)
(SNR) o= (27)2

(SNR)2 ~ (211 +1 )2

=4

(SNR), (2")?

(b)
f, = f.+ 2(IF)
IF = 10 MHz

2
[ Cmax J — f Loy
Cmi“ f Loq
In order to avoid image frequency

fioy = fo +1F=88+10=98 MHz
froy = foy +IF=108+10=118 MHz

2
Cnax = 18 =1.449:1
98

C

min

(c)
y(t) = 4x(t) + 10x2(t)
y(t) = 4[m(t)+ cos(w,t)]+10[m(t) +cos((nct)]2

am(t)+ dcos(,t) + 10m> (¢) +%+%Cos(2mct) + 20m(t)cos(o,t)

y(t) = 4cos(w,t)+20m(t)cos(ow.t) = 4[1+ 5m(t)]cos(w.t)

Now, max{|m(t) |} =A,
u= max{5|m(t) |}
u=>5A,

0.8 =54,
A, =0.16
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13. (¢)
s(t) = x(t) + y(t) which is transmitted

s(t)

A, cos(m,.t) +m(t)cos(w,t) — m(t)sin(m.t)

[A. +m(t)]cos(w,t) —m(t) sin(w,t)

The output of the envelope detector is represented as |s(t)| which is equal to

|s(t)| = LA, +m() + [t
|5()] = A2 +2A.m(t)+ mi? (1) + [(t) P

- A_is very large
[s)] = Az +240m(t)

1/2
()] = A, [1+A£Cm(t)} M{H@}

|s(t)| = A+ m(t)
14. ()

Ocsiz(t) = aA? Cosz(e) where 0 = w t + Bsinw, ¢

s, (1)
2 2 2

%[1+COSZG] =%+ oA €0s20

2 2 2

"+ The output s (t) is passed through a BPF, thus
2
y(t) = Oc‘%cosze

2
y(t) = OcA%C052((Joct‘+Bsinoomt)

15.  (d)
Y(t) = X(t) - X(t + 1)

and X2(t) = Ry(0)

Also, we have to obtain the mean value of the random process Y (t) as
E[Y(#)] =0

o = EIY*(O)]-E[Y()F = E[{X(5)- X(t+7)}" ]

E[X2()]- 2E[X(£)- X(t +7)]+ E[X?(t +7)]
= Ry(0) - 2Ry (1) + Ry (0) = 2R(0) - 2Ry(7)
= 2[R4(0) - Rx(7)]

16.

“ X(t) = 6et
Rx(ty tz) = E[X(H)X(tz)]:E[&Atl 6@At2]

2 2
= 36| = [ ) | =18 il [ LA R
29 t+t, t +t,

o Copyright: MADE EASY www.madeeasy.in



10 | Electronics Engineering [ MADE ERSY

Leading Instituta for [ES, GATE & PSUs

17.  (a)
The procedure are identical, let € =g,

_to

The above value should be non-negative, this will happen only for [T ) and also since x can

have only two values A and 0, thus

Here, Fy(xle=e) = P{X<x|e=¢}

_ {%u(x) +tF°u(x—A)}

Because “x” can have only value of zero and A.

Thus futele=e) = | o) oo+ 230
fx(x) = J. fx(x |8 =e)f.(e)de
= {L:rto)k(x) +[%)6(x - A)
18. (a)

Given, y =%(x+|x|)

when x > 0, y=%(x+|x|)=%(x+x)=2—2x=x,y>0

andy=x, y>0
F (y) = P[X<y|X=20]

P[X<y,X20] P(X<y,X>0)
P(X20)  1-P(X<0)
P(O<X<y) _F(y)-Fx(0)

1-P(X<0)  1-Fy(0)

d «
£ = 4 F= 50

19. (a)

OJ:fX(x)dx =1

TCxe‘xdx =1
0

(] -
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20. (0)
0.25 0.25
P(X,Y)=1015 015
01 01
P(x;) =0.25+0.25=05
P(x,) =015+ 0.15=03
P(x;) =01+0.1=0.2
and P(y;) = 0.5
P(y,) = 0.5
P(X) = P(x;)lo ! P(x,)lo ! P(x;)log, ——
00 = TE OB iy T8 ey TR
1
= 0.51 +0.31 —+ 0.21
08257 0 082 03 08277 02
= 1.485 bit/symbol
1
and, H(Y) = P(y;)log, ——+ P(y,)log
() = P08 gy T T8 gy
1 .
= 0. 510g2 + 0. 510g2 =1 bit/symbol
H(X, Y) = 0.25lo 1 +0.251o 1 +0.151o +0 1510 L+0 1lo L+0 1lo €1
(X, ¥) = 02082525 82025 So15 %015 82017 %801
= 2.485 bits/ symbol
I(X, Y)=H(X)+ H() -H(X,Y)
=1.485 + 1 - 2.485 = 0 bits/symbol
21.  (a)
f. =10 f, =10 x 20 = 200 kHz
8f, = Max %‘
dx200kHz = 2nf A
2nx(10x103)x(;j
82 200 kHzZ
d = 0.157 Volts
22, (c)
According to MAP criterion
H,
fx(rls)) < 5
fi(rls) & B
_ 1 (x —p)°
Now, rls,) = -
fx(r|'sy) \/TENO exp N,
1 (x—1)
and fx(rls) = NGy exp N,
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1 (x +1)
rl|s, = exp —
fx(r | sp) \/TENO p N,
.. ACC to MAP criterion

12
exp (2=
Yo o _ &_2
exp >

4t = 2In2

0

t = %1112:0.346

23. (o)
P,=1-P,
Now, since we are using ML criterion, and the input symbols are equally likely, then we can
directly choose the output based on the maximum value of the transmission probabilities.
P, =P(y,) P(y,|x)) + P(x;) - P(y, | x3) + P(x;) - P(y; | x;)
= 1[0.5+0.5+0.4]=1
3 15

p=1-2-8 _0533
e 15 15

24. (b)
To create an optimum quantize of 3-bits all the message symbols should be equiprobable thus, the

area under each quantized value must be same

)

1/4

1/12 1/12

-4 -3 -2 -1 1 2 3 4 m
Thus, for a 3-bit quantizer we need 8 levels. From the graph we can observe that the quantization

1 3 .5 7
level can be chosen as iE' iE, +—and iE.

N

4
Thus, signal power, o, jmzfm(m)dm
-4

1m] [1 W] | 1
=2{|——| t|==—| |=— Watts
43 ] |12 3 ]| 3
Quantized noise power,

1 2 2 2 3 2 4 2
G; =2 f m—1 xldm+.|. m—g xidm+.|. m—E xidm+.|. m—Z xldm
2 4 1 2 12 > 2 12 3 2 12

0

1 1/2 1 1/2 1 1/2 1 1/2 1 1/2
=2/= j A2dh +— j A2dh+— j A2dh+= j Adh+— f A2dh
471/2 -1/2 1271/2 271/2 1271/2
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1/2 1/2 1
j x%zx:zjﬁdx:—
-1/2 0 12
o2 11/3

(SNR)9 = ?=m=44

(SNR)y (g5, = 10log;, (44) = 16.43 dB

25. (d)
Considering the given PDF with quantization regions, as follows:
fx()
Slope = % 12
1/41
0] o |o |o~,
-2 -1 0 1 2

The quantized samples exist at the output of

P(y,) = Area of region - 1 = EXlXZZ_

1
P(y,) = Area of region - 2 = 5"

P(y;) =P(y,) =

P(y) =Py, =

Entropy at the quantizer output is,

H(Y)

= 1.81 bit
26. (a)

the quantizer with the probabilities as follows:

1 1 1
8

3
8

@ | =

|k oW

%log2 (8)+ glog2 (g) bits/sample

6 3
log,(8) - loga (3)=3- 2198209) bits/sample

s/sample

N, = E(X-x,P]= | (r-x, f(w e

Now, since the input is in the range of [-3 to 2] the PDF of the input signal can be drawn as

fx()

1/5
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t1 1
N, = [=(x+1)dv+ [-(x-2)dx
—35 05
_1@e[ 1 a=2)f
5 3 |, 5 3 |
= l(1+8)+i(+8)=£W=1.13W
15 15 15
27. (a)
1 01 0 0
G‘_o 11111
[t o0
P= 111
1 11 0 0
H=|0 1|0 1 0
0 1/0 0 1

Hence option “A’.

28. (o)
3P "
(SNR), = —7—2°
P =30mW =30 x 103 W
M., =38V
3p-2*"
10 log (SNR), = 10105{ 5 }
-3 2n
20 = 10log 3><3O><102 x2
(3.8)
n=7
29. (b)
3-bit quantizer means 8-levels.
(1)
1/4
L L
12
R T PN T T

The eight levels can be chosen as the midpoint of the amplitude level for optimum quantization.
Now, the signal power is equal to

o } m? f,, (m)dm = 2Tm2 £, (m)dm
-4 0

3\1 3\4 1
H(m) L (m) | J11y,
12 ), 36 ), 3
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Now, the quantization noise is equal to

(SNR),

1 2 2
2 lj.(m—l) dm+i (m——
4 2 124

0

(SNR )5 = 1643 dB

30. (b)

3

1w

12

2

G_§=_11/3=44

ol 1/12

(BW)qpey = 7
QK log, (4)

(BW) gpsx = 50 kHz
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