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Detailed Explanations

1. (c)

Entropy of the source,

2 1 1 .
H(X) glogz (8)+Zlog2 4+Elog2 2 bits/symbol

6 +Z +l 1 1.75 bits/ symbol

8 4 2 8

The entropy of the 2"¢ order extension of the source will be,
H(X?) = 2H(X) = 2(1.75) = 3.50 bits/block

2. (c)
For zero mean Gaussian random variable, the differential entropy can be given by,
1
H(X) = Elog2(2nec52)
Given that, 62 =2
1 1 1
So, H(X) = log,(4me)=Clogy(4)+ log(me)
1
= 1+—log,(me)
2
3. (d)
For matched filter,
SNR), = o
( Jmax = N,
E, = Energy of the signal s(f)
oo 2
= [ |s(oPdt = [ (4)*dt =32
—oo 0
5 (SNR) 2(32) o4
o, = =
max NO NO
4 (c)
o= Ama = Awn 160240 160 5o
Apax T Amin - 160+40
5. (c)

1
The amplitude of uniformly distributed is equal to I

E[XK-1] = T XK (x)dx
B K
= (K)*

K

k
J.xkfldle X
0 K| K

| =

0
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6. (a)
Since, Y = 2x
- &1
us, dy )
v dr (Y
fil) = G A= 5
(o1
2
7. (d)
(SNR) o= (27)2
(SNR)2 ~ (2n+1)2 4
(SNR), (2"
8 (c)
r, = n-f,
= 16 x 40 x 103 = 640 x 10° bits/sec
Total bits
Time duration = ——
Bit rate
9
- —2‘304X12 = 3600 sec
640x10
= 60 minutes = 1 hour
9. (d)
For f, < f,
fa = f - 2(IF)
= 1000 - 2(300) kHz
= 400 kHz
10.  (¢)

As X and Y statistically independent,
E[XY] = E[X]E[Y]

oo

E[X] = J- x fx (x)dx =1 " fx(x) is symmetric about the point x = 1
E[Y] = J- y fr(y)dy =2 " fy(y) is symmetric about the point y = 2
S0, E[XY] = E[X]E[Y] =(1) (2) =2
11. (b)
The transmission efficiency of an AM signal can be given by,
_ kP
1T 11i2p,
Here, k, = amplitude sensitivity of the modulator
= 0.25 V!
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p

m

= Power of the message signal

For the given message signal,
P, = A2=(2%=4

So,

12.  (¢)

T 1+(0.25)%(4) 14025

(0257 (4) _ 025 _1_ 0
5

For Hilbert transform, the impulse response is,

h(t)

So, the input and output power spectral densities are related as,

1

Tt

-jsgn(w)
1

[H(0)P* Sy (@) = (1) Sy(0) = Sy (o)

y(1) = Ry(t) = Hence, R, is correct

Ry (7) * h(7)
Ry(=1) * h(-1)

land h(-1)=-h(7)
nt

20 (or) 20%

R4 (7) "~ ACF of a WSS process is an even function

Ry(7) * [-h(®)] = -[Ry(7) * h(7)]
-Ry(t) = Hence, R, is correct

; —1<x<1

H(w)
[H(w)P
Sy(w) =
Since S, (w) = Sy (), R
Ryy(1) =
Ryy(-7)
h(t)
Rx(_r)
So, Ry (-7)
Ryy(-7)
So, both the given relations are correct.
13.  (¢)
Given that, fx(x)

X
Covariance of X and Y,

CXY

So, Cxy

XY

= E[(X-X)(Y-Y)]=

1
2
0; otherwise

- 5l
EIX] = [ xfx(x)dx _—{x—} =0
—oo -1
E[XY]-XY
E[XY]-(0)Y = E[XY]
E[XY]=E(XX")=E[X"™]

Ix””f (x)dx== fx””dx

oo -1
1
l xn+2 _l 1 _(_1)1’[+2
2l n+2 4 2ln+2 n+2
12, n=odd
n+
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14. (c)
E, = 4[(0F +247 + (24) + (V247|242
E, = 47+ +(AP +(4) =42
So, E, > E,

The distance between adjacent symbols is same in both the constellations. So, both the modulation

schemes provide same average symbol error under similar circumstances.

Hence, Py = Py

15. ()

So, y(b) = E +m(t)+m? (t)} +[cos(2m f.t) + 2m(t) cos(2mf.t)] + [

x(t) = m(t) + c(t) = m(t) + cos(2nf.t)
y(t) = x(t) + x*(f)
= m(t) + cos(2nf.t) + m*(t) + 2m(t)cos (2nf.t) + cos?(2nf t)
cos?(2nf t) = %+%

cos(4nfct)}
2

The spectrum of the signal y() can be plotted as follows:

A

0 n 2f,, o=t fe fe* T 2f. f
| | O
0 0O Unwanted
Unwanted AM signal
To get the desired AM signal at the output of the filter, the following conditions to be satisfied:
f4f, < %=L, )
femtu > 2= 1> 3 (1)

From (i) N (ii), the necessary condition to be satisfied is “f. > 3f, ”.

16. (d)

Given that the maximum frequency of the modulating signal is f,,
of AM modulated signal is 10 kHz.

For ideal tracking (i.e. zero tracking error for any input carrier frequency), the minimum
bandwidth required by the IF amplifier is 10 kHz. In this case, the IF amplifier has a flat band
from 450 kHz to 460 kHz.

But it is given that the tracking is not ideal. From the given tracking error curve it is clear that

)= 5kHz. So, the bandwidth

max

only for the carrier frequency 600 kHz and 1000 kHz the tracking error is zero. So, only for these
frequencies the spectrum will lie in the range (450 to 460) kHz at the input of the IF amplifier.

From the given tracking error curve, it is clear that, maximum deviation occur from ideality at
f. = 800 kHz, 1400 kHz. The spectrum produced at the input of IF amplifier for these carrier

www.madeeasy.in © Copyright: MADE EASY
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frequencies will be in the range as shown in the figure below.

When f, = 600 kHz
(or) 1000 kHz

When f, = 600 kHz
(or) 1000 kHz

Whenf, =1400kHz  when f, = 800 kHz

I I 1 1 I I
450 450+3 455 455+3 460 460+3 f(kHz) 450-3 450 455-3 455 460-3 460 f(kHz)
=453 =458 =463 =447 =452 =457

So, the minimum bandwidth required by the IF amplifier can be given by,

B‘/VIF(min) = fmax _fmj

fie | Max. positive tracking error | + fn
455+ 3 +5 =463 kHz

fiin = fip - | Max negative tracking error | - g
455 -3 -5 =447 kHz

So, BWip iy = 463 - 447 =16 kHz

max (max)

max)

17.  (a)
The signals x,(t) and x,(t) can be given by,

x,(t) = m(t)cos(2mf,t) = cos(2nf,t) cos(2Tf, t)
= %[cos2n(f1 + )t +cos2n(fi — f)t]
x,(t) = m(t)sin(2nf,t) = sin(2nf, t) cos (2nf, t)

%[sin 2M(fy + f)t+sin2n(f; - f,,)1]

If, - £, |<f, and f, = 2f, . So, after passing x,(t) and x,(t) through respective low-pass filters, we
get,

y4(2) %COS 2n(fy = f )t = %cos(anmt)

yy(t) %sin 21n(f1 = f)t =%sin(2nfmt)

The signals z,(t) and z,(f) can be given by,

z,(¥) cos (2mfot) y1 (1) =%cos(2nf2t)cos(2nfmt)

z,(1) sin (2mfot) y, () = %sin(z T fot)sin(2m f,,t)

Now, the modulated signal s(t) can be given by,
s(t) = zy(t) + z,(t)

%[Cos(anZt)cos(anmt) +sin(27 fot)sin(2n f,,,t)]

1
508 2n(fy — fu)t = USSB signal

Acos2m(f.+ f, )t= USSB signal
From the above equations, it is clear that,
H-f,.=f+f,= f, = f.*+2f,=1MHz+2(5kHz) = 1010 kHz
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18.

19.

20.

21.

(0)
y(t) = 4x(t) + 10x2(t)

y(t) = 4[m(t)+cos(w.t)]+10[m(t)+ cos(mcif)]2

= 4mU)+4am@mﬂ+10m2ﬁ)+%?+%§coﬂ2wj)+20mﬁﬁnqu)

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

A

m

Now, max{| m(t) |}

n = max{5| m(t) |}

w=54,
0.8 = 5A
A = 0.16
(c)
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) Py, | x)) + P(x3) - P(y, | x3) + P(x;) - P(y; | x;)
= 1[0.5+0.5+0.4]=1
3 15

P, = 1—l=£=0.533
¢ 15 15

(c)

s,(t) = ocsiz(t) = 0A? cosz(e) where 6 = o t + fsinw, t

2 2 2
= OCA?[l+cos29]=OCA?+OCA?COS26

. The output s (t) is passed through a BPF, thus

2
y(t) = ou;l cos20

2
y(t) = OCA?cos2(ooct‘ +PBsinw,,t)
(a)

1 0|1 0 0O
c 01111

b 1 0 0

111
1 111 0 0
H=1]01(0 10
0 10 0 1

Hence option “A’.
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22.  (b)
Average energy of constellation 1,

8
E, 2 Eg P,
i1

= R?
Average energy of constellation 2,
8
E, = DEsP
i=1
4
V24 [ p

_ 3
B2= 7y
, 3d*
Since, E, =E, = R°= -
= R = 1.22d
23. (a)
X(f)
1/‘2 T
ra—7 | w1, f(Hz)
2w Y, (f)
X(t) R ____________Y1(f) 1/4
1/4T T
—2f, —f, —WHf, f, ftW 2f, F(Hz)
Y5(f)
’\ "
=W  —fy —f+W W fy W (H2)
Ys(f)
- 1/2
f (Hz)

—2f-W —2f, =2f*W -w 0 W —we2f, 2fy 20+W
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H(f)
= LPF
TR w f (Hz)
Y(f)
o - f(Hz)
Bandwidth of y(f) = W Hz
24. (b)
M(f) M(f)
f \/‘ f
-15k 15k -30k -15k 0 15k 30k
After passing through LPF
Y(f)
/ f
-15k 15k
25.  (d)
It is given that “0100011” is a valid code word.
100!/1T011
F=/010i11%b0
001011 a
01 0 0 0 1 1-—Givencodeword
0 1 1
1®|b|®0] =

0 1 a 0

1®@eb®0=0 = b="1
0O@1®a=0 = a=1

26. (a)

Constellation having 4 points at a distance d from origin and 4 points /24 from origin

Energy of a symbol = (Radius from origin to the symbol)?

E

s avg

%[4><(d)2+4><(\/§d)2]

1.5d2
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27.  (c)
Eg |_
P, = Q[ ZHJ—Q(\/;)
> T
E, = A E
2
-4 -6
B AT (1><1o ) (1><10 ) L
7 o 4n 4(2><10‘15) '
28. (c)
k
—(x+1); -1<x<3
fu = {2
0 ; otherwise
3 3
Ex?y =[x fx(@dx = | 2Z(x+1)dx
-1 -1
3 4 37
= kj(x3+x2)dx=k 2
4 1 41 4 3
- -1
= k l(81—1)+1(27+1) =k 1><80+l><28
4\ 4 3 4\ 4 3
_ K §+20 =k 22
4 3 3
N 1
[ Fx0) = 1= @K =1
Lo L
2
22 11
So, E[X?] = k(;} =5 =367
29. (¢)
|AJL+K m(#)]]
30.  (d)
_ Amax_Amin
" Amax+Amin
0.85 = x—-05
T x+05
0.85(x + 0.5) = x - 0.5
x = 6.17 cm
EEEE
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