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Detailed Explanations

1. (d)
For matched filter,
SNR),, = o
( Jmax = Ny
E, = Energy of the signal s(t)
oo 2
= [ [so*at=[(a)ydt=32
—oo 0
2(32) o4
So, (SNR)_.. = =

max NO _N_O
2. (c)
Both the given statements are correct.

3. (c)
For coherent BPSK,
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10x107° ( 4)
- — |= 10* )=Q(100
B2 ) crm
4, (d)
Bit rate, R, = 100 kbps
Chip rate, R, = 7.2 Mcps
P ) ) R. _7.2x1000 _7
rocessing gain = R, 100
5. (c)

The condition required to eliminate the slope-overload distortion is,

Ts
2,
1
fs (min)

\%

A |dm(t)
dt

= | 2mn f,, sin(2m fmt)|max
max
2nf
nf,~=3.14f,
314 f,

vV v

6. (c)

1
The amplitude of uniformly distributed is equal to I

=3

E[XK-1] = [« f,(x)dx
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0.91og, (;—9+ 0.110g2% = 0.469 bits/message
2H(X) = 2 x 0.469 = 0.938 bits/message

Power spectral density is always a even function and only (b) satisfies this condition.

7. (a)
H(X) =
H(X? =
8 (a)
Since, Y =
h dx
us -0 =
7 dy
fry) =
K j—
9. (b)
10.  (¢)
H =
di - _
dp
Which gives as P =
11. (o)
X(t) =
Ry(t, t,) =
12.  (a)

1 1
Plog25+(1—P)log2 1 p

0

1

6eAt

E[X(t,)X(t,)]= E[6e*" 6e"'2]

2 A 2
36| = [+ dA |=18| ¢ i
20 t+t, )

18 [eZ(tl +1,) _1]
t,+t,

The procedure are identical, let € =,

The above value should be non-negative, this will happen only for [T

_to

) and also since x can

have only two values A and 0, thus

Here, CDF Fy(xle=e)

P{X3x|s=e}

_—(T ;tf’) u(x) +t?”u(x - A)}

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

Thus, PDF

fxle=0) = |

_LT"V)}S(JC) +%05(x _A)
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13. (a)

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

1 1 2
when x > 0, y = E(x+|x|)=5(x+x)=7x=x, y>0

andy=x, y>0
F,(y) = P[X<y|X=0]
P[X<y,X20] P(X<y,X>0)
P(X20)  1-P(X<0)
PO=X<y) _F(y)-F(0)
1-P(X<0)  1-F(0)

d fx(y)
= L )y=—2x9)
fly) = 4 RO =12
14. (a)
[ frydx =1
.[Cxe_xdx =1
0
-1 1
0
CO+1) =1
c=1
15. (a)
The probability density function of the input variable r can be given by,
1 —2|r+ A
fr(r |SO) = N e © ; when “0” is transmitted
1 —2|r-A
fr(r |51) = N e © ; when “1” is transmitted

Given that, r; = 0. So, the detector will make the decision in favour of logic-0 when r < 0 and
in favour of logic-1 when r > 0.

The probability of error can be given by,

Probability of decision Probability of decision
P, = | madeinfavourof 0  |P(s;)+| madeinfavourof1  |P(sg)
when 1 is transmitted when 0 is transmitted
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fr(r Bp) fr(r D)

4 A
-A | 0 | +A r
P(ry [3y) P(ry [hy)

1
It is given that, P(s)) = P (s1) =5 and from the above graph it is clear that P(r, |sl) =P(n |so).

1 1
So, P, = EP(ro|51)+EP(T1|50)=P(r1|50)=P(70|51)
_ﬁ\r+A\

- E[fR(r|so)dr=\/%G£e o dr

V24 V24 -
_ e © Te—ﬁf/ﬁdr=e c _e—\/ir/c
NoXe) 0 NOXS V2/6 o
V24
P, = —¢ ©

e
2
The SNR at the input of the detector can be given by,
_ A2 (AY
SNR = 2 o

So, the relation between P . and SNR can be given by,

p = %E—J (SNR)

e

To achieve a maximum error probability of 10>,

%e—W/Z(SNR) 105

A

~J2(6NR) < In(2 x 10

SNR > 58.534 (or) 17.6741 dB
So, (SNR), .. = 58.538 (or) 17.6741 dB
16. (a)
1

E, = Z[(0)2 +(24)° +(24) +(24) |=247 = d; = [E; =24

E, = H(A)2 HAP +(AP +(AF |= A2 = dy = = A
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Since d, > d,
e P1 < Ps
So, E, > E,
17.  (d)
Maximum distance separable (MDS) codes satisfy the Singleton bound.
Singleton bound, d., =n-k+1
For (6,1,6)= n-k+1 =6andd_, =6
For (6,5,2)= mn-k+1 =2andd_, =2
For (7,6,2)= mn-k+1 =2andd_, =2
For (7,4,3)= mn-k+1 =4andd_, =3

So, the code given in option (d) is not an MDS code.

18. (a)
The quantization level for region R, will be,
1+5
Xy = a3

So, the quantization noise due to rounding off of the samples lie in the region R, alone is,

Ny, = E|(X-x7 |= [ (=3 f(x)dx

<R3>
1
=, -3<x<Z2
fx(x) =45
0; otherwise
5 3 5
1 2 _1 X _ 2 _36_
So, Ngs = g{(x —6x+9)dx—g{? 3x +9x1_?_7_2
19. (b)
fi = f.+ 2(IF)
IF = 10 MHz

@ = f Loy i
Cmin B f Loq

In order to avoid image frequency

fio, = f,, +IF=88+10=98 MHz
fio, = fo, +IF=108+10=118 MHz
2
G _ (184 1491
C.. 98
20.  (b)
fLol = fcl + fir =5+0.5=5.5MHz
iy = f,+fr=10+05=105MHz
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21. (¢)
y(t) = 4x(t) + 10x2(t)

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

= 4m(t)+4cos(w,t)+10m>(t) +% +%cos(2wct) +20m(t)cos(m,t)

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

A

m

o]
X
==
3
—
~
~
==
I

Now,

n = max{5|m(t)|}
p = 5A
0.8 = 5A

m

A = 0.16

m

22. (o)

dm(t)

dt

[
N
-
N
IA
|
-
w

. The wave is PM wave.
23. (o)
According to MAP criterion

fx(rls1)
fx(rls,)

Now, fx(r ] s)

e
ol

TVA
|

(x—p)’

\/T[N exp —

(x-1)’

and fX(r | 51) exp —

JN,

0

(x +1)?

fx(r | sp) =
.. ACC to MAP criterion

N exp —

0 = &:2
Pl

2In2

B
QH-
I

-~
Il

l1r12 =0.346
2
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24.  (¢)
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(yy) Py, x;) + P(xy) - Py, | x5) + P(xy) - P(ys | xy)
1[0.5+0.5+0.4]=1
3 15

P, = 1—l=£=0.533
¢ 15 15

25. (b)
Probability of error in BPSK system with a phase mismatch of ¢, is,

_ . -
P = Q /ZE;,;?S o, =Q[ 2E; (cos30°) ]
0

Ny

_ ol [BE |_,| [A5)E,
Pe = Q_ 2N0}_Q{ N, }

26. (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
+—,+—,t—and +—.
level can be chosen as D) an 7

Thus, signal power,

Q
Il

4
jmz fn(m)dm
-4
37 3t
2 Lm” + 1m =£Watts
43 |12 3 ]| 3
Quantized noise power,

1 2 2 2 3 2 4 2
6> =2 J- m—1 xldm+ m—E xidm+_|. m—E xidm+j m—Z xldm
! 2) 4 U2) 12 L 2) 12 L 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:zszdx:—

-1/2 0 12
2

c, 11/3 _ a4

o> 1/12

n

(SNR),
(SNR)g g5 = 10log;, (44) = 16.43 dB
27.  (b)

The angle of the modulated signal s(t) can be given as,
0(t) = 2nf.t + 4 sin(4000mt) + 3 cos(4000mt)
The instantaneous frequency of the modulated signal can be given as,
_ 1 d[og)]
i 2m dt

£+ 2i[4 X 40007 cos 40007t + 3 x 40007 —sin 40007¢]
T

ot
1l

f. +[8000 cos(40007tt) - 6000 sin(4000mt)]
= f.+ 2000 x 5[cos(4000mtt + or)] where o = tan ™! (%)
f;‘(max) = fc +2000 x 5

100 kHz + 10 kHz
110 kHz

fi(max)

28. ()
The phase deviation of the modulated signal is
¢(t) = 4 sin(1500xt) + 3 cos(1500mt) rad

= 4% +3? cos(1500mt — ot)
4

5 cos(1500mt - ) rad where o = tan™! (g)

. Maximum phase deviation of the signal s() is,
Aq)max = |¢(t) |max = 5 radians

29.  (d)
0 1
PxX<0,Y<1) = | | feoy)dydx
X=—oco) =—oco
1 0
P(X<0,Y<1) = Eje" dx- [ ey
1 0 0 1
P(X<0,Y<1) = E[ex]_m [ evay+[evay
—oo 0

P(X<0,Y<1) = %[(ey)ﬂx, ()]
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30.

For a uniform quantizer,N 0

Hence, (SONR) 45 =

(SONR) 45 =

%[(1 ~0)—(¢ -1)]
2-¢!

2
E[x?]= of x? i (x) dx

9 x 1 2 x 1
J.xz —+ = dx+_[x2 ——+—|dx
4 2 0 4 2

-2
j|
0

6.8 16 8 _2

+—=
16 6 16 6 3

0
16 6|, 16 6
A% (2P 11
12 | 2° 2 768

1010g10(NiJ
q

10logy, [ 2x768

) =27.1dB

www.madeeasy.in

o Copyright: MADE EASY



