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Chapter

01.
Sol:

02.
Sol:

03.
Sol:

04.
Sol:

Introduction

(Solutions for Text Book Practice Questions)

Ans: (b)
We know that

F.T
e "u(t) <

a+jo
F.T
e"u(—t) <>

a—jo

F.T
e "u(t) —e"u(-t) < 1, - 1_
a+jo a—jo

Puta=0
F.T 1 1
u(t)—u(-t)eo—-——
Jo —JO
F.T
sgn(t) «>—
]JO
Ans: (a)
f(t)
Slope=1
0 1 2 ¢

f(t) = r(t) — r(t — 1) — u(t — 2)

Ans: (a)
The convergence of Fourier transform is
along the jw-axis in s-plane.

Ans: (a)

J®o

,j ™o

LL.T

F(s) = < f(t) =cosm,t

2 2
s” + o,
LL.T

f(t)=cosm,t <> F(o)=n[d(0o—-0,)+d(0+o,)]

05. Ans: (d)
Sol:

i * g : r\
2 0 12 % T2 o0 2 R R
06. Ans: (¢)
Sol: Given x(f) = e

Fourier transform of x(t) is

X(0)= [x(t)e

— 2 —
— e at e Jwtdt

Le1:p=\/gt+ﬂ

2+/a
dp = /adt

c Te"pzdp

Ja 2,
Te‘pzdp = \/E

—0

X((o) =

race
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07. Ans: (d)
Sol: The EFS expression of a periodic signal x(t)

is x(t) = icn e

where, 'c,' ;;_EFS coefficient.
Apply F.T on both sides
X(w) = icn FT [ej“‘”"‘]

1 jg)thS(m)
© 218(® — nwy)

X(w)=2m icnfi(w —na, )

n=-—oo

So, it is a train of impulse.

08. Ans: (a)
Sol: V(jo)=¢; |o|<1

| R
Energy = P J.|V( J(,O)|2.d(,0

09. Ans: (b)
Sol: Parseval’s theorem is used to find the energy
of the signal in frequency domain.

i LG
~ e de= - [[FGo)f do

10.
Sol:

11.
Sol:

12.
Sol:

13.
Sol:

14.
Sol:

15.
Sol:

Ans: (a)

F.T
£(t) = Ae ! & F(jo) = 223

a’ +w’

Ans: (d)
m(t) = f(t) cos2t
Apply Fourier transform

M(w) = %[F((o -2)+F(o+2)]
M(®m)
1 1
2 2

32101 2 3 o

Ans: (b)
For band limited signals,
S(H) #0; |f] < W

S(H)=0; [f| > W

Ans: (a)

In a communication system, antenna is used
to convert voltage variations to field
variation and vice-versa.

Ans: (d)
Hilbert transform of f(t) is

H.T{f(t)} = f(t)* i
Tt
It is in the terms of ‘t’.

Ans: (a)
For an ideal LPF

H(f) = ke ® for-B<f<B
h(t) = F'[H(f)] = 2Bk sinc 2B (t-t,)

H(D) 4
k

> f

-B 0 B
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16.
Sol:

17.
Sol:

18.
Sol:

h(t)
A
2Bk
N L\
0 tg

h(t) #0 for t<0
Output exists before input is applied i.e. non-

causal, which is physically impossible.

Ans: (b)
d(at) = iES(t)
4

5(2t) = %S(t)

Ans: (a)
By modulation we are translating the low
frequency spectrum into high frequency
spectrum.

Ans: (a)

We know that

P(dBm) = 10log(Px10’)
—10 = 10log(Px10°)
Px10°=10"
P=10"=100 uW

19. Ans: (a)

Sol: x(2t) means signal time axis is compressed
by 2

x(t) x(2t)
4 4

5 0 5 't T 250 25 ot

20. Ans: (b)
Sol: Audio frequency is between 20Hz to 20kHz.

21. Ans: (d)
Sol: Telephone channel carries voice. Voice
frequency is between 300 Hz to 3500 Hz.

So bandwidth is 3200Hz. So we
approximately consider 4kHz is the
bandwidth requirement of a telephone
channel.

22. Ans: (¢)
Sol: From the signal spectrum
fy =530 kHz, fi, = 50 kHz
Bandwidth = fy — fi = 530 kHz — 50 kHz
=480 kHz
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Chapter > Amplitude Modulation

01. Ans: (a)

Sol: V(t) = Ac.cos®ct + 2 cOSOpt . cosmt.
Comparing this with the AM-DSB-SC signal
A cosmct + m(t).cosmct, it implies that
m(t) = 2cosomt = E, =2
To implement Envelope detection,

A. > En
(Ac)min =2

02. Ans: (d)
Sol: m(t) = (A; + An COS®mt)COS®L.

A
= A (1 + — cosmmt)cosmt.
A

C
Given

Ac=2An

1
=A.(1 +E COSMmt)COSMt.

2 2 2.2
PT:A—C 1+“_’PS i“_
2 2 21 4

2
B T
PT:1+2:1+8:2><16
Py 2 1 8
TS
4
PT:18PS

03. Ans: (a)
Sol: m(t) = 2cos2nfit + cos2nfyt

C(t) = A.cos2mft
S(t) = [A¢ + m(t)]cos2mf,t

04.

Sol:

05.

Sol:

S(t) =A([l + AL m(t)]cos2nf.t

C

AC
Ani =2, Amp=1

2
p = KA = —, o =

1
AC AC
B=u] +u)
4 1
_2+_

=05= -

C

:>AC:\/E

Ans: (¢)

m(t) =—-0.2 + 0.6sinwt, k, =1, A, =100

S(t) = A¢[1 — 0.2 + 0.6sinm;t]cosw.t
=100[0.8 + 0.6sin®;t]cosm.t

Vimax = A¢[1 + 1] =100[0.8 +0.6] =140 V

Vimin= Ac[1 — ] =100[0.8 — 0.6] =20 V
=20V to 140 V

Ans: (¢)
fc =1 MHz = 1000 kHz
The given m(t) is symmetrical square wave

of period T = 100 psec

A

v

t“—>
100psec
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f-3f, f-2f, f—f, fo faf foA2f,  LA3f,
=970K =980K =990K =1000K 010K =1020K =1030K
These frequencies 980k, 1020k are not
present because the symmetrical square
wave it consists of half wave symmetries
only odd harmonics are present, even
harmonics are dismissed.
06. Ans: (d)
Sol: m(t) = sinc(200t)sinc*(1000t)
= sinc(200t)sinc(1000t)sinc(1000t)
* *
> > > f
-100 0 100 —500 0o 500 200 0 500
So, highest frequency component in the
signal m(t) is 100 + 500 + 500 = 1100
BW=2x 1100
BW =2200 Hz
AP(D)
07. Ans: (a) 1
Sol: P(t) =u(t) —u(t-1) =
(US|
A A
1 « 1
g(t) =P(t) *P(t) =
0 1 0 1
g(t)
ol 1 2 >

08.

Sol:

09.

Sol:

x(t) = 100(P(t) + 0.5g(t))cosm,t
=100(1 + 0.5t)cosm.t
= A(1 + Kam(t))cosm,t
ka=0.5, m(t) =t
p = Ka[m(t) Imax
p=0.5x1=0.5

Ans: (d)

1-p
2nf p

2

R,C<

So it depends on depth of modulation and
the highest modulation frequency.

Ans: (b)
S(t) = 10c0s2110° + 8cos2n5x10*tcos2m10%

Carrier = 1 MHz
—>

Gain=0.8

Tuned ckt

Carrier message
—>
=1 MHz + 5 kHz

Gain= 0.5

Tuned ckt

S(t) = 0.8 x10cos2m10°
+0.5%8¢0s215000tcos2m10°%t

= 8(1+§cos 215000t ) cos2m10°%

1
=2=_205
H 8 2
0.8
A A
5 0.5 0.5
2 M:OS 1 :
4 : |
fotfm

T T f—f fo
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10.
Sol:

11.
Sol:

12.
Sol:

Ans: (d)
Amax = 10V
Apin =5V
p=0.1
Amax _Amin 1
p= maxTimin 2 (33
Amax +IA‘min 3
A A
AC: max+ mm:10+5:7.5V
2 2
AC(1+“):Ac+ Aclvl
=10V=75+25
m(t)=0

Ac(1-p) =Ac— Acp
5V=75-25

1
Amplitude deviation Acp = 7.5% 5 =25V

Mo = 0.1 > Aczuz =25

Ac2 = 25 V

Which must be added to attain = 17.5
Ans: (d)

Modulation index

1 = ka [m(t)[max

K - 2b _ 2(square term coefficient)

a linear term coefficient
Im(t)|max = 1

-f

1 TR
PSB :EPC = PC TZEPC

UL ISR

a
Ans: 0.125
s(t) = cos (2000xt) + 4cos (24007t)

+ cos (2000mt)

Here 4cos(2400mt) is the carrier signal.
cos (2000rtt) and cos (2000mt) are the
sideband message signals.

13.

Sol:

14.

Sol:

2
P=L =W
2
Pm=l+l=1W
2 2
B 1 =0.125
P8

o

Ans: (a,c & d)
Sam(t)=10cos(2nx5000t) + 25cos(2mx5200t)
+ 25c0s(2mtx4800t)

.. USB Frequency = 5200 Hz
LSB Frequency = 4800 Hz

A5
2

10xp225
2

Sou=S5

a, ¢ & d are correct.
NOTE: options are changed for

@p=5 (b)yn=25

Ans: (a & ¢)
Sam(t)= Kjcos(2nx5000t)+K,cos(2mx5200t)
+ K3 cos(2nx4800t)

c(t) = 10 cos(2mx5000t)

Ki=10=Ac f, + f,, = 5200 Hz
n=0.5 f, — f,, = 4800 Hz
g %:K2 =K, <. 2f = 400 Hz
1005 _y _x,  f,=200Hz
K2:K3 =25

a & c are correct.
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Chapter

Sideband Modulation Techniques

01. Ans: (¢)
Sol:
m

2
(t)l (s Vi, [System] V1
+( ) D 1 -

+ —

V. | system
\ +' ( %) 2
A cos ¢t

Vi=k [m(t) + c(t)]
V2= [m(t) — c(t)]
Vo=aV,’=b V,?

= ak’[m(t) + c(t)]* — b[m(t) — c(t)]*

= ak? [m’(t) + c*(t) + 2m(t)c(t)]

— b[m*(t) + c*(t) — 2m(t)c(t)]
= [ak® - b]m?(t) + [ak® — b]c*(t)
+ 2[ak*+b][m(t)c(t)]
b

on verification ifk =  |—
a

S(t) = 4bm(t)c(t) »>DSBSC Signal

bV,?

02. Ans: (d)
Sol: Given A =10
m(t) = cos1000mt
b=1
B.W = ? and power = ?
s(t) = 4b.A cos2nf.t. cos2m (500)t
= 40.cos2nf.t. cos2m (500)t

—op

03.

Sol:

2 2
Power= —*=
1600 x1
4
=400W
Ans: (¢)

Carrier = cos2m (100 x 10%)t
Modulating signal = cos(2m x 10%)t
Output of Balanced modulator

=0.5[cos 2m (101 x 10%)t + cos 2m(99x10%)t]

The Output of HPF is 0.5 cos 2r(101 x 10%)t
Output of the adder is
= 0.5 cos 27 (101x10°) t + sin 27t (100x10°)t
= 0.5 cos 21[(100+1)10°]+ sin 27(100x10%)t
= 0.5[cos 21 (100 x10%)t. cos 2 (10°)t

— sin 2m(100 x 10%)t. sin 27 (10°)t]

+ sin 2m(100 x10%)t]
=0.5 cos 27 (100 x10%)t. cos 27 (10°)t

+ sin 2m(100x10%)t [1-0.5 sin2m (10%)t]

Let 0.5 cos 2m (10%)t = r(t) cos O(t)
1 — 0.5 sin 27 (10)t = r(t).sin O(t)

The envelope is
r(t) =[ 0.25 cos” 21 (10%)t
+ {1- 0.5 sin 21 (10%)t}%]"?

BW=2fn ~ [1.25 — sin 2(10°)] "
=2 (500) 5
N 65,71/2
— 1 kHz —[4 sin 21 (10°)t]
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04. Ans: (b) _AA, B
Sol: Output of 1* balanced modulator is S/ Ty = 2 o 2nlf = f, 1t
/% /W\ {AcAm }
S(t)/Rx = cos 2n(f, — i )t |cos 2m(f, +10)t
> f(kHz)
B A :A%f‘“[cos%t@fc+10—fm)t+cos2rc(10+fm)t]
Output of HPF is i.e., from 310 Hz to 1010 Hz
T3 a1 0 10 1 g3 WD) 07. Ans: (b)
Sol: BW of Basic group = 12x4 =48 kHz
The Output of 2" balanced modulator is BW of super group = 5x48 = 240 kHz
consisting of the following +ve frequencies.
> f(kFZ) 08. Ans: (d)
0 2 323 24 26 Sol: Given 11 voice signals
Thus, the spectral peaks occur at 2 kHz B.W. of each signals = 3 kHz
and 24 kHz. Guard Band Width =1 kHz
05. Ans: (¢) Lowest f. = 300 kHz
‘ Highest f. =
Sol: Given =f,_+f, =300kHz+11(3kHz)+10(IkHz)
f, =100Hz, f  =200Hz, f, =400Hz, =343 kHz
f, =100KHz, f, =100.02KHz f., =343kHz-3kHz
AcA =
S(t) /= =5 M eos( f, + fn U+ 340kHz
cos(f. + fm2 )t + cos(f, + fm3 )t] 395, ®)
. ns:
S(t)/R, =[S(t)/ T, ]JA cos2nf,_ t Sol: £ —5kHz —> AM
CzAm fumz =10 kHz — DSB
T[cos(fC +fe  +fm ) +cosy —20)+ £, = 10kHz — SSB
cos(f, +ch0 +fm2)+cos(fm2 -20)+ f4 = 2kHz — SSB
cos(fe +1;, | +Tm,)+cos(fy, —20)] fns = SkHz - AM
Detector output frequencies: fe = 1kHz
80HZ’ ISOHZ, 380Hz BW = (2fm1 + 2fm2 + fm3 + fm4 + 2fm5 + 4fg)
06.  Ans: (b) =2x 5+ 2x10+ 10 + 2 + 2x5 + 4x1
Sol: Given =10+20+10+10+6
SSB AM is used, LSB is transmitted =56 kHz
£ =(F. +10) .. BW =56 kHz
w ace Regular Live Doubt clearing Sessions | Free Online Test Series | ASK an expert
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10. Ans: (b & ¢) 11. Ans:(a,c & d)

Sol: Power in AM = Pc + Pysg + PLsp Sol: For DSB-SC 1 =100%
Power in DSB-SC = Pysg + Prsg, power in BW =2f,, =2 x3 x 10* = 60(kHz)
SSB-SC = Pysg (or) Prsp S(t) = m(t) c(t)
:. Power in AM > DSB-SC > VSB = SSB =50 cos(2m x 107t) cos(2n x 10*)
Option (b) is correct +50cos(2m x 107t) 5cos(5m x 10*)
BW in AM = 2fiax +50cos(2m x 107t) 4cos(6m x 10*t)
BW in DSB-SC = 2fax P, = 26.25(kW)

BW in SSB-SC = fiax

BW in VSB-SC = fi0x + Af

.. BWin AM = BW in DSB-SC
>BW of VSB
> BW of SSB

Option (c) is correct

(a, ¢ & d are correct)
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Chapter > Angle Modulation

01. Ans: (a) The n™ order non-linearity makes the carrier
. — 2 ..
Sol: s(t) = 10 cos(20mt +7t") frequency and  frequency  deviation

1 do.(t
= 2—% increased by n-fold, with the base-band
T
1 signal frequency (f,,) left unchanged since
f, =—[20m+ 2nt]
2n n=73,
df, 1 : _
—1 - x2nx1=1Hz/sec i, (Af)NeW— 1485 kHz &
dt 2m
(fo)new = 300 MHz
02. Ans: (d) New BW = 2(1485 + 5) x10°
A %]? =2.98 MHz
Sol: P, =—= 20 ®) =3 MHz
5 (B) 04. Ans: (d)
1 ©
Sol: S(t)=Ac DI, (B) cos2m(f. + nfy)t
n=—c0
— ST S5 R 1% B Af=3(2f,) =12 kHz
. : 5 A )
fm
So, Joz(B). is decr.easing first, bpcoming Zero ~S(t) = i 5.J_(6)cos2n(f, +nf )t
and then increasing so power is also behave =
like Jo* (B). f. = 1000kHz, f,, = 2 kHz
= c0s27(1008 x10°)t
= cos27(1000 + 4x2)x10°t
03. Ans: (a) oY,
Sol: In an FM signal, adjacent spectral The required coefficient is 5.J4(6)
components will get separated by
f.=5kHz 05. Ans: (¢)
Sol: 2nf,, =4 10°
. o Af )= 1 =fn=2k
Since BW = 2(Af + f;;) = IMHz Jo(B)=0at B =2.4
=1000 x 10 B:kf Aw _ 5y kex2
Af + £, = 500 kHz £ 2k
Af= 495 ki ky=2.4 KHz /V
N z atp=5.5
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@ ACE 2
55 24kx?2 From f; to f, + 4f;, pass through ideal BPF
£ Powers in these frequency components
_Ac 2 Ac 2 Ac 2
P=—"=JoB)+2—J 7 B)+2—T5()
06. Ans: (¢) R R 2R
Sol: B =6 AZ AZ
Jo(6) = 0.1506 ; J3(6)=0.1148 +2§J§B+2§Jﬁ(ﬁ)
J1(6) =0.2767 ; J4(6)=0.3576
1(6) «6) AL[(-0.178)7 +2(-0.328)° +2(0.049)°
12(6) =0.2429 ; 2R | +2(0.365)° +2(0.391)°
2
P _, py A =41.17 Watts
P; 2R
08. Ans: (d)
A?: J(Z)(B ) 2 2 2 Al
— - . _ C )
Pf_ﬂfm = | 5 +1 (B)+J2(B)+J3(B)+J4(B) Sol: P;= B (R =1Q)
100
A TP =— =50W
e s (O BN (HERA(S) 2
m R| 2
Power in components
P, ... 0 — p
e 025~ 05759=57.6 % R fotdlpower 0
' é 41.17
. = —x100
07. Ans: (¢) 350
Sol: m(t) = 10cos20mt — 82.35%
fn=10 Hz
. . . 09. Ans: (d)
inserting correct signal and frequency Sol: In frequency modulation the spectrum
kA, 5x10 contains f. + nf; = mf,, where n & m =
p=—"""7 > 0,1,2,3.cc......
AcTo(B) 10. Ans: (¢)
AT ) A (B) Sol: Given f, = IMHz
2 AZ Acl,(® finax = fo ke Am
ALZ(B) 2 kp = 27’[ kf
AcI3(B) Acl3®) ok _m
2 T TZ "o m
1
fe-3fn fo2f,  fof, fo  fotfn  fot2f,  f43f, T,
yace India’s Best Online Coaching Platform for GATE, ESE, PSUs, SSC, RRB, Banks, Groups & PSC Exams
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:(10°+l><105) = (10° +0.5x10°) fi=ttaf
2 = £, + ke Anm
=(10° +5x10*) =100x10* + 10x10° (m(t))
= (10° +50)10° = 110 kHz & 90 kHz
_ 103
= (10" +50) k 13. Ans: (¢)
= 1050 kHz. Sol: S(t) = A, cos (2nfit + kom(t)
fmin = fc _kf Am
_1d 0i(t)
= (106—%><105j fi =55 %®
= 1 d nfit+kym(t))
—(10°-0.5x10°) 2 dt
=(10° =5x10* —f+ ol g 4 e
( ) 2n P dt m()
= (10° -50)10°
f =f + kip—l‘ _ kp 3
:(103_50)1( max @© 2n(103j—fC+EX4X10
=950 kHz :
11. Ans: (d) =100kHz+2lx4x1o3
T
Af
Sol: B=— =102 kHz
) f =f -k !
Af min — ‘¢~ p 107_3
Ad= —
-7 &)
Af= Ad £ = f,— 2 kHz
=kp Am fm
Sol: Given +1‘:__/\ Sol: Given,
: . S(t) = A cos (05(t))
T4 N\ _
BT SERCEERERE | = A cos (ot +¢(t) )
—— T=[0"sec > : m(t) = cos (®nt)
_ 3
fe=100x10"Hz fi(t) = f, + 2nk(fn)* cOS @t
_ 3
k= 10x10"Hz _Ldei(t)
m(t)|max =+1 ’ m(t)l min = —1 : 2n  dt
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0i(t) = | 2 fi(t)dt ok . 23 {005(475103‘[ ~10mcos 2710’ t) :I
= —X
0.(t) zj'zn[fc +21k(f, )? cosw, t]dt 21 (4n103 +107sin 2n10° t x 27:103)
0i(t) = 2nfet + (2mfy)” k 05O £ psm = 20k + 2 4 cos(4m +10m) x dmx 10°
ot ' 21
0i(t) = ot + opk sin opt — 20k +£x 4rx10°
2n
15.  Ans: (b) =20k + 50k
Sol: Afmax = Kf | m(t) |max fi(I:O.Sms) =70kHz
=190, 1i0] 19. Ans: (a,b & ¢)
2n Sol: s(t) = 100cos[2rt x 10"t + 10sin(87 x 10°t)]
1 dy .
Af = [ ﬂsz Af, (t):EahOsm(SnxlO%)]
" Af(t) = 40 x 10° cos[8mx10°t]
Afpax = 40(kHz)
16. Ans: (a) _ Afmax _ 40X103 =10
Sol: P, =k, max [[m(t)] = 1.5 x 2 =3 Ml
Bo= K max] m(t)| BW = 2[B+1] fiex =2 [10 + 1] 4x10°
f, = 88(kHz)
3000 x 2 2
_ 100
= P, =P.=|—| =5(kwW
1000 =P { } (kw)

.. a, b & c are correct
17. Ans: (a)
Sol: Using Carson’s rule we obtain
BWpn =2 (Bp + Dfin = 8 x 1000 = 8000Hz
BWenm =2 (Be +1)fi, = 14 x 1000 =14000Hz

20. Ans: (a,c & d)

18. Ans: 70 kHz
Sol: s(t)=A, cos[27:fct + kpm(t)J
k
f =1, +—pix(t)
27 dt

=20k + x5 (sin4n10°t — 107 cos 2210t
2n dt
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Chapter@ Radio Receivers

01.

Sol:

02.

Sol:

03.

Sol:

04.

Sol:

05.

Sol:

Ans: (d)

The image channel selectivity of super
heterodyne receiver depends upon Pre
selector and RF amplifier only.

Ans: (b)

The image (second) channel selectivity of a
super heterodyne communication receiver is
determined by the pre selector and RF
amplifier.

Ans: (d)
Given f; =4 to 10 MHz
IF=1.8 MHz
fsi =9
fi =fs + 2xIF
=7.6 MHz to 13.6 MHz
Ans: (a)
Image frequency fi = f; + 2XIF
=700x10° + 2(450x10%)
= 1600 kHz

Local oscillator frequency, f;= f; + IF
(f)max = (fs)max + IF = 1650 + 450

=2100 kHz
(f)min = (fs)min + IF =550 + 450
= 1000 kHz
Cpoe [Fime | (2100
R = max _ I'max. :(_j =441
Cmin flmin 1000
Ans: (a)

fy(range) = 88 - 108MHz

Given condition fir < fi o, f;;>108 MHz
f; = f, + 2xIF

fi > 108 MHz

fy + 2IF > 108 MHz

06.

Sol:

07.

Sol:

08.

Sol:

88MHz + 2xIF > 108 MHz
IF > 10MHz
Among the given options IF = 10.7 MHz

Ans: (a)
Range of variation
frequency is
fLmin = fomin + IF
=88 +10.7
fLmin= 98.7 MHz
fimax = fsmax +IF
=108 + 10.7
fimax = 118.7 MHz

in local oscillator

Ans: 5
f; =58 MHz — 68 MHz
When f, = 58 MHz
fi = fs + 2IF > 68 MHz
2IF > 10 MHz
IF > 5 MHz

Ans: 3485 MHz

fie 3500 3515

="
=]
—_——1

fy
: ) |
[ |
fir
fir=15 MHz
fL,=3500 MHz
fs - fLo = fIF

fy =1, + filr=3515 MHz

fii = image frequency = f; — 2 fip
=3515-2x15
= 3485 MHz
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09. Ans:(a,b& ¢)
Sol: — fiy = fs + 2fir = 555%x10° + 2(455x10%)

= 1465 kHz
— fir = fi, — fs = 1010x10° — 555x10°
=455x10° Hz
— IRR =4/1+Q°p* =113
Q=50
fy f 1465 555

f, f, 555 1465
.. a, b & ¢ are correct.

10. Ans:(b&c¢)
Sol: — fj, — fy=f¢

Communications

fio = fir + £
=555x10° + 1500x10°
=2055 kHz
— fimv =1 + 2fir
=1500x10° + 2(555x10%)
=2610 kHz
.. b & c are correct

race
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Chapter6> Single Random Variable

01. Ans: 0.368
Sol: |
A f(X):Eeﬂ(/lO, X >0
0 1 » X (CRV)
0 (POWER Watts)

@ o
1 i
. X
of 1 2 (CRV)
f(x)=1, 1<x<2 [URV]

=0, otherwise

— ( R 1 I -x/10 1.5 1.5
P[X>1O]—lfof(x)dx 10 Ilf dx P[-15<x<15]= [f(x)dx = [1dx=0.5
= 15 1
=e¢' =0.368
03. Ans:5.25V
02. Ans: (i) K =—— (ii) 0.5 Sol: 4 F(x)
b-—a
Sol:
y F() T
- X
k- L 1 0 " (CRV)
b-a (Amp of Noise Volts)
. False Target, X >V (Volts)
ol a b (CRV) P[False Deteciion] =P[X>V]=0.001
[URV] 1 -P[X<V]=0.001
b 1 -F[X=V]=0.001
@ [f(dx=1 eV 4 =0.001
"; ..V =5.25 Volts
[rdx=1 ; ,
a 04. Ans:(a) —, ()1, ()0, (d) —
S~ K[b-a]=1 ()4 ®)1, ()8
1 Sol:
bi—a (@) P[x=0]=F[x=0]-F[x=07]
1 3
f(x)=b1_a,anSb _172_2_0'75
B . (b) P[x<0]=F[x=0] =1
=0, otherwise (€) P[x>2]=1-P[x<2] =1 - F[x=2]
=1-1=0
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Communications

(d) P[-1 <x<1]=F[x=1]-F[x=-1]
1.7
8

0| —

05. Ans: (iv) 3P (1-P) + P°
Sol: RE is Tossing of COIN [RV is a DRV]
n=3,P[H]=P,P[T]=1-P
Binomial Distribution
(i) xis DRV, it takes values 0, 1, 2, 3

(i) X
(DRV) 0 1 2 3
30 3131 232 1| 3 0
fx) |C P(1-P)| C P(1-P)|C P(1-P)|C P(1-P)
0 1 2 g
2
(1-P) [3P(-P) |3 P(-P)| P

06. Ans: (i) K =5, (i) 0.5, (iii) 1 (iv) %

3
(i) B[x]=p, = [xf(x)dx = | %dx

Sol: 3
fi
) E[X]={1, = ~x1x5=05
1 5 2
X E[x’] = J'Xzf(X)dX
3 2
= I X—dx=1><l><35=Z
) 0 05 3 > °, 5 53 3
3 (k] CRV (iii) E[y] = E[2x] = 2E[x] = 2(0.5) = 1
@ [reodx=1 [URV]
- | (iv) E[x y] = COR[xy] = E[2x*] = 2E[x"]
Sx——=1 = 97x 7_14
s 3 3
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07. Ans: " -8 Roots are x, =3+0.707,/y +4,
Sol: E[g(x)]= [2(x)f (x)dx X, =3-0707y+4
E[g(x)] = J.4x2 X cos(x) dx dx, _ 0.707
2 dy 2,y+4
2 dx, -0.707
E[g(x)]=2 J.x2 cos(x)dx dy B 2\/y+4
=3 dx
i ~f(y)= f(xl) a +1(x 2) .
E[g(x)]= 2[);2 sin X — 2x(—cos X) + 2(—sin X)Fn
2 £(y) = 0. 707 1 0. 707
, .
2 0.707
- —4<y<l4
6y +4
08. A random variable ‘x’ is uniformly - 1
distributed in interval [0, 6]. If “x’ is | (b) E[x]=[xf(x)dx=[=dx=—[36-0]=3
transformed to a new random variable 0 6 12
y=2(x-3)-4. y=2[x*>+9—6x]-4
Find, (a) Density function of ‘y’ y=2x>—12x +14
(b) Mean of ‘y’
Sol: E[y]=2E[x*]-12E[x]+14
_ 2 6
@) y=2(x-3) -4 E[x’] I f(x)dx = .[X— =—>< ( o =12
y=2(x"+9-6x)—4 6
y=2x"—12x +14 ~ E[y]=2(12)-12(3)+14=2
T Previous GATE Solutions
f(x) = 1 01. An:: (a)
6 . —x%/2 _
Sol: K [ dx =1
0 6
x=0, y= 14 e—bt2 \/Ee—mz/élb
x=6,y=14 b
This 1s Max ‘y’
—t2/2 , P —0?/2
4x-12=0 © e
x=3 o
atx=3 [e2dt=2n
y=—4 -
This is Min ‘y’
Y . Ky2m =1
Quadratic equation is: x* —6x +7 Y- K= 1
d ' 7 \27
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02. Ans: (¢) 1 3
Sol: P[x=0]=F[x=0]-F[x=0]=0 o k=l
1
03. Ans: (a) K=2
Sol: E[x"] — E[x] E[V?]= szf(V)dV
04. Ans: (d) 4 \V4
Sol: The variance of random variable K x is E[V’]= I V7 x ng
K2C52 V=0
E[V7]= xtx (4%) =8
05. Ans: (b) 8 4
Sol: “f(X)
07. Ans: (d)
K Sol: P[X=1]=F[X=1]-F[X
=1]=0.55-0.25=0.30
-1 0| p,=13 (CRV) 08. Ans:>0.2368 e\ JUnps
[URV] Sol: p{x } (S ilalt
k=1 x>1 P[x >1]
4 _P[x>2] 1-P[x<2] 1-Fx=2]
f(x)=%,—1£x$3 Plx>1] 1-P[x<l] I-Fx=1]
<
=0, otherwise P{X >2}=e—1=e_1 ~0.368
. x>1 e
2
E[x?] = [ x*f(x)dx = [2d
1= xr00ds _{4 ) 09. Ans: 11
1 1 7 Sol: Expectation is Linear operations
E[x2]=z><§><28=§ 2E[X] +E[Y]=0 ----- (1)
; E[X] +2B[Y]=33 ----- 2)
o. =E[x’]-E’[x]==-1=— 3E[X] + 3E[Y] =33
3 3 E[X]+ E[Y] =11
06. Ans: (¢) 10. Ans:1-pq
Sol: Sol: X and Y are IRV’s
P(V) = Vo os<ved P[X N Y] = P[XY] = P[X] P[Y]
P(V) 8
| 1 X 0 Y 0
1| m-l (4,5j X[ pli-p| [fWMlali-gq
2
‘ X PIX+Y21]=1-P[X+Y<1]
0 R =1-P[X=0,Y=0]
(0, 0) (((:(i;/) Joint Probability
[URV] =1-P[X=0]P[Y =0]
[P(V)dv =1 —1-pq
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11.
Sol:

Ans: (d)

1 1

“f = — AfV:_

() 1 (v) 1
2 0 2 f 2 0 2 v

x=2V

+ F(x) dx=2dV

I+ — av| 1

}5 dx| 2
S oG
4 2 2 4 V=2,X=4

- dv
/(m/_ f(x) = f(V)‘d—X

—2<V<2, 4<x<4,

Only option (d) satisfies
[F(x) - G(x)]x=>0

f(x):lxl, —4<x<4
4 2

1 fT(X)=

0 | =

v
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Chapter > Joint Random Variables

01. Ans: (i) 2
Sol: ”f(x, y)dxdy =1

i A T Te_(z””dxdy =1

x=0y=0
1
Al=[1]=1
He
L A=2
(i) f(x) = j f(x,y)dy = 27> Ie’ydy
y=0 y=0
=2¢*, x>0

0

(i) F(x)=0.lu(x +4)+0.15 u(x + 3)

+0.22u(x) +0.18 u(x—-2) + 0.35u(x — 4)

F(x) s
1
0.65
0.47
0.25
— 0!
43 0o 2 4 "X

F(y)=0.12u(y +3) + 0.41 u(y +2)
+025u(y—1)+0.22 u(y — 3)

f(y)= [f(x,y)dy =27 [e™"dx F(y) 4
x=0 x=0 1-- p—
o - 0.78 1
Since
fix, z') = f(x) f(z’) 0.53
2e7® =[2e][e™] — (012
- xand y are IRV’s 3 72' ol ] 3 >y
02.
1 2y 1 = (1) P[-1 <x<4,-3<y<3]
Sol: f(x)=¢e* Je " g X7 ~0.22+0.18 +0.23 = 0.63
y=0 [Note: 0.12 doesnot come as -3 <y < 3
y © X S g .
LI R SRR e S 1s not including the occurrence of event y =
f(y) e Joe dx e’,y=20 3]
f(x, y) = (x) x f(y) 1
.. xandy are IRV’s 04. Ans: P
03. Sol: P[y<1-x]
SO]: y 1 1-x 1 1-x
XN\ |-3 |2 -1 |3 =4J. Ixydxdy=4IXdX ydy
—410 |0 (0.1]0 x=0y=0 x=0  y=0
1 1
310 |0 0150 :2J.X(1—X)2dX=2|:I(X3—2X2+X)dXi|
0[O0 |0 |0 [0.22 x=0 x=0
210 [0.18(0 [0 Ply <1-x]
4 [0.12/0.230 | 0 —on| L 2 L, 328x0) 1
4 3 2 12 6
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©R) ap=l0 A_10
J‘ j dxdy = 1 3 3
Px<l-y]=4 Xy =— B
y=0x=0 6 Y(s) = 10/3+%, Re(s) > -2
s+5
-10 10
05. Ans: Ly(t)=—eu(t) +—e u(t
— Y0 =""e u() + e u(b)
R W=X—
Sol: P[x>y]= J. J.abe_(a”b”dxdy Y
y=0 x=y f(w) = f(x) * f(-y)
=ab Ie’bydy Ie’a"dx X,(s)= i, Re(s) > -5
y=0 x=y s+5
Plx>y]= b [e™ed 2
[x>y]=b [e™e™dy X@)=—7, Re(9)<2
y:) q 10 u(t) R uEt)
P[x>y]=b J‘ef(“b)ydy g (s+5)(s—2) R_HSP <Re(s) < LHP
=0
A B
-b b Y(s)=——+—
S Px>y]l= —[0-1]=—— s+5 s-2
a+b a+b A+B=0
(OR) —2A+5B=-10
h. 10 B= -10
Px>y] = Py <x] 7 X
_ —(ax+by) -
—ab'[ J' Vdxdy Y(s)=+10/7+ 10/7
x=0y=0 s+5 s—2
% b 10 s, 10 ,,
= ab j e “dx Ie_b"dy = y(t)=—-¢e"u(t)+—ec u(-t)
a+b 7
e v 0 10
f(0)=—e "u(w)+— - e’ u(-m)
06. Ans:
Sol: 07. Ans: 8
5 Sol: y=-4x+20
x,(t) = 5eu(t) —=- X,(s)=——, Re(s) > -5 E[y] = E[-4x + 20] = -4 E[x] + 20
s+35 =-16+20=4
X, () = 2¢ 2 u(t) —= X, (s) = Lz Re(s) > -2 - E[x]=4,E[y] =
S+
=4
V() = — 10 Re(s)> -2 "
(5+5)5+2)° o, =2
A B o =E[x’]-E’[x]
A+B=0 ) 2
2A +5B =10 - Ex7]=18
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COR[x, y] = E[xy] = E[x(—4x+20)] 09. Ans: 0
2
E[-4x>+ 20x] Sol (o =L
E[xy] = <4E[x’] + 20 E[x] 1 2
— 4(18) +20(4) =72 +80 =8
(OR) oo 1 0 *
COR[x, y]
n,=0
CORIx, y] = E[xy] # E[x] x Ely] S |
.. x and y are dependent RV’s. 377 3
gs.l w, =E[z]=0
o f(0) Blz’] = [2'f(2)dz
1 [z’ 1 1 1
— MSV = | —dz=—x—x(2)=—
o jl y = 3x3 =3
>0
0 2n o2 =MSV =1
3
F(0)=—. 0<0<2n
2n ' X=z
=0, otherwise wo=p, =0
| 2 E[x’]=E[z’]==
E[x] = E[cos 0] = jcos 0f(0)d0 = — j cos0d0 =0
21 7 5 1
0, =0,=—
1 2n 3
E[y] = E[sin 0] = j sin O£(0)d0 =~ j sin 0d0 =0 y =2
n 0=0 1
COR[xy] = E[xy] = E[cos sinf] M, =E[z']=7
_ 1 . 1
= E[E Sln(2e):| E[y2] all E[Z4] — ljz4dz :l
b 27 5
- COR[xy] = ~E[sin(20)] = + | sin(20) 44 ool 1_4
2 2 00 21 y 5 9 45
T CORJx,
COR[xy] = —— ['sin(20)d0 = 0 eyl o
4 E[xy] = E[Z'] = IZ—dZ=—X—XO=O
x and y are orthogonal RV’s 52 2 4
COV[x, y] = E[xy] — E[x] E[y] =0 .. x and y are orthogonal RV’s
x and y are uncorrelated RV’s
COVI[x, y] = E[xy] — up, =0
x*+ y2 =1
circle (0,0)r=1 .. x and y are uncorrelated RV’s
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Previous GATE Solutions E[d[n]] = E[x[n]] - E[x[n - 1]] =0
E[d’[n]] = V;
=E[ x*[n] + x*[n— 1] -2x[n] x[n— 1] ]
01. Ans: (d) o 5 5
Sol: Correlation function: ©+ Vi = ElXn]] + E[x’[n = 1]] = 2E[ x[n]
xi(t) * xa(-1) x[n—1]]= %Vf
Auto correlation function: VIV _9R = \'A
X(t) * x(~t) < T Vi 1= 10
2
X(t) 2V — Vi _ 2R [1]
r 10
! C19 R,
.t N Vi
0 T
q —RX"Z(D =0.95
y(®) /
T
03. Ans: (d)
Sol: Given P(x=0)=P
-T 0] T ¢ P(y=0)=q
Random Variable x, y are given to be
X(~t) independent
1 Px+y=>1)=1-P(x+y<l1)
1 =1-[Px+y=0)]
=1-[P(x=0,y=0)]
>t [ The random variables x and y are
-T 0 independent]
L PxFy2D)=1-()q@ =1-pq
02. Ans: (a)
Sol: x[n]
Stationary
The statistical properties does not change.
E[x[n]]=0
E[x’[n]] = VAR of x[n] = V
d[n] =x[n] —x[n—1]
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Chapter Standard Distributions

01. (b) P[-1x10* <n<1x107*=1-2Q[1]
Sol: (€©) P[0<n<1x10*]=0.5-Q[1]
1
(a) f(x):? -1<x<1 w =0 +f(n)
=0, otherwise c,=10"
) 1 1 -2Q[1]
A (X) = 5
Q[1]
/////// > n
A} 1 »x Noise
1 0 [CRV] (GRV)
[URV]
F(x) 03.
1 Sol: The pdf of GRV ‘x’ is given by
1 !
| ) = o (x-47/18
R P =3V
M=2 105 2
y : N[p, =4,0; =9]
1 0 ] > X E[zx] =4
o, =9
F(x)z%(x+1),—1£x£l E[x*]=0} +[u,]" =25
=1,x2>1 (@) P[x=4]=F[x=4]-F[x=47]
.. P[x =4] = zero
() p, =0
T (b) P[x<4]= |f(x)dx
MSV =E[x] = | Xgx =ttt [O
22 2 3 3
o> =MSV =+ $£(x)
3
S
t A3
02. ——
Sol: 0 4 > X
a) P[n>10"]=1-P[n<10"*]=1-Fn=10"" [CRV]
(@ P[ ] [ ] [ ] i [GRV]
n—u 107 -0 jtf(x)dx =]8f(x)dx=l
=1- 1—QG—n =Q 10~ = Q1] " 4 2
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04.
Sol:

Rejected

1kQ resistors, 10% tolerance = R can be
between

900 QQ to 1100 Q

.. 900 <R <1100

Given, p, = 1000 Q,
G =400

IfR <900 Q (or) R > 1100 Q it will be

4 f(x)

rejected.

Rejected

Receiver r=s+n

If r>X,S1
2

If r<

\4
2>

P.= P(Sl) Pe[:—zj + P(Sz) Pe[%J

1 2

\Y%
P.= 1 ff(n)dn+le(n)dn
o2 23
2

“Areas under both the shaded regions are
same” 4
f(n)

Zone Zone
> X
(ohms) S,
1000 RE?
—> : 2
Tolerance plolel o7 >
zone \Y (Volts)
N olts
~. P[x <900] = F[x = 900] 2
900—-1000
=1—Q{4—0} r=stn=v+n
=1-Q[-2.5] If VJrnSX
= Q[2.5] V2
P[x £900] =P[x > 1100] = Q[2.5] n<——
The fraction of resistors to be rejected 2
=2Q[2.5]x100=1.24 %
p| St
s
Sol: Transmitter r=s+n=0+n=n
S — V(volts) \V4
S, — O(volts) If n>—
1
P(S]) = P(Sz) = E _% AV
Pe == f n = F [ —
[£(n)dn [n : }
Channel e
AWGN V.
2 -V
GRV Pe=1-Q =1—Q[—}
n=0 c 20
02
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P.= Q[%}

(a) Q[2]=0Q[1.414]
(b) Q[0.707]P.
(©) Q[1]

(d) Q[2v2]=Q[2.828]

(max)

06.
Sol:
(a) x, CRV
GRV

Non-Linear

1 _3&
e —<x<

f(x)=
216’

MSV at input = N(Watts)
x <0,
P[y=0]=P[xS0]=%
x>0,
y=X
dy =dx

) =T

x=y

£(y) = le—ze 2 u(y)
o

Fy) =5 A) + e )
o

®) F5)=3AW) + le—ze 2 u(y)
o

E(y) = [ yf(yMy

= f yA(y)dy

ZERO

oy

1 ;
My, = ye > dy
g \2no? Z')‘

Half-wave
Rectifier

y, MRV
Not a GRV

—> O

y=0,x<0
y=x,x>0

¥
TEG J.Oye 2c dy
v y=

MSV = g (Watts)

at output

y

A

(MRYV)

0 [CRV]
[GRV]
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2

y
=z
26°
2yc12y —dr
20
ydy = c’dz

2
(o)

1 T 2 -z
n, = c¢’dz=——=
Yo J2r6? 2nc°
c

Ky ZE
10

l’ly_\/%

(©
CRV ‘
x GRV Non-Linear System
—0 <2 —10°8
ot~ 0.0\ = 1(3 Full-wave ISOt a GRV .
MSV = N (Watts) Rectifier MSV=N (Watts) y
y="2xX < O
X< x>0
y=-x y=x /0' \ > X
dy = —dx dy = dx (CRV]
I dxl_ [GRV]
dy dy
1 -y? /262 1 -y? /262
= e’ T u(y)+———=¢" " u(y)
216

Hj
~
<
~

| |
N
N3
?‘
LS}

e—y2 /262 u(y)

2
21o

0

26 2x107"

2 ><1 2 2
Ely]=— |y *dy="—-=
N 2n6? y'L) \2T \21
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01.

02.
Sol:

03.
Sol:

Previous GATE Solutions

Ans: (a)
Ans: (b)
1 1
f(x)=— f(y)=—
R{CY) 5 L) 5
1 T x -1 101 Y
As x and y are IRV’s
P{Max(x, y) < %:|
P x<l x P y<l
2 2
1 I
. h 31 3 1 9
f(x)dxx |f =X—X—X—=—
Xj_l<>d yj_1<y>dy XXX =T
Ans: 1/6
Let, y=x1+X2—X3

f(y) = f(x1) * f(xa) * f(-x3)

2(t) = r(€)*u(t+1) = r(©)*u(t) — 2r(t—1)*u(tr1) + 2r(t—1)*ut) + r(t-2)*u(t+1) —r(t-2)*u(t)

2

z2(t) = %(tﬂ)z u(t+1) —

t—>y
Sf(y),-15y<2

% () — L ul) + (=1u(t=1) +

%u(t—l) - % (t—2)’u(t-2)

A f(Xl) A f(Xz) A f(X})
1 1 1
0 1 x 0 1 x 0 1 xs
uX](t) 1 uX2(t)
1+
! > >
0 ! 28 T o t
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04.
Sol:

z(t) = [r(t) — 2r(t=1) + r(t-2)] * [u(t+1) —u()]

r(t) * u(t) = %u(t)
u(t) * u(t) = r(t)

P[y <0]= [f(y)dy

Ply 0= [ (y+1)'dy

1 1
L Ply<0]=—x -
[y ]2 p

N | —

f(x) =

-3 -2 -1 0 2

j f(z)dz=1

lx2xh+1xh+l><2><h=1
2 2

3h =1
el
3

zZ=X+ty
f(z) = f(x) * f(y)
1 1

-2

1
Plz<-2]= [f(z)dz=—x1x—=—
_{ 27 6 12
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05. Ans: (b)
Sol:
Uand V are IRV’s
U \%
GRV GRV
E[U]=0[ E[V]=0
1 1
BU)=1 EVi=
4 9
Z=3V-2U 7
E[Z]=3E[V]-2E[U]=0 GRV
E[Z’] = E[9V? + 4U* — 12UV] E[Z] =0

E[Z’] = 9E[V’] + 4E[U’] - 12E[U]E[V] E[Z?]=2
E[Z°] = Ox L4 axisn
9 4

2 _
6,=2

f(z)

Z=3V-2U

< 1
P[Z>0]= |f(2)dz=—=0.5
[Z > 0] !(z)z :

oy |
6,=2

y ace
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Chapter

01.
Sol:

02.
Sol:

Auto-correlation and Cross-correlation
functions of Random Processes

Ans: Not a WSS-RP

Blx(0]= [x(FAMA | (x)

2 2

E[x(t)] is is not constant
Not a WSS-RP

1 AZ 2 >
:—xtx{—} =t 0 2 A
0

x(t) = Acos(wt + 0)
y(t) = Bsin(mt + 0)
0 is URV [0, 27]

A

0 2n é

(@) Ryy(7) = E[x(D) y(t + 1)]
= E[Acos(wt + 0)Bsin(wt + ot + 0)]
= %E[sin(Z(ot + o1+ 260)+sin(ot)]

2n
_AB J- sin(2ot + ot + ZG)Ld9+ ﬁsin(o)r)
2 2 o 2W 2

R, ()= %sin(wr)

(b) If Rx(t)=R (- 1)
Then x(t) and y(t) are jointly WSS-RP’s

Ryx(t) = E[y(t) x(t + 1)]
= E[Bsin(wt + 0)Acos(ot + ot +0)]

= %E[sin(%at +oT+20)]+ %E[sin(— o1)]

=0+ %sin(— 1)

03.

Sol:

04.

Sol:

Ry, (1)= —% sin(— ot) real odd

RY)((’C) = ny(—’l?)
.. X(t) and y(t) are jointly WSS-RP’S

Given,
R, (1)=36+ 16

1+87°
— MSV = Total power = Ry(0)
=36+ 16=52(W)
— [MEANFT = 7t R (1)

16
= (t|36 =36(W
Hw[ +1+8‘C2:| ( )

= DC — Power
MEAN =6

—Variance of random process
=MSV - (MEAN)’ = 52 — 36
= 16(W) = AC Power of RP

x(t) and y(t) are independent RP’S
X(t)
(WSS-RP) Rxx(1) = ¢ ™, E[x(t)] =0

y(t)

(WSS-RP) Ryy(1) = cos(2nt), E[y(t)] = 0
E[x(D)y(D] = E[x(t] x E[y(t] =0
Ryy(7) = E[x(t) y(t-1)]=E[x(D]E[y(t-1)]=0
Ryx(7) = E[y(t) x(t-1)]=E[y(D]E[x(t-1)]=0

(@) wi(t) = x(t) + y(V)

R, (0)=R(1)+R,,(t)+ R,y (1) + R, ()
R, (t)=R_(1)+ Ryy(’t) =e " +cos(2n1)
(b) wa(t) =x(t) — y(t)

R, (1)=R(1)+ R, (1)-R(r)-R,(7)

R, (t1)=R_(v)+ Ryy(’t) = e+ cos(2nt)
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0s. 08.
Sol: Given, Sol: X(t)WSS-RP
257 +36 Real Even R (1)= ae™"" V1
Ryx (T) R
6.25¢" +4 Scaled version of Gaussian pulse
MSV = Rxx(0) = 9(W) P
[ 25430 S, (@) = ax\/ie‘mz“”’, Vo
> 7’ 25 b
(MEANY = /t AT 4W)
. 12(6.25 + 2) 6.25 Real Even /Zero
T
MEAN =2 S, (0)= a\/Ee“”z o< m<o
VAR = MSV — (MEAN)? = 9 — 4 = 5(W) b
06. 09.
Sol: x(t)wss-rp 4 Sol: 4 Six(®)
Real Even Rxx(t) = ae” e A
Sxx ((D) =ax %
b’ + o’
2ab >
Real Even /Zero S, (@)= B
XX( ) bz N (1)2 k ( )O k ()
sin(kt
R, (t)=A ,00<T<o0
07. «(0) { (n7) }
Sol:
10.
Sol:  x(t)
2
S (©)=7+ s IZ , —00 < () < 00
(0> +49)w* +16)
-17
"oy @Y
Sw(f) = 1 x Sinc’[f] = Sinc*(f), Vf
A N B
Function is x+49 x+16
REAL Cont A+tB=1
EVEN Np o, 22
Z ZERO a’+o’
16A +49B=—-17
4 Sy(D(W/Hz) 33B=-33
B=-1A=2
2 1
Silo)= -
«() © +49 o +16
1 1 _
R _(t)==¢ 1" ——¢™"
XX( ) 7 8
> 1 1 1
R (0)==—-—=—(Watts
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11.
Sol: 0is URV [0, ©t]

£(6)=—
T
0 Y
x = cos(0)
y = sin(0)

If Cov[x,y]=0
Then x and y are uncorrelated RV’s

E[xy] — E[X]E[y] — zero
E[x]= E[cos(@)] = I cos(6)f(8)do
E[x]= " I cos(6)do ——[sm(e)]g:() =0

6=0

12.
Sol:

(a) .”f(x,y)dxdy =1

E[y]= Efsin(6)] = [ sin(6)F(6)do
Ely]= - [ sin(0)0 = o0 -
E[xy]= iE[cos(G)sin(G)]n

= %E[sin(26)] :% j sin(26)%d6

E[xy]=0
— x and y are orthogonal RV’s

Covlx, y] =

— x and y are uncorrelated RV’s

—>x> + y*> = 1 circle of radius and

center (0, 0)
.. x and y are dependent RV’s

0 0
5“ ™ /de -y /zdy} E[Ie"‘ “dx - /Zdy}—l
s T

(i o ]
T i 2

2 2 2
k|2n| k|2=n
| 4 | 4
£+£:1
2 2
k=1
0
2 1 A2T 1 >
b f x) = -x“/2 e—y /Zd ~aX /ZX e—x /2,X<O
(b) f(x) _J; Yy TC m
f(x) = x /2Tey2/2dy:Lex2/2 x>0
0 V2w ’
1 2
f(x)=——e 2, —0<x<®©
(x) o
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Hence ‘x’ is a GRV with MEAN =0, VAR =1

1 2
Similarly f(y)=——¢ *,—0<y<®
y f(y) Tin y
is also a GRV with MEAN =0, VAR =1
(¢) Since f(x, y) # f(x)xf(y)

x and y are not jointly Gaussian

(d) E[xy]= [[xyf(x,y)dxdy
1 0 0
= [xe™"2dx [ye™ 2dy +
| [ye dy

—00 —00

lJ.xe‘xz/zdx J'ye‘yz/zdy
T 0 0
l[1><1:|+l[1><1:| :E

T T T

.. Cov[xy] = E[xy] — E[x] E[y] # 0
.. x and y are not uncorrelated.

13. 1
Sol: f(a)=1 I £(B)= 2
x(t) = A + Bt I 2
Ais URV[-1, 1] E[B]=0
B is URV[-1, 1] E[A]=0 :
A and B are IRV’s . -1 o | B
=] 0o 1 A
> E[x(t)] = E[A+Bt] = E[A] + tE[B] = 0
- Rx(tl '[2) = E[X(tl) X(tz)] = E[(A+Bt1) (A+Bt2)]
Rx(ti, t2) = E[A% + ABt, + ABt, + B2tt2] E[a’]= [A%f(A)dA :% [Acda

Rx(tr, ) = E[A%] + LE[AJE[B] + 4 E[AJE[B] + ti,E[B?]  E[A%]= %x % 2= % —E[B’]

— E[x(t)] =0
1 tt 1+ttt
- Rx(tlatz):_'kl_z:#
3 3 3
(Not a WSS-RP)
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14.
Sol:
>t

— DC component = \/g(\/)

DC power = % = 1.5(W)

— g(t), periodic component
— x(t), random component

(a)
Only g(t) 4 g.(1)
0.5
g T A
I I OX I I g
/ot N o\
T-0.5
Average power of g(t) = g«(T)atz=0=0.5 W
(b)
Only x(t) Rx(t)
1
> 1
-T T
Average power of X(t) = R(T) atr=0=1W
g(t) + x(t)
0.5 15 0.5
...... ANE: T
I I OX I I >
-2 i \/ 2T
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15.
Sol: x(t)
RXX (T) % SXX (f
1, 0l f, f
(a) Rxx(t) = fo Sinc’[for] + 1, V1 A(t)—>1
1>A(f)
Ry (T)(AC only) ¢
[MEAN=0] fo
I ) f
fo f, f, f,

COVIx, y] = E[xy] - E[x] E[y]
As mean value of RP is zero mean of RV’S x and y will also be zero
COV[x, y] = E[xy] = COR[x, y] = if zero

(b) P = Rxx(o) = fo + I(W)
Py = /t Rx(t)=1(W)

(¢) Pac=1(W)

S =t If t=t;
X t=n/fy(sec) Y —t

Consider RP taking only AC values, Mean value of RP = zero
.. Mean values of RV’s defined on RP will also be zero
- E[x]=0,E[y]=0
E[xy] = Rex(t) = 0 only when t = fﬂ
0
n
Hence when t = —
0

x and y are uncorrelated and orthogonal
But x and y need not be independent
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16.
Sol: R, (t)=E[n,(t)n,(t-1)]

R, (1) =E[(n,(t)cos(2nf t + 0) — n, (t)sin(2xf t + 6))
(n,(t—1)cos(2nf t —2nf 1+ 0) —n,(t — t)sin(2nf t — 2nf T+ 0))]

R, (D= E{%nl(t)nl(t —1)cos(4nf t —2nf 1+ 20)+ %nl(t)nl(t —1)cos(2nf 1)
— %n] (t)n,(t—1)sin(4nf t —2nf 1+ 0)+ %n] (t)n, (t — 7)sin(2nf 1)
— %n] (t)n,(t —1)sin(4nf t —2nf 1+ 20) - %nl (t)n,(t—1)sin(2nf 1)

+ %nl (t)n,(t—t)cos(2nf 1) — %nl (t)n,(t—t)cos(4nf t —2nf T+ 26)}
1 1
R, (1= ERHI (t)cos(2nf, 1)+ > R, (t)cos(2nf 1)

CTFT _
R,, (1) =R, (t)cos(2nf,r) —— S,,(f)= Sy =f) Sy (E+f)

2 2
A SN2 (f)
+a/2
—fe—w £, —ftw f—w f ftw -
Previous GATE Solutions 02. “Ams:2
Sol: Uis GRV
E[u]=0
. Vis URV][0, 2]
01. Ans: (b) 1 E[V]=1
Sol: P, = E[xz(t)]= —'[SX (0)do U and V are IRV’s
2n E[x(t)] = E[U+Vt] = E[U] + tE[V] = t
Pt:2xix l><103><6><2+400 E[x(t)] =2
2n [ 2 att=2(s)
6400
P, =——(Watts) 03. Ans: (d)
E’[x(t)] = Rxx(t)—>Sxx(®)=zero Sol: (0)- ! !
t—>0w atw=0 “on
Value in TD Value in FD -0
0 21
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R (2) = E[x(t, )x(t, )]

= E[\Esin(2nt1 + G)x/zsin(2nt2 + 9)]

= E[c:os[2rc(t1 - tz)]— cos[2n(tl + t2)+ 26]]
= cos[27t(t1 - tz)]+ 0
= cos[27c(tl - tz)]

E[x()] =2

Rxx(t) = 4[1 + ¢ 2]
E[x’(t)] = Rxx(0) = 8
VAR[x(t)] =8 — (2%) =4

X

(i) P[x< 1]=F[x=1]= l—Q{ _ux:|

1-2
04. Ans: 4 =1-Q T}
Sol: 1 0.5 0.5
S,(0).(W/Hz) Il =1-Q=0:51=Q[0.3]
w
(ii)
t1=2(s) t=2(sec) t,=4(s)
X t) | < > |
w 0 W f }Iz 2 t
W=y—z
Rx(t) = 2Sinc[2wt], — 0 <1t <00 ol = Gi +0. - 2c0v[y,z]-—-(1)
2 xsin(2nor) Covly,z]= Elyz] - E[y]E[z]
MR (U)o | =X "= _
(2rat)  |ae Covly,z]=R (2)-2x2
1x2 Covly,z]=4[1+e -4 =4 -—(2)
YR e 4 Substituting equ (2) in equ (1) we get
g, o2 =4+4-24e"|
oo, =2.64
05. Ans: 100
Sol: v(t), WSS-RP Note: If y and z are given as IRV’s then,
E[v(t)]=0 covly,z] =0
Ry(t) = 4e " L Oy =0,+0,=4+4=8
E[VX(0)] = Rv(0) = 4
E[x*(t)] = E[9V(t) + 64 — 48V(1)]
= 9E[vA(t)] + 64 — 48E[v(1)]
=9x4+64-0
=36+ 64
=100
06. Ans: i(a),ii( ¢)
Sol:
x(t) =t
X t
(GRV)
E[x]=2, E[x’]=8, 6’ = 4,56, =2
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Response of LTI Systems

to Random Process

01.
Sol:  x(t)
y(®) =, H(fatr= o= zero
WSS-RP | [4eal Wwss.rp M ux( )(th 0=2
. : ————o or
R(7) Differentiator Ryy(1) - J.h(t)dt:zero
Sxx() Syy(H) o
Hx

(O =4x(0

h(t) = %A(t)

h(t) = A'(t) [ODD Function]

H(f) = j2nf

Ryy(t) = Rus(1) * () #h(~1)
Ryy(1) = Rux(1) % A'(7) % A'(-0)
Ryy(1) = [Rex(1) * A'(D)] * [-A' (1)]

Ryy(t) = [% [Rxx(r)]} * [-A'(1)]

2

Ry = - [R (@)

Ryy(7) = Ryx(1) * h(=7)

Ryy(7) = Rux(1) * A" (1) = _g[Rxx (T)]

02.
Sol:
11 H(f)
J
0 “f
G ! 1L = ve
- y(®) HD =1,
WSS-RP h(t) -~ WSS.RP ]
Hx H(f) = sgn(f) Ly = L H(), 1 = HXJ.h(T)dT = Zero
Rux(7) J
Sxx(f) Ryy(’[) = RXX(T) %k h(’c) %k h(—T)
2 RXY(T) = RXX(T) * h(f’C)
Syy(f) = Sxx(f) [H(D|” = Sxx(f) .
Ry() = R0 Ra(1) = Ru(0)* [E} _ R ()
yqace Regular Live Doubt clearing Sessions | Free Online Test Series | ASK an expert
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03.
[IH@) [ df
0

Sol: B, =———Hz
| H(f) |Max

J’%df
1+(f/1)

Beq of RC-LPF — :
1
B | ! df =f x[Tan™
w arwcn = [y df = fox(Tan (o)
1 o
= X —
2nRC 2
1
B, =—— (Hz
“ 4RC (Hz)
T
Beq RC-LPF — [E} f3dB (RC-LPF)
RC-LPF
H(f) = ;
1+ j(f/f)
f.=fp= ;(HZ)
¢ PP 2aRC
IH)|
i
J \/5
—Beqg —f3a80| f3as B, "4
1
|H(f) |= ——=—=, —0o<f <o
1+ (f/£,)’
) 1
[H(f) = ————, —o<f<w
1+ (f/f,)
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04.
Sol:
LTI System
x(t)
y(®)
WSS-RP
55 Delay Line=t, (sec) WSS-RP
b W= H(f), ., =
Rxx(7) 4 () 120 = By
Sl y(t) = x(t— to) — j2mtof
—j2mt,f Syy(ﬂ = Sxx(f) |H(f)|2
Y(H=X(®) e Syy(D) = Sl
H(f) = g imt Ryy(1) = Ryx(7)
H(DI* =1, Vf
05.
Sol:
(a) LINEAR System
SS , WSS-RP
WSS-RP 4+ A
N L D-{watH—y()
x(t) — ¥
Rxx(T) ?Tilail
cC
Sxx(f)

Yes, system is linear
®) y(0 = [x(0 - x(t-T)]
Y(f) = [X(F) — e " X(F)|[j2nf]
H(f) = [1 - " [[j2nf]
H(f) = [j2nf ][l - cos(2nTf) + jsin(2nTf)]
|H(f) P=[47°f?][2 - 2 cos(2nTf)]
| H(F) [*= [4n°f||4sin’ (nTF)]
Syy(f) = Sw(DH(D]
S,,(£) =S, (F)x |47 [4sin>(nTt)]
(vf) (vf)

Some values of ‘f” will make this function zero

(¢) S, (f)=0,
Only when sin(nTf) =0
nTf=+nn
f=+n/T (Hz)
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06.
Sol: LTI System
x() h(t) y(t)
Ru(t) = e Ryy(7)
Case: (a) Case: (b) Cdase: (¢) |
y(t) = x(t — to) _ 1 sl =2t —
hO = A ) h()) = — YOO = xO-x()
H(f) = e 2™ HOD = Sgn(f) 2nf y(f) + y(f) = j2nf x(f) — x(f)
HBP =1 i i () = 1271
Syy(f) = Sxx(f) [H(E)|" = Sxx(f) |H(f)|2 =1, Vf 2nf +1
Ryy(1) = Rye(1) = & Syy(f) = Six(D) HHP =1, vf
Ryy(1) = Rux(1) = 4 Syy(f) = Sxx()
07.
Sol: . Sa(f) (W/Hz)
()
10°®
100 o 100 i (MHz)
1 HDP?

51 49 0 49 51  f(MHz)
4 x10™ S (f) (W/Hz)

1
9

ﬂf:

51 504901 49551  f(MHZ)

coo
B in W

S, (f) =8, (HH()’
P :'[S (f)df =[2><106><0.49><10_8+lx2x106x0.02x10_8}2
y y 2

- P, =[0.98+0.0212x107?
P, =20mW
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(ii) y(t) =n,(t)cos(2nf t)—n, (t)sin(2xf t)
S, (H)=8, (f) =S, (f - 50x 10°)—S,(f +50x10°), LF Range

“SnI(f ) =S, ()
1x107®
s »f (MHz)

P, =P, =2x10°x10"" =2x10* =20mW
=P,
08.
Sol:
R
X W
Ru(1) = © y(t)
o——— Input c == Output o
- 4V
Sal@) = s Lo 8(0)=Su(@) Ho)’ = 2
—0O<®<®© (4V2+m2){1+(wJ ]
(DC
H(s) = I/sC 1 _ 00 < () < 00
R+1/sC 1+sCR
H(w) =;, where o, =L (rad/sec)
[ ® ] RC
1+j —
0)0
) 1
|H(w) "= >, — 00 <M< 00

v ace

Regular Live Doubt clearing Sessions | Free Online Test Series | ASK an expert

online

Affordable Fee | Available 1M |3M |6M [12M |18M and 24 Months Subscription Packages




s

& ACE p — Communications_|
‘22, Engineering Publications

09.
Sol: Linear System
x(t) as a WSS-RP t y(t) is also a WSS-RP
R
Rul®) o= [x@dr D
Su(®) Syy(B) = Sx(BIH()|
Syy(f) = Skx(f) T Sinc® (TH), VF
y(0) = [[x(H)—x(t=T)Kt
X(f) - X(f)e *™*
y(p = XO=X(De ]
12nf
1 4 e—j27‘ch
H(f = —
® 127t
_ [1=cos(2nTf)]+ j[sin(2nTf)]
J2nf
2 —2cos(2nTY)
H)* =
[H(D)| ymers
4sin*(nTf) T?
HOP = ———x—
[FLCE) s T?
IH()]* = T*Sinc?(Tf)
10.
Sol:
y(©)
x() . . GRP
o éWGN x(t) L y(t) —gRV o
E[x(t)]= p, =0 u, = u, H(D) ar-0=ZERO
()= 2 (W/H2),
—wo<f <o
sL.
H(s) =
®) R +sL
H(D =TT
R + j2nfL
Am’feL?
H(f)|’= , —o<f <o
IHO)| R’ + 47
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(a) Sy(H) = Sx(f) [H(DI*
N,  4n°f’L’

Sy(®)= —L-——2

()= 5 2(RJ2 , 2L
— | +o
L

N N,R N
R (1)=—A(r)—-—%=e L
(D) 5 (1) L
(b) p, =zero

VAR = MSV of output RP
VAR =Ry(0) >

11.
Sol:

(a) snl(f) =S, (f)=s,(f-5)+s (f +5), LF Range

sn(f—5)
1 LF Range

, Sa(f+5)
1 LF Range

-1 o] 2 f

s, (D) =5, (), 1

P

31 01 2 °f

P =P :{lxlxl.S +1><0.5+l><1><0.5}><2
N 2

=1.5x2=3Watts
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f.=5Hz sn(f), (W/Hz)
1

7 _5_41‘045 7f

n

P = l><1><1+l><2><1 2
2 2

P, =3 Watts

() s,, (£)=ifs,(f+£,)—s,(f - )} LF Range

sn(f+5)
1 LF Range

51 i 2 °f

sn(f—5)
1 LF Range

Py = [ Sup (F)df = ZERO
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12.
Sol:

Transmitter:m(t)—— M(f), 4k < f <4k

S=1(mW), H(f) =200
74000 +f
Channel: S, (f) 5 % =10"* (W/Hz), Vf
Receiver: 4000 + f
1 | H(f)==———,| 4k<f <4k
H{f)=—— 4000
()
H(f)
l S =1 (mW)
Sy(f) = Sk DHDP, 4k < f <4k

S,(f) =S, () [H, ()
2 + (4000)°

(4000)>
10°* 1

P, = [S,(f)df = G000y {Ex 2 x (4000)° + (4000) (8000)}

Sy(f)=10‘8[ } — 4k <f <4k

—4k

P, = 10-8[—+ 8000
3

8000 }: 107" x32x10° _ 32x107

Watts

300

1 -3
P} -5 Xi = . 1010g10(—j =9.719dB
N at o/p of equilizer 32x10 32 32
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01. Ans: (d)
02. Ans: (¢)

03. Ans: (a)
Sol: Phase of Noise will be Uniform Distribution

04. Ans: (b)

Sol:
)((}(;{)P Non-Linear Y(F)
GRV, (CRV) | Half-Wave y is MRV
a7 ; ———>——o0
MEAN = 0 Rectifier
VAR =N
1 2 2
f(x) = e 1?7 —o<x<®
2nc?

1 1 2 2
f(y)=—A(y)+ e " u(y)
2 \ 2nc”

()
u, = [yf(y)dy = oS
N
Ely']= [y f(m)dy ==
05. Ans: (b)
Sol: g (f). (W/Hz)
No
. » Hx(D)[;
0 f  |H,(f)=2e ™ 1 Sy(f)
° I =4[ T
B of B |

S, (£)=8,(f) [H,(f) | H,(f)

B
P =|S (f)df =|4N, df =4N B Watt
Sy(f):N0x4x1,O£f£B y .[ y( ) .([ 0 0 atts
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06. Ans: (a)

Sol:
x(t)
GRP JHOP y(®)
GRV, pu, =0 1 GRP, GRV, p, =0
o——» ——>—o» N
Sx(f):&(W/Hz), vE . Sy(f):—oxl, —10k < f <10k
2 C10k o 10k T 2
A NO
2
y(®) -
t=1 =t —10k o[ 10k
o | | o
st Y \ s 5
« > R (1) =10"NSinc[20 x10°1]
R, (1) =10*N,Sinc[2x10%1], —o0 < T <0
x and y are GRV’s WRy(7)
n, = 0, u, = 0
10N
COV[x, y] = COR[x, y] - E[X]E[y]
COVI[x, y] = COR[x, y]
Now COR[x, y] = 0 = 7 = +0.05n (ms) D T (ms)
and COVI[x,y] 0.1 005 [ 005 0.1
When 1 =20.05n (ms)
x and y are orthogonal, uncorrelated, independent RV’s
07. Ans:i(a),ii(a)
Sol:
@) LTI
t y(t)
O e Ho)
AWGN __16
S, (w) 5
uw, =0 16 +®
S, (w)=1, Vo
S,(0) =S, (o) |H(w) [
16 )
=|H(o
16+ o [H()
4
|H(o) P=———
16+
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(i) (SL)
L

n +

Vi(h=V,(s) R

Vo(1) =V, (5)

(o, O
R
H(s) =
) R +SL
H(jo) =
(Jo) R+ joL
R
| H(0) |z ———=
VR? + 0’L’

R=40Q

L=1H
08. Ans: (¢)
Sol: 1

Hf)=————
1+ £
x(1) 1t y(0)
o— 2 1 ————O
S .(f)=k, —0<f <o |H(f)|=? S, () =K
1+]
[fcj

P, =[S, (f)df =k J'%df = Kf{Tan‘l(fiH
Tl — e
P, =Knf, (Watts)
09. Ans: (¢)
Sol: System is
x(t)
wss-rp | NotLTI y(t)
o—— (Scaling o
R (1) operation) | R, (1)
S, () S, ()
y ace India’s Best Online Coaching Platform for GATE, ESE, PSUs, SSC, RRB, Banks, Groups & PSC Exams
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y(t)=x(2t-1)
y(t) =x(2(t—-0.5))
1 (f)
Y(f)=—x| = e ™
=53]
Signal Concept
1 f
SY (f) = ESX (Ej
10. Ans: (¢)
Sol: S (f)=0
3
At fo+0_0x10
T 0.5
f =+2nx10’ Hz
f =nf,, where f;, =2kHz
11. Ans: (a)
Sol:
WSS-RP—H, (f) = j2nf
X(t) Y (1)
R (1)=e¢™ -
S (f)=e™
H(f) = j2rnf -1
|H(f) = 4n°f* +1
S,()=S,(H)|H() [
—nf?
S,(f)=e™ [1+ 4n*f?]
12. Ans: 2.5
Sol: x(t)
Su((n(t) [ IBPF y®
S, H(ﬂ S _ 2
® S0 s (0)=5,(0 1)
[H()|
cos[2mx8x107t] 1

9k 7k 0! 7k 8k 9K

S (f) = %Sx(f —8k) +%Sx(f +8K)
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Sy(f), (W/Hz)
3x107°
3k 10 3k
10°°
SZ(f) =

4

f

1 _
Sz(ﬂ at f=7k — EX 10 ’

(f —5x10%), 5k < f< 8k

+SAD)
3 103 =107
4 m=—x107
{1k 8k 5k 1o 11K
Sy(Ny
10.75
10.5
ok 8k 7k 1o 7k sk 9%  f

P, = [S,(f)df

P = 2><103><0.5><10—3+lx103xlx10-3x2 2
y 2 4

Py = 2.5 Watts

13. Ans: (a)

Sol:
sh(t)
A
>t
0 1 2 3
-A
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h(t) = H(f) (or) H(w)

2 1, 2 _L 2
[Ihe P de= [ H(E))| df—znle(oa)| do

X(t) LTI System Y(1)
GRV GRV
=0 Hy =0
sx(f)=%(W/Hz),Vf VAR = MSV =P, =[S, (f)df
N o0
S,(f) =S, (f) |H(f) | VAR =[S, (f)df = = [1E(E) par
f=—c0

N
Sy(f):7°|H(f)|2, —0<f <o

14. Ans: (a)
S (fy=e', f<0

=e", £>0 1

Sol:

_NO ¢
VAR—Tﬂh(t)\dt

3
VAR = % j A%dt =1.5 AN, (Watts)
0

HP

v
—

0.5 0 0.5

0

ELx*(0)] = [S,(t)df = |

—00

Hy = Mx H(f) atf=0
TREITH

S, (f) =S, (f)| H(f) |

e'df + j efdf =1+ 1=2 Watts
0

S,(f)=S,(f), —0.5<f<0.5

f
S,(f)=e", —0.5<f<0
=e’, 0<f<0.5

Iy (1= [8,(0)df = |

0.5
efdf + j efdf =1-¢e —[e° 1]

-0.5 0
-0.5
= 21-e]
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15. Ans: (b)
Sol:

LTI
WSS-RP
WSS-RP T YO
R X(t) Ry(7)
(1) {Delay = T,
| h(x)
R, (7) =R, (1) *h(7) *h(-1)
y(0) =x()-x(t-T,) LU
h(t) = A(t) - A(t—T,) of l
h(1) = A(t) - A(T—T,) -1
h(-t)=A(t) - A(t+T,)
h(t) *h(-1) = A(t) = A(t + T,) = A(t+T,) + A1) 14 4D
h(t)*h(-7) =2A(t) - A(t+T,)) - A(z-T,)
R (D) =R, (D) *[2A(7) - A(t+ Ty) = At = Tp)] To . 1
© R, (1) =2R (1) =R (1+T,)-R, (x~T,) |
-1
16. Ans: (b)
Sol:
LTI System
x(t)
WSS-RP L P YOwss.rp
o——>—1 h(t)=—c —r S
R, (1) 4 R, (1)
S, (f) S, (f)
e—btz ﬂ e"”: /4b
b

S,(£) =S, (f) [ H() & e’ Jme @14

P, = ,[ S, () [H(f) [ df Using Area Property

and T

J-e_t dt=+n
[IHE) [ df = [|h(t) [ dt =
N
= —x— [e*dt
2" [@
P, = £ =0.22
8
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Noise Analysis of Analog
Communication Systems

01. Ans: (d)
Sol: Output of the multiplier
= m(t). cosm,t cos(m,t + 0)
( ) [cos(2w, t+ ) + cos 6]
_ m(t)
Output of LPF V(t) = 5 ——=cos0

1
= — cosO m(t
1 (t)

Power of o/p signal = 11 - I v2(t)dt
To» T

<T>

2
—h A j (lcosem(t)j dt
T~>ooT<T> 2

|
~ cos O{T <.Lm (t)dt

L os?0 P
4

02. Ans: (a)
Sol:

—> Tx Rx —

Video signal
W=100 MHz

P, =40 dB=10*

n; = ng

=19 xW =102 %100 x 10°
P
S = _tzlmw _

P, 10
n; = 1072 x100 x 10°

x 107

|

03. Ans: (b)
Sol: Af=75kHz

fn=15 kHz
(ﬁj =40dB =10"
N 0
3 Af
FOM ==B*; B=—
2B b f

m

3
2P

(&)
(% J
%\T)i(dm = 24dB

04. Ans: (¢)

—

Sol: (Ej =10dB ; FOM = l
N/, 3
(Ej = l><10 =3.33
NJ, 3
05. Ans: (a)
Sol:
DSB
P =9 FOM=1
Au@» TX RX
P,= 40 dB=10*

BW=10kHz
n,

06. Ans: (a)
Sol: For SSB modulation

So 5S¢

=10*

0 i

.

——104
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07.

Sol:

08.

Sol:

(Only SSB modulation in one sided n/2)

P =7 +n/2
Si_Se e
Ili no >

Si=10"x 10 x 10° x 2 x 107" w/Hz
Si=20x 107"

(Si)as = (P)as — (P)as

(P)as = (Si)as + (PL)aB

P, =SiPL =20 x107x10"
PL=2kW

Ans: (¢)
For AM

FOMzé (fu=1)

Soz(ljsi =S =3 S_O « N.
Ny 3JN; ' N, g

=3x10*x2x10”° x10kHz = 0.6
P, =S xP, =0.6x10" = 6kW

Ans: (b)

(SNR )I/P

(SNR),

Nf,g8 = SNR; 48 — SNR o/p.a8

SNRo/p,aB = SNRypgg — Nfgg =37 -3
=34 dB

Noise figure =

Sol: FOM Sinusoidal__ M’

09. Ans:(a,c&d)

2+’ :2

FOM Triangular
1

2
Pm _ 12 _ 1 _ 40760

:1+“‘2pmn 1+i
12

Here P__ = 1
3

FOM Square wave
1

2
HPwm __4 _1_,,

=1+,"L2pmn 1_’_1 5
4

Here Py =1

=0.5

FOM Square wave (at p=1)= 1
1+1 2

a, ¢ & d are correct.

10. Ans: (b & ¢)
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Baseband Data
Transmission Schemes

01. 03.
Sol: f _=5(MHz) Sol: f =5kHz
n = 4bits fo =1.5f,=3f,, =15kHz
f, =2f, =4f , =20(MHz) 50
QC maX: _[Am]
V. .. =10V 100
Vmin = OV é — ﬂ
2 2
n=4 Am—(—Am):Am
L=2"=16Levels 2" %2 2
- . 2All‘l Am
A — Vmax leﬂ — & — EV 2[1 =
2" 16 «
—A A a3
B <Q. < 5 n =1 (bit/sample)
_—5<Q <i r, =nf, =15kbps
16 ° 16
04.
A 5 Sol:
Q. Max|=5 -3 X(t) is GRP
e 95 X is GRV
== (Watts) E[x]=0
12 64x12 E[x’] = VAR[x] = &
&2 (Watts) f(x)
1712 64x12 '
r, = nf, =80 Mbps
BW =nf =80 (MHz)
BW = = = 40(MHz)
2 > X
4o, 0 4o,
GRV
gzi ; AMH I/P to Quantizer
ol: = z
max _ 2 _ 2
(@) f,=12f =24f, =9.6MHz 5 =EIX]= o, Watts
_ AN 64o;
(i) L=1024 112 2™x12
2n = 1024 A= Vmax _Vmin _ 8Gx
- 211 - 21’1
n, = 10(bits / samples) .
S _2"x12 _izzn
(iii) r, =nf, = 96 Mbps N, 64 16
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05. E[x] =
Sol: x(t) is WSS-RP S =E[x*] = J.xzf(x)dx
x is URV [—4,4] 1
pf(x)=—
4
1
f(x)= -
4= 2
»X
2 0 2 Volts
4 0] 4 * (Inputto T x’ 1 1 4
Eix] = 0 Quantizer) S= jz —dx = xox16=— (Watts)
S = E[x’] N4
= j X (x)dx N, = . BTEE] (Watts)
2-(=2)
_j—dx_—x ><128_—(Watts) g~ o N
S 4
A —=——=4
V.-V 8 8 1
Aszm:§=a=§ :1010g10(4)
=6.02(dB)
N = Watts
1 64x12 07
S _16x64x12 _ /64 Sol:
N, 3x1 4 Q)
= 4096 =10log,,(4096) = 36.123 dB 3 Uniform
1 Mid-Rise
06. Quantizer
Sol: f, =5MHz . . . . -
4 2 0 2 4 X
f, =3MHz N=Int[ }=2
- ., -1
2f
f, :?“:S(MHZ) - | -3
Distortion Free Transmitter
,<C 1 fx)
A _ _M
nfSS7x106 _4 O,lj
nx5x10° <7x10° m=L 4
n<l4 16
n =1 (bit/sample) 4 0 "X
(4, 0) Volts
m(t) is RP [Input to Quantizer]
x is URV [-2V, 2V]
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If(X)dX = 1 rb(min) =nx fs
1 Vol
§X4XAX2=1 min min
Al Ty iy = 10x10x10° =100 kbps
4
1 < 09.
f(x)= E[X +4], -4=x<0 Sol: As per the given data, the probability
density function of the given random
? iable ‘x’ is sh. below:
) Nq _ A_ (Watts) A =2 Volts variable "X’ 1S shown below
12 N
A fx(x)
N, =—=—(Watts) 1
12 “Z
o S _ 8 g
Nq 3Ix l - l
3 8
0 Xz
S:E[XZ]:J'XZf(x)zzx J4E(X+4)dx 3 1A 0 All 3 x
1 0 0
S=— x°dx + |4x°dx ince the uantizer 18 aving three
5 5 S; e o is having th
8| 2y xomd quantization levels
171 4 2561 1 1.e., ‘X’ between —A to Ais 0
256 1 8 B
= TX 0 3 Watts The value of ‘A’ must be definitely less
than 1.
08 Since all the levels are equally probable the
) m entropy of each case is maximized and it
Sol: A=—1" should be 1/3
2" Aq 1
0.1 [—dx==
|Qe ‘Max_mmp 2—A41 3
Sl ERE
21000 )
2m, m, A= 3
2"x2 1000
10.
2" 21000 . Sol: f,, =6MHz
N, =10 (bits/sample) f =4MHz
6
finex = SkHz N=Int{6><106}=
£ =1, =2, =10kHz 2x10
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£ =f, = 2y _ AMHy Power 1of Noise at output of IBPF
N = 0= X107 x2x10°x2=10" Wats
r, <C
nf, <C f(no)
nx4x10° <24x10°
n < 6 bits/sample Threshold Voltage is 1 )
A= % e 3 Volts for S, Transmitter 1 ==—> 1
A 0+N2>1 than S; is decoded.
=—= Watts S 1
112 64x12 Pe(—lJz—P[nZI]
S,) 2
m(®) P«
x is URV [-4V, 4V] 2 [1-Pn <1]
1
3 f(x) = 1 :5[1—1:[11:1]]
8
1 1-0
=—|1-|1-
2{ { Q[ G }H
4 0o 4 X 1
(Volts) = —Q[\/ﬁ ]
E[x]=0 2
[ x 12
E[x*] = | x’f(x)dx = —dx .
x7] I ®) XLS Sol: N=5
1 1 16 fmax = 5 kHz
S=—x—x128 =— watts fo.. =f =2f_ =10kHz
8 3 3 s (min) i q max
3 n =10 bits
— =4096 =101log,,(4096) = 36.123dB 1y = Nnf
Nq 1rb=5><10><10><103
1, = 500 kbps
11.
Sol: P[> |=2 13.
S, Sol: N=35
fmax = 1 kHz
Noise Analysis fy = 2fmax = 2 kHz
PSD of Noise at output of IBPF EB=2
A_02,
T, 2 100
2"x2 500
\ | . > 2" =500
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r, =(Nn+EB)f, To avoid SOD
rb — (5 % 9 + 2)2 % 103 Afs > 2nfmAm
rb = 94kbps Afs(min) = 2TCfmAm

0.1x £, =2mx800x1
14. i) = 160007 Hz
Sol:
(i) fs :_fq(max) =6 kaZ 17.
r, = (Nn +EB)f, Sol: x(t)=A_, cos(2nf t)
N=3 \ A, =2Volts
r, =(3x10+0)6x10
1, =180Kkbps f, =100Hz
(i) £, = £, guin) = 2 kHz Af, =2xf, A,
N=1+2+3=6 s 3[8T
I‘b = (Nn + EB)fS Nq < 87[2 fm
r, =(6x10+0)2x10’ f,=f =2f,
BW =1, =120kHz N, YR
BW anin) = %’ = 60kHz
18.
Sol: m(t)=A_ cos(2nf t)

BW anin) = %’(1 + o) = 60(1+ o) kHz

15.
Sol: N=24,n=28,f,=8kHz, EB=1
(a) r, =(Nn+EB)f,

1, = (24x8+1)8x10°

1, = 1544 kbps

T, =L - 0.647ps
I,

(b) r, =1544kbps =Transmission rate
T,

- =772kHz
2

(¢) BWuin=

16.

Sol: SOD
Occurs when
Af, <2nf A

2

S= ﬁWatts
2
2
N Ay
13 f,
S Al x3f,
N, 24°f,
To avoid SOD
A >2nf A
TS
Afs(min) = 2TCfmlAm
?)AfnfS X fs2

S
N, 2f, x4n’f2A2
S

AR
N, 8n’ | f,

in LDM
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19. Previous GATE Solutions
Sol: f — 200Hz to 4000 Hz
fs(mm) = fq =2f =8kHz
f, =8, = 64kHz O Al 32
An=1 Volt Sol: —— =6n+1.8(dB)
Amin = ") Nq
6n + 1.8(dB) = 31.8(dB)
f = H .
" 80(()1 z n = 5(bits/symbol)
At >22nf A
3 _
Aminx6146x10 =21t x800x1 02.  Ans: 7
T =T
min = e10 " 4—0Volts Sol: Ni is atleast 40(dB)
q
20. 6n + 1.8(dB) > 40(dB)
Sol: m(t) = 6sin(2m x 10°t) + 4sin(4w x10°t) D(min) = 7(bits/sample)
%m(t) =121x10° cos(2nx10°t) 03. Ans: (c)
+16mx10° cos(4m x10°t) Sol: Vi, = Vi =1.536V
d L=2"=128
—m(t)| =28nx10’ 2
‘dt (t) qulA_2 Azl.izgv
To overcome SOD 5
d _ (1.536V)
Afs(min) = am(t) (128)2 X 12
2 -6
LY fs(mm) =281 x10° = (1536V) <10 =12V?x107° (Watts)
0 (128)(128)12)
fs (min)= 280 (kHZ)
04. Ans: (b)
3
Sol: Ip(x)dx =1
-3
—a a 3 1
[p(x)dx = [plx)dx = [p(x)dx =
-3 —a a
t 1
- [p(xx =1
- 3
2a x l = l
4 3
a=—
3
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05. Ans: (a) 3 1
Sol: Region 1: jbdx %

If-a<x<athenxq=0 : .

S Qe=Xs—Xg=X,—a<x<a 2b=—

N, =ElQ] 0

a 2/3 2 b=—

1 1 16
jQif(X)dX: j X odx=—xox— 12
b 3, 4 4 3 27
4 07. Ans: (d)
_ Q(Watts) Sol: o R 0<x<]
X
. Xq=0.5
06. Ans: (a) Qe=x-05,0<x<1
Sol: ]i{ =
()1 URR|
a 75f3—1o|1|3|5
b 05 2 4
Rs | Ryl R2| Ri| Rs | Rs . X R; > 1<x<3
5 3-1 0 1 3 - Xq=2
Uit ite Qe=x-2,1<x<3
Quantizer]

Entropy is max — all regions /levels are
occurring with equal probability.

Signal power =s = E[xz]: Ixzf(x)dx

1X2 5X2
s=2x I—dx+I—dx
o 6 12

Rs—>3<x<5
Xq=4
Qc=x-4,3<x<5

1 3 5
> 1 > 1 ) 1
quu(x—o.s) gdx+_!(x—2) de+£(x—4) lzdx}xz

s=2x l><l><1+i><l><124:| N —2x lxlxl+ixlx2+ixlx2
:6 3 123 | 6 3 4 12 3 12 3
1 62
s=2x §+§}:7(Watt8) Nq =2x—[l+1 }:él:%:lzl(wattS)
5
'[f(x)dx:l i:28
% N,
1
fix)dx =—
-[ (x)d 6 08. Ans: (¢c) f(x):L
R, to Rg Sol: 1oV
1 1
IadX:—
0 6 >
a:é Exj—0 5V 10 5V x
S:MSVZE[XZ]ZJXZf(X)dX
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SJY 2 1 , 13. Ans: (b)
= X = x—x 250V Sol: 4 Sx(f) fmale(kHZ)
3y 10V 1ov 3 Eoat (ki)
2 q <Imax= z
S= 25V (Watts)

S 4.35
—=43.5(dB)=10
N,

S 10435 ; ; >
~zx12=10 2 45 -1 15 2 f
25V? . >
o %12 = 10*3 MAJOR LOBE
p _ 10ov? 14. Ans: (¢)

T 10% Sol: n;=8§
10V np=9
A= \/I()T =0.0667V N decreases by 4times (or) 6(dB)
09. Ans: 3 15. Ans: (¢)
Sol: L1 =4 Sol: n; = 6
n; = 2 np = 8
Lo =64 g increases by [4 x 4 = 16 times]
np = 6 Nq
BWan
BW increases by three times. 16. Ans: (d)
10. Ans: (b) Sol: Ni improve by a factor of 4 (or) 6(dB)
Sol: [n—>n+1] q
S . ) .. independent of ‘n’
N increases by 4(times) (or) 6(dB)
a 17. Ans: (b)
Sol:
11. Ans: (b) f, = 8(kHz)
Sol: n=28
(a) x R =r, = nf, = 64(kbps )
(b) Increases by 4 times for one bit increase S
in PCM system independent of ‘n’ N_ =SNR, =6n+ 1-8(dB) = 49-8(dB)
(c)x
(d) x finax = 4(kHz)
fs = fq = 2finax = 8(kHz)
12. Ans: () n= 8(bit/sample)
Sol: Coding scheme:
Sum of all voltage amplitudes 18.  Ans: (a)
= zero — zero DC component Sol: g;&])(ilar/ éMfI
AMI (or) Manchester code — T =1l
W = 64(kHz)
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19. Ans: (¢ A 100
. N =—=——-——(Watts
Sol: tit)=-L 112 (256) x12 (Watts)
_10_10
2% 256
2
. S _25x(256) 12 _ (556)
-5 0 5 x N, 3x100
(Volts) — 20log10(256) = 48(dB)
_ 2| 2
s=Efx’]= [x*flx)ix 20.  Ans: (b)
542 Sol: n; =8
S:IT—de:%X%XZSOZ?(W) n =9
- L,=2"=512
21. Ans: (a)
Sol: f; = 100(Hz) f,1 = 200(Hz) fy = fymin) = 200(Hz)
£, = 100(Hz) f,, = 200(Hz)
fy = 200(Hz) f,5 = 400(Hz) N=1+1+2+4=8
f, = 400(Hz) fq4 = 800(Hz) Ty sample rate = Nf; = 8 x 200 = 1600(Hz)
22. Ans: (¢)
Sol: f; = 1200(Hz) f,1 = 2400(Hz) fy = fy(min) = 1200(Hz)
f, = 600(Hz) f,, = 1200(Hz)
fy = 600(Hz) f,3 = 1200(Hz) N=2+1+1=4
n=12
1, = Nnf;
ry =4 x 12 x 1200 = 57.6(kbps)
23. Ans: (a)
Sol: s 5 +A > +5V >l
5 0 -A—=>-5V =0
< 5 +A >+ 5V -1
' eq[n]=b[n] =t A
5 x[n]+,—~¢[n]| One Bit by
p 4(_2 > Quantizer > To Channel
5 % 5 101
5 0 N 5
5 , ST
H Eame—)
0
4 5 Y
) Delay |
) ‘T sec |
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24. Ans: (a) d
Sol: fm :02(1le§) Aminfs - ‘ax(t*
A=0.1(V 3
_ Amin X 32 x 10° =125
fy =20(kHz) 125
To prevent SOD ™32 %1000
Afy > 2nf A 1 g
’ e A = =2"(volt
0.1 x 20 x 10° > 27 x 2 x 10°An mn = 3557 =2 (volts)
1
A, < oy 27. Ans: (d)
d
A piiax) = L(Volts) Sol: SOD occurs when Af < d—m(t* to
21 t
overcome SOD increase ‘A’
25. Ans: (b)
o 28. Ans: 0.346
Sol: A=— Sol: n=1
) 10 L=2
Erln ' -2x 1
m 2 Ie dx =—
f, = 40(kHz) 5 2
Afy, < 2nf En 2V
2n I—e™ =2
T 40x10° <2nxf_ xE._ 3
10 I
fu X B >4 x 10° © 7y
Vi = 0.346
26. Ans: (b) N
Sol: Apin="? {(x)
fy = 32(kHz)
AX(t
125 T=125 .
G Rl R2 . X
I . 0 Vin (CRV)
0 2t © I
1 [Input to
d I f(x)dx =1 Quantizer]
A 0
a[x(t)] Vi . |
125 J‘f(x)dx: If(x)dx:a
0 V‘h
0 I > > 29. Ans: 200
t Sol: m(t) = sin(1007t) + cos(100mt)
st | M(6)ax = Vinax =2 (volts)
| M(O)|min = Vimin =+/2 (volts)
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fs = f; = 2finax = 100(Hz) 33. Ans: (b)
3 Sol: N=10
Vmax B Vmin _ A fmax - IOO(HZ)
o f, =f, =2f,,, =200(Hz)
S22 3 . 82 A 025
2" 4 3 2 100 "
n = 2(bits/sample) 2A, A
5= nlllin(f§):2x100:200(bps). %2 400
min min 2n — 400
30. Ans: (0) n = 9(bits/sample)
Sol: N =2 T
) n=16 rp, = 10 x 9 x 200 = 18(kbps)
f; = 44100(samples/sec) .
EB = 100% of no of bits used = 100%[Nn] | 3o "%
for all slots/all data ot £ (kH
1, = (Nn+ EB)f, s = 1(cHz) .
ry = [2 % 16 + 32] 44100 EB = 0.5% of overhead bits
YE — 2.822(Mbps) fi=1.2 ;=24 fax = 2.4(kHz)
| A_02,
31. Ans: (c) 2 100 "
Sol: Number of bits = 2.822 x 10° x 60 x 60 24, A,
= 10.16(Gbits) 2"x2 500
2" > 500

32. Ans: (b) N(min) = 9(bits/sample)

Sol: 1, =3.6(khz) f,, =7.2(kHz) r, =[Nn +EBJf, = [5 X9 +45x E}ZA %10’
f, = 1.2(khz) f, =2.4(kHz) 100
fy = 1.2(khz) f, =2.4(kHz) 1 = 108540(bps)

L=1024 35. Ans: (a)
N = 10(bits/sample) Sol:
1, = Nnfj %m(t)=127c><103 cos(21t><103t)
Case: 1 . +167x10° cos(4mx10°t)
r,=3x10x7.2x10
Iy = 216(kbps) 4 () = 287x10°
Case: 2 dt
fi=1, =2.4(kHz)
N=3+1+1=5 36. Ans: (¢)

_ _ 3
r, = Nnf, =510 x 2.4 x 10 Sol: Af, =| L m(t)= Exf, = 287x10°
1, = 120(kbps) dt 10

fs = 280(kHz).
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Chapter Inter Symbol Interference

Previous GATE Solutions

01. Ans: 35 (updated key)
Sol: 1, = 56(kbps)

PAM
RCP
1 T,
o=—,BW =—(1+0c)
4 2

3

Bw = 20107 51 354h1y)
2 4
02. Ans: (b)
Sol: 4P(f)
‘ | ‘
12 08 0 08 1.2 f(kHz)
| ‘ ‘
0 08 12 2 28 3.2 fkHz)
(+) P(f+2k)
‘ ‘ 1
32 28 -12 0.8 0 f(;kHz)
= 1
f —2000n)=pl0)x
n;op( ) p( ) 2000
RHS LHS >
t P X — n=-o0

gt:O 2000 Ip 2000 L

=2000x 20100 =1 , >}< , .

12 0 12 f(kHz)
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J.p(f)df:{800x1+%x400xl}<2

= 2000
BW = 1.2(kHz)

03. Ans: (¢)
Sol: p(t) :%Form

att=——
4W

Use L-hospitals rule
cos(4Tth) X (4TEW)
(4rWt)-32W2t)+ (1 -16Wt fdnW)| 1
4w

(-D)4nW) 1
(n)-8W)+0 2

0.5
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Chapter

Baseband Data
Transmission Schemes

01. P <10
Sol: B-PSK e
A, =102V qQ [Ads | <y
f, =10°Hz 2 No .
N, N 2PT, 4
—2=10" (W/H <10
5 ( z) Q_,/ N,
r, =10* bps A
- o7 /—2PI‘\“I‘“T" =3.75
P.ppsk =Q o \
N, 2P . x1 )
r 10 <1 10° x2x10
P — ey 5 P . =1.406 (mW
e B-PSK Q 104 & 2 % 10_9 :| Q[\/_] min ( )
04. Ans: (a)
02. Sol: B-PSK
Sol: T, =2x10"sec Ty =T sec
A =1x107V o(t) = Ti cos(2nf,t), 0<t<T,
N b
7°=10‘“(W/Hz) -
d(t) =,/=cos(w.t), O0<t<T
eprsk = Q N—o 2cos(w,t), 0<t<T
~Q 10°%x2x107* —Q[\/ﬁ]—8><10_4 \/z=a
- 2x10™ | - T
2 4
BER = —x8x107" = 4bps T
x10
For Skbps Transceiver, 4bps are Receiver in T=—sec
Error.
dmin(BPSK) = 2\/ E,
03. ) g AT, _Ax1_A?
Sol: 1, =10" bps Ty T4 T g
?\}Ilannel BW =3 MHz A pincpsi) = A
—L2=10"" W/Hz
2 05.
B-PSK Sol: r, =2.5x10°bps
A
=—C N
P=ry Wats SE=107 (W/Hz)
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A,.=10°V 10. Ans: (d)
T Sol: QPSK
P.popsk = Q{W’C—b:l 4-PSK
2N, M=4
1021 a=02
= = 10 = 6
Q[\/2.5x106x2x2x1020} Q101 BW =36x107Hz
_r(l+a)
06. Ans: (d) log,(M)
Sol: 1, =1.544x10° bps 36x10° Hz = o =12
o = 0.2[RCP] log,(4)
BW ;5 pex 1, = 60 Mbps
BW enopsk= W
a . ) 1.544x10°x1.2 1G4
r,(1+a) 1.544x10° x1.
BW i po= = Sol: (a) s,(t)=2¢,(t) =, (t) — 5 (t) -, (1)
log, (4) log,(4)
=926.4kHz Sz(t) > ¢1 (t)_d)z(t)"'d)s (t)_¢4 (t)
55(t) = =20, (1) + ¢, () + ¢ (1) + 09, (1)
07. An ideal band pass channel 250 Hz -

1000 Hz is deployed for communication.
A modem is designed to transmit bits at
the rate of 4800 bps using 16 QAM. The
roll-off factor of a pulse with a raised
cosine spectrum that utilizes the entire
frequency band is

$,() =9, () —2¢,(t) — 2¢, () + 24, (1)
o ()=1,0<t<1
o, ()=11<t<2
o, () =1,2<t<3
0, (1)=1,3<t<4

Sol: f, =1000Hz [Basis Function]
) (b) 5,(1) =[2,~1,~1,-1]
£, - 4300 bpsL S0 =1 -LL-1]
ab: 9 SS(t) = [_2913 17 0]
| s,(t)=[1-2,-2,2]
BW — r,(1+a)
log, M () d,, =5 S« s
50 = 4800(1+0) d.=5 P> " 7
~ log,(16) 13 M S, =S,
o=0.25 4,y =12
d,, = J14 P S3 > 8y
Sol: 16 OAM T
. dy, = \/ﬁ
09. Ans: (b) d_ =45
Sol: MSK
w ace Regular Live Doubt clearing Sessions | Free Online Test Series | ASK an expert
Online Affordable Fee | Available 1M [3M |6M |12M |18M and 24 Months Subscription Packages




#: ACE s — Communications__|
12.
Sol: P, =Q| |- Pe(S_Z] Pe[52 j
¢ 2N0 S, S,
—-A+n=>—-—— A+n< é
Asl(t)_sz(t) 2
2A n > —Volts n< —%Volts
0 T [T "t
0O+n<—— 0+n2 %
B, = [Is,(0=s,(0)[de he A A
T 2
2 T
= [4A’dt+ [4A%dt
0 4 31 | 52 53
2 @ T A 1 ®
— A
Ay _ A D v, = A
E, =4A’T uT T 25
2A°T 1 A2
~Po= Q[ } == j f(n)dn+— j f(n)dn
NO A/2
—A/2
13. T j f(n)dn +— j f(n)dn
Sol: ML decoding scheme: 3 A
1
P(s1) = P(s2) = P(s3) = s £(n)
3 o0
2
S1 S2 | 53 VAR =0
A, _ A O A A
A v, = - Vi, :5
>N
“A oA
P, =P(s,)P, (—ﬂ P(s,)P, (—‘j 2 2
. > -A/2 4 A
= — f(n — = ——
+P(,)P| 2 | +P(s,)P,| 22 ZEQ[A ] (n)dn == { 2}
SZ 3 3 20
4 ~A-0
=31-Q
4 3 20
P, =2 Q]
’ p oA
372
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14.
Sol: B-PSK

Ny _ g (W /Hz)
A, =

P, 5 psk) =107

r, =10% bps

AT, | o
{f2

Alx1
10*x2x107"°

=2x4.74 mV
A, =6.7mV

=(4.74)

15.
Sol:
(i) Case: (i)
d, =d[A,B]=d[A,D]=P
d,=2a

Inner Circle

I P

45°
0 T A
1

V2

P’ =1 +17 —2r x

=217 - — 2 21,

rlzLZmP

V2-42

E, =8’ =§[1.3P]° =13.52P°

QOuter Circle

I‘2:2.3 P

D

rn=13P+P=23P

E, =8 =8(2.3P)> =42.32P°
E =E +E, =5584P’

Given, E] = Ez
55.84 P? = 160 a?
P=1.7a

(ii) Case: (ii)

P=2a

P, =P,

E, > E,

E_ G 5

E, (1.7a)
=10log,,(1.38)
=1.39dB

Previous GATE Solutions

01. Ans: (d)
Sol: 1, =8kbps

Condition: 1

f, =Mr,

f, =Nr,
M=#N

fi =8 M (kHz)
f, =8 N (kHz)
M #N

Condition: 2
Rectangular Pulses
f] — fz > 2I‘b

f —f,= 2r, =16 kHz

Min
Sync Pulses
fi-f,2r
f,—f,=r,=8kHz

Min

. Nyquist Sampling Pulses (OR) Sync
Pulses
BW=f —f, +r, =2r, =16kHz

(min)
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02. Ans: (d) 25x10° =M,
Sol: ;;:gibps 10x10° = N,
- M
M=5
11;/[ =_532 N=2
; Rx10° R . 1, =5kbps
_ b _ - _ _
BW = log,(M) log,(32) 5 kHz T, =0.2(ms) =200 (ps)
. 07. Ans: (b)
03. Ans: (¢) BW of B—PSK
Sol: Sol: p= =log, (M)
BW of M -PSK
bk/l /1/0/0/1 /1 pBPSK=lOg2(2)=1
o 110 1 1108 Ans: 16
. Sol: M-PSK
mn v v v BW = 100x10° Hz
Tx i 0 K i - 1, =200x10° bps
Phase < > o= 1
_r(I+a)
04. Ans: (a) log, (M)
Sol: In binary data transmission DPSK is . 200x10°x2
preferred to PSK because a coherent carrier 100x10° = log, (M)
. . 2
;se ] ;31:6 r required to be generated at the log, (M) = 4
' o M=2"=16
(s)ii _ Ans: (d) 09. Ans: (c)
: Sol:
b O 100 BPSK QPSK
(OR) (OR)
& 0 0o 1 00 2-PSK 4-PSK
r B =2 2r,
(19 1 = 4Ty ,= b
log,(4)
x o o 0 o o= B, =20kHz | B, =1, =10kHz
10. Ans: 0.25
Sol: f, =25kHz fi =300 Hz
BW = fH— fL = 1500 Hz
f, =10kHz . = 4800 bps
f,=Mr, f,=Nr, o =9
M=#=N
qce India’s Best Online Coaching Platform for GATE, ESE, PSUs, SSC, RRB, Banks, Groups & PSC Exams
Online Enjoy a smooth online learning experience in various languages at your convenience




@ ACE 77 Postal Coaching Solutions
_nd+a) 8-PSK
log,(M) oo 2% s
1500 = 451300(1 1+6 ;1) e |
0g =1, 41, —2XI, XTI, X ——
. 2 ) Th N
oc:Z:O.25 dzzzrj_ﬁrj
-1, =1.307d
11. Ans: (b)
Sol: E,=0+4a’+8a’+4a’ 14. Ans: (d)
Sol: d_. =d_.
B, =162’ B T B
E,=a’+a’+a’ +a’ P =P
E, = 4a? 4-PSK  §-PSK
2
By £, _(A307d)" 5 414533 4B
E, E, (0.707d)
12. Ans: (a) 15. Ans: (¢)
Sol: d12 — (\/Ea)2 +(\/5a)2 — 432 Sol: B-OFSK 3
a=A, =4x10" Volts
d, =2a N
d;=a’+a’=2a’ —2-"x10" (W/Hz)
d. = \/E 2 2
2T 1, =500x10° bps
13. Ans: (d) b _o [AT
Sol: 4-PSK e 2N,
d’> =1 +1] :
16x107° x1
dz = 21‘12 = Q \/ 5 _12 = Q[4]
r =0.707d 5%10°x2x10
1 - .
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Chapter@ Optimum Receivers
& Noise Calculations

01. Ans: (b) 03. Ans: (d)
Sol: Sol:
Ty = T(sec)
s(t) 4
s(t) 4 )
Ty, =3 sec
A
g of T2 T "t
0 N
T
: Y(O) g r =Efs(} = [4dt =2T
YO imo-30= ELs(D} = [|s(0) [ dt
1 3
= [A’dt+ [A%dt =24 04. Ans:
0 2 SOl: S(t) N
02. Ans: (d) 4
Sol:
g, nil
b (2 sec >
/ 0 2 t
y(Omax is
1 att =T, = 2sec
=T (a) h(t) = (T, —t) =s(2—t) = s(~(t - 2))
"t
o 1 2 S(—0)s +h(t) = s(t)
4 4
y(t) vax = E{g(D}
1 2 > >
= [dt+ [1dt -2 Ot 0 2t
0 1
1 (b) y(t) =s(t)*h(t)
==+1
3 A
= i
3 h=32
ol 2 4 t
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@ ACE 79 Postal Coaching Solutions
2 2
YO vax 1w = | [S(D]dt o, =1
) Q@)=10"°
= j16dt=32 When B =-0.3
0 P.=7?
()T, =2sec a
—a 2 108
(d)(sj C2E 2x32 64 Qa)=e = =10
NT BECE BT 2 a? |1
NJomax  No N, N, Q(0.7a) = e—0-49a7 _ e[_2]2 —10~*
05.
Sol: S(Or 07. Ans: (b)
Sol HHOP
4l (2,4) P(s1)=P(sy)=1/2
m= 1
o
2 P(n)=—e ™"
E= [|s()d ()=2
2 — Pdf of Noise at o/p of ILPF
E=j4tzcn;=f[8]:2 E[n] =0
0 3 3
2
[E} _2E 64 E[nz] = VAR[n] = > |
N N, 3N
oMAX R0 0 S,(f)=S,(f) |[H(f)[’=107, —=10° <f <10°
06. Ans: (c) Power of Noise at o/p of filter
106
Sol: Y20, = [s,()df = [107 =210 Wats
IfY < 0 —> Sz _106
Signal, Transmission 2 510
X=—a—>$% ? T
X:a —> S . a2:1014
Polar Coding Noise Z is GRV 0 =107 Volt™
E[z] = Bx
o2 =1 08. Ans: (d)
Rx Sol: P, = P(sl)Pe(S—zj +P(s,)P, (S—lj
Vi =0 S S,
When 3 =0 V, = 2 10 Volts
= E[z] =0 2
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o
P(n)=—e*M
(n) 5

Previous GATE Solutions

01. Ans: (d)

Sol:
. Pdf of received
Pdf of received Signal for bit 1
[ f(ij -
S f| —
1 ’ ! lej
0.5
q +
B (VO 2 rand SRR
a (Vin)
N, <—— N .
2 Noise is Triangular
Ifr>1— s
P{S—lJ Ifr<1—>s
S, 1
a P(s;) =P(s,) = 5
N, 2—
2 S S
1272 1% P, =P(s,) P,| == |+P(s,) P,| -
p. == [P(n)dn+— [P(n)dn s, S,
2 2472 1 1 Ly 1
—al/2 _al2 Pe:_X—XIX—+—X(0):—:0.0625
¥ 1770 22 4 2 16
= J-P(n)dn =— J. —e™dn
= 252 02. Ans: (b)
_ 1 —aa/2 Sol:
“2° L r
f S T fl —
— l -10"x107 | ul 2 S,
2 O.DN 1 ) 1
1 m=1/4-2\ "2
_ 0
2 | r(s+n)
—1 0 > ‘1 4 >
©,0) (1,0
vopt
T r
fl = |=%  -o-a-- 1
£)- 0
f[iJ P T )
$3
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At = Vp
1) =2)

=V, +1

SV, = 4_ 0.8 Volts

opt 5 -

Polar Coding

R=x+N
=—1+N(or)1+N
Va=0=IfR>0-—> s

IfR<0— S>
03. Ans: 0.05
Sol: Pe(s_zJ
N § R=1+N<0
1 P[S—l 1
s, 2 = N<-1(V)
0.2 | T(s+n)
SN VAI 5 T P{S—IJ
Vot =0.8V s,
P{S—Zj R=-1+N>0
i = N21(V)
Ifr>0.8V s,

fr<08V-os

P

S
e(min) = P (S1) Pe[S—Z] + P(s,) Pe(s

P, = P(sl)Pe(S—zj + P(SZ)P{S_IJ
5 j § Sy

1 2 Pez_x_xlx_ —X—Xlx—
1 1 1 1 2 4 4
ey = = X = x0.8x0.2+—-x—=x0.2x0.2 | %,
> 2 o . =—+—=—=0.125
P, min) = 0.04+0.01=0.05 16 16 8

04. Ans: 0.125

L)

0S. Ans: (a)
Sol:

1 [ R . T
2001 1T 2 g 2025 0] 02025
(Only noise)
w ace Regular Live Doubt clearing Sessions | Free Online Test Series | ASK an expert
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S, P|— 5
e (52 +(3)
Vv, -V, 3
oFos > T +tve X —ve
) I <0
V=02V = Ifr>02(V) = s,
Ifr<02(V) > s 07. Ans: (d)
1 Sol: -1 <V4<1
P(s;) =P.(s,)= P Vopt Will be one of the edges of point of
intersection
:.nngggfi]+P@gg(iJ Vop=-1V
s, S, (o)

Pe:lx0.2><1+l><0.05><2 Vop =1V r

2 2 Tf (—
. P =0.15 1 52

o B S,
4 Pl —
Ve [Szj
06. Ans: (¢)
| >
Sol: X=1  Polar Coding Scheme 3 1 lol1 ('s+n)

X=-1

1
o

1
P(SZI) = Z 10 1! 5 :(Sl‘+n)
Vin
Y=X+Z s S
7 s GRV P, =P(s,)P, [ﬁj + P(SZ)P{i]
MEAN =0 ) 1
VAR = ¢’ P(Sl)=_9 P(Sz):_
3 3
Vah=1= Vopt

b2 (VytD 1 (1-V,)

Thel’l Pe —> Pe (1’1’1111) e
3 6 3 4
ViV Gz P(S ) vath:_l If Vth: 1
1=—"1 24+ 0 /n| 2 1 2
2 V,-V, | P(s) Po= P=
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|

K Pe min — l
6
Vot =—1V
08. Ans: 0.5
Sol:
° f(2)
1
2
E[Z]=0
S » 7 (only Noise)
1
2 | ”
/.%i( > Y
0.5 0 |Vg 15 (X+Z)
1 Tf5J
2 Sy
»Y
-1.5 0N, 0.5 (X+2)
Y=X+Z

E[Y]=E[X] + E[Z]
E[Y] = E[X] = constant

2}

X=-05-—>s, P(sz):%

X=05->s,P(s,)=

3
4
p =3[ Var05), 1 (05-V,
4 2 4 2
At Vy=-0.5, P, = %—)P

e min

AtV =0.5,P.= %
" Vo =—0.5 (Volts)
09. Ans: —e
Sol:
Inlv2
>N
Only noise (Volts)

Polar Coding,

A—> s, P(sl):%

ﬁA—>%,P@»=%

When s; is Tx Vi =0V
E[Y] = E[s1] = 0.5 IfR>0V — s,
IfR<0V —s;

S, > S_z
When s;is Tx s,
E[Y] = E[s2] = -0.5 At+n<0
S —05<Va 0.5 n <-A (Volts)
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. [S—lj ~R(1)=R, (D+R, (1)
‘\'s
2 S, (f)=S, ()+8, (f) = No N
~-A+n=>0 2
>
n> A (Volts) No (W/Hz) Vf
No R
S, 8
=P, =P(s))P,| = |+P(s,)P,| —
8 S,
P
—-A © O
P 1 jP(n)dn+lIP(n)dn 2 2
e AT 4 AT
2% 24 Poara = Q | = Q45 [= Q2]
-A A N, 2 N,
. _ _ [ a2
- P [OP(“)dn Lﬁe & . b=+/2=1414
_ I A2
P.=3e 11. Ans: (a)
Sol: s(t)
10. Ans: 1.414 h(t) =s(T, —t)
Sol: E.=E,
AWGN
— 2E,
Chamel T 11 (6) = s(8) + 1, (0) SNRj =~
0/1|BPSK | 1 BPSK 01 )
Modulator| 1 Demodulator]
nt)=st)+n,(t) | 12. Ans:(d)
[_JAWGN Sol:
Channel 2
yo o =E{0)
I'(t) — rl (t) + r2 (t) — ZS(t) e nl (t) + Il2 (t) att=Tb will be maximum value
Signal part Noise part 10 2
; =|—| x10* =5mV
Signal Part L/E }
2s(t)
Energy becomes 4 times
13. Ans: (¢)
Noise Part Sol:
n(t) = n,(6)+ 1, (1) O
1+---- Ty =T (sec)
R,()=R, ()+R, (D+R,, (D+R,, (1)
R, ., (0 =E[n,(t)n,(t-1)] R
0 T t
= E[n, ()]E[n, (t)] =0
RP’s are independent stationary, zero mean h(t) =s(T, —t) =s(T —t)
Also R, (1)=0 h(t) = s(—(t - T))
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2 S(-t)

14. Ans: (¢)

Sol:
Lp(®

N

0 T, t

h(t) = P(T, - t)
h(t) =P(—(t-T)))

() Jh(®)

y

T T

0 T t -Ts O

y(t) =P(t) *h(t)

2y(®

} >t
0 T, 2T,

Y(0, 1. = Elp(D)} = j Tisdt _

Sol: —

15. Ans: (d)

-5
S 2E 2x10 ~ 90

N N, 10°
=10log,,(20) =10log,,(10x 2)
=10log,,(10) +10log,,(2)

=13dB

16. Ans: (¢)

St Th=2 (sec)
Input )

v

o 1
-1

h(t) =s(T, =t) =s(2 - t) = s(~(t - 2))

h(t) ,
1

o 1 2
-1

Derivative Model
y(0) = s(t) * h(t)
y(t) Exists fromt=0tot=4
y(t) is triangular waveform
[y(vdt=0
Y(Oui=1v-26 = Eis(D)}

1
:ﬁm+ ldt=1+1=2
0

———
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17. Ans: (¢) E,=d’. =4E
Sol: 5
t
p( )“ Pe B PSK Phase Mis-match QI: ﬁcosz (d)):l
1 0
-t | [4E 1
0 1 = Q X —
V2N, 2
t t [E
0N Or 1 g e _0 _}
1 1 VNG
—A» t | >
o 1 2 0123 A t
19. Ans: (a)
Sol: Polar Coding Scheme
h(t)=s(T, ~t) =s(4 - ) =sC(t=4) P [Ej S E{g(t)} is MAX
_ N 0 MAX
h(t) 5 -s(t)
]| j| g(t) [ dt = MAX value
4 20. Ans: (b)
Sol: ¢ =20°
18. Ans: (b) y(t) o< cos(¢)
Sol: ) E o cos’(9)
o, (1)
\/E % T dmin = 2\/E
0 1 o(t)
JE
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Chapter

Information Theory

01. Ans: (b)

Sol: Huffman encoder is the most efficient

source encoder

05 |1]105(0
0.25 100{ 0.5
0.25 |01

L = 1x0.5 + 2x0.25 + 2x0.25
= 1.5 bits/symbol
Average bit rate =3000 x 1.5
= 4500 bps

02. Ans: (¢)

Sol: Assuming all the 64 levels are
equiprobable, H = log, 64 = 6 bits/pixel

Total No. of pixels = 625 x 400 x 400
= 100 M pixels /sec
Data rate = 6 bits/pixelx100x10° pixel/sec
= 600 Mbps

03. Ans: (b)

S
Sol: C=Blog (1+—
g ( N)

Since E >>1. 1+§ =~ i
N N N
S
.. Ci=Blog —
1 g N

S
C,=Blog (2.—
2 g ( N)

=B10g2+B10g(%)=C1 +B

04. Ans: (b)
Sol: Given
B. W=3kHz
SNR = 10dB
= 10 logio (SNR) = 10
SNR=10'=10

Number of characters = 128
Channel capacity = B log, (1 + %j

=3 x 10’ logy(1 + 10)
= 10378bps

05. Ans: (b)

Sol: Number of characteristics can be sent

without any error = = 1482.cps
log, M

06. Ans: (¢)

Sol: A a2

Ideal
AWGN
$n/2
-B B

S
C =Blogy(1+—
g( N)

LimC = Lirn§><EBlog2 1+i
S nB

Bow B—x n

LirnC=§log2 e

Bow n
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n—ow

(-~ Limxlog (1 + é} = loge)

0.8 ><l
7

0.4

T 6
%LIOEIC=1.44§ 0.8)(;"‘0.2)(;
07. Ans: (b) 10. Ans: (b & ¢)
1
Sol: Max. entropy = 512x512 x log, 8 Sol: P(x,)= 3
= 786432 bits
Px,)=1-5=2
3
08. Ans: (@ PO )< o | 2l |
Sol: Maximum entropy of a binary source: X, X,
H(x)/ .. =log,M 1 2
(X) max gZ P(Yl): 5(0 9)+§(0 2)
H(x)/,, =log,2 =1 bit/symbol 13
P(y,)= T =0.433
09. Ans: 04 ( ) ( ) y ( ) y
— r ;. Py, )=P(x P(—2J+Px P(—zj
Sol: P(x-(l)j:P();(—l,yOSO) 2 Pl P
y= y=
P(y,)= l[0.1]+3[0.8]= L7_ 05666
p(x = e Y=0 3 3 3
B B x =1 .. b & c are correct
px =1 Y= )4 px = oyp[ ¥ =2
x=1 x=0
¥ ace India’s Best Online Coaching Platform for GATE, ESE, PSUs, SSC, RRB, Banks, Groups & PSC Exams
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Source Coding &

Chapter _
Channel Coding

01. Ans: (a&d) Option (a) is correct
C]=[D] G
02. Ans: (a&d) [C1=D11G]
“[C]=[011110]
03. Ans: (aa b & ¢) Option (b) is correct
Sol: 0110 [S]=[r] [H"] =0
G= 0011 . [r] = [C] =[100110]
1 1 0 1 Option (c) is correct
.. a, band c are correct
101100 For (d), syndrome is not equal to zero.
H=/1 1 0 0 1 0 Hence [r] # [c].
01 1 0 01
E
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