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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) =
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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. Ans: (a)
F.T
Sol: f(t) = Ae ! &S F(jo) = anz
a-+o
11. Ans: (d)

Sol: m(t) = (t) cos2t

Apply Fourier transform
M(f) = %[F((D -2)+F(o+2)]

Flo-2) F(ow +2)

12.
Sol:

13.
Sol:

14.
Sol:

15.
Sol:

1 2 3 1 2 3

Ans: (b)
For band limited signals,
S(f) = 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

y

-B 0 B

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




z

[
N
5
v
v 4’
N ineeri i cati
\=99.” Engineering Publications

<

<<

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,
fL =50 kHz
Bandwidth = f;; — 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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1] | 1

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=2x1100
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
= 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

-

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 21 (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 27(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 = (t).sin O(t)

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

B.W=21fn — [1.25 — sin 2m(10%)1] "
=2 (500) s
N 6y,11/2
— 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)
B0 79 10 IS 37A°f‘“ [cos2m(2f, +10—f )t+cos2n(10+f, )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(kHz) 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, ®)
. Ans:
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’ 18OHZ, 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 x 3 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(2m x 10*)
Option (b) is correct + 50cos(2m x 107t) 5cos(5m x 10%)
BW in AM = 2fpax +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 = fix + 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 [20n . 2nt] signal frequency (f,,) left unchanged since
'2m n=3,
df, _ 1 . (Mfnew = 1485 kHz &
EIEXZTDQIIHZ/SCC o (ANew = Z
(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, Jo*(B) is decreasing first, becoming zero ~S(t) = iﬂ (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) R
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°
i = fm=2k
Since BW = 2(Af + f,,) = IMHz Jo(B)=0at =24
=1000 x 10 B:kf Aw _ 5y kex2
A+ £, = 500 kHz £ 2k
Af= 495 ki ky=2.4 KHz /V
N z atp=5.5
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55- 2.4kx2 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 A
—_ - . — C )
Pf_ﬂfm = | 5 +1 (B)+J2(B)+J3(B)+J4(l3) Sol: P;= B (R =1Q)
100
A TP =—=50W
e s (O BN (HERA(S) P
= RJ| 2
Power in components
P, ... 0 N p
L 0'21879 ~0.5759=57.6 % R ol power 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 on
1
fe-3fn fo2f,  fof, fo  fotfn  fot2f,  f43f, T,
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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 %®
= L 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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& ACE y
0i(t) =] 2 fi(t)dt ‘
—m(t)
0,(t) = [2nif, +2nk(f,)* cos o, t]dt Yoo
2
0i(t) = 2nf.t + (2nf,)’ k S5 Cnt
o _t
" 0 2 4 5
0i(t) = ot + opk sin ot —4l La l 4 4l
15. Ans: (b)
Sol: Af,, =K, [m(t) |, 17. Ans: (a)
Sol: B, =k, max [[m(t)]]=1.5x2=3
100 Lol
= %X [10] Be= k, max[[ m(t) |]
fm
Af :(ﬂsz 30002
oln 1000
=6
16. Ans: (b)
Sol: Given that 18.  Ans: (a)
s(t) = cos[oct + 2mm(t)]volts Sol: Using Carson’s rule we obtain
£ :ii[m t+2nm(t)] BWpn =2 (Bp + 1)f = 8 x 1000 = 8000Hz
Yo 2ndt ¢ BWem =2 (Bs+1)fm = 14 x 1000 =14000Hz
1 d
=——|[2nf t+ 2mm(t
L4 fonr 4 2em(0)
d 19. Ans: 70 kHz
f =1+ a[m(t)] Sol: s(t)=A, cos[27:fct + kpm(t)J
know that f; = f. + kem(t k
we khow tha ; rm(t) £ =+
Here kim(t) = a[m(t)] s 2n d(;
=20k + — x5—|sin4n10’t —10mcos 210 t
— T )
3 3
Af = ma){ % m(t)} op s 25 [cos4m0’t~10mcos 2100
21" | (4n10° +10msin 2710°t x 2710°)
Af =2kHz
Fm(o) £ icosms) = 20K + 25 x cos(4m +10m) x 4 x10°
%) ' 2n
A /\ A R :20k+§—5><4nx103
?/ 2V1 0 /1 2‘/3 ‘4 t(ms) T
) =20k + 50k
fi(t:O.Sms) = 70kHz
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20. Ans: (a,b & ¢)
Sol: s(t) = 100cos[27 x 10"t + 10sin(87 x 10°t)]

Af(t)= i%[lOsin(Sn x10°t)]

Afi(t) = 40 x 10’ cos[8nx10%t]
Afax = 40(kHz)

3
B Afpes _ 4O><1()3 10
fmax 4X10
BW = 2[B+1] finax =2 [10 + 1] 4x10°
= 88(kHz)

P, =P.= {%}2 =5(kW)

.. a, b & c are correct

21.

Ans: (a,c & d)
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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

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

fs = fLo + f[]: =3515 MHz

fii = image frequency = f; — 2 fip

f; = f, + 2xIF
f; > 108 MHz =3515-2x15
fy + 2IF > 108 MHz = 3485 MHz
qce India’s Best Online Coaching Platform for GATE, ESE, PSUs, SSC-JE, RRB-]JE, SSC, Banks, Groups & PSC Exams

online

Enjoy a smooth online learning experience in various languages at your convenience




z

3

& ACE 17 Postal Coaching Solutions
\A@ Engineering Publications

09. Ans:(a,b& ¢) 10. Ans:(b&c¢)
Sol: — fiy = fs + 2fir = 555x10° +2(455%x10°) Sol: — fi, — f, = fir
= 1465 kHz fio = fir + £
— fir = fio — fs = 1010x10° — 555x10° =555%x10% + 1500x10°
=455%10° Hz =2055 kHz
—> IRR =4/1+Q%p* =113 = fin = £+ 2fir
Q=50 P = 1500x10° + 2(555%10%)
- =2610 kHz
:fl—M—E:@—ﬂ .. b & c are correct.
f, f, 555 1465
.. a, b & ¢ are correct.
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Chapter

01.
Sol:

02.
Sol:

03.
Sol:

Baseband Data Transmission

Where ‘n’ is the number of bits to encode
the signal and L = 2", where ‘L’ is the
number of quantization levels.

L1 =4 = n = 2
L,=64=n,=6
BW), n, 6

= — a8
(BW), n, 2

(BW),=3 (BW),

Ans: (¢)

Given,

Two signals are sampled
with f;=44100s/sec and each sample

contains ‘16’ bits

Due to additional bits there is a 100%
overhead.

Out put bit rate =?

R, =n'f]
f,' = 2f, = 2 [44100]
(. two signalssampledsimultaneously)
n'=2n
(. duetooverhead by additional bits)
Ry =4 (nfy) = 2.822Mbps

04.
Sol:

05.
Sol:

06.
Sol:

07.
Sol:

Ans (¢)
Number of bits recorded over an hour
=Ry x 3600 = 10.16 G.bits

3 sin(4nWt)
4nWt (1-16 W? t%)
Atte—— . p[_L|=9
4W 4W ) 0
Use L-Hospital Rule

4nW cos(4nWt)

Lt t) = Lt
HLP() >l 4AnW-64T W (3t%)
4w 4w
3 47 W (1)
47rW—647rW33( IZJ
16 W
—4
_ 24tV s
—-8nW
Ans: 35

Given bit rate Ry, = 56 kbps, Roll of factor
o=0.25

BW required for base band binary PAM
system

BW = %[1 +a] = ?[1 +0.25]kHz = 35kHz

Ans: 16
Ry, = nfy = 8bit/sample x 8kHz = 64 kbps
R
(BT)min =—b
2log, M
__ Ry R,
2log,4 2x2
R, 64
4 4
= 16kHz
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08. Ans: (b) Option (a) is correct if pulse duration is
Sol: Given f; =1/Ts = 2k symbols/sec from —1 to + 1
F.T . . . .. .
If P(f) & p(b), Option (c) is correct if the transition is from
Condition for zero ISI is given by 0.8t01.2,-0.8to 1.2
1 & Option (d) is correct if the triangular
T D P(f-n/T,)=p(0) duration is from —2 to +2
= Pf—-n/T)=p0)T
n;c ( ) =P, 09. Ans: 200
p(0) = area under P(f) Sol: m(t) = sin 1007wt + cos 1007t
p(f) = /2 cos [100mt + ¢ ]
1
A =075 = Yo ; Vo _ 2 ‘fﬁ) _ Z\L/E
f(kH
T2 08 0 08 12 kH2)
1 1= & ~4=2"
Area=2x_()(04)k +2x0.8k = 2k 0.75
1 Son=2
p(0) Ts= 2k x 7 2 1 f=50 Hz so Nyquist rate = 100

i So, the bit rate = 100 x 2 = 200 bps
= Y P(f-n/T)=1

n=-o0

10. Ans: (b)

The above condition is satisfied by only sl G

option (b) f, =3.6kHz=f =7.2kHz
iP(f—nzk) f, =f, =12kHz=f =f  =2.4kHz
n=-o0 A fs = fsl + fsz ar f3
= 12kHz
. A No. of Levels used = 1024
= n = 10bits
:// \\: :/, \\: :// \\: :// \\: > . Bit rate = nfs
2-12-08 ( 0812 2 f (kHz) 10 x 12 kHz
U =120 kbps
1 11. Ans: (a)

Sol: (fs)min = (fs1 )min+ (fsz )min

) 0 > + (£, Jmin + (£, Jmin
© =200+ 200 + 400 + 800
Y P(f—n2k) =1 — 1600 Hz
w ace Regular Live Doubt clearing Sessions | Free Online Test Series | ASK an expert
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12. Ans: (¢ 2" =500
Sol: n=9
Ry = n(f; +9
CConn. Cx s = D(fs)rom
fs = RN + ZO%RN = RN + OZRN
4+r fs =12RN=1.2 x2x®
Wi fs = 2.4 K samples/sec
«— T —— (fs)rpm = 5(fs)
N =5x24K
Minimum B.W of TDM is ZWi =12 K sample/sec
i=1
Rb — (Ilfs) + 0.5%(Ilfs)
13. Ans: (b) =(9 x12k) + £(9x12k)
Sol: Number of patients = 10 100
ECG signal B.W = 100Hz = 108540 bps
(Qe)max < (0.25) % Vinax
vV 0.25 15. Ans: (b)
Z Y max o Y-S
2%2" T 100 ™™ Sol: To avoid slope over loading, rate of rise of
2" > 400 the o/p of the Integrator and rate of rise of
n 2z 8.64 the Base band signal should be the same.
n=9
. . .. Af; = slope of base band signal
Bit rate of transmitted data = 10x9x200
— 18kbps Ax32x10° =125
A =27 Volts.
14. Ans: (a)
Sol: Peak amplitude —> A, 16. Lnsi(b)
Peak to peak amplitude A, Sol: (1) = Emsin2nfu(t)
dm(t . )
A A A |dm) — slope overload distortion
EIR) T
A takes place
PCM maximum tolerable — =0.2% A,
Peak to peak 2A/m 0.2 Af,
A= = = Am —5 <Epfm +A=0.628
L 2L 100 = on ( )
2A .
(rA= m ) - 0.628 x 40K <Ef.
L 2n
=L =500 fs =40 kHz = 4 kHz < Epfin
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Check for options 20. The message signal
(@) By x £ = 0.3 x 8 K = 2.4 kHz m(t) = Sinc (400t) x Sinc(600t)
meme ) is sampled then which of the following option
(4K ¢ 2.4 K) .
(b) Em x fn = 1.5 x 4K = 6 kHz isfare correct.
(4K < 6 K) correct NOTE: options are changed
(a) Nyquist rate = 2 kHz
(c)Emxfnh=15x2K=3kHz (b) Nyquist rate = 1 kHz
(c) Nyquist interval = 0.5 ms
(4K £ 3K) (d) Nyquist interval = 1 ms
(d) En x f,=30x 1 K=3 kHz 20. Ans: (b & d)
Sol:
(4K <« 3K)
: CTFT
17. Ans: (2) Sinc(400t) ——
0
Sol: Given —200 _%OfO
m(t) = 6 sin (2nx10%t) + 4 sin (41x10°t)
A=0314V
TFT
q Sinc(600t) C—»—
Maximum slope of m(t) = E(m(t))/ t =§ 300 0 300
—f
= 21x10%(6) + 4nx10°[4] = 28mx10° M(f) frequency will range from
18. Ans: =500 to 500 Hz
- Ansi () o+ £y = 2fimax = 1 kHz
Sol: Pulse rate which avoid distortion 1
Ty =—=1Ims
MAX

19.
Sol:

d

Af, = —m(t
=™
f_281t><105
T 0314

f,= 280x10° pulses/sec

Ans: (a,b & ¢©)
a. 1, = (Nn + EB)f;

rp, = (80 + 5) 5000 = 425(kbps)
b. r, = Nnf;

rp, = 10(8+1) 5000 = 450(kbps)
c. 1, = (Nn + EB)f;

rp, = (80 + 10) 5000 = 450(kbps)
d. r, = Nnf;

rp, = 10(8+0.8) 5000 = 440(kbps)
.. a, b & c are correct

q
b & d are correct
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Chapter Bandpass Data Transmission

01. Ans: (¢) 04. Ans: (a)
Sol: (BW)gpsk = 2f, = 20 kHz Sol: Non coherent detection of PSK is not
(BW)opsk = fp, = 10 kHz possible. So to overcome that, DPSK is
implemented. A coherent carrier is not
02. Ans: (b) required to be generated at the receiver.
. Ans:
Sol: fH =25 kHz ) fL =10 kHz 05. Ans: (C)
.. Center frequency i
25410 Sol: In QPSK baud rate = bitrate _ 34
= ( j kHz 2
2 =17 Mbps
=17.5kHz
.. Frequency offset, 261 Ans: (d)
ol:
Q=21 (25-17.5) % 10° .
5 b(t) o/pb' (t)
— 21 (7.5) % 10 — R
= 15 x 10°n rad/sec. Delay
The two possible FSK signals are
orthogonal, if 2QT =nn b(t) 0|1 0|1
= 2(15m) x 10°x T=nn b (metin | 0 |0 [ 110 |0
3 Phase T|n|0|n|®
= 30 x 10° x T = n (integer)
This is satisfied for, T = 200usec. 07. Ans: (b)
Sol: Given
Bit stream 110 111001
03. Ans:
Sol: rbn=s8(1?1))ps Reference bit = 1
Coherent detection b(t) b (t)
Af= o —>D
t
Best possible n =1 Q)
8K
Af= == =4K bl(t) = b(H® Q1)
To verify the options Af = 4k 1 10111001
i.e. for —for = 4K . v
()20K-16 K=4K 110000100
(b)32K-20K=12K
(c)40K-20K=20K lllllllll
(d)40K-32K=8K 0O0nnnmOnm
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08. Ans: (d) 11. Ans: (b)
Sol: 1,=1.544 x 10° Sol: Here 16-points are available in constellation
a=0.2 which are varying in both amplitude and
L phase. So, it 16QAM.
b
BW = (1+a)
0g
? 12. Ans: (d)
6 I,
:M(l+0.2) (- M=4) Sol: BW = long (1+0c)
2

BW =926.4 x 10° Hz

09. Ans: 0.25
Sol: BW =1500 Hz

BW required for M-ary PSK is
R, [1+a]
log, 16
= Ry, [1 + a] = 1500 x 4 = 6000

=1500Hz

Roll off factor = a = M —-1=0.25
4800

10. Ans: (b)
Sol:

Here only phase is changing.
From options (b) is the optimum answer.

36x10° = %’(1 +0.2)(+ M = 4,QPSK)

1, = 60x10°bps

NOTE: new question 13" is added in text book

13.

13.
Sol:

14.
Sol:

Which among the following modulation,
schemes consume less bandwidth

(a) B-PSK (b) Q-PSK

(c) 64-PSK (d) 64-QAM

Ans: (¢ & d)

Bandwidth of 64-PSK = 2% _ %b

Bandwidth 64-QAM = Bandwidth of
64-PSK

Ans: (a, b & d)

M-ary ASK constellation plot will always
come on a single line (either x-axis or
y-axis).
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Chapter Optical Sources & Detectors

01.

0.3V
Sol: 1 kO 100Q 2kQ 4kQ
10 kQ WA——MWW~AW
\ kQ ~ 10V =/ 1 +
> ORI
N I; _
10V 3kQ
st VZk \ ?
1" case: Vika="?
R, =1 k€, no 10 V source i = -V _ _SV:_O_714 mA
4kQ +3kQ) 7kQ
d V3k Q= i2><3 kQ
2" case: = (-0.714) x3x10°
R, = 5 kQ —10 V source is present :._244 v
From circuit
So, V= VOI(OnlleV) + Voz(omysv) =141 mA
So
_ —10kQ Vo =1.41 mA x2kQ =28V
1kQ+ Rp
03. Ans: (¢)
_( —10kQ <10+ 1+ 10k Q 5 Sol: Given data.
1kQ + 5kQ2 1kQ +1kQ C;=6pF
A =10 mm’
V=(_10k9x1oj+(1+—mmjx5 R=0.5A/W
6kQ 2kQ = ImW/cm?
V=1333V e’
I, —>
Vv
02, S
\_D,ﬁ 3kQ PIN
— . VL =7
10V D >V We know
VL = IPXRL
R= L
D;,D, are in forward bias B P_O
D2—ON, D] —OFF Po = AxI
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@ ACE 25 Optical Instrumentation
L= 0.5A W Ax] Photodiode current
P I, = Area x sensitivity x Intensity
_0.5A ,  ImW Ip = 10 mm® x 0.5 A/W x 4W/m”
Ip— x 10mm ><10an2 IPZZO },lA
10 [ to V converter sensitivity is 100 mV/pA
I, = (O.SXEXImjAmp So, V., = 1002V % 20pA
~ [
_ 5
I, = 510~ amp -2 Volt
VL = xRy = 5x107°x100 kQ
07. Ans: 75.18
- VL =5 volts
’ Sol: & et
04. Ans: (¢) P hc
Sol: Given: \
n =0.65 =1 p
% =900 nm >
Pp=0.5 pw ~0.75x1.6x107"" x830x 10~ x100x10™°
I,=10 A 6.624x107* x2x10"
M=7?
M= I, 10pA [=75.18uA
IP Ip
We know
El, 08. Ans: (a,b & d)
n= P_q Sol: The sensitivity of photovoltaic cell is almost
0
hel, constant when it is short circuited & is
0.65 =
AP,q almost negligible when the load resistance
0 652[ 6.6x107* x3x10° JXI is about 10 kQ. The sensitivity of a
900nx0.5x107° x1.6x10™ ) ~* photovoltaic cell decreases with increase of
_ 7
= =23 61;12 load resistance.
_ K
2.36x107 A
=424 ~ 43 09. Ans:(a&b)
05. Ans: _1V Sol: The photodiode is used in the detection of
Sol: Output is independent Vr both visible & invisible llght
06. Ans:2
Sol: Given
Area = 10 mm’
Sensitivity = 0.5 A/W
Intensity = 4 W/m”
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Chapter > LED’s & LASERs

01. Ans: (b) 04. Ans: (¢)
Sol: 2i=115"34"=115.566", Sol: E:=20.66 eV
i=57.783°, u=tani=tan57.783° 1
= 1.587 ,”———> Laser transition
02. Ans: (a) E,=18.7¢V
Sol:
Ground
2r
E1 =0eV
4x10°km
DE—— 05. Ans: (¢)
0 =1 d
mrra Sol: E3 — Ez = E
tan® = ——=1 mrad A
4x10° x1000 p—_he  _ 6.625x107* x3x10°*
(tand = 0) E,-E, (20.66-18.7)x1.6x107"]
r = 4x10° meters = 633.8 nm
=400 km
Diameter = 2xr 06. Ans: (d)
=2x400 km Sol: Given
= 800 km 0
A=06328A
03. Ans: (b) Bandwidth = 1 MHz
Sol: Given: C,=?
L =500 mm We know
Bandwidth = 1500 MHz C
_ Cc=—-*t
Af=7? C
Number of longitudinal oscillating modes ' |
_ BW C1:3X108X M ( Ct:?)
Af g
We know C=300m
C
Af= Z 07. Ans: 40
o L Sol: Area for photodiode D,
Number of longitudinal oscillating modes _
A; =10mm x(5mm + 0.1mm)
1500 MHz _ 62
3x10 Area for photodiode D,
2x500x107 A; = 10mm x(5mm — 0.1mm)
6 =49 x10°m?
_ 1300107199910 W .
x10 P, =50 — [x51x107°(m")
=5 m
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Optical Instrumentation

P, =50x51x107°(W)
P, = SO(EZ) x49x107°(m?)
m

P, =50x49x107°(W)
Difference between photo currents
Al =Ip; — Ipa

= Photodiode sensitivity x AP

= 0.4(%} x (P, —P,)

= 0.4x50(51-49)x107°

= 0.4x50x2x107°

09. Ans:(a,b,c & d)

Sol: The laser light exhibits some peculiar
properties compared with the conventional
light which make it unique, these are
(1) Monochromatic
(i1) Coherence
(ii1) Directionality
(iv) Highly intense brightness
(v) High radiant energy

=40 (uA) (vi) Polarized
08. Ans:2
Sol: E, = hC
A
4.13567x10™"° x3x10°
E, = Vs
¢ 620x10
=2eV
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Chapter@> Interferometers

01. -9
L L T s
Sol: Given data: 1.6-1
t=35 um = t=0.85 um
n=>5
03.
A =589 nm Sol: Given data
te = ? t=1.5 um
We know A=0.5 um
=9
(e~ 1) =) 4.
We know
= 5x10 %(ug— 1) = 5x589x10~°
t: n_}\’
5%589%10~° 2
= (K- D= T l0¢
—6
e 1.5%10° = nx0.5x10
= (ne—1)=0.589
-6
— pe=1.589 1.5x107 %2 _
0.5x107°
02. =n=6
Sol: Given data: 04.
A=515nm Sol: Given data:
Refractive index (n) = 1.6 )
A =6328A°
GR = 450
t=20cm
t=? =7
we know We know
t(u—1) =nA 2t(n— 1) =nA
o = 2x20x107( — 1) = 100x6328x10"°
(n-1) n=1.0001582 ~ 1
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Optical Instrumentation

05.
Sol: Given data
RI=p,=1.53

HMair = 1.0

2
R: “’g _Mair
Mg +Hair
R =0.044
R =4.4 % of loss

06. Ans: (b & ¢)
Sol: A Michelson interferometer consists of
(1) Movable mirror
(i1) Fixed mirror
(ii1) Source (monochromatic)
(iv) Detector

(v) Half silvered glass plate

07. Ans: (¢ & d)

Sol: The phenomenon of interference is shown

both by longitudinal and by transverse

waves.

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




Chapter

Fiber Optics

01. Ans: (d)
Sol: NA =,/n; —n;
=(1.44) —(1.4)

=0.34

02. Ans: (¢)
Sol: Given data
=25
n=>=?
n = refractive index
We know,
n= &MU,
g = relative permittivity
u, = relative permeability

n=+25 (=1

04. Ans: (¢)
Sol: p,=1.732

air\u air:1

glass

\

1y =1.732

H,

tan O =
“’air 3 1

0 = tan '(1.732)
GB - 600

05. Ans: (a)
Sol: Given glass = 1.720

=1.58 y 2
R: (Mair MglassJ ><100
03. Ans: (d) Mair p- l"lglass
Sol: nj=1.6 )
n, = 1.422 R=[12172) 00
1+1.72
0.=7?
=7%
- %Cladd 06. Ans: (d)
/9§ Sol: 0. = sin™ o
core nl

: Given
sinf, _ n,
sin90°  n, n; = 1.641

1.422 n, =1.422
0, = sin”’ (—j
1.64 . _,(1.422j
0.=sin" | ——
=60.12° 1.641
~ 60’ = 60°
a' ace India’s Best Online Coaching Platform for GATE, ESE, PSUs, SSC-JE, RRB-]JE, SSC, Banks, Groups & PSC Exams
Online Enjoy a smooth online learning experience in various languages at your convenience




s

ACE

=2 Engineering Publications

31

Optical Instrumentation

07.
Sol:

08.
Sol:

Ans: (d)

ne 133 C 'V,
w15 v
V., 155
V.13

Ans: (b)

NA=?

20 mm

—
50 mm

09. Ans: 0.75

Sol: noboo 0.75 (noct)
n, t,
10. Ans:(a,b,c & d)
Sol: Factors affecting the propagation of light
through optical sensors:
(1) The size of fiber
(i1) The amount of light injected into fiber
(i11) The coherence of light source
(iv) The composition of fibers

(v) The N.A of the source & fiber

11. Ans: (a,b, & ¢)

NA =y ny —n; Sol: In case of optical fiber to get TIR the
NA = po sinB condition is RI of core > RI of cladding.
NA = sinfy We know R.I of glass is greater than R.I of
NA = 10 plastic so from this information we can say
V10 +50° that option (a), (b) & (c) are correct.
=0.196
~ 0.2
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Chapter

01.
Sol:

02.
Sol:

UV VIS Spectrophotometer

Ans: 4.35

In a TOF mass spectrometer

t=L. |-
2eV
L=85cm

my =200 x 1.66 x 1077
mg =300 x 1.66 x 107
eV=16x10"%x2x10°

m
t, =L A
AT\ 2ev

27
= 0.85\/ 200x1.66x10 " ___ 19 36 | 5ec
2x1.6x107" x2x10
m
tB:LV2esf
27
=0. \/ 00166 X107 _ 3 71 psec
2x1.6x107" x2x10

At=tg—ta=4.35 psec

Ans: 0.707 m
In case of mass spectrometer

\ 2ev

m
forion A > ta=L A
AT M ey
forion B > tg = Lm/ Ma
2eV
Y _L, [m,
tB LB mB
Ma - 1 (given)
m, 2

We want to find distance of ion B crossed
from starting point when ion A reached at

the end of tube 1.e. ty, = tg

03.

Sol:

04.

Sol:

0s.

Sol:

N |~

b
LB
1

—=0.707 m

V2

Ly

Ans: 524
Resolving power of mass spectrometer
_ mass of sulphur
mass of sulphur — massof oxygen
B 32.0600
32.0600 —31.9988
=523.86
=524
Ans: (a& b)

A mass spectrum is a graph obtained by
performing mass spectrometry.

It is a relation between the mass to charge
ratio of ion signal.

A mass spectrum used for working out the
relative atomic mass or relative molecular

mass of the substance.

Ans: (b, c & d)

Mass spectroscopy is an analytical
technique in which sample is converted into
rapidly moving ions which are then
separated & characterized. The composition
analysis of an alloy, a natural gas, a solid is

not done using mass spectrometer.
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