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Volume-1 : Study Material with Classroom Practice Questions
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Introduction

(Solutions for Vol-1_Classroom Practice Questions)

Chapter
01. Ans: (b)
Sol:  We know that
F.T
e "u(t) <> ——
a+jo
F.T
e"u(—t) <> ——
a—jo
F.T 1 1
e u(t)—e"u(-t)e>—m ———
a+jo a-—jo
Puta=0
F.T 1 1
u(t)—u(-t)e>—-———
Jo  —Jjo
F.T
sgn(t) <> —
jo
02. Ans: (a)
Sol:
f(t)
Slope=1
0 1 2 ¢
fit)=r(t) —r(t— 1) —u(t—2)
03. Ans: (a)
Sol: The convergence of Fourier transform is
along the jw-axis in s-plane.
04. Ans: (a)
Sol: i
j®o
0 G
—j oo

F(s) =

LL.T
< f(t) =cosm,t

2 2
s” + o,

LL.T

f(t)=coso,t <> F(0)=nr[6(0—-»,)+d(0+n,)]

05. Ans: (d)
Sol:

v . v = ’\
Sz o0 12y 20 2, T o T 1
06. Ans: (¢)
Sol: Given x(t)= e

Fourier transform of x(t) is

jo

2./a

Letp:\/;t%r

dp = /adt

(0]

0
e4a

X(o)= 7 J‘e*pzdp

—00

Te"zdp =/n

—0
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07.

Sol:

08.

Sol:

09.

Sol:

Ans: (d)
The EFS expression of a periodic signal

x(t)is x(t) = ch e
where, 'c,' is EFS coefficient.

Apply F.T on both sides
X((J)) — ch FT [ejnmot]

1 © 21d(w)
© 21d(® — nwy)

X(w)=2mn icnfi(w —na,)

n=-—oo

So, it is a train of impulse.

Ans: (a)
V(jo)=e; |o|<1

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

~ Rl de= i [[FGe)f do

—00

Postal Coaching Solutions

10. Ans: (a)

F.T

Sol:  f(t)=Ae ! & F(jo) = an .

a’+o

11. Ans: (d)

Sol:  m(t) = f(t) cos2t
Apply Fourier transform
M(f) = %[F(m -2)+F(o+2)]

F(o-2) F(ow +2)
i 2 3 i 2 3
12. Ans: (b)
Sol:  For band limited signals,
S(H) #0; |f] < W
S(H)=0; |f]>W

13. Ans: (a)

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

14. Ans: (d)

Sol:  Hilbert transform of f(t) is
H.T{f(t)} = f(t)* L

mt
It is in the terms of ‘t’.
15. Ans: (a)
Sol:  For an ideal LPF

H(f) = k e !®" for-B<f<B

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

H(D) 4
k

—-
-B 0 B
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19. Ans: (a)
Sol: Xx(2t) means signal time axis is compressed
h(t) by 2
A
2Bk X(t) x(21)
! 4 4
N i .t
N\ >
0 tg , ,
5 0 5 7250 25 t
h(t) #0 for t<0
Output exists before input is applied i.e. 20. Ans: (b)
non-causal, which is physically impossible. Sol: Audio frequency is between 20Hz to 20kHz
21. Ans: (d)
16. Ans: (b) Sol: Telephone channel carries voice. Voice
1 frequency is between 300 Hz to 3500 Hz.
Sol:  5(at) = ME’“) So bandwidth is 3200Hz. So we
1 approximately  consider 4kHz is the
5(2t) = —3(t) bandwidth requirement of a telephone
2 channel.
17. Ans: () 22.  Ans: (c)
Sol: By modulation we are translating the low Sol: From the signal spectrum fy = 530 kHz,
frequency spectrum into high frequency f; =50 kHz
spectrum. Bandwidth = f; — fi = 530 kHz — 50 kHz
=480 kHz
18. Ans: (a)

Sol: We know that
P(dBm) = 10log(Px10?)
—10 = 10log(Px10°)
Px10°=10"
P=10"=100 pW
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Chapter

2 Amplitude Modulation

01. Ans: (a)
Sol: V(t) = Ac.cos®ct + 2 cOSOmt . 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.>Ey

S (A)min =2

02. Ans: (d)

Sol: m(t) = (A; + An COS®mt)COS®L.

A
= A (1 + — cosmmt)cosmt.
A

Given
A.=2A,,

=A.(1 +% COSMmt)cosmct.

2 2 2 2
PT:A—° 1_|_“_ , Ps:i B
2 2 21 4

2

ne 1
pT=1+ 3 =1+8=2><16
Py 02 T 8

T 16

4
PT:18PS

03. Ans: (a)

Sol: m(t) = 2cos2nfit + cos2nf,t
C(t) = Ac.cos2mfct
S(t) = [A¢ + m(t)]cos2mfct

04.

Sol:

05.

Sol:

S(t) =A([l + AL m(t)]cos2nfct

C

AC
Ani =2, Amp=1

2
= KA = —, o =

1
AC AC
B= 0]+
4 1
_2+_

=05= -

C

:>AC:\/E

Ans: (¢)
m(t) =—-0.2 + 0.6sinot, k, =1, A, =100
S(t) = A¢[1-0.2 + 0.6sinm;t]cosm,t
=100[0.8 + 0.6sin®;t]cosm.t
Vimax = A¢[1 + n] = 100[0.8 +0.6] =140 V
Vimin= A[1—u] = 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

fn = =10 kHz

1
TO

v

t“—>
100psec
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| | 1

£-3f, f2f, fifa fo faf, f42F, f43f,
=970K =980K =990K =1000K1p1ogk =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 o 500 =500 0 500
So, highest frequency component in the
signal m(t) is 100 + 500 + 500 = 1100
BW=2x1100
BW =2200 Hz
AP(H)
07. Ans: (a) 1
Sol: P(t) =u(t) —u(t-1) =
US|
A A
1 w1
g(t) =P(t) *P(t) =
ot o1
g
ol 1 2 >

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

08. Ans: (d)
1—p?
2nf_p

:

Sol: R, C<

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

09.
Sol:

Ans: (b)
S(t) = 10c0s2710° + 8cos2m5x10*tcos2m10%

Carrier = 1 MHz
—>

Gain = 0.8

Tuned ckt

—u="2?

Carrier message
—» Tuned ckt
=1 MHz + 5 kHz

Gain= 0.5

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

= 8(1+§cos 215000t ) cos2m10°%t

1
-2 - —05
"% 2
0.8
A .
BN 0.5 0.5
2, Adt s :
4 | !
fotfm

T T ff, fc
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10. Ans: (d)
Sol: Apax =10V

Postal Coaching Solutions

1
Amplitude deviation Acp = 7.5% 5 =25V

W2 = 0.1 = Ac2H2 =25

Amin =5V Acz =925V
n=0.1 Which must be added to attain = 17.5

_ Amax _Amin
“ Amax +Am1n

= l =0.33

3
A +A

A — max min

¢ 2

_ 10+5 _75V
2

Ac(I+p)=Ac+ A
=10V=75+2.5

m(t) = 0

Ac(l=p) = Ac— Acp
5V=75-25
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Sideband Modulation Techniques

Chapter
01. Ans: (¢)
Sol: mt) (S Vi, | System| avy
+ 1 +
A _

bV,>

V, | system
3 +' ( %) 2

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

Acosoct

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
BW=2f,
=2 (500)
=1kHz

— P

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 = r(t).sin O(t)

The envelope is
r(t) =[ 0.25 cos” 21 (10%)t
+ {1- 0.5 sin 2r (10%)t}%]"?
=[1.25 — sin 2m(10t]"2

= [% — sin 27 (10%)t]"?
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04.
Sol:

05.
Sol:

06.
Sol:

ACE
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Ans: (b)
Output of 1* balanced modulator is

-13 11 <10 9 7 7 9 10 11 13

Output of HPF is

> f(kHz)

» f(kH:
-13 -11 -10 10 11 3 (Hz)

The Output of 2" balanced modulator is
consisting of the following +ve frequencies.

> f(kHz)
0 2 323 24 6

Thus, the spectral peaks occur at2 kHz
and 24 kHz

Ans: (¢)
Given
f, =100Hz, f ~=200Hz, f  =400Hz,

m

f, =100KHz, f, =100.02KHz

S(t) /. = Ac‘z“m [cos( g + fin )+
cos(f, + fm2 )t + cos(f + fm3 )t]
S(t)/R, =[S(t)/ T, ]JA cos2nf_ t

AZA,

= T[cos(fC + fCLo + fm1 )+ cos(fml —20)+
cos(fe +1fe, +fm,)+cos(ty, —20)+

Lt fm3 )+ cos(fm3 -20)]

Detector output frequencies:
80Hz, 180Hz, 380Hz

cos(f, +f,

Ans: (b)

Given

SSB AM is used, LSB is transmitted
fo =, +10)

07.

Sol:

08.

Sol:

09.

Sol:

AA
S(0/ Ty = =< cos2nf, ~ 1,

AcAm

S(t)/Ry { cos 2n(f, — fm)t:| cos 2n(f, + 10)t

3%[003 2n(2f, +10— £, )t +cos2m(10+f, )t]

1.e., from 310 Hz to 1010 Hz

Ans: (b)
BW of Basic group = 12x4 = 48 kHz
BW of super group = 5x48 =240 kHz

Ans: (d)

Given 11 voice signals

B.W. of each signals = 3 kHz

Guard Band Width =1 kHz

Lowest f. = 300 kHz

Highest f, =

= £, +f, =300kHz+11(3kHz)+10(lkHz)
=343 kHz

f, =343kHz-3kHz

=340kHz

Ans: (b)

fm1 =5 kHz > AM
fm2 =10 kHz — DSB
fn3 = 10kHz — SSB
fma = 2kHz — SSB
fms = SkHz > AM

f, = 1kHz

BW = (2fm; + 2f + fin3 + fing + 2fims + 41,)
=2x 5+ 2x10+ 10+ 2 + 2x5 + 4x1
=10+20+10+10+6
=56 kHz

.. BW =56 kHz
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4_ Angle Modulation

Chapter
01. Ans: (a) The n™ order non-linearity makes the carrier
_ 2
Sol: s(t) = 10 cos(20mt +xt”) frequency and  frequency  deviation
1 do.(t
P = 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 : _
—L = x2nx1=1Hz/sec - (Af)NeW— 1485 kHz &
dt 2n
(fo)New = 300 MHz
02. Ans: (d) New BW = 2(1485 + 5) x10
A 2y 2 =2.98 MHz
Sol: P, =—= J2° ®) =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
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
= c0s2m(1000 + 4x2)x10°t
03. Ans: (a) ! CO_S H x2)x
1.e.,n=4
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,=4n 10
_ o Aft ) =1 = fn=2k
Since BW = 2(Af + f,,) = IMHz Jo(B)=0atp=24
=1000 x 10 B:kf Aw _ 5y kex2
Af+ £, = 500 kHz £ 2k
Af= 495 KH kf=2.4KHz /V
N z atp=>5.5
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55 2.4kx2 From f; to f; + 4f,, pass through ideal BPF
fo Powers in these frequency components
=1, =872.72 Hz 2 2 2
p_c 2 Ac 2 Ac 2
= 0B +2—=J (B +2—15(B)
2R 2R 2R
06. Ans: (¢)
2 2
Sol: B=6 Ac o Ac
Jo(6) = 0.1506 ; J3(6) =0.1148 +2EJ3B+2§J4(13)
11(6)=0.2767; 1u(6) = 0.3576 AZ[(=0.178)" +2(~0.328)" +2(0.049)"
J2(6)=10.2429 ; 2R [ +2(0.365)% +2(0.391)*
P 2 -
Lin _o  poo A, 41.17 Watts
P, 2R
08. Ans: (d)
2|2
AT Al
__Cl 0 2 2 2 2 . = _C =
P, =5 |5 OO+ @ T, B = el ™
100
A LB =—— =50W
i, T R 02 +B+LE LB 2
P 02879 o Power Power in components « 100
}) =7 =0.5759=57.6 % total power
' A 41.17
= ——x100
07. Ans: (¢)
Sol: m(t) = 10cos20mt =82.35%
fn =10 Hz 09. Ans: (d)
inserting correct signal and frequency Sol: In frequency modulation the spectrum
contains f. + nf; + mf,, where n & m =
p= KiAn 35x10_4 0,1,2,3.........
f 10
Acdo®) 10. Ans: (¢)
AT B) ACJ21 B) Sol: Given f. = IMHz
24 A AclhB®) finax = fo + ke Am
M 2 kp =2n k¢
AcI3(B) Acl;®) ko
2 T TZ ! 2n  2¢m
1
fe-3fn  fo2f,  fof, fo fotfn  fot2f, fe+3f, - 5
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:(106+lx105) —(10° +0.5x10°) fi=fxaf
2 —f, + keAm
=(10° +5x10*) = 100x10° + 10x10° (m(1))
= (10° +50)10° = 110 kHz & 90 kHz
= (10’ +50) k 13. Ans: (c)
= 1050 kHz. Sol: S(t) = A, cos (2nfit + k,m(t))
fmin = fc _kf Am
_1d 0i(t)
= (106—%x105j f; _Zaei(t)
= L d @nfit + kym(t))
=(10° - 0.5x10°) 27 dt
—(10° =5x10°* o+ Yo
( ) Sk, <m0
= (10° =50)10° A y
f =f +-L _f ogop 3
=(103_50)k max c+2n(103j—fc+2nx4x10
= 950 kHz k
11. Ans: (d) =100 kHz+2l><4x103
T
Af
Sol: p=""— — 102 kHz
" 1
f =f -k —
Af min c P 10,3
Ab= —
b7 )
Af= A =f,— 2 kHz
fmin = 98kHz
=Ky Am fn
12. Ans: (c) 14.  Ans: (¢)
Sol: Sol: Given,

£.=100 x 10° Hz
ke= 10x10°Hz

m(t)|max =+1 , l’l’l(t)| min = —1

S(t) = A cos (0i(t))

= A, cos (ot +(t) )
m(t) = cos (®mnt)
fi(t) = ft2nk(fn)” cos mt

_ 1.0,
"oon dt
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0i(t) =] 2 fi(t)dt .

5 A—m(t)
0.(t) = j 27, +2nk(f,)* cosw, t]dt a
0i(t) = 2nfit + (2nf,)’ k S5 Cnt
o,t
0 2 4
(1) = + 1 —

0i(t) = ot + opk sin Opt 4l 14 l 4 _4l
15. Ans: (b)
Sol: Afmax = Kf |m(t) |max 17. Ans: (a)

Sol: B, =k, max [[m(t)[]]=1.5x2=3
= @x[IO] Br= K, max m(t)|]
2n ! f
500 30002
Al = (TJHZ 1000
=6

16.  Ans: (b) 18. Ans: (a)
Sol: Given that

s(t) = cos[®ct + 2tm(t)]volts
1 d
f=——|o.t+2mm(t
S gt +2mm(0)]

1

= Li[2nfct +2mm(t)]
2n dt

d
f, =f +—|mlt
=tos L ()
we know that f; = f, + kem(t)
Here kim(t) = %[m(t)]
Af = max{k ,m(t)}

d
Af = —mlt
max{dt i )}
Af =2kHz

A m(t)
2

NANA A
AT R

Sol: Using Carson’s rule we obtain

BWpy =2 (By + 1)fin = 8 x 1000 = 8000Hz
BWiwi =2 (Br+1)fn = 14 x 1000 =14000Hz

19. Ans: 70 kHz
Sol: s(t)=A, cos[2nfct + kpm(t)J

k
f =f +—pix(t)
2m dt

= 20k + - x si(sin4n103t —~10mcos2710°t)
2 dt

25 | cos(4nl0’t —10m cos 210’ t)

=20k + —x
21" | (4n10° + 107 sin 2710°t x 271 0° )

f

i(t=0.5ms)

= 20k+§—5xcos(4n+10n)x4nx103
T

:20k+§x4nx103
27

=20k + 50k

f. = 70kHz

i(t=0.5ms)
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5 Radio Receivers

Chapter
01. Ans: (d) 88MHz + 2xIF > 108 MHz
Sol: The image channel selectivity of super IF > 10MHz

02.

Sol:

03.

Sol:

04.

Sol:

05.

Sol:

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, fj= 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 _ ﬁ :(_j =441
Cmin f| min 1000
Ans: (a)

fy(range) = 88 - 108MHz

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

fi > 108 MHz

fy + 2IF > 108 MHz

06.

Sol:

07.

Sol:

08.

Sol:

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
11 max = 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 35|15
< f |f
fa llo s
fie
fir=15 MHz
fL o =3500 MHz
fs - fL0 = fIF

fy =1, + filr=3515 MHz

fi = image frequency = f; — 2 fi¢
=3515-2x15
= 3485 MHz
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Baseband Data Transmission

Chapter
01. Ans: (d) 04. Ans (¢)
Sol: A— Viex = Vioin Sol: Number of bits recorded over an hour
ok A= =R, x 3600 = 10.16 G.bits
1 A 2"
Aa o A—l = 05. Ans: (c)
2 Sol: p(t) sin(4nWt)
n+3 . =
01_2 P W (=16W? o)
A, 2"
A, =0.1x < 4W 4W ) 0
=0.0125 Use L-HOSpital Rule
' 4tW cos(4n W t)
Lt p® = Lt —
02. Ans: (3) o o 4nW—-647W” (3t7)
Sol: (BW)pCM = ans f 4nW(-1)
3 1
Where ‘n’ is the number of bits to encode Wy M 3(16W2J
the signal and L = 2" where ‘L’ is the AW
number of quantization levels. = " =05
L1 =4 = n = 2 ) &
Lz =64 = n,= 6
(BW), n, 6 06. Aps: 35.
(BT) = n_ = 5 =3 Sol: Given bit rate Ry, = 56 kbps, Roll of factor
: 1 a=0.25
(BW),=3 (BW), BW required for base band binary PAM
system
03. Ans: (c) e .
Sol: Given, BW=—[l+a]= 7[1 +0.25]kHz = 35kHz
Two signals are sampled 2
with f;=44100s/sec and each sample
contains ‘16’ bits 07. Ans: 16
Due to additional bits there is a 100% Sol: Ry = nf; = 8bit/sample x 8kHz = 64 kbps
overhead. Bo).. — R,
Out put bi‘t rate =? (Br)min = 2log, M
Rb = IllfS B Rb B Rb
f,' = 2f, = 2 [44100] 2log, 4 2x2
(.-two signalssampledsimultaneously) R, 64
n'=2n T = T
(. dueto overhead by additional bits)
= 16kHz

Ry =4 (nfy) = 2.822Mbps
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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 . . . .. .
IfP(f) < p(b), Option (c) is correct if the transition is from
Condition for zero ISI is given by 0.8t01.2,-0.8t0-1.2
1 & Option (d) is correct if the triangular
T z P(f—n/T))=p(0) duration is from -2 to +2
= P(f—-n/T,)=p(0)T
Z; ( ) = PO, 09. Ans: 200
p(0) = area under P(f) Sol: m(t) = sin 100zt + cos 1007t
p(H) = /2 cos [100mt + ¢ ]
1
oo YoV 2
f(kH
T2 08 0 08 12 [kH2)
1 I S & ~4=2"
Area = 2x5(l)(0.4)k+2x0.8k =2k 0.75
1 Son=2
p(0) Ts= 2k x K =1 f=50 Hz so Nyquist rate = 100

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

=—00

10. Ans: (b)

The above condition is satisfied by only | Sel: Given

option (b) f, =3.6kHz=f =7.2kHz
ip(f —n2k) f, =f, =12kHz=f, =f_ =2.4kHz
n= 1 fo=f, +f_ +f,
= 12kHz
- . - No. of Levels used = 1024
e e Ne | — 1= 10bits
I// \\: :/, \\: :// \\: :// \\: > '.. B‘t t — fs
2-12-08 ( 0812 2 f(kHz) 1 rae:;Z)X 1 KHy
U =120 kbps
« 1 R 11. Ans: (a)
Sol: (fs)min = (fsl )min+ (fs2 )min
0 ] + (fs3 )min + (f34 )min
® =200 + 200 + 400 + 800
. Y P(f—n2k) =1 — 1600 Hy
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12. Ans: (a) n=9
Sol: Peak amplitude — A, Bit rate of transmitted data = 10x9x200
= 18kb
Peak to peak amplitude A, ps
A <8 14. Ans: (c)
2 2 Sol:
PCM maximum tolerable % =0.2% An C|Connnn Cx
A= Peak to peak N 2A/m _ 0.2 A v
L 2L 100 Wi
<«— T —»
2A
(". A = L ) N
Minimum B.W of TDM is ZW]-
= L =500 i=1
2" =500
n=9 15. Ans: (b)
Ry = n(fs)tpm + 9 . . .
f = Ry + 20%Ry = Ry + 0.2R Sol: To avoid slope over loading, rate of rise of
fo=1.2Rxn = 1.2 x2x® the o/p of the Integrator and rate of rise of
fs = 2.4 K samples/sec the Base band signal should be the same.
(fs)rom = 5(fs) .. Af; = slope of base band signal
Tox24R Ax32x10° = 125
X X —
=12 K sample/sec
A=2"Volts.
Ry = (nfs) + 0.5%(nfs)
= (9 x12K) + 22 (9x12k) 16 mansi()
100 Sol: x(t) = Emsin27tfn(t)
= 108540 bps
dm(t . )
TA < ‘ﬂ — slope overload distortion
S
13. Ans: (b) takes ol
akes place
Sol: Number of patients = 10 P
ECG signal B.W = 100Hz Afs < Em27fi
(5] IIIZ‘»XS 0'25 Y, Vmax
(Qe)max < (0.25) % _, Afy Emnfin (- A=0.628)
2V, 025 2n
2x2" 100 ™ _, 0.628x40K _
2" > 400 o mem
>
n=8.64 fs = 40 kKHz = 4 kHz < Eyf,,
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Check for options 18. Ans: (¢)
(@) Emx =03 x8 K=2.4kHz Sol: Pulse rate which avoid distortion
(4K ¢ 2.4 K) d
(b) Em x fn= 1.5 x 4K = 6 kHz Af, =am(t)
(4K < 6 K) correct
5
(€) Em % fn=1.5 x 2 K = 3 kHz p _ 28nx107
’ 0.314
(4K « 3K)
f, = 280x10° pulses/sec
() Enxfr=30x1K=3kHz
(4K « 3K)
17. Ans: (a)
Sol: Given
m(t) = 6 sin (2nx10’t) + 4 sin (41x10°t)
A=0314V
. d i
Maximum slope of m(t) = E(m(t))/ t= )
= 271tx10%(6) + 41x10°[4] = 287x10°
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Bandpass Data Transmission

Chapter

01. Ans: (¢)
Sol: (BW)gpsk = 2f;, = 20 kHz
(BW)QPSK = fb =10 kHz

02. Ans: (b)
Sol: f;=25kHz; f.=10kHz
.. Center frequency

_ (25;10) o

=17.5kHz
.. Frequency offset,

Q=21 (25-17.5) % 10°
=2 (7.5) x 10°
=15 x 10°% rad/sec.

The two possible FSK
orthogonal, if 2QT =nn

= 2(151) x 10’ x T=nn
—=30x10°xT=n (integer)
This is satisfied for, T = 200usec.

signals are

03. Ans: (a)
Sol: 1, =8 kbps
Coherent detection
Af= Mo
Best possible n = 1
Af= 8K _ 4K
2
To verify the options Af = 4k
1.€. fcz —fc1 =4K
(a)20K-16 K=4K
(b)32K-20K=12K
(c)40K-20K=20K
(d)40K-32K=8K

04. Ans: (a) & (¢)

Sol: Non coherent detection of PSK is not
possible. So to overcome that, DPSK is
implemented. A coherent carrier is not
required to be generated at the receiver.

05. Ans: (¢)

Sol: In QPSK baud rate = bitrate _ %
=17 Mbps

06. Ans: (d)

Sol:

bmé} o/pb' (t)

Delay
b(t) 0|1 01
bl(t)(Ref.bit) 0|0 1]1]0 10
Phase T|n|0|n|®
07. Ans: (b)
Sol: Given

Bit stream 110 111001
Reference bit = 1

e

Q(t)

bl(t) = b(H® Q(V)
1 10111001

S 44— —

b

S 44— ~

2!
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08. Ans: (d) 10. Ans: (d)
Sol: 1, =1.544 x 10° Sol:

a=0.2

BW = " rbM (1+(X)

0
82 Here only phase is changing.
6 From options (d) is the optimum answer.
L0 41 02) (M=)
11. Ans: (b)

BW =926.4 x 10° Hz Sol: Here 16-points are available in constellation
which are varying in both amplitude and
phase. So, it 16QAM.

09. Ans: 0.25
Sol: BW =1500 Hz 12. Ans: (d)

B ired for M-ary PSK i

RWIrequlred or M-ary PSK is Sol: BW = 1 I, (1 N oc)

;[—Jrlz] — 1500Hz 0g, M

0
% 36x10° = (1+0.2)+ M = 4,QPSK)
= Ry [1 + a] = 1500 x 4 = 6000 2
_ 6
6000 r, =60x10°bps
=>(l+a)=—=
4800

Roll off factor = a = @ —-1=0.25
4800
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Optical Sources and Detectors

(Solutions for Vol-1_Classroom Practice Questions)

Chapter

01.

Sol:

10 kQ
N,
10V kO >
I
1% case:

R, =1 kQ, no 10 V source

2" case:
R, = 5 kQ —10 V source is present

So, V=V, + Vo

Only10V) Only5V)
_ -10kQ
1kQ+Rp
—-10kQ 10k Q2
= ——— |x10+| 1+ ——— |X
1kQ + 5kQ2 1kQ +1kQ
v | TIOR o) 41410520
6kQ2 2k
V=1333V
02.
Sol:
0 W D>",“/ 2kQ 4LkO
| \_D,ﬁ 3kQ
10V D, T 5V

D;,D, are in forward bias
D,—ON, D; -OFF

1k BV1000 210 ak0
— AWM AW~

10V

N
(1_\ 5V—T— §3kQ

Y 12

V2k =9
Vika="?
) -5vV. -5V
4kQ +3kQ  7kQ
V3kQ: i2><3 kQ
= (=0.714) x3x10°

=-0.714 mA

=214V
From circuit
;=141 mA

So
Vau =141 mA x2kQ =28V

03. Ans: (¢)
Sol: Given data.
Cj =6 pF
A =10 mm’
R=0.5A/W
I= ImW/cm?
Ry =100 kQ
I, —>
Vi

N

VVVV N
R.

PIN
VL =7?

We know
VL = IPXRL

R:I_p
PO

Py = AxI
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L= 0.5A < AxI 05. Ans:-1V
P Sol: Output is independent V;
I, = O@A x10mm?® x lz)mWZ 06. Ans: 2
10 fm Sol: Given
2
I, = (O.SX—lejAmp Area = 10 mm
100 Sensitivity = 0.5 A/W
I,=5 x10° amp Intensity = 4 W/m?

Photodiode current

_ _ -5
Vi =IpxRp = 5x107x100 kQ I, = Area x sensitivity x Intensity

- Vi = 5 volts Ip = 10 mm’ x 0.5 A/W x 4W/m’
I, =20 pA
04. Ans: (c) I'to V converter sensitivity is 100 mV/pA
Sol: Given: So, V. = 100mV 20pA

n=0.65 HA
A =900 nm =2 Volt
Py=0.5 pw
I =10 uA 07. Ans:75.18
M:?I 10pA 5 %zn}f%
ML °

P p nei
We know I= h_x P

c
ElL

n= Pq ~ 0.75x1.6x107"” x830x 107" x100x10™°

el 6.624x107 x2x10°

c
0.65=—"
AP,q I[=75.18uA
-34 8
s 0.65= 6.6x10 7:3X10 <1,
900nx0.5x107" x1.6x10

= I,=236x10"

_ lopA

2.36x1077A
=424 ~ 43
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|7 2 LED’s & LASERs

Chapter
01. Ans: (b) 04. Ans: (¢)
Sol: 2i=115%34"=115.566", Sol: . E; =20.66 eV
i=57.783°, u=tani=tan57.783"
=1.587 /> Laser transition
02. Ans: (a) E,=18.7 eV
Sol:
______________ Ground
r E =0eV
4x10°km
D 05. Ans: (¢)
9 =1mrad Sol: E3—E2 = E
r A
tand = ——————=1 mrad
4x10° x1000 _ he
(tan6~=0) E, -E,
r = 4x10’ meters _ 6.625x107 x3x10"
=400 km (20.66-18.7)x1.6x107"J
Diameter = 2xr =633.8 nm
= 2x400 km
= 800 km 06. Aps. (d)
Sol: Given
0
03.  Ans: (b) L =6328 A
Sol: Given: Bandwidth = 1 MHz
L =500 mm C =2
Bandwidth = 1500 MHz We know
Af=? C,
Number of longitudinal oscillating modes C= C_
= ﬂ t 1 1
Af C|=3><108><1MH ( CtZ?)
We know z
C C=300m
Af= —
b 1 2L. dinal Tt d 07. Ans: 40
Number of longitudinal oscillating modes Sol: for photo diode D,
1500 MHz , )
= 5 Intensity = 50W/m
3x10 Area = 10x 107 x (5x10+100x10"%)m>
X = X X X X
2500107 e e .
. =2.55%x10"m
= MX 1000x107° Total current of diode D,
B 53X10 Ipt = 2.55x10 °x 0.4A = 1.02x10°A
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For photo diode D, 08. Ans:2
Intensity = 50W/m’ Sol: E, = hC
Area = 10x 107 x (5x10°-100x10"*)m* ; 8
— 9 45 x 1073 m? E =4.13567><10 x3x10 — eV

g =
Total current of diode D, 620x10

Ip> = 2.45x107°x 0.4A = 9.8x10 A

Difference between photo currents

Ipi—Ips = 1.02x10°A — 9.8 x 10*A
= 40pA
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Chapter

‘ 3 Interferometers

01.
Sol: Given data:

t=35 um

n=>5

A =589 nm

Mg =7
We know
t(pe—1) =nA
= 5x10 °(ug—1) = 5x589x10~°
_ 5x589x107°

5%107°

= (pg—1)=10.589
= pe = 1.589

= (M= D)

02.
Sol: Given data:
A =515nm
Refractive index (i) = 1.6
Or = 45°
t=?
we know
t(u—1) =ni
__nA
(n=1)
[ 515x107
1.6-1
= t=0.85 um

=8.58x107’

03.
Sol:

04.
Sol:

05.
Sol:

Given data
t=1.5 um
A=0.5 pm
n="7?

nx05x107°
2

= 1.5x107°=

1.5x107%x2
:>—:
0.5%10°°
= n=6

Given data:

n=100

A = 6328A°

t=20 cm

p=dl
We know

2t(u—1) =nk

= 2x20x107(u—1) = 100x6328x 10"
u=1.0001582 ~ 1

Given data
RI=p,=1.53
Hair = 1.0

2
R = Mg ~ Hair
ug + “‘air

R =0.044
R =4.49% of loss
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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 (" wm=1)

=1.58

03. Ans: (d)

Sol: nj=1.6
n, = 1.422
0.=7?
— cladd
//eg core
sinf, _ n,
sin90°  n,
0, = sin! 1.422
1.64
=60.12
=~ 60

04. Ans: (¢)
Sol: p,=1.732

alr\”' 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

2
R — Mair - Mglass % 100
”’air ah uglass

2
R- (121721 100
1+1.72

=7%

06. Ans: (d)

Sol: 0. = sin™ [n—zj
nl

Given
n; = 1.641
n, =1.422
0. = sin™ (ﬁj
1.641
= 60°
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08.
Sol:

. .ACE . .
v Engineering Academy 1 27 : Postal Coaching Solutions
Ans: (d) NA = o sinBy
V
hzg Ex_g NA = sin0
p, 15 V. C
VvV, 1.55 NA = 10
vV "133 10 +50°
& =0.196
Ans: (b) ~0.2
NA =7
09. Ans: 0.75
Sol: Mi-Y 075 moct)
n2 t2
NA n; —n;
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