_ESE | GATE

State Engg. Exams
MBDE ERSY 2027
WOrKbooK

Detailed Explanations of
m Try Yourself Questions

Electronics Engineering
Communication Systems

N=

PUBLICATIONS

© Copyright: Subject matter to MADE EASY Publications, New Delhi. No part of this book may be reproduced or utilised in any form without the written permission




Amplitude Modulation

% Detailed Explanation

S S

Try Yourself Questions

LM N Sol.

The signal s(f) = Agl1+ucos(o,1)]cos (w1

- A . .
The signal can be represented as = Re[/‘\cejmct + %M(e’(%*‘”m” + e/(‘”f‘”my)}

[9)
—~
N

|

SBsompiex = [Ace’“’cf +%(e/(mc+wm)t +e/(wcwm)t):|
s, = [s(hee™ ]

(where, s(f)|, = the complex signal s(f) and s(t)), = the complex low pass equal of the signal s(t))

o A .
e = Act ASM [cosw,, + jsinm,t] +%M[COS(DW - jsinw,t]
Putting the conditions given in the questions we get:

Mg = 1+%[coswm+jsinmmt]+%[coswm—jsinmmz‘]
3 1
W) = 1+§coswmz‘—/§sm(comt)

{(1 + gcos(o)mz‘))2 + (%sin(mmt)f}

)%

A envelop

L’X Sol.
Expression for AM signal

Vi = Ascosogt + Acm, cos(o, + o,,)t + Acm, cos(m, — )t

P, = 100=

|

>
9)
Il

14.14V
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MRBDE ERSY Detailed Explanations of Try Yourself Questions : ESE + GATE 2027 3

m2

Also n = 2 = 40%
2+ma2
or 08+04mz2=mp2
m, = 1.154
B = Am,[2=8.16
LN Sol.
o > o
25 kQ Eé ==
[} 0
1 J1—p?
RC < — H
®, W
1 J1-p?
C < Fo.  n
1 1- (0.5
o 8 =09
10" x 2 x 25x 10 0.5
C < 11nF
T4. §(4]

x(f) = m(t) + cosw t

y(B) = 4(m(t)+coswyt)+ 1O[m2 () + cos? w,t + 2m(t)cos mct]

= 4m(t) + 10m?(t) + 4cos o+ % + %cos 2wt +20m(t)cosmt

after passing through filter
y(t) = 4coswt+20m(tf)cosw t
= 4[1+ 5 m(1)] cosw t

u=>55xM
08 = 5x M
0.8
= —=0.16
M 5
EEEE
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Angle Modulation

) Detailed Explanation

2 of

Try Yourself Questions

LA N Sol.

Maximum instantenious frequency

= f+—Emt
f. ot o (1)
5 (K
115.95 x10% = £+ —P Ix10*
21 21

K
108 = (—pjxw“
2n

K
2n

Kp = 21 x 10 Hrtz/Volt
Kp = 10rad/volt

L’HN Sol.

K:m(t)

40

20 ¢

s(f) = 10 cos [2m x 108t + 20m[4r(f) —6r(t—1) + 2r (t—2)]]
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Standard FM expression is given by:

s(f) =

2k [ mit)at

k,m(t) =
Af =

LN Sol.

Maximum frequency deviation

Afmax =

LN Sol.

Detailed Explanations of Try Yourself Questions : ESE + GATE 2027 5

A, Ccos [Zm‘ct + 27tkf.[ m(t)dt]

20m (4r(t) —6r(t—1) + 2r(t-2))

10[4 u(D) - 6U (t- 1) + 2r (t=2)]
max | k,m(t)| = 40 Hz

K K

ol 2
_,O_ t = _,D -t
omlar | = e
8000 , 1 o ( ool isatie
2_e s maxz+e isatt
on 2 V2
3.43 kHz

Compairing the equation with the standard equation.

kpm(t) =
m(t) =
Similarly i
s(f) =
Ke[mit)yat =
[mitydt =
LIEN Sol.

= Acos[ot+ kp m(f)]
= 0.1sin(10%xrt)

Esin(m%t)
kp
0.01 sin (103 i)

Acos[mct + Kfj. m(f)de
0.1 sin (10% t)
Ax10°
%sin(me’nt) - Mcos(103m‘) =10 cos (103 mt)
n

A,=5V, f =100Hz} Af= kA = 1kHz

A,=10V,f =50Hz}Af=2kHz
Toget Af = 30kHz

frequency multiplication factor should be 15.

(a)

BW =
B =

y
A, isdoubled =B =10;f = EKHZ

BW =

2B+ 11f,
KAy =5

2[10+1]-%=11kHz

(@ Copyright

www.madeeasypuincations.org)




6 Electronics Engineering e Communication Systems MRDE ERSY

LA Sol.

krmax {m(t)} 100k x1

By = - = =100
BW, = 2(100 + 1) 1 k = 202 kHz.
Bp = kpmax{m(t)}
= 10x1=10

BW_ =210+ 1) 1k = 22 kHz
Bandwidth required for channel
= 202 + 22 = 224 kHz

LEk:X Sol.

The phase modulated signal can be given by,
s(f) = Acos[2rf t+ kpm(z‘)] = A cos[0(1)]
The instantaneous frequency of the modulated signal,

k
(o 1de) _ (1 fe am(t)
! 2n dt 2n  dt
. . sin(1000mtt)
Given that, ) = 100 1000) V = 1002 ——~
iven tha m(1) sinc( ) 1000nt
am(t) 1000mcos(10007t)  sin(10007t)
= 100 -
dt 1000t 100072
At t=1ms, dm(t) _ 100cos(m) — _10° Vs
at 1073
so, f = f4 o (-10°%,) = 100~ 199%2
2n T
= 100-1997 = 68.17 kHz
T
[ | 11
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Radio Receivers

% Detailed Explanation

S S

Try Yourself Questions

LR N Sol.

Given 88.5 MHz < f_ < 108 MHz

Also,

o~ T, = 10.8MHz

or, f,o = 10.8 MHz + £,

flo, = 10.8 + 88.5 = 99.3 MHz

fio, = 10.8+ 108 = 118.8 MHz
range = 99.3 MHz - 118.8 MHz

L’X Sol.
2
C = Chrex = fm =1.45
Cmin ﬁnin
Where fmax = fmz +IF & fmin = fmz +IF
1105+ IF
o0 F = V145=1.204
1105 +1IF = 90 x 1.204 + IF x 1.204
2126 = 0.204 IF
or IF = 10.42MHz
Also Image frequency

= f,+21IF
1256 = f,+2x10.42
f. = 104.16 MHz

S
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Sampling and Pulse
Code Modulation

% Detailed Explanation

S S

Try Yourself Questions

LA (d)
f, = 100 Hz
A
fe = 1.56x f x2=300Hz
A 0.1
— < —xA
2 100" "
2y ¢ 01,
2" x 2 100
= n = 10
r, = Nnf =8x 10 x 300 = 24000 Hz = 24 kbits/sec
LA Sol.
Sampling frequency (f,) = 1.5x2x4
= 12kHz

step size (A) = 10mV
To avoid slope overload distortion in Delta modulation;
N ‘dm(t)
at

max

\Y

onf - A ...for sinusoidal message signal

Al o>

>
IN

3
pN
N
a
R
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MRBDE ERSY Detailed Explanations of Try Yourself Questions : ESE + GATE 2027 9

A A-f,

S

T.(2nf,)  onf,

m)max

-3 3
_ 10XA07x12x107 _ 49 095 107% = 19.1mV

2nx10°
[ 13. @
To prevent slope overload
8f, = max dm(t)‘
at

dx200x10% > 2nA f

4

2xnx00x1&)x%

5 >
200 x 10°

d > 0.157 Volts

(@ Copyright MRDE ERSYH www.madeeasypuincations.org]




Digital Carrier Modulation Schemes

o

.

Detailed Explanation

of

Try Yourself Questions

LA N Sol.

Average energy

L’N Sol.

Let signal /be represented as

%[4(@@2 +8(/10a) + 4(\[18a)? |

%[232 +20a° +18a°]

10 &2

_ |Aisin—=; 0<t=<T
0 ; 0<t<T

1
Asin—; 0<t<T
-Assin—; 0<t<T

The average energy of signal will be

avgy

Average energy of signal (ii)

avgo

[www.madeeasypuincations.org
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MRBDE ERSY Detailed Explanations of Try Yourself Questions : ESE + GATE 2027 11

£ A
4 T 2
A
= ﬁ = A,
LN (b)
Sampling frequency (f) = 1.25x(2f ) + Guard band
= 125x2x10+1
= 26 kHz
Bit rate (R,) = n.f, = 4x26 L2
= 104 kHz
Bandwidth of channel is 100 kHz i.e.,
B.W < 100kHz
R(1+a) < 100 ...[For M-ary PSK  (BW) = A(1 + )]
R
R = —b ...[R. = symbol rate
°  log, M LA, = sy |
Ry
1+a) <
IogzM( ) < 100
L (1+0.3) < 100
log, M
log, M = 1.352
M > 21352
M., = 4 (.- M=2"
LN (d)

Let the energy associated with the symbols s, s, s, and s, are £, E,, E, and E, respectively.

E = (d)?; i=01223
From the above diagram,

d, =0

dy = dy= \/A2+A2 =\/2A2

d, = 2A
So, E, =0

E, = E;=2A2

E, = 4A2

[@ Copyright MRDE ERSYH www.madeeasypuincations.org]




12 Electronics Engineering e Communication Systems MBDE ERSYH

The average symbol energy of the modulation scheme can be given as,

S

3
E = Y EP(S); P(s,) = probability of occurrence of the symbol s,
)

0(0.3) + 2A%(0.2) + 4A2(0.4) + 2A%(0.1)
(0.4 + 1.6 + 0.2)A2
2.2 A2

[www.madeeasypuincations.org MRDE ERSH © Copyrigha




Information Theory and
Error Control Coding

) Detailed Explanation

2 ;

Try Yourself Questions

2N sol.
Ry) = [0.5 0.5]{068 8:2 o(.js} =[04 02 0.4]
= v el [ P(y)=P(x).P(£ﬂ
7Y sol.
(i)  We know that
{3 o

= (0.6)(0.3)>(0.1)(0.5)>(0.1) (0.2)
Hence, we select m, wherever 1, is received.
We also find th o N h
e also find that P[m1JP(m1)>P(mOjP(mO)>P(msz(mg)
= (0.5) (0.5) > (0.3) (0.3) > (0.1) (0.2)
Hence, we select m, wherever r, is received.
We also find that
Pl 2| P(my) > P| 2-| P(my) > P| 22| P(mp)
m1 m2 mO
= (0.4)(0.5)>(0.8)(0.2) >(0.1)(0.3)

Hence, we select m, whenever r, is received.

C@ Copyright mMRDE ERSYH www.madeeasypuincations.orgD




14 Electronics Engineering ® Communication Systems MRDE ERSY

(ii)  The probability of being correct is

P(c) = P(mO)'P(%J+P(m1)P(I;—‘JP(m1)-P(rLJ
0.

(0.6) (0.3) + (0.5) (0.5) + (0.5) (0.4) = 0.63
1-P(c)
0.37

Hence probability of error, P(e)

v,
RUR
I

LEN Sol.

For a binary symmantric channel for wrong transmission let the probability be p
Thus
mutual information

= 1(X Y) = H(Y) - H(YIX)
and H(YIX) = —plog,p—(1 - p)log, (1-p)
' I(X;Y) = H(Y) + plog,p + (1-p) log, (1 - p)

Cmax = I(X; Y)max
= 1+ plog,p + (1 -p)log, (1-p)

g @
C = (cy, ¢, C5, Cy, Cs, Cg) = (x4, X, X3, Cy, Cs, Cg)
C,=0C®c,=x,® x,
C5=C,®Cy=x, Dxg4
Cs=Ci®Cy=x, @xg4
101
[C4 Cy CB] = [X1 Xo X3] 110
011
10 1
p=|110
1011
[100!10 1
Gg=/010/110
100 1,0 1 1
LIEN Sol.
Itis given that “1001100” is a valid code word.
= C = 1001100
(1 b 1]
1 0 1
110
HT = |la 1 1
100
0 10
10 0 1)
[www.madeeasypuincations.org MRDE ERSH ©Copyrigh9
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1 b 1

10 1

110
CH =0 = [t001100]|@ 1 1| =0

100

010

0 0 1]

CH = [a b®1 0]=[0 O 0] [@® — modulo-2addition]

Hence on comparing, a=0, b= 1

X4 0.8 Y4
(A Sol. 0e *0
0o
0.8 0.2 oA
[Aylx)] = {0.1 0.9}
1 1
Ayl = Plx] Aly|x] % 0.9 Y2
0.8 0.2
= [0.4 0.6] = [0.38 0.62]
0.1 0.9
P,(0) = 0.38
P,(1) = 0.62
WA (b)
Condition 1: When r, is received, decision is made in favour of mj,.
So, P(ry | my) P(my) > P(ry| m,) P(m,)
0.7)(1-p) > (0.3)(9)
0.70+0.3g < 07
7p+3q < 7 (D)
Condition 2: When r, is received, decision is made in favour of m,.
So, P(r, | m) P(m,) > P(r, | my) P(my)

(0.3)(1-q) > (0.7)(p)
0.7p+0.3g < 0.3
7p+3g < 3 .. (i)
If condition 2 is satisfied, then condition - 1 will be satisfied automatically.
So, the sufficient condition to be satisfied is condition-2, i.e. 7p + 3g < 3

(@ Copyright MRDE ERSYH www.madeeasypuincations.org)




Random Variables
and Random Process

) Detailed Explanation

2 ;

Try Yourself Questions

LA N Sol.

The A.C power of the signal is given as 6,2
where GXZ is the standard deviation

of = EDX?]-(EX]Y

where E[X°] = second moment
[E(X)F = (mean)?
now, (X])? = limRyy(t) =6
and EX?) = Iir%/-?)o((r) =10
62 = 10-6=4W.
L’X Sol.
Y] = | f)ydx
- |
_ fexdx:.fexdx
o 0
=-(1-¢e=(€e-1)
LN Sol.
(i) [ Al = 1
2f;a e = 1
0
= %ae’b" =1
= 2a = b

[www.madeeasypuincations.org MRDE ERSH © Copyright}
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(ii) c.df = gz;(d)dx
X b 1 _px
= J.an d_x = 1_56

for x =2 0 and _[le(x)dx forx <0

fX(x) _ %ebx
x <0
(i) P1<X<2) = jffx(x)dx

1N (b)
Y(t) = X(t)cos(2nf t + 0)
power of Y(t) = E[Y2(1)]
= E[X2(f)-
E[X2(1)
ETX2(0)] = Rxx (D), _,

cos?(2nf t+6)]
J-E[cos?(2nf.t+0)]

Flcos?(@nfyt +0)] = —_fcos (2nft +0)do =
1
Power of y(f) = Rxx(T)]._, 2
. 11
= smc(O)-E e
(TTT]

17
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Noise

% Detailed Explanation

S

Try Yourself Questions

1NN Sol.
1 Ep
pe = zerfc |
e=2 No
E = (10)2x 100 x 106 = 102
N, = 2x104
1 1072 1
- —erfc = —erfc(V50
Pe =735 [ 2x10‘4] 2 (\/_)
LA Sol.
P, = lerfc Ep
No
erfc i <2x10™*
No
/E
1-erf —b <2x10%4
NO - X
E,
erf /—b > 0.9998
No
i >26
NO - !
= & > 6.76
NO
E, > 1.352 x 10° Joule
E,=PxT,
= P > (1.352x 1079) (108)
P>1.352mW

[www.madeeasypuincations.org MRDE ERSH © Copyright}
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LA Sol.
For BPSK signal
AT,
E = =2
2
and P, = O[ @} JE, JE,
No
2E,
10°° = Q . |==2
ATy
N - 4.27
A2 = (4.27)°>x96x108 =1.75x 10 =1.32x 108
A = 1.32mV
LN Sol.
The probability density function of the input variable R can be given by,
y (r=2+1P
f(rls) = ——e 2 ;When “-1” is transmitted
Al =
_o_1\2
1 (r ?21)

: When “+1” is transmitted

f(rls) = ——
,q( 1) \/E
Given that, A(s,) = 2/3 and A(s,) = 1/3.
According to MAP criteria, the rule for determination of threshold is,
Ho

P(so)fa(r 1'So) Z P(s)fa(r | sy)

Hy
At optimum threshold (r = r,,),

P(sy) Ty, |30) P(sy) Ty, |S1)

(fin- 17 (fin- 3F
2/3 -+ 13 . s

N =~ Pon

(ry,—1)?2=(r,,—3)? = 2In(2)
=2r,+1+6r,-9 = 2In(2)
4r, = 8+2In(2)

;
r, = 2+§|n(2)=2+|n(J§)
r, = 2.3466=~2.35

19
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LN (c)
. [ nt ]
SN g -
x(t) = /2 sin(nt——j
nt
5
sin %t i i
= _\/§ TE_t {Slnnl‘COSZ—COSnl‘SInZ}
5
. mt . (mt
) sl = || . sinf = -
J2 o sincosmt - J2 T cos sinnt
5 5
x;(t) xq(t)

x(t) = x(t)cos2nf t—x (t)sin2nf t

. (mt [ mt -t - (mt

N5 . |95 T 5 s n n s in/ 4
_ . . _ X e || =W —jn
=2 sinZ +J| —x7— (0087 = N2 | —= {0084 JSIHJ N2|—=—|e

t
5 5 5 5
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