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Amplitude Modulation

% Detailed Explanation

S S

Try Yourself Questions

LM N Sol.

The signal s(f) = Agl1+pucos (w,1)]cos (o)

i A \ .
The signal can be represented as = Re[/‘\ce/wct + %M(e’(‘””‘”m” + ef(‘”f‘”m)t)}

[9)
—~
N

|

S(t)|COmp|ex 2 |:Ace/(ucf + %(d(wﬁwﬁt + ej(oocwm)t):|
s, = [s(tee™ ]

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

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

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

{(1 + gcos(mmz‘))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 2024 3

m2

Also n = 2 = 40%
2+ma2
or 08+04mz2=mp2
m, = 1.154
B = A.m,[2=8.16
LN Sol.
o > o
25 kQ Eé ==
(o2 ]
1 1-p?
RC < — a
0, U
1 J1-u?
C < Ro, &
1 1- (0.5
C < 7 - (0.5
10" x2nx 25x 10 0.5
C < 11nF
T4. §(4]

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

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

= 4Am(t) + 10m?(t) + 4cos ol + % + %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 f Ko (1)
= fL+—m
i ° 2n

5 (K
115.95x103 = £+[—p]x1o4

21 21
K

108 = (—p]xw“
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 2024 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 ( oroisatie
2_e s maxz+e isatt
on 2 V2
3.43 kHz

Compairing the equation with the standard equation.

k, m(t) =
m(t) =
Similarly i
s(f) =
Ke[ mt) ot =
[m)at =
LIEN Sol.

= Acos[ot+ kp m(1)]

0.1 sin(10%xt)

Es,m(1 0%nt)
kp
0.01 sin (103 mtt)

Acos[mct+KfJ.m(f)df}
0.1 sin (103 mi)
0.1x10°
%sinﬁ o’nt) = Tncosﬁ 0%nt) =10 cos (108 i)

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
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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[2nf t+ kpm(t)] = A cos[0(1)]
The instantaneous frequency of the modulated signal,

1 de(t) ko dmt)
fv = — = c+——
! 2n dt 2n  at
; : sin(1000mtt)
Given that, f) = 100 10008 V = 100>———
ventha i) Sinc(10000 V= 100=3500 ¢
am() 1000mcos(1000mt)  sin(10007t)
= 100 -
at 10007t 1000 7t?
Att=1ms, am(t) _ 100cos(m) — 105 V/s
at 1073
So, f = f4 o (-10°%,) = 100~ 199X 2
2n T
_ 100199 k7 = 68.17 kHz
T
HEEER
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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 + 1,

flo, = 10.8 +88.5 = 99.3 MHz

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

L’X Sol.
2
C = Cirex = fﬂ =145
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, = 100Hz
A
fe = 1.5x f x2=300Hz
A 0.1
— < —xA
2 100" "
2A 0.1
m < ——xA,
2" x 2 100
= n = 10
r, = Nnf =8x10x 300 = 24000 Hz = 24 kbits/sec
LA Sol.
Sampling frequency () = 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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(Am)max =
(©)
To prevent slope overload
of, =
dx200x 103 >
S =
S =

Detailed Explanations of Try Yourself Questions : ESE + GATE 2024

A A
T,(@nf,) 2nf,

10x10% x12x10°

PRI =19.09x107° = 19.1mV
X

max

am(t)
at
2nA f

2><1t><(10x103)><%

200 x 10°
0.157 Volts

[@ Copyright
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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° +182°]

10 &2

_ |Ajsin—=; 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 2024 11

£ A
4 " 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 < 100 kHz
R(1+a) < 100 ..[ForM-ary PSK  (BW) . = A(1 + )]
R
R = —b ...[R. = symbol rate
s log, M LAy = sy ]
Ry,
1+a) <
IoggM( ) < 100
104 (1+0.3) < 100
log, M
log, M = 1.352
M > 21352
Mmin =4 (- M=2")
1N (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

T1. 0
Ry = [0.5 0.5]{068 8:2 o(.js} =[04 02 0.4]
= ¥o vl [ P(y)=P(x).P(£ﬂ
T2. 1
(i)  We know that
{8 A

= (0.6)(0.3)>(0.1)(0.5)>(0.1) (0.2)
Hence, we select m, wherever 1, is received.
We also find th Ll n h
e also find that P(m1)P(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 L2 | 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)

Crnax = I(X; Y)max
= 1+ plogy,p + (1-p)log, (1-p)

(a)

-
»

C = (¢y, €y Cgy Cyy Cs, Cg) = (x4, Xy, X3, Cy, Cs, Cg)
C,=0®Cc,=x,® x,
C5=C,®Cy=x,®x,4
C=C®Cy=x, ®x,4

101
[C4 C5 C6] = [X1 Xo X3] 110
011

10 1
p=|110
01 1
[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




MRBDE ERSY Detailed Explanations of Try Yourself Questions : ESE + GATE 2024 15

1 b 1

10 1

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

100

010

0 0 1]

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

Hence on comparing, a=0, b= 1

% 0.8 Y4
(A Sol. 0e *0
0o
0.8 0.2 oA
[Aylx)] = {0.1 0.9}
1 1
Hy] = Plx] Fly|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
VA (b)
Condition 1: When r, is received, decision is made in favour of mj,.
So, P(ry | my) P(my) > P(ry | my) P(m,)
0.7)(1-p) > (0.3)q)
0.7p+0.3g < 0.7
p+3g < 7 ()
Condition 2: When r, is received, decision is made in favour of m,.
So, P(r, | m,) P(m,) > P(r, | my) P(m,)

(0.3)(1-q) > (0.7)(p)
0.70+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 = ELX?]-(EX]?

where E[X°] = second moment
[E(X)F = (mean)?
now, (X])? = limRyy(t) =6
and E[X?] = Iir%/-'w’)o((r) =10
62 = 10-6=4W.
L’X Sol.
Y] = | fx)Ydx
. |
_ fexdx:.fexdx
oo 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}




MRBDE ERSY Detailed Explanations of Try Yourself Questions : ESE + GATE 2024 17

(ii) c.df = gfx(d)dx
X _bx 1 —bx
= J.an d_x = 1_56

for x =2 0 and J.;ﬁ)(x)dx forx <0

(iif) P<Xx<2) = |

_ 112(1_%ebxjdx _ %[efb_e—Zb:I

LN (b)
Y(t) = X(t)cos(2nf t+0)
power of Y(t) = E[Y2(1)]
= E[X2(f)-cos?(2nf t +0)]
= E[X2(f)]-E[cos?(2nf t+6)]
ETX2(1)] = Rxx (T)L:O
E[cos®(@nf.t +0)] = iTcos2(2nft+ 0)db = 1
c 2n 0 ¢ 2
Power of y(f) = Rxx(T)|._, %
: 1 1
= smc(O)E =
LEN (a)

To maximize the entropy, all the decision boundaries should be equiprobable

Al 3 / 3 T3
1 1
bj5-1]= = 4b= —
[5-1] 3 3
b= L
12
jp(x)dx = 1 }adx:l ; a[)c]1 =l
% * 3 % 3 -3
1 1
all-(-1 = = 2a=—
(=00 = 3 73
;
a= —
6

(@ Copyright MRDE ERSYH www.madeeasypuincations.org)




18 Electronics Engineering ® Communication Systems MRDE ERSY

LY (d)

Signal power = s;
1 1 5

= j xsz (x)ax + J. xsz (x)dx + J‘xsz (x)dx
-5

|
fx2bdx + J.x adx +j x°bdx
5 4
1 12 > 1 >
S= ax +—= J. dx+ x“ax

12
1[x3]1 1[x3}1 1{x3}5
s= —|=—| +=|=] +—|=
21 3]s 61314 12L 3}
1 1 1
= —[-1-(=125)] + —[1= (=1)] + =—[125 — 1
S 36[ ( )] 18[ (-] 36[ ]
124 2 124 124 2 126
S= — 44— = L=
36 18 36 18 18 18
s =7 volt?
%
stepsize = A=-2F
L
Ac 5—(—5)_E_§
- 6 6 3
A2
QNP =2
12
gl
3 25 1
NP =22, 29,
Q 12 9 12
QNP = 0.23=0.25
S
SONR=——
Q QNP
SQNR = ___og
0.25
EEEN

[www.madeeasypublications.org MRDE ERSH © Copyrighg




Noise

% Detailed Explanation

S S

Try Yourself Questions

1NN Sol.
1 E,
pe = merfc | >
e=2 Ny
E, = (10)2x100x 10€ =102
N, = 2x104
1 1072 1
- —erfc = —erfc(v50
Pe = 5 [ 2><1o—4J 2 (\/_)
LA Sol.
P, = lerfc Ep
2 Ny
erfc i <2x 10
No
fE
1-erf A o <2x%x10%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

C@ Copyright mMRDE ERSYH www.madeeasypuincations.orgD




20 Electronics Engineering ® Communication Systems MRDE ERSY

LA Sol.
For BPSK signal
AT,
E = =2
2
° ® ¢1(t)
and P, = O[ @} JE, JE,
No
2E,
10°° = Q 7
AT,
—No = 4.27
A2 = (4.27)°>x96x108 =1.75x 10°% =132 x 102
A = 132mV
LN Sol.
The probability density function of the input variable R can be given by,
; C(r=2+1P
f(rls) = —=—e 2 :;When “=1”is transmitted
H( 0) \/E
_o_12
1 (r ?21)

:When “+1” is transmitted

fo(rls) = ——
,q( 1) \/5
Given that, A(s,) = 2/3 and H(s,) = 1/3.
According to MAP criteria, the rule for determination of threshold is,
Ho

P(so)fa(r | so) Z P(s)fa(r | sy)

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

P(so) filh [ 50) = P(sy) T(r |sy)

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

N =~ Pon

(r,—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

[www.madeeasypuincations.org MRDE ERSH © Copyrigha
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T5. [(9]
e Nis auniformly distributed noise variable with a variance by 3.
Fp(n)
1
b-a
b a n
. (b-a)’
Variance =
12
e Mean of noise variable ‘N’ is B .X.
ie. EIN] = E[BX]=p=0.5
Fp(n)
1
6
:
-25 0.5 35 n
e WhenX=+1 = P(X=+1)=%
Fr(n)
1
18
-1.5 45 r
e WhenX=-1 = P(X=—1)=§
Fg(r)
2
18
-35 25 r
" Iy, (threshold value) of the comparator is decided in an optimum way using MAP criteria.
2118 when X = —1
1/18 / when X = 1
-35 15 25 45

Threshold value

(@ Copyright MRDE ERSYH www.madeeasypuincations.org)




22 Electronics Engineering ® Communication Systems
. y, = 2.5
when R>25..X =1 detected

R<25..X = -1 detected

Probability of error % x 3 ... area of shaded portion

1

6
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