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m Conventional Solutions]

Solution: 1
(a) A= \200=14.14
B =816
(b) m= 28 _1 1547
A
Solution: 2

s(t)

Modulationindex, u

4cos(w) + 4m(t)cos(ogt) = 4[1+ m(t)] cos(wyt)
| MO =M

To get py = 0.10, M should be equal to 0.10.

Solution: 3
(a) A,= 8Vand f =5kHz
(b) A=2A_ =16V
Solution: 4
2
m, = 3 (L) _1=08120r812%
IC

When modulation index is 0.75,

I = I, 1+% = 8.489 A

Solution: 5
(a) Expression for AM wave v(1):
Let v (t) = V_cos o, t....modulating signal

v(t) = V cosm,t.... carrier signal
modulated or AM signal is given by,
vt) = [V, + k,v, ()] cosw,t
where, v_+k, v, (1) = New amplitude of carrier signal and is the function of modulating signal
vt) = [V, +k,V cosw, f]coso,t
vt) =V, [1+m,cosw, f]cosm,t

k.V
m, = T/C’”
(b) Waveform for v(t):
Case-l : AM-DSB/FC and AM-SSB/FC.
v(t)
Vc+vm Ry 1N A L
o NNAJ ! _
SV \
_Vc A - ~\J u,, - Ymin
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4 Electronics Engineering ® Communication Systems MBDE ERSY

Case-Il : AM-DSB/SC and AM-SSB/SC

w(t)

(c) Modulation Index:

_ Vmax ~ Vmin
Vmax + Vmin
It will be recalled that,
4
V,=mV, Fork, =1 m=7’;7
and V. = w (@)
and waveform for the AM-DSB/FC shows that,
V., —V.
Ve = Vinax = Vin = Vipax =2 > =
here - e = Vot Vo
Vmin = Vc_ Vm
V V..
VC — max ;— min (”)
dividing equation (i) by equation (ii)
m=Ym
VC
m= (Vmax — Vmin)/‘2 — Vmax — Vmin
(Vmax + Vmin) / 2 Vmax + Vmin
m?2
(d) P, = P, 1+7a =512.5 Watt
HEEER
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m Conventional Solutions]

Solution: 1

(a) (Af) . = 20 kHZ

(b) m(t) = 8sin500nt + 4sin1000t
Solution: 2

(a) When amplitude of modulating signal is doubled,
BWe,, = 2(Af _ + f ) =2(200 + 1) kHz = 402 kHz
+ 1) =2(20 + 1) kHz = 42 kHz

BWPM = 2(Afmax
(b) When the frequency of modulating signal is doubled,
BWey = 2(AF  + f) = 2(100 + 2) = 204 kHz

BWe,, = 2(Af, . + f) = 2(20 + 2) kHz = 44 kHz
Solution: 3
(a) You(t) = cos(2m x 109t + K,m(t))
You(t) = cos(2m x 10%t + 4cos(2m x 10% 1))
(b) K, = 2 rad/volt
(c) BW,,, = 2(Af + ) =2(4 + 1) kHz = 10 kHz
Solution: 4

(i) Frequency deviation = k,m(t) = 40 A_ cos 2nf t
maximum frequency deviation = k,A_ = 40 x 5 = 200 Hz

[ f deviati
(i) Modulation index. 6= maximum reqfuency eviation _ 0.0

m

(iii) Instantaneous frequency f,of FMwave
f.=f + km(t) = 10° + 200 cos 2m x 103t

o) = 2n[fat = 2n[[10° + 200cos 2n x 10°t]at
= 2nx 10°t + 0.2 sin2m x 10%¢

Expression for FM wave, s(t) = A cos {0(D)} = A, |:COS{27'|: x 10°t + 0.2sin2x x 1O3zﬂ

Solution: 5
Equation of FM signal,
s(f) = A cos[2nf t+ B,sin 2rf 1] = 4cos [(50m x 108)t + 25 sin 800 ]
Now modulating frequency is changed as 7, = 2 kHz
AT
B’ — rT/]ax
f fn
.. Now equation of FM signal is
s(t) = A cos[2nrf t+ B'sin2rnf; t] = 4 cos[(50m x 10%)t + 5 sin (4000mt)]

=5

[www.madeeasypublications.org MRDE ERSH © Copyrighg




Solution: 6
Equation of FM signal,
Equation of PM signal,

Now,

. Now,

Equation of FM signal,

kp and A, are constant,

Equation of PM signal,

Solution: 7
Equation of FM signal,

Equation of PM signal,

Now,

Equation of FM signal,
Equation of PM signal,

I Rank Improvement Workbook 7

s(f) = A cos 2nf t+ 30 sin 2nf ] =5 cos[36 x 7 x 108t + 30 sin 8007{]
s(f) = Acos{2nf t+ Bp cos2nf_ 1] =5 cos[36 T x 105t + 30 cos 800m ]
7, = 1.6 kHz
B - Alﬁpax _12x10° __ .
fr, 1.6x10°
s(t) = 5cos[36 7 x 108t + 7.5 sin 3200m{]
Bp = kp A.,=30

s(t) = 5 cos[36m x 108t + 30 cos 3200n{]

S(f) = 4.5 cos [2rnx f t+ B;sin2r f_1]

= 4.5 cos[40n x 106t + 22.22 sin 900 ntf]
s(t) = A cos [2nf t + Bp cos 2nf 1]
s(t) = 4.5[cos{40m x 108t + 22.22 cos 900 wt}]
7 = 1.8kHz

s(t) = 4.5[cos{40m x 108t + 5.55 sin 3600 mt}]
s(t) = 4.5[cos{40mn x 108t + 22.2 cos 3600 nt}]
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m Conventional Solutions]

Solution: 1
Output SNR = 40 dB
Solution: 2
Hw) = 1
1+ jo
1 1
(a) EL*(]=— and (b) Ely*())=7
Solution: 3
2
(a) K= §
(b) Mean square value, m, = [ ¥py(x)dx =2.4166
Solution: 4
1 3 3
i PX<1nY<3) = f(x,y)dy dx = —
(i) ( ) _L_L (x,y)dy dv = &
.. _ PX<1nY<J)
(i) P(X<1]lY<3)= AV <3)
T 5
P Y 3 = f s d d = —
(Y<3) y_jw_jm (x, y)dxdy =2
_ 3
PX<1lY<3) = =
Solution: 5

(i) The correlation function,
1 21'E
E[XY] = —fcosesinede =0
2n y

. E[XY] = E[X]-E[Y]=0
Thus, Xand Y are uncorrelated.
(ii) Tworandom variables are independent, when,
E[XY] = E[X]E[Y]

But for the given problem, E[XY] = E[X] = E[ Y] = 0. Hence, we cannot check the statistical independency

of the random variables Xand Y using equation (i).

We can check the following equation when equation (i) fails to check the statistical independency of X

and Y.
When Xand Y are statistically independent,

E[X2Y?] = E[X?] E[Y?]

(@ Copyright MRDE ERSYH www.madeeasypuincations.org)




10 Electronics Engineering ® Communication Systems MBDE ERSYH

2n
y
EX2 = . 2 = —
[X?] gfe(e) c0s”6 0 =
2T'E 2 1
21— [ £(o)si -
E[Y?] ge(e)SIn 000 =

2n
EXey?) = - [ cos®6-sinfoab = 1
n 5 8

E[X2Y?] # E[X?]E[Y?]
So, the random variables X and Y are statistically dependent.

Solution: 6
The joint probability density function of the random variables Xand Y can be written as,

ey 1) = £yx) Fy (1)

fy(vix)
20|
X
0 X X d
20 10

;
fx) = {2x10*
0 : otherwise

fy) = %Hy _2%)_”()/ - %H

Where u(t) is an unit step function.
The marginal probability density function can be defined as,

x: forO £ x <200

K= [ hyley)ds
200 X 20 X x
e G R
1 2 X X .
e llak ol
200 X y-10
[ u(y—ﬁ)dx = -20 [ u®adr = ~20[(y - 10)u(y ~10)- yu(y)] (i)
x=0 =y
200 X y-20
[ u(y—ﬁ)dx = —10 [ w@dr = ~10[(y-20)uly - 20) - yu(y)] i)
x=0 =Yy

[www.madeeasypuincations.org MRDE ERSH © Copyrighg
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From equations (i), (ii) and (iii), we get,
1

f(y) = %[myu(y)—20(y—10)u<y—10)+10<y—20)u(y—20)—10yu(y>]
M) = ~osuy) =25y =10)uly =10)+ <y ~20)uly - 20)

f,(y) also can be expressed as,

y
—— 0 <10
100 <Y
P =11_Y . 49cy<20
5 100
0 . otherwise
EEEE
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m Conventional Solutions]

) = u(t) - ult—T).

Solution: 1

Solution: 2
Let,

For no slope overload condition,

A ‘dm(t)
TS dt max
A 1 , ,
— >A 0, T, = — = Sampling period
T, f
. A
mo 2nf, T,
So, maximum allowed signal power
pofm &

2 8nfeT?
Now, quantization error (Q,) will lie in the range of —A to +A for DM. Q) is a uniformly distributed random

variable with PDF.
y
— —-A<qg,<A
foe(Qy) = | 2A ¢
0 otherwise
1 A A2
: _ 27 _ 2 _
So, noise power, Ng = Elge]l= ﬁi% aqge = 3
This is the noise power for frequency upto f.. But the LPF at the output will allow only frequencies below
®
f ==
mo2n
. fA2
So, Output noise power = L—
3fs
A2 ;
2272
So, Maximum output SNR = M =i2 fi
A f,  8nt| fy
3fs
Solution: 3
(a) R, = nf, = 48 kbps
(b) BW = L
2xlog, M
M= 64
(c) Baud rate = 8 kbaud/sec

(@ Copyright MRDE ERSYH www.madeeasypuincations.org)




14 Electronics Engineering ® Communication Systems MBDE ERSY

Solution: 4
Bit rate, R, = 768 kbps
Solution: 5
(i) Inadelta modulator the quantization noise is given by the level + g
. N )
e. |mt) - )| = 5
, , , , )
Now to recognize the signal the amplitude of the signal should be greater than >
. )
i.e. A> 5
or 2A >

This if this condition is not satisfied then the signal will be lost.

(ii) Now, to avoids slope overload in a delta modulator slope of m(t) should be less then the change in the
step of the modulator.

. ‘dm(t)‘ 5
ie. — —
at T,
where § is the total step size and T is the sampling rate
let m(t) = Asin(w,,1)
dia. S
—|Asin(w,t —
arAsin(ent) < T,
)
A —_
(Dn < Ts
)
21 fm‘A < T_S
dfs
or Amax = onf,
, . df
(iii) We have § < 2 A for the signal to be recognisable and Ay = onf
m

thus to avoids slope overload

f
i>1ifA>§
nf 2

m
fo>mnf
= f;>3f,

[www.madeeasypublications.org MRDE ERSH © Copyrigha
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Solution: 6
55.8 = 1.76 + 6.02R dB
R = 8.976
R=9 [As Rhas to be an integer]
So minimum number of quantization levels,
L., =20=2%9=512

[@ Copyright MRDE ERSYH www.madeeasypublications.org]
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Solution:

Solution:

Solution:

Solution:

(i)

m Conventional Solutions]

1
TAPT

SN = 54

2
P = 36.48 mW
3
$,=2S,=-4,5,=4,5;,=3,5,=-3and S;; = 3.

u(=1;0<t<tand uy()=-1;1<1<2

u(t) =1;2<t<3.
4
The three signals s,(1), s,(f) and s,(f) can be represented as shown below.

si(0 si(0)
S,(f)

These three signals are linearly independent. So, three orthonormal basis functions are required.
Let, the three orthonormal basis functions are ¢,(1), 0,(1), ¢5(1).

Then the given three signals can be represented with respect to ¢,(1), ¢,(1), d,(f) using Gram-Schmidt
orthogonalisation process.

To determine ¢,(1): 0,0 = 7=

Hs1(t)|| = JEnergy of 5,(f)

|
Energy of s,(f) = 'f at=2

»
—~
—=

ls:0)| = v2
S 1
0,0 = —2=§ , 1<t
To determine ¢,(1): 00 = %
P
gg(t) = Sg(t)_321¢1(t)
1 1
Here, 5y = [Sa000)at = % [tat=0
-1 -1

(@ Copyright MRDE ERSYH www.madeeasypuincations.org)
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_ %) _ s0 g
0o() ECIREG] (. S,y is zero)

|[s2)]| = Energy of s,(t)

<l

]
Energy of s,(f) = J.tzdt=
21

w|

_ %W 8,
¢2(t)—HS2(t)H_ 21‘ 1<t<1
To determine ¢,(1):
gs()
B =
o0 ||gs() |

Q3(f) = Sg(t) = S34 ¢1(t) — S35 ¢2(t)
V2

1 1 12
Sy = | SsOoy(t)dt =— | t°dt = ——
31 :[1 3 1 \/5:[1 3

1 1
S = [ Sa(D)0p()lt = Ej t3dt =0
-1 -1

He 1Y Ha 1.2 8
_ 2 _ ! _ 4,1 2.0 _ =
o] = \/_1[t 3) “ L(t 973 )dt 45

o gs() _ 451 B
0,(8) = o0l 8[1 3} T<t<
Thus, (1) = V204(t)

s,(f) = \E 0o (1)

V2 8
S;(1) = ?431(1)‘*\/%4)3(1)

os(0)

[www.madeeasypuincations.org MRDE ERSH © Copyrigha
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(iii) The Euclidean distance between the signals s,(f) and s,(1) is,

‘mm—%«z‘)— 2 oult

dig = ‘|S1(t)_33(t)” =

H 22 —— ()~ f5 o3(1)

2 2
_ (22T [ [B]_ B 8 [48 4 0a0
3 45 9 45 45
Solution: 5

When a linear filter is designed to maximize the output signal-to-noise ratio for a given input signal it is
called as a match filter. The filter is called as match filter because its characterization is matched to that of
the signhal component in the received signal.

Linear
s(f) time-invarient |—— output
Receiver h(t)

W)
Consider a linear time invariant filter of impulse response h(f) with transfer function H(f), with input x(t)
which consists of a signal s(f) and white Gaussian noise W(t) and has an output y(1).
Now, the filter should perform such that the SNR at the output should be maximum.
Let s,(1) and ny(1) be the output of the filter which is equal to the output y(i).

- T H(F)- S(f) - exp(j2mft)af

The output noise spectral density is equal to the input noise spectral density multiplied by |H(f)|2.

SNO( | H |

Ny = j Sy, (Naf

Where N

L.t I8 the output noise power.

out

Ny 7 2
= Ny = =2 [ IHO af

By sampling the output at t = T, we get,
2

(T f S(f)- H(f) - exp(jonf T)df
SNR, =
N =)
out N? [ |H(F) af
[==] 2 hod hod
Now, [ x| < [IXOF df [vof of

(@ Copyright MRDE ERSYH www.madeeasypuincations.org)




20 Electronics Engineering ® Communication Systems
This is called as Schwarz’s inequality. It holds at equality, when,
Y(f) = kX*(f); kis a constant
Thus our equation of SNR, can be written as,
[ [sthexp(jenfT)f of | ‘H(f)z‘df
SNR, < — e —
2
- [ IHof
The SNR, will be maximum, when the above inequality hods at equality.
i.e., when, H(f) = k[S(f) exp (j2rfT)]*,
SNR; = (SNRy)ax
2E
(SNR) oy = N_o
where E = energy of the signal s(1).
So, it is clear that, to get maximum SNR at the output of the filter,
H(f) = k[S(f) exp (j2rfT)]*
By taking inverse Fourier transform, we get,
P(f) oy = j k[S(fyexp(j2nf T)] exp(jonft)df
=k _[ S*(f)exp(—jenf T)exp(j2nft)df
=k j S*(fexp[-jenf(T -t)]df = k f S(f)expljonf(T - t)]df
h(f)g = ks™(T = 1)
Solution: 6
ASK (Amplitude shift keying): In this scheme, the amplitude of the carrier wave is varied according to the
digital data.
Opgk = M(t) A cos ot
Message
Modulated wave i i i i i
1 1 ASK 1 1 1
Frequency shift keying (FSK): In this scheme, the frequency of the carrier wave is varied according to the
digital data.
[www.madeeasypuincations.org MRDE ERSH ©Copyrigh9
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Oegk = A COs [27 (f, + m(D)f)1]

OrsK

1 1
I |
| |
1 1
L 4

4

1
|
|
1
[

NANANANNNANN

AVATRVAVAVAVAVAVAVAY

Phase shift keying (PSK): In this scheme, the phase of the carrier wave is varied according to the digital

data.

m(t)

Opgk = A, COs (2nf t +mm(1))

Opsk (1)

Coherent detection of FSK:

_________________

x(t) —0

Non Coherent detection of

PSK
0
04(t)
0,(1)
0

¢,(t) = A cos 2nf,t
d(t) = A cos 2nf,t

FSK:

Filter matched to

f2
— cos (2nf,t
T (2nfyt)

0<t<T,

x(t) —0

Filter matched to

I%+

Decision
device

T

Threshold

Sample at time t = T,

2
— cos (2nfyt;
‘/Tb (2mfyt)

0<t<T,

— Output

Envelope °
detector
Comparator
Envelope °
detector

Sample attime t=T,

[@ Copyright
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22 Electronics Engineering ® Communication Systems MBDE ERSY

Solution: 7
Taking the inverse Fourier transform of H(w), we have

h(t) = 2_175'[° H(w)e! do

The range of integration in the preceding equation can be divided into segments of length 2—7? as

2K+ N)m/T ]
H(m)e™'dw

M

1
h(t) = —
0= 5

—e° (2K-1)m/T
And we can write h(nT) as
1 w (CK+NW/T

h(nT) = — [ Hwe™ do
2m k= — (2K-Nn/T
By the change of variable
u=w-2n(K/T)
o T
h(nT) = Ll nJ' H u+ 2K gl 2miry,
2n K=—oo_gT T

Assuming that the integration and summation can be interchanged we have,
Finally, if Nyquist pulse shaping criterion is satisfied, then

T . 1
RJ' ejuanU=l sinnm _ 7 n=0

nm
n/T 0 n=z0

Which varifies that h(t) with a Fourier transform. H(w) satisfying Nyquist criterion.

h(nT) =

1
2n

[www.madeeasypublications.org MRDE ERSH © Copyrigha
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m Conventional Solutions]

Solution: 1
I(x, y) = H(x) + H(y) — H(x, y) = 0.9927 + 0.9984 — 1.9233 = 0.067 bits/symbol
Solution: 2
(a) Number of data bits = k = 4
Number of parity bits = n— k=3
(b) C=dG
1000110 (1000110
0100101 010010 1
i = = ii = [1011 =[101101
(i) C [011110 0100 1 1 [0111001] (ii) C=[10 o 0100 1 1701011010
o001 111 000 1111
Solution: 3
Symbol | & & & & 5
Probability | 0.55 0.15 0.15 0.10 0.05
0 0 0 0
0.55 055 ———> 055 —> 055 ]
015 L~ 045 01 o.3oﬁ—r0-45 ]
0.15 & 0.15 100 0.15 p
0.0 1010 o5
101
0.05
1011
L = 1.9 bits/symbol
H = 1.8437 bits/symbol
%M = %xmo =97.04%
Solution: 4
(i) P(ry) = P(ry | my)P(m,) + P(r, | m,)P(m,)=0.9(0.5) + 0.2(0.5) = 0.55
P(r,) = P(r, |my)P(m,) + P(r, Im,)P(m,) = 0.1(0.5) + 0.8(0.5) = 0.45
L P(mg)P(r, Imy) _ (0.5)(0.9)
’ = = =0.818
(i) Using Bayes’s rule, P(mylry) o) 055
o P(my)P(r;lm;)  (0.5)(0.8)
= = =0.889
(iii) Similarly, P(m, |r,) ) W
(iv) P, = P(r,Imy)P(my) + P(r,Im,)P(m,) = 0.1(0.5) + 0.2(0.5) = 0.15

(v) The probability that the transmitted signal is correctly read at the receiver is
P.=1-P,=1-0.15=0.85

[www.madeeasypublications.org MRDE ERSH © Copyrighg
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Solution: 5
9
P(Y=0)= -2
( ) %

The probability of transmitted message is ‘1’ if received message is ‘1’ is,
16
X=1 _ 2
P( A: 1) = o3
Solution: 6

(i) C = Blog,(1 + SNR) bits/sec = 1200 kbits/sec
(ii) 37 channels can be accommodated.

Solution: 7

2 4
Hix, y) = =Y, Y plx;, yi) log plx; vi)
j=1 K=1

2 2 2 2
Hx, ) = zq_loq_+4(%o @j+2p_|op_
) Hz 92 2 9% 2797
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m Conventional Solutions]
Solution: 1

Minimum transmission bandwidth required by the FDM system = 96 kHz

Bit rate of standard 8-bit PCM, R, = Nnf, =24 x 8 x 8 x 10° bits/sec = 1536 kbits/sec

Minimum transmission bandwidth required by the PCM system = R, /2 = 768 kHz

So, the minimum transmission bandwidth required by standard 8-bit PCM-TDM for sending same
24 message signals is high compared to that of AM-SSB — FDM system.

Solution: 2
6
(i) Total number of duplex channels for voice = w =1000
50%x10
, 1x10°
(ii) Total number of duplex channels for control = =20
50x10
(iii) Total number of cells within a cluster = 5
1000
Voice channels per cell = —— =200

Control channels per cell = %:4

Total number of channels per cell = 200 + 4 = 204.

Solution: 3
Number of control bits per frame, C = 5/2 = 2.5 bits
R 1
B.W. = ?b = E[ans +Cf,] = 250 kHz
EEEE
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