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								Introduction	
								 						(Solutions	for	Text	Book	Practice	Questions)

Chapter	 
 

01. Ans: (b)
Sol: We know that
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02. Ans: (a)
Sol:

f(t) = r(t) – r(t – 1) – u(t – 2) 

03. Ans: (a)
Sol: The convergence of Fourier transform is

along the j-axis in s-plane. 

04. Ans: (a)
Sol:
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05. Ans: (d)
Sol:

 

06. Ans: (c)

Sol: Given x(t) = 
2ate

Fourier transform of x(t) is  
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07. Ans: (d)
Sol:  The EFS expression of a periodic signal x(t)

is   x(t)  = 

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

n

tjn
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0ec

where, 'cn' is EFS coefficient. 

Apply F.T on both sides 
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So, it is a train of impulse. 

08. Ans: (a)
Sol: 1;e)j(V 2j    
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09. Ans: (b)
Sol: Parseval’s theorem is used to find the energy

of the signal in frequency domain. 
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10. Ans: (a)

Sol: 
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11. Ans: (d)
Sol: m(t) = f(t) cos2t

Apply Fourier transform 

 M() = )]2(F)2(F[
2

1
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12. Ans: (b)
Sol: For band limited signals,
 S(f)  0; Wf 

S(f) = 0; Wf 

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)} = 
t

1
)t(f




It is in the terms of ‘t’. 

15. Ans: (a)
Sol:  For an ideal LPF
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h(t) 

2Bk 

td
t 

0 

 h(t)  0  for  t < 0 

Output exists before input is applied i.e. non-

causal, which is physically impossible. 

  

16. Ans: (b)

Sol: (at) = )t(
a

1
  

(2t) = )t(
2

1


17. Ans: (a)
Sol: By modulation we are translating the low

frequency spectrum into high frequency 
spectrum. 

18. Ans: (a)
Sol: We know that

P(dBm) = 10log(P103) 
–10 = 10log(P103)
P103

 = 10–1

P = 10–4 = 100 W

19. Ans: (a)
Sol: x(2t) means signal time axis is compressed

by 2  

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: (c)
Sol: From the signal spectrum

fH = 530 kHz, fL = 50 kHz  
Bandwidth = fH – fL = 530 kHz – 50 kHz 

         = 480 kHz 

x(t) 

t 0 

4 

5 –5

x(2t) 

t 0 

4 

2.5 –2.5



Regular	Live	Doubt	clearing	Sessions			|				Free	Online	Test	Series	|	ASK	an	expert	

Affordable	Fee		|			Available	1M	|3M	|6M	|12M	|18M	and	24	Months	Subscription	Packages	

									Amplitude	Modulation	Chapter	 
 

01. Ans: (a)

Sol: V(t) = Ac.cosct + 2 cosmt . cosct.

Comparing this with the AM-DSB-SC signal 

 A cosct + m(t).cosct, it implies that  

m(t) = 2cosmt  Em = 2  

To implement Envelope detection,  

 Ac  Em 

 (Ac)min = 2 

02. Ans: (d)

Sol: m(t) = (Ac + Am cosmt)cosct.

    = Ac(1 + 
cA

mA
cosmt)cosct. 

Given  

Ac = 2Am 

  = Ac(1 +
2

1
cosmt)cosct.
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03. Ans: (a)

Sol: m(t) = 2cos2f1t + cos2f2t

C(t) = Accos2fct

S(t) = [Ac + m(t)]cos2fct 

S(t) = Ac[1 + 
CA

1
m(t)]cos2fct

Ka = 
cA

1

 Am1 = 2, Am2 = 1 

1 = KaAm1 = 
CA

2
, 2 = KaAm2 =

CA

1

 = 2
2

2
1 

 0.5 = 
2
c

2
c A

1

A

4


 AC = 20

04. Ans: (c)

Sol: m(t) = 0.2 + 0.6sin1t, ka = 1, Ac = 100

S(t) = Ac[1  0.2 + 0.6sin1t]cosct 

       = 100[0.8 + 0.6sin1t]cosct 

 Vmax = Ac[1 + ] = 100[0.8 + 0.6] = 140 V 

 Vmin = Ac[1  ] = 100[0.8  0.6] = 20 V 

     = 20V to 140 V 

05. Ans: (c)

Sol: fC = 1 MHz = 1000 kHz

The given m(t) is symmetrical square wave 

of period T = 100 sec 

 fm = 
0T

1
 = 10 kHz

100sec 

	2	
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fc3fm 
=970K 

fc2fm 
=980K 

fcfm 
=990K 

fc 
=1000K 

fc+fm 

1010K 
fc+2fm 
=1020K 

fc+3fm 
=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)sinc2(1000t)

     = sinc(200t)sinc(1000t)sinc(1000t) 

 
 

So, highest frequency component in the 
signal m(t) is 100 + 500 + 500 = 1100  

BW = 2  1100 
BW = 2200 Hz 

07. Ans: (a)
Sol: P(t) = u(t) u(t1) 

g(t) = P(t) *P(t) =  

= 

x(t) = 100(P(t) + 0.5g(t))cosct 

    = 100(1 + 0.5t)cosct 

     = Ac(1 + Kam(t))cosct 

 ka = 0.5, m(t) = t 

 = ka[m(t)]max 

 = 0.5 1 = 0.5 

08. Ans: (d)

Sol: 




m

2

L f2

1
CR

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

09. Ans: (b)
Sol: S(t) = 10cos2106t + 8cos25103tcos2106t

S(t) = 0.8 10cos2106t  

+ 0.58cos25000tcos2106t

    = 8(1+ t50002cos
8

4
 ) cos2106t

 = 
8

4
 =

2

1
 = 0.5

P(t) 
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0 1 
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0 1 

1 

0 1 

0 1 2 

g(t) 

* 

Tuned ckt 

Tuned ckt 
Carrier message 

= 1 MHz + 5 kHz 
      Gain = 0.5 

Gain = 0.8 

Carrier = 1 MHz 

 = ? 

0.5 

fcfm fC fc+fm 

0.5 

0.8 

2

AC =4

4

AC =0.5 

500500 0 500 0 500 100 0 100 

  
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10. Ans: (d)
Sol: Amax = 10V
 Amin = 5V 

 = 0.1  

 = 
minmax

minmax

AA

AA




=
3

1
 = 0.33

 AC =
2

AA minmax  = 
2

510 
 = 7.5 V

Amplitude deviation AC = 7.5
3

1
 = 2.5 V 

2 = 0.1  Ac22 = 2.5 
 Ac2 = 25 V 

Which must be added to attain = 17.5 

11. Ans: (d)
Sol:   Modulation index

 = ka |m(t)|max 
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12. Ans: 0.125
Sol: s(t) = cos (2000t) + 4cos (2400t)

+ cos (2000t)
Here  4cos(2400t) is the  carrier signal. 

 cos (2000t) and cos (2000t) are the 
sideband  message signals. 

 Pc = 
2

42

 = 8 W

 Pm = 
2

1

2

1
  = 1 W

8

1

P

P

c

m   = 0.125 

13. Ans: (a, c & d)
Sol: SAM(t)=10cos(25000t) + 25cos(25200t)

+ 25cos(24800t)

 USB Frequency = 5200 Hz 
     LSB Frequency = 4800 Hz 

25
2

Ac 


 

25
2

10



 

  = 5 
a, c & d are correct. 

 NOTE: options are changed for  
(a)  = 5  (b)  = 2.5

14. Ans: (a & c)
Sol: SAM(t)= K1cos(25000t)+K2cos(25200t)

+ K3 cos(24800t)

c(t) = 10 cos(25000t) 

 K1 = 10 = AC  fc + fm = 5200 Hz
 = 0.5  fc – fm = 4800 Hz 

 32
c KK
2

A



 2fm = 400 Hz 

32 KK
2

5.010



 fm = 200 Hz 

 K2 = K3 = 2.5 
a & c are correct. 

A m(t) = 0 

AC(1+)=AC + Ac 
10V = 7.5 + 2.5 

AC(1– ) = AC – AC 
5V = 7.5  2.5 
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System 
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o/p m(t) 
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														Sideband	Modulation	Techniques	Chapter	 

 

01. Ans: (c)
Sol:

 V1 = k [m(t) + c(t)] 

 V2 = [m(t) – c(t)] 

 V0 = aV1
2 – b V2

2

  = ak2[m(t) + c(t)]2 – b[m(t) – c(t)]2 

     = ak2 [m2(t) + c2(t) + 2m(t)c(t)]  

                 b[m2(t) + c2(t) – 2m(t)c(t)] 

  = [ak2 – b]m2(t) + [ak2  b]c2(t) 

+ 2[ak2+b][m(t)c(t)]

on verification if k = 
a

b

S(t) = 4bm(t)c(t) DSBSC Signal 

02. Ans: (d)

Sol: Given A = 10

          m(t) = cos1000t 

       b = 1 

B.W = ? and power = ?

s(t) = 4b.A cos2fct. cos2 (500)t

      = 40.cos2fct. cos2 (500)t 

B.W = 2 fm

        = 2 (500) 

        = 1 kHz 

 Power = 
4

AA 2
m

2
c

        
4

11600
  

        W400

03. Ans: (c)

Sol: Carrier = cos2 (100  106)t

Modulating signal = cos(2  106)t  

Output of Balanced modulator  

     = 0.5[cos 2 (101  106)t + cos 2(99106)t] 

The Output of HPF is 0.5 cos 2(101  106)t 

Output of the adder is  

= 0.5 cos 2 (101106) t + sin 2 (100106)t 

= 0.5 cos 2[(100+1)106t]+ sin 2(100106)t 

   = 0.5[cos 2 (100 106)t. cos 2 (106)t  

  sin 2(100  106)t. sin 2 (106)t] 

+ sin 2(100 106)t]

= 0.5 cos 2 (100 106)t. cos 2 (106)t  

+ sin 2(100106)t [10.5 sin2 (106)t]

Let 0.5 cos 2 (106)t = r(t) cos (t) 

1  0.5 sin 2 (106)t = r(t).sin (t) 

The envelope is  

r(t) = [ 0.25 cos2 2 (106)t  

+ {1 0.5 sin 2 (106)t}2]1/2

      = [1.25  sin 2(106)t]1/2

= [
4

5
  sin 2 (106)t]1/2

	3	
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04. Ans: (b)
Sol: Output of 1st balanced modulator is

Output of HPF is  

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

Thus,   the   spectral   peaks   occur at 2 kHz 
and 24 kHz.  

05. Ans: (c)

Sol: Given

KHz02.100f,KHz100f

,Hz400f,Hz200f,Hz100f

0L

321

cc

mmm





]t)
3mfcfcos(t)

2mfcfcos(

t)
1mfcf[cos(2

mAcA
xT/)t(S





tf2cosA]T/)t(S[R/)t(S
0Lccxx 

)]20fcos()fffcos(

)20fcos()fffcos(

)20fcos()fff[cos(
4

AA

33Lo

22Lo

11Lo

mmcc

mmcc

mmcc
m

2
c







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

06. Ans: (b)

Sol: Given

SSB AM is used, LSB is transmitted 

 )10f(f cLO 

t]ff[2cos
2

AA
T/)t(S mc

mc
X 

t)10cf(2cost)mfcf(2cos
2

mAcA
XR/)t(S  





]t)f10(2cost)f10f2(2[cos
4

AA
mmc

mc 

i.e., from 310 Hz to 1010 Hz

07. Ans: (b)
Sol: BW of Basic group = 12×4 = 48 kHz

BW of super group = 5×48 = 240 kHz 

08. Ans: (d)
Sol: Given 11 voice signals

B.W. of each signals = 3 kHz 
Guard Band Width = 1 kHz 

 Lowest fc = 300 kHz 
 Highest fc =  

)kHz1(10)kHz3(11kHz300ff
lostH mc 

= 343 kHz 

kHz340

kHz3kHz343f
Hc





09. Ans: (b)
Sol:   fm1 = 5 kHz  AM

 fm2 = 10 kHz  DSB 

 fm3  = 10kHz  SSB 

 fm4 = 2kHz  SSB 

 fm5 = 5kHz  AM 

 fg = 1kHz 

BW = (2fm1 + 2fm2 + fm3 + fm4 + 2fm5 + 4fg) 

    = 2 5 + 210 + 10 + 2 + 25 + 41 

    = 10 + 20 + 10 + 10 + 6 

    = 56 kHz 

 BW = 56 kHz 

-13 -11 -10 -9 -7 7 9 11 13 10 
f(kHz)

-13 -11 -10 10 11 13 
f(kHz) 

0 2 3 23 24 26 
f(kHz) 
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10. Ans: (b & c)
Sol:  Power in AM = PC + PUSB + PLSB

Power in DSB-SC = PUSB + PLSB, power in 
SSB-SC = PUSB (or) PLSB 
 Power in AM > DSB-SC > VSB = SSB 
Option (b) is correct 
BW in AM = 2fmax 
BW in DSB-SC = 2fmax 
BW in SSB-SC = fmax 
BW in VSB-SC = fmax + f 
 BW in AM = BW in DSB-SC  

> BW of VSB
> BW of SSB

Option (c) is correct 

11. Ans: (a, c & d)
Sol:  For DSB-SC    = 100%

BW = 2fmax = 2  3  104 = 60(kHz) 
S(t) = m(t) c(t) 

               = 50 cos(2  107t) cos(2  104t)  
+ 50cos(2  107t) 5cos(5  104t)
+ 50cos(2  107t) 4cos(6  104t)

 Pt = 26.25(kW) 
(a, c & d are correct) 
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													Angle	Modulation	

 2
0J  

1 

2.4 5.5 8.6 11.8  

Chapter	 
 

01. Ans: (a)
Sol:  s(t) = 10 cos(20t +t2)

 
dt

td

2

1
f i

i






 t220
2

1
fi 




sec/Hz112
2

1

dt

dfi 


  

02. Ans: (d)

Sol: 
2

)(JA
P

2
0

2
c

fc




So, J0
2() is decreasing first, becoming zero 

and then increasing so power is also behave 
like J0

2 (). 

03. Ans: (a)

Sol: In an FM signal, adjacent spectral

components   will   get   separated by  

 fm = 5 kHz 

Since BW = 2(f + fm) = 1MHz   

  =1000  103 

  f + fm = 500 kHz       

f = 495 kHz 

 The nth order non-linearity makes the carrier 

frequency and frequency deviation 

increased by n-fold, with the base-band 

signal frequency (fm) left unchanged since 

n = 3,   

 (f)New = 1485 kHz   &    

(fc)New = 300 MHz 

New BW = 2(1485 + 5) 103   

 = 2.98 MHz  
 = 3 MHz 

04. Ans: (d)

Sol: S(t) = Ac 





n
n )(J cos2(fc + nfm)t 

f = 3(2fm) = 12 kHz 

 = 
mf

f
 = 6

S(t) = 





n

mcn t)nff(2cos)6(J.5

 fc = 1000kHz, fm = 2 kHz 
 = cos2(1008 103)t 
 = cos2(1000 + 42)103t 

i.e., n = 4
The required coefficient is 5.J4(6)

05. Ans: (c)
Sol: 2fm = 4 103

 fm = 2k 
J0 () = 0 at  = 2.4 

          = 
m

mf

f

Ak
  2.4 = 

k2

2k f 

kf = 2.4 KHz /V 
at  = 5.5 

	4	
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mf

2k4.2
5.5




 fm = 872.72 Hz 

06. Ans: (c)
Sol:  = 6
 J0(6) = 0.1506 ; J3(6) = 0.1148 

 J1(6) = 0.2767 ; J4(6) = 0.3576 

 J2(6) = 0.2429 ; 

?
P

P

T

f mf4c 


PT =
R2

A 2
c
















 




)(2

4
J)(2

3
J)(2

2
J)(2

1
J

2

)(2
0

J

R

2
C

A

mc f4fP















)(J)(J)(J

2

)(J

R

A
P 2

4
2
2

2
1

2
0

2
C

f4f
mc

5759.0

2
1
2879.0

P

P

T

f mf4c 


= 57.6 % 

07. Ans: (c)

Sol: m(t) = 10cos20t

 fm = 10 Hz 

inserting correct signal and frequency 

 = 
10

105

f

Ak

m

mf 
  = 5 

 

 From fc to fc + 4fm pass through ideal BPF 

Powers in these frequency components 

)(2
2J

R2

2
CA

2)(2
1J

R2

2
CA

2)(2
0J

R2

2
CA

P   

  2
4J

R1

2
CA

22
3J

R2

2
CA

2  

           

















22

2222
C

)391.0(2)365.0(2

)049.0(2)328.0(2)178.0(

R2

A

   = 41.17 Watts  

08. Ans: (d)

Sol: Pt = 
R2

A 2
C  (R =1)

  = 
2

100
 = 50 W

% Power = 
powertotal

componentsinPower
 100

 = 100
50

17.41


 = 82.35% 

09. Ans: (d)
Sol: In frequency modulation the spectrum

contains fc  nf1  mf2, where n & m =               
0, 1, 2, 3………  

10. Ans: (c)

Sol: Given fc = 1MHz

fmax = fc + kf Am   

        kp = 2 kf 

     kf = 




 22

k p

= 
2

1

2

)(3JCA 
2

)(2JCA 
2

)(1JCA 
2

)(0JCA 

2

)(JA 1C 

2

)(2JCA 

2

)(3JCA 

fC-3fm fC-2fm fC-fm fC fC+fm fC+2fm fC+3fm 
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         = 





  56 10

2

1
10  56 105.010 

 46 10510 

=   33 105010 

          = (103 + 50) k 

          = 1050 kHz. 

     fmin = fc −kf Am 

         = 





  56 10

2

1
10   

 56 105.010 

 46 10510 

=   33 105010 

        = (103 − 50) k 

           = 950 kHz 

11. Ans: (d)

Sol: 
mf

f


 = 
mf

f

         f =  fm 

              = kp Am fm 

12. Ans: (c)

Sol: Given

 fc = 100  103
 Hz

kf = 10103Hz 

 m(t)|max = +1 , m(t)| min = –1 

  fi  = fc  f 

 = fc  kf Am  

 = 100103  10103 (m(t)) 

 = 110 kHz & 90 kHz 

13. Ans: (c)

Sol: S(t) = Ac cos (2fct + kpm(t))

)t(
dt

d

2

1
f ii 




    = 
dt

d

2

1


 (2fct + kpm(t)) 

    = fc + )t(m
dt

d
k

2

1
p













4

10

1

2

k
ff

3

p
cmax

3p
c 104

2

k
f 




3104
2

kHz100 



  

   = 102 kHz 













4

10

1
kff

3pcmin

    = fc – 2 kHz 
 fmin = 98kHz 

14. Ans: (c)

Sol: Given,

S(t) = Ac cos (i(t)) 

     = Ac cos (ct +(t) ) 

m(t) = cos (mt) 

 fi(t) = fc + 2k(fm)2 cos mt 

dt

)t(d

2

1
f i

i






i(t)

+1

-1

T =10-3sec 

T/4 
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i(t) =  2 fi(t)dt

dt]tcos)f(k2f[2)t( m
2

mci  
i(t) = 2fct + (2fm)2 k

t

tcos

m

m




i(t) = ct + mk sin mt

15. Ans: (b)

Sol: maxfmax |)t(m|Kf 

       =  10
2

100



 

Hz
500

fmax 










16. Ans: (a)
Sol:  p = kp max [|m(t)|] = 1.5  2 = 3

f = 
  

m

f

f

|tm|maxk
 

   
1000

23000


  6

17. Ans: (a)

Sol:  Using Carson’s rule we obtain

 BWPM = 2 (p + 1)fm = 8  1000 = 8000Hz 

 BWFM = 2 (f +1)fm = 14  1000 =14000Hz 

18. Ans: 70 kHz 
Sol:  )t(mktf2cosA)t(s pcc 

)t(x
dt

d

2

k
ff p

ci 
  

      t102cos10t104sin
dt

d
5

2

5
k20 33 




 
















333

33

102t102sin10104

)t102cos10t104cos(

2

25
k20

  

3
)ms5.0t(i 104)104cos(

2

25
k20f 




     3104
2

25
k20 


  

      = 20k + 50k 
    kHz70f )ms5.0t(i 

19. Ans: (a, b & c)
Sol:  s(t) = 100cos[2  107t + 10sin(8  103t)]

    t108sin10
dt

d

2

1
tf 3

i 




fi(t) = 40  103 cos[8103t] 
fmax = 40(kHz) 

10
104

1040

f

f
3

3

max

max 






  

BW = 2[+1] fmax = 2 [10 + 1] 4103

= 88(kHz) 

 kW5
2

100
PP

2

CT 



  

 a, b & c are correct 

20. Ans: (a, c & d)
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		 																Radio	Receivers	Chapter	 
 

01. Ans: (d)
Sol: The image channel selectivity of super

heterodyne receiver depends upon Pre 
selector and RF amplifier only. 

02. Ans: (b)
Sol: The image (second) channel selectivity of a

super heterodyne communication receiver is 
determined by the pre selector and RF 
amplifier. 

03. Ans: (d)
Sol: Given fs = 4 to 10 MHz

       IF = 1.8 MHz 
  fsi = ? 
  fsi = fs + 2×IF 

    = 7.6 MHz to 13.6 MHz 

04. Ans: (a)
Sol: Image frequency fsi = fs + 2×IF

    = 700103 + 2(450103)  
    = 1600 kHz  

Local oscillator frequency, fl = fs + IF 
 (fl)max = (fs)max  + IF = 1650 + 450  

       = 2100 kHz  
 (fl)min  = (fs)min + IF = 550 + 450  

          = 1000 kHz  

 R = 41.4
1000

2100

f

f

C

C
22

min

max

min

max 


















l

l
 

05. Ans: (a)
Sol: fs(range) = 88 - 108MHz

Given condition fIF < fLO,  fsi>108 MHz 
 fsi = fs + 2×IF 

fsi > 108 MHz 
 fs + 2IF > 108 MHz 

88MHz + 2×IF > 108 MHz 
IF > 10MHz 
Among the given options IF = 10.7 MHz 

06. Ans: (a)
Sol: Range of variation in local oscillator

frequency is  
fLmin = fsmin + IF  
        = 88 + 10.7 

 fLmin = 98.7 MHz 
 fLmax = fsmax  + IF 

      =108 + 10.7 
 fLmax = 118.7 MHz 

07. Ans: 5
Sol: fs = 58 MHz – 68 MHz
 When fs = 58 MHz 

       fsi = fs + 2IF > 68 MHz
       2IF > 10 MHz 

         IF  5 MHz 

08. Ans: 3485 MHz
Sol:

          fIf = 15 MHz 
          fL o = 3500 MHz 

          fs  fLo = fIF 
          fs = fLo + fIF = 3515 MHz 

          fsi = image frequency = fs  2 fIF 

= 3515  215 
         = 3485 MHz  

fIf 3500 3515

fsI 
fLo 

fs 

fIf

	5	
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09. Ans: (a, b & c)
Sol:   fIM = fS + 2fIF  = 555103 + 2(455103)

= 1465 kHz 
 fIF = flo – fS = 1010103 – 555103  

      = 455103 Hz 

 113Q1IRR 22   

Q = 50 

1465

555

555

1465

f

f

f

f

IM

S

S

IM 

 a, b & c are correct. 

10. Ans: (b & c)
Sol:   flo – fs = fIF

  flo = fIF + fs  
      = 555103 + 1500103 
      = 2055 kHz 

 fIM = fs + 2fIF  
       = 1500103 + 2(555103) 
       = 2610 kHz 

 b & c are correct 
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				 	Single	Random	Variable	Chapter	 
 

01. Ans: 0.368
Sol:





10

dx)x(f]10X[P  





10x

10/x dxe
10

1

 1e  = 0.368 

02. Ans: (i) 
ab

1
K


 ,  (ii) 0.5 

Sol:

(i) 1dx)x(f
b

a



1dxK
b

a

  

      1]ab[K 

ab

1
K




otherwise,0

bxa,
ab

1
)x(f








 (ii)  

  

otherwise,0

2x1,1)x(f




5.0dx1dx)x(f]5.1x5.1[P
5.1

1

5.1

5.1

 


 

03. Ans: 5.25 V
Sol:  

False Target, X > V (Volts) 
P[False Detection] = P[X > V] = 0.001 
1 – P[X  V] = 0.001 
1 – F[X = V] = 0.001 

 001.0e 4/V 2

  
 Volts25.5V 

04. Ans: (a)
4

3
,  (b) 1,  (c) 0,  (d)

8

7

Sol:
(a) P[x = 0] = F[x = 0] – F[x = 0–]

  = 1 – 75.0
4

3

4

1
  

(b) P[x  0] = F[x = 0]  = 1
(c) P[x > 2] = 1 – P[x  2]  = 1 – F[x = 2]

   = 1 – 1 = 0 

 X  (CRV)     
 (POWER Watts) 

 0 10 

0x,e
10

1
)x(f 10/x  

 X  
(CRV)     
[URV] 

 0  a 

 )x(f

 b 

ab

1
K




 X  
(CRV)     
[URV] 

 0  1 

 )x(f

  2 

 1 

 X  
(CRV)     
(Amp of Noise Volts) 

 0 

 )x(F   

 1 

	6	
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(d) P[–1 < x  1] = F[x = 1] – F[x = –1]

= 
8

1
1  =

8

7

05. Ans: (iv) 3P2 (1 – P) + P3

Sol: RE is Tossing of COIN [RV is a DRV]
n = 3, P[H] = P, P[T] = 1 – P 

 Binomial Distribution 
(i) x is DRV, it takes values 0, 1, 2, 3

  (ii) 

  (iii) 

06. Ans: (i) K = 5, (ii) 0.5,  (iii) 1 (iv) 
3

14

Sol:  

(i) 



3

2

1dx)x(f  

1
K

1
5   

K = 5 

   (ii) dx
5

x
dx)x(xf]x[E

3

2

x 




5.05
2

1

5

1
]x[E x    

 dx)x(fx]x[E 22

3

7
35

3

1

5

1
dx

5

x3

2x

2

 


(iii) E[y] = E[2x] = 2E[x] = 2(0.5) = 1

(iv) E[x y] = COR[xy] = E[2x2] = 2E[x2]

         = 2
3

7
 = 

3

14

–2  3  x  0  0.5 
    

  f(x) 

K

1

 CRV 
[URV] 

 [x] 

     x 
 (DRV)  0  1  2  3 

 f(x)  P  (1–P)  C 
 3 

0 

0  3 

(1–P) 
 3

 P  (1–P)  C 
 3 1  2 

 (1–P) 
 2

3P  (1–P) 
 2 

3  P 
 3 

 P 

 1 
 P  (1–P)  C 

 3 

2 

2  1 
 P  (1–P)  C 

 3 

3 

 3  0 

 1 

F(x) 

 0 1 2 3  x 
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07. Ans: 82 
Sol:  dx)x(f)x(g)]x(g[E

  dx
2

)xcos(
x4)]x(g[E 2  








2

2
x

2 dx)xcos(x2)]x(g[E

 2
2

2 )xsin(2)xcos(x2xsinx2)]x(g[E







8)2(20
2

2)]x(g[E 2
2












  

08. A random variable ‘x’ is uniformly
distributed in interval [0, 6]. If ‘x’ is
transformed to a new random variable
y = 2(x – 3)2 – 4.
Find, (a) Density function of ‘y’

(b) Mean of ‘y’
Sol: 
(a) 4)3x(2y 2 

4)x69x(2y 2 
14x12x2y 2 

x = 0, y = 14 
x = 6, y = 14 
This is Max ‘y’ 

4x – 12 = 0 
x = 3 
at x = 3 
y = –4 
This is Min ‘y’ 

Quadratic equation is:  0
2

y
7x6x2 

Roots are 4y707.03x1  ,  

4y707.03x2 

4y2

707.0

dy

dx1




4y2

707.0

dy

dx2






dy

dx
)x(f

dy

dx
)x(f)y(f 2

2
1

1 

4y2

707.0

6

1

4y2

707.0

6

1
)y(f







    14y4,
4y6

707.0



  

 (b) 3]036[
12

1
dx

6

x
dx)x(xf]x[E

6

0

   

4]x69x[2y 2   

 14x12x2y 2   

 14]x[E12]x[E2]y[E 2   

12)x(
3

1

6

1
dx

6

x
dx)x(fx]x[E 6

0
3

6

0

2
22  

 

 214)3(12)12(2]y[E   

01. Ans: (a)

Sol: 




  1dxeK 2/x2

 






 dte 2/t2

2

 12K   




2

1
K

6 0 

f(x) = 
6

1

 x 

2bte b4/2

e
b


 

2/t2

e 2/2

e2 

Previous GATE Solutions 
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02. Ans: (c)
Sol: P[x = 0] = F[x = 0] – F[x = 0 ] = 0

03. Ans: (a)
Sol: E[x2] – E2[x]

04. Ans: (d)
Sol: The variance of random variable K x is

2
x

2K 

05. Ans: (b)
Sol:





3

1

2
22 dx

4

x
dx)x(fx]x[E

3

7
28

3

1

4

1
]x[E 2 

3

4
1

3

7
]x[E]x[E 222

x 

06. Ans: (c)
Sol:

1dV)V(P 

1K4
2

1
  

2

1
K 

]V[E 2 dV)V(fV2  

]V[E 2 



4

0V

2 dV
8

V
V

]V[E 2 8)4(
4

1

8

1 4   

07. Ans: (d)
Sol:  P[X = 1] = F[X = 1] – F[X

= 1 ] = 0.55 – 0.25 = 0.30 

08. Ans: 0.368

Sol: 
]1x[P

)]1x()2x[(P

1x

2x
P













]1x[F1

]2x[F1

]1x[P1

]2x[P1

]1x[P

]2x[P














368.0e
e

e

1x

2x
P 1

1

2








 





 

09. Ans: 11
Sol: Expectation is Linear operations

2E[X] + E[Y] = 0     - - - - - (1) 
E[X] + 2E[Y] = 33   - - - - - (2) 
3E[X] + 3E[Y] = 33   
E[X] + E[Y] = 11   

10. Ans: 1 – pq
Sol: X and Y are IRV’s

P[X  Y] = P[XY] = P[X] P[Y] 

     

P[X + Y  1] = 1 – P[X + Y < 1] 
= 1 – P[X = 0, Y = 0]  

Joint Probability 

= 1 – P[X = 0] P[Y = 0]  
= 1 – pq 

Y 0 1 
f(Y) q 1 – q 

X 0 1 
f(X) p 1 – p 

 f(x) 

 K 

 0–1  3 x = 1 
X 
(CRV) 
[URV] 

 K = 
4

1

 f(x) = 
4

1
, –1  x  3

        = 0,    otherwise 

 P(V) 

 K = 
2

1

 0 
 (0, 0) 

  4 
X 
 (CRV) 
   (or) 
 [URV] 

 m = 
8

1








2

1
,4  

 P(V) = 
8

V
, 0  V  4
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11. Ans: (d)
Sol:

x = 2V 
 dx = 2 dV 

2

1

dx

dV


  V = –2, X = –4 
  V = 2, X = 4 

 –2  V  2,  –4  x  4,

dx

dV
)V(f)x(f 

                                               ,
2

1

4

1
)x(f  –4  x  4

Only option (d) satisfies 
[F(x) – G(x)]x  0 

0 2 –2  u 

 f (u) = 
4

1

0 2 –2  v 

 f (v) = 
4

1

  

0 2 –2 
 x 

 F(x) 

–4

 1 

 4 

0.5 

 

0 2 –2 
 x 

 G(x) 

–4

 1 

 4 

0.5 

 

0 4 –4  x 

 f (x) = 
8

1
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					 	Joint	Random	Variables	Chapter	 
 

01. Ans: (i) 2

Sol: 1dxdy)y,x(f 
(i)  









 
0x 0y

)yx2( 1dxdyeA

1]1[
2

1
A 





 A = 2  

(ii) 










0y

yx2

0y

dyee2dy)y,x(f)x(f

0x,e2 x2  












0x

x2y

0x

dxee2dy)y,x(f)y(f

0y,e y  

 

 Since 
f(x, y) = f(x) f(y) 

]e][e2[e2 yx2)yx2(    

 x and y are IRV’s 

02.  

Sol: 0x,e
6

1
dyee

18

1
)x(f 6

x

0y

3

y

6

x








  

0y,e
3

1
dxee

18

1
)y(f 3

y

0x

6

x

3

y








  

f(x, y) = f(x)  f(y) 
 x and y are IRV’s 

03.  
Sol:  

(i) F(x) = 0.1u(x + 4) + 0.15 u(x + 3)
+ 0.22 u(x) + 0.18 u(x – 2) + 0.35 u(x – 4)

F(y) = 0.12 u(y + 3) + 0.41 u(y + 2) 
+ 0.25 u(y – 1) + 0.22 u(y – 3)

(ii) P[–1 < x  4, –3 < y  3]
= 0.22 + 0.18 + 0.23 = 0.63

[Note: 0.12 doesnot come as –3 < y  3
is not including the occurrence of event y =
– 3]

04. Ans: 
6

1

Sol: P[y < 1 – x]  

=  









x1

0y

1

0x

1

0x

x1

0y

dyydxx4dxdyxy4

   = 







 



1

0x

23
1

0x

2 dx)xx2x(2dx)x1(x2    

P[y < 1 – x]  

= 
6

1

12

683
2

2

1

3

2

4

1
2 



 





 

 
 
 

 
 

 x 
 y 

–3 –2 –1  3 
–4    0      0     0.1   0 
–3    0      0    0.15  0 

 0     0      0      0    0.22 

 2     0     0.18  0      0 

 4    0.12 0.23  0      0 

–4 –3 0
 

2 4 
 x 

0.47 

0.25 

0.1 

0.65 

1 
F(x) 

–3 –2 0
 

1 3 
 y 

0.78 

0.53 
0.12 

1 
F(y)

	7	
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    (OR) 

P[x < 1 – y] = 
6

1
dxdyxy4

1

0y

y1

0x

 






05. Ans:
ba

b



Sol: P[x > y] =  










0y yx

)byax( dxdyabe

dxedyeab
yx

ax

0y

by 











P[x > y] = dyeeb
0y

ayby




    

P[x > y] = dyeb
0y

y)ba(






 P[x > y] = 
ba

b
]10[

ba

b







 (OR) 

P[x > y] = ]xy[P    

=  


 



0x

x

0y

)byax( dxdyeab  

=  


 






0x

x

0y

bxax

ba

b
dyedxeab

06. Ans:
Sol:

  

)s(Y ,
)2s)(5s(

10


 Re(s) > –2  

)s(Y
2s

B

5s

A





,    Re(s) > –2 

A + B = 0 
2A + 5B = 10 


3

10
B  ,

3

10
A




2s

3/10

5s

3/10
)s(Y







 ,  Re(s) > –2  

 )t(ue
3

10
)t(ue

3

10
)t(y t2t5  


   

w = x – y  

f(w) = f(x)  f(–y) 

,
5s

5
)s(X1 
 Re(s) > –5 

,
2s

2
)s(X2 


 Re(s) < 2  

)s(Y
)2s)(5s(

10




,  
LHP

)t(u

RHP

)t(u

2)sRe(5




)s(Y
2s

B

5s

A





A + B = 0 
– 2A + 5B = –10


7

10
A  ,  

7

10
B




2s

7/10

5s

7/10
)s(Y










)t(ue
7

10
)t(ue

7

10
)t(y t2t5    

)(ue
7

10
)(ue

7

10
)(f 25     

07. Ans: 8
Sol: y = –4x + 20

E[y] = E[–4x + 20] = –4 E[x] + 20  
     = – 16 + 20 = 4 

 E[x] = 4, E[y] = 4 

4x   

 22
x 

]x[E]x[E 222
x   

 2 = 16]x[E 2   

 18]x[E 2    

    )t(ue5)t(x t5
1

      ,
5s

5
)s(X1 
  Re(s) > –5 

    )t(ue2)t(x t2
2

             ,
2s

2
)s(X2 
  Re(s) > –2

L.T

L.T
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COR[x, y] = E[xy] = E[x(–4x+20)]  
= E[–4x2 + 20x] 

E[xy] = –4E[x2] + 20 E[x]  
       = –4(18) + 20(4) = –72 + 80 = 8  

 (OR) 

 COR[x, y] 

COR[x, y] = E[xy]  E[x]  E[y] 
 x and y are dependent RV’s. 

08.  
Sol:  

otherwise,0

20,
2

1
)(f








0dcos
2

1
d)(fcos][cosE]x[E

2

0




 




0dsin
2

1
d)(fsin][sinE]y[E

2

0




 




 

COR[xy] = E[xy] = E[cos sin]  

= 



 )2sin(
2

1
E

 COR[xy] =  )2sin(E
2

1
 = 







2

0

d
2

)2sin(

2

1
 

COR[xy] = 0d)2sin(
4

1 2

0


 





    

x and y are orthogonal RV’s 
COV[x, y] = E[xy] – E[x] E[y] = 0 
x and y are uncorrelated RV’s 

x2 + y2 = 1 
circle (0, 0) r = 1  

09. Ans: 0
Sol:

0z   

,
3

1
]z[E 2 

3

12
z 

0]z[Ez 

 dz)z(fz]z[E 22   

 MSV = 
3

1
)2(

3

1

2

1
dz

2

z1

1

2




3

1
MSV2

z 

x = z 
0zx 

3

1
]z[E]x[E 22 

3

12
z

2
x 

y = z2  

3

1
]z[E 2

y 

dzz
2

1
]z[E]y[E

1

1

442 


 =
5

1

45

4

9

1

5

12
y 

COR[x, y]  

E[xy] = E[z3] = 00
4

1

2

1
dz

2

z1

1

3




 

 x and y are orthogonal RV’s 

COV[x, y] = E[xy] – 0yx 

 x and y are uncorrelated RV’s  

0 2  

 f() 

2

1

0  1  z 

 f(z)  =
2

1

–1
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01. Ans: (d)
Sol: Correlation function:

x1(t)  x2(–t)  

Auto correlation function: 
x(t)  x(–t)  

02. Ans: (a)
Sol: x[n]
 Stationary 

The statistical properties does not change. 
E[x[n]] = 0 

 E[x2[n]] = VAR of x[n] = 2
xV  

d[n] = x[n] – x[n – 1] 

E[d[n]] = E[x[n]] – E[x[n – 1]] = 0 
 E[d2[n]] = 2

dV  

     = E[ x2[n] + x2[n – 1] – 2x[n] x[n – 1] ]   
 2

dV   E[x2[n]] + E[x2[n – 1]] – 2E[ x[n] 

x[n – 1] ] = 2
xV

10

1

10

V
]1[R2VV

2
x

xx
2
x

2
x 

]1[R2
10

V
V2 xx

2
x2

x   

 
2
x

xx

V

)1(R

20

19


 95.0
V

)1(R
2
x

xx 

03. Ans: (d)
Sol: Given P(x = 0) = P

        P(y = 0) = q 
Random Variable x, y are given to be 
independent  
P(x + y  1) = 1 – P(x + y < 1) 

     = 1 – [P(x + y = 0)] 
     = 1 – [P(x = 0, y = 0)] 

 [The random variables x and y are 
independent]  
  P(x + y  1) = 1 – (p)(q)  = 1 – pq    

x(t)

1 

0 T  t

x(–t) 

1 

0  t –T

y(t) 

T 

0 T  t –T 

Previous GATE Solutions 
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				 	Standard	Distributions	Chapter	 
 

01.  
Sol: 

(a) 1x1,
2

1
)x(f 

      = 0,   otherwise  

1x1),1x(
2

1
)x(F   

        1x,1   

(b) 0x 

MSV = E[x2] = 
3

1
]2[

3

1

2

1
dx

2

x1

1x

2




3

1
MSV2

x 

3

1
x 

02.  
Sol:  

(a) ]10n[F1]10n[P1]10n[P 444  

]1[Q
10

010
Q

n
Q11

4

4

n

n 






 




















 



(b) P[–110–4   n  110–4] = 1 – 2Q[1]
(c) P[0  n  110–4 ] = 0.5 – Q[1]

  
  

  

03. 
Sol: The pdf of GRV ‘x’ is given by  

18/)4x( 2

e
23

1
)x(f 




 N[ 9,4 2
xx  ] 

E[x] = 4 
 92

x 
 25][]x[E 2

x
2
x

2 

(a) P[x = 4] = F[x = 4] – F[x = 4–]
 P[x = 4] = zero

(b) 





4x

dx)x(f]4x[P







4

4

2

1
dx)x(fdx)x(f

2

1
)x(f 

1 –1 0 
 x 

 [CRV] 
 [URV] 

)x(F  

1 –1 0 
  x 
 0.5 

 1 
 M = 

2

1

–10–4 10–4 0
 n 
Noise 
(GRV) 

Q[1] 

1 – 2Q[1] 

 f(n) 

 Q[1] 

0n   
82

n 10
4

n 10
 

 

 f(x) 

 4  0 
  

x

 x 
[CRV] 
[GRV] 

	8	
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04. 
Sol: 1k resistors, 10% tolerance  R can be 

between   
900    to 1100   
 900  R  1100 

 Given, x = 1000 ,  

         x = 40  

If R < 900   (or) R > 1100  it will be 
rejected. 

 
 

 P[x  900] = F[x = 900] 

= 



 


40

1000900
Q1   

       = ]5.2[Q1 
       = ]5.2[Q  

 P[x  900] = P[x  1100] = Q[2.5] 
The fraction of resistors to be rejected  

= 2Q[2.5]100 = 1.24 % 

05.  
Sol: Transmitter 
 S1  V(volts) 
 S2  0(volts) 

 P(S1) = P(S2) = 
2

1

Channel 
AWGN 
GRV 
 = 0 

2

Receiver   r = s + n 

If  1S,
2

V
r 

If  2S,
2

V
r 

Pe = P(S1) 








1

2
e S

S
P + P(S2) 









2

1
e S

S
P

Pe = dn)n(f
2

1
dn)n(f

2

1

2

V

2

V








“Areas under both the shaded regions are 
same”  

 
 
 










1

2
e S

S
P   

r = s + n = v + n 

If  v + n  
2

V

2

V
n 










2

1
e S

S
P

r = s + n = 0 + n = n 

If   
2

V
n 

 Pe = 



 




 2

V
nFdn)n(f

2

V

 

Pe = 






























2

V
Q1

0
2

V

Q1

0 
 n 

(Volts) 










2

1
e S

S
P

 f(n) 

 










1

2
e S

S
P

2

V

2

V


1000 

 x 
(ohms) 

 f(x) 

 

 Rejected    
 Zone 

1100 900 

 Rejected    
 Zone 

Tolerance 
zone 



28 Communications	

India’s	Best	Online	Coaching	Platform	for	GATE,	ESE,	PSUs,	SSC,	RRB,	Banks,	Groups	&	PSC	Exams	

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

   Pe = 




2

V
Q

(a) ]414.1[Q]2[Q 
(b) (max)eP]707.0[Q

(c) Q[1]

(d) ]828.2[Q]22[Q 

06.  
Sol:  
  (a) 

  
  

0x  , 

2

1
]0x[P]0y[P 

x > 0, 
y = x 

dxdy 

dy

dx
)x(f)y(f

yx


)y(ue
2

1
)y(f

2

2

2

y

2







)y(
2

1
)y(f  + )y(ue

2

1 2

2

2

y

2





 

(b) )y(
2

1
)y(f   + )y(ue

2

1 2

2

2

y

2





 

dy)y(yf)y(E 

ZERO

0y
y dy)y(y

2

1




 + 







 0y

2

y

2
dyye

2

1 2

2










0

2

y

2y dyye
2

1 2

2

(MRV) 
 y 

x 
[CRV] 
[GRV] 

 0 

x, CRV 
GRV 

82
xx 10,0 

y, MRV 
Not a GRV 

MSV = 
2

N
 (Watts)

at output  
 y = 0, x  0 
 y = x, x > 0   

Non-Linear 

Half-wave 
Rectifier 




 


x,e
2

1
)x(f

2

2

2

x

2
 

MSV at input = N(Watts)  
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z
2

y
2

2




dz
2

ydy2
2



 dzydy 2

2

2
z

0z

2

2y
2

dze
2

1







 










2

y






2

10 4

y

  (c) 

        

)y(ue
2

1
)y(ue

2

1
)y(f

2222 2/y

2

2/y

2









)y(ue
2

2
)y(f

22 2/y

2























 2

102

2

2
dyye

2

12
]y[E

4

0y

2/y

2

22

x < 0 
y = –x 
dy = –dx 

1
dy

dx
  

x  0 
y = x 
dy = dx 

1
dy

dx
  

y 
(CRV) 

0 
 x 

[CRV] 
[GRV] 

CRV 
x GRV 

82
xx 10,0 

y 
Not a GRV 

MSV = N  (Watts) 
at output  

 y = –x, x < 0 
 y = x, x  0   

Non-Linear System 

Full-wave 
Rectifier MSV = N  (Watts) 

at input  
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01. Ans: (a)

02. Ans: (b)
Sol:

As x and y are IRV’s  





 

2

1
)y,x(MaxP





 



 

2

1
yP

2

1
xP

16

9

2

1

2

3

2

1

2

3
dy)y(fdx)x(f

2

1

1y

2

1

1x

 


03. Ans: 1/6
Sol: Let,  y = x1 + x2 – x3

f(y) = f(x1)  f(x2)  f(–x3) 
z(t) = r(t)u(t+1) – r(t)u(t) – 2r(t–1)u(t+1) + 2r(t–1)u(t) + r(t–2)u(t+1) –r(t–2)u(t)  

 z(t) = 
2

1
(t+1)2 u(t+1) –

2

t 2

u(t) – 2t u(t) + (t–1)2u(t–1) +
2

)1t( 2
u(t–1) –

2

1 2)2t(  u(t–2)

 t  y     
 f(y), –1  y  2  

–1 1 x 

2

1
)x(f 

–1 1 y 

2

1
)y(f 

0 
 0 

1 

0 1 x1 

 f(x1) 

1 

0 1 x2 

 f(x2) 

1 

0 1 x3 

 f(x3) 

1 

0 2
 t

 x1(t) 

1 

1 

0 –1  t 

 x2(t) 

Previous GATE Solutions 
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z(t) = [r(t) – 2r(t–1) + r(t–2)]  [u(t+1) – u(t)]   

r(t)  u(t) = 
2

t 2

u(t)

u(t)  u(t) = r(t) 





0

1

dy)y(f]0y[P





0

1

2 dy)1y(
2

1
]0y[P

 
6

1

3

1

2

1
]0y[P 

04. Ans: (d)
Sol:

1dz)z(f 
1h2

2

1
h1h2

2

1
  

1h3   

 
3

1
h 

z = x + y 
f(z) = f(x)  f(y) 

 P[z  –2] = 
12

1

6

1
1

2

1
dz)z(f

2

3






 W1 = 2 
 A1 = 1 

0 1 
 x 

 f(x) = 
2

1

–1
 

0 1  y 

 f(y) = 
3

1

–2
 

 W2 = 3 
 A2 = 1 

 h = 
3

1

0 2 
 z 

 f(z)  

–2
 

–1–3

6

1

  

 

 

 
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05. Ans: (b)
Sol:

U2V3Z   
E[Z] = 3E[V] – 2E[U] = 0   

 E[Z2] = E[9V2 + 4U2 – 12UV] 
 E[Z2] = 9E[V2] + 4E[U2] – 12E[U]E[V]  

 E[Z2] = 9 2
4

1
4

9

1


2
Z = 2  

U2V3Z 

P[Z  0] = 5.0
2

1
dz)z(f

0




 

0 
 z 

 f(z) 

  Z 
  GRV 
E[Z] = 0 
E[Z2] = 2 

2
Z = 2  

 U and V are IRV’s 
     U     V 

GRV GRV 

E[U] = 0 E[V] = 0 

4

12
U 

9

12
V 

9

1
]V[E 2 

4

1
]U[E 2 
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Auto‐correlation	and	Cross‐correlation	
	functions	of	Random	Processes	

Chapter	
 
 
 
 

01. Ans:  Not a WSS-RP
Sol:

       dAAftxtxE

  



2

0A

dA
2

At
 

  t
2

A
t

2

1
2

0

2











E[x(t)] is is not constant 
         Not a WSS-RP  

02. 
Sol: x(t) = Acos(t + ) 

y(t) = Bsin(t + ) 
 is URV [0, 2]

(a) Rxy() = E[x(t) y(t + )]
= E[Acos(t + )Bsin(t +  + )]

          sin2t2sinE
2

AB

           



 





2

0

sin
2

AB
d

2

1
2t2ins

2

AB

ODD

ZERO

         sin
2

AB
R xy  

(b) If     xyRRx

      Then x(t) and y(t) are jointly WSS-RP’s 
       Ryx() = E[y(t) (t + )] 

= E[Bsin(t + )Acos(t +  +)] 

        sinE
2

AB
2t2sinE

2

AB  

    sin
2

AB
0

         sin
2

AB
R YX  real odd  

      RYX() = RXY(–) 
 x(t) and y(t) are jointly WSS-RP’S 

03.  
Sol: Given, 

            
2xx 81

16
36R




            MSV = Total power = Rxx(0)  
= 36 + 16 = 52(W) 

             
 xx

2 RtMEAN   

      W36
81

16
36t

2










  

   = DC – Power 

MEAN = 6 

Variance of random process  
= MSV – (MEAN)2 = 52 – 36  
= 16(W) = AC Power of RP   

04. 
Sol: x(t) and y(t) are independent RP’S  
             x(t) 
 (WSS-RP) RXX() = e–||, E[x(t)] = 0 
             y(t) 
 (WSS-RP) RYY() = cos(2), E[y(t)] = 0 
            E[x(t)y(t)] = E[x(t]   E[y(t]  = 0 
            Rxy() = E[x(t) y(t–)]=E[x(t)]E[y(t–)]=0 
            Ryx() = E[y(t) x(t–)]=E[y(t)]E[x(t–)]=0 

(a) w1(t) = x(t) + y(t)

             yxxyyyxxw RRRRR
1

 

         2coseRRR ||
yyxxw1

 

(b) w2(t) = x(t) – y(t)

          yxxyyyxxw RRRRR
2

         2coseRRR ||
yyxxw2

 

 
2

1
Af 

A 2 0 

 



2

1
f

 2 0 

	9	
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05.  
Sol:  Given, 

 
425.6

3625
R

2

2

XX 




MSV = RXX(0) = 9(W) 

   W4
25.6

25
4

25.6

36
25

tMEAN

2
2

2
2

2 

























  

MEAN = 2 
VAR = MSV – (MEAN)2 = 9 – 4 = 5(W) 

06. 
Sol: x(t)WSS-RP 

Real Even RXX() = ae–b|| 

 
22XX b

b2
aS




 Real Even Zero  
22XX b

ab2
S




07.  
Sol: 

 Sxx(f) = 1  Sinc2[f] = f(f),Sinc2 

Function is  

 

08.  
Sol: x(t)WSS-RP 

 Real Even     ,aeR
2b

xx

Scaled version of Gaussian pulse  

           b4/
xx

2

e
b

aS 
 ,  

 Real Even Zero  

  b4/
xx

2

e
b

aS 
 ,  <  <  

09.  
Sol:  

   
  













ksin
AR xx ,  <  <  

10.  
Sol:     x(t) 

              1649

17
S 22

2

xx 


 , – <  <  

    

16x

B

49x

A

x
16x49x

17x 2













      A + B = 1   

22

a

a

a2
e




16A + 49B = – 17 
33B = – 33 
B = – 1,A = 2 

 
16

1

49

2
S 22xx 






  ||4||7
xx e

8

1
e

7

1
R  

   Watts
56

1

8

1

7

1
0R xx   

–1 1 
 

0 

Rxx()
1 Cont 

NP 

REAL 
EVEN 

–k k  

A 

0 

Sxx() 

1 f 2 –2 –1 0 

Sxx(f)(W/Hz) 
1

REAL  Cont 
EVEN   NP 
 ZERO 
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11.  
Sol:  is URV [0, ] 

 

x = cos() 
y = sin() 
If Cov[x, y] = 0 
Then x and y are uncorrelated RV’s 

 E[xy] – E[x]E[y]  zero 

          dfcoscosExE

      





 







0

0 0sin
1

dcos
1

xE  

          dfsinsinEyE

      





 









0

0

2
cos

1
dsin

1
yE

       sincosExyE

             








0

d
1

2sin
2

1
2sinE

2

1
 

E[xy] = 0    
 x and y are orthogonal RV’s 

Cov[x, y] = 0  
 x and y are uncorrelated RV’s 
 x2 + y2 = 1 circle of radius and              
     center (0, 0) 
 x and y are dependent RV’s 

12.  
Sol:  

(a) 1dxdy)y,x(f  
1dyedxe

k
dyedxe

k

0

2/y

0

2/x
0

2/y
0

2/x 2222





















 















1
2

2

2

2k

2

2

2

2k








 












 





 

1
4

2k

4

2k




 






 


 

1
2

k

2

k
  

1k   

   (b) 0x,e
2

1

2

2
e

1
dyee

1
)x(f 2/x2/x

0
2/y2/x 2222













 



 

0x,e
2

1
dyee

1
)x(f 2/x

0

2/y2/x 222







 


   

 


  x,e
2

1
)x(f 2/x 2

 
0 

 



1

f
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Hence ‘x’ is a GRV with MEAN = 0, VAR = 1 

 Similarly  


  y,e
2

1
)y(f 2/y 2

is also a GRV with MEAN = 0, VAR = 1 
(c) Since f(x, y)  f(x)f(y)

x and y are not jointly Gaussian

(d)  dxdy)y,x(xyf]xy[E




















 0

2/y

0

2/x
0

2/y
0

2/x dyyedxxe
1

dyyedxxe
1 2222








2

]11[
1

]11[
1

 Cov[xy] = E[xy] – E[x] E[y]  0 
 x and y are not uncorrelated.  

13.  
Sol: 

x(t) = A + Bt 
           A is URV[–1, 1] 

B is URV[–1, 1]  
          A and B are IRV’s 

         E[x(t)] = E[A+Bt] = E[A] + tE[B] = 0 
 RX(t1 t2) = E[x(t1) x(t2)] = E[(A+Bt1) (A+Bt2)] 

 RX(t1, t2) = E[A2 + ABt2 + ABt1 + B2t1t2]                 



1

1A

222 dAA
2

1
dAAfAAE

RX(t1, t2) = E[A2] + t2E[A]E[B] + t1E[A]E[B] + t1t2E[B2]        22 BE
3

1
2

3

1

2

1
AE 

            E[x(t)] = 0 

           
3

tt1

3

tt

3

1
t,tR 2121

21X




             (Not a WSS-RP) 

–1 1 B 0 

 
2

1
Bf 

E[B]=0 

–1 1 A 0 

 
2

1
Af 

E[A]=0 
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14.  
Sol: 

         DC component  V
2

3
  

 DC power  W5.1
2

3
  

 g(t), periodic component 
 x(t), random component 

   (a)  

Average power of g(t) = gx()at  = 0 = 0.5 W 

   (b) 

Average power of x(t) = Rx() at  = 0 = 1W   

–T T 
 t 

1 

0 

RX(t) Only x(t) 

–T

–0.5

0 

gx() 

–2T 2T 

T 
 t 

0.5 

Only g(t) 

–T

–0.5

0 –2T 2T 

T 

 

1.5 0.5 0.5 

g(t) + x(t) 

3 

0 

Ry() 

–3T 2T 
 t 

2 
1 

–2T –T T 3T 
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15. 
Sol:   x(t) 
  

(a) RXX() = f0 Sinc2[f0] + 1,  ()1 
1(f) 

                          

COV[x, y] = E[xy] – E[x] E[y] 
As mean value of RP is zero mean of RV’S x and y will also be zero 
COV[x, y] = E[xy] = COR[x, y] = if zero 

(b) Pt = Rxx(0) = f0 + 1(W)
   W1RxtPDC 


  

(c) PAC = f0(W)

  (d) 

Consider RP taking only AC values, Mean value of RP = zero  
 Mean values of RV’s defined on RP will also be zero 
 E[x] = 0, E[y] = 0 

 E[xy] = Rxx() = 0  only when  = 
0f

n

 Hence when  = 
0f

n

x and y are uncorrelated and orthogonal 
But x and y need not be independent  

f 

0f

20 

Rxx()(AC only) 
[MEAN=0] f0 

0f

1

0f

1

0f

2

t=t1 t=t2 If 

X Y =n/f0(sec) t 

x(t) 

)f(S)(R xxxx   

f f0 0 f0 

1 
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16.  
Sol: )]t(n)t(n[E)(R 222n   

 ))tf2sin()t(n)tf2cos()t(n[(E)(R c1c12n 

          )f2tf2cos()t(n( cc1  ))]f2tf2sin()t(n cc1   


  )f2cos()t(n)t(n

2

1
)2f2tf4cos()t(n)t(n

2

1
E)(R c11cc112n

)f2sin()t(n)t(n
2

1
)f2tf4sin()t(n)t(n

2

1
c11cc11   

)f2sin()t(n)t(n
2

1
)2f2tf4sin()t(n)t(n

2

1
c11cc11   


 )2f2tf4cos()t(n)t(n

2

1
)f2cos()t(n)t(n

2

1
cc11c11

)f2cos()(R
2

1
)f2cos()(R

2

1
)(R c1nc1n2n 

01. Ans: (b)

Sol:       


 dS
2

1
txEP X

2
t





 


 4002610

2

1

2

1
2P 3

t  

 Watts
6400

Pt 


02. Ans: 2
Sol: U is GRV

E[u] = 0 
V is URV[0, 2] 
E[V] = 1 
U and V are IRV’s 
E[x(t)] = E[U+Vt] = E[U] + tE[V] = t 
E[x(t)] = 2 
at t = 2(s) 

03. Ans: (d)
Sol:E2[x(t)] = RXX()SXX()=zero 

   at =0 

Value in TD Value in FD 
2  0 

 



2

1
f

)f2cos()(R)(R c1n2n    
2

)ff(S

2

)ff(S
)f(S c1Nc1N

2N







CTFT

–fc–w –fc+w–fc fc–w fc+w  fc 

 a/2 

)f(S
2N

 f 

Previous GATE Solutions 
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      
    



21

21XX

t2sin2t2sin2E

txtxER

      2tt2cos)tt(2cosE 2121  

   0tt2cos 21   

  21 tt2cos   

04. Ans: 4
Sol:
  

 RX() = 2Sinc[2], –  <  <  

   
  w4

1
atw4

1
atX 2

2sin2
R


 




4

2

21








 


  

05. Ans: 100
Sol: v(t), WSS-RP

E[v(t)] = 0 

 RV() = 4e–5|| 
 E[V2(t)] = RV(0) = 4 
 E[x2(t)] = E[9v2(t) + 64 – 48v(t)] 

           = 9E[v2(t)] + 64 – 48E[v(t)] 

           = 9  4 + 64 – 0 
           = 36 + 64 
           = 100 

06. Ans:  i(a) , ii( c)
Sol:

E[x(t)] = 2 
 RXX() = 4[1 + e–0.2||] 
 E[x2(t)] = RXX(0) = 8 

VAR[x(t)] = 8 – (22) = 4 

(i) P[x 1] = F[x=1] = 











x

xux
Q1





 


2

21
Q1

]5.0[Q]5.0[Q1   

   (ii)  

         w = y – z 
 z,ycov22

z
2
y

2
w  ---(1) 

           ]z[E]y[E]yz[Ez,yCov   

  22)2(Rz,yCov xx 
  4.04.0 e44]e1[4z,yCov   ---(2)

         Substituting  equ (2) in equ (1) we get 
 4.02

w e4244 

64.22
w   

Note: If y and z are given as IRV’s then,               
 cov[y, z] = 0 

   8442
z

2
y

2
W   

w w f 0 

w

1Sx(f),(W/Hz) 

x 
(GRV) 

E[x]=2, E[x2]=8, 2,4 x
2
x 

t=t1x(t)

t 

y 

x(t)

t z 

t1=2(s) t2=4(s) =2(sec)
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01. 
Sol:  

 Ryy() = Rxx()  )(h   )(h   

 Ryy() = Rxx()  ()   )(   

 Ryy() = [Rxx()  ()]  [– )( ] 

Ryy() =  



 



)(R xx  [– )( ]  

 Ryy() =  )(R xx2

2





   

02.  
Sol:  

Rxy() = Rxx()  h(–) 

Rxy() = Rxx()  – () =  )(R xx 





x(t) 
WSS-RP 

Rxx() 
Sxx(f) 

x 

y(t) 
WSS-RP 

Ryy() = Rxx()  h()  h(–) 

t

1
)t(h




 Syy(f) = Sxx(f) |H(f)|2 = Sxx(f) 

Ryy() = Rxx()  

J

)fsgn(
)f(H  y = x zerod)(h)f(H x0fat  

Rxy() = Rxx()  h(–)  

Rxy() = Rxx() )(R̂
1

xx 







 

 H(f) 

J

1

–
J

1
0 
  f 

 |H(f)| = 1, f 

 Ideal  
 Differentiator 

x(t) 
WSS-RP 

Rxx() 
Sxx(f) 
x 

y(t) 
WSS-RP 

Ryy() 
Syy(f) 

)t(x
dt

d
)t(y   

)t(
dt

d
)t(h   

)t()t(h   

H(f) = j2f 

[ODD Function] 

xy   H(f)at f = 0 = zero 

  (or) 

xy   dt)t(h = zero

		Response	of	LTI	Systems		
to	Random	Process	10	Chapter	
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03. 

Sol: 
2
Max

0

2

eq |)f(H|

df|)f(H|

B



 Hz 

1

df
)f/f(1

1

B 0
2

c
LPFRCofeq









)](Tan[fdf
)f/f(1

1
B 1

c

0
2

c
LPFRCofeq 


 



   

        
2RC2

1 





)Hz(
RC4

1
Beq   

        )LPFRC(dB3LPFRCeq f
2

B  





 RC-LPF 

)f/f(j1

1
)f(H

c


)Hz(
RC2

1
ff dB3c 






 f,
)f/f(1

1
|)f(H|

2
c

 




 f,
)f/f(1

1
|)f(H|

2
c

2

0 
 

1/ 2

1 

 f 

 |H(f)| 

–Beq  –f3 dB  Beq f3 dB 
 

 
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04. 
Sol:  

05.  
Sol:  
   (a) 

 Yes, system is linear  

(b)  )Tt(x)t(x
dt

d
)t(y 

  ]f2j[)f(Xe)f(X)f(Y Tf2j  

  ]f2j[e1)f(H Tf2j  

 )Tf2sin(j)Tf2cos(1]f2j[)f(H 
 )Tf2cos(22]f4[|)f(H| 222 
 )Tf(sin4]f4[|)f(H| 2222 

 Syy(f) = Sxx(f)|H(f)|2

  )Tf(sin4f4)f(S)f(S 2

)f(

22

)f(
xxyy 



Some values of ‘f’ will make this function zero 
(c) 0)f(Syy  , 

Only when sin(Tf) = 0  
Tf = n
f = n/T (Hz)

x(t) 
WSS-RP 

Rxx() 
Sxx(f) 

x 

 y(t) 
WSS-RP 

y(t) = x(t – t0) – j2t0f 

Y(f) = X(f) ft2j 0e 

H(f) = ft2j 0e   
 

Delay Line (sec)t0

y = x x0fat)f(H 

Syy(f) = Sxx(f) |H(f)|2  
Syy(f) = Sxx(f)  
Ryy() = Rxx() 

LTI System 

|H(f)|2 = 1, f  

x(t) 
d/dt 

Delay 
(Tsec) 

Rxx() 
Sxx(f) 

y(t) 
WSS-RP 

 LINEAR System 
WSS-RP 

 + 

–
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06.  
Sol:  

 

07. 
Sol:  
  (i) 

2
ny )f(H)f(S)f(S 

df)f(SP yy  21002.0102
2

1
1049.0102 8686





    

 2
y 102]02.098.0[P 

 mW20Py 

Case: (a) 
y(t) = x(t – t0)  
h(t) = (t – t0) 
H(f) = ft2j 0e   
|H(f)|2 = 1  
Syy(f) = Sxx(f) |H(f)|2 = Sxx(f) 
Ryy() = Rxx() = ||e   

x(t) 

Rxx() = ||e 

 y(t) 
 h(t) 

 Ryy() 

LTI System 

Case: (b) 

h(t) = 
t

1



H(f) = 
j

)f(Sgn

|H(f)|2 = 1, f  
Syy(f) = Sxx(f) 
Ryy() = Rxx() = ||e 

Case: (c) 

)t(x)t(x
dt

d
)t(y)t(y

dt

d


)f(x)f(xf2j)f(y)f(yf2j   

1f2j

1f2j
)f(H






|H(f)|2 = 1, f  
Syy(f) = Sxx(f) 

0 100 –100 
 f (MHz)

 10–8 

Sn(f) (W/Hz) 

0 49–49  f (MHz) 

1 
 |H(f)|2 

51 –51
 

 

0 49 –49  f (MHz) 

0.51 

 10–8 

51 –51 
 

–50 50 

0.5 
0.49 

Sy(f) (W/Hz) 
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(ii) )tf2sin()t(n)tf2cos()t(n)t(y cqcI 

),1050f(S)1050f(S)f(S)f(S 6
y

6
yqnIn    LF Range 

 mW2010210102PP 286

qnIn  

yP

08.  
Sol:  

sCR1

1

sC/1R

sC/1
)s(H







,

j1

1
)(H

c












  where sec)/rad(

RC

1
c 
















 ,

1

1
|)(H| 2

c

2

0 1 –1  f (MHz) 

 110–8 

 )f(S)f(S
qnIn 

 

 R 

 C 
Rxx() =  

 x(t) 
V|τ|2e

Sxx() = ,
V4

V4
22 

  



 Input Output 
 y(t) 

 

Syy() = Sxx() |H()|2 = 
























2

c

22 1)V4(

V4

      

0 1 –1  f (MHz) 

   10–8,  )1050f(S 6
y    LF Range 

 

 0.51 
 0.5 

0.49 

(+) 

0 1 –1  f (MHz) 

 10–8,  )1050f(S 6
y    LF Range 

 

 0.51 
 0.5 

0.49 
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09.  
Sol:  

10. 
Sol: 

sLR

sL
)s(H




fL2jR

fL2j
)f(H










 f,

Lf4R

Lf4
|)f(H|

2222

222
2   

x(t) as a WSS-RP 
 Rxx() 
 Sxx(f) 

 y(t) is also a WSS-RP 

y(t) = 



t

Tt

d)(x
 Syy(f) = Sxx(f)|H(f)|2  

Linear System 

 Syy(f) =  Sxx(f) T
2 Sinc2 (Tf), f 

|H(f)|2 = 
22f4

)Tf2cos(22




|H(f)|2 = 
2

2

22

2

T

T

f4

)Tf(sin4





|H(f)|2 = )Tf(SincT 22

y(t) = dt)]Tt(x)t(x[ 

Y(f) = 
f2j

]e)f(X)f(X[ Tf2j


 

H(f) = 
f2j

e1 Tf2j


 

  

        
f2j

)]Tf2[sin(j)]Tf2cos(1[






Ryy()  

 L 

 x(t) 

Sx(f) = )Hz/W(
2

N0 ,  

 f

 y(t) 

 y(t) 
 R 

 + 

 – 

 x(t) 
 + 

 – 

GRV 
GRP 

AWGN 

 E[x(t)] = x = 0   y = x  H(f) at f = 0 = ZERO  
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(a)  Sy(f) = Sx(f) |H(f)|2

= f.
Lf4R

Lf4

2

N
2222

222
0 






Sy(f) = 
2

2

2

2

2
0

0
2222

2
0

L
R

L

R

2

N

2

N

Lf4R

R
1

2

N






































Sy() = 
L2

R

L

R

L

R
2

2

N

2

N

2
2

00 



















||
L

R
00

y e
L4

RN
)(

2

N
)(R




(b) zeroy 
VAR = MSV of output RP 
VAR = Ry(0)    

11.  
Sol:  
(a) RangeLF),5f(s)5f(s)f(s)f(s nnqnIn 

0.5 

1 –1 0 2  f 

)f(s)f(s
qnIn   

–2 

2 

  
 

 25.01
2

1
5.015.11

2

1
PP

qnIn 



 

      Watts325.1   

1 

1 –1 0 –2  f 

sn(f – 5) 
LF Range 

1 

1 –1 0 2  f 

sn(f + 5) 
LF Range 

(+) 
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212
2

1
11

2

1
Pn 



 

Watts3Pn 

(b)   RangeLF,)ff(s)ff(sj)f(s cncnqnIn 

ZEROdf)f(SP
qnInqnIn  

–4–5 –7

 1 

fc = 5Hz 

4 5 7  f

 sn(f ), (W/Hz) 

0 
 

1 

1 –1 0 –2  f 

sn(f – 5) 
LF Range 

1 

1 –1 0 2  f 

sn(f + 5) 
LF Range 

–2
 
 

1 –1 0 2  f 

)f(s
qnIn  

–j 0.5
–2

 
 

 j 0.5 
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12.  
Sol:  

2
exy |)f(H|)f(S)f(S 

,
)4000(

)4000(f
10)f(S

2

22
8

y 






 
    k4fk4 





 




 )8000()4000()4000(2

3

1

)4000(

10
df)f(SP 23

2

8k4

k4

yy





   8000

3

8000
10P 8

y  = Watts
3

1032

3

103210 538  



 

dB719.9
32

300
log10

32

300

1032

310

N

S
105

3

equilizerofp/oat






















 

Transmitter: 

Channel: 

Receiver: 

)f(H

1
)f(He  4000

f4000j
)f(He


 ,   –4k  f   4k

f4000j

4000
)f(H




f),Hz/W(10
2

N
)f(S 80

x  

S = 1 (mW) 

m(t)       M(f), –4k  f  4k 

 S = 1 (mW) 

Sy(f) = Sx(f)|He(f)|
2,  –4k  f   4k  
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01. Ans: (d)

02. Ans: (c)

03. Ans: (a)
Sol: Phase of Noise will be Uniform Distribution

04. Ans: (b)
Sol:

05. Ans: (b)
Sol:  

 

 x(t) 
GRP 
GRV, (CRV) 

MEAN = 0 
VAR = N 

Non-Linear 

Half-Wave 
  Rectifier 

 y(t) 
 y is MRV 




  x,e
2

1
)x(f

22 2/x

2

)y(ue
2

1
)y(

2

1
)y(f

22 2/y

2




  




  2
dy)y(fyy

2

N
dy)y(fy]y[E 22  

dft2j
1 e2)f(H 

f,4|)f(H| 2
1 

 f B –B
 

 0 

 1 
 |H2(f)|

2 
Sy(f)  f 

 N0 

 0 
 

 Sx(f), (W/Hz)  

2
2

2
1xy |)f(H||)f(H|)f(S)f(S 

Bf0,14N)f(S 0y   
WattsBN4dfN4df)f(SP 0

B

0

0yy  

Previous GATE Solutions 
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06. Ans: (a)
Sol:

 
 

x and y are GRV’s  
0x  , 0y 

COV[x, y] = COR[x, y] – E[x]E[y] 
COV[x, y] = COR[x, y]   
Now COR[x, y] = 0   = 0.05n (ms) 

 and   COV[x, y]   

When    = 0.05n (ms) 
            x and y are orthogonal, uncorrelated, independent RV’s  

07. Ans: i(a), ii(a)
Sol:
   (i)  

2
xy |)(H|)(S)(S 

216

16


2|)(H|   

2

2

16

4
|)(H|




 f10k –10k
  

 0 

 1 
 |H(f)|2 

k10fk10,1
2

N
)f(S 0

y 

x(t) 
GRP 
GRV, 0x   

y(t) 
GRP, GRV, 0y 

f),Hz/W(
2

N
)f(S 0

x 

  t 

 t = t2  t = t1 

 y(t) 

x  y   = |t1 – t2|  

 Ry() 

 104N0 

 0 
     

0.05 –0.05–0.1 0.1 

   (ms) 

 f10k –10k
  

 0 

2

N0

]1020[SincN10)(R 3
0

4
y   

]102[SincN10)(R 4
0

4
y  , – <  <  

 LTI 

2y 16

16
)(S




 x(t)  y(t) 

 ,1)(Sx  

h(t) H() 
AWGN 

0x 
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  (ii) 

         
SLR

R
)s(H




LjR

R
)j(H




222 LR

R
|)(H|




R = 4  
L = 1 H 

08. Ans: (c)
Sol:

 

09. Ans: (c)
Sol:






































 
c

1
c2

c

yy f

f
TanKfdf

f

f
1

1
kdf)f(SP













cf

f
j1

1
)f(H

 y(t) 

 f,k)f(Sx

)t(x  

 2

c

2

f

f
1

1
|)f(H|












f,

f

f
1

1
K)f(S 2

c

y 













)Watts(fKP cy 

 y(t) 

 )(R x 
 )f(Sx

)t(x  
WSS-RP  

 System is 

Not LTI 
(Scaling     
      operation)  )(R y   

)f(Sy

L 

R 

+ 

– – 

+ 
)s(V)t(V II   )s(V)t(V 00   

(SL) 
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)1t2(x)t(y   
))5.0t(2(x)t(y 

fje
2

f

2

1
)f(Y 








ConceptSignal









2

f
S

2

1
)f(S XY  

10. Ans: (c)
Sol: 0)f(Sy   

At  
5.0

10n

T

n
f

3


      Hz10n2f 3
   ,nff 0  where kHz2f0    

11. Ans: (a)
Sol:

 

1f2j)f(H   

1f4|)f(H| 222   
2

xy |)f(H|)f(S)f(S 

]f41[e)f(S 22f
y

2

   

12. Ans: 2.5
Sol:

 X(t)  + 
– 

 Y(t) 
f2j)f(H1 WSS-RP 

2

e)(R x


2f
x e)f(S 

  

 IBPF 
H(f) 

 y(t) 

 Sy(f) 

 z(t) 

Sz(f) 

Sx(f) 
 x(t) 

]t1082cos[ 3  

–9k –7k  0
  

7k 8k 9k 

1 
 |H(f)|2 

)k8f(S
4

1
)k8f(S

4

1
)f(S xxz 

2
zy |)f(H|)f(S)f(S 
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 df)f(SP yy 

2210
4

1
10

2

1
105.0102P 3333

y 



    

 Watts5.2Py 

13. Ans: (a)
Sol:

 0  3k –3k
  

  310–3 

 Sx(f), (W/Hz) 

 f 

 Sz(f) = )105f(
4

10 3
6




, 5k  f  8k 

 Sz(f) 
3

k7fat 10
2

1 
 

 –8k  –7k–9k 

 Sy(f) 

 0 
   f 

  10–3 

 8k   9k  7k 

 0.5 

 0.75 

 –8k  –5k–11k 

4

3
10–3

 Sz(f) 

 0  11k  5k 
   f 

4

3
10–3 

8k 

  610
4

1
m 

A 

–A

0 1 2 3 t 

 h(t) 
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14. Ans: (a)

Sol: 
0f,e

0f,e)f(S
f

f
x






 df)f(S)]t(x[E x
2   dfedfe

0

f
0

f 






  = 1 + 1 = 2 Watts 

xy    H(f) at f = 0 

xy 

2
xy |)f(H|)f(S)f(S 

5.0f5.0),f(S)f(S xy   

0f5.0,e)f(S f
y   

       5.0f0,e f    

 




5.0

0

f
0

5.0

f
y

2 dfedfedf)f(S)]t(y[E  = ]1e[e1 5.05.0    

= ]e1[2 5.0  

 X(t) 
AWGN 

GRV 
x = 0  

 h(t)       H(f) 

Y(t) 
GRP 

GRV 
y = 0  

)Hz/W(
2

N
)f(S 0

x  , f 

2
xy |)f(H|)f(S)f(S 

 f,|)f(H|
2

N
)f(S 20

y  

VAR = MSV = Pt = df)f(Sx
VAR = df|)f(H|

2

N
df)f(S

f

20
y 







VAR = dt|)t(h|
2

N 2
0 

VAR = )Watts(NA5.1dtA
2

N
0

2
3

0

20    

 h(t)       H(f)  (or)  H() 




  d|)(H|
2

1
df|)f(H|dt|)t(h| 222  

LTI System 

–0.5 0 0.5 
 f 

 |H(f)|2 

1 

 
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15. Ans: (b)
Sol:

)(h)(h)(R)(R xy   

)Tt(x)t(x)t(y 0  

)Tt()t()t(h 0  

)T()()(h 0
)T()()(h 0

)()T()T()()(h)(h 00   

)T()T()(2)(h)(h 00 
)]T()T()(2[)(R)(R 00xy    

 )T(R)T(R)(R2)(R 0x0xxy    

16. Ans: (b)
Sol:

1 

0 
 

–1

T0   

  h() 

1 

0 
 

–1

T0   

h(–)

 LTI 

Delay = T0 

WSS-RP 
 x(t) 

 Rx() 

 Y(t) 

 Ry() 

WSS-RP 
+ 

– 
 

 dte
4

1

2

1
P

2t
y 







  22.0
8

Py 


  

df|)f(H|)f(SP 2
xy 

and 

  dt|)t(h|df|)f(H| 22

 2
xy |)f(H|)f(S)f(S 

 y(t) 

 )(R x 
 )f(Sx

)t(x  

WSS-RP  

LTI System 

 )(R y   

)f(Sy

2/t2

e
2

1
)t(h  WSS-RP  

b4/bt 22

e
b

e  

 
2te               b4/2

e 

Using Area Property 






 dte
2t
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Chapter	 
 

 

01. Ans: (d)

Sol: Output of the multiplier

 = m(t). cosot cos(ot + )  

  =   cos)t2cos(
2

)t(m
o

 

Output of LPF V0(t) = cos
2

)t(m
 

m(t)θcos
2

1
  

Power of o/p signal = 



T

2
0

T
dt(t)v

T

1
Lt  

dtm(t)θcos
2

1

T

1
Lt

2

T
T 












     







 




T

2

T

2 dt(t)m
T

1
Ltθcos

4

1

m
2 Pθcos

4

1


02. Ans: (a)
Sol:

 ni = n0  

 ni = n0 W = 1020  100  106 

Si = 
4

L

t

10

mw1

P

P
  = 1  107 

 ni = 1020 100  106 

i

i

n

S
 =

12

7

10

10




 = 105 = 50 dB 

i

i

n

S
 = 50 dB

03. Ans: (b)

Sol:  f = 75 kHz

 fm = 15 kHz 

4

0

10dB40
N

S









m

2

f

f
;

2

3
FOM




2

i

i

0

0

2

3

N
S

N

S


















 
2

0
i

1

3

2

N

S
N

S










 
 

dB24N
S

dBi


04. Ans: (c)

Sol: 
iN

S








 = 10 dB ;  FOM = 
3

1

0N

S






  = 10

3

1
  = 3.33

05. Ans: (a)

Sol:

06. Ans: (a)

Sol: For SSB modulation

 4

i

i

0

0 10
N

S

N

S


TX RX 

Video signal 
W=100 MHz 

PL= 40 dB=104 

TX RX 

BW=10kHz 
PL= 40 dB=104 

DSB 
Pt = ? 
Audio 

0

0

n

S
=104 

Rx0

0

n

S








FOM=1

	11	
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(Only SSB modulation in one sided  n/2) 

 Pt = ? 

0

0

i

i

n

S

n

S
  = 104 

 Si = 104  10  103  2  109 w/Hz 

 Si = 20  102 

 (Si)dB = (Pt)dB  (Pt)dB 

 (Pt)dB = (Si)dB + (PL)dB 

 Pt = SiPL = 20 102104 

PL = 2 kW 

07. Ans: (c)
Sol: For AM

 FOM = )1if(
3

1


i

i

0

0

N

S

3

1

N

S






   

i
0

0
i N

N

S
3S 










     kHz10102103 94   = 0.6 

Lit PSP  4106.0  kW6   

08. Ans: (b)

Sol: Noise figure =
 
  P/O

P/I

SNR

SNR

 Nf,dB = SNRi,dB – SNR o/p,dB 

 SNRo/p,dB  = SNRI/P,dB – NfdB = 37 – 3 
  = 34 dB 

09. Ans: (a, c & d)

Sol: FOM Sinusoidal 111.0
9

1

4

1
2

4

1

2

2








 

 

 FOM Triangular

0769.0
13

1

12

1
1

12

1

p1

p

mn

mn
2








 

        Here 
3

1
Pmn 

FOM Square wave 

2.0
5

1

4

1
1

4

1

p1

p

mn

mn
2








   

 Here Pmn = 1 

FOM Square wave (at =1) 5.0
2

1

11

1



  

a, c & d are correct. 

10. Ans: (b & c)

n/2 
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01.  
Sol: )MHz(5fmax   

bits4n   

)MHz(20f4f2f maxqs 

 V10Vmax 
V0Vmin 

4n   
 Levels162L n   

V
8

5

16

10

2

VV
n

minmax 




2
Q

2 e






16

5
Q

16

5
e 



16

5

2
|Q| Maxe 




)Watts(
1264

25

12
N

2

q 





)Watts(
1264

25

12
N

2

q 





 Mbps80nfr sb   

)MHz(80nfBW s 

)MHz(40
2

r
BW b

(min)   

02.  
Sol: MHz4fmax 

(i) MHz6.9f4.2f2.1f maxqs 

(ii) 1024L 

10242n 

 )samples/bits(10n0   

   (iii) sb nfr   = Mbps96  

03.  
Sol: kHz5fmax 

kHz15f3f5.1f maxqmax 

]A[
100

50
Q mmaxe   

2

A

2
m



2

A

22

)A(A m
n

mm 



2

A

22

A2 m
n

m 


 22n   
)sample/bit(1n 

kbps15nfr sb 

04.  
Sol: 

X(t) is GRP 
X is GRV 
E[x] = 0 
E[x2] = VAR[x] = 2

x

            S = E[x2] = Watts2
x  

122

64

12
N

n2

2
x

2

q 







n
x

n
minmax

2

8

2

VV 





n2
n

q

2
16

3

64

122

N

S





f(x) 

0 4 x–4 x
 x 
GRV 

 I/P to Quantizer 

		Baseband	Data		
			Transmission	Schemes12	Chapter	



60 Communications	

India’s	Best	Online	Coaching	Platform	for	GATE,	ESE,	PSUs,	SSC,	RRB,	Banks,	Groups	&	PSC	Exams	

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

05.  
Sol: x(t) is WSS-RP 
         x is URV [4,4] 

E[x] = 0 
S = E[x2]  

   = dx)x(fx2
)Watts(

3

16
128

3

1

8

1
dx

8

x4

4

2

 


Watts
12

N
2

q


         

8

1

64

8

2

8

2

VV
6n

minmax 




Watts
1264

1
Nq 



6464
13

126416

N

S

q





  

     = dB123.36)4096(log104096 10   

06. 
Sol: MHz5fH 

MHz3fL  2
ff

f
IntN

LH

H 











)MHz(5
N

f2
f H

q   

          Distortion Free Transmitter 

br  C  
6

s 107nf 
66 107105n 

4.1n   
n = 1 (bit/sample) 

m(t) is RP   
x  is URV [–2V, 2V] 

E[x] = 0 

S = E[x2] = dx)x(fx2

)Watts(
3

4
16

3

1

4

1
dx

4

x
S

2

2

2

 


)Watts(
3

1

12

4

12
N

2

q 




2
2

)2(2
1






4

3

1
3

4

N

S

q






    )4(log10 10
    )dB(02.6

07.  
Sol:  

 f(x) = 
8

1

 0 4  –4  x (Input to
Quantizer) 

4

1
)x(f 

x 
2 –2  0 

 
Volts 

4 2 0 –2–4 

1 

3 

–1

–3

x 

Q(x) 

 

Uniform 
 Mid-Rise  
Quantizer 

)x(f

x 
4 –4  0

 
Volts 

16

1
m 

4

1










4

1
,0  

(–4, 0) 
 [Input to Quantizer] 
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1dx)x(f 
12A4

2

1
  

4

1
A 

0x4],4x[
16

1
)x(f 

(a) )Watts(
12

N
2

q


         Volts2  

)Watts(
3

1

12

4
Nq   

(b) 8

3

1
3

8

N

S

q










0

4x

2
22 dx)4x(

16

x
2)x(fx]x[ES









 



0

4x

2
0

4x

3 dxx4dxx
8

1
S





  )64(

3

4
)256(

4

1

8

1
S 



 



3

1

4

1

8

256

Watts
3

8

12

1

8

256
  

08. 

Sol: 
n

p

2

m2


pMaxe m
100

1.0
|Q| 

1000

m

2
p



1000

m

22

m2 p

n

p 


10002n   
 )sample/bits(10n(min)   

kHz5fmax 
kHz10f2ff maxqmins   

s(min)b fnr 

              
          min  min  

kbps100101010r 3
(min)b 

09. 
Sol: As per the given data, the probability 

density function of the given random 
variable ‘x’ is shown below: 

Since the quantizer is having three 
quantization levels 
i.e.,  ‘x’ between –A to A is 0
        ‘x’ > A is 1q

        ‘x’ < A is – 1q  
The value of ‘A’ must be definitely less 
than 1. 
Since all the levels are equally probable the 
entropy of each case is maximized and it 
should         be 1/3 

3

1
dx

4

1A

A

 


3

1

4

A2


3

2
A 

10. 
Sol: MHz6fH 

MHz4fL 

3
102

106
IntN

6

6












  

0 A 1 3 –3 –1 –A
 

 fx(x) 

4

1

8

1

x 
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MHz4
N

f2
ff H

qmins 

 Crb   

 Cnfs   
66 1024104n   

 sample/bits6n   

Volts
8

1

64

8

2

8
6



Watts
1264

1

12
N

2

q 





 m(t) 
x is URV [–4V, 4V] 

0]x[E   

dx
8

x
dx)x(fx]x[E

4

4x

2
22 





watts
3

16
128

3

1

8

1
S   

dB123.36)4096(log104096
N

S
10

q

  

11.  

Sol: ?
S

S
P

2

1
e 








 

Noise Analysis 
PSD of Noise at output of IBPF 

Power of Noise at output of IBPF               

= Watts10210210
4

1 1342
0

   

Threshold Voltage is 1   
r = S + N 

 for S2 Transmitter  
0 + N  1  than S1 is decoded. 

]1n[P
2

1

S

S
P

2

1
e 









  ]1n[P1
2

1


 ]1n[F1
2

1


   































0

01
Q11

2

1

 10Q
2

1


12.  
Sol: N = 5 
 fmax = 5 kHz 
 fs (min)  = fq = 2fmax = 10 kHz 

n = 10 bits  
 rb = Nnfs   
 rb = 51010103   
 rb = 500 kbps 

13.  
Sol: N = 5 
 fmax = 1 kHz 
 fq = 2fmax = 2 kHz 

EB = 2 

mA
100

2.0

2




500

A

22

A2 m
n

m 


 5002n    
N = 9 bits/sample 

–4 4 0 
 x 

 f(x) = 
8

1

 (Volts) 

0 1 
  n0 

 f(n0) 










2

1
e S

S
P

 0 
 

 fc  fc +1k  –fc+1k–fc–1k  –fc  fc–1k 

410
4

1 
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sb f)EBNn(r 
3

b 102)295(r 
 kbps94rb 

14.  
Sol: 
(i) fs = fq(max) = 6 kHz

sb f)EBNn(r 
N = 3

3
b 106)0103(r 

 kbps180rb 

(ii) fs = fq (min) = 2 kHz
N = 1 + 2 + 3 = 6

sb f)EBNn(r 
3

b 102)0106(r 
 kbps120rb 

BW = kHz120rb 

 BW(min) = kHz60
2

rb 

 BW(min) = kHz)1(60)1(
2

rb 

15.  
Sol: N = 24, n = 8, fs = 8 kHz, EB = 1 
  (a) sb f)EBNn(r 

3
b 108)1824(r 

kbps1544rb 

s647.0
r

1
T

b
b 

(b)  kbps1544rb Transmission rate 

(c) B.Wmin = kHz772
2

rb 

16.  
Sol: SOD 
 Occurs when 

mms Af2f 

To avoid SOD 

mms Af2f   

mm(min)s Af2f 

18002f1.0 (min)s   

 Hz16000f (min)s   

17.  
Sol: )tf2cos(A)t(x mm   

Volts2Am 

Hz100fm 

mms Af2f 
3

m

s
2

q f

f

8

3

N

S












mqs f2ff 

22
q

3
8

8

3

N

S







18. 
Sol: )tf2cos(A)t(m mm   

Watts
2

A
S

2
m











s

m
2

q f

f

3
N

m
2

s
2
m

q f2

f3A

N

S






To avoid SOD 

mm
s

Af2
T




mm(min)s Af2f 

2
m

2
m

2
m

2
ss

2
m

q Af4f2

ffA3

N

S






3

m

s
2

q f

f

8

3

N

S












 in LDM 



64 Communications	

India’s	Best	Online	Coaching	Platform	for	GATE,	ESE,	PSUs,	SSC,	RRB,	Banks,	Groups	&	PSC	Exams	

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

19. 
Sol: Hz200f   to 4000 Hz 

 kHz8f2ff maxq(min)s   

kHz64f8f qs 
 Am = 1 Volt 

?min   

Hz800fm 
To avoid SOD 

mms Af2f   

180021064 3
min   

Volts
40640

16
min







20. 
Sol: )t104sin(4)t102sin(6)t(m 33   

)t102cos(1012)t(m
dt

d 33 

   )t104cos(1016 33   

31028)t(m
dt

d


To overcome SOD 

)t(m
dt

d
f (min)s 

3
(min)s 1028f

10




 kHz280f (min)s   

 
 

01. Ans: 32

Sol:  dB8.1n6
N

S

q

  

6n + 1.8(dB) = 31.8(dB) 
n = 5(bits/symbol) 
L = 2n = 25 = 32 

02. Ans: 7

Sol:  
qN

S
 is atleast 40(dB)

6n + 1.8(dB)  40(dB) 
 n(min) = 7(bits/sample) 

03. Ans: (c)
Sol:  V536.1VV minmax   

L = 2n = 128 

12
N

2

q




128

V536.1


            
 
  12128

V536.1
2

2




 
     Watts10V12

12128128

10V1536 62
62









04. Ans: (b)

Sol:   



3

3

1dxxp  

       


 


a

3

a

a

3

a 3

1
dxxpdxxpdxxp

  



a

a 3

1
dxxp

3

1

4

1
a2 

3

2
a 

Previous GATE Solutions 
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05. Ans: (a)
Sol:  Region 1:
         If –a  x  a then xq = 0 

 Qe = xS – xq = x, –a  x  a 
 2

eq QEN 

  
 


a

a

3/2

3/2

2
2

27

16

3

1

4

1
dx

4

x
dxxfQ e

 Watts
81

4


06. Ans: (a)
Sol:

 Entropy is max  all regions /levels are 
occurring with equal probability.  

Signal power     dxxfxxEs 22









 

5

1

21

0

2

dx
12

x
dx

6

x
2s





  124

3

1

12

1
1

3

1

6

1
2s

 Watts7
18

62

18

1
2s 



   

 



5

5

1dxxf  

  
6

1
dxxf

 R1 to R6 

 
1

0 6

1
dxa

6

1
a 

 
3

1 6

1
dxb

6

1
b2 

12

1
b 

07. Ans: (d)
Sol:

      2dx
12

1
4xdx

12

1
2xdx

6

1
5.0xN

1

0

3

1

5

3

222
q 








   





  2

3

1

12

1
2

3

1

12

1

4

1

3

1

6

1
2Nq  

 Watts
4

1

4

9

9

1
11

4

1

18

1
2Nq 







   

28
N

S

q

  

08. Ans: (c)
Sol:

E[x] = 0 
    dxxfxxEMSVS 22

–5V 5V x 0 

 
V10

1
xf 

–5  –3  –1  1 3 50 
 

 f(x) 
 a 

 b 
 R6  R4  R2  R1  R3  R5 

 X 
 [Input to     
   Quantizer] 

–5  –3  –1  1 3 5 0
 

 f(x) 
 a 

b 
 R1  R3  R5  X 

 R1  0  x  1 
 xq = 0.5 
 Qe = x – 0.5, 0  x  1 

0.5 2  4 

 R3  1  x  3 
 xq = 2 
 Qe = x – 2, 1  x  3 

 R5  3  x  5 
 xq = 4 
 Qe = x – 4, 3  x  5 
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



V5

V5

3
2

V250
3

1

V10

1
dx

V10

x
S

 Watts
3

V25
S

2

  

  35.4

q

10dB5.43
N

S


35.4
2

1012
S




35.4
2

2

1012
3

V25




35.4

2
2

10

V100


V0667.0
10

V10
35.4


09. Ans: 3
Sol: L1 = 4
 n1 = 2 
 L2 = 64 
 n2 = 6 
 BW  n 

BW increases by three times. 

10. Ans: (b)
Sol: [n  n + 1]

qN

S
 increases by 4(times) (or) 6(dB)

11. Ans: (b)
Sol:

(a) x
(b) Increases by 4 times for one bit increase

in PCM system independent of ‘n’
(c) x
(d) x

12. Ans: (c)
Sol: Coding scheme:

Sum of all voltage amplitudes  
= zero  zero DC component 
AMI (or) Manchester code  

13. Ans: (b)
Sol:

14. Ans: (c)
Sol: n1 = 8
 n2 = 9 
 Nq decreases by 4times (or) 6(dB) 

15. Ans: (c)
Sol:   n1 = 6
 n2 = 8 

qN

S
 increases by [4  4 = 16 times]

16. Ans: (d)

Sol: 
qN

S
 improve by a factor of 4 (or) 6(dB)

 independent of ‘n’. 

17. Ans: (b)
Sol:
 fs = 8(kHz) 

n = 8 
R = rb = nfs = 64(kbps ) 

   dB8.49dB8.1n6SNR
N

S
q

q

  

 fmax = 4(kHz) 
 fs = fq = 2fmax = 8(kHz) 

n = 8(bit/sample) 

18. Ans: (a)
Sol: Bi-polar/AMI

BW = rb = nfs 
BW = 64(kHz) 

1 f 2 –2 –1 0 

SX(f)    fmax=1(kHz) 

1.5 –1.5

 fq=2fmax=2(kHz) 

MAJOR LOBE 
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19. Ans: (c)
Sol:

    dxxfxxES 22

 



5

5

2

W
3

25
250

3

1

10

1
dx

10

x
S  

 
 Watts

12256

100

12
N 2

2

q 



  

256

10

2

10
8


   2
2

q

256
1003

1225625

N

S







        = 20log10(256) = 48(dB) 

20. Ans: (b)
Sol: n1 = 8
 n1 = 9 
 L2 = 29 = 512 

21. Ans: (a)
Sol: f1 = 100(Hz) fq1 = 200(Hz) fs = fq(min) = 200(Hz) 
 f2 = 100(Hz) fq2 = 200(Hz) 
 f3 = 200(Hz) fq3 = 400(Hz) N = 1 + 1 + 2 + 4 = 8 
 f4 = 400(Hz) fq4 = 800(Hz) Tx sample rate = Nfs = 8  200 = 1600(Hz) 

22. Ans: (c)
Sol: f1 = 1200(Hz) fq1 = 2400(Hz)  fs = fq(min) = 1200(Hz) 
 f2 = 600(Hz) fq2 = 1200(Hz)  
 f3 = 600(Hz) fq3 = 1200(Hz)  N = 2 + 1 + 1 = 4 

n = 12 
rb = Nnfs 
rb = 4  12  1200 = 57.6(kbps) 

23. Ans: (a)
Sol:

–5 5 x 0 

 
10

1
xf 

(Volts)

One Bit 
Quantizer 

Delay 
‘Ts’ sec 

 

 
e[n] x[n] + 

– 

bk 

5 
0 
5 

5 
5 
5 

5 
5 
5 
5 

nx̂
 0 
 5 
 0 

–5
5
  

 0 
 5 

+ + 

 To Channel 

 101 

+  + 5 V 1
–  –5 V   0
+  + 5 V 1
 eq[n]= b[n] =  
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24. Ans: (a)
Sol: fm = 2(kHz)
          = 0.1(V) 
         fs = 20(kHz) 

 To prevent SOD 
         fs  2fmAm 
         0.1  20  103  2  2  103Am 

         



2

1
Am

           )Volts(
2

1
A MAXm 

  

25. Ans: (b)

Sol: 
10

2


 fm 
 Em 
 fs = 40(kHz) 

fs < 2fmEm 

mm
3 Ef21040

10

2




 fm  Em > 4  103 

26. Ans: (b)
Sol: min = ?
 fs = 32(kHz) 

 tx
dt

d
fsmin 

min  32  103 = 125 

100032

125
min 



 volts2
22

1 8
35min




  

27. Ans: (d)

Sol: SOD occurs when  tm
dt

d
fs   to 

overcome SOD increase ‘’ 

28. Ans: 0.346
Sol: n = 1

L = 2 

 
thV

0

x2

2

1
dxe2

2

1
e1 thV2  

2

1
e thV2 

             Vth = 0.346 

  1dxxf
0




 

   
2

1
dxxfdxxf

thV

Vth

0

 


29. Ans: 200
Sol: m(t) = sin(100t) + cos(100t)

 | m(t)|max = Vmax = 2 (volts) 

 | m(t)|min = Vmin = 2 (volts) 

2 0 t 1 

m=–125 
125 m=125 

x(t) 

2 t 0 1 

  tx
dt

d  

125 

–125

 R1  R2 
 Vth 0 

 f(x) 

 

[Input to     
   Quantizer] 

 x  
 (CRV) 
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 fs = fq = 2fmax = 100(Hz) 

   v
4

3
V75.0   



n

minmax

2

VV

 
4

3

2

22
n

    
3

28
2n 

n = 2(bits/sample) 

     
 bps2001002fnr

min
s

minmin
b  . 

30. Ans: (c)
Sol: N = 2

n = 16 
 fs = 44100(samples/sec) 

EB = 100% of no of bits used = 100%[Nn] 
for all slots/all data 

 rb = (Nn+ EB)fs 
 rb = [2  16 + 32] 44100 
 rb = 2.822(Mbps) 

31. Ans: (c)
Sol: Number of bits = 2.822  106  60  60

          = 10.16(Gbits) 

32. Ans: (b)
Sol: f1 = 3.6(khz)  kHz2.7f

1q    

 f2 = 1.2(khz)   kHz4.2f
2q   

 f3 = 1.2(khz)   kHz4.2f
3q    

  

L = 1024 
N = 10(bits/sample) 

 rb = Nnfs

Case: 1 
         rb = 3  10  7.2  103 
         rb = 216(kbps) 

Case: 2 
 fs = 

minqf = 2.4(kHz) 

N = 3 + 1 + 1 = 5 
 rb = Nnfs = 5  10  2.4  103 
 rb = 120(kbps) 

33. Ans: (b)
Sol: N = 10

PCM + TDM 
 fmax = 100(Hz) 

 Hz200f2ff maxq
min

s   

m100

25.0

2




40022

2 m
n

m 





 2n = 400 
n = 9(bits/sample) 

 rb = Nnfs 
 rb = 10  9  200 = 18(kbps)  

34. Ans: (a)
Sol: N = 5
 fmax = 1(kHz) 

EB = 0.5% of overhead bits 
 fs = 1.2 fq = 2.4 fmax = 2.4(kHz) 

 

m100

2.0

2




50022

2 m
n

m 





 2n  500 
 n(min) = 9(bits/sample) 

  3
sb 104.2

100

5.0
4595fEBNnr 



 

 rb = 108540(bps) 

35. Ans: (a)
Sol:

   t102cos1012tm
dt

d 33 

 t104cos1016 33 

  31028tm
dt

d


36. Ans: (c)

Sol:   3
ss 1028f

10
tm

dt

d
f 




 fs = 280(kHz). 
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   





n 2000

1
0pn2000fp

 
 
 

  

01. Ans: 35 (updated key)
Sol: rb = 56(kbps)
 PAM 
 RCP 

  1
2

r
BW,

4

1 b  

 kHz35
4

5

2

1056
BW

3







  

02. Ans: (b)
Sol:

RHS 

    
 2000

1
dffp

2000

1
tp

0tat

1
2000

1
2000   

0.8 0 

1 

1.2 

P(f) 

–0.8–1.2 f(kHz) 

–0.8 0 

1 

–2.8

P(f+2k) 

–3.2 f(kHz) –1.2

(+)

3.2 0 

1 

1.2 

P(f–2k) 

0.8 f(kHz) 2.8 2 

(+) 

–1.2 f(kHz) 1.2 

 





n

nk2fp  LHS 

1 

0 

		

		Inter	Symbol	Interference13	Chapter	
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  21400
2

1
1800dffp 



 

= 2000 
BW = 1.2(kHz) 

03. Ans: (c)

Sol:   Form
0

0
tp

W4

1
tat




 Use L-hospitals rule 
   

     
W4

1
tat

222 W4tW161tW32Wt4

W4Wt4cos




  
   5.0

2

1

0W8

W41





 



India’s	Best	Online	Coaching	Platform	for	GATE,	ESE,	PSUs,	SSC,	RRB,	Banks,	Groups	&	PSC	Exams	

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

  
 
 
 
 

01.  
Sol: B-PSK 

V10A 2
c



Hz10f 6
c 

)Hz/W(10
2

N 90 

 bps10r 4
b 














0

b
2
c

PSKBe N

TA
QP

]5[Q
10210

110
QP

94

4

PSKBe 















 



  

02. 
Sol: sec102T 4

b
  

V101A 3
c



)Hz/W(10
2

N 110   














0

b
2
c

PSKBe N

TA
QP

4
11

46

108]10[Q
102

10210
Q 























BER = bps4108
102

1 4
4





  

For 5kbps Transceiver, 4bps are Receiver in 
Error.   

03.  
Sol: bps10r 6

b   

Channel BW = 3 MHz 

Hz/W10
2

N 100 

B-PSK

Watts
2

P
2
c

4
e 10P 

4

0

b
2
c 10

N

TA
Q 













4

0

b 10
N

PT2
Q 









75.3
N

TP2

0

bmin 

2
106

min )75.3(
10210

1P2







)mW(406.1Pmin   

04. Ans: (a)
Sol: B-PSK
 Tb = T sec 

bc
b

Tt0),tf2cos(
T

2
)t( 

Tt0),tcos(
T

2
)t( c 

Tt0),tcos(2 c 

a
T

2


4
T

2


sec
2

1
T   

b)BPSK(min E2d 

4

A

4

1A

2

TA
E

22
b

2
c

b 




Ad )BPSK(min 

05. 
Sol: bps105.2r 6

b 

)Hz/W(10
2

N 200 

		Baseband	Data		
			Transmission	Schemes14	Chapter	
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V10A 6
c
















0

b
2
c

PSKBe N2

TA
QP

]10[Q
1022105.2

110
Q

206

12

















 



 

06. Ans: (d)
Sol: bps10544.1r 6

b   

]RCP[2.0  

)M(log

BW
BW

2

PSKBof
PSKMof


 

)4(log

2.110544.1

)4(log

)1(r
BW

2

6

2

b
PSK4of







   = 926.4kHz 

07. An ideal band pass channel 250 Hz -
1000 Hz is deployed for communication.
A modem is designed to transmit bits at
the rate of 4800 bps using 16 QAM. The
roll-off factor of a pulse with a raised
cosine spectrum that utilizes the entire
frequency band is ______

Sol: Hz1000fH 
Hz250fL   

BW = FH – FL = 750 Hz  
 bps4800rb   

 = ? 

Mlog

)1(r
BW

2

b 


)16(log

)1(4800
750

2




25.0  

08. Ans: (b)
Sol: 16 QAM

09. Ans: (b)
Sol: MSK

10. Ans: (d)
Sol: QPSK

4-PSK
M = 4

 = 0.2

BW = 36106 Hz

)M(log

)1(r
BW

2

b 


 36106 Hz 
)4(log

2.1r

2

b 

 Mbps60rb 

11. Ans:

Sol: (a) )t()t()t()t(2)t(s 43211 

     )t()t()t()t()t(s 43212 

     )t(0)t()t()t(2)t(s 43213 

     )t(2)t(2)t(2)t()t(s 43214   

     1t0,1)t(1 

     2t1,1)t(2 
     3t2,1)t(3 
     4t3,1)t(4 
     [Basis Function] 

(b) ]1,1,1,2[)t(s1 
      ]1,1,1,1[)t(s2   

      ]0,1,1,2[)t(s3   

      ]2,2,2,1[)t(s4   

(c) 5d12 
     5d13   

     12d14 

     14d23 

     19d24 

     31d34   

  5dmin 

12

21

Max
e ss

ss
P






34

43

Min
e ss

ss
P





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12.  

Sol: 









0

d
e N2

E
QP

dt|)t(s)t(s|E 2
21d  

=  
T

2

T

2
2

T

0

2 dtA4dtA4

 TA4E 2
d 

 













0

2

e N

TA2
QP

13.  
Sol: ML decoding scheme: 

 P(s1) = P(s2) = P(s3) = 
3

1











1

2
e1e s

s
P)s(PP 










2

1
e2 s

s
P)s(P











2

3
e2 s

s
P)s(P 
















2

A
Q

3

4

s

s
P)s(P

3

2
e3

]1[Q
3

4
Pe   

  

dn)n(f
3

1
dn)n(f

3

1
P

2/A

2/A

e 








dn)n(f
3

1
dn)n(f

3

1 2/A

2/A














  



 2

A
nF

3

4
dn)n(f

3

4
P

2/A

e



















2

0A
Q1

3

4









2

A
Q

3

4
Pe  

0  T  t 

–2A

 2A 

2

T

 )t(s)t(s 21 

 s1  s2  s3 

 A –A  0 

2

A
V

1t


2

A
V

2t 










1

2
e s

s
P

2

A
nA 

Volts
2

A
n   










2

1
e s

s
P

2

A
n0 

2

A
n 










3

2
e s

s
P

2

A
nA 

Volts
2

A
n 










2

3
e s

s
P

2

A
n0 

2

A
n 

 s1  s2  s3 

 A –A  0 

2

A
V

1t


2

A
V

2t 

0 
 n 

2

A
2

A

 )n(f  
0

 2VAR 

 



75 Postal	Coaching	Solutions	

Regular	Live	Doubt	clearing	Sessions			|				Free	Online	Test	Series	|	ASK	an	expert	

Affordable	Fee		|			Available	1M	|3M	|6M	|12M	|18M	and	24	Months	Subscription	Packages	

14.  
Sol: B-PSK 

)Hz/W(10
2

N 100 

 ?Ac   
6

)PSKB(e 10P 
 

 bps10r 4
b 

6

0

b
2
c 10

N

TA
Q 













2
104

2
c )74.4(

10210

1A







mV74.42Ac 
 mV7.6Ac 

15.  
Sol:  

(i) Case: (i)
P]D,A[d]B,A[dd1 

a2d2 

 Inner Circle 

2

1
r2rrP 2
1

2
1

2
1

2 

2
1

2
1

2 r2r2P 

P3.1
22

P
r1 


  

222
1x P52.13]P3.1[8r8E 

Outer Circle 

  

222
2y P32.42)P3.2(8r8E 

2
yx1 P84.55EEE 

Given, E1 = E2 
 55.84 P2 = 160 a2 

P = 1.7a 

(ii) Case: (ii)

P = 2a

2e1e PP 
E1 > E2

38.1
)a7.1(

)a2(

E

E
2

2

2

1   

      )38.1(log10 10  

      dB39.1

01. Ans: (d)
Sol: kbps8rb   

Condition: 1 

b1 rMf   

b2 rNf 
 M  N 
 f1 = 8 M (kHz) 
 f2 = 8 N (kHz)  
 M  N 

Condition: 2 
Rectangular Pulses 

 f1 – f2  br2

Min
21 ff  = br2  = 16 kHz 

 Sync Pulses 

21 ff   br   

b
Min

21 rff  = 8 kHz 

 Nyquist Sampling Pulses (OR) Sync 
Pulses  

kHz16r2rffBW bb21
(min)

  

E 

D 0 
 45o 

 r2 = 2.3 P 

 r2 = 1.3P + P = 2.3P  

B 

A 0 
 45o 

 r1 

 r1 

 P 

Previous GATE Solutions 
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02. Ans: (d)
Sol: kbpsRrb 

32 - QAM 
M = 32 
n = 5 

kHz
5

R

)32(log

10R

)M(log

r
BW

2

3

2

b

Min





03. Ans: (c)
Sol:

 

04. Ans: (a)
Sol:  In binary data transmission DPSK is

preferred to PSK because  a coherent carrier 
is not required to be generated at the 
receiver. 

05. Ans: (d)
Sol:

06. Ans: (b)
Sol: kHz25f1 

kHz10f2 

b1 rMf      b2 rNf 
 M  N 

b
3 rM1025 

b
3 rN1010 

M = 5 
N = 2 
 kbps5rb   

 )s(200)ms(2.0Tb   

07. Ans: (b)

Sol: )M(log
PSKMofBW

PSKBofBW
2




  

1)2(log2BPSK   

08. Ans: 16
Sol: M-PSK

BW = 100103 Hz 
bps10200r 3

b 
 = 1 

)M(log

)1(r
BW

2

b 


)M(log

210200
10100

2

3
3 


4)M(log2   

 162M 4 

09. Ans: (c)
Sol:

BPSK 
(OR) 
2-PSK

QPSK 
(OR) 
4-PSK

b1 r2B 

kHz20B1   

)4(log

r2
B

2

b
2 

kHz10rB b2 

10. Ans: 0.25
Sol: fH = 2000 Hz
 fL = 500 Hz 
 BW = fH – fL = 1500 Hz 
 bps4800rb   

 = ? 

 

 bk 1 1 0 0 1 1 

 dk 1 1 0 1 1 1 

 (1r)       

Phase
Tx   0   

 bk 0 1 0 0 1

 dk 0 0 1 0 0

 (1r)  

Phase
Tx    0   
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BW
)M(log

)1(r

2

b 

1500
)16(log

)1(4800

2



25.0
4

1
  

11. Ans: (b)
Sol: 222

1 a4a8a40E 
2

1 a16E 
2222

2 aaaaE 
2

2 a4E 

4
E

E

2

1   

12. Ans: (a)

Sol: 2222
1 a4)a2()a2(d 

a2d1 
2222

2 a2aad 

a2d2   

13. Ans: (d)
Sol: 4-PSK

2
1

2
1

2 rrd 
2

1
2 r2d 

d707.0r1 

8-PSK
o45

8

2





2

1
rr2rrd 22

2
2

2
2

2 

2
2

2
2

2 r2r2d 
 d307.1r2 

14. Ans: (d)
Sol: 

PSK8
min

PSK4
min dd




PSK8
e

PSK4
e PP




dB33.5414.3
)d707.0(

)d307.1(

E

E
2

2

2

1   

15. Ans: (c)
Sol: B-OFSK

3
c 104A   Volts 

)Hz/W(10
2

1

2

N 120 

 bps10500r 3
b 














 0

b
2
c

OFSKB
e N2

TA
QP

       ]4[Q
102105

11016
Q

125

6

















 


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01. Ans: (b)

Sol:

3(s)  Tb at t )t(y  = E{s(t)} = dt|)t(s|
2



        = 2
3

2

2
1

0

2 A2dtAdtA  

02. Ans: (d)

Sol:  

MAX)t(y = E{g(t)}  

=  
2

1

1

0

2 dt1dtt

          = 1
3

1
  

         = 
3

4

03. Ans: (d)

Sol:

Ttat)t(y  = E{s(t)} = 
T

2/T

dt4  = 2T 

04. Ans:

Sol:

(a) ))2t((s)t2(s)tT(s)t(h b 

(b) )t(h)t(s)t(y 

Optimum	Receivers		
				&		Noise	Calculations	15	Chapter	

 t 

 A 

 0  1  2  3 

 s(t) 
 Tb = 3 sec 

 t 

  4 

 0  2 

 s(t) 

 t 

  4 

–2   0 

 s(–t) 

 t 

  4 

 0     2 

 h(t) = s(t) 

 t 

 h = 32 

 0      4  2 

 t 

  1 

 0  1 

g(t) 

 2 

Tb (2 sec)  
y(t)MAX  is  
      at t = Tb = 2sec  

       = T 

 t 

  2 

 0  T/2 

 s(t) 

  T 

 Tb = T(sec) 
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2TtatisMAX b
)t(y   = dt|)t(s|

2



       = 32dt16
2

0


(c) sec2Tb 

(d) 
000MAX0 N

64

N

322

N

E2

N

S












05.  

Sol: 

E = dt|)t(s|
2



E = dtt4
2

0

2  = 
3

4
[8] =

3

32

00MAX0 N3

64

N

E2
 

N

S






06. Ans: (c)

Sol:  If Y  0  s1

If Y < 0  s2 

Signal, Transmission  

X = –a  s2 

X = a   s1 

Polar Coding Noise Z is GRV 

 E[z] = x 

 12
z   

        Rx 

 Vth = 0  

 When  = 0 

 E[z] = 0 

 12
z   

Q(a) = 10–8 

 When  = –0.3 

 Pe = ? 

82

a

10e)a(Q

2




42

1

2

a

2

a
49.0

10ee)a7.0(Q

2
2















07. Ans:  (b)

Sol:

|n|e
2

)n(P 


   Pdf of Noise at o/p of ILPF 

E[n] = 0 

E[n2] = VAR[n] = 
2

2


66202

ny 10f10,10|)f(H|)f(S)f(S  

Power of Noise at o/p of filter   

Watts10210df)f(s 14
10

10

20
y

6

6





    

14
2

102
2 


 142 10  
710  Volt–1 

08. Ans: (d)

Sol: 


















2

1
e2

1

2
e1e s

s
P)s(P

s

s
P)s(PP  

Volts10
2

a
V 6

th


  f 

  1 

 0  106 

 |H(f)|2 

 
–106

  P(s1)= P(s2)=1/2 

 t 

 4 

 (0, 0) 

 (2, 4) 

 2 

m = 2 

 s(t) 

 0 
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








1

2
e s

s
P

2

a
Na k 

2

a
Nk 










2

1
e s

s
P

2

a
Nk 







2/a

2/a

e dn)n(P
2

1
dn)n(P

2

1
p

     dne
22

1
dn)n(P

2/a
n

2/a














  2/ae
2

1   

  
67 1010e

2

1 

 10e
2

1   

01. Ans: (d)

Sol: 

Noise is Triangular 

If r  1  s1 

If r < 1  s2 

2

1
)s(P)s(P 21 

)s(PP 1e  








1

2
e s

s
P + )s(P 2 









2

1
e s

s
P   

0625.0
16

1
)0(

2

1

4

1
1

2

1

2

1
Pe    

02. Ans: (b)

Sol:

4

r

s

r
f

1









- - - - - - (1)

1r
s

r
f

2









  - - - - - - (2)

0 
 n 

2

a –
2

a










1

2
e s

s
P 




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



2

1
e s

s
P  

 |n|e
2

)n(P 
  

 Pdf of received 
 Pdf of received 
 Signal for bit 1 










1s

r
f









2s

r
f

 0 –1

 1 
 0.5 

 2  4 
 r 

(s + n) 

(Vth) 
 1 










1s

r
f









2s

r
f  

 0–1 

 1 

 2  4 
 r (s + n) 

Vopt 

 1 
(0, 0 ) (1, 0) 

(0, 1) 
 m = –1 

 m = 1/4 








2

1
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Previous GATE Solutions 
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At r = Vopt 

(1) = (2)

1V
4

V
opt

opt   

optV 1
4

5




  

Volts8.0
5

4
Vopt 

03. Ans: 0.05

Sol:

        If r  0.8 V  s1 

If r < 0.8 V  s2 

)s(PP 1(min)e  








1

2
e s

s
P  + )s(P 2 









2

1
e s

s
P   

2.02.0
2

1

2

1
2.08.0

2

1

2

1
P (min)e   

05.001.004.0P (min)e   

04. Ans: 0.125

Sol:

Polar Coding 

2

1
)s(P 1 

2

1
)s(P 2 

R = x + N 

R = –1 + N (or) 1 + N 

 Vth = 0  If R  0   s1 

If R < 0   s2 










1

2
e s

s
P

R = 1 + N < 0 

 N < –1 (V) 










2

1
e s

s
P

R = –1 + N  0 

 N  1 (V) 











1

2
e1e s

s
P)s(PP  + 









2

1
e2 s

s
P)s(P

 
4

1
1

2

1

2

1

4

1
1

2

1

2

1
Pe 

125.0
8

1

16

1

16

1
Pe    

05. Ans: (a)

Sol:

 0–0.25 

2 

0.2 










2

1
e s

s
P

 r
0.25 










2s

r
f










1s

r
f









2s

r
f  

 0–1 

 1 

 2  4 
 r (s + n) 

Vopt = 0.8 V 

 1 

2

1









2

1
e s

s
P










1

2
e s

s
P

 0.2 

 0 –2 

 0.5 

(Only noise)  1 





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



2

1
e s

s
P




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



1

2
e s

s
P

 n 
2 –1 

 fN(n) 
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 Vth = 0.2 V  If r  0.2(V)   s1 

         If r < 0.2(V)   s2

 
2

1
sP)s(P 2e1 

 









1

2
e1e s

s
P)s(PP  + 









2

1
e2 s

s
P)s(P  

205.0
2

1
12.0

2

1
Pe   

 15.0Pe 

06. Ans: (c)

Sol: X = 1 Polar Coding Scheme

X = –1 

4

3
)s(P 1 

4

1
)s(P 21 

Y = X + Z 

 Z  GRV  

MEAN = 0 

VAR = 2

 Vth =  = Vopt 

Then Pe   Pe (min) 


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

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
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2
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
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
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
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






3

1
n

VV 21

2
0 l  

+ve        –ve

  < 0 

07. Ans: (d)

Sol: –1  Vth  1

 Vopt will be one of the edges of point of 
intersection  

 Vopt = –1 V 

  (or) 

 Vopt = 1 V 









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2
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3

2
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
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
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 If Vth = –1           If   Vth = 1   
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1
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 
6

1
P mine 

Vopt = –1 V 

08. Ans: –0.5

Sol:

Y = X + Z 

E[Y] = E[X] + E[Z] 

E[Y] = E[X] = constant 










2s

y
f

 When s1 is Tx  

E[Y] = E[s1] = 0.5 










2s

y
f

 When s2 is Tx  

E[Y] = E[s2] = –0.5 

  –0.5  Vth  0.5 

X = –0.5  
4

1
)s(Ps 22 

X = 0.5  
4

3
)s(Ps 11 




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




 
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2

V5.0

4

1

2
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4

3
P thth

e

 At Vth = –0.5, Pe =  mineP
8

1


 At Vth = 0.5, Pe =  
8

3

 )Volts(5.0Vopt 

09. Ans: 2Ae
2

1 

Sol: 

Polar Coding,  

A  ,s1 2

1
)s(P 1 

–A  ,s2 2

1
)s(P 2 

Vth = 0V 

 If R  0 V   1s

If R < 0 V   s2   
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



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


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1
e s

s
P

–A + n  0

n  A (Volts)









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
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
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1
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2
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dn)n(P
2

1
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2

1
P

A

A

e 
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



 dne
2

1
dn)n(PP

A
2n

A

e 







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2A
e e

2

1
P 

10. Ans:  1.414

Sol:

partNoise
21

partSignal
21 )t(n)t(n)t(s2)t(r)t(r)t(r   

 Signal Part 

 2s(t) 

Energy becomes 4 times 

Noise Part 

)t(n)t(n)t(n 21   

)(R)(R)(R)(R)(R
122121 nnnnnnn 

)]t(n)t(n[E)(R 21nn 21


          0)]t(n[E)]t(n[E 21   

RP’s are independent stationary, zero mean 

 Also  0)(R
12nn    

)(R)(R)(R
21 nnn 

2

N

2

N
)f(S)f(S)f(S 00

nnn 21


]r2[Q
N

TA

2

4
Q

N

TA
QP

0

b
2
c

0

b
2
c

BPSKe 




















  

2b  =1.414 

11. Ans: (a)

Sol: )t(s

)tT(s)t(h b   

 Es = Eh 

0

s
MAX N

E2
SNR 

12. Ans: (d)

Sol:

  valuemaximum be   willTb at t 

)t(y


= E{s(t)}  

= mV510
2

10 4

2






   

13. Ans: (c)

Sol:

)tT(s)tT(s)t(h b   

))Tt((s)t(h   

 AWGN 
 Channel 1 

 AWGN 
 Channel 2 

BPSK 
Modulator 

BPSK 
Demodulator 

 0/1  0/1 

)t(n)t(s)t(r 11 

)t(n)t(s)t(r 22 

 + 

 N0 

 0 
 P 

 N0 (W/Hz)  f 

1 

0  t 

 s(t) 

 T 

 Tb = Ts (sec) 



85 Postal	Coaching	Solutions	

Regular	Live	Doubt	clearing	Sessions			|				Free	Online	Test	Series	|	ASK	an	expert	

Affordable	Fee		|			Available	1M	|3M	|6M	|12M	|18M	and	24	Months	Subscription	Packages	

14. Ans: (c)

Sol:

)tT(P)t(h s   

))Tt((P)t(h s  

  

)t(h*)t(P)t(y   

1dt
T

1
)}t(p{E)t(y

s

s

T

0 s
T at  t    

15. Ans: (d)

Sol: 20
10

102

N

E2

N

S
6

5

0




 



    )210(log10)20(log10 1010 

    )2(log10)10(log10 1010 

    = 13 dB 

16. Ans: (c)

Sol:

))2t((s)t2(s)tT(s)t(h b   

 Derivative Model 

         )t(h)t(s)t(y   

)t(y   Exists from t = 0 to t = 4 

)t(y  is triangular waveform 

  0dt)t(y

)}t(s{E)t(y 2(s)  Tb at t   

211dt1dt1
2

1

1

0

   

1 

1 

0 

0  t 

 t 
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T 
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1

0  t 

  p(t) 
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1
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1
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 

1 
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 t 

  y(t) 

 Ts  2Ts 

1 

0 
 t 

 Tb = 2 (sec)   s(t) 

–1
 1 
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0 
 t 
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–1
 1  2 
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17. Ans: (c)

Sol:

))4t((s)t4(s)tT(s)t(h b   

18. Ans: (b)

Sol:

E4dE 2
mind 












 )(cos

N2

E
QP 2

0

d
match-Mis PhasePSK  Be











2

1

N2

E4
Q

0











0N

E
Q

19. Ans: (a)

Sol: Polar Coding Scheme

)}t(g{E
N

S
P

MAX0
mine 






   is MAX 

 dt|)t(g| 2  MAX value

20. Ans: (b)

Sol: o20

 )t(y  cos() 

E  cos2() 

1 

0 
 t 

  p(t) 

 1 

1 

0 
 t 

  g(t) 

 1  2 

1 

0  t 

   s(t) 

 1  2  3  4 

 Tb = 4 sec 

1 

0  t 

 h(t) = –s(t) 

 1  2  3  4 
–1

0 

)t(




 (t) 

E2dmin 
E  

– E  

 

 
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0125.0

15.00025.0

05.015.0

							Information	Theory	Chapter	 
 

01. Ans: (b)

Sol: Huffman encoder is the most efficient

source encoder  

L  = 10.5 + 20.25 + 20.25  

  = 1.5 bits/symbol 

Average bit rate  = 3000  1.5  

= 4500 bps 

02. Ans: (c)

Sol: Assuming all the 64 levels are
equiprobable, H = 64log2  = 6 bits/pixel 

Total No. of pixels = 625  400  400  

    = 100 M pixels /sec  

Data rate = 6 bits/pixel100106 pixel/sec   

= 600 Mbps 

03. Ans: (b)

Sol: C = B log (1+
N

S
)

Since 
N

S
 1. 1+

N

S
 

N

S

 C1 = B log 
N

S

    C2 = B log (2.
N

S
)

    = B log2 + B log (
N

S
) = C1 +B

04. Ans: (b)

Sol: Given

B. W = 3 kHz

SNR = 10dB

 10 log10 (SNR) = 10

  SNR = 10| = 10 

Number of characters = 128 

Channel capacity = B log2 





 

N

S
1

     = 3  103 log2(1 + 10) 

     = 10378bps 

05. Ans: (b)

Sol: Number of characteristics can be sent

without any error cps.1482
7

c

Mlog

c

2

   

06. Ans: (c)
Sol:

       C = Blog2(1+
N

S
)







 

 nB

S
1logB

S

n

n

S
LimCLim 2
BB

elog
n

S
CLim 2

B



 

n/2 

Ideal 
AWGN 

n/2 

B B 
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(
n

Lim xlog 









Q

1
1  = loge)

n

S
44.1CLim

B




07. Ans: (b)

Sol: Max. entropy = 512512  8log2

       = 786432 bits

08. Ans: (d)

Sol: Maximum entropy of a binary source:

Mlog/)x(H 2max 

2log/)x(H 2max   = 1 bit/symbol 

09. Ans: 0.4

Sol:  
)0y(P

)0y,1x(P

0y

1x
P















       







































0x
0y

P)0x(P
1x
0y

P)1x(P

1x
0y

P)1x(P

       

7

6
2.0

7

1
8.0

7

1
8.0




  = 0.4 

10. Ans: (b & c)

Sol:   
3

1
xP 1 

 
3

2

3

1
1xP 2 

      


















2

1
2

1

1
11 x

y
PxP

x

y
PxPyP  

     2.0
3

2
9.0

3

1
yP 1   

  433.0
3

3.1
yP 1   

      


















2

2
2

1

2
12 x

y
PxP

x

y
PxPyP

      5666.0
3

7.1
8.0

3

2
1.0

3

1
yP 2   

 b & c are correct  
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Source	Coding	&	
Channel	Coding	

Chapter	 
 

01. Ans: (a & d)

02. Ans: (a & d)

03. Ans: (a, b & c)
Sol:  

  

Option (a) is correct 

[C] = [D] [G]

 [C] = [0 1 1 1 1 0]

Option (b) is correct

[S] = [r] [HT] = 0

 [r] = [C] = [100110]

Option (c) is correct

 a, b and c are correct

For (d), syndrome is not equal to zero. 
Hence [r]  [c]. 
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IK P 

PT In–k


















101100

110010

011001

G


















100110

010011

001101

H
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