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Q2 (a).    

Determine power and energy of the following signals  

(i)  


te)t(x
tj 0    

(ii)  x(t) =A cos  t   

(iii) x(n)=u(n) 

 

 

Solution:  

(i)  tetx
tjw0)(  















T

T

T

T

tjw

T

T

Tdtdttx

etx

dttxI

21)(

1)(

)(

2

2

0  

1]
2

[

][









T

I
ltP

IltE

T

T

 

Power is finite , it is a power signal 

(ii) x(t) =A cos(wt) 

2/

2cos
2

1

2

1

2

)2cos1(

cos

)(

2

2

T

wtdtdtdt
wt

wtdt

dttxI

TTT

T

T


















 

2

1
][

][









T

I
ltP

IltE

T

T

 

Power is finite , it is a power signal 
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(iii) x(n) = u(n) 





N

Nn

nxI
2

)(  

]12[1
2

 


NI
N

Nn

 

1
12

][

][












N

I
ltP

IltE

N

N

 

Power is finite , it is a power signal 

    Q2 (b) Given x(t) as shown in Fig.3                

Sketch the following 

(i)  x(-2t) 

(ii)  x(t-3) 

(iii) x(t)u(t) 

(iv)  x(-t+1)  

 
Solution:  
i)  x(-2t) 

 

ii) x(t-3) 
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iii) x(t)u(t) 

 

iv) x(-t+1) 

 
Q3 (a) Determine the Fourier’s Series representation for signal;  

i) )3/
12

1
sin(1)(   nnx  

ii) 







 6/

8
cos21)( 


nnx  

 

Solution:  

(i) )3/
12

1
sin(1)(   nnx  

       

x(n) is periodic with period N = 24 

 

Using Euler’s formula 

































 )3/(

12
)3/(

12

2

1
1)(







njnj

ee
j

nx   

 


1

]12/[3

0

)0(

1

12/3

2

1

2

1











k

nj
j

k

nj

k

nj
j

ee
j

eee
j









 

Comparing with DTFS equation  

 

               



























1,012110

1
2

1

01

1
2

1

)(
)3/(

)3/(

kk

ke
j

k

ke
j

kX
jj

jj




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(ii) 







 6/

8
cos21)( 


nnx

 
 

x(n) is periodic with period N = 16 

 

Using Euler’s formula 

 
































 )6/(

8
)6/(

81)(






njnj

eenx  

 


1

]6/[8

0

)0(

1

6/8











k

nj
j

k

nj

k

nj
j

eeeee 







 

 

Comparing with DTFS equation 

























1,0870

1

01

1

)(
)6/(

)6/(

kk

ke

k

ke

kX
jj

jj





    

Q3 (b) State and prove the following Fourier series properties of continuous 

periodic signals.  (8) 

(i)  Frequency shift property    

(ii) Scaling property 

 

Solution:  
 

(i) Frequency shift Property 

 

Table 3.1. Page No. 206 of Text Book - I 

 

(ii) Scaling property 

 

If x(t) is a periodic signal then f(t)=x(at) is also periodic. If x(t) has fundamental 

period T then f(t) has fundamental period T/a 

][)(

][)(

kXatx

thenkXtxIf




 

I.e Fourier series coefficients of x(t) and x(at) are identical 

 

Proof: since f9t) has fundamental period T/a 
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











a

T
tjkw

a

T
tjkw

dteatx
T

a
kF

dtetf
T

a
kF

0

0

)(][

)(][

 

Put p=at then t=p/a and dt=(1/a)dp 

][][

)(1
][

1
)(][

0

0

kXkF

dpepx

T
kF

a
dpepx

T

a
kF

T

pjkw

T

pjkw














 

i.e 
][)(

][)(

kXatx

thenkXtxIf




 

Q4 (a) State and prove Parseval’s energy theorem for continuous  aperiodic 

signals. 

 

Solution: 

 

Statement: 

The energy may be found from the time signal x(t) or its spectrum )j(X   

i.e 








 


djXdttxE
22

)(
2

1
)(  

 

Proof: Energy of a signal x(t) is given by 










 dttxtxdttxE )(*)()(
2

---------(1) 

The Fourier transform and its inverse is  






 dte)t(x)j(X tj  






 


 de)j(X
2

1
)t(x tj  

Taking conjugate for the above equations 






 dte)t(*x)j(*X tj           ------------(2) 






 


 de)j(*X
2

1
)t(*x tj  

 

Substitute x(t) in equation (1) 
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 dt)t(*xde)j(X
2

1
E tj

 




















  

 













 dte)t(*xd)j(X
2

1
E tj

 
 

Using equation (2) 

 







 d)j(*X)j(X
2

1
E  









 d)j(X
2

1
E

2

 
 

This relation is called “Parsavel’s theorem” or “Rayleigh’s energy theorem”. 

 

Q4 (b) The transfer function of the system is given by: 

2)j(3)j(

j
)j(H

2 


  

Find the system equation and also impulse response of the system.

  

Solution:

 

2)(3)(
)(

2 


jwjw

jw
jwH  

dt

tx
ty

dt

ty

dt

ty

Taking

jwjwjwYjwjwX

jwjw

jw

jwX

jwY

)(d
)(2

)(d
3

)(d

IFT

]2)(3))[(())((

2)(3)()(

)(

2

2

2

2








 

2)(3)(
)(

2 


jwjw

jw
jwH  

Let m=jw 

122)(3)(
)(

2 








m

B

m

A

mm

m
jwH  

Solving A=2 and B=-1 
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)()(2)(

1
)(e

relationsin

1

1

2

2
)(

1

1

2

2
)(

2

at

tuetueth

jwa
tu

guIFTTahing

jwjw
jwH

mm
jwH

tt 
























 

Q5 (a) State and prove the following properties of discrete time Fourier 

Transform. 

(i)    Time shifting property  

(ii)    Differentiation in frequency domain 

 

Solution: 

 

i) Time shifting property: 

Statements: 

If )()( jXtx FT
  

then 0)()( 0

tjFT ejXttx
 

  

 

Shift in time domain will result in multiplying by an exponential in 

frequency domain 

Proof. 




 dtettxttxF tj)()}({ 00  

Let  0tt  

0tt   and ddt   







  

dex
tj )( 0)(     

 0)(
tjj edex

  







  

      0)(
tj

ejX
 

  
ii) Differentiation in time domain property: 

  

)()(
)(

)()(





jXjw
dt

tdx
Then

jXtxIf FT





 

Differentiating a signal in time domain is same as multiplying their spectrum 
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in frequency domain 

Proof: 

Inverse FT 

 jwtejwXtx )(
2

1
)(


 

Differentiating with respect to t 

 jwtejwXjw
dt

tdx
)()(

2

1)(


 

From the above equation we have 

)()(
)(

jXjw
dt

tdx
  

Q5 (b) Consider a discrete time LTI System with impulse response. 

h [n] = n u [n] where  <1. Use Fourier Transform to determine the 

response to the input x[n] = β
n 

u [n] with |β| <1 

 

Solution: 

 

Example 5.13, Page no. 385 of  Text Book - I  

Q6 (a) Determine the Nyquist rate for the following signals 

i) x(t)=1+cos(200πt)+4sin(400πt) 

ii) x(t)=2cos(600πt) cos(800πt) 

 

Solution: 

 

i) x(t)=  1+cos(200πt)+4sin(400πt)      

       f1=100 Hz and 

                            f2=200 Hz 

              fNyq=2fm(max)=2x200=400Hz 

 

ii) x(t)= 2cos(600πt) cos(800πt) 

=[cos1400 πt)+cos(200 πt)] 

              f1=700 Hz and 

              f2=100 Hz 

              fNyq=2fm(max)=2x700=1400Hz 

Q6 (b) With diagrams explain sampling of discrete time signals. 

 

Solution: 

 

Sampling theorem. 

Statement: Let m(t) is a message signal band limited to fmHz, if this signal is 
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sampled at a rate
ms ff 2   then we can reconstruct the message signals from the 

sampled value with minimum distortion. 

i.e 
ms ff 2  

where fs is sampling frequency 

and fm is maximum message frequency 

Let m(t)=message signal 

 



n

T nTtt

fMtm

)()(

)()(

    is periodic delta function with Fourier series 

)(
1

)( sT nff
T

f    

Sampled signal S(t)=m(t)∂T(t)   

Multiplication in time domain is same as convolution in frequency domain 













 )(
1

*)(

)(*)()(

sT

T

nff
T

fM

ffMfS





          

Convolving any function with delta function yield the same function 

 

)(
1

)(  
n

snffM
T

fS  

Spectrum of sampled signal is periodic with period fs. 

 

 

Q6 (c) Find the frequency response and impulse response of the 

system with input 

       x(t)=e
-2t

 u(t) and output y(t)=e
-3t

 u(t). 

 

Solution: 

Applying FT for input and output signal 

 

)()()(

3

1
1

3

2

)(

)(
)(

3

1
)()}({

)()(

2

1
)()}({

)()(

3

3

2

tuetth

IFTTaking

jwjw

jw

jwX

jwY
jwH

responseeFrequencyr

jw
jwYtyF

tuety

jw
jwXtxF

tuetx

t

t

t




























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Q7 (a) Find, the output y(t) of the system described by the differential equation 

)t(x)t(y5
dt

)t(dy


 
by Laplace Transform method. Assume that the input 

x(t)= 3e
-2t

u(t) and initial condition is y(0
+
) = -2. 

 

Solution: 

 

)()(5
)(

txty
dt

tdy
 =3e

-2t
u(t),     y(0

+
)=-2  

Taking Laplace transform 

 

)(3)()(

)5(

3

)2(

1
)(

)5(

2

)5(

1

)2(

1
)(

11

)5(

2

)5()2(

)5(

2

)5)(2(

3
)(

2

3
)(5)0()(

52 tuetuety

LTInverseTaking

ss
sY

sss
sY

BA

ss

B

s

A

sss
sY

s
sYyssY

tt 












































 

Q7 (b) 
property.n convolutio Using

)1(

1
)(  from  x(t)Find

2s
SX




 

Solution:

 

)1(

1
)(

)1(

1

)1(

1

)1(

1
)(

2

s
tue

sss
SX

t































 

Convolution property of LT is 
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)()(

0,

)()()(

)()()(*)()(

)(

2121

tutetx

tforte

dtueuetx

wXwXtxtxtx

t

t

t





















  

 

Q7 (c) 
Find the inverse Laplace transform of 

8s4s

2
)s(X

2 


 

Solution:

 

4)2(

2

84

2
)(

2

2







s

ss
sX

 

Using the relation 

 

)()2sin()(

)(
)()sin(

)()sin(

2

22

22

tutetx

ILT

abs

a
tuate

as

a
tuat

t

bt













 

 

Q8 (a) 

 

 

 

 

 

 

 

 

 

(i) 

 

 

 

 

 

Find the Z-transform of the following sequence and find the ROC 

(i) ]2[)2(sin
3

1
][ 0

2













nunnx

n

 

(ii) ]1n[u)3(2]n[u
2

1
5]n[x n

n









  

Solution: 

 

 

][sin
3

1
][ 0 nunnx

n









  

2

0

1

0

1

0
cos21

sin
][sin










zz

z
nun   ROC 1z  

Using scaling property 
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(ii) 

2

9

1
0

1

0

1

0
cos)3/2(1

sin)3/1{
][sin

3

1

















zz

z
nun

n

    ROC 
3

1
z

 

Using shifting property 

 

2

2

9

1
0

1

0

1

0

2

cos)3/2(1

sin)3/1{
]2[)2(sin

3

1 


























Z

zz

z
nun

n

 


























2

9
1

0

1

0

3

0

2

cos)3/2(1

sin)3/1{
]2[)2(sin

3

1

zz

z
nun

n

   

 ROC 
3

1
z

 

 

 

]1[)3(2][
2

1
5][ 








 nununx n

n

 











































10

1

0

32
2

1
5)(

32
2

1
5)(

n

nnn

n

n

n

nnn

n

n

zzzX

zzzX
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Q8(b) (i) State and prove   

(i)  Initial value theorem of z-transform 

(ii) Time Expansion property of z-transform 

 

Solution: 

 

1) Initial value theorem: 

Statement: If x(n) is causal and 

  ][)0(

)(][

ZXltxthen

zXnx

z 
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Proof: By definition  
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Q8 (b) (ii) Page no. 769 to 770 of  Text Book – I 

 

Q9 (a) Define the following terms with refers to probability theory (6) 

(i)  Sample space 

(ii)  Event 

(iii) Mutually exclusive event 

(iv) Conditional probability 

(v)  Joint probability 

(vi) Power spectral density 

 

Solution: 

 

Sample space: 

 

Set consists of all possible outcome of an experiment 

 

Event: 

 

Event is a subset of a sample space 

 

Mutually exclusive event: 

 

If two events are mutually exclusive then there is no common element between 

them. 

 

Conditional probability: 
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Probability of an event depends on some other event 

P(A/B)-probability of event A after the event B is over. 

 

Joint Probability: 

 

P(AB)=P(A)P(B/A) if A and B are statistically independent then, 

P(AB)=P(A)P(B) 

1.  

2. The power spectral density: 

3.  

4. PSD, describes how the power (or variance) of a time series is distributed with 

frequency. Mathematically, it is defined as the Fourier Transform of the 

autocorrelation sequence of the time series 

 

Q9 (b) What is wide sense stationary process mention its properties. 

Solution: 

A random process X(t) is called wide sense stationary if it satisfies 

1. Mean of the process is constant 

2. autocorrelation function is independent of time  

3. variance of the process is constant 

Q9 (c) Write short notes on: 

(i)   Gaussian processes 

(ii)  Ergodic processes  

 

Solution: 

 

(i) Gaussian processes - Page no. 54 to 58 of Text Book - II 

 

(ii) Ergodic Processes - Page no. 41 to 42 of  Text Book – II 
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