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64. Ans: 10 kHz 
Sol: m(t)  band limited to 5kHz 
 m(t)  cos(40000t)   modulated signal we 

require least sampling rate to recover              
m(t)  25kHz = 10 kHz. 

 
65.  Ans: (c) 
Sol: Aliasing occurs when the sampling 

frequency is less than twice the maximum 
frequency in the signal, and it is 
irreversible process. 

 So, Statement I is true but Statement II           
is false. 

66.  Ans: (b) 
Sol: Sampling in one domain makes the signal 

to be periodic in the other domain.               
It is true. 

 Multiplication in one domain is the 
convolution in the other domain. 

 Both statements are correct and               
statement (II) is not the correct explanation 
of statement (I). 
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												Laplace	Transform	
 
 
 

 
 

 
01. 

Sol:  a,
as

1
)t(ue at 


  

 a,
as

1
)t(ueat 




  

 a,
as

1
)t(ue at 




  

(1)   1,
3s

1

1s

1
sX1 





  

 (2)   42,
4s

1

2s

1
sX2 





  

 (3) no common ROC so no laplace 
    transform  for x3(t). 

 (4) no common ROC, no laplace transform 

 (5) no common ROC, no laplace transform  

 (6)   11,
1s

1

1s

1
sX6 





  

 
02.  
Sol: ROC = ( > –5)  ( > Re (–)) =  > –3 
 Imaginary port of ‘’ any value, real part of 

‘’ is 3.  

 
03.  
Sol: The possible ROC’s are 
  > 2, < –3, –3<  < –1, –1 <  < 2 
 
04.  

Sol:  
2s

e

1s

e
sY

s3s3









 

          3tu.e3tu.ety 3t23t    

 
05.  
Sol: 

  (a)        5,
5s

e.e
)s(Xe.1tu.etx

5s
51t5 





  

  (b)  g(t) = Ae–5t.u(– t – t0) 

  
 

5,
5s

e.A
sG

0t5s









 

 A = –1, t0 = –1 
 

06.  
Sol: 
   (a)          4tu52tu152tr5tr5tx   

  
s

e5

s

e15

s

e5

s

5
sX

s4s2

2

s2

2



  
 

   (b) Ans: (a) 
Sol: x(t) = r(t)–r(t–1)–r(t–4)+1.5r(t–6)–0.5r(t–8)   

 
2

s8

2

s6

2

s4

2

s

2 s

e

2

1

s

e

2

3

s

e

s

e

s

1
)s(X



  

 So, D = 
2

1
 = – 0.5 

 
07.  

Sol:    
  2s1s

es4
sY

s2







 

 
 
 
 
 
 

      = 
 
     2s1s

e4

2s1s

2s3
14

s

















 

 

  



















 

2s

1

1s

1
e4

2s

4

1s

1
14sY s

 
      I.L.T 
 

 y(t) = 4(t) + 4e–t u(t) – 16e–2t u(t)  
                    – 4e–(t –1) u(t – 1) + 4e–2(t – 1) u(t – 1) 
    

08.  Ans: (c) 

Sol:      3s1s

1
sX


  

5	Chapter	

1 s2+3s+2 s2 

s2+3s+2
–3s – 2 

– – – 
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       1s1s

1
2sXsG


  

 G() converges means ROC include                    
j axis   –1<  < 1. 

 
 

09.  

Sol:  G(s) = X(s) + X(–s),   where 
1s

)s(X



      

1s

s

1s

ss
)s(G 22 





  

  –  = –1, –  –  =0 
  = –1,  = ½ 
 
 

10. 

Sol: 
     tty2

dt

tdy
  

   tx2
dt

tdy
  

 sY(s) = –2Y(s)+1 ----- (1)  
 sY(s) = 2X(s) ------ (2) 
 solving (1) and (2) 

    
4s

s
sX,

4s

2
sY

22 



  

 
11. 

Sol: (a)  
    1s

4

1s

4

1s

4

2s

4
sX

23 











  

      
     

   tu.e4tu.te4

tu.e
2

t
4tu.e4tx

tt

t
2

t2








 

(b)  
 3

s2

1s

e
sX






 

             2tu.e.2ttx 2t2    

      
 3

t
2

1s

1
tue

2

t


  

 
12. 

Sol:  y(t) + y(t) * x(t) = x(t) + (t) 

 Y(s) +Y(s)X(s) = X(s)+1 

 Y(s) = 1 

 y(t) = (t) 

13. 

Sol:    2,
2s

e
2tx

s2

1 





 

           3,
3s

e
3tx

s3

2 





 

          32,
3s

e
.

2s

e
sY

s3s2







 

 
14.  

Sol:        sX
s

sY
3sY4ssY   

      3s
2
3

1s
2
1

3s1s

s
sH











  

      tu.e
2

3
tu.e

2

1
th t3t  


  

  
s

1s
1

s

1
sX


  

      
3s

1
sH.sXsY


  

    tu.ety t3  

 
15.  Ans: (d) 

Sol:     
s

1
sH,e

2s

1
sX s6 


   

         s

e

2ss

1
sH.sXsY

s6




  

         6tutu.etu
2

1
ty t2    

 
16.    

Sol: 
4s

8s
)s(H

2 


  

 
)8s)(1s(

4s

8s

7/12

1s

7/5
)s(X










  
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)1s)(4s(

4s
)s(H)s(X)s(Y

2 


  

   
1s

1

4s

s
2 





  

 0t;et2cos)t(y t    
 
 

17.  Ans: (b) 

Sol:  
 
  1s

1

sX

sV


  

 
  1s

1

sV

sY


  

    
   21s

1

1s

1
.

1s

1

sX

sY
sH





  

  h(t) = t e–t . u(t) 
 

18.  
Sol: y(t) = x(t)*h(t) = e–t u(t)*sint u(t) 
 

   L.T 
 

     1s

CBs

1s

A

1s1s

1
sY

22 








  

      = 
1s

2
1s2

1

1s
2

1

2 





  

 
   I.L.T 
         

       tutsin
2

1
ttucos

2

1
tue

2

1
ty t    

 

19.  
Sol: s2Y(s) + sY(s) + 2Y(s) = X(s) 

 
22 ss

1
)s(H


  

 )s(H)s(sH)s(H
s

)s(G
2




  

 
s

1

ss

1

s

ss
)s(G

22

22














 
  

 Number of poles = 1. 
 
20.  Ans: (d) 
Sol: Change the initial condition to –2y(0) 

and the forcing function to –2x(t) 

21. 

Sol:  (a)      2ssXLt0x
s




 

         0ssXLtx
0s




 

 (b)   
1s2

5s4
sX




  improper function  

       
1s2

3

1s2

3
2sX





   

       neglect the constant ‘2’ in the above 
      function.  

       
2

3

1s2

3
.sLt0x

s






 

          0
1s2

s5s4
LtssXLtx

2

0s0s








 

 (c)  x(0) = 0 

Final value theorem not applicable,   
because poles on imaginary axis. 

 (d)  x(0) = 0 

      x() = –1  

 
22. 

Sol:    
  4s2s

1sk
sH




   
s

1
sX   

        
  4s2ss

1sk
sX.sHsY




  

     8k1
8

k
ssYLty

0s



 

  
4s

12

2s

4
sH







  

      tu.e12tue4th t4t2    

 
23.  

Sol:  

  (a)  
  4j4j

2j
jH 2 


  

 x(t) = 8 cos 2t, 0 = 2 
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  j
4

1

4

1

j4

1j
jH 0 


  

    
4

H,
22

1
|H| 00


  

   





 







 


4

t2cos22
4

t2cos
22

8
ty   

 
(b) 
Sol: 
 
 
 
 
 
 
 
  
 
 

 
 
 
24.  Ans: (a) 

Sol:   
1j2

1
jH

2

2




  

    0 = 1 rad/sec 

 H(0) = 0 

     y(t) = 0 for all s 

 
25.   

Sol:  

  (i)  Ans: (d) 

 
2ss

2
sH

2 
   

s

1
sX   

         2s1ss

2
sH.sXsY


  

 S = 2 pole lies right side of s-plane  

 y() =  unbounded  
 

   (ii) Ans: 0.5 

   
s

1
)s(H   

 )t(u
t

tsin
)t(x


  

 
1s

1
)t(utsin

2 
  

 

)s(tan
2

)s(tands
1s

1

t

)t(utsin

1

s

1

s
2














 
 

 



 



  )s(tan

2

1
)s(X 1  

         )s(tan
1

2

1 1


  

 
)s(X

)s(Y
)s(H   

100s1.0s

100
)s(G

2 
  

 )t10sin(ba)t(y   
  a = (1)(1) = 1 
  b = (0.1)(100) = 10 

 )t10sin(1.01)t(x   

                           
          01        102   
           0s          10js   

1
100

100
)s(G

0s


  

100)10j(1.0100

100
)s(G

10js 


  

    = 
j

100
 = 100 –90o 
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s

1
)s(tan

1

2

1
)s(H)s(X)s(Y 1








   

 






 


)s(tan

1

2

1
lim)s(sYlim)(y 1

0s0s
 

          
2

1
  

 
 
 

26.  Ans: (d) 
Sol: For an LTI system input and output 

frequencies must be same, there may be 
change in phase.  
Given that input is a1sin(1t + 1) and 
corresponding output is a2F(2t + 2). 

 From the above condition F may be sin or 
cos and 1 = 2. 

27. (a) 
Sol: I.R   h(t) = )t(utcose2 t2  
 o/p  y(t) = t2cos  
 i/p  x(t) = ?   20   

 )t(ubtcose at
22

T.L

b)as(

as




  

  

 222js )1()22j(

)22j(2
)s(H





 8j1

4j4





  

 538345

1

8
Tan

4

4
Tan

18

44 11

K

22

22





 

















  

 KA = 1 

 1A
65

32
   

32

65
A   

  
(b) 
Sol: Assume, 
 
 
 
 
 
  
 
 
 
 
 
 
 
   
 
 
 

 x(t) = Acos(2t+)  y(t) = cos 2t 
 

            = KAcos(2t +  + ) 
 

 KA = 1 
  +  = 0o 

22 )1()2s(

)2s(2
)s(H




  





s

s
)s(H  

 )tsin(KA)t(yss   

 o0  
 KA = 1 

 )tsin(A)t(x   
 
 

 Tan–1 






 x

y
 

 





 

x

y
tan 1  

  = – 90o 
 K = 1 





 j

j
)s(H

js  





 j

j
)s(H

js  





















 


11

js
tantan)s(H  

    = 
2


 = 90o =  

  )90tsin()t(x o   
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28.  

Sol:  Given  
2s

2s
sX




  

      tue
3

1
tue

3

2
ty tt2   

    tue
3

1

2s

1
.

3

2
sY t


  

  
1s

1

3

1

2s

1
.

3

2
sY





  

     

            < 2  > 1 
 

  (a)     
 sX

sY
sH   

          

 
  

1

0,1,2

2s

2s

1s2s

2s1s2

3

1

























  

           2s1s

s3

3

1


  

           1,
2s1s

s



  

 

  (b)  The input is e3t t 

       the output  3H × input 

          t3e
54

3


  

     t3e
20

3
ty   

 
29. 

Sol:  
3s

2ss
sH

2




  

               1s2s

3s

sH

1
sHinv 


  

  > +1 causal unstable  

 Does not exist in this case a causal & stable 
system.   

 
30. Ans: (c) 
Sol: 

(a) A system to be stable & causal all the  
poles of the system should lie in the left 
half of  s-plane. 

(b) Any system property like causality, 
stability doesn’t depend on the location 
of zero’s. It depends only on poles 
location. 

(c) There is no necessity that the poles lie 
within |s| = 1 

      All the roots of characteristic equation 
means all the poles of the system should 
lie in left half of s-plane. 

 
31. Ans: (a) 

Sol:    
1s

1s
sH,

2s

1
sY







  

    
     2s

3/1

1s

3/2

2s1s

1s

sH

sY
sX










  

 Stable input –2 <  < 1 

      tu.e
3

1
tue

3

2
tx t2t   

 
 

32. Ans: –2.19 

Sol:   Y(s) = 
6s

4
1


                                

          y(t) = (t) – 4 e–6t.u(t)   
          y(0.1) =  – 4 e–0.6 
                     = –2.19 
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01. 
Sol: 
 
 
 
 
 
 

 (a)   






 







 



2
sin

2

7
sin

H  

       Here N1 = 3 
 
 
 
 
 
 

       h(n)  0 n < 0 – non – causal 
  

 (b)   
      Here N1 = 1 

     After applying time shifting property 
 

 
 
 
 

    h(n) = 0 n < 0 causal 
 
 

 (c) h(n) = (n–3) + (n+2) - non causal 
 
02.  

Sol: (a) an u(n)   jae1

1
 

        y(n) = )n(u
4

1
n









  

      







j

j

e
4

1
1

1
eY   

        
3

4

4
1

1

1
eY 0j 


  

 (b)    




 
n

njj enxeX  

    =  

             13cos1nxeX 3

n

nj  




  

 (c)     j3j2jj e4e3e21eH  

      DC gain H(ej) = 1+2+3+4 = 10 
       HF gain 24321)e(H j   

 

03.  
Sol: 

  (i) ]2cos1[
2

3
ee)X(e j-jj    

 






 





2

ee
1

2

3
ee)X(e

j2j2
jj-j  

  j2j2jj-j e
4

3
e

4

3

2

3
ee)X(e  






 
n

njj e)n(x)e(X  

2

5

2

3
1)0(x  , x(1) = 1, x(–1) = 1,  

x(2) = 
4

3
, x(–2) = 

4

3
 









4

3
,1,

2

5
,1,

4

3
)n(x

 

  (ii) x(n) = 2(n + 3)– 3(n – 3) 

  X(ej) = 2e3j – 3 e–3j = 2[e3j –  e–3j] – e–3j 

 X(ej) = 4jsin(3) – e–3j 

 Given X(ej) = asin(b) + cejd 

 a = 4j , b = 3, c = –1, d = –3 

0 1 2 
n 

1 1 1 

–3 3 

1 1 1 1 h(n)

---
n 

–N1 N1 

1 1 1 1 h(n)

---
n 

2
sin

2
1

Nsin 1

















 

 

6	Chapter	  Discrete Time Fourier Transform 
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04.  

Sol: 








  

n
2

j
e.

n

n
4

sin
  

 

 

 








   n

2
j

e.
n

n
4

sin
  

 
 
  
 
 
 
 
 
 

 

















 







 n
2

jn
2

j
j ee

n
4

n
sin

)e(Y  

 





 









 


2

n
cos

n

4

n
sin

2)n(y  
 

  
05.  
Sol: 
 (a)  
 
 

 
           nh.1ng n  

           jj eHeG  
 
 
 

 
 
 
 

 
 

 (b)         jjj eXeXeY  

 
 
 
 
 
 

 
 
 

 
      Y(ej0) = 1, Y(ej) = 1 
 

06.  

Sol:   










j

n

e
2

1
1

1
nu

2

1
 

From time scaling property 



















10j

10

n

e
2

1
1

1

10

n
u

2

1
 

 

07.  Ans: (b) 
Sol:  x(2n) = {1, 3, 1}  
       
 x(2n) = (n +1) + 3(n) + (n–1) 
 0nj

0 e)nn(   

 FT [x(2n)] = 3 + 2cos 
 

08. 
Sol: )n(h)e(H LP

j
LP   

    
n
4

n
sin









 

  

 
  
 
 
 
 
 
 
 
 
 
 

G(ej) 

-c +c   

Ideal HPF

–c c 
 

H(ej) 

4


 

4

3
 

 

4


 

4

3
 

Y(ej) 

4


 4

3
 

 

4


 

4

3
 
 

 

1 

1 

1 

0  

2


 

2


 

2


 

2


 

2


 

2

3
 

2

3
 Y(ej) 

 

 

  0 
4


 –

4


 

  0 

4

3
 –

4

3
 

)e(H j
1

  

1 

–     
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 )e(H)e(H )(j
LP

j    

        I.F.T 

 h(n) 
n
4

n
sin

)1( n









 

  

         h1(n)
n2
2

n
sin

)n2(h








 

    

 
 

 
09.   
Sol: 
    
  
 
 

 
 

      

      11
j

2

j

2

j
eX 


  

    1  2() 
                      0

nj 2e.1 0   

 By applying inverse DTFT 
 

    




 



  njnj 11 e

2

j
e

2

j

2

1
nx  

       = 










 njnj 11 e

j2

1
e

j2

1

2

1
  

       = nsin
2

1
1

  
 
 

 

10. 
Sol: 
 
 

 
 

 Input signal frequencies are 
4

,
8


 

 Then the output is   





  n

8
sinny  

11.  

Sol: For an LTI system input is   nj 0enx   

then output is  00 jnj eH.e)n(y   

 




 
n

njj e)n(h)e(H  

    cos242cos28eH j  

 
40


  

   4eH 0j     4
jn

e4ny



  

 
12.  

Sol:  (a)    nxny 2
11  it is not an  LTI system. 

(b) Input frequency and output frequency 
      are same. So, it is LTI system. 

       H(ej) = 2 
 (c) y3(n) = x3(2n) it is not an LTI system. 

 
13.  
Sol:  H(ej) = 2  cos +  

   0eH
3

2
j 



    1eH
8

2
j 



  

  =   12   

 
21

1


  

 DC gain = H(ej0) = 
21

3
3


  

 
14. 

Sol:   










j

j
j

ae1

eb
eH  

 |H(ej)|2 = 1  H(ej).H*(ej) = 1 

 1
ae1

eb

ae1

eb
j

j

j

j








































 

 Only when a = –b 

6


 

6


 

 

H(ej) 

 – 

–1 

1 

j/2 

 

 

  0 
2


 –

2


 

)e(H j
1

  

1/2 
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15.  Ans: (a) 

Sol:      j2jj ee1eH  

 x(n) = 1 + 4cosn 

 x1(n) = 1  = 0 

 |H (ej0)| = 1+  +  H(ej0) =0 

 y1(n) = 1 +  +  

 x2(n) = 4cosn    =  

 |H(ej)| = 1 –  +  H(ej) = 0 

 y2(n) = 4 (1-+)cosn 

 y(n) = (1 +  + ) + 4(1 –  + ) cos n 

 y(n) = 4 only when  = 2,  = 1 

 

16.  Ans: (a) 

Sol:        LB15nh.nxeY
4

0n

2

0n

0j  


 

 

 

17.   

Sol:  y(n) = x(n)  + 2x (n1) + x(x2) 

 Y(ej) = X(ej) [ 1+2ej + e2j] 

  H(ej) = [ 1 + ej ]2 

             = [ 1+ cos   j sin]2 

  (a)   |H(ej)| = | 2 + 2cos| 

  H (ej)  = –  
 
 
 
 

 
 

  (b)  Output of given input 





 





42

n
cos410  is 

 4)e(H,10)n(x j    
 40)n(y   

           





 








244

n
cos2440  

        





 





44

n
cos840  

 
18.  Ans: (b) 
Sol: Anti symmetric, k = –2 

 () = –2 

 Slope = –2 

 
19.  Ans: (b) 

Sol:   
2

n
2

cosn
2

5
cosnx 0









 






 

  

 |H(ej)| = 1  
8

eH 0j 
   

   





 





82

n
cosny  

 

 

20.  Ans: (b) 
Sol: 

  
 x(n) is symmetric about n = 2 
   2)e(X j  

  
24

2eX 4/j 







    

 
21. Ans: 3 

Sol:  











j
j

j

e
2

1
1

4
6

e24

6
eX  

    I.F.T 

      nu
2

1

2

3
nx

n







  

      























0n

n22

n

2

nx 2

1

2

3
nxE  

– 

| H (ej) | 

4 
 H (ej)  

  
  

 0 
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           











0n

n

4

1

4

9  

         = 3

4
11

1

4

9















 

 

22.  
Sol: 

 
 

 
 







 




c
c

c

d1
2

1
E  

 

23.  

Sol:  

  (a) Ans: 
40

1
 

By plancheral’s relation  

         








 



n

jj deYeX
2

1
nynx  

  


























 










 


n
4

n
sin

2

1

n2
4

n
sin

nx  

 

    



























 

n
4

n
sin

2

1  

 

 

  


























 


n
3

n
sin

5

1
ny  

  

 
 
 
 y(n) 

 
 

  




































n

4

4

d
5

1

2

1

2

1

n5
3

n
sin

n2
4

n
sin

 

        
40

1
  

 

  (b)  Ans: 8 
            


2n

1n 2nu2nx


   

 
 
 
 
 y(n) = 2–n+2 u(n + 1)  
 
 
 
 
 
 Use Plancheral’s theorem 

        





 

 n

2

0

jj nynxdeYeX
2

1
 

           = 



2

1n

2n1n 2.2  

           = 



2

1n

22222  

           = 8 

–c c 
 

X(ej) 
1 

1/5 

/3 /3 

1/2 

/4 /4 

–1 0 1 2 
n 

x(n)

n 
–1 0 1 

y(n) 
8 

4 
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24.  
Sol: 

  (a)      6nxeX
n

0j  



 

  (b)        2nx1eX
n

nj  




  

  (c)    




 deX j = 2x(0) = 4 

  (d)     




 deeX j2j = 2x(2) = 0 

  (e)      







 









 28nx2deX
n

22j  

  (f)     













 










3162158

nnx2deX
d

d

n

2
2

j

 

  (g)      2eX j            ( 2 ) 
 
25. Ans: (d) 
Sol:  f(n) = h(n) * h(n) 
 

 1 2 2 

1 1 2 2 

2 2 4 4 

2 2 4 4 
 

 

 f(n) = {

1, 4, 8, 8, 4}  causal  

             

 g(n) = h(n) * h(n) 

 h(n) = { 2   2    

1} 

            

 h(n) ranges from n = 2  to n = 0 

 h(n) ranges from n = 0  to  n = 2  

 g(n) ranges from n = 2 to  n = 2 

 

 1 2 2 

2 2 4 4 

2 2 4 4 

1 1 2 2 
 

 

 g(n) = { 2, 6, 

9 , 6, 2}           

  g(n) is non causal and maximum               
value  is 9. 

 

26.  

Sol:  
k40

k102

k40

k52 



  

 FS = 2fm   = 220k  = 40kHz 

 
24





 

 

27.  Ans: (a) 

Sol: )tcos()t(x 0  

     





 
1000

n
cosnTcosnTx 0

s0s ------- (1) 

 Given x(n) 





 







 


4

n9
cos

4

n
cos ------ (2) 

 By comparing (1) & (2)  

 
41000

0 



   ; 

4

9

1000
0 



 

 0 = 250,  2250 
 
 

28.   Ans: 2.25 kHz 
Sol:   jj e5.05.0)e(H  

   = 
2


 is 3 - dB cutoff frequency  

 
2f

f2

s





  

 
2kHz9

f2 



 

 f = 2.25kHz 
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															Z	‐	Transform	
 
 
 
 
 

 
01.  
Sol:  (a) finite duration both sided signal 0 < |z| <  

 (b) finite duration right sided signal |z| > 0 

 (c) infinite duration right sided signal 

      (|z| >1/2)  (|z| > 3/4) = |z| > 3/4 

 (d) (|z|>1/3)(|z|<3)(|z| > 1/2) =1/2< |z|<3 

02.  

Sol: anu(n)  az,
az

z



 

 –anu(–n – 1)  az,
az

z



  

ROC = (|z| > 1)  (|z| < ||) = 1 < |z| < 2 
 Only when  =  2, ‘n0’ any value 
 

 

03.  Ans: (a) 

Sol:  ROC = (|z| > |a|)  (|z| < |b2|) common ROC 
exists only when |a| < |b2| 

 
04. i)  Ans: (b) 
Sol:     ROC = (|z| > |a|)  (|z| > |b|) (|z| < |c|)  
                   = |b| < |z| < |c| 
 

 ii) ROC = (|Z| > ||) (|Z| < ||) 

       






Z

Z

Z

Z
ZX  

      (a)  >   no Z.T 
      (b)  <  Z.T is exist  
      (c)  =  no Z.T  

 
05.  Ans: (c) 

Sol:   
11 z

2

1
1

2/3

z
2

1
1

2/1
zX

 





  

      nu.
2

1

2

3
nu

2

1

2

1
nx

nn







 






  

 x(2) = ¼ 

06.  Ans: (d)  
Sol:  poles = j, –j, zeros = 0, 0 

  
1z

kz
zX

2

2


  

 X(1) = 1  k = 2 

  
1z

z2
zX

2

2


  

 Given right sided sequence so ROC is 
1zjz   

   1zisROC,
1z

z2
zX

2

2




  

 
07. Ans: (b) 

Sol: X(z) = 


 0n

n2
n

z
n2

3  

       =  42 z
4

9
z

2

1
- - - - -  

 x(n) = 
























2

1
,0,1,0,

4

9
,  

 Now consider (a) option 

 Y1(z) = 












0n

n
n

z
3

2  

           = 1+   21 z
4

9
z

3

2
- - - - - 

 


n
1 )n(y)n(x 0 

 Now consider option (b) 

 Y2(z) = z–1 + 4z–3 + - - - - - - 

 y2(n) = {0, 1, 0, 4, - - - - - - } 

0)n(y)n(x
n

2 




   

7	Chapter	
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08.   Ans: r = –1/2 

Sol: 

)z
4

1
1)(z

2

1
1(

)z
2

1
1(rz

4

1
1

z
4

1
1

r

z
2

1
1

1
)z(H

11

11

11 



 








    

         
 

 Consider the numerator 

 





   11 z

2

1
1rz

4

1
1  

 1z
2

r

4

1
)r1( 






   

 zero = 
r1
2

r

4

1









 

  

 

 If  zero = 1 

 r1
2

r

4

1
1

r1
2

r

4

1





 

 
4

3

2

r3



  r = –1/2 

 

 If  zero = –1 

 r1
2

r

4

1
1

r1
2

r

4

1





 

 
4

5

2

r 
  r = –5/2 is not valid 

 Because given as 1r   

 
 

 
09. 

Sol: 
1zz

4z
)z(H

2 


  

    (i)  h(n) is right-sided 

  

 

 

 

 

 

 Compare with Z-transform 

 ......z)2(hz)1(h)0(hz)n(h)z(H 21

0n

n  




  

 h(0) = 0; h(1) = 1; h(2) = –3; h(3) = –4 

 

 

21

21

1

1

3212

z3z4

z3z33

z3

z1z

.......z4z3z(4z)1zz





















 
+ – 

– 
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   (ii)  h(n) is left sided 
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 For left-sided sequence  

 )0(hz)1(hz)2(hz)3(h.....z)n(h)z(H 123
0

n

n  


  

 h(0) = 
4

1
  ;   h(–1) = 

16

3
  ;   h(–2) = 

64

13
   

 
 

10.  

Sol:  0|z|;
z

2

1
1

z1024

1024

1
)z(X

1

10



























 

             
1

n10
10

1 z
2

1
1

zz.
2

1

z
2

1
1

1
0





 












                  

)z(Xz]nn[x 0n
0

  

  
Applying I.Z.T 

  ]10n[u
2

1

2

1
]n[u

2

1
]n[x

10n10n


























 

    

 ]10n[u]n[u
2

1
]n[x

n







  

9n0;
2

1
]n[x

n







  

11. 

Sol:  g(n) = (n) – (n–6) 

       G(z) = 1–z–6 , |z| > 0 
 
12.  

Sol:   
2z

z2
z2zzX 2


  

 x(n) = (n+2) + 2(n+1) – 2 (2)nu(–n–1) 
 

   

13.  

Sol:      nu
7

10
nu

4

5
nx

nn














  

   4/5|z|,

4

5
z

z
nu

4

5
n










  

 
10

7
z

10

7
z

z
)n(u

10

7
n










  

2

2

2

22

z
16

13
16

z3

4

z3

z
4

z3

4

z
1

.......z
64

13
z

16

3

4

1
(zz1)z4









 

+ 

+ – 
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10

7
z

10

7
z

z
)n(u

10

7 1

1

1n










 





  

 
7

10
z

10

7

z

1
z

1

)n(u
7

10
n










  

 X(z) = 

10

7

z

1
z

1

4

5
z

z





    ROC 

 





 

7

10
z

4

5
z  

 ROC = 
7

10
z

4

5
  

  
14.  

Sol: 
















2/1

z
X.

1z

z
)z(Y                











z

X)n(xn  

         I.Z.T 
2

1
  

 ]n[x
2

1
]n[u]n[y

n







  

       ]n[u2
2

1
]n[u n

n







  

       ]n[u)1n(   
 
 I.Z.T  of  X(z) = log(1 + az–1) ;   |z| > |a| 
 
 Differentiation in  

 Z - domain  nx[n] )z(X
dz

d
zT.Z   

     ROC = R 

       
1

2

az1

}az{1
)z(X

dz

d







  

 
1

1

az1

az
)z(X

dz

d
z 




  

 By I.Z.T 
 n x[n] = ]1n[u)a(a 1n    
 

15.  

Sol:    424 z32z2zzzX   

 H(z) = 2z–3 

       7321 z6z4z4z2z2zH.zXzY    

 y(4)  = 0 
 

16.  

Sol:  
2

1
|z|,

z
2

1
1

z
3nx

1

3

1 





 

   3|z|,
z

3
1

1

z
1nx

1

2 





 

   3|z|
2

1
,

z
3

1
1z

2

1
1

z
zY

1

2








 





 




 

 

17.  

Sol: Causal system  
4

3
z;

z
4

3
1

z1
zH

1

1











 

 Input z-transform 

  1z
3

1
;

z1

1

z
3

1
1

1
zX 1

1







 


 

   )z(H)z(XzY         

    
4

3
z;

z
4

3
1z

3

1
1

z
3

2

11

1








 





 








 

      = 
11 z

4

3
1

13

8

z
3

1
1

13

8

 



  

    I.Z.T 

      nu
4

3

13

8
nu

3

1

13

8
ny

nn














  
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18. 

Sol: 

 h(n) = (n) – (n – 1)   x(n) = (–1)n u(n) 

 H(z) = 1 – z–1     
1z1

1
zX 
  

 

      
1

1

z1

z1
zHzXzY 






  

 

    I.Z.T 
  

y(n) = (–1)n u(n) – (–1)n–1 u(n–1) 

 

19. 
Sol: y(n) – 0.25 y(n – 2) = x(n) 
         Z.T 

          
  2z25.01

1

zX

zY
zH 

  

 
 

    
2

jz
2

1z

0
z25.01

1
zH

2

n
cos2nx 

















 




 

  
3

4

4

3
1

25.01

1
zH

1z






 

  
5

4

4

5
1

25.01

1
zH

jz






 

  y(n) = 





 









2

n
cos

5

4

3

4
2  

 

20. 

Sol: 















1

1

z5.01

1
z5.01

X

Y
)z(H  

  = )z5.01)(z5.01( 11    
 

 
 

 H(z) = 1 – 0.25 z–2    F.I.R filter  
 not linear phase 

         By applying I.Z.T 
 

 h[n] = [n] – 0.25 [n–2]  
 

21. Ans: (a)  

Sol: y(n) = h(n) * g(n) 

 Y(ej) = H(ej) G(ej) 

     




 







j

j
j

e
2

1
1

eG
eY  

  G(ej) = Y(ej)  
2

1
ej Y(ej) 

  g(n) = y(n)   1ny
2

1
  

 Put n = 1 

  g(1) = y(1)  
2

1
 y (0) 

2

1

2

1
  

    g(1) = 0 
 
22.  Ans: (c) 

Sol:  H(ej) = 1 – e–6j = 0 only when 

 6 = 2n (n = 1) 

 
3


  

 
3k9

f2 



 

 f  = 1.5k 

 
23. 

Sol: 2z,
z21

5.0
)z(X

1



    

x(n) = –0.5 (2)n . u(–n–1) 
  x(0) = 0 
 
24.  

Sol:   





oddn0

evenn1
nx  

2 n 

–0.25 

1 
 h[n] 
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  X(z) = 1 + z2 + z4+…. 

            
2z1

1


  

              11 z1z1

1
 

  

      zXz1Ltx 1

1z




  

              11
1

1z z1z1

1
z1Lt 


 
  

       
2

1
  

 

25. 
Sol:  

   (a)  
10

)2n()1n()n(
)n(h


  

            H(z) = 
2

221

z10

1zz

10

zz1 


 

 

 2 finite poles, 2 finite zeros 
   (b) Given x(n) = u(n) 

 1z1

1
)z(X 
  

 Y(z) = H(z) X(z) 
 

 1

21

z110

zz1







  

   )z(Yz1Lt)(y 1

1z




   

           












 
 




 1

21
1

1z z1

1

10

zz1
z1Lt

  

 y() = 
10

3

10

111



 

 

26. Ans: (a) 
Sol:  The output of the sampling process is  
  x(nTs) = 2 + 5sin(100××n×Ts) 

 
400

1
TS   

   





 

400

1
n100sin52nx  

   





 


4

n
sin52nx ,  

40


  

 N0 m

4

2
m

2

0







  

 N0 = 8 m 
 N0 = 8 is the No. of samples per cycle 

 
 
  











 



1

N

z1

z1

N

1

zX

zY
 

 N = 8 

    zX.
z1

z1

8

1
zY

1

8












 



 

 
 

 Final value theorem  
      zYz1Lty 1

1z




  

      zX
z1

z1

8

1
z1Lty

1

8
1

1Z 










 





 

    zX
8

z1
Lty

8

1Z






  

 y() = 0 
 
27.  Ans: (c)   
Sol:       zX.zHzY   

      
 11

1

z1z
3
1

1

1

z1

A










 




  

      zYz1Lty 1

1z




  

 0
2

3
A   

 
2

3
A


  

 

28.  Ans: (c) 

Sol:   





2

2

z2

z2z
zH  

 Pole = 
2


  

 1
2




   || < 2, any value of ‘’ 
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29.  

Sol: 

  (a) An LTI system is stable if and only if ROC 
includes unit circle. 

 0.5 < | z | < 2 
 

  (b) For an LTI system to be causal & stable,         
all the poles must lie inside the unit circle. 

 z = 2 is the pole lying outside the unit circle. 

 So it is not possible. 
 

  (c) | z | > 3 

 | z | < 0.5 

 0.5 < | z | < 2 

 2 < | z | < 3 are the four possible ROC’s 

 

30.  Ans: (d)  

Sol:   

3

4
z

e
4

3
ze

4

3
z

zH

jj









 





 





 

 Numerator order > denominator order        

so, anti-causal system & 
3

4
z   - stable  

 
31. Ans: (d) 

Sol:  Poles  1  0.5 z1 = 0  z = 0.5 

 Zeros  1 2z1 = 0  z = 2  

 If all zeros and poles are inside the unit 
circle [|z| = 1] then it is a minimum phase 
system. 

 So given system is Non minimum phase 
system if all poles are inside unit circle then 
we can say system is causal and stable.               
So given system is stable. 

32.  Ans: (a) 

Sol:   
2z

z

2

1

2

1
zH


  

 Given stable system. So, ROC includes unit 
circle. ROC is 2z    

        1nu2
2

1
n

2

1
nh n 


  

33.   

Sol:  
  (a) Ans (a, b, d) 

   (a) 






 





 




3

1
z

3

1
z

3z2
)z(H

2

 

        3z2 2   Zeros at 5.1j
2

3
jz   

   





 





 

3

1
z

3

1
z   Poles at 

3

1
z    and 

3

1
  

             )z(HLt)0(h
z 

  

           2
z

3
1

1z
3
1

1z

)z32(z
Lt

112

22

z








 





 









 

   (b) The system is stable   
   (d) 0)z(H)z1(Lt)(h 1

1z
 


   

  (b)  Ans: (c & d)   
 
 
 

34.   Ans: (d) 
Sol: y(n) – 0.8y(n – 1) = x(n) + 1.25x(n + 1) 

      Z.T 

         Y(z) (1 – 0.8z–1) = X(z) (1 + 1.25z) 

 T.F    
  1z8.01

z25.11

zX

zY
zH 


  

     
11 z8.01

z25.1

z8.01

1
zH  




  

 

                 I.Z.T 
 

 h(n) = (0.8)n u(n) + 1.25(0.8)n+1 u(n +1)  
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 Non-negative samples of impulse response. 

 
35.  Ans: (c)  

Sol: 
)5.0z()5.0z(

1z
)z(H

2




  
 

(1)  The system is stable because poles              
     z =    0.5 are inside the unit circle. 

 

(2) 1)z(HLt)0(h
z




 

(3)
2f

4

f
2

f

f2

s

s

s








  

    0
2

at
)5.0e)(5.0e(

1e
)e(H

jj

j2
j 







 


  

 
36.  Ans: (c) 
Sol:  A causal LTI system is stable if and only if 

all of poles of H(z) lie inside the unit circle. 
 So, Assertion (A) is true but Reason (R)          

is false. 

 
37.   Ans: (b) 

Sol: 
)z(D

)z(N

8

1
z

4

1
z

zz2z
)z(H

2

23





  

 As N(z) is of higher order than D(z), the 
system is not causal, as (n + 1) is one of 
the terms in the output for the input (n). 

 If the N(z) is of lower order than the 
denominator, the system  

 (i)  may be causal   or 
 (ii) may not be causal as it depends upon the 

      ROC of the given H(z). 
 So, Both Statement I and Statement II are 

individually true but Statement II is not the 
correct explanation of   Statement I 

38.  
Sol: (a)  All the finite poles of an FIR filter must 

lie at z = 0. True 
 (b)  An FIR filter is always linear phase. 

False 
 (c)  An FIR filter is always stable. True 
 (d)  A causal IIR filter can never display 

linear phase. True 
 (e)  A linear phase sequence is always 

symmetric about is midpoint. True 
 (f)  A minimum phase filter (poles, zeros 

inside unit circle) is not linear phase. 
True 

 (g)  An allpass filter can never display 
linear phase. True 

 

 

39.  Ans: (b) 

Sol:   
3

3

3
3

1
10

Zd1

ZPZPP
ZH 






  

 Direct Form - I 
 
 
 
 
 
 

 
 
 
 
 
   

 

Z1 

Z1 

Z1 Z1 

Z1 

Z1 

 

 

 

  

 

 

 

P0 

P1 

P3 

0 

0 

d3 

y(n) x(n) 

0 

n 
0 1 2 

1 
0.8 

0.64 

3 

n 
–1 0 1 

1.25 

2 

+ 
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 No. of delays = 6 
 Direct Form – II 
 
 
 
 
 
 
 
 
 
 

 
 
  
 
 No. of delay’s = 3 

 
40.  

Sol:   y(n) = x(n –1)  Y(z) = z–1 X(z) 

H(z) = z–1  = H1(z) H2(z) 

   










 




1

1
1

2 z4.01

z6.01
zzH  

 
41.  Ans: (a) 

Sol:   
21 z13.0z7.01

1
zH  
  ----- (1) 

 

  From the given plot  

 
2

2
1

1

0

zaza1

a
zH  
  ------- (2) 

By comparing (1) & (2) 

  a0 = 1, a1 = 0.7, a2 = –0.13 
 
 

42. 

Sol:  
1az1

1
zH 
  

 h(n) = (a)nu(n) 

 stable)n(h
n






 

                 =  unstable 

 1a,
a1

1
)a(

0n

n 







 

              = , |a|  1 
 For b, c cases system transit from stable to 

unstable system. 
 
43.  
Sol:  From signal flow graph  

 
1

1

z
3

k
1

z
4

k
1

zH







   

 Pole = 1
3

k



 

 

 |k| < 3 

 
44.  Ans: (c) 

Sol:   From signal below graph reduction  

  
1

1

z21

z2
zH 






  

         
2z

1z2




  

 

45.  Ans: (b) 

Sol:   
2e

1e2
eH

j

j
j




 


  

 |H(ej0)| = 1 

 |H(ej/2)| = 1 

 |H(ej)| = 1 

 So, All pass filter 
 
 

46. Ans: (a) 
Sol: 1 – k[z–1 + z–2] = 0 

 z2 – zk – k = 0 

Z1 

Z1 

Z1 

 

 

 

 

0 

0 

d3 

P0 

 

 

 

P1 

0 

P3 

X[n] 
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 z1, 2 = 
2

k4kk 2 
 

 For causal & stable poles < 1  

 k = 1  z1,2 = 
2

236.21

2

51 



  

   (outside the unit circle) 

 k = 2  z1,2 = 31
2

122



  

        = 732.11  

                outside the unit circle 

 Here k = [–1, 1/2]   
 
47.  

Sol:   
1

1

z54.01

z54.0
)z(H 






   

 
  

  
 
 
 
 
 
 

  

         From the above block diagram  

         H(z) = 
1

1

bz1

dczd







   

         By comparing  

         d = –0.54, c = –
54.0

1
, b = 0.54 

   
48. 
Sol:  

1]z[H]z[H]z[H 321   

1
)z1(

]z5.01)[z1(A

z4.01

5.0
1

11

1












 



  

 

 = –0.4 
 = 0.5 

 0.5 A = 1 
 A = 2 
 
 
  
 
 
 
 
 
 
 
 

 

  

z–1 

y(n) x(n) 1 1 

c b 

d 
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01. 
Sol:  

4N10N

2

n
cosB

5

n
cosA

1000

n
x)nT(x

21

s


















 







1N

0k

njk
k

0eC   N = 20  
100


     

n
10

)5(jn
10

)5(jn
10

)2(jn
10

)2(j

e
2

B
e

2

B
e

2

A
e

2

A
)n(x







 






 







 






 

  

 
 
 
 
 
 

02.  
Sol: jCCC 111415    

 j2CCC 221416    

 j3CCC 331417    

   
 Signal is real & odd, Fourier series Ck will be imaginary & odd  0C0   

jCCC 111    

 j2CCC 222    

 j3CCC 333    
    

03.  Ans: (b) 

Sol:        n2
3

2j

2

1n
3

2j

10

2

0k

n
3

2
jk

k eaeaaeanx










 

   

 
6

4

3

2
0





   3

n2j

e12


  

3kk aa     6

n4j

e11


                 6

n2j

6

n2j

e.e1





  

a–3 = a–3+3 = a0 = 2      

a4 = a1 = 1  










6

n2j

6

n2j

6

n2j

eee1  

     





 




6

n2
cose21 6

n2j

   

 

	8	Chapter	
															

														Discrete‐Time	Fourier	Series	

2022 C
2

A
C     

2

B
CC 55    

182 C
2

A
C      2055 CC     

 Nkk CC   

       = 7kC   

       14kC   
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04. Ans: (b) 
Sol: Given 

   





 










 





6

5
n

5

8
Sin4

4

3
n

5

4
Sin21nx  

       = 





 










 





3

n
5

8
Cos4

4
n

5

4
Cos21  

      = 3
jn

5

2
4j

3
jn

5

2
4j

4
jn

5

2
2j

4
jn

5

2
2j

e.e2e.e2e.ee.e1







 







 







 









 


  

 The value of 4
j

2 eC




   
 

05.  
Sol:  0

n 2N)1()n(x    x(n) = {1, –1} 

 



































1

0

1

1

11

11

2

1
C

C

1

0  

 Input coefficient  Ck 

 Output coefficient  Ck k
jn d)e(H 0   

 0Cd 00   

 11 Cd  0)0)(1()e(H jn   
 

06.  

Sol: 





1N

0k

njk
k

0eC)n(x                
5

2
0


  

               








 


4

0k

n
5

2
jk

keC    

 

        = 
n

5

2
4j

4

n
5

2
4j

4

n
5

2
2j

2

n
5

2
2j

20 eCeCeCeCC






 











 







 











 

  

        =
n

5

8j

3

j
n

5

8j

3

j
n

5

4j

6

j
n

5

4j

6

j

eeeeee2ee22














  

        = 



 








 





3

n
5

8
cos2

6
n

5

4
cos42  

                4 



 








 




6

5
n

5

8
sin2

3

2
n

5

4
sin  

 

07.  
Sol:   2jjj2jj ee1ee)e(H   

 N = 4   
20


   

4

1
Ck    k 

 Output coefficient =  ]ee1[
4

1
)e(HC 2

jk
2

jkjk
k

0





   

5kk CC    

6
j

32 e2CC




   

n
3

j

14 eCC




   
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08.  

Sol: 
0kk

n
2

N

N

2
j

Ce 














 

  

              
2

N
k

C


  

 
2

)n(x)1()n(x
)n(y

n
       

2

CC
2

N
k

k



  

 
 

09.    
Sol: )n(x)1()n(x n  
 0)4(x)2(x)0(x   

 0n  , 1)1(x        1)2(x   

            1)3(x           n = 3 

  n = 2,   2(5) = 1 

   
10. Ans: 0.038 

Sol: 
N

)k(X
a k                 

5

k2

N

k2
k





  

  5

k2
j

k e
5

k2
cos1

5

1
a


















 

  

 0382.0
5

809.01

5

6
cos1

5

1
a3 





  

 

11. 
Sol: Example:  

x(n) 
    
 Period N = 3 

 
3

2

N

2
0





  

 

 Possible frequencies of the input are  

 





 


3

2
kk 0  

        .........
3

2
2

3

2
1,0 






 







 

  

 This is passed through filter with cut-off frequency ,
8c


  So output can have only one               

non-zero coefficient.  

0 

1 

2 3 4 5 6 7 n 

x(n)
0

0
kk

njk Ce 
   

x(n) 4k
2

N

N

2
jn

Ce 














 

  
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12.  

Sol: 





k

]k4n[]n[x   k
4

1
Ck   

 
 Input coefficient  Ck                                                                

2N

2
0

4N








  

 output coefficient  Ck H( 0jke  ) 

 



 








 









42

n
cos

4
n

2

5
cos]n[y

2/2

 

  

        
  

1k

2
)1(j

4
j

1k

2
j

4
j

1

nn

e.e
2

1
e.e

2

1
C









 











 

  

 

4
j

1 e
2

1
C



  

4
j

341
4

j

1 e
2

1
dde

2

1
C









   

Output contains harmonic numbers k = 1 & 3  

So, for k = 0 & 2  0eH 2
jk








 

 

For k = 1  

11 Cd 










 





 

2
)1(j

eH   
2

1
4

j
e



 = 
4

1











 





 

2
)1(j

eH  











 





 

2
)1(j

eH = 4
j

e2


    

 

For k = 3  

33 Cd 










 





 

2
)3(j

eH   
2

1
4

j
e




 = 
4

1











 





 

2
)3(j

eH  











 





 

2
)3(j

eH = 4
j

e2



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01. 
Sol: 

    (a)  
2s

1
)s(H


  

 
1aT ze1

1
)z(H

as

1
)s(H

S 



  

 Where 
2

1

F

1
T

s
S   

  a = 2 

 
111 ez

z

ze1

1
)z(H  




  

   (b) h(t) = e–2t.u(t) 

 h(nTs) = e–2nTs u(nTs) = 







2

n
u.e n  

    (c)  
2s

2

1

s
2

1

)2s(s

1
)s(X).s(H)s(Y























  

   )t(u.e1
2

1
)t(y t2  

   





 

2

n
u.e1

2

1
)nT(y n

S
 

 
 

04. 

Sol: 
1

S zaTe1

1
)z(H

as

1
)s(H 




  

 fs = 200 Hz , fc = 50 Hz 

 
2f

f2

s

c
c





  

 
57.1

s
)s(H)s(H

c

s
s





 

 
57.1s

57.1
)s(H


  

 
11)1(57.1 z208.01

57.1

ze1

57.1
)z(H  




  

 

 If we want to match the gains of H(s) at 
 s = 0 and H(z) at z = 1, the digital transfer 
 function  is extra multiplied by  

  98.1|)z(H
98.1

1
1z   

 
1z208.01

98.1

1
57.1

)z(H 









  

 
05. 
Sol: 
   (a) 




















1

1

z1

z1

T

2
S

)s(H)z(H   

 
2

1

F

1
T

s

  

 



















1

1

z1

z1
4S

)s(H)z(H   

 

3
z1

z1
43

z1

z1
4

3
)z(H

1

1
2

1

1
















































 

 
 

     21221

21

z13z112z116

z13
)z(H








  

 
   (b) Gain of H(s) at  = 3 is 

 
3j3)j(

3
)j(H

2 
   

 
222 )3()3(

3
)j(H


  

22223
)6()6(

3

)6()93(

3
)j(H








  

             828.2
22

1

26

3

72

3
  

 

Given f = 20 Hz  

 
2kHz80

kHz202

fs

f2 






                   

2jj22j

2j
j

)e1(3)e1(12)e1(16

)e1(3
)e(H 







  

										Digital	Filter	Design	9	Chapter	
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22

2

2

j

)j1(3)2(12)j1(16

)j1(3
)e(H







  

              
24j26

j6

)j2(324)j2(16

)j2(3








  

 169.0
38.35

6

)24()26(

6
)e(H

22

2
j







 

 
06. 
Sol: 

  (a)  
1ss

s
)s(H

2 
  

 









j1

j

1j

j
)j(H

22
 

 
  2221

)j(H



  

  

 |H(j)| 
0 0 
 0 

 Band pass filter 

 
07.  
Sol: p = 1 db ,   fp = 4 kHz 
 s = 40 db , fs = 6 kHz 
 FS = 24 kHz 
 Butterworth filter : 

    (1) order 
































P

S

1.0

1.0

log

110

110
log

N
P

S

  

 
324

42

F

f2

s

p
p








  

 
224

62

F

f2

s

s
s








  

  3

3

1
1

6
tan

4
tan

2
tan

2
tan

P

S

P

S 






 







 








 







 





 

    3log

110

110
log

3log

110

110
log

N
1.0

4

)1(1.0

)40(1.0
































  

  
 

 3log

33.7948log

3log

258.1

9999
log

N 











 
 
 732.1log

15.89log
N    

 
238.0

950.1
N   

 N  8.19 
 N = 9 
 

 Chebyshev filter: 
  

 



































P

S1

1.0

1.0
1

cosh

110

110
cosh

N
P

S

 

 
 
  146.1

183.5

732.1cosh

15.89cosh
N

1

1

 



 

 N  4.52 
 N = 5 
 
08.  
Sol: p = 0.5 dB,   fp = 1.2 kHz 
 s = 40 dB, fs = 2 kHz 
 FS = 8 kHz 
 

 Butterworth filter: 

 
10

3

8

2.12

F

f2

s

p
P








  

 
28

22

F

f2

S

p
S








  

 
































P

S

1.0

1.0

log

110

110
log

N
P

S
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 509.0

4
tan

20

3
tan

2
tan

2
tan

S

P

P

S 






 







 








 







 





 

  964.1log

110

110
log

N
)1(1.0

)40(1.0
















  

 
293.0

949.3
N   

 N  13.47 
 N = 14 
 
 Chebyshev filter: 

 



































P

S1

1.0

1.0
1

cosh

110

110
cosh

N
P

S

 

 
 
  295.1

788.9

964.1cosh

8911cosh
N

1

1

 



 

 N  7.55 
 N = 8 

 
09.  
Sol: 

p = 1 dB,   p = 0.3  
s = 60 dB, s = 0.35 
 
Butter worth filter: 
 

order  































P

S1

1.0

1.0
1

cosh

110

110
cosh

N
P

S

  

  

202.1
509.0

612.0

2

3.0
tan

2

35.0
tan

P

S 






 







 





 

  202.1cosh

110

110
cosh

N
1

1.0

6
1















  

 36.25
625.0

85.15
N   

 N = 26 
 

11. 

Sol: 3
j

1 e
2

1
z



  

 3
j

*
12 e

2

1
zz




  

 3
j

1
13 e2zz


   

   3
j1*

14 e2zz



  

 

12. Ans: (a) 
Sol: H(z) =  [ 1+ 2z–1+2 z–2] G(z) 
 Liner FIR has symmetry (or) anti symmetry 
 So, G(z) = 3 + 2z–1 + z–2 
 H(z) =  [1+ 2z–1+2 z–2] [3 + 2z–1 + z–2] 
                 = 3+8z–1+10 z–2+8z–3+3z–4 
 

13. 
Sol: 
      (a) 2z1)z(H   

2)z(H
1z



 Band stop filter type – I 

2)z(H
1z



 

 
(b)  H(z) =  1+ 2z–1 + 2 z–2 + z–3 
 6)z(H

1z



 low pass filter type – II 

 0)z(H
1z



 

 
(c)  H(z) =  1– z–2 
  0)z(H

1z



 Band pass filter type – III 

      0)z(H
1z



 

 

(d) H(z) =  –1+ 2z–1 – 2 z–2 + z–3 
  0)z(H

1z



 High pass filter of type-IV 

  6)z(H
1z



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14. 
Sol: (a) h(n) = [ 2, –3, 4, 1, 4, –3, 2 ] 
 (b) h(n) = [ 2, –3, 4, 1, 1,  4, –3, 2 ] 
 (c) h(n) = [ 2, –3, 4, 1, 0, 1, 4, 3, – 2 ] 
 (d) h(n) = [ 2, –3, 4, 1, –1,  –4, 3, –2 ] 
  
16. 

Sol: 
















4

4

njj3
d )3n(

)3n(
4

sin
de.e

2

1
)n(h  

 

n hd(n) 






 


6

n2
cos48.054.0)n(  H(n) = 

hd(n).(n) 

0 0.075 0.08 a = 610–3 
1 0.159 0.31 b = 0.049 
3 1/4 1 c = 0.173 
4 0.225 0.77 d = 0.25 
5 0.159 0.31 c = 0.173 
6 0.075 0.08 b = 0.049 

a = 610–3 
 

      



6

0n

4z)n(h)z(H  

    = a[1+z–6]+ b[z–1+z–5]+ c[z–2+ z–4]+ dz–3 
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01.   

Sol: 
1024

1010

N

F
F

3
S 
  

 

02.   

Sol: 


































































j22

2

j22

6

3

2

1

0

j1j1

1111

j1j1

1111

 

    j22,2,j22,6kX   
 

03. 

Sol:  If x(n) is real X(k) = X*(N–k) 

 X(5) = X*(3) = 0.125 + j0.0518 

 X(6) = X*(2) = 0 

 X(7) = X*(1) = 0.125 + j0.3018 

 
 

04.  

Sol:  x(n) = {6, 5, 4, 3} 

a. x([n–2])4 = {4, 3, 6, 5} 

 b. x([n+1])4 = {5, 4, 3, 6} 

 c. x([–n])4 = {6, 3, 4, 5} 
 

 

05. Ans: (a) 

Sol:  [ p q r s] = [a b c d]     [a b c d] 

 DFT of [p q r s] = [    ]. [     ] 

 DFT of [ p q r s] = [2 2 2 2] 

  

06. 

Sol:  (a)      3nx0X
5

0n



 

(b)  Nx(0) = 61 = 6 

(c)     


5

0n

n 21nx1  

(d) 546)n(xN
5

0n

2 









 

 (e) Nx(3) = 6 (–4) = –24 
 

07.  Ans: (a) 

Sol: X(k) = X*(N–k) 
 X(1) = X*(5) = 1 + j1 
 X(4) = X*(2) = 2 – j2 

3
6

18
)k(X

6

1
)0(x

5

0k

 


 

 

08.  
Sol:  
  (i)  According to given signals we can say  

 x2 (n) = x1 ( n 4) 

     K4.
8

2
eKXKX j

12


   

    KXeKX 1
Kj

2
  

      KX1KX 1
K

2   

  (ii)   k4
6

2
j

ekY



  

 y(n) = x((n–4))6 = {2, 1, 0, 0, 4, 3} 
 
09.  

Sol: ]n[x]n[z  ⊛ y[n] 

     DFT  
 ]k[Y]k[X]k[Z                                   

tionMulitplicanconvolutioCiruclar DFT  
 1)1)(1(]0[Y]0[X]0[Z   
 3)j3)(j(]1[Y]1[X]1[Z   
 1)1)(1(]2[Y]2[X]2[Z   
 3)j3)(j(]3[Y]3[X]3[Z   

 







3

0k

1N

0k

]k[Z
4

1
]k[Z

N

1
]0[Z  

2]3131[
4

1
]0[Z    

N 

									DFT	&	FFT	10	Chapter	
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10.  

Sol:  x(n) = 




1N

0k

nk
N

2
je)k(X

N

1
,   n = 0 to N – 1      

 
11. 
Sol: ]n[x)4(]n[y 2  
 ]3121[16]n[y   
 ]48163216[]n[y   

 11248163216]n[y]0[Y
3

0n




 

 
12.  
Sol:  
 

 
 
 
 
 

)n(x)n(x l3         )n(x2   

        D.F.T 
]k[X]k[X]k[X 213   

 
 
 
 
 
 
 

 
 

 

]]1k[]1k[[
j2

N
.

2

N
]k[X3   

          IDFT 







 

 n.
N

2
sin

2

N
]n[x3  

 
13. 
Sol: Sine and Cosine functions have shifted 

impulses, so spectrum at origin is zero 

14. 

Sol: 




400

n
x]nT[x   

           





 






 


2

n
cos

400

n200
cos                 

For K = 2 & 6, X(k)  0 
        K = 0, 1, 3, 4, 5, 7   X[k] = 0 
                                                                              

N = 8 

 





 

2

n
cos 






 

n)2(
8

2
cos            

]k8[X]k[X   , ]6[X]28[X]2[X    

                          ]2k[]2k[
2

8DFT   

                                                      
 

 
 

 
15.     

Sol: (a)  f = 20
10

1020

N

f
3

3
s 


  

        (b) For k = 150, f = 20150 = 3kHz 
    For k = 800, f = (16 – 20) kHz = –4 kHz  
 
16. Ans: (a) 
Sol:  Q(K) – 3 point DFT 

   







1N

0K

N

nK2j

e)K(Q
N

1
nq   

      n = 0 

          





2

0K 3

2Q1Q0Q
KQ

3

1
0q  

  Q(0) = X(0), Q(1) = X(2), Q(2) = X(4) 

             





1N

0n

nx0X0Q  

        



5

0n

101234nx  

 N 









2

N








j2

N
 









2

N








j2

N
 

1 –1  k 

]k[X2  
j2

N
 

1 –1  k 

j2

N
  

]k[X1  

2

N
 

1 –1  k 

2 
 k 

–2 

 4 
X[k] 
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      





5

0n

6

)2(n2j

e.nx2X1Q  

        n
3

2j5

0n

enx



  

                     


 2j3

4j

3

2j

e3xe2xe1x0x  

        1
2

3j

2

1
2

2

3
j

2

1
34 























  

      1
2

3j2
1

2

33j

2

3
4   

   j
2

3

2

5
1Q   

             
 







5

0n

6

4n2j

enx4X2Q
 

          





5

0n

3

n4j

enx  

         3

8j

3

4j

e2xe1x0x2Q


   

            3

)3(4j

e3x


           
 

                 )1.(3
2

3j

2

1
2

2

3j

2

1
34 x






















  

     13
2

2
j1

2

)3(3j

2

3
4   

     j
2

3

2

5
  

            5
3

15

3

j
2

3

2

5
j

2

3

2

5
10

0q 


  

 
17.  

Sol: 2027BA)n(x)0(X
7

0n




 

 A+B = –7 ------(1) 

 



7

0n

n )n(x)1()4(X  

 X(4) 0B765432A   

 A–B = –3-------(2) 

  From (1) and (2)  

 A = –5, B = –2 

 
18. Ans: 3 
Sol: X(k) = k +1 for 0  k  7 → 8pt DFT of 

x(n) 
 Using Signal Flow Graph of IDFT based 

on inverse radix-2 DIT-FFT 

  

 

 

 

 

 

 

 

 

 Value of 3
8

24

8

j44j44436
)6(x)4(x)2(x)0(x)n2(x

3

0n







 

6 

8 

10 

12 

–4 

–4 

–4 

–4 

16 

20 

–4 

–4 

X(0)=1 

X(1)=2 

X(2)=3 

X(3)=4 

X(4)=5 

X(5)=6 

X(6)=7 

X(7)=8 –1 

–1 

–1 

–1 

–1 

–1 

–1 

–1 

–1 

–1 

1/8 

1/8 

1/8 

1/8 

8

36
)0(x 

 

8

4
)4(x




 

8

j44
)2(x




 

8

j44
)6(x




 

1W 0
8 

 

jW 2
8 
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OR 

 

 X(k) = k +1  0  k  7 

 








1N

0n

nk
N

2
j

e)n(x)k(X 
















1

2

N

0n

k)1n2(
N

2
j

1
2

N

0n

k)n2(
N

2
j

e)1n2(xe)n2(x)k(X  

 


















1

2

N

0n

k)n2(
N

2
jk

N

2
j

1
2

N

0n

k)n2(
N

2
j

e)1n2(xee)n2(x)k(X  

 

 Given N = 8 

 














3

0n

k)n2(
8

2
jk

4
j3

0n

k)n2(
8

2
j

e)1n2(xee)n2(x)k(X  

 



3

0n

3

0n

)1n2(x)n2(x)0(X  

  
 

 
3

0n

3

0n

n2jjn2j e)1n2(xee)n2(x)4(X  

 



3

0n

3

0n

)1n2(x)n2(x)4(X  

 X(0) + X(4) = 2


3

0n

)n2(x  

 
2

51

2

)4(X)0(X
)n2(x

3

0n







 2

6
  

                 = 3 
 

19. 

Sol: ,0,2j,j1,2,1[)k(X 


-----] 
 

  (a) X(k) = X*(N – k) 
 X(5) = X*(8 – 5) = X*(3) = –j2 
 X(6) = X*(2) = 1 + j 
 X(7) = X*(1) = –2 
 

  (b) y(n) = (–1)n x(n)  
 Y(k) = X(k – 4) last four sample will shifted 

to beginning  

  (c) g(n) = x 







2

n
 

 Zero interpolation in time domain 
corresponds to replication of the DFT 
spectrum.  

  

20.  Ans: 6 
Sol: Interpolation in time domain equal to 

replication in frequency domain.  

   







3

n
xnx1  

 

 X1(k) = [12, 2j, 0, –2j, 12, 2j, 0, –2j, 12, 2j, 
            0, –2j]  

 
  

 X1(8) = 12, X1(11) = –2j 

        
 
  6

j2

12

11X

8X

1

1 


  
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21. 

Sol: fm = 100 Hz 

 fs = 200 Hz 

 f  0.5 Hz 

  (a) DFT  f = 
N

fs   

 N = 
f

fs


 = 400

5.0

200
  

  (b)  radix – 2FFT 

 N = 29 = 512 samples (at N = 400) 

 f = 
512

200
 = 0.39 Hz 

 
22. 
Sol:  
         f1 = 25, f2 = 100, fs = 800Hz 
   (a) N = 100 samples 

 f = 
N

fs  = 
8

800
= 8Hz 

 25Hz corresponding to 
8

25
 = 3.125 

 100 Hz corresponding to 
8

100
 = 12.5 

 Both frequencies are not relating. 
  (b) N = 128 

 f = 
128

800
 = 6.25Hz 

 25Hz  
25.6

25
 = 4 

 100 Hz  
25.6

100
 = 16 

 

 
23.  
Sol:  
    (a) t = 1s 
 N = 1024, total time to perform 

multiplication using DFT directly  
     = (1024)2 1s = 1.05 sec  

    (b) by FFT, T = 



 Nlog

2

N
2 1s 

            = 



 1024log

2

1024
2 1s 

       = 5.12 msec   
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01. Ans: (a) 
Sol: Assume x(t) = Cos(2f0t) 

        = Cos(2(21)t)                   21

21

1
1

T

1
f

0
0   

        = Cos(42t) 
 
 

s
S

s

f

1
T

                                   

Hz 200= f              



             





 







 









100

n21
cos

200

n42
cos

200

n
x)nT(x S  

       For discrete signal periodicity condition is 

       
N

m

2
0 



  

       
N

m

200

21

2
0 







  

        N = 200 
 

 
02. Ans: (c) 
Sol: H(ej) = 10j ; –   <               Sampler 
 x(t) = Cos(6t)                  t = nT 

   





 







 









5

n3
Cos

10

n6
Cos

10

n
xnTx                  = 

10

n
 

      

            Output   



































5

3
j

5

3
j

eH
5

n3
CoseHny  

          = 





 





2

n
5

3
Cos6                






 










 

6
5

3
10j =eH 5

3
j

         

                                                                                                          

                                          = 





 


5

n3
Sin6  

                          Continuous output    





 

 t10
5

3
Sin6ty  

                                                               = –6Sin(6t) 

11	Chapter	 Discrete‐Time	Processing	of					
Continuous‐Time	Signals	
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