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1.	Introduction 

Signals	&	Systems	
 
 
 

 

 

01.  Ans: (c) 

Sol:  x(n) + 2x(–n) = {–1,–1,3,1,1}max value = 3 

 5x(n)x(n–1) = {0,5,5, –5,5,0}max value = 5 

 x(n)x(–n–1) = {0,–1,1,1,–1,0}max value = 1 

 4x(2n) = {4,4,–4} max value = 4 

 

02.  Ans: (a) 

Sol:  

 

 

 

 

 Non zero duration = 6 

 
03.  

Sol:  (a) 0 

 (b) (t + cost)|t=1 = 0 

 (c) cost.u(t–3)| t=0 = 1u(–3) = 0 

 (d) 
2

1
e

2

1

2t

2t 


  

 (e) 
2

tsint
2

t





 

 
04. 

Sol: x(n) = 1 – [(n–4) + (n–5) + -----] 

 

 

 

 

 

 

 x(n) = u(–n+3) = u (Mn–n0) 

 M = –1  no = –3 

 

05. 

Sol:   

 

 

 

 

 

 

 

 

 

 

 

 

06. 

Sol:  (a) as t , amp  0 Energy signal 

 (b) Constant amp – Power signal 

 (c) Power + energy = Power signal 

 (d) Periodic signal  Power signal 

 (e) as t  , amp NENP 

 (f) as t , amp  NENP 

 

07. 

Sol:  
1

22 n
x (n) 1

n n 0

E x (n) (0.5)
 

 

     

    2 n

n 0

(0.25)




   

t 







  1

2

t
x  

4 2 

–2 –1 0 1 2 3 
n 

x(n) 

----- 

1 

1 2 –1 –2 

x(t)

t 

(b) 

t 
–1 

–1 

1 

0 1 

x(t)(a) 
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t 

x(t) 

0 1 1 2 

2 

         
75.025.01

)25.0(
22

0n

n2 





 




 35.15.1)n(xE
n

2

2)n(x2
 





 

 Given )n(x)n(x 21
EE   

 3
75.0

2




  2 = 2.25   = 1.5 

 

08. 

Sol:      
2

nxnx
nx oc






 

         



 


2

7j1
,0,

2

7j1
 

 

09. 

Sol: 

 

 

 

 

 

 

10.  

Sol: (a) 
6

1
T,

9

1
T 21   

    
3

2

T

T

2

1   LCM = 3 

    T0 = LCM T1 = 1/3 
 

 (b) 15T,
11

15
T 21   

      
11

1

T

T

2

1    

       LCM = 11 

       T0 = LCM T1 = 15 

 (c) 
5

2
T,

3

2
T 21 


  

      
3

5

T

T

2

1 
  irrational number 

       So a non-periodic. 

 (d) 
510

2
T0





  

 (e) It is extending from 0 to  

      So non-periodic 

 (f) 
   

t2cos
2

1

2

txtx
)t(xe 


  

    1
2

22
T

0
0 








  

 (g) 
6

5

2
0 



- rational, so periodic  

     m
5

6
m

2
N

0
0 




  

     6N0   

(h) N1 = 8m  N1= 8 

    N2 = 16m  N2 =16 

    N3 = 4m  N3 = 4 

   2
N

N
,

2

1

N

N

3

1

2

1   

    LCM = 2 

    N0 = LCM  N1 = 16. 

 (i) 
2

7

2
0 



 - rational, so periodic  

    m
7

2
m

2
N

0
o 




  

    N0 = 2 

(j) multiplication of one periodic &non-

periodic is non-periodic 
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(k) u(n) + u(–n) = 1 + (n) is non-periodic  

 

 

  

 
 

 

 

 

 

 

 

 

 

 

 

 
11.  

Sol: (a)   x(nTs) = 2cos(150nTs +30)  

                            = 2cos 





 
 30n
4

3
 

              
4

3
0


  

           m
3

8
m

2
N

0
0 




  

           N0 = 8 

 

 (b)  Ans: (a) 

      2Nm
3

2
N 11   

      2Nm
7

2
N 22   

      4Nm
25

20
N 33   

     
2

1

N

N
,1

N

N

3

1

2

1  , LCM = 2 

      N0 = LCM  N1 = 4 

    
24

2
0





  

        n5cosn14sinn6cosnx 000 

So 14th harmonic 

 

12.  

Sol:  (a)          2tx2txtxtx 2121       

            2txtx2txtx 2211   

      is non linear 

 (b)           txsintxsintxtxsin 2121   

    is non linear  

 (c)         
dt

tdx

dt

tdx
txtx

dt

d 21
21





   

     is linear 

  

 (d)           6txtx23txtx2 2121   

      is non linear 

 (e)     



t

21 dttxtx    

               



t

2

t

1 dttxdttx is linear 

 (f)         txtxtxtx 2
2

2
1

2
21   

     is non linear 

 (g)      tcostxtx 021    

        tcostxtcostx 0201   is linear 

 (h)           nxlognxlognxnxlog 2121    

     is non linear  

 (i)        nxnxnxnx 2121   

    is  non linear  

1 

1 -1 
-1 

-1 
1 

1 
2 

3 
n 

x(n) 

------------ 

N0=2 

(l)

1 

-1 
-1 -1 

1 1 

0 1 2 3 4 5 n -3 -4 

x(n) 

------ ------ 

N0=4 

(m) 
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 (j)    nxnx   is non linear 

(k) non linear  

 (l)    
   

 
 

 
 1nx

nx

1nx

nx

1nx1nx

nxnx

2

2

1

1

21

21








  

     is non linear 

 (m) linear 

 (n)        nxnxnxnx 2121 eee    is non linear  

 

13.  

Sol:  (a)       3ttxtt3tttx ooo    

     time variant  

 (b)    oo ttxttx ee    time invariant  

 (c)      000 tt3costtxt3costtx   

      time variant  

  (d) sin [x(t–t0)] = sin[x(t–t0)] time invariant  

 (e) 
  
 

    0
0

0

0

0 ttx
dt

d

dtdt

ttdx

ttd

ttxd









 

    time invariant  

 (f)    0
2

0
2 ttxttx   time invariant 

 (g) x(2t – t0)  x(2t – 2t0) time variant  

 (h)        0
nnx

0
nnx nnx2nnx2 00     

       time invariant  

 (i)  time variant  

 (j) time variant 

 (k) all coefficients are constant 

      – time invariant  
 

14. 

Sol:  x2(t) = x1(t) – x1(t–2) 

 y2(t) = y1(t) – y1(t–2) 

 x3(t) = x1(t+1) + x1(t) 

 y3(t) = y1(t+1) + y1(t) 

 

15.  

Sol:  (a) Preset output depends on present input- 

      causal  

 (b) preset output depends on present input- 

     causal  

 (c) preset output depends on present input- 

     causal  

 (d) preset output depends on future input- 

      non causal  

 (e) preset output depends on present input- 

     causal  

 (f) preset output depends on present input- 

     causal  

 (g) n > n0 causal,   n < n0 non-causal 

 (h) non - causal 

 (i)    


0

k
kx0y  present output depends 

     on present input  - causal 

 (j)    





1

0k

kx1y  future input  non causal 

 (k) non-causal for any value of ‘m’ 

 (l)  = 1 causal,   1 non causal 

 (m) causal 

 (n) non causal 

 

16.  

Sol:  (a) present output depends on present input  

      -static 

 (b) present output depends on present input  

      -static 

 (c) present output depends on present input  

      -static 

 (d) present output depends on present input  

      -static 

 (e) y(1) = x(3) present output depends on 
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         future input        -dynamic 

 (f) dynamic 

 (g) present output depends on past input  

      - dynamic 

 

17.  

Sol:  (a) linear, time variant, dynamic 

 (b) linear, time invariant, dynamic 

 (c) linear, time invariant, dynamic 

 (d) non linear, time variant, dynamic 

 

18. 

Sol: (a) linear, time invariant, dynamic (a2) 

 (b) non linear, time variant, static (b5) 

 (c) linear, time variant, dynamic (c1) 

 (d)nonlinear, time invariant, dynamic(d4) 

 

19. 

Sol: (a) y(t) = u(t).u(t) = u(t) - stable  

 (b) y(t) = cos3t u(t)  –1 < y(t) < 1 stable 

 (c) y(t)  = u(t–3) stable 

 (d)      t
dt

tdu
ty   unstable 

 (e)      trduty
t

 


 is unstable 

 (f) sin (finite) = finite.  stable 

 (g) y(t) = tu(t) = r(t) unstable  

 (h) y(n) = efinite
 = finite stable 

 (i) y(n) = u(3n) bounded stable 

 (j) x(n) = 1  y(n) = n – n0 + 1  y() =   

                                                   unstable  
 

20. 

Sol:  (a) non invertible   

 (b) non invertible  

 (c) invertible   

 (d) non invertible 

 (e) non invertible 

 (f) non invertible 

 (g) non invertible 

 (h) invertible  

 

21.  Ans: (b) 

Sol:       thtxty 2   

         h(t) = 0, t<0 causal 

 Square term - non linear 

 no time varying term- time invariant    

 

22.  Ans: (b) 

Sol: Constant added - non linear (A-true) 

 Time varying term - time variant(R-true) 

 

23.   

Sol:   Given  

 

 

 

 
 

 Convert to Z-domain  

 

 

 

 

 

 

  
 
  1

1

z1

z

zX

zY





  

1z

1


  

(i)  x(n) =  (n); 

y(n) 
x(n) 

Unit delay + 

 

Y(z) 
X(z) 

Z1 + 
 
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2.	LTI	(LSI)	Systems 

     zX
1z

1
zY


  

   1
1z

1
zY


  

1z

1


  

  
1z

z
zzY 1


   

 Taking inverse Z – transform  

 y(n) = (1)n1 u (n1) 

 if n = 0, 1, 2, 3……. 

 Then y(n) = [0, 1, 1, 1, 1…….]  

(ii) x(n) = u(n); 

  Y(z) =  ZX
1z 

  

  
1z

z

1z

1
zY


  

 
 

  1z1z

1

z

zY


  

  
1z

B

1z

A





   

  
1z

2

1

1z
2

1







  

  
1z

z

2

1

1z

z

2

1
zY





  

        nu
2

1
nu1

2

1
ny n   

  

24.  Ans: (d)      

Sol: (S-I):  y(n) = 2 x(n) + 4 x(n  1) 

    If x(n) is bounded, y(n) is bounded. 

         Stable. (S-I) is false. 

 (S-II):  h(n) = 2 (n) + 4 (n  1) 

     h(n) = { 2 , 4 } 

 

 Impulse response h(n) has only two finite 

nonzero samples. This is the condition for 

stability.  

  (S-II) is True. 

 

25.   Ans: (a)       

Sol: A system is memory less if output,  

y(t) depends only on x(t) and not on past or 

future values of input, x(t). 

 A system is causal if the output, y(t) at any 

time depends only on values of input, x(t) at 

that time and in the past. 

 Both (S-I) and (S-II)  are true and (S-II)  is 

the correct explanation of (S-I). 

 

 

 

01.  

Sol:       



dthxty  

 

 

 

 

 

 

 

 Case (i) t–2 <0     y(t) = 0 ,t<2 

 Case (ii) t–2>0  
 

3

e1
dety

2t32t

0

3


 
 ,t >2 

   
 

 2tu
3

e1
ty

2t3







 

 

 

 

 

1 
x() 

t–2 

h(t-) 

 
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02. 

Sol:   

  

 

 

 

 Case (i) t < 0     y(t) = 0 

 Case (ii) 0<t<1   
2

t
dty

2t

0

   

 Case (iii) t>1      
2

1
dty

1

0

   

 

03.  

Sol:  

 

 

 

 

   1d14y
5

6

   

   5.54
2

3
d

2

1
hx

2

1
y

6

5.1

 





 








 

 

04.  Ans: (b) 

Sol:         3tu1tudhts
t

 


 

 s(2) =1 

 

05.  

Sol:  Assume – +a =  –d = d 

        atydathxtz  




 

 

06.  

Sol:  (a) x(t – 7 + 5) = x(t – 2) 

 (b)   





 






 

a

b
tx

a

1

a

b
t

a

1
tx  

 (c)       3t23t2tx   

           3tx23tx2   

 

07. 

Sol: (a)      1te1t1ue 11    

 (b) 1

1t

t ee 



   

 (c)    1tue 1t   

 

08. 

Sol:  

 

 

 

 

 

 

 
     5t3t

dt

tdx
  

 
       5th3thth

dt

tdx
  

 

09.  

Sol: (a) Ax Ah = Ay ,         







1
dt)t(  

      





A1
.

1
   




1
A  

 (b)

1

.

1

 = 

A

,       







1
dt)t(csin  

     



1

A  

1 

1 

 

x() 

t  

h(t-) 
1 

1 2 6 
 

x() 

1 

3 h(t-) 

t+1 
 

3 

5 

–1 

t 

1 

 
dt

tdx
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 (c) 11 = 2A        1dte
2at 





  

      A = 
2

1
 

 (d)    = 2A       






dt
t1

1
2

 

       A = 
2


 

 

10. 

Sol:  (i)  T = 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (ii)  T = 2 

 

 

 

 

 

 

 

 

 

11.  

Sol: (a) 

 

 

 

 

 

 

 

 

 

 (b)  Ans: (c) 

        
s

se
2s

1
1tuttu


  

             1tu
2

1t
2

1
2s

se



  

 

 (c) 

  

 

 

 

 

 

       Ttutu
T

1
th   

 x(t) = u(t) 

           Ttrtr
T

1
thtxty   

 

12.  Ans: (a) 

Sol: To get three discontinuities in y(t) both 

rectangular pause must be same width. To 

get equal width h(t) = x(t). it is possible only  

  = 1 

–8 –4 0 4 8 t 

h(t)

------------ 

1 

1 3 5 t –1 –3 –5 

y(t)=x(t)*h(t) h(t)

T t 0 

1/T 

-3 1 

1 

x(t) 

t -1 1 

1 

t 

t 
2 

2 

02 4 

y(t) 

–4 –2 0 2 4 t 

h(t)

------------

1 

1 3 t –1 –3 

y(t)



					 	 	 	 	 	 	 	 	 	 	
				 									:	10	:		 	 	 	 						Signals	&	Systems	

	

 Hyderabad|Delhi|Bhopal|Pune|Bhubaneswar| Lucknow|Patna|Bengaluru|Chennai|Vijayawada|Vizag |Tirupati | Kukatpally | Kolkata  ACE Engineering Publications 

13. Ans: (a) 

Sol:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

14. Ans: (d) 

Sol:         




 dthxthtx  

            




dthx  

 

15.  

Sol:           
            


4ng2x2ng1xng0x

2ng1x4ng2xny  

 

  x(n) =  (n–2) = 1  n = 2 

           = 0  otherwise 

 y(n) = g(n – 4) 

 

16. 

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

       = 2(0.5)nu(n) + (0.5)n-3 u(n – 3) 

  y(1) = 1, y(4) = 5/8 

 

17. Ans: (a) 

Sol:  y(n) = [a, b, c, d, a, b, c, d---- N times] 

 y(n) is a periodic function with periodic ‘4’. 

So h(n) must be     




1N

0i
i4nnh  

 

18.  Ans: (b) 

Sol:    










0
t

0

t dtedtedtth   

 only when < 0, >0 

 

19.  

Sol:  (a) h(n) = n u(n) + n-1 u(n-1) 

 (b) h(n) = 0   n<0 causal 

    System stable for any value of ‘’ 

    except    and || < 1, except  = 0 

 

20. 

Sol: (a)      n1nu
5

1
Anu

5

1
1nn


















 

     When n =1, A = 1/5 

 (b)  
1z

5

1
1

1
zH


  

       1
inv z

5

1
1zH   

          1n
5

1
nng   

 

21.  

Sol: )1n(
2

1
)n()n(h1   

-1 1 

5 

x(t) 

t –2 0 2 
t 

h(t)

------ ------ 
2 2 2 

-3 -1 1 3 t 

10 10 10 

y(t)

----- ----- 

y(t)

10 

t 
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3.	Fourier	series 

    n
2

hn
1

h     1nu.
1n

2

1

2

1
nu

n

2

1
















  

                          nn
n

2

1







  

 
22. 

Sol:  1. False 

 2. h(t) = e2tu(t–1) is causal, un stable - false 

 3.      







dttsindtth,tsinth 00  

    unstable - true 

 4. y(t) = x(t–2)  causal-- false 

      x(t) = y(t+2)  non causal ----false 

 
23. 

Sol:  (a) h(t) = e–2(t-1)u(t–1) 

 (b) h(t) = 0    t < 0  causal  

      




1

1t2 dte   is stable 

 
24.  Ans: (a) 

Sol:  s(t) = u(t) – e-tu(t) 

           tuetet
dt

tds
th tt    

       tue t  

 
26. 

Sol:       ku
2

1
khns

n

k

kn

k









  

         0n
2

1n

0k

k

 








 

          = 0             n < 0 

    nu
2

1
12ns

1n






















 

27. 

Sol: x(n) = u(n), y (n) = (n) 

 u(n) – u(n–1) = (n) 

 y(n) = x(n) – x(n–1) 

 x(n) = nu(n) 

 y(n) = nu(n) – nu(n–1) + u(n–1) 

       = n(n) + n(n–1) 

       = u(n–1) 
  
28. 

Sol: hc(t) = h1(t)  h2(t) 

 )(h*d)(hd)(h 2

t

1

t

c  


 

                


d)(h*)(h 2

t

1  

 sc(t) = )t(s*)t(s 2   

      = )t(s*)t(s 21   

 sc(t)  s1(t) * s2(t) 

0 

 

 

 

01. Ans :Zero 

Sol: 
6

T,
2

T 21





  

 ,3
T

T

2

1   T0 =  LCM  T1 
2


  

 0 = 4 

 x(t) = 3sin (0t + 30) –4cos(30t – 60) 
 second harmonic amplitude = 0 
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02.  Ans: (d) 

Sol:  (a) periodic – exists  

 (b) periodic – exists 

 (c) periodic – exists 

 (d) non-periodic – not exist 

 
03.  

Sol: (P) Ans: (b) 

 Hidden symmetry a0, bn exists  

 (Q) Ans: (b) 

 Half wave symmetry an, bn exists with odd 

harmonics  

 (R) Ans: (b) 

 Odd symmetry & HWS  sine terms with 

odd ‘n’  

 (S) Ans: (c) 

 Even and odd HWS  a0, cosine with odd 

‘n’  

 (T)  Ans: (d) 

 a0 =0 (because average value = 0) 

 Even & HWS as cosine with odd ‘n’ 
 

 
04.  Ans: (b) 

Sol:  f1 = 5Hz, f2 = 15Hz 

  
8

2

4
p

2

  Watts  

 
05.  Ans: (b) 

Sol:    
7

1

5

1

3

1
1tx  

               
4

1tan 1 
   

 
06.  Ans: (c) 

Sol: ),k2(
T

2
  k = 1, 2, …… 

 The above frequency terms are absent.           

The above frequency contains even 

harmonics and also gives that sin terms are 

absent. only  cosine  terms  are  present 

Finally odd harmonics with cosine terms are 

present so, x(t) it is a even and halfwave  so, 

 x(t) = x(T–t) even 

 x(t) = –x(t–T/2) halfwave 

 

07.  

Sol: (A) Ans: (a) 

T1 = 1, T2 =10, T3 = 8, 
3

20
T4  

  T0 = 40 

 sec/rad05.0
T

2

0
0 


  

(B) Ans: (a)  

  1 = 100, 2 = 300, 3= 500 

  = G.C.D { 100, 300, 500 } 

  = 100 

 

08.  Ans: (a) 

Sol: 
        

6

5

6

311112
2
1

valueAverage 


  

 

09.  Ans: (a) 

Sol:  a0 = Average value = 0  

 

10.  Ans: (d) 

Sol:  T0 = 4msec Hz250
T

1
f

0
0   

 5 f0 = 1250 Hz 
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11.  Ans: (b) 

Sol: Odd + HWS  sine terms with odd 

harmonics 

  
 

12.  Ans: (d) 

Sol:  
2

ee
dte

2

1
a

11

1

t
0





 
   

 

13.  Ans: (c) 

Sol:  Average value 








0

10
tdtsin10

2

1  

 






0

1 0tdtcostsin10
2

2
a  

 






0

1 5tdtsintsin10
2

2
b  

 5bad 2
1

2
11   

 

14.  Ans: (d) 

Sol:  0 =  

      





1n

nn0 tnsinbtncosaatx  

 x(t) = A cos (t) 

 
21

4
aA




  

 

15. 

Sol:  a0 = 5 

          



 
n

1110
dttnsin10b

n1

0
n

 

         an = 0 

   





 t3sin
3

20
tsin

20
5tx  

 

 

 
 

 

 
 

   t3sin
3

20
tsin

20
5ty 





  

 

16. 

Sol: 
30


  

      t5sin4t2cos2tx 00   

 C0= 2, C2 = 1/2, 
2

1
C 2    

 
j2

4
C

j2

4
C 55


   

 

17.  

Sol: 


 

n2

j
dttedtetC

1

0

t2jn
1

0

tjn
n

0  

 C0 = 1/2 

 0cca nnn    

  



  4

1
ccjb nnn  

 

18. 

Sol: (i) y(t)  n
-jn

n
jn

n ce  ced o   = cn (–1)n  

 (ii) f(t) = x(t) –y(t) 

          n
nn

n
nn 11cc1cd   

 (iii) g(t) = x(t) + y(t) 

       dn = cn[1 + (–1)n] 

 

 

4 -4 

1 
H() 

 
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19.  Ans: (b) 

Sol:    n00n
tjn

n
tjn

n ctncos2ceced 0000    

 
4

T
t0   

 





 


2

n
cosc2d nn  

 dn = 0 for odd harmonics 

 

20. 

Sol:    
dt

tdx
ty   

         dn = jn0cn 

         
0

n
n jn

d
c


  

     





2/T

2/T
dt

t0jn
e2/dt2/dt

T

1
nd  

    






 


2

d0n
sin

T

j2
 

 
T

d
C0   

 

21. Ans: (a) 

Sol: 





 










T2

2n
sin

Tn

A2
dtAe

T

1
C

0

2/

2/

tjn
n

0  

 T = 10sec,  = 0.2 sec 

 





 




50

n
sin

Tn

A2
C

0
n  

 n = 50 then Cn = 0 

 

22.  Ans: (c) 

 

23. 

Sol:  (a) x(3t) Cn, 0 =30 

 (b)
 

n0Cjn
dt

tdx
  

 (c) x(t–1)  e-jn
0.Cn 

 (d)     n
nn CEven

2

cc
txRe 





  

 (e)
2

CC 4n4n  
 

 

24.  Ans: 0.45W 

Sol 
2

1
aC 00    oddn

n

j

2

jba
C nn

n 





  

  oddn
n

20
b,0a nn 

  

 Power up to second harmonic  

            W45.0C
2

2n

2

n 


 

 

25.   

Sol: (a) All periodic signals are power signals. 

      For power signal E =   [given is false] 
 

 (b) C0 = j2 (average value)   [given is false] 
 

 (c) 2jdt)t(x
T

j T

0

I   

      2dt)t(x
T

1 T

0

I   is possible only when 

    xI(t) is constant. So given is correct 

 (d) C0 = dt)t(x
T

j
dt)t(x

T

1 T

0

I

T

0

R    

          = 0 + j2 

               0dt)t(x
T

1 T

0

R   only when )t(xR is odd 

    given is in correct 
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4.	Fourier	Transform 

26. 

Sol: (a) Power   









n

2

n

2
Cdttx

T

1
 

 



4

4x

2

nCP  

  = (0.5)2+(1)2+(2)2+(4)2+(2)2+(1)2+(0.5)2 

  = 26.5 Watts 
  

(b)   





n

tjn
n

0eCtx  

       tj
1

4

j
t2j

2
2

j
t3j

3
t4j

4
0000 eCeeCeeCeC 














    

t4j
4

2

j
tj

3
4

j
t2j

2
tj

10
0000 eCeeCeeCeCC 





 

2
t3jt4j 0

0 e1e5.0


   

              4
t2j 0

e2





4
t2j

2
t3jt4j 00

0 e2e1e5.0





         

   













 4

t2j
4

t2jt4jt4j 00
00 ee2ee5.0  

             4ee 2
t3j

2
t3j 00















  

 

    t4costx 0 





 


4

t2cos4 0  

                     t*x4
2

t3cos2 0 





 

  

           tx  
 

 So even symmetry 

(d) f0 = 10 Hz 

      0 = 2 f0 = 20  rad 

     





 


4

t40cos4t80costx  

           4
2

t60cos2 





 

  

 Cut off frequency = 25 Hz = 50  rad 

 So output of the filter is  

   4
4

t40cos4ty 





 

  

 

27.  A-2, B-1, C-3, D-4 

 

28.  Ans: (b) 

Sol:  Frequency constant (S1)_LTI, frequency not 

constant (S2) - not an LTI 

 

29.  Ans: (d) 

 

30.  Ans: (d) 

Sol: For a real valued periodic function f(t) of 

frequency f0  

 Cn = *
nC  

 A is False but R is True because the discrete 

magnitude spectrum of real function f(t) is 

even and phase spectrum is odd. 
 

 

 

01. 

Sol:    




 dtetxfX ft2j  

 Unit: volt-sec (or) volt/Hz 

 

02. 

Sol: (a)     areadttx0X  




 

             721
2

1
24 






   

 (b) 2x(0) = 4 
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03. 

Sol: (i)      tuetuetx atat    

        
22a

a2

ja

1

ja

1
X








  

(ii)    
22

atat

a

j2
tuetue




  

      As a 0  

         



j

2
tutu  

       



j

2
tsgn  

 

04.  

Sol:  
9

12
1G

2 
  

     |t|3e2ttg   

 

05. Ans: Zero 

Sol:  x(t) = rect(t/2),         X() = 2sa() 

 y(t) = x(t)+x(t/2),     Y() = X() + 2X(2) 

  









2sin4sin2

y  

 f = 1   = 2,  y(2) = 0 
 

06.  Ans: (d)  

Sol: Y() = 3X(2) 

 y(t) = 3/2 x(t/2) 
 

07. 

Sol:  i)    1  2() 

 ii)   


 u.e2
jta

1 a  

 iii)  


 u.e2
ta

a2 ||a
22

 

 iv)  


sgnj
t

1
 

 

08.  

Sol:   






1

t
recttx1     fcsinfX1   

   





 

2

1
txtx    fXefX fj  

 FT[x(t) + x(–t)] = X(f) + X(–f)  

                                   = 2cos (f). sinc (f) 

 
 

09.  

Sol:    



j

1
tu  

            u2t
jt

1
 

           


 u
t2j

1
t

2

1
 

 

10. 

Sol:  

 i)         31t3 e1tuetx    

      


 

j3

1
eeX 3j  

 ii)    





 sa2

2

t
 

        





 
  sae2

2

1t j  

 iii) 
2

|t|2

4

4
e


  

      
2

j2
2t2

4

e4
e





  

 

11. 

Sol: (a)  F1() = F(–) 
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(b)         F.eFeF jj
2  

(c) f3(t) = f(t–1) + f(–t–1) 

        F.eFeF jj
3  

(d)  f4(t) = f(t – 1/2) + f(–t–1/2) 

      



F.eFeF 2

j

2

j

4  

(e)    





  1

2

t
f

2

3
tf5  

      2Fe3F j2
5  

 

12.  Ans: (a) 

Sol:  g(t) = x(t–3) – x(–t+2) 

      fXefXefG f4jf6j    

 

13.  

Sol: i)     00
t0j

e
t0j

e
2

1
t0cos 





 



  

 

    ii)     000 j
tsin 


   

 

    iii)      













cc
c

at

ja

1

ja

1

j2

1
ttusine  

 

    iv) 












 





 









T
2

saT
2

saATtcos
T

t
Arect 00

0  

 

14.  

Sol: sinc(t)  rect (f) 

         sinc(t)cos(10t)
2

1
[rect(f – 5)+rect(f + 5)] 

 

15.  

Sol:  (a)     34X4/txe
4

1 t
4

3
j




 

 

 (b)  Ans: (a)  

              442X  

     x(t) = 1 + cos(4t) 

 

16. Ans: (d) 

Sol: X(f) = (f – f0) 

 tfj2 0e  x(t)   

   4

j

f8

1
t

etx
0




  

  
4

tx


  

 

17.  Ans: (b)  

Sol: 

 

 

 

 

 x(t) cos 2 t      1fX1fX
2

1
  

 

 

 

 

 

 

18.  Ans: (d) 

Sol:  Output of multiplier  

  =        costx
2

1
t2costx

2

1
c  

 Output of the filter is   2costx
2

1
  

               costx  

 

X(f) 

f 
2 –2 

2 

-3 -1 1 3 

1 

2 
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19. 

Sol:  y(t) = (t + 2) + (t – 2) 

 Y() = e2j + e-2j = 2cos2 

 

20. Ans: 





2

1
 

Sol:       




 








 deX
2

1
tx tj  

 
     


 




de.Xj

2

1

dt

tdx tj  

 

   

    




  




 










0

1

1

0

0t

djjdjj
2

1

dXj
2

1

dt

tdx

           





2

1
 

 

21.  

Sol:  
 22222

ta

a

ja4

a

a2

d

d
jte











  

 
 22

t

1

j4
te




  

 Apply duality property 

 
 




e.j2
1t

t4
22

 

 

22.  

Sol: (i)         XeXeX j2j2
1  

 (ii)    





  

3
Xe

3

1 j2  

 (iii)       X.ej j32  

 (iv)    


 Xj
d

d
j  

23. 

Sol:  x(t) = rect (t/2) 

  




sin2

X  

(a).          XeY1txty j
11  

(b).   y2(t) = x(t) * x(t) 

      Y2() = X() X()                    

          







sin2sin2

 

      
2

2

2

sin
4Y




  

(c).         


 x
d

d
jYttxty 33  

(d).          XX
j2

1
tsintxty4

 

(e).       xj
dt

tdx
ty5  

(f). y6(t) = (t+1) x(t) + 2u(t–1) 

(g).    





 2Y2

2

t
yty 117  

(h).  y8(t) = y2(2(t+1)) y2(2(t1)) 

  

     1j
2

1j
28 e

2
Y

2

1
e

2
Y

2

1
Y  






 






   

             





 






  j

2
j

2 e
2

Y
2

1
e

2
Y

2

1
 

              





  jj

2 ee
2

Y
2

1
 

 

(i).     ty
2

1

2

t
xty 29 






  

       29 Y
2

1
2X2Y  

 

 (j).     t2y
2

1
tz 2  
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 y10(t) = z(t+1) + z(t) + z(t–1) 

 Y10() = (1+2cos) Z() 

 

24. Ans: y(t) = cos 2t 

Sol:  
t

t4sin
th


      






 

8
rectH  

 

 

 

 
 

 y(t) = cos 2t 

 
25.  

Sol:    






















21 2

rect
2

rectX  

 

 

 
 

 

 

(a).  0 < f < 1   Y() = X().H()  

 

  
t

tsin2
ty f




  

 

(b).  1 < f < 2  

 

 

 

 

   
t

tsin

t

tsin
ty f1








  
 

(c). f > 2  

  
t

tsin

t

tsin
ty 21








  

 

26.  

Sol: (a)  X() =  () + (5) + () 

 x(t) = 1 + ej5t + ejt 

 2
2

Te 1
tj 




  

 
5

2

5

2
Te 2

t5j 



  

 



5

T

T

2

1  is irrational  

 A periodic  

(b) h(t) = u(t) u(t2) 

 

 

 

 

 

 

 
 
 

     





  5.0

2

t
rectth  

 rect (t)  

2

2
sin





 

 rect









   sin

e25.0
2

t j  

H() 

 
4 -4 

1 

-2 -1 1 2 

1 

2 

 

X() H() 

 
f -f 

1 

H() 

 
f -f 

2 

-f -1 1 f 

1 

2 

 

Y() 

h(t) 

t 
0 2
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   



  sin
e2H j  

 x(t) * h(t)  H() X() 

            








  sin
e25HX j

             
5

5sin
e25

sin
e2Lt 5jj

0x









  

                



  sin
e2 j  

          



 



 0
x

xsin
Lt5

5

5sin
e22

x

5j  

        5
5

5sin
e22HX 5j    

      t5j5j e
5

5sin
e22th*tx   

  Periodic  

(c). In above problem, convolution of two 

non periodic signals can be a periodic 

signal 

 

27.  

Sol: (a) y1(t) = rect (t) * cos t 

rect(t)      










 





 dtetyY
2

sin
2 tj  

     






 







 



2

2
sin

trect  

      




















2

2
.sin

trect  

       










2

csintrect  

     cos   [ () +  ( + )] 

          











2

csinY1
 

          





2
sin

2
Y1  

      

   









2

sin
2

2
sin

2  

     

   





 








2

sin
2

2
sin

2  

     = 2  () + 2 ( + ) 

       



2

Y1  

 Taking inverse Fourier transform  

 ∴   tcos
2

ty1 


  

(b). y2(t) = rect(t) * cos 2t 

 Similar to above  

       



 22

2
sin

2
Y2  

         

   





 









 


 2

2
sin

2
2

2
sin

2

    02.
2

2
sin

2

2
2

2

2
sin

2

2







 









 


  

 ∴ y2(t) = 0 

(c) y3(t) = sin c(t) * sinc 







2

t
 

 rect (t)  sin c 








2

 

 sinc  








rect2
2

t  

  








rect2
2

t
csin  

   










2

recttcsin  
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 















 rect2

2

t
csin  

 ∴   




















 rect2
2

rectY3
 

 

 

 
 

 

 

 

 

 

 

 

 

   









 rect2Y3  

   









 rect2Y3  

 Taking inverse fourier transform  

   







2

t
csinty3  

 

(d). sinc(t)  rect 








2

  

 

   












2

3
recttcsine t3j  

 

     






















2

3
rect

2
recttcsine*tcsin t3j  

 

  

 

  

 

   0 

 ∴  y4() = 0 

   y4(t) = 0 

 

28.  

Sol: 

 

 
 (a) sinc(8t)     

 

 
   

otherwise0

88eXe8H j
1

j


 

 

         jeY  

 y(t) = cos(t – 1) 

 

 (b) Ans: (d) 

     22 ff efHefG    

       2f2efHfGfY   

 

29.  Ans: (c) 

Sol:   2tt2j eetx   

 -conjugate even symmetry 

 

30. 

Sol: (a)       00 XX
2

1
Y   

 (b)    
t

2/tsin

t

tsin
tx





  

    













 






 




1
rect*

2
rect

2

1
X  

 

X1() 

 
8 –8 

1/8 

1 

0   

× 

2 

0 /2 /2 

0 /2 /2 

2 

= 

1 

0   

× 

2 0 4 

 
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  X() =  

 

 

 

 

31.  

Sol:         






0X
j

X
dttx

t

 

                       
   





j

4/rect
 

 

32. 

Sol:   

 

 
 

  





 







aa2
dX

2

1
E

2
 

 

33.  

Sol:  
8

5
dd

4
d

2

1
E

1

2/1

2/1

1

2/1

2/1







   








 

 

 

34. 

Sol:   Ex(t) = 1/4 

  
2

2

4

1
X


  

       cc2
22

yy ,
4

1
|H|XS 


  

            
c

c
2

tan
2

1

2

1

8

1
dS

2

1
E 1

yyty
















 





 

c = 2 rad/sec 

 

 

35. 

Sol:  
4

4
e

2

t2


  

   
  





















d

4

4
2d

4

8
2

222
 

          




 dte2
2

1 2
t2  

              
2


  

 

36. Ans: 
a

302.2
B   

Sol:   
22 ta

a2
tg


  

 We know 
22

ta

a

a2
e


  

 By duality property 


a

22
e

ta

a2
 

 Given  






 
B

B

2
a

2
a de99.0de  

  










 





0

a2
0

a2
0

B

B

0

a2a2 dede99.0dede  

        
















































0

a20a2B

0

a20

B

a2

a2

e

a2

e
99.0

a2

e

a2

e  

       11
a2

99.0
1e

a2

1
e1

a2

1 aB2aB2    

  2 2e2aB = 2  0.99 

  1 e2aB = 0.99 

  0.01 = e2aB 

  ln (100) = 2aB 

  
 

a2

605.4

a2

100n
B 


 = 

a

302.2
 

 

 

1/2 

1/2 3/2 –1/2 –3/2 
 

X() 

 
a -a 
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37.  Ans: (a)  

Sol:   82

1 10
3

2
dffXE 




  

 
38.  Ans: (c) 

Sol:   


 3030
60

H  

 0 = 10   |H(10)| = 2 ,   
6

10H


  

          0 =26   |H(26)|=1,  
30

13
26H


  

   





 







 


30

13
t26sin

6
t10cos4ty  

 
39.  

Sol:  () = –t0 

    
0p tt 




  

    
0g t

d

d
t 




  

 Both are constant  

 

40.  

Sol: (i) Ans: (c) 

    
fRC2j1

1
fH


  

    
2222 CRf41

1
fH


  

   |H(f1)|  0.95 

   f1= 52.2 Hz 

 (ii) Ans: (a) 

     (f) = –tan–1(2fRC) 

         
  


















2g
fRC21

RC2

2

1

df

fd
ft  

      tg(100) = 0.71 msec 

41.   Ans: (c) 

Sol:         668 1056.1t10cos10t100cos
100

1
ty    

 tg  = 10–8
, tp = 1.5610–6 

 

42.  

Sol:  20 to 30 kHz no distortion 

 

43. 

Sol: For 200 <  < 200, there is no amplitude 

distortion. 

 And For  100 < <100, there is no phase 

distortion 
 

 x1(t)  

  = 20 and  = 60 

 So no phase distortion and no amplitude 

distortion. 
 

 x2(t) 

  = 20,  = 140 

 Amplitude distortion, do not occurs. 

 Phase distortion occurs.  

 [∵  = 140] 

 x3(t) 

  = 20,  = 220, 

 Phase distortion and amplitude distortion 

occurs  

 [∵  = 220] 

 

44.  

Sol: (a) 



j21

1
)(H

2
 

 
222 )2()1(

1
)(H


  
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 1
01

1
)(H

0






 

(b) 
2

1

2

A
A 0   

      
4222 1

1

)2()1(

1
)(H





  

 At  = c 
2

1
)(H   

sec/rad1
2

1

1

1
c4

c




 

 Given     01.0)(H   

2
2

1 100

1
)(H 






   

10000

1

1

1
4
1




 

1  10 rad/secs 
 

(c) 

 

 

 

 

   

45.  

Sol:       6cos18cos
2

A
R 0

2

xx  

  Power = Rxx(0) = 18 

 

46. 

Sol:           tu.e*tuetx*txr t3t3
xx    

    
2xx

T.F

xx 9

1
Sr


        3

xx e
6

1
r  

 

47. 

Sol: 

 (a)    
2

2

2

2

4

1
X,

1

1
H





  

          22

YY HXS   

 (b)  y(t) = x(t) * h(t) = [e–t–e–2t]u(t) 

          
12

1
dttyE

2

ty 



 

       4

1
E tx   

        txty E
3

1
E   

 

48.  

Sol: i) Ans: (b) 

        t8t8t8 e
16

1
tue*tuetx    

    
e16

1

16

1
x 








 

 

 ii)  Ans: (c) 

        
2

2

GG 64

1
GS


  

       
64

1
0SGG   

 

 iii)  Ans: (b) 

           tue*tuey t8t8    

        8e
16

1
y  

      
16

1
0y   

 

49. 

Sol:          tue*tuety*txr t3t
xy    

   









j3

2/1

j1

2/1

j3

1

j1

1
rxy  

H() 
Acos(0t) 

Asin(0t) 

A|H(0)|cos(0t +  H(0)) 

A|H(0)|sin(0t +  H(0)) 
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         ue
2

1
ue

2

1
r 3

xy  

 

50.  

Sol:  Given x(t) = sinc 10t 

 Sinc t  rect 









2

 

   











20

rect
10

1
t10csin  

   











20

rect
10

1
X  

   









 2je
8

rect3H  

  Y() = X() H () 

              




















 2je
8

rect3
20

rect
10

1
 

 

 

 
 

 

 
 

   









 2je
8

rect
10

3
 

 

 

  output energy  

   







 dY
2

1 2
 

  





4

4 100

9

2

1
 

  


 8
100

9
.

2

1
  

 Output energy = J
100

36
 

51. 

Sol: (a) m = 200  

 

  s = 400  rad/sec 

 
 

 

 (b)  m = 400  

  s = 800  rad/sec 

 

 

 

(c)       t3000cost500cos
2

5
tx3   

 m = 5000  

 s = 10,000  rad/sec 

(d)   





 




a2
rect.

j6

1
X4  

 m = a 

 



2

a
fm  

 Hz
a

f2f ms 
  

(e) m = 120 , fm = 60Hz 

 (fs) = 2fm = 120 Hz 

 

(f)  Ans: 0.4 

  

 

 

 

 

    









n

s
n

ss nfnTt  

X1() 

 
200 –200 

X2() 

 
400 –400 

10  10  

1/10 

 
4  4  

3 

2 

/2 –/2 
  

t

t
2

sin
2tx1 



  

X1() 
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   













 


nn 5

n
10

1
n10t  

 

 

    













 


n

1
n

1 5
n

10

1
X)n10t(*tx  

    









 







 


n

1 5
n

5

n
X

10

1
X  

 

     










 







 

55
X0X

10

1
X 11

       












 







 







 







 

5

3

5

3
X

5

2

5

2
X 11

 

 ,2
5

2
X,2

5
X 11 






 







 

 

 0
5

4
X

5

3
X 11 






 







 

 

 

 
 

 
 

 

 

 

 The maximum frequency in above signal is  

 m = 2/5  

 2fm = 2/5  

 fm = 1/5 

 Nyquist rate = 2fm = 2/5 =  0.4  

 

52. 

Sol: 

 

 

 

(a) X()+e–j
.X() no change in frequency 

axis (s)min = 2m = 0  

(b) 
    X.j

dt

tdx
  s = 0 

(c)   





 

3
X.

3

1
t3x   

 0
0

S 3
2

3
2 


  

(d)    00 X
2

1
X

2

1
  

 

 
 

 

 

   0
0

S 3
2

3
2 


  

 

53. 

Sol: (a)    





 

2
X

2

1
t2x 11    fm = 4k 

       fs = 8k 

(b)     
2

j3
2 X.e3tx   fm =3k 

     fs = 6k  

(c). X1 ()+X2()  fm = 3k 

     fs = 6k 

(d). X1 ()*X2()  fm = 5k 

     fs = 10k 

(e). X1 ().X2()  fm = 2k 

     fs = 4k  

(f).      1000X1000X
2

1
11  

    fm = 250 Hz 

    (fs)min = 2fm= 5k 

X() 

 

2

0  
2

0  

2

03
 

2

03
 

2

03
 

2

0  

–2/5 –/5 0 /5 2/5 
 

X() 
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54.  Ans: (a) 

Sol: fm = 200Hz, fs = 300Hz 

 The frequency in sampled signals are = 200, 

100, 500, 400, 800. Cutoff frequency of 

filter is 100 Hz.  

 Output frequency = 100 Hz 

 
55.  Ans: (b) 

Sol: If fs = fm -The spectrum is constant spectrum   

 
56.  Ans: (a) 

Sol:   fm < fc < fs – fm   5< fc < 9 

 
57.  Ans: (c) 

Sol: fm =100, fs –fm = 150 

 fs = 250 

 secm4
f

1
T

s
s   

 
58. Ans: (d) 

Sol:   KHz110
10

1

T

1
f 3

3
0

s  

dte.3
T

1
C

6

T

6

T

tjn

0
n

0

0

0


  








 


n

3

n
sin

 

  Cn = 0 for n = 3, 6, 9 ….. 

    Cn 0 for n = 0, 1, 2, 4, 6, 7, 8, 10…… 

   f  3fs, + f 6 fs …. 

 Are not present in signal 

  400  3 (1000) = 3.4 K,  2.6 K 

 So options with 3.4 K and 2.6 K are wrong 

 So (c) and (a) are wrong. 

 3.6 K is out of the given range [ 2.5 to 3.5] 

 So (B) is wrong 

 So (D) is correct. 

59.  Ans: (c) 

Sol: 




 
n

6 )nTst()t(x105)t(y  

 
kHz10

100
1fs

sec100sT&)t3108cos(10)t(x







 

 










ns

6

)sn(X
T

105
)(Y  

 Given m = 8103 

          fm = 4k 

 The output frequencies are fm = 4K,-4k 

     fs  fm = 14K, 6k 

    –fs  fm = –6K,–14K 

 

 

 

 

 

 

 Only 4k & – 4k are allowed then the output 

is 

 o/p 
6

35 10
10cos(8 10 t)

Ts


    

        )t108cos(10
10100

105 3
6

6





 



 

        )t108cos(10
10100

105 3
6

6





 



 

 o/p 1 35 10 cos(8 10 t)     

 

60.   Ans: (a) 

Sol:   





 


4

t10costx  

 fs = 15 Hz, s = 2fs = 30 Hz 

-5K 5K 
f 

LPF 
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   





 













2

t40cos.
t

tsin
th  

 

 

 

 
 

        



 









2

sint40sin
2

cost40cos
t

tsin
th  

       t40sin.
t

tsin
th 




  

       












  t40jt40j e.
t

tsin
e.

t

tsin

j2

1
 

 

 

 

 

 

 
 

 

      
4

sint10sin
4

cost10costx





  

         1010
2

1
X  

       










 1010

j2

1
 

 

 Sampled signal spectrum  

    



 

n
ss nXfX  

 n = 0, m, –m = –10, 10 

 n = 1, s – m, s + m = 20, 40 

 n = 2, 2s – m, 2s + m = 50, 70 

 only 40 frequency is allowed output of 

filter is  

             













 40

j2
40

j22

15
Y

              















 



 40

j2

1

j
40

j2

1

j2

15  

           













 40

j2
40

j22

15
 

              



 





 40

2
40

22

15
 

                   









 40

j2
40

j22

15
 

               






 40

2
40

2
 

              



 


 4040
22

15
Y       

                






 4040

j2
 

   



  t40sin

2

1
t40cos

2

1

2

15
ty  

   



 





4

sint40sin
4

cost40cos
2

15
ty  

   





 


4

t40cos
2

15
ty  

 

61.  Ans: (c) 

Sol:  x(t) = m(t) c(t)  

 Where c(t) is carrier signal and m(t) is a 

base band signal  

 and fc > fH (where fc is carrier frequency, fH 

is the highest frequency component of m(t)) 

      tĉ.tmtx̂   

 Where  tf̂  is Hilbert transform of f(t).   

–39 

39 41 
–41 

H() 

 

–1/2j 

1/2j 

1 

 – 
 t

tsin



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5.	Laplace	Transform 

 For the above problem c(t) = 





 


4

tsin  

and m(t) = – 










5/t

)5/tsin(
2  

 Complex envelope   

  =      tf2j cetx̂jtx   

    =     tcf2j
e

4
tcostjm

4
tsintm2





 



















  

     =   tcf2j
e

4
tsinj

4
tcostm2





 






















  

    =  
t

2

1
2j

4
tj

eetm2













 


  

    =     4

j

4
j

etm2etm2j






  

       = 4
j

e
5/t

)5/tsin(
2














 

 

62.   Ans: 10 kHz 

Sol:  Band Pass sampling theorem its states that 

we can sample at the rate of 
K

f2
f H

s   where 

k is the largest integer not exceeding 

LH

H

ff

f
K


  

 

 

 

 

 
 

 For m(t)   

5.2
1525

25

ff

f
K

LH

H 





 means 2 

     
K

f2
f H

s    

 As m(t) maximum frequency is 5 kHz 

minimum sampling rate required is 10 kHz. 

 

63.  Ans: (c) 

64.  Ans: (b) 

 

 

 

01. 

Sol:  (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:  > 2, < –3, –3<  < –1, –1 <  < 2 

 

04.  

Sol:  
2s

e

1s

e
sX

s3s3









 

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

kHz 15 25 
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05.  

Sol: 

(a).        5,
5s

e.e
e.1tu.etx

5s
51t5 





  

(b).  g(t) = Ae–5t.u(–t–t0) 

  
 

5,
5s

e.A
sG

0t5s









 

 A = –1, t0 = –1 

 

06. 

Sol:           4tu52tu152tr5tr5tx   

  
s

e5

s

e15

s

e5

s

5
sX

s4s2

2

s2

2



  

 

07.   Ans: (a) 

  

08.  Ans: (c) 

Sol:      3s1s

1
sX


  

       1s1s

1
2sXsG


  

 G() converges means ROC include j axis 

  –1<  < 1 

 

09.  

Sol:  G(s) = X(s) + (–s)         

      
1s

s

1s

ss
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.
2

2t
tx 2t

2




   

      
 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






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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.  Ans: (b) 

Sol:     sF.esF 1
s

2
  

      
 

 
  2

1

2
1

s

2
1

*
11

s

|sF|

|sF|e

|sF|

sF.sF.e
sG



  

 G(s) = e–s 

 g(t) = (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: (a) 
s

1

)s(X

)s(Y
  given  statement is false 

 (b)  x(t) = u(t)  

     y(t) = r(t) is unbounded 

       given  statement is false 

 (c) x(t) = u(–t) 

      y(t) =   is unbounded 

      given  statement is false 

 (d) Given true 

 

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) 

 

21.  

Sol:  
  4j4j

2j
jH 2 


  

 x(t) = 8 cos 2t, 0 = 2 

   j
4

1

4

1

j4

1j
jH 0 


  

    
4

H,
22

1
|H| 00


  
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   





 







 


4

t2cos22
4

t2cos
22

8
ty  

 

22. 

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
.sWt0x

s






 

          0
1s2

s5s4
LtxsXLtx

2

0s0s








 

 (c). x(0) = 0 

      Final value theorem not applicable  

 (d) x(0) = 0 

      x() = –1  

 

23. 

Sol:    
  4s2s

1sk
sH




   
s

1
sX   

        
  4s2ss

1sk
sX.sHsY




  

     8k1
8

k
ssYLty

0s



 

  
4s

12

2s

4
sH







  

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

 

 

 

24.  Ans: (a) 

Sol:   
1j2

1
jH

2

2




  

    0 = 1 rad/sec 

 H(0) = 0 

     y(t) = 0 for all s 

 

25.  Ans: (d) 

Sol:    
2ss

2
sH

2 
   

s

1
sX   

          2s1ss

2
sH.sXsY


  

      S = 2 pole lies right side of s-plane  

 y() =  unbounded  

 

26.  Ans: (d) 

 
27.  

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

























  
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6.	DT	FT 

          2s1s

s3

3

1


  

           1,
2s1s

s



  

(b).  The input is e3t t 

       the output  3H × input 

          t3e
54

3


  

     t3e
20

3
ty   

 

28. 

Sol:  
3s

2ss
sH

2




  

               1s2s

3s

sH

1
sHinv 


  

  > +1 causal unstable  

 Does not exist in this case a causal & stable 

system   

 

29. 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. 

 

30. 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   

 
31.  Ans: (d) 

Sol:  A solution to the differential equation with 

the input set to zero is often referred to as 

the natural response of the system. 

 
32.   Ans: (a) 

Sol:  input,   ts0etx   

   
0ss

1
sX


  

 Output, Y(s) = X(s) H(s) 
 

0ss

sH


  

 On partial fraction expansion, 

         
0

0

ss

sH
sY


  

 So,     ts
0

0esHty    

 

 

 
01. 

Sol: (a)   






 







 



2
sin

2

7
sin

H  

 

 

 –3 3 

1 1 1 1 h(n)

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

 

 (b)   

 

 

 
    h(n) = 0 n < 0 causal 
 
 

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

 

02.  

Sol: (a)  







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 

 

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 

 

04.  

Sol:  

 








  

n
2

j
e.

n

n
4

sin
  

 








   n

2
j

e.
n

n
4

sin
  

 

 

 

 

 

 

 

05.  

Sol: (a)  

 

 

–c c 
 

H(ej) 

4


 

4

3
 

 

4


 

4

3
 

Y(ej) 

4


 4

3
 

 

4


 

4

3
 
 

0 1 2 
n 

1 1 1 
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           nh.1ng n  

           jj eHeG  

 

 

 

 

 

 

 

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

 

 

 

 

 

 

 

 

 
 

 Y(ej0) = 1, Y(ej) = 1 

 

06.  

Sol:  


















10j

10

n

e
2

1
1

1

10

n
u.

2

1
 

 

07.  Ans: (b) 

Sol:  x(2n) = [1, 3, 1]  

   

 FT [x(2n)] = 3+2cos 
 

 

 

08. 

Sol:   
 2j

j

j
n

ae1

ae

ae1

1

d

d
jnu.na


















  

 
 

09.  

Sol:    2
j

j

0n

njn

e
2

1
1

e
2

1

e.2/1n







 









  

 Put  = 0 in above equality 

 
2

2

1
1

2/1

2

1
n 2

0n

n









 













 

 

10.  

Sol:  
 
  






















8/j

8/j3
3n8

jn

e1

e

d

d
j3nu.ne

 
 

11. 

Sol: 

 

 

 
 

 Input signal frequencies are 
4

,
8


 

 Then the output is   





  n

8
sinny  

 

12.  

Sol:    nj 0enx  ,    00 jnj eH.e)n(y   

      cos242cos28eH j  

G(ej) 

-c +c   

Ideal HPF 

6


 

6


 

 

H(ej) 

 

1 

1 

1 

0  

2


 

2


 

2


 

2


 

2


 

2

3
 

2

3
 Y(ej) 

 

 
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40


  

   4eH 0j     4
jn

e4ny



  

 

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 

 

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)| = (1+ cos )2 + sin2 () 

 H(ej) = 2tan1




cos1

sin
 

 10   = 0   | H (ej)| = 1 

  H (ej) = 0 

   2eH
242

n
cos4 j 









 


   

   H(ej) = 90 
(b) Output of given input  

 





 





42

n
cos410  is 

   





 








244

n
cos2410  

   





 





44

n
cos810  

 

18.  Ans: (b) 

Sol: anti symmetric, k = –2 

  () = –2 

 Slope = –2 
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19.  Ans: (b) 

Sol:   
2

n
2

cosn
2

5
cosnx 0









 






 

  

 |H(ej)| = 1  
8

eH 0j 
   

   





 





82

n
cosny  

 

20.  Ans: (a) 

Sol: X(ej) = 2 + 2cos +e–5j + 2e–4j 

 
2

j1
eX 4

j















 
 

  
42/1

2/1
taneX 14/j 









   

 

21. 

Sol: h(n) = 





3

1
,

3

1
,

3

1
 

              

(a) H(ej) = 



   jj e

3

1

3

1
e

3

1
 

          = )cos21(
3

1
   

 

(b) Phase = 0 

 

(c)   

 

 

 

 

 Given 





 


3

n
cos)n(x   

  
30


  

   













 

3
cos21

3

1
cos21

3

1
)e(H j

 
3

2
)11(

3

1
  

 y(n) = 





 

3

4
cos

3

2
 

 

22.  

Sol: 

 

  

 

 

 

 






 




c
c

c

d1
2

1
E  

 

23. Ans: 
40

1
 

Sol:  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  

 

–c c 
 

X(ej) 
1 

1/2 

/4 /4 

H(ej) 
A|H(ejo)|.Cos(0n +H(ejo) Acos(0n) 
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  


























 


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
  

 

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

1nx2deX
d

d
n

2
2

j

 

(g).   





 
  5

2

1N
eX j  

 

25. Ans: (d) 

Sol:  f(x) = 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 

    = 40k 

 
24





  

 

1/5 

/3 /3 
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7.	Z‐Transform 

27.  Ans: (a) 

Sol:     





 

1000

n20
cosnT20cosnTx ss  

           





 







 


4

9
cos

4

n
cos   

    
41000

0 



   ; 

4

9

1000
0 



 

        0 = 250,  2250 

 

 

 

01.  

Sol:  






z

z

1z

z
zX  

 ROC = (|z| > 1)  (|z| < ||) = 1 < |z| < 2 

 Only when  =  2, ‘n0’ any value 
 

02.  

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

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

 (c) infinite duration right sided (|z| >1/2) 

      (|z| > 3/4) = |z| > 3/4 

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

 

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) = 
4

1
 

 

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


  

 

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
- - - - - 
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 


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 




  

 

08.   Ans: r = –1/2 

Sol: 
11 z

4

1
1

r

z
2

1
1

1
)z(H

 



  

                = 
)z

4

1
1)(z

2

1
1(

)z
2

1
1(rz

4

1
1

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.   Ans: (a) 

Sol:  

4

1
z

z
zH

4

4


  

    1zHzH   

 h(n) = h(–n) 

 So h (n) is real for all ‘n’  

 

10. 

Sol:      3|z|,
3z

z9
2nu.3

1
n 






 

      
3

1
|z|,

3z

z9
2nu.3

1

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:     

2

1
z

1z

2/1z

jzjz
zX

2









  

    

2

1
z2

1z4
z2X

2/1

z
XzY

2











  
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14. 

Sol:      2|z|,
z

2

1
1

1
nu.2 n 


  

 

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:    zx,
z

3

1
1z

2

1
1

1
zH

11 





 





 




 

        1z
3

1
1   

      
1z

2

1
1

1
zX.zHzY


  

     nu.
2

1
ny

n







  

 

 

18. Ans: (a) 

Sol: when  =  it gives linear phase.  

 

19. 

Sol: (1) x(n) = z0
n , y(n) = z0

n H(z0) 

    y(n) = (–2)n . H(–2) = 0 

    H(–2)=0 

  (2)    
 

1

1

z
2

1
1

1

z
4

1
1

1
.a1

zX

zY
zH










  

 (a) H(–2) = 0 

    
8

9
a


  

 (b) y(n) = (1)n . H(1) 

     H(1) = –1/4 

       n1
4

1
ny


  

 

20.  Ans: (a) 

Sol:      j3j2j eeeH  

 

 

 

 
 

 

 

 And it is FIR Filter because finite 

coefficients 

 

21. Ans: (a)  

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

 Y(ej) = H(ej) G(ej) 

|H(ej)| 

 
 

HPF 
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     




 







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:  x(n) = –0.5 (2)n . u(–n–1) 

   x(0) = 0 

 

24.  

Sol:   





oddn0

evenn1
nx  

  X(Z) = 1 +Z2+Z4+…. 

            
2Z1

1


  

              11 Z1Z1

1
 

  

      ZXZ1Ltx 1

1Z




  

             11
1

1Z Z1Z1

1
z1Lt 


 
  

       
2

1
  

 

25.  Ans: (a) 

Sol:   
2z

z
.

2

1

2

1
zH


  

        1nu.2
2

1
n

2

1
nh n 


  

 

26.  Ans: (a) 

Sol:   
21

1

z3.0z7.01

z6
zH 




  

 Z = 1 (static gain) 

 H(1) = 10 

 

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


  
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 1
2




   || < 2,  any value of ‘’ 

 

29.  

Sol: (a) An LTI system is stable if and only if 

ROC includes j axis. 

   0.5 < Re {s} < 2 

(b) For an LTI system to be stable, all the 

poles must lie left side of the j axis 

 S = 2 is the pole in the right half of s-

plane. 

 So it is not possible. 

(c) Re {s} 3 

 Re { s} > 2 

 3< Re{s} <  0.5 

  0.5 < Re {s} < 2 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 – non 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 

 It 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. 

Sol:  (a).  
1

1

Z
2

1
1

Z2Z
ZH








  

 (b). IIR filter   

 

33. Ans: (c) 

Sol: Poles z = 2j 

 |poles| = 2 

 ROC = |z| < 2 because system is stable . 

 In this case system is non-causal 

 

34.   Ans: (c) 

Sol: 

2

1
z

z
)z(H


  is a stable system because 

pole 
2

1
z   is inside the unit circle. 

 The poles of H(z) should be inside the unit 

circle for a stable system. 

  A is True but R is false. 

 

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



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(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. 

 

37.   Ans: (b) 

Sol: In (A) and (R) replace H(s) by H(z) for the 

question to be meaningful. 

 
)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). 

  Both A and R are individually true but R 

is not the correct explanation of A.   

 

38.   Ans: (a)   

Sol: Both I& II are true and ‘II’ is the correct 

reason for ‘I’  

 

39.  Ans: (b) 

Sol:   
3

3

3
3

1
10

Zd1

ZPZPP
ZH 






  

 

 Form – I 

 

 

 

 

 

 

 

 

 

 
 

 No. of delays = 6 
 

 Form – II 

 

 

 

 

 

 

 

 

 

 

  

 No. of delay’s = 3 

 

40.  

Sol: H(z) = z–1  = H1(z) H2(z) 

   










 




1

1
1

2 z4.01

z6.01
zzH  

 

 

Z1 

Z1 

Z1 Z1 

Z1 

Z1 

 

 

 

  

 

 

 

P0 

P1 

P3 

0 

0 

d3

y(n) x(n)

0 

Z1 

Z1 

Z1 

 

 

 

 

0 

0 

d3 

P0 

 

 

 

P1 

0 

P3 

X[n] 
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41.  Ans: (a) 

Sol:   
21 z13.0z7.01

1
zH  
   

 a0 = 1, a1 = 0.7, a2 = –0.13 

 

42.   

Sol: (a)  
21

1

Z3.0Z1.01

Z5.01
ZH 






  

          11

1

Z2Z3.05.0

Z5.01
ZH 






  

 Cascaded form: 

           11

1

Z2

1
.

Z3.05.0

Z5.01
ZH 






  

      
 







 









 








11

1

Z
2

1
1

2

Z
5

3
1

Z5.01
2

1

ZH  

           
11

1

Z
2

1
1

1
..

Z
5

3
1

Z5.01








  

 

 

 

 

 

 

 

 Parallel form: 

    






 





 








11

1

Z
2

1
1Z

5

3
1

Z5.01
ZH  

        
11 Z

2
1

1

1
.

11

10

Z
5
3

1

1
.

11

1

 



  

 

 

 

 

 

 

 

 

 

 (b) 

 

 

 

 

 

 

 
 

 5.0Z,
5

3
Z   are poles 

 5.0Z   is zero 

 

43.  

Sol:   
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




  

 

0.5 0.5 0.6 
Re { Z} × × 

Z1 

Z1 

 

 

 

x[n] 

1/11 

10/11
3/5 

1/2

Z1 

   

3/5 
0.5 1/2 

y(n)
x(n)

Z1 
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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 

 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] 
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