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1.(a) 

Sol: The closed loop transfer function, 
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 The values of damping ratio  and natural frequency of oscillation 
n are obtained by comparing the 

system transfer with standard form of second order transfer function. 

 

Standard form of second order system )2....(
s2s)s(R
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 On comparing equation (1) & (2) we get, 
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 units2144.4units12
100

12.35
overshootPeak   

    sec047.1
3

t,timePeak
d

p 






  

 Time constant, sec1
162.3316.0

11
T

n







  

 For 5% error, settling time, sec3T3t s   

For 2% error, settling time, sec4T4t s   

Result 

 Rise time, sec63.0t r   

 Percentage overshoot, %12.35M% p   

 Peak overshoot ,units2144.4 (for a input of 12 units) 

 Peak time, sec047.1t p   

 Settling time, error%5forsec3t s   

    = 4sec for 2% error 

 

 

1(b). 

Sol: (i)    dt1ttcost 3






  

 From sifting property of impulse signal      afdtattf 




  

      dt1ttcost 3






  = (-1)
3
 - cos(-1) 

    = –1 + 1 

    = 0 
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  (ii)    dt1t2t10sine t 



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      = 2.403 

 

 

1(c). 

Sol: We will first find out from Routh’s array, the range of K for stability.  Transfer function of system, i.e.  

       
Ks)3K(s2s2s

)1s(K

)s(R

)s(C
234 


  

 The characteristic equation is given by [s
4 
+ 2s

3 
+ 2s

2 
+ (K + 3)s + K] = 0 

 Routh’s array can be written as 
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For stability, from s
2
 row, we get  

2

K1
 or  K < 1 

 Therefore, the system will be unstable for K = 6. 

 Also from s
0
 row, K > 0 for stability. 

 From s
1
 row, 

                0
K1

K4)3K)(K1(





  for stability 

 Therefore, 

            [(1 K) (K + 3) 4K] > 0 

 or, 3 + K 3K K
2 
 4K > 0 

 or,                3 6K K
2
 > 0 

 or,                K
2
 + 6K 3 < 0

 or,

                K < 0.464      or      K < 6.464 

 K cannot be less than 0. Therefore, second alternative is ruled out. Range of K for stability is 0 < K < 0.464.  

 

1(d). 

Sol: (i) 4 - point DIT algorithm:- 

  

 

 

 

 

 

  jW,1W 1

4

0

4   

     

  input   Stage 1 outputs  Stage 2 outputs 

   0        0 + 2 = 2      2 + 4 = 6 

   2        0 – 2 = –2         –2 + (–j) (–2) =–2 + 2j 

   1        1 + 3 = 4      2 – 4 = – 2 

   3          1 – 3 = – 2         – 2 – (–j) (–2) = – 2 – 2j 

X(k)={6, –2 + 2j, –2, –2 – 2j} 

0

4W  

x(0) 

x(2) 

x(1) 

x(3) 

X(0) 

X(1) 

X(2) 
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4W  

0

4W  1

4W  0

4W  

0

4W  

0

4W  
1
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(ii) 4 point DIF algorithm: 

 

 

 

 

 

 

  

  inputs   Stage 1 outputs   Stage 2 outputs 

   0       0 + 2 = 2       2 + 4 = 6 

   1       1 + 3 = 4       2 – 4 = – 2 

   2      0 – 2 = – 2        – 2 + 2j 

   3   (1 – 3) (–j) = 2j       – 2 – 2j 

 

X(k)={6, –2 + 2j, –2, –2 – 2j} 

 

1(e). 

Sol: G(s) H(s) = 
)1(

1

ss
 

  Let the Gc (s) = Kp + skd 

 Hence,  G(s) H(s) Gc(s) = 
 1



ss

skK dp
 

 At  = 2 rad/sec, Phase margin = 40, hence  

 G(j2) H(j2) Gc (j2) = 1 (180  40) 

 G(j2) H(j2) Gc (j2) = 
 2j1j

k2jK
dp




 

 Hence, –140 = –90 –tan
–1

2 + tan
–1 

p

d

k
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or ,        –140 = –90 –63.434 + tan

–1
 

p
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 So, tan
–1

 434.13
k

k2

p

d   

 or  
p

d

k

k2
= 0.2388  --------(1) 

 | G(j2) H(j2) GC (j2)| = 
 

 
1

2j12j

k2jk
dp





 

 Therefore, 
 

1
236.22

k2k
2

d

2

p





 

 Or,  2

d

2

p
k2k   = 4.472 

 Kp 

2

p

d

K

k2
1














  = 4.472  -------- (2) 

 From (1) and (2), we get  

Kp
22388.01 = 4.472 

        Kp = 4.349 

 Putting this value in (1) we get 

 Kd = 0.519 

 Controller transfer function 

 Gc(s) = kp + kds  = 4.349 + 0.519s 

 

 

2(a)(i) 

Sol: 
   1bsass

1
CLTF

2 
  

 Open loop transfer function G(s)= 
CLTF1

CLTF


 

         G(s) =
11)bs)(as(s

1
2 

  
  )(

1
2 bsass 

 

G(s) has two poles at the origin, therefore type of the system is two. 

 Position error coefficient: 
  )bsass

1
Lim)s(GLimk

20s0s
p





=  
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 Velocity error coefficient:
  bsass

1
Lim)s(sGLimk

0s0s
v





=  

Acceleration error coefficient:  
  bsas

1
LimsGsLimK
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
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
= 
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1
 

For input 2u(t):     ess = 0
1

2

k1

A

p







 

For input 4t
2
 u(t): ess = ab8

ab/1

8

k

A

a

  

For input tu(t):    ess = 0
1

K

A

V




  

(ii) The overall Transfer function is given by 






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
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 The characteristic equation is  0
T

K
s

T

1
s2   

 T/12andT/K nn   
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1

T/K2

1
.

T

1

2

1
.

T

1

n




  

 Let 
1K  be the forward path gain when %60M 1p   and the corresponding damping ratio be .1  

 Since, %100eM
2
1

1

1

1p 





 

        100e60
2
1

1

1







 

 or        )e(log
1

)6.0(log
e2

1

1

e




  

           158.01   

      Let 
2K  be the forward path gain when %20M 2p   and the corresponding damping ratio be .2  

 Since  %100eM
2
2

2

1

2p 





 

         100e20
2
2

2

1

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 From the above relation the value of 
2  can be calculated as 447.02   

 Assuming time constant T to be constant 

                   
TK

1
.

2

1
and

TK

1
.

2

1

2

2

1

1   

                    
1

TK2

TK

1
.

2

1 2

12

1 



 

 Hence, .
8

1

447.0

158.0

K

K
22

2

1

1

2 




















  

 

2(b)(i). 

Sol: The given differential equation is: 

   
   

 
 

 tx2
dt

tdx
ty3

dt

tdy
4

dt

tyd
2

2

  

 Taking Laplace transform on both sides, we get 

  [s
2
Y(s) – sy(0) – y

1
(0)] + 4 [sY(s) – y(0)] + 3Y(s) = [sX(s) – x(0)] + 2X(s) 

 Neglecting the initial conditions, we have 

   s
2
Y(s) + 4sY(s) + 3Y(s) = sX(s) + 2X(s) 

      i.e. (s
2
 + 4s + 3) Y(s) = (s + 2) X(s) 

           
  

 sX
3s1s

2s
sX

3s4s

2s
sY

2 







  

   Given,   x(t) = e
–t

 u(t) 

               
1s

1
sX


  

            
      3s1s

2s

1s

1

3s1s

2s
sY

2
















  

 Taking partial fractions, we get 

     
      3s

C

1s

B

1s

A

3s1s

2s
sY

22 











  

                          
  3s

4/1

1s

4/1

1s

2/1
sY

2 






  
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 Taking inverse Laplace transform on both sides, we get the response 

                      tue
4

1
e

4

1
te

2

1
ty t3tt









   

 

2(b)(ii)            

Sol: Energy of the signal,     dttxE
2






  

         







 



2

0

2
0

2

2
dtt2dt2t  

         


2

0

2

0

2

2 dtt4t4dt4t4t  

     

2

0

23
0

2

23

2

t4

3

t
t4t4

2

t4

3

t





















 

     joules
3

64
  

 Power of the signal,    





T

T

2

T
dttx

T2

1
LtP  

                 







  




0

2

2

0

22

T
dtt2dt2t

T2

1
Lt  

                0
3

64

T2

1
Lt

T












 

 Since energy is finite and power is zero, it is an energy signal.  

 The given signal is a non-periodic finite duration signal. So it has finite energy and zero average 

power. So it is an energy signal.  
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2(c)(i) 

Sol:  Given that, 

 %30Mp  =0.3 and sec4.0ts   

 We know that, 100eM%
21

π

P 




  

           0.3 = 
21

e




  

                    
21

π
1.2




  

     0.35  

            011 690.35coscos    

 If 10%Mp  = 0.1, 0.59  

      011 53.80.59coscos    

  
n

s
ω

4
bandtolerance2%ForttimeSettling


  

 rad/sec28.57
0.40.35

4
ω:0.35 n 


  

 rad/sec16.94
0.40.59

4
ω:0.59 n 


  

 
 
2(c)(ii). 

Sol:  CE = 1 + 
 

0
bs2ass

1sK
23





 

 s
3
 + as

2
 + (K+2)s + (K+b) = 0 

 

 

 

 

 

 

 

 

 

54
0
 n =16.94 rad/sec 

n =28.57 

- 10ωn   
 

j 

70
0
 

Area for root to lie 

s
3
  1  K + 2  

 

s
2  

a  K+ b  

 

s
1        

   
a

bK2Ka 
  

 0  

 

s
0   

       K + b 
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 Given, 

  n = 3 

  s
1

 row = 0 

     s
2
 row is A.E 

 a ( K + 2) − ( K + b) = 0 

 a = 
2K

bK




 

 A.E = as
2
 + K + b = 0 

     = 0bKs
2K

bK 2 











 

 (K+b) 01
2K

s2












 

 s
2
 + K + 2 =0 

 s =   2Kj   

 n = 32K   

 K = 7 

 a =
9

b7

2K

bK 





 

    7ba9   

 

3(a)(i). 

Sol:  
  2

3

1z2z

z
zX


  

 
 

    22

2

1z

C

1z

B

2z

A

1z2z

z

z

zX











  

 
 

 21z

1

1z

3

2z

4

z

zX








  

  
 21z

z

1z

z
3

2z

z
4zX








  

 Apply IZT. 

 Then, x(n) = 4(2)
n
 u(n) –3u(n) –n u(n) 
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3(a)(ii) 

Sol: Statement of duality property is 

 If      Xtx FT  

 then     x2tX FT  

 Proof: By definition,  

 Inverse Fourier transform is given by    




 


 deX
2

1
tx tj  

     




  deXtx2 tj  

Replace t with ‘-t’ 

      or    




  deXtx2 tj  

 Interchanging t and , we have  

         




  tXFTdtetXx2 tj  

     F[X(t)] =2 x(–) 

                 i.e,     x2tX FT  

 For even functions, x(–)=x() 

 

3(b)(i). 

Sol: Number of state variables=Order of the system 

  Order of the system=Number of energy storage elements=2 

V1(t),V2(t) are the state variables 

  By using Nodal Analysis  

 
6

116

10

(t)vu(t)
i

dt

(t)dv
10




 

 (t)vu(t)10i
dt

(t)dv
1

61   

          (t)vu(t)10
102

(t)v(t)v
1

6

6

21 











  

v1(t) v2(t) 

u(t) 

10
6
  210

6
  

1 F  0.5 F  

+ 

 

i 
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2 1 3 5 

3.81 –1.45 

Real 

Img 

          (t)vu(t)(t)0.5v(t)0.5v 121  -----(1) 

0
dt

)t(dV
105.0

102

)t(V)t(V 26

6

12 


   

  
   

6

212

6

102

tvtv

dt

(t)dV

2

10








 

  
 

   tvtv
dt

tdv
V 21

2
2 



 

 
 

 
u(t)

0

1

tV

tV

11

0.51.5

V

V

2

1

2

1




























































 

 

3(b)(ii). 

Sol: Open loop transfer function  

          G(s) H(s) = 
  
  2s1s

5s3sK




  

 To find break in (or) break away points  

 1 + K G(s) H(s) = 0  

 (s+1)(s+2) + K (s–3)(s–5) = 0  

  
  
  5s3s

2s1s
K




   

 0
ds

dK
   

  
     

 22

22

15s8s

8s22s3s3s215s8s




  

 (s
2
–8s+15)(2s+3)–(s

2
+3s+12)(2s–8) = 0  

  (2s
3
 –16s

2
 + 30s + 3s

2
 – 24s + 45) –   

   (2s
3
 + 6s

2
 + 4s) – 8s

2
 –24s – 16 

  11s
2
 – 26s – 61 = 0  

 By solving,  

 s = 3.81 and –1.45  

 break points are 3.81 and –1.45  
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Fig. 

a 0  a  b b 

g(t) 

1 



6
 

 Root locus  

 s = –1.45 lies on root locus and it is break away point.  

 s = 3.81 lies on root locus and as it is between two zeros and it is break in point.  

 As root locus start from open loop pole      

  (k = 0) and it will end at it’s open loop zero (k = ). 

As on the root locus between two open loop poles, the roots moves towards each other as the gain 

factor K is increased till they are coincident. At the coincident point the value of K is maximum as far 

as the portion of the root locus between two open loop poles is concerned. At the break away point the 

value of gain K is maximum and at break-in point the value gain K is minimum.   

 

 

3(c)(i). 

Sol: 

  

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

dt

)t(dg
 

–b –a 

a b 
t 

0 

ab

1


 

ab

1




 

 
2

2

dt

tgd
 

–a 

–b 

a 

b 
t 

0 

ab

1


 

ab

1




 

ab

1




 

ab

1


 



 

            : 16 :             ESE-2019 Mains Test Series   

 

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

  )bt(r)at(r)at(r)bt(r
ab

1
)t(g 


  

         )bt(u)at(u)at(u)bt(u
ab

1
)t(g

td

d



  

          )bt()at()at()bt(
ab

1
)t(g

td

d
2

2




  

Using time shifting and time differentiation properties 

Time shifting property of Fourier transform is    


Xettx 0tj

0   

Time differentiation property of Fourier transform is 
 

  Xj
dt

tdx
 

   0tj

0 ett


  

       


 jbajajjb2
eeee

ab

1
Gj    

 
    




 acosbcos

ab

2
G

2
 

 

 

3(c)(ii). 

Sol: Given y(n) = x(n) + 2x(n – 1) –4x(n – 2) + x(n–3) 

 Apply z-transform on both sides.  

 Y(z) = X(z) + 2z
–1

X(z) –4z
–2

X(z) + z
–3

X(z) 

  
 
 

321 zz4z21
zX

zY
zH   ---------(1) 

 We know that,    





n

nznhzH ---------(2) 

 Compare (1) and (2) h(0) = 1, h(1)  = 2, h(2) = –4, h(3) = 1  

                                  h(n) = {1, 2, –4, 1}. 
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)Ps)(Ps(s

)Zs(K

21 



 

4(a). 

Sol:  Root locus diagram: 

 Root loci diagram (RLD) is the graphical method of analyzing and designing a system 

 Root Locus Diagram (RLD) is a plot of loci of roots of the characteristic equation  while gain ‘K’ is 

varied from 0 to . 

               

 

 

 

(ii) No. of  root locus branches=2(P>Z)  P = 2, Z = 1                

   No. of Asymptotes N = P – Z= 1  

     Angle of Asymptotes= 
  02 1 180l

P Z




    l= 0                                                              

                                            
  

1

180102 0
  = 180

0
 

 Here, only one asymptote is present, therefore centroid is not required. 

 Break Point: 

   CE is 0(s)(s)HKG1 11   

 
(s)(s)HG

1
K

11


  

      1 1

s 4
G (s)H (s)

s(s 1)





 

 0
)s(H)s(G

1

ds

d

ds

dK

11








 
     

 0
4s

1)s(s

ds

d













  

 0
4)(s

s)(1)(s1)4)(2s(s
2

2





 

 s
2 

+ 8s + 4 = 0 s = 0.6 and s = 7.4 

 The system is critically damped when s= 0.6 and s = 7.4 ( roots are real and equal) 

 )6.0sat(71.0
4.3

)4.0)(6.0(
K   

j 

-0.6 -1 -4 0 -7.4 
 

(K=0) (K=0) 
(K=) (K=) 
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 )4.7sat(14
4.3

)4.6)(4.7(
K   

For 0 < K< 0.71 , 14< K <   roots are real and distinct . Therefore the system is over damped 

For K= 0.71 , K=14 , roots are real and equal .Therefore the system is critically damped. 

For 0.71 <K< 14 , roots are complex and distinct . Therefore the system is under damped. 

 

 

4(b) 

Sol : Advantages of state space model 

1. It can be applicable for multi input and multi output systems. 

2. It can be applicable to linear and non linear, time variant and time-in variant systems. 

3. By using state space model, we have to predict the  internal states of the system 

4. It can be applicable to both the stable and unstable systems. 

State variable equations: 

 )t(U)t(x)t(x)t(x 211   

 )t(U)t(x2)t(x 22   

 )t(x)t(x)t(y 21   

 These are in matrix form 

 )t(U
1

1

)t(x

)t(x

20

11

)t(x

)t(x

2

1

2

1













































 

   









)t(x

)t(x
11)t(y

2

1
 

 X(t) AX(t) B.U(t)   

 Solution  

 
 

  

t

0

tAAt d)(BU.e)0(X.e)t(X  

 )t(eAt  is called as state transition matrix which is calculated in form 

   11At ASILe
   
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Where 













20

11
A  

   






















20

11

S0

0S
ASI  

              
s 1 1

0 s 2

  
  

 
 

  
1 s 2 11

sI A
0 s 1sI A

  
   

  
 

      sI A s 1 (s 2)     

      
  1

1 1

s 1 s 1 s 2
(s) sI A

1
0

s 2



 
   
    
 
 

 

 

         

1 1 1

s 1 s 1 s 2

1
0

s 2

 
   

  
 
  

 

         1 AtL (s) (t) e      

          
t t 2t

1At 1

2t

e e e
e L sI A

0 e

  




 
    

 
 

 This is state transition matrix 

 

 

4(c) 

Sol: (i) Nyquist stability criteria(NSC) : 

It states that (1, j0) critical point should be encircled (in ACW) as many number of times as the 

number of poles of G(s) H(s) in the right half of s  plane by the Nyquist plot, if the Nyquiest contour 

is defined in the clock wise direction 

 N = P Z 
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C2 

C1 

imaginary 

j 

0 

j 

C3 

Real 

Nyquist contour  

     s-plane 

Here, 

N = Number of encirclements of (1, j0)  

critical point by the Nyquist plot 

P = Number of  right hand open loop poles  

(or) No.of right half of s  plane poles of  

F(s) and F(s) = 1+G(s) H(s) 

Z = Number of right half of s  plane poles of CLTF (or) number of right half of  

 s  plane zeros of F(s) 

Hence, z = 0  stable system. i.e. N = P is called the Nyquist stability criteria 

(ii) Mapping of a Nyquist contour into G(s) H(s) plane is a Nyquist plot 

 

 

 

 

  

 

 

 

 Mapping of section C1, i.e positive imaginary axis substitute s = j,  0    <  

     G(j) H ((j) = 
 

  25.0

1









jj

jK
 

    
  








 












2
tan180

5.0
tantan

425.0

1
K

111

22

2

 

  = 0  K180 

  = pc = 0.707   0.67 K 180 

  =   090 

 Point of intersection of the plot with respect to negative real axis  

  G(j) H((j) = 180 at  = pc 
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Img 

real 

G(s)H(s) plane 

 180 + tan
1 
pc + tan

1 

2

pc

 
 
tan

1  180
5.0

pc

 

               tan
1 
pc + tan

1 

2

pc
 
= tan

1 

5.0

pc
 
 

  
5.0

2
1

2 pc

pc
2

pc

pc 








 

  1.5 = 2 2

pc
  

    pc = 5.0  pc = 0.707 

| G (jpc) H (jpc)| = POI = 
  425.0

1K

2

pc

2

pc

2

pc




 

 POI  = 0.67 K 

 Mapping of section C2 of Nyquist contour i.e. radius ‘R’ semi circle. 

Substitute S = 
R

Lt  R.e
j

  90    90 

G(R.e
j

) H(R.e
j

) = 
 

  
0

2Re5.0Re

1Re









jj

jK
 

It maps to the origin 

 

  

 

 

 Mapping of section C3 of Nyquist contour i.e. negative real axis 

 Substitute s = j,     0 

It is the image of the section C1 and it is drawn such that the Nquist plot symmetrical w.r.t. real axis. 

 

  

 

 

 

0.67K 

=0 = 
Real 

K 

Imaginary 

–0.67K 

=0– =– 
Real 

–K 

Imaginary 
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Combining all the above three sections the Nyquist plot is drawn below. 

 

   

 

 

 

POI  = a = 0.67K = 0.67  1.25 = 0.8375 

 N = P  Z, a = 0.8375 

 Z = P  N;    N =  1, P =1 

 Z = 1 (1) = 2 

 Number of RHP = 2  unstable 

 

 

 

  

 

 

  For stability 0.67 K > 1 

   K > 
67.0

1
 

   K >1.5 

  Stable for K >1.5 

 

 

 

 

 

 

 

–0.837K 

Real 

–1.25 

Imaginary 

G(s) H(s) plane 
 

– 

+ 

N = 1 

–0.67K 

Real 
–K 

Imaginary 

G(s) H(s) plane 
 

– 

+ 

0 
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5(a). 

Sol: Given X(z) = log (1 – 0.5z
–1

) 

 
 

1

2

z5.01

z5.0

dz

zdX





  

 multiply both sides with –'z' 

 
 

1

1

z5.01

z5.0

dz

zdX
z








  

 Apply IZT to above equation.  

  
 

dz

zdX
znnx   

    
1

n

z5.01

1
nu5.0


  

 Then, nx(n) = – 0.5(0.5)
n
 u(n) 1nn    

  
   

n

1nu5.0
nx

n


  

 

5(b) 

Sol:  (i) Gain Margin (GM):  It is the gain which can be varied before the system becomes unstable. If the 

gain increases GM decreases and if the gain is doubled GM becomes half. 

 GM= 
   

pc

jHjG





1
 

  
   

pcpc jHjG
dBGM



1
log20  

 Where pc = phase cross over frequency, it 

 is the frequency at which phase angle of 

G(s) H(s) is  180 

  i.e Arg G(s) H(s) =  180| = pc 

 

 

 

 

 



 

            : 24 :             ESE-2019 Mains Test Series   

 

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

Phase Margin (PM): It is the phase that can be varied before the system becomes unstable. 

 PM = 180 + G (j) H(j)| = gc 

The phase angle is measured in clock wise direction where gc = Gain cross over frequency, it is the 

frequency at which magnitude of G(s) H(s) is unity (or) 0dB 

          |G(j) H(j)| = gc  =1 

(ii) Given that G(s) = 
  

 1,
11.01




K
sss

K
 

(i) Given that resonance peak Mr = 1.4 

 
212

1

 
rM  

 1.4 = 
212

1

 
 

  
21   = 0.357 

  
2
 (1  

2
) = 0.127 

 
2 


4 
= 0.127 

 
4


2 
+ 0.127 = 0 

 Let X = 
2
,  then x

2
 x + 0.127 =0 

 x1 = 0.85   = 0.921 

 x2 = 0.149   = 0.386 

 Neglecting the insignificant  pole because time constant is very small.  The equivalent transfer 

function is G(s) = 
 ss

K

1
.   Hence characteristic equation is  

 s(1+s) + k =0  s
2
 +s +k =0 

 n = K  and 2n = 1 

 For  = 0.386,  2 0.386  K  = 1 

   K = 1.67 

 For  = 0.921, 2 0.921  K  = 1 

          K = 0.294 

 As, ‘K’ should be greater than 1, K = 1.67 
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5(c) 

Sol: )t(x)t(y
dt

)t(dy
 4  

 Apply Fourier transform to the above  

 differential equation 

  

 )(X)(Y)(Yj  4  

  

 








j)(X

)(Y
)(H

4

1
 

 

   

       

 

 Given x(t) = sin(4 t) + cos (6 t+ /4) 

          


 H,)(H
216

1
= –tan

-1
( )4/  

  x1(t) = sin(4t) 

  At 0 = 4 ;  

     
 2

0

416

1
H


  

   075.0
18.13

1

7536.173

1
  

    






 
 

4

41tanH o  

         4034672 01 ..tan  

 y1(t) = 0.075 sin(4  t – 72.34
0
) 

  x2(t) = cos(6t+/4) 

At 0 = 6 ;    

  
 2

0

616

1
H


  

            051.0
25.19

1

3.371

1
  

H() 
    ooo HtsinH   sin 0t  

cos 0t      ooo HtcosH   
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   






 
  5.1tan

4

6
tanH 11

0  = –78.01
0
= – 0.43  

 y2(t) = 0.05cos(6  t+ /4 – 78.01
0
) 

y(t) = 0.075 sin(4  t – 72.34
0
) +0.05cos(6  t+ /4 – 78.01

0
) 

       y(t)  = 0.075sin (4  t – 0.4 ) + 0.05cos (6  t + ). 


430
4

 

 

 

5(d) 

Sol:  (i) Open Loop T.F  

             G(s) H(s) = 
)5)(4(  sss

K
 

 Point of intersection of asymptotes   = 
ZP

zerospoles




   = 

3

9
   =  3 

(ii) O.L.T.F G(s) H(s) = 
)5)(4(  sss

K
 

 C.E = 1+G(s) H(s) = 0 

 s(s + 4) (s + 5) + K = 0 

 (s
2
 + 4s) (s + 5) + K = 0 

 
s

 3
 + 5 s

 2 
+ 4 s

 2
 + 20s + K = 0 

  s
3
 + 9 s

 2 
+ 20 s + K = 0 

s
3
 1 20 

s
2
 9 K 

s
1
 

9

K209 
 

0 

s
0
  K  

 

For marginally stable system  

     9 × 20 = K 

             K = 180 

 9s
2 

+ 180 = 0 

    Point of intersection = 20j  



 

            : 27 :                       Electrical Engineering 

 

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

5(e) 

Sol: The procedure used in impulse invariant method is H(s)  h(t)  h(nT)  H(z) 

  

 
   tu2/tsin.e.2)t(h,

2/1
2

1
s

2/1
2sH 2/t

2
2

































  

     nTu
2

nT
sin.e.2nTh 2

nT













 

 T = 1sec,   







 

2

n
sin.e.2nh 2/n u(n) 

    
 

  22

0

1

0

1

0

n

zacosaz21

sinaz
nunsina








  

 
2

1
,ea 0

2

1




 

  
 

  


















2212/1

12/1

z.e2/1cosz.e21

2/1sin.z.e
2zH  

  
21

1

z2432.0z7497.01

z453.0
zH






  

 

 
6(a)(i) 

Sol: (a) Given T.F = 
)2s3(s

2


 

        = 













3

2
s

1

s

1
 

By applying Inverse Laplace Transform on both sides, we get 

Impulse response, c(t) = L
1

[TF] = L
1

 
 










3/2

11

SS
 

                                )t(ue1)t(c
t

3

2

















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Impulse response: 

 

 

 

 

 

 

 

Pole  Zero plot: 

 

 

 

 

 

 

 

The given system is bounded for any bounded input.  Therefore it is stable. 

(b) Given T.F. = 
 22 9s

s6


 

      The given transfer function can be written as 

 













9

3
..

2sds

d
FT ------(1) 

 

 If x (t)  sXTL .
 then 

tx(t)  sX
ds

dTL 
 .

 

By applying Inverse Laplace Transform on both sides, we get Impulse Response,  

c(t) = L
1

 [T.F] = L
1 

















 9s

3

ds

d
2  

c(t) = t sin3t u(t)     



















 tut
s

L 3sin
9

3
2

1  

 

 

C(t) 

 1 

0 (t) 

 3

2

  

 0 

 Img 

 real 
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Impulse Response: 

 

 

   

 

 

 

 

Pole  zero plot: 

 

 

 

 

 

 

 

The given system is unbounded as t  .   Therefore, it is unstable. 

 

 

6(a)(ii) 

 Sol: PID controller will have transfer function 

 Gc(s) = Kp + sK
s

K
D

I   

The combination of proportional control action, integral action and derivative control action is called 

PID control action 

Proportional controller stabilizes the gain but produces a steady state error.  The integral controller 

reduces (or) eliminates the steady state error.  The derivative controller reduces the rate of change of 

error. 

 

The derivative control acts on rate of change of error and not on the actual error signal.  The derivative 

control action is effective only during transient periods, so it doesn’t produce corrective measures for 

only constant error.  Hence derivative controller is never used alone. 

 

c(t) 

t 0 

   

 0 

 Img 

 Real 

 3j 

 +3j 
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6(a)(iii) 

Sol: (a) Effect of lead network: (Any 3 points)  

 BW increases, rise time and setting time decreases, transient response is improved (faster) 

 Steady state response is not affected. 

  Improves the stability i.e gain and phase margins are improved 

 Mr decreases 

 Noise is introduced 

 Effect of lag network: (Any 3 points) 

 Steady state response is improved 

 ge is reduced, BW decreases 

 Rise time increases, transient response becomes sluggish /slower 

 Signal to noise ratio is improved 

 Improves the value of zeta, phase and gain margins are improved 

 Mr decreases 

 

(b) Phase lead compensation increases bandwidth as rise time is decreased.  In phase lead controller, a 

zero is at right side of pole, to the forward path transfer function.  The  general effect is to add more 

damping to the closed loop system.  The rise time, setting times are reduced. So, given statement is 

wrong 

 

6(b) (i) 

Sol: Initial value theorem: 

 The initial value theorem enables us to calculate the initial value of a function x(t), i.e. x(0) directly 

from its transform X(s) without the need for finding the inverse transform of X(s). It states that  

         If    sXtx LT  

          then,      ssXLt0xtxLt
s0t 

  

Proof: Given,L[x(t)] = X(s) 

  we have, 
   

   


 








0

st 0xssXdte
dt

tdx

dt

tdx
L  

  Taking limit s   on both sides, we get  
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   

    0xssXLtdte
dt

tdx
Lt

dt

tdx
LLt

s
0

st

ss

























   

  i.e.    0xssXLt0
s




 

      ssXLt0x
s

  

       ssXLttxLt0x
s0t 

  

Final value Theorem 

 The final value theorem enables us to determine the final value of a function x(t), i.e. x() directly 

from its Laplace transform X(s) without the need for finding the inverse transform of X(s). It states 

that  

      If    sXtx LT  

      then       ssXLtxtxLt
0st 

  

Proof: Given,  L[x(t)] = X(s) 

    We have, 
   

   


 








0

st 0xssXdte
dt

tdx

dt

tdx
L  

   Taking the limit s  0 on both sides, we obtain 

  
 

    

















 0xssXLtdte

dt

tdx
Lt

0s
0

st

0s
 

 
 

    





 0xssXLtdt
dt

tdx

0s
0

 

           




 0xssXLttx

0s
0  

  i.e.            



  0xssXLt0xx
0s

 

    ssXLtx
0s

  

 

(ii) v(t) =  (t  2) [u(t)  u(t  2)] 

        =  t u(t) + 2 u(t) + (t  2) u(t  2) = 2 u(t)   r(t) +  r(t  2) 

 where  r(t) = t u(t) 
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6(c). 

Sol:  (i) The periodic waveform shown in Figure with period 2 is half of a sine wave with period 2.  

   
























2t;0

t0;tsinAt
2

2
sinAtsinA

tx  

  Now the fundamental period T = 2 

    Fundamental frequency  1
2

2

T

2
0 







  

    Let,   t0 = 0, t0 + T = T = 2 

       
 







2

0 0

T

0

0 tdtsinA
2

1
dttx

2

1
dttx

T

1
a  

            












 A

2

A2
0coscos

2

A
tcos

2

A
0  

           



A

a0
 

      





2

0

T

0

0n dtntcostx
2

2
dttncostx

T

2
a  

          








00

dtntcostsin
A

dtntcostsinA
1

 

                   
























 

00
n1

tn1cos

n1

tn1cos

2

A
dttn1sintn1sin

2

A
 

          
   






















n1

0cosn1cos

n1

0cosn1cos

2

A
 

            
   



































n1

11

n1

11

2

A
n11n

 

 For odd n, 0
n1

11

n1

11

2

A
a n 



















  

 For even n, 
 1n

A2

1n

2

1n

2

2

A

n1

11

n1

11

2

A
a

2n







































  

    
 1n

A2
a

2n


 (for even n) 
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          





2

0

T

0

0n dtntsintx
2

2
tdtnsintx

T

2
b  

            








00

dtntsintsin
A

dtntsintsinA
1

 

                






0

dtt1ncost1ncos
2

A
 

            
    






















01n

t1nsin

1n

t1nsin

2

A
 

 This is zero for all values of n except for n = 1 

                                               For n = 1,   



2

A
b1

 

 Therefore, the Trigonometric Fourier series is:  

                                            





1n

0n0n0 tnsinbtncosaatx  

                                              





1n

n10 ntcosatsinba  
 

ntcos
1n

A2
tsin

2

AA

evenn
2



 






  

                                          

(ii)  

  

Butterworth filter Chebyshev filter 

(1) The magnitude response of this filter 

decreases monotonically as the frequency  

increases form 0 to  

(1) The magnitude response of this filter 

exhibits ripples in PB (or) SB according to 

the type 

(2) The transition band is more in butterworth 

filter when compare to chebyshev filter. 

(2)The transition band is less in chebyshev 

filter when compare to butterworth filter. 

(3) Poles of this filter mapped onto circle in s-

plane. 

(3) Poles of this filter maps on to ellipse in s-

plane 

(4) For the same specifications  the number of poles in butterworth filter are more compared to 

chebyshev filter i.e order of chebyshev filter is less compared to butterworth. It is the greatest 

advantage of chebyshev filter because less number of components will be required to construct 

the filter. 
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7(a). 

Sol: x(n) = {1,1,1,1,0,0,0,0} 

   1Nto0ke)n(xkX
1N

0n

nk
N

2
j









 

     7to0kenxkX
7

0n

nk
8

2
j







 

 X(0) = 4 

 X(1) = 1 – j2.414 

 X(2) = 0 

 X(3) = 1 – j0.414 

 X(4) = 0 

 X(5) = 1 + j0.414 

 X(6) = 0 

 X(7) = 1 + j2.414 

 X(k) = {4, 1 – j2.414, 0, 1 – j0.414, 0, 1 + j0.414, 0 , 1 + j2.414} 

 Given, x1(n) = {1,0,0,0,0,1,1,1} 

           x1(n) = x((n + 3))8 

From circular shift in time domain property        kXe])mn(x[DFT
mk

N

2
j

N




  

        kXkXe3nxDFT 1
4

k
3j

8 



 

 X1(0) = X(0) = 4 

     413.2j1e.1X1X 4

3
j

1 



 

     0e.2X2X 2

3
j

1 



 

     414.0j1e.3X3X 4

9
j

1 



 

     0e.4X4X 3j

1    

     414.0j1e.5X5X 4

15
j

1 



 

     0e.6X6X 2

9
j

1 


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     413.2j1e.7X7X 4

21
j

1 



 

 X1(k) = {4, 1 + j2.413, 0, 1 + j0.414, 0, 1 – j0.414, 0, 1–j2.413} 

 Given x2(n) = {0, 0, 1, 1, 1, 1, 0, 0} 

 x2(n) = x((n–2)) 8  

   From circular shift in time domain property        kXe])mn(x[DFT
mk

N

2
j

N




  

    kXekX 2

k
j

2




  

 X2(0) = X(0) = 4 

     j414.2e.1X1X 2
j

2 




 

 X2(2) = 0 

 X2(3) = X(3) . 2

3
j

e




= 0.4141 + j 

 X2(4) = 0  

     j414.0e.5X5X 2

5
j

2 




 

 X2(6) = 0 

     j414.2e.7X7X 2

7
j

2 




 

 X2(k) = {4, –2.414 –j, 0, 0.414 + j, 0, 0.414 –j, 0, –2.414 + j} 

 

7(b). 

Sol: (i) The given block diagram is 

 

 

 

 

 

Step I:  Cascade the two series blocks 

 

 

 

 

+ + 
C(s) 

R(s) 

















s

1
1

s

1
 

1
s

1
  + + 

C(s) R(s) 1/s 
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Step II: Summing the overall parallel paths  

 

 

 

 

    Transfer function 
 
 

1
s

1

s

1

sR

sC
2

  

(ii)        

 

   

  

 

 

The No. of forward paths = 3 














 3322111 MMM
M

R

C K

KK

 

Forward path gains, 

M1 = G1 G2 G3 G6  1 = 10 = 1 

M2 = G1 G2 G4 G6  2 = 10 = 1 

M3 = G1 G2 G5 G6  3 = 10 = 1 

 Individual loops, 

L1 =  G1 H1 

L2 =  G1 G2 G3 H2 

L3 =  G1 G2 G4 H2 

L4 =  G1 G2 G5 H2 

Non  touching loops = None 

 = 1 (L1 + L2+ L3 + L4) 

25212421232111

652164216321

HGGGHGGGHGGGHG1

GGGGGGGGGGGG






R

C
 

 

 

 

 

C(s) R(s) 1
s

1

s

1
2

  

G4 

1 1 G1 2 4 3 
R 

G3 

G5 

5 1 6 G6 
C 

G2 

H1 

H2 
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7(c). 

Sol: Initial slope =  6 dB/octave 

i.e there is one pole at origin (or) one integral term portion of transfer function  

G(s) = 
S

K
 

 At  = 2 rad/sec, slope is changed to 0 dB/oct 

 change is slope = present slope  previous slope 

       0  ( 6) = 6dB/octave 

 There is a real zero at corner frequency 1 = 2 rad/sec 

   1 +sT1 =  
2

11
1

ss












 

At  = 10 rad/sec, slope is changed to  6dB/octave 

  Change in slope =  6  0 

       =  6dB/octave 

  There is a real pole at corner frequency, 2 = 10 rad/s 

   


























10
1

1

1

1

1

1

2

2
sssT



 

 At  = 50 rad/sec, slope is changed to   12 dB/octave  

  Change in slope =  12 (6) 

                   =  6 dB/octave 

  There is  a real pole at corner frequency 3 = 50 rad/sec 

   

50
1

1

1

1

1

1

3

3
sssT












 

 At   100 rad/sec, the slope changed to  6dB /octave. 

  Change in slope  =  6  (12) = 6dB/octave 

   There is a real zero at corner frequency 4 = 100 rad/sec 

  (1 + sT4) = 1 + 
100

1
4

ss



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 Hence, transfer function = 







































10
1

50
1

100
1

2
1

ss
S

ss
K

 

     = 
  

10

1
.

50

1
100

1
.

2

1

)10)(50(

1002





sss

ssK
 

     = 
  

 50)10(

10025.2





sss

ssK
 

 In the given bode plot, at  = 1 rad/sec 

 Magnitude = 20 dB 

      20 = 20 logK  20log 

   20 = 20log K 

    K = 0.1 

  Transfer function 
 
 

  
  5010

100225.0






sss

ss

sR

sC
 

 

8(a) 

Sol: (i) Given ,  
2atetx   

    The Fourier transform of the given signal is:  

                 dtedteeeFX tjattjatat 222












   

             dtee
2

2

a2/jata4 








  

                                   Let,  
a2

j
atp


  

                                       dtadp   

                                      







 dpe
a

e
X

2

2

p
a4/

 







 








dpe
a

e 2

2

p
a4/

  

                      
a4/2

e
a


  
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                                             a4/at 22

e
a

eF  
  or 

a4/FTat 22

e
a

e  
  

 (ii) Given, Gaussian modulated signal   tcosetx c

at 2

 








 





2

ee
e

tjtj
at

cc
2

 

            tjattjat c
2

c
2

eeFeeF
2

1
X

   

  By using frequency shifting property     0

FTtj
Xtxe.e.i 0 


.  

            We have,  

       
c

2
c

2 attjat eFeeF


   

         and    
c

2
c

2 attjat eFeeF


   

              







 





 a4/a4/
2

c
2

c e
a

e
a2

1
X  

  

8(b) 

Sol: Here the impulse response and input are:  

    h(t) = e
–2t

 u(t) = e
–2t      

t > 0 

    
            and  x(t) = e

–4t
 [u(t)–u(t–2)] = e

–4t
   0 < t < 2 

 The output of the circuit y(t) can be obtained by convolution of x(t) and h(t).  

             




 dthxth*txty  

 Writing x(t) and h(t) in terms of , we have 

    x() = e
–4

  0 <  < 2  

           and  h() = e
–2

   > 0 

 Figure shows the plots of x(), h() and h(–) w.r.t.  ‘’. 

  

 

 

 

 2 0  

1 
e

–4
 

x() 
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 The plots of x() and h(t – ) drawn on the same time axis are shown in Figure for t < 0. The plots do 

not overlap.  

 

 

 

 

 

 

For 0 < t < 2 

 Figure  shows the plots of x() and h(t – ) for 0 < t < 2 drawn on the same time axis.  

         Observe that there is an overlap between x() and h(t–) as shown by the shaded area only for 0 to t. 

 

  

 

 

 

 

0  

1 

e
–2

 

h() 

 

0  

1 

h(–) 

2 0  

1 
x() 

t 

h(t–) 

y(t) = 0   (for t < 0) 

Figure. Plots of x() and h(t–) for t < 0 

2 0  

1 
x() 

h(t–) 

Figure. Plots of x() and h(t–) when there is an overlap For 0 < t < 2 

t 

 

0  

1 

h(t–) 

t 
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We can write the convolution as: 

               




0 t

0

2

t

d0xdthxdth0ty      

t

0

dthx  

                

t

0

t24 dee   

t

0

2t2 dee   t2t2
t2

t2

t

0

2
t2 e1e

2

1

2

1e
e

2

e
e 





 























  

                t2t2 e1e
2

1
ty        (for 0 < t < 2) 

 For t > 2  

 Now, consider the case t > 2. For t > 2, the plots of x() and h(t – ) drawn on the same time axis are 

shown in Figure. In this figure, observe that x() and 

  h(t – ) overlap only for 0 < t < 2 as shown by the shaded area.  

 

  

 

 

 

 

 

Hence, we can write the convolution equation as:  

                




0 2

0

t

2

dth0dthxdth0ty  

           
    

2

0

2

0

2

0

2t2t24 deedeedthx  






























2

1e
e

2

e
e

4
t2

2

0

2
t2

 

        4t2 e1e
2

1     for t > 2 

 Thus, we obtained the convolution as follows:  

     

 






































2tfor;ee1
2

1

2t0for;ee1
2

1

0tfor;0

ty

t24

t2t2  

 

2 0  

1 
x() 

h(t–) 

Figure. Plots of x(), and h(t–) for t > 2 

t 

1 
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 This function is plotted in Figure. 

 

 

 

 

 

 

 

 At t = 2, the value of     009.0ee1
2

1
ty 44    

 In above  figure   we observe that y(t) increases from t = 0 to t = 2. It has the maximum value at  

         t = 2. The y(t) decays exponentially.  

 

8(c) 

Sol: Given specifications of digital filter are  

   707.0
1

1

2



  

   2.0
1

1

2



  

   ,
2

p


    

4

3
s


  

 

 

Step 1:  Convert digital filter specifications to analog filter specifications    

   707.0
1

1
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Step 2: Design normalized analog low pass filter 
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     = 4.898,   = 1 

    N  1.803        

Round off to next higher integer. So, N = 2 
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  The transfer function of N = 2 order with c = 1 rad/sec 
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Step 3: Convert normalized analog low pass filter to un-normalized analog low pass  filter using 

analog to analog frequency transformation. 
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Step 4: Convert above analog filter to digital filter using analog to digital frequency transformation 

i.e., bilinear transformation 
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