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(f) Exptain

(g )  Exp la rn

// t+i)='f'ginvll

briefly steps for

briefly MIT rule

(3  Houls)

compulsory ,
quest ions out  o f  remain ing
data i f  necessary.

d. :  (1)  Quest ion No.  I  is
(2) Answer any four
(3) Assunte suitable

t . Attempt any five cluestion :-

(a) For a given pole zero plot in S-plane Identify
draw the approximate phase Trajectories.

singular point and

j',)

(b) Explain Jump Resonance Phenomenon for soft spring case wlth

ch ar  ac ate r ISt Ics .

(c) Explain with justification why circular arcs are used to Plot Phase
trajectories in delta method (6-Method).

(d) Justify the following statement "Describing function is also called

as Harmonic IJinearization of Non-Lineariti es" '

(r:) With Sinusoidal input and Non-Iinear elenent characterrstrcs

shows. draw the output wave form.
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2. (a)  Der ive the descr ib ing

/

Slolt 
--o

(.b) Consider a NorL-linear system given by-

- ' i :  Z t  Z  z  : = L '
qI

Show that tlle system can be separated in to one linear and one non-linear
part as shown in figr.rre below. Determine Transfer func:tion G(s).

A S S U r I 1 e  Z ( r J )  1 -  L l L ) ) . .  U .

AIso calculate descrtb ing f  rnct ion of  f (y)  = ly3.  And Est imi- te.

The l requencv and ampi i tud:  of  possib le l imi t  cycle.

3. (a) Construct phase Trajectory starting at initial point (x(0) =1;  * (0)=0) ,

Use deltafor  the non- l inear system descr ibed by i i+2*+xe=0.
Method.

(b) Consider a Simple Harmonic Motion given by-

a2*
_-+w:X=U
dtz

Obtain the phase trajectory using Isochine method. (Assume suitable
value of wo).

I
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Consider a Non-linear system shown in figure with saturating amphfier I 0
having gain 'K' for  a system to stay stable.  What woutd be the
trequency and amputude, mahrre of the limit cycle for gain K = g ?

1

pcfrt)(t+li

Q4'

(b) Using Second Method of tiapunov, examine the stability of the System
grven by-

,  I  - 21
x Ax whereA , l  -  

" l

5. (a) tbr the system girrerr below fincl all equilibrium points and d.etermine
type of  each iso la ted equi l ibr ium points .

( i )  x ,  x3 r  xr ;  i ,  =  x ,  x3

(ii) ir, = x, (2 - xr); !<" = Zx1 -""

(b) A plant is described by_

i t  = ,  x l  X2+X3+u

iz=* '

*a . . *c ,  where  u  =  X l  -  X3  -  12  x ,  +  x3)3

Show that x = 0 is globally Asymptotically stable equilibrium point.

" l ^ lUse V(x) . *i - :Z rr1 

" 

x! - x,- x ,

l0

6. 1a) Examine thc stab ity at
'given below :-

origin using lGasovskii's Method for a system l0

ir+ xr, x2 = 4x, 2x" + x3"

(b) Using variable gradient Method. construct a suitable Lriapunov function I0
for  a system given below:_

10

10

Sroinr-\

i r=  xr  + 4x i ;  *z=-2xz
--p
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?. (a) Explain clifferent schemes of Adaptive Control Systenrs !.

(b)  Consider  a  un i ty  ieedback system wi th  P lant  Transfe l  fu l lc t ion

Detemine whether  the sys tem is  s tab le  for  these uncer ta in
' lo-ef f ic ients .

G(s)  =

where- -  ,1  : .a16
.25b<3

I<c<4
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