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1. Obtain the state model of the mechanical system shown in Figure 1. Also obtain

the transfer function matrix [16]
—— B B2
e A
M4 M >
K1 K2
B/ P Y,
Figure 1
2. Consider the system
. -1 0 1 0
X = 1 -2 0 X —-(0|U
0 0 -3 1
and output

y=[110]X
Transform the system into

(a) controllable canonical form and

(b) observable canonical form. [8+8]

3. Define describing function. Explain the signifances of describing function analysis.

[16]

4. What is a singular point? Classify the different types of singular points by giving
the phase portrait. [16]

5. Consider the systen shown in figure5. The non-linear function is replaced by the
linear function ¢(e)=Ke. Find the restriction on the parameter K to guarantee

system stability. Use the Lyapunov‘s direct method. [16]
I 8 u 1 v
I I (+1)3 >
Figure 5
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6. Consider the system with

010 0 0
al320| s=[1 0| eo]tz o]
1 11 0 1
into equivalent observables comparsion form. [16]

7. (a) The functional given by
ty

J(z) = [(2z+ 34?) dt
1
z(l) = 2, z(ty) = 2, t; >1 is free.
Final the extremals.
(b) Discuss the application of Euler-Lagrange equation and derive the equation.
[8+48]
8. (a) Explain formulation of the optimal control problem.

(b) Explain formulation of the optimal control problem for the minimum-time
problem. [8+8]
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1. A feedback system is characterized by the closed loop transfer function

T( ) _ _ 8243543

S) = s34252+3s+1

Construct a state model for this system and also give the block diagram represen-
tation for the same. [16]

2. (a) Determine the state controllability for the system represented by the state
equation.

]l AT o)

(b) Explain the different tests for controllability used for continuous time systems.
[8+8]

3. What are the different types of non-linearities. Explain each of them in detail. [16]

4. Determine the type of singularity for each of the following differential equations.
Also locate the singular points on the phase plane & 4 3% + 2z = 0. Draw the phase
trajectory. [16]

5. Determine the stability of the origin of the following system

i‘lzl‘l—Ql’Q—l‘:{)

16
jIQZI1+ZE2—I§ [ ]

6. Find a controlleble system prove that

fu ) dt, > fu u(t).dt, where up,41) be any control that transfers the
to
state X(t ) to the state x! at time t;, with necessary conditions required under

minimum energy control of continuoustime system. [16]

7. Show that/ the extremal for the functional
/8

J(z) = [ (2% —2?) dt

0
which satisfies the boundary conditions
z(0) =0, z(7/8) =1. [16]

8. Consider the system
i’l = Zo + Uy,
T2 = (5)
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Find the optimal control u*(¢) for the functional
4

J =3 [(uf+u3)dt
0

Given : z1(0) = x2(0) =1; z1(4) =0.
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1. A feedback system is characterized by the closed loop transfer function

T( ) _ _ 8243543

S) = s34252+3s+1

Construct a state model for this system and also give the block diagram represen-
tation for the same. [16]

2. Block diagram representation of a linear time-invariant system is given in figure 2.
Verity its complete controllable and observable conditions. [16]

g+1 J

23
! 1 M ™
843

¥

w| 6a

Figure 2

3. What is backlash? Derive the describing function of a backlash non-linearity. [16]

4. Determine the type of singularity for each of the following differential equations.
Also locate the singular points on the phase plane Z + 3% + 2x = 0. Draw the phase

trajectory. [16]
5. Determine the stability of the origin of the following system.

Zi’l = —331+332—|-.CE:1)’

.fi,'Q = —x1 + 29+ SC% [16]

6. (a) For a multi-input syste explain pole placement by state feedback.
(b) Discuss “Extra Degree of freedon” for the single input and multi-input system
pole-placement by state feedback. [8+8]
7. (a) Derive Euler-Language equation.

(b) Find the curve with minimum arc length between the point x(0)=1 and the
line Ty=4. [8+8]
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8. Consider a system described by the equation
i(t) = f(x) + F(z)u(t)
where f(x) and the n x p matrix F(x) may be non linear. Use the Maximum
Principle to show that it is necessary to use a Bang-Bang Controller to obtain the
minimum - time response for this system if the input variables wu;(t); i=1,2 ........... p
are constrained to a magnitude of less than a constant M. [16]
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1. For the system shown in Figure 1, choose v;(t) and vy(t) as state variables and
obtain the state variable representation. The parameters of the system are given
as R=1M(2; C=1pF. Find the state transition matrix. [16]

R Y20 R V()

Vit e TE
L 1.

Figure 1

2. (a) What is Duality property? State and Prove Principle of Duality.
(b) Define observability and controllability. Explain about Kalman’s Test of con-
trollability and observability. [8+8]
3. What are the different types of non-linearities. Explain each of them in detail. [16]

4. Linear second order servo is described by the equation € + 27w, é +w2e = 0, where
7=0.15, w, = 1 rad/sec e(0)=1.5 and é(0) = 0. Determine the singular point.
Construct the phase trajectory, using the method of isoclines. [16]

5. For the system
0 1
x_{ oL } X
Find suitable Lypnunov function V(x). Find an upper bound on time that it takes
the system to get from the initial condition

x(0) = [ i } to within the area defined by 2% + 23 = 0.1 [16]

6. Consider the system with

1 00 11
A= 0 2 0| B=]10
00 3 11
Obtain equivalent system in controllable companion form. [16]
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7. Let f(x)=-x;x2 and let g(x)=z7 + 22 — 1. What are the potential candidates for

minimize of f subject to the constraint g=07

Show that the points <\/i§, \%) and (_\/Li’ —\%) actually proride the minima. [16]

. Formulate the two point boundary -value problem which when solved, yields the
optimal control u*(¢) for the system
T = T3
i’Q = l’1+<1—x%) To+ U
0)=[1 0]

x [1

2

J =1 [(22} 4 23 +u?) dt
0

when

(a) u(t) is not bounded and
(b) Ju(?)] < 1.0 [8+8]
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