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SECTION-A (5 Marks)
Answer ALL questions

ALL questions carry EQUAL marks (5x1=5)

Let X be a real Banach space, M c X a nonempty closed bounded convex subset and
F:M — M be compact. Then F has a fixed point. This is a statement of

(i) Leray-Schauder Theorem (ii) Banach fixed point theorem
(iii) Brouwer fixed point theorem (iv) Schauder theorem

If rank B=n, then the system x = Ax + Bu is ----

(i) stable (ii) unstable

(iii) controllable (iv) completely controllable

The stability of the system % = Ax, when A = [(2) _(')2] is

(i) unstable . (ii) stable
(iii) asymptotically stable (iv) none of these
The pair (H, A) is detectable if and only if the pair (4%, —H*) is ----
(i) stabilizable ' (ii) controllable
(iii) asymptotically stable (iv) unstable
When will you say that the extremum of Hamiltonian to be minimum with respect to u(t)
(1)  (Hy)mxm is positive definite (1)) (Hyw)mxm 1s positive definite
(iii) (Hyy)mxm is negative definite (iv) (Hy)mxm is negative definite
SECTION - B (15 Marks)
Answer ALL Questions »
ALL Questions Carry EQUAL Marks (5x3=195)

‘ . . _ (1 1 _(1
a Solve the~1n1t1a1 value problem X = (0 1) x,x(0) = ( 1).
OR .
b The observed linear system x = A(t)x,y(t) = H(t)x(t) is observable on
[0,T]if there are distinct points sy, S, .., sx€[0, T] such that -
: H(s1)X(51,0)
TankV(Sl, 52,4 Sk, O) =n, where V(Sl, 2.+ Sk O) — H(SZ)}:((SZn 0) .
H(sy)X(sy. 0)

a The system x = A(t)x + B(t)u , xeR™,ueR™ and A(t) and B(t) are
n X nandn X m continuous matrices on [0, T] respectively is controllable
on [0, T] if and only if controllability Grammian

M(0,T) = f, X(T,)B(t)B*()X"(T, t)dt is positive definite.

OR '
b Consider the system governed by the equations
x’l = —3x1 "2x2 +uq; x'z =x:1+u2.
a If all the characteristic roots of A have negative real parts and B(t) satisfies

the condition lim;_,o, || B()[| = 0 then prove that all the solutions of the
system X = Ax + B(t)x tend to zero as t — .

OR
b Determine the stability or instability of the system X = Ax when
-1 0 0
A= [-—2 -1 2
-3 -2 -1
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The pair (4 + BK, B) is controllable if and only if the pair (A,B)is
controllable.
’ OR

'The time invariant system % = A(t)x + B(t)u , xeR™,ueR™ is controllable
if and only if there exist m X n matrices Kj, K, for which the matrix
[ — e~ (A+BKaTo(A+BKIT ig invertible.

Ifu(t) = —RI(t)B*(t)K(t)x(t) then prove J attairls a local minimum.
OR :

If x(t) and p(t) are the solutions of the canonical equations

* Eg - [ _Aq(g) _‘j,,((tt))] Egg] and if p(£) = K(£)x(t) for all te[0,T]
and all  x(t), then prove K(t) must satisfies the equation
K (t) + KA + A" (K@) — K (t)S(t)K ®+Q)=0.

SECTION -C (30 Marks)
Answer ALL questions

ALL questions carry EQUAL Marks | 5x6= ‘30)

Solve the initial value problem

10 0 0 0 | .
x(t) = [2 1 —2] x(t) + [ 0 },x(O) =‘[1], x(t) = (x1(£), %2 (£), x3(8))".
3 2 1 eO‘ 1{os 2t 1

Let A(t) be an n X n matrix that is continuous on a closed bounded
interval J and let feL%(J). Given ty&] and xoeR™ there exists a unique
solution x(t) of X(t) = A)t)x(t) + f(t) on the interval J with x(ty) = xq.

Assume that the continuous function f satisfies the condition

Irexawl
I

- Uniformly for tel. If system x = A(t)x + B(t)u is completely controllable,
then prove the system x(t) = A(t)x(t) + B(t)u(t) + f(¢, x(t) u(t) is
- completely controllable. .

OR
Verify the controllability of the system
e : 1021
%, = —x; + x; + (cost)uy + (sint)u, + rresreren i
Ve — . ‘; . _______XZ J
%y = —x1 — X + (cost)u, — (sint)uy + Trrinite

~ State and prove Gronwall’s Inequallty
' OR

Suppose that the function ===~ !Tl( ") is a continuous function of x which tends to

- zero for x=0. Then the solution x(t) = 0 of X = = Ax + g(x) is
asymptotlcally stable if the solution x(t) = 0 of the linearized equation
x = Ax is asymptotically stable.

If the system % = A(t)x + B(t)u, xeR™,ueR™ is controllable, then prove it is
stablhzable
OR
Let C(A,B) have dimension k < n and let P be any nonsingular matrix such that
the vectors in its first k rows py, pa,.. Py form a basis for C(A,B). Then verify the
change of variable x = Py carries into y = Ay + Bu which has decomposition

Bll ﬁ)l ﬁ;“ ] [Bi] u.  Moreover, | thé k-dlmenSIOnal system

V= A1y, + Bjuis controllable
Find the optlmal control u for the nonlinear scalar system
X = --x +u+ —tan‘ix with cost functional | = -f [2x2 + u?]dt.

OR
Find the,optlmal control u for the second order system %, (t) = x,(t); X2(t) = u(t)
with cost functional functlonal

J =323 + 23] +5 L2 [exd(®) + 430 + 2 (D%2(8) +5 Lu2(p)] dt.
| Z-7-Z END |



