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SECTION - A
Answer all the questions.

b The fixed points of the operator px=x- are .
@ 0.1 (i) 1.2 (iii) 0.2. (iv) 1.3 (n

2) The nxr matrix function R(t) defined on [O.T] is a reconstruction Kernel if-
and only if =] (nxn identity matrix).
T T
(@) |R(OHG (i1) l R{)X(typ)dt
8 0 (1)

-
¥

(111} IR(t)H(t)gx(tw)dt ' {iv) None
A ]

3) The controllability Grammian matrix is M(0.T)=
S 1 T ;
_ (i) JX(T ,DB()dt - (1D JX(T,t)B(t)B“(t).‘-{'(l':t)dtdt
: o (1
4

3.
(i) [X*(T.0B*®)dt (iv) [X*T.0BM®

9 If .then the system x = Ax +Bu is controllable.

(i) rankB=n  (ii) rankB<n (i) rankB>n (iv) rankB=0 (1)

5 . : :
) . The system x = Ax is stable if all the eigenvalues of A have _ real parts.

(1) positive - (ii) negative (111) no (iv) none ()

6 ‘ ' : :

: Let X(t) be a fundamental matrix of x = A(t)x(t). Then the system is

~ ifand only if there exists a constant k>0 with |x(t) <k, te]. )
(i) Stable (i1) Unstable
(iii) Uniformly stable (iv) Asymptotically Stable
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14)

" [OR]
b)

15)

[OR]

Answer all the questions.

16)

a)

{GR]
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Consider the differential equations &%
£ : dt
Show that the solution of the above system is asymptotically stable.

Prove that the pair (A= BK. B) is controllable if and only if the pair (AB) is
. controllable.

Prove that C(AB) is the invariant subspace of the matrix A

-

;(t)' Aly  ~s(t)- “I(t) =
g J -QD) ~A*(®)] Lp()J g0 ’fP(*J K(t)x(t) for all'te[0, T] and all

x{t)_. then proxe that K(t) - must sat1sfv the equation
KA + A * (WK -KOSOK® + Q(t) =0. where S(t)=B(t) R-i(1) B¥(1).

kIf K(t) is  the ~ solution : of  the Ricatti _equation
I&(t)-t- k{t) A(,t) +A *(OK(t) - K®)S(OK(t) + Q) =0 and if K(T) F.then K(1)

~ is symmetric for all 1t<[0.7T). that is. K(1)=K*(t).

SECTION - C

Let A be a nxn matiix that is continuous on a closed bounded interv al Tand
let f=L°(J). Given t;el and "{ch“‘ Prove that there exists a unique

- solution x(t) of x(t) = A(t)x(t) ~f(t) on the interval J with x(ty)=x,.

»

Prove that the constant coefficient system x = Ax and v=HX is obser\ able on

~ an arbitrary interval [0, T] is and only if for some k. O{k_n the rank of he

H .
e : | HA
observability matrix rank, = |=n.

P\HAK'l

Determme the control funcnon for the controlled harmonic oscillator
[ % I
,{,

¥ +x =u which steers from . | to

Assume that the continuous function f satisfies the condition

3 t—(;i-)l)—gzo uniformly for tel If 'n-c(t);A(t)x'(t)+B(t)u(t)iS
20— f‘x,u j[ . - " ot

ccompletely . controllable. ~ then  prove that the system

X(t) = A(x)x(B)+ B(tu(t) +f(t. x,u) is completely controllable.
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If x(t)r and p(t) are the soluﬁons' of the can'onical equations
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(8)

(8)

(8)

(8)
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18) -
Let x(1.s) be the fundamental matrix of x(t) A{t)x(t). Prove that this
system is umformh stable if and onh if there exist a constant k>0 such that (8)
a) x(ts)li<k, 0<:s<t<:x: - '
[OR] If all the characteristic roots of A have negative real parts and B(t) satisfies
b) . fm |B(t)=0. then prove that all -the solutions of the system ®
t—m - i % -
r‘;(t) = A()x(t)+B(t)x(t) tends to zero as't—x.
19) Suppose there are mxn matrices k1 and k; such that (A-BK;) and (A-BK:)
are stability matrices. Theén prove that the system x=Ax+Bu is (8)
controllable.
a)
][J?R] Prove that the control problem x(0)=x,. x(T)=x, for the system x = Ax +Bu
- is solvable if and only if x,-e*Tx;eC(A.B). (8)
20) Consider the controllable system %,(t) =x,(t) and x,(t) =u(t) with the cost
JAM A 21 et - ‘ '
) functional] =— | X1 (0)+2bx,()x (1) +ax (1) +u'(t)]dt: where we assume (g,
2 2! . . ,

that a-b>>0. Find the optimal centrol.

[OR] For the continuous nonlinear system x‘:(t)—A(t)’x(t)+B(t)u(t)+f(t x(t)) with

b)
quadratic performance criteria J = — x *(DEFx(t)+-= | [x *()QM)x(t) +u* (t)R(t)u(t)}it
Prove that the optimal control exists if [[f(t.x)-f(t.y)/<alx-v] \\here a’ is a positive
‘constant and is given by u(x(t).t)= RYOBH*OK(DX(t)-R L(t)}?f“(t)]a(t x) where K(1)
, sansﬁes the Ricatti equation K+ KMA® + A * (OK@®) - KO)SHK() + Qt) = 0
and hi(t.x) = ~JA * () - KMBOR " (©B * (1) h(tx)-KOF(tx(t)]. h(Tx)=0.
----- End-----
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