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2 Answer ALL‘qﬁestlons e
ALL questlons Acarry EQUAL marks (10 x, 1 = '0)

iy 2 The norm of a contmuou
o 1s deﬁned by N
o (1)"D(t)ﬂ = maxz max[d,, (t)|

(l)det[X(t)] exp[j“ Tr[A(s)]ds]_::‘
| .(111) det[X(t)] exp[j [A(s)]ds]

g.,(l)stablhty :
*s(lu) umform stablhty

The solutlonv 'qb'(t) is called SR
such that: x(t) ¢(t) - 0 as t-- 0 whenever le(O) q’)(O)ll < .
iunstable . - LA (i) asymptotlcally stable

(ni)umformly "stable (1v) stable

.The hnear nme mvanant control.system X = A
Canm Xn matrix K’ such that A + BK isa stablhty matrlx ,

(i) closed loop- system - . - (ii) open loop syste

i ;(111) controllable' : "’(iV)_ ;stabl-hzeb_l:e

8. A system i= Ax + Ou w1th A stablhty mamx but clearly not E
(). observable o - @) stabilify - - o
'-_1(1‘11) controllable o ’ *(1v) stablhzable




_f('n) u(t) = R l(t)B*(t)K(t)x o
(lv)u(t) R 1(3)B(t)K(t)x(t) U

- (n)‘unstable
'»(1v) stablhzable

‘,(t)'= H (t)x(t) 1s observable on [O T]

': ; 12 a Prove that the system x= A(t)x + B(t)u is controllable on [O 'I‘] 1f and only 1f .
o ,:,,A,;for each. vector x1 Rn_.vthere 1s aeontrol u e L2 [0 T] Whlch steers Oto .x:l S

S durmg (Y

i R
d4x’ d‘x d3x

‘_b _'\fenfy the controllablhty of the system W + d t3 + EEE + e + x = 0 andy =X..

13a State and prove Gronwall’s Inequahty._»v f

o dlmen31onsm x‘ n and n x r respeetlyely seeh thet the matnx L H : A + B k L H

's--a ,stabili ' matnx



Cont... '_ ‘.

R T Prove that the constant coefﬁc:ent system %= Ax and y Hx is observable on.

S an arbltrary mterval [0 T] 1ﬂ' for some k, O < k <n the rank of the observablhty

15 -,,Prove that the system %= A(t)x + B(t)u ;s controllable on [0 T] 1f and only 1f

G 'ifdeﬁmte i

~u) hm _r Tr[A(s)]ds > —oo, Then prove that all the solutlons of x A(t)x + B(t)x o -
arebounded B T

R 19 Consuier the 1nvert1ble pendulum whose lmeanzed equatlon Of mO'ﬂOn take the i

e ‘forrn‘ x + x= u Show that the glven system 1s stablllzableby usmg Bass s Method .

L ‘thecontrollablhty grammlanM (0 T) f X (T t)B(t)B*(t)X *(T t)dt is pOSlthC :

0 Fmd the optlmal control for the ﬁrst order system x(t) x(t) + u, x (0) = xo SR

S .;':,; and the cost functlonal J _{ [3x2(t)+ ”’-(t)]dt




