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FEDERAL UNIVERSITY
L UNIVE v\.\n) OF PETROLEUM RESOURCES, EFFURUN
b COLLEGE OF SCIENCE
DEPARTMENT OF MATHEMATICS

SECOND SEMESTER EXAMINATION 202012021
Course Code/Title: MTH 424 —System Theory

Instructions: Answer any 4 questions. Time Allowed: 2" Hours NOTE: 30 Marks for C.A
« a2 S, H HR arks 101 &

Question 1

a. Define F ivative \ |
fﬁ 5 Frechet derivative i a normed linear spaces. Find the Frechet derivative of g(x) = xy + x* at the point X
with increment h, where x € (x,y), h = (hy, hy) (4 nm'l:w

h. X - B e » oY o . . p . . . .
L(:‘ x=F(x, Q.b- a sy 51'~l.-1 of differential equation. When is the system said to be (i) autonamaous (ii) non-
autonomous (i) slablg (iv) unstable. Define critical point denoted by x;. When is the critical point x; said to be
(i) stable (ii) asymptotically stable (iii) quasi-asympttically (7 marks)
o )

Express the following differential equations as a system of first order d:erential equations in matrix form: (i)

y+ay=0, y0)=yg (O =y, Gy+y=0 y(0) = Yo J(0)'=y;, (6 marks)
Question 2
4. Define a controllable space (3 > marks)
b.  Show that the controllability space function of the system y=Ay(t)+ f?xlif), y(0) = yg is a linear subspace
ot R, n=1. (8marks)

¢. Define absolutely continuous function which satisfies y = Ay(t) + Bx(t). ¥(0) = Yp. State when this system
is said to be controllable (6 marks)

Question 3

2. Define the norm function (}].|]). Prove that ||xl| = (1%, + |x)? 4 |x,/4)7 is a norm (Gmarks)
4. What do vou understand by the term noimed linear space? Give an example of this space (Gmarks)
¢. Define the following terms in a normed linear space (i) Compactness (ii) Reiative compaciness (iti) compleieness

(iv) Denseiiess (5 £ marks)

Question 4
2 Letx = f(t,x)beasysieme
is defined forall t > 7.

32 - Al N 0 3 . : x Ay
1. if the conditions above are catisfied. then when is the sojution x(t,tg, ) said to be asy mpiotically conditicnally

£ diferential equations where f is continuous on the domain D and the seluion x(t)

Then staie the Lyapunov ctability conditions {6 marks)

stable in the sense of Lyapunov? (3 % marks)
¢. Investigate the stability of the fallowing systems in ihe sense of Lyapunov: (ht=0 (i)x= X (ixk=1- x2

(8 marks)

Cuestion 3

a. Define (i) the Jacebian matrix of a continuous vector valued function dzfined on a subser S of R™ i) The Hessian
matrix of 2 continuous vector v alued function defined on a subset S of R (dmarks)

b Consider the function F = (f, g, i, ). where flx,y.2) = 2432422 g, y,2) = xsinv+cos2, n(x,y.z) =

(x + y)sinz and u(x,v,z) = (v + z) + cosxy. Then find the Jacobian mawix (6 rarks)

. Find the Hessian metrix of the fur

semi definite (i) negative de fini

tion abave, When is the Hessian mair said to () positive definiie (ii) positive

2 (iv) negative semi definite (7 %2 marks)

Quesiinn 6
a. D;ﬁt\u:\i,?\n-:‘nclric matrix 1ii)l‘u::‘.i\cnmlri.\‘ (i) non-negative matrix (2 marks)
b, Leta=Ax, x(C) = x,x € R". Consider v ==< x,Cx >, show that PA = 4Tp 4+ C =0 (7marks)
;

2 \ ¢ 57 : ' FIP
' by andl=( : \\) “Then find P and C. What conditions would be placed ¢ v
0 =3 \0 1)

¢. Given thal :( 3

S WO : o erable? (7 Y maik
and C for the origin of tee gnwn linear sysiem to be asympiotically stabie. L77 marks)
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Ne:s An

1 que Time Allowed: 2" Hot NOTE: 50 M
\ on |
I
Ded
Frech derivatiy N anor {
with i | ar sj Find the Frechet d I ’
rement n, wh e x ¢ Y A ( }
| ot ] ' \ ) |
(x, ) ¢ 4
‘ € sVsiem of ¢ Herenti "“\ | Wher th | 7
0Om ( tnal . ‘
1) stabl . A (V) unstabl Define critical int denoted | ' l l
( ble (ii) - e 1 » ) - ‘ ‘ »
c. Expr : V symptotically stable (i) quasi Isymptotically marks)
ess the 1 ‘ - ‘
the f¢ Hw\\lnvj differential e 121} fi :
" jn2hons as a systeg first order ditfer lal equatio I IES a
Y+ay=0 v 1) 3
o y(0) =, vO) =y, (i) 4 0, y(0) ) Y1 (0 marks)
Question 2
1 Define a o
eihne a controllable Spact (3 marks)
- ( marks
h. <4
10w that the trollability s
’ i controllability space function of the system ¥ = Ay(t) + Ba(r) (0) = yg is a linear subspace
otk n>1 (8marks)
C. Define absolutely co i
ine absolutely continuous function which sausties ¥ = Ay(t) + Bx(i),  ¥(0) = y,. State when this system

1S caid to be controllable (6 marks)

Question 3

a Define the norm functi (1 N v "
wEn { Ullun‘n\,\u‘, rrove that |Ix!l = (1. | . 12
_— it ||x|| (1x4] + |x0° + ..

the term normed liveas

- |xp[7)7 15 a norm (Gmarks)

hat do
1at do vou understand by o . .
! derstand by space? Give an examiple of this space  (Gmarks)

¢. Define the following terms i

med linear space (1) Con 1pactness (1) Relative compacines (in) comipieteness
(V) Denseiess (3

Question 4

f be a sysiens of differentia) equations where f is contii,uous on the demain D and the solution x{t)

S ed { Nt hen <t R . y
is defined It > 1. Then stzie the Lyapunov ¢ y conditions {6 marks)
1 the condimons above are satisfied. ¢ when 1< the solut ;,.;..-(:‘[ 1 XYY said to be asympiotically conditicnal!
stable in the sense of Lyapunoy (3 £ marks

C the yo OHawing sysiems in the sense of Lyapunov: (Y2 =0 Gi) ¥ = x% (il ¥ = 1 — x

(8 marks
Cuestien 3

a. Define (1) the lacebian matmix of a coniinuous vector valued function d=fincd on ¢
n x of 2 continuous vector valued function define a subset S of R7 )

b, Consider the function F = {f, g, h, w). where f(x, v, 2) = xsinv + cos z, a(x, y,z) =
( + ) ¢ andu(x, v, z (v + ) 4+ (¢ V. Then fi (¢

¢. Find the Hessian matrix of the bove. When i< the Hessig ) to (1) positive detiniie (ii) positive

emi de e () nega def \ e semi d i
i‘inlkll (B

a. Define (i) Symmetric matriy (i) Postive matrix (i) non-negative matsix (3 m

b Le (0 = x. x (¢ Jer v = x,Crx >, showthat PA+ AP+ ( 7 marks

¢. Given thal J = lx  andl = . )- Then find P and C. What conditions would be placed o §
and C for the origin of the giv line vsiem 1o be asymptotically stabie (7 narks)

= — L ~~— — ——— -

by Renance 5
renance.app ¢ Download Renance on Google Play



