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Read before you start:

e There are four questions.

e The examination is open-book.

e No computer/calculator is allowed.

The duration of the examination is 150 minutes.
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Besides correctness, the CLARITY of your presentation will also be graded.
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Q1.

Consider the second-order system below.
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For each of the following cases using the storage function candidate V(z) =

&I —ar;
—:si’ —bry +u
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(2§ + 222)/4 de-

termine whether the system is lossless, output strictly passive, or strictly passive. Moreover,
investigate the stability properties of the origin of the unforced (u = 0) system.

a) When a =0 and b = 0.
b) When a =0 and b > 0.
c¢) Whena >0 and b > 0.

¢4
RS RARE LS (7 is pes. dlet.)
,E}{r_ v{'si, XX
s x13(yz_ax1) +x, (-X, - by, 4\3)
ey t
- L Xz b ¥,V
) == L L:-o
T = %o = 03 =5 \;gs‘le%%i
=D w> \‘r O

=5 4ne orig-f\,« s Sole Lok

not o8- stakle .,

=% the oaly olotes el (ae ﬁed

idud{caﬂa w Ae 324 {\}' :0) s e
hejuint Wlofe~  xl+) =0, @J nua-t Date
pri=uple SSE

MW, AT s cad. iabomded. Haw fe

stabkle |

e m—i&w\ s

;Qr ;&’M S GAS.
| c)

2% & L¥D

. Y 2 2
| N7 = ~ BBy 4 Ué L) Vi) := S

- Px) au:j

WV is oS <tef . =D S—%r',ccﬂa PaSEn‘\'Q

1

i
|
|

|
|
|
V=0 =) \'r :—-—qu)<)

e Qrigqv» s

\[ IS nee. def.
i i .

k)

s rod. uebouded

\T = -532 +ug =) ouipdt girietiy Paw\'ﬂ%

pem =5 U ==by

Nl nef semt ok =% e gm0
clale . Moo dwt %Y ’5’}3]“““"“3 ?

\r e = #=0

Littzo = WWzo = xil=zo




Q2.
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Consider the below second-order systems.

F = €T
System (1) : { @5 = —23 4
1 = T2

Let u = [u3 ug]” and y = [y y2)7 and z = [z1

T3 = T4
System (2) : { @4 = —z34up
Y2 = @4

z2 3 z4)7. Suppose we couple these systems by

letting u = —Qy + v, where Q is a symmetric positive definite matrix.

a) Show that the map from v to y is finite-gain £y stable. What is the gain?

b) Show that when v = 0 the origin z = 0 is globally asymptotically stable.
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Qs.
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Consider the Henon map
oy
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= b.’L‘l

h(z)

where a and b are nonzero constants. For this system find the observer dynamics 2+ = g9z, y)
by applying Glad’s method for each of the below cases.

a) When h(z) = z;.
b) When h(z) = zs.
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Q4.

Let
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A

= oy
1 2

a) Determine the stability properties of the origin of the system z T = Az.

b) Find a symmetric positive definite matrix P satisfying the discrete-time Lyapunov equation
ATPA - P+ I =0. Hint: What is A%?

c) Show that the origin of the system zT = Az + €l|lz|| B, where B € R?*! is a constant
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