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23 attempts, Average mark 12/20, Maximum 18, Minimum 1. Tl i

-~ Anumber of candidates got mixed up between the structured singular value and the ordinary

singular value of a matrix, which meant they failed to make progress with (a) and (b)(iv). In i
] (b)(i) several candidates forgot that matrices don't commute. Generally parts (b)(ii) and (i)

were well done.



| (] il
N R G
==
;H‘i) 3 RS ... 5 PRI WL BT S IR, S \/’Q\
N O AR B S D
o) N\, ¢/ ol i
= B = e :/ N+ ¥
R R B T L TN el U,
_ T B e
R \L 6 T/\u

T e 0 Y

T gl Bee all utreduned) B wlbn B[l €]

e R |
s na R

s Rere He blsch c”/\r\wd\u{ s Tt 01— LO /APl

WJ/L\ AP kk‘;"f\f‘vkt"‘v\r\ea(




Ze)\)

-+
Oc—
4y

TZ\( f*((ti.[:a(gé S(;js""ﬁw b 0({‘?;“.,&&( £ be |‘u"]\€r.,m[(.) s'/\n5(a 1\.’(1 q((
’hfm\y ?U’ V~F\AV\Q'B‘\]’V\§ 'ilwx Via A’ and 0()_ +o <i;e1 )47' dlw( Y, arc i ’H’U ‘

hkmd 37\’\»&[:”\) '\5‘@7“'}‘"“(6"‘\(‘ G e
((R-kE) KQO-6k) >

Eok y‘ 2
i, L 6 (016 (1-6k)'
Jefng fn My .
Jy Sappue (1Gkll, < L Then
€ (2-Gk) % L~e(Gk) > 0 Loall swit Le(s)ro

;'_> K(l - G"/(\h‘ C.;'f‘n‘S\'i\g
. ~j " ~) A

= Gk(i~5?k) k(1-Gk) y (2-6K G ol shlle

1 + V\(To&k)ﬁé 3 f’}‘q‘)(ﬂ

S (T -kg) =

"[\c (ag2 of l\l(,,&,l[m <l & similar
0] {‘)Q ‘6[\( 5‘;‘«5‘24(4r ‘v*:-\(vlcs aF M

m (
) Lot O % &, - 20,3
TZ\U« O“LL 'S am {f‘jekva{ue ¢F,NﬁM 2nd MMT f\c‘, »:\bv) AP P

S :\kﬁ e\(‘kr' Va ["\',Q

7 ([ oW
- PR

&lf W

C}T{To\)" ”
rakc(:\}‘wzsr s mavimuun when w=a } wh 'k can be seeq 5_7
LMS‘:deVﬂ«j ’t[gc gabft /)Ls’é or «Lbj ﬂ(fffe/‘e“«’éf\&é'ﬁolﬂ, Hﬁncé
a8 - a —~ i ,
(Sea)lle = 2. T 2

]




= = 3 T
T i L@jf)u) Nﬁt %/L\“'é ‘a\ gjvn‘ \\lgﬁ = "\\ ;&\Mﬁ e } ,,,,,
(1 o) ' Nz ol (4 -1)[a) =82
v \ {_\ ¥] ’ “[ ‘
,,,,, @ ) - \’( /
: hewe Bl = o ok TlEl el
Fov Gl consider
g o= NN\ (A =)
1o/ '
, = s e B Lo demte HRIREN
Ty, \ =1 /’ \io too
ki et | EPNL \X:- (A~toe)(A- ) =100 = N ([A-t01)
| iy 00 -~A ) A h Il
Bl - IS ,‘ S == ,,,_7\ Ll L O
Heunce \\ Gk H = N (\i—t_ﬁ—f -
— b
= S — 4‘7 4&377 s — Qis = - X (e J N O Lot el sl BB
‘V-—:‘(c‘ "‘{ e = - . = ( =
o el ,\7 A ) \\,‘\{%& ,ti,,e C(’) ,,):7 B KS - 0‘\))— > “ RG((,M e
Sace Gl <1 onk 6,k ave shable the feedback systen

s (L\‘,‘{rv\a“j 7‘3‘1‘\0\%(7?7_”

o
e ol o |
SR 1T S 13PN 2Y B T caidia

H{ (e ’H\ < 'flr\")‘wwa (sj\agnl |1‘:> 1\5_}31‘&5”%9’ % 4( XAkt 1. L\ M{j "'\_’.‘\I‘V{

Feelback convention or with o Fiwe a(e(aj hahew dueed,

- Q2 H-infinity and internal stability
il 23 attempts, Average mark 13/20, Maximum 19, Minimum 5.
* There were good attempts at this question by most candidates. The bookwork in (e el |

bl — often poor and there were very few really good attempts. A number of candidates made ol L
heavy weather of the computations in (c)(i) and (if). Very few candidates used a Bode
diagram to solve (c)(i). Nevertheless, most candidates knew where they were going with this

1 question. g
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Q3  Lyapunov analysis ofan

onlinear mass-spring-damper

22 attempts, Average mark 12/20, Maximum 20, Minimum 4.

There were good attempts at this g
many candidates failed to find the

uestion by most candidates. (a) was usually well done. For part (b),
expression of the total energy as a candidate Lyapunov function.

For part (c), the main difficulty came from the calculation of the Jacobian matrix at different

equilibria.
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Q4 Goodwin oscillator model and describing function analysis
5 attempts, Average mark 9/20, Maximum 16, Minimum 2.
Few students attempted this question, and the mean is the lowest. Reasoning was usually acceptable

but students seem to have been destabilised by the fact that Goodwin model had not been discussed
neither in lectures nor in example papers.
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