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- Sample 221A prelims

Richard and I tried to make the following tests resemble actual full
prelims as given by each of the usual 221 examiners. Most of the guestions
come straight from old prelims. The solutions are at best sketchy, and

in some cases may be wrong, but should at least point you in the right
direction.

Kris Pister
Richard Murray
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STUDY GUIDE FOR THE DOCTORAL PRELIMINARY
EXAMINATION

Published by the Electrical Engineering Groduate Students Association
University of California 2t Berkeley

GENERAL INFORMATION

This docurnent is a collection of practice questions for most of the courses
in which students can take the doctoral preliminary examination. It is by no
means cornplete but we hope it will help students in preparing for the exarm.

Be awere that the prelim system at Berkeley has the unfortunate feature
that professors test based on the material they covered (or would like to have
covered) when they taught the course, apd this content can vary widely from
professor to professor. To prepare properly for the prelims, you really must
cover not just the topics listed in the course description but whatever has been
taught in the course plus whatever might have been taught had there been more
time. In other words, it is the {ll-defined closure of the subject for which you are
responsible. '

The questions in this study guide are not meant to be comprehensive. They
should however give you an idea of what type of questions to expect from the
examiners. Notice that there is a wide disparity between the easiest quesiions
and the most difficult ones. This is another feature of prelims at Berkeley.
Different professors have different styles. Most of these questions are guestions
from previous prelim exams, most of them from the quarter version of tae
courses; however, every effort has been made to inciude guestions frem last
apring’s exam, the first one on the sernester version of the courses.

A given examination may involve a number questions, so speed of response
is important. Hints are often given fre=ly. Take advantage of theml If you get
stuck, it is often better to ask for a hint than to fAounder, wasting precious time.
If you don't understand a question or a hint, don't pretend! You won't fool any-
one, and a simple question might clear things up very quickly.

Finally, remember that this document in no way reflects officiai departmen-
tal policy. 1t is prepared by graduate students in an atternpt to make practice
questions uniformiy quailable to all students taking prelims.

The EEGSA would like to thank all the students who helped in the prepara-
tion of this docurnent.
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EECS 221A - LINEAR SYSTEM THEORY

Problem 1

E = (A,B,C,D) is a binary system. i.e. every value appearing in this system
is either 0 or 1. Is the following system observable? Is it completely reachable
from the origin? Is it completely controllable to the origin?

(e+1)l hoo 1]z (k)
2(]C+1) =190 z(k)
{k+1)] 101 lilza(k)

[ 'lI 1(7‘7)1
yk}=3 19 za(k)
alk)

Problem 2
a) Is the system £ = Az + Bzu linear?

b) If u is the unit step function Le. z = Az + Bz, >0 can we write
z(t) = efeFzy?

Problern 3
Consider the response of the system in question 1,
={k+1) = A(k)z z(0) =g
y(k) = Clk)=z ,
Define the map & : Zg| —=v{(.)(the function y(.)). Find the adjoint of a.

Problem 4
Show that £ = A(£)z + B(t)u has a unique solution.

Problem 5

Show that: (Ab) is c.c. <==> There exsts k such that oc{A—bk} can be
assigned to an arbitrary spectrum {"constellation”) Z.






1. Let an operator A be deflned by:
pu =y (t) = [MAult-r)ar
Q

When is A BIBO stable? What if A is a matrix?

2. We are given (4,b). For what polynomials p(s) can we find a row vector such
that p(s) = det (s/—A-bf)? If (4,b) is controllable, how would you find such an
I?

3. £ = A(t)z, A(t+T) = A(t) and A(t) is continuous.
(a) What can we say about $(¢,7)?

(b) Whenis this system stable? (in terms of &)

(c) When does it have a periodic solution?

4. The realization H(s) is minimal. We apply non-linear feedback:

= : ¢ (z)
-+ x.
“ " Hig : i/"“ |

20 l '

Is the closadloop system controllable? Ghservable?

b}
ac

5. Consider the following implicit algorithm to integrate 2 = f(z):
' 1 p
}'I_'(zm-x -y = "é"(f(zn) + f (Zns1))

Zn = E(nh)

Professor B uses this algorithm to simulate £ = 4z: one simulation run is
exponentially unstable, so he says £ = 4z is unstabie. Professor A, however,
says "A could be stable - you just used a stepsize h which is too big.” Who's
right? Discuss.

8. C(s) is I-input, 3-output, P is 3-input, 1 output and both are stable. An old
timer control engineer who is not familiar with the subtleties of MIMO control
systems sketches the Nyquist plot of PC: [s the system actually stable? Discuss.
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E. Polak PRELIMS Fall 1588

PROBLEM 2

Consider the system:

x = Ax + Bu
5: y; = Cx + Du

where A is an n X n IMAMIX.

(a) Denote the characteristic polynomial of this system by x(s). Show that S is
asymptotically stable if and only if there exists a polynomial d(s), with real

coefficients, of the same degree as X(s), such that all of its zeros are in the open lefi

L7}
half complex plane, C_, and
Re[x(jw)/d(jw)] >0, V & (—o=,)

(b) Suppose that there exist constants T.B e (0,=), and o € (0,1) such that for all
x; € R,

leTAxgt < alxgl
and

le#xgl < Blgl, ¥ te [0,T]

Show that the system S is asymptotically stable.

7.7
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E. Polak PRELIMS Sd& 21 A Fall 1989

PROBLEM 1
(a) Consider the polynomial ratio

_on(s)
(S)"' d(S) 1

N
where d(s) = T (s — A;), with the A; known. Establish a frequency domain test for deter-

i=]
a
mining if all the zeros of n(s) arc in €_. What would be an advantageous selection of the

polynomial d(s)?
(b) Consider the system
. {J'c(r) = A@)x() + B(u()
y()=C@)x() ,
where x(t) e IR", y(t) € IR™ and the matrices A(¢}, B(¢t), C(t) are continuous.

Define definc what is meuant by this system being (i) b..b.o. stable, and (ii) asymptotically
stable,

{c} Consider the interconnccied system:

5 {i‘l:Alx1+Blul
! yi=Cix

.1;-'2 = A2x2 -+ Bzuz
S2 y2 = Caxy

Uy =vi—Yy2
g =va+yp’
(i) Obtain two formulae for the characteristic polynomial of the above interconnected system.

{(ii) State and prove the multivariable Nyquist stability criterion, as it applies to the above
interconnected system, and discuss its value in determining the asymptotic stability of intercon-
nected systems.






E. Polak PRELIMS § 21 H Fall 1989

PROBLEM 2

(a} Consider the system:

x = Ax + Bu
y = Cx + Du

where A is an #n X n malrix.

Denote the characteristic polynomial of this system by %(s). Show that § is asymptotically
stable if and only if there exists a polynomial d(s), with real coeflicients, of the same degree

a2
as x(s). such that all of its zeros arc in the open left half complex plane, C_, and

Re[yGaYd(jw)] >0, V@ e (~o, o)

{(b) How would you modify the above test so as to be able to determine if the zeros of x(s)
areinthesector C & (s =o+joe €la=-210l, Qe (~ , =) ].
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