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Preliminary: I wrote this memoir shortly after my retirement at the end of 2011. 
Then, after I was given the Bode Lecture Prize, Kirsten Morris asked me if I 
would agree to do an interview and have it posted on the web. I declined to do 
that because I preferred to be able to edit anything I wrote or said. I offered this 
memoir to Kirsten and she showed it to Richard Braatz, the editor of the IEEE 
Control Systems Magazine. He agreed to publish it. This version on my 
homepage has some corrections provided by Keith Glover.

Memory is selective, and so one remembers random events. I wrote this for my 
daughter, Lian. Some day she might like to know what her Dad did.

Initial conditions

My father was born in Windsor, Ontario. His family of six kids -- five boys and 
one girl -- lived on Josephine Avenue in sight of the Ambassador Bridge to 
Detroit. His parents were both classical music singers and teachers of music. All 
their children grew up loving classical music, but also Mahalia Jackson and 
Benny Goodman. My mother was born on a farm in Nova Scotia in a family of 
four kids -- three boys and one girl. Her father disliked farming and the family 
moved to the very same Josephine Avenue when my mother was three and my 
father five. They married after World War II and had three kids. I’m the eldest. 
We lived in the Niagara fruit belt. I left at age 17 to go to university in Toronto.

Final undergraduate year and MEng

I studied mechanical engineering at the University of Toronto from 1965 to 1969. 
I suppose I chose engineering because my father was an engineer. My high-school 
math teacher, Mr. Bedrosian, recommended mechanical over electrical. He said 
that when he had worked at Ontario Hydro he had had the impression that 
mechanical engineers have more interesting and varied jobs.



In my final undergraduate year one of my courses was Control Systems. The 
professor was a man from India named J. S. Ansari. The textbook for Ansari's 
course was Dorf's Modern Control Systems. Over the years I've come to realize 
that Dorf, like all the other texts of the time that I knew (Kuo, Ogata), was a 
dreadful book. The models were trivial and not related to the real things; control 
specifications were not motivated -- you had to get 60 degrees phase margin but 
you didn't know why; performance limitations were non-existent; and the 
important results of Bode, the theoretical underpinning of classical control, were 
not even mentioned. Nevertheless, because it was simple and largely methodical I 
liked the subject and I did an MEng degree under the supervision of Professor 
Ansari. My project involved a heat-exchange system with a pneumatic PID 
controller. From the project I learned a little about equipment, but nothing 
about control theory.

Sometime during my MEng program, M. Vidyasagar, then at Concordia 
University in Montreal, gave a seminar in the Electrical Engineering Department 
at the University of Toronto that I attended. Sagar would have been only 23, but 
already a professor. The seminar was on distributed parameter systems. My heat-
exchange system was of that class. Sagar's seminar was mathematical. His 
infinite-dimensional system didn't even have a PDE and I was stunned by the 
thought that my heat exchange system could be modeled merely by a non-
rational transfer function. Although I didn't understand much during the 
seminar, I was very impressed by its elegance. Abstraction was new to me, 
coming from mechanical engineering. 

PhD at Concordia

I joined Sagar at Concordia and began a PhD under his supervision. 

I arrived at Concordia to find the EE department was a miniature India. The 
chair of the department was Indian, a man named MNS Swamy. So were many 
other professors, including the vice-chair. There were about 25 grad students in 
EE -- I was the only one not an Indian. Everyone welcomed me warmly into their 
group. I was aware of the fact that I was the only native Canadian among this 
group of grad students. We would go out to dinner and someone would ask me, 



for example, who my favourite author was. Although I was keen on Kafka, 
Dostoevsky, and other dark writers, I found myself oddly standing up for my 
English heritage -- I said, "Dickens." In this environment, Sagar also warmly 
welcomed me. I think I was a bit of a prize student, being a scholarship holder 
from U of T. He asked me to call him "Sagar," and it was only partly because I 
couldn't very well manage "Professor Vidyasagar.'' Two years later he also taught 
me to pronounce his wife's name, Shakunthala, and that took several lessons. For 
my PhD topic Sagar suggested I work on the robust decoupling problem, but I 
got nowhere. I took a course at McGill on functional analysis, but I came out 
barely knowing the difference between "into" and "onto." I stayed at Concordia 
for only a year, for personal reasons.

PhD at the University of Toronto

In 1972 I was accepted into the Systems Control Group in the Electrical 
Engineering Department, the University of Toronto. When I began I didn't have 
a supervisor. One day I was walking up the stairs of the Galbraith Building; 
Wonham and Davison were walking down. Murray said to me that I was going to 
be his student, and asked if that was alright with me. I said that it was, and that 
was the real start of my research career.

Murray Wonham was born in Montreal in 1934. He did his undergraduate degree 
at McGill. He won an Athlone Fellowship for graduate studies in England, and 
did a PhD at the University of Cambridge, nominally supervised by John Coales 
but more influenced by Tom Fuller. He joined the University of Toronto in 1970.

In the late 1960s Murray had been working with Steve Morse on what they called 
the geometric approach to linear control theory. They had solved the decoupling 
problem using this approach. When I arrived in 1972, Murray was working with 
Boyd Pearson on the regulator problem. Boyd visited one summer and Murray 
invited him to our weekly research meeting. This regulator problem had been 
defined and worked on by Murray's colleague Ted Davison. Ted used matrix 
methods, while Murray used coordinate-free linear maps and subspaces in the 
style of Halmos's Finite-Dimensional Vector Spaces and Hirsch and Smale's 
Differential Equations, Dynamical Systems, and Linear Algebra.



Murray was writing his book, Linear Multivariable Control: A Geometric 
Approach, by giving a graduate course in the subject and he already had a 
sizable part done when I arrived. The course notes were his own handwritten 
notes on legal-size paper. I loved that course and Murray's lecture style, and I 
worked very hard on the homework problems. By taking that course I was at the 
cusp of the subject of the regulator problem and also of the geometric approach.

Graduate studies in Engineering at the University of Toronto had a rigorous 
admissions process. In particular, there was an oral qualifying exam to enter the 
PhD program. One of my examiners was Tas Venetsanopoulos. Tas asked me this 
question: Suppose you periodically sample a signal. When can you reconstruct 
the entire signal from the sample values? I answered, it seems unlikely you could 
ever do that. Tas looked at Murray. Murray said, "He’s a mechanical engineer." 
Then, as I recall it, although maybe it was only in a nightmare, Tas got me to 
try to derive the sampling theorem. 

Murray defined my PhD problem for me: Prove the necessity of the internal 
model in the regulator problem. This necessity was viewed by Murray as a 
principle of regulator theory. It can be stated roughly as follows: If there exists a 
solution of the regulator problem that works in an open set in the regulator 
space, then the controller itself must contain a model of a hypothetical system 
that generates the exogenous inputs. The "open set" requirement was that the 
controller be robust to certain parameter variations. Besides the linear case, I 
attempted some nonlinear extensions. 

Murray set the highest standard for creativity, rigor, and clarity of technical 
writing. One Sunday during my PhD period I was working on a theorem 
statement in the grad student room. Murray too was working in his office. I took 
my theorem statement to him, not the proof -- just the statement. He read it and 
said, "No," and handed it back. That’s all he said. I slunk back to my desk and 
tried again. I’m grateful to Murray for this introduction to existential and 
universal quantifiers. 

I defended my PhD thesis in 1975. Murray asked his friend George Zames to be 
my external examiner. I doubt George really read my thesis because he asked 



only one question: What is the justification for modeling uncertainty in state 
parameters? This was a long-standing issue for George, uncertainty in an input-
output framework versus a state framework. In any event, I was fortunate to be 
acquainted with another great man. Murray's and George's beginnings had 
parallels: George too received his undergraduate education at McGill and he too 
won an Athlone Fellowship. He received a master's degree from Imperial College 
but left to do his PhD at MIT. 

One summer Murray drove some of his students, including me, to his cottage in 
Magog, Quebec. George and his wife, Eva, visited the cottage too. One evening 
as the sun was setting, we students sat on the shore of the lake while Murray and 
George conversed animatedly out at the end of the dock. I thought, so this is the 
life of a professor!

After my PhD thesis was finished, Murray had an afterthought: To characterize 
solvability of the regulator problem by solvability of a Sylvester equation. He and 
I wrote and submitted a paper. While it was under review, I discovered a major 
mathematical error. I showed it to Murray and he immediately withdrew the 
paper. At this point I left the University of Toronto with a two-year NSERC 
Postdoctoral Fellowship. During my first year, I revisited the paper Murray and I 
had written, the one with the error. I reworked it without the fundamental error 
and submitted it to SIAM. 

I received notice that I had been awarded an NSERC Postdoctoral Fellowship 
while Peter Caines was a visiting professor at the University of Toronto. Peter, 
Murray, and I went for a beer to decide where I should go with my shiny new 
fellowship. With Murray's name behind me, and my not requiring financial 
support, I could go anywhere. It was suggested by Murray and Peter that I 
should go to Berkeley. Murray phoned Charles Desoer and that was that. 

Postdoc at Berkeley

I went to Berkeley thinking the Beach Boys told the truth about California -- it 
was sunny and there were lots of surfer girls. I was surprised to find that it's too 



cold to swim in the ocean off Berkeley; in fact it snowed briefly while I was there. 
I took up cycling. 

The first time I met Charlie Desoer in his office he said that a postdoctoral 
fellowship gave one the opportunity to learn something new instead of just 
following along the lines of one's PhD thesis. He recommended I read Doob's 
Stochastic Processes. My jaw dropped at this suggestion. I wanted to do research, 
not read a classical mathematics treatise! Instead, I decided to read Desoer and 
Vidyasagar's Feedback Systems: Input-Output Properties, which had just come 
out.

As it happened, Charlie and I had no scientific interaction for the year I was at 
Berkeley. I was shy as a young man and I guess Charlie was shy too. Neither of 
us asked the other what he was working on. In fact, I interacted with no one at 
Berkeley; I was not introduced to anyone, except my office mate, Alberto 
Sangiovanni-Vincentelli; and I was not invited even to give a seminar at Berkeley. 
Besides cycling, I audited Pravin Varaiya's graduate course. Tom Kailath came 
from Stanford to Berkeley one day, and he invited me to give a seminar at 
Stanford. That’s all I witnessed in California of academic courtesy.

I was keenly aware that I had to get away from Berkeley, for otherwise my 
NSERC Postdoctoral Fellowship would have been a complete waste.

Postdoc at Cambridge

In December 1975 I attended the CDC and presented my regulator theory paper. 
Not knowing anyone from Berkeley, I hung out with my old University of Toronto 
friends. On a notice board (this was before the Internet) was posted an ad saying 
there was an opening for a lecturer at the University of Cambridge. I commented 
to someone, what a fantastic job that would be. Hal Smith, a professor in the 
Systems Control Group at the University of Toronto, overheard me and he 
mentioned what I had said to Alistair MacFarlane (now Sir Alistair). Alistair was 
head of the Control and Management Systems Division at Cambridge. He kindly 
approached me, introduced himself, and said that the lectureship was already 



spoken for, but that I would be welcome to bring the second year of my 
postdoctoral fellowship to Cambridge. I happily accepted.

The Control and Management Systems Division was in an old building on Mill 
Lane. I shared an office with Basil Kouvaritakis and Uri Shaked, two delightful 
men whose technical and political discussions were conducted at a dangerous 
decibel level. The lectureship had been filled by Keith Glover, who arrived in  
August of 1976. Among the graduate students were Jan Maciejowski and Ian 
Postlethwaite. Frank Kelly was a University Assistant Lecturer and Nick Karcanias 
was a postdoctoral fellow. Ian and I helped Keith move into his home, and then 
we all had a pint on the Cam.

Cambridge for me was heaven. There was a common room where everyone went 
for coffee in the morning and tea in the afternoon. I got to know everyone. I first 
met Ian at one of these tea or coffee breaks and he asked me if I would like to go 
to the pub some evening. I said, "Sure." He asked, "When?" Pressed, I said, 
"How about this evening?" We lived half a block from each other, and off we 
went to a Tolly Cobbold, Ian, Ian's girlfriend, and I. Ian's girlfriend, wife now, 
was Elizabeth Rogers. She was doing her PhD in English Literature on the 
subject of Samuel Beckett's novels. It was jolly good to listen to her talk about 
Roland Barthes, structuralism, and postmodernism, and several evenings each 
week she, Ian, and I would go to a pub, usually a Greene King. I visited their 
family homes, Ian's in Wigan and Elizabeth's in Bolton. Ian was my best friend 
at Cambridge. 

While I was at Cambridge, Keith and I wrote a paper on cheap control. Our 
result concerns when the cost function goes to zero as the control weight goes to 
zero. This is related to singularly perturbed differential equations. The solution 
to a regularized equation is a function, but the solution to the singular equation 
can have impulses and possibly their derivatives. The obvious thing occurred to 
me, that the regularized solution, under some condition, converges as a 
distribution. I worked this out myself and published it. I was surprised that no 
one had done this before.

In Cambridge I lived in a room in a house, a room on the first floor that looked 
out on the River Cam, a room that was damp and chilly. One Sunday Sagar was 



to visit me. Somehow in the afternoon I was in my room napping, wearing 
earplugs; Sagar arrived at the house; my landlady, Mrs Sargent, knocked on my 
door -- no answer; she knew I must be there; she showed Sagar into my room; I 
looked like a cadaver lying on the bed, I'm sure. Sagar stirred me; I woke: "Sagar! 
You're here!" I was so flustered. Sagar suggested we go outside for a walk on the 
common where it was warmer. We chatted about this and that and I told him 
what I was working on. My PhD thesis had been on the internal model principle 
in the context of state models; at Berkeley I had read Desoer and Vidyasagar's 
book on input-output systems. So it seemed natural to try to put these together, 
to show that an internal model is necessitated by the requirement of robust 
regulation. But in an input-output framework how could you characterize 
uncertainty for unstable systems? How could you say that two unstable systems 
were close to each other? This question stumped me. Sagar had the perfect, 
natural way: via stable coprime factorizations. Some years later we worked out 
Sagar's idea in a paper together. This idea of coprime factorizations would later 
become a key tool.

Concordia and McGill

When my NSERC postdoctoral fellowship ended, in 1977, I had to find a new 
position. Sagar at Concordia and George at McGill offered to jointly support me 
as a postdoctoral fellow. This couldn't have been better for me. I was given an 
office at McGill.

After 6 months as a postdoc fellow, an assistant professorship became available at 
McGill. I applied for it and it was given to me. The chairman of the department 
was Pierre Bélanger, with whom I was on the best of terms. I taught my first 
courses, one on probability, random signals, and noise, and another on state-
space linear systems. I had never taken a course in probability and it was fun to 
learn the subject in order to teach it. I used a very nice book by Davenport (not 
Davenport and Root).

I knew by the examples of Murray, George, and Sagar that good researchers had 
research programs. As a graduate student at MIT George had taken a course on 
functional analysis. From this he had formed many ideas for feedback control 



problems; his PhD thesis contains germs for much of his subsequent work. My 
research at this point in time didn't have much direction, but that was soon to 
change. I had several discussions with George in his office. I found him a trifle 
eccentric. While talking to him he might be fidgeting with the venetian blind, for 
example. He was also rather secretive about his work until it was in journal paper 
form, and consequently he talked in generalities. 

Yale

After two years at McGill -- six months as a postdoc and another year and a half 
as an assistant professor -- I was offered an assistant professorship at Yale. I 
accepted it only because Steve Morse was there. I had read Steve's earlier work, 
including of course his work with Murray, and thought him to be a brilliant 
researcher with a very pleasant personality and a sense of humour like my own.

During my time at Yale, Sagar and I wrote a paper with Hans Schneider on 
feedback theory. A 1976 paper by Youla, Jabr, and Bongiorno had made a big 
splash by parametrizing all feedback controllers that stabilize a given plant. This 
was extended by Desoer, Liu, Murray, and Saeks. We brought robustness into the 
picture: We found the weakest topology for which feedback stability is a robust 
property.

As I was leaving McGill for Yale, George gave me a copy of his just-completed 
technical report, entitled "Optimal sensitivity and feedback: weighted seminorms, 
approximate inverses, and plant-invariant schemes." I could see immediately its 
importance; it defined the H-infinity problem. This technical report was 
published in 1981 as George's famous first paper on H-infinity control. Receiving 
this was a stroke of luck, because it put me again on the cusp of a new theory. 

I immersed myself for several days in the Yale math library and came up with 
Sarason's paper and Nevanlinna-Pick interpolation theory. With these I could 
give a way to compute H-infinity optimal controllers. I wrote a brief working note 
of about 15 pages. 



In the Fall of 1979 there was a workshop in upper New York State that George 
attended from McGill and I attended from Yale. I was excited and couldn't wait 
to show George what I had found. I approached him and said, "George, I believe 
I have a solution to the H-infinity problem." His colour changed slightly as we 
went over my note. Sometime later at the workshop he said to me, "Bruce, since 
you're so interested in this problem, why don't we write a paper together?" I was 
elated at this offer. In 1980, while I was still at Yale, George and I began to write 
our first of three papers together; George was first author and the paper was 
published in 1983. There are several ways to prove existence of optimal 
controllers; George in our paper insisted we use duality theory.

I was not very happy at Yale: Steve was undergoing personal changes and didn't 
come to the office very often; I was devoid of research funds because my first NSF 
grant application was rejected and therefore I had to beg, unsuccessfully, for 
money to support a student; the USA is not Canada. After two years at Yale, in 
1981 I returned to Canada, to a position at the University of Waterloo. My 
chairman was Ian Blake and Sagar was my colleague. Ian later became my 
colleague at U of T.

Waterloo

My three years at Waterloo, 1981 - 1984, were very productive. I had a research 
program with which I was very happy, and I had a very close friend, colleague, 
and mentor, Sagar.

Sagar and I wrote our second paper, the one we had started thinking about in 
Cambridge. George and I finished writing our first paper and we wrote our 
second paper, with me as first author. These two papers with George treated 
only single-input, single-output systems.

Avraham (Abie) Feintuch is an operator theorist at Ben Gurion University. Abie 
and his family live in Israel and his mother (then, his father too) and some 
siblings live in Toronto. During my time at Waterloo Abie took a sabbatical with 
me. He lived in Toronto and commuted several days a week to Waterloo. Abie's 
interest in control theory is primarily in linear time-varying (LTV) systems. In an 



undergraduate course one learns to use an LTI controller for an LTI plant. Abie 
and I worked on the questions, for an LTI plant, can one do better with an LTV 
controller than with an LTI controller, and, for an LTV plant, is the optimal 
controller LTV too? Abie still visits Toronto yearly. We talk about, usually in 
this order, the Middle East, religion, and control theory.  

Sagar invited Allen Tannenbaum to visit Waterloo. Everyone took to Allen 
immediately -- he was so likable and smart. He had done a PhD in math at 
Harvard and in fact in 1977 had already done an H-infinity problem (he used 
Nevanlinna-Pick theory for a robust stability problem with an uncertain plant 
gain). My first meeting with Allen was in my office. I was immersed in H-infinity 
theory and I asked him if he'd like to see a solution of the Nehari problem (find 
the distance from a function in L-infinity to the nearest function in H-infinity). 
He sat patiently in a chair with his legs crossed as I went through the proof on 
my blackboard (I believe the proof is due to Arveson). When I finished, Allen 
laughed merrily and applauded. We were friends for life. While I was single, I 
spent several Christmas holidays with Allen and his wife, Rina, and kids, Manny 
and Sarah, at their home in Minneapolis.

George and I had four H-infinity papers at the CDCs in 1981, 1982, and 1983. 
These were the high points of my career, because the topic of H-infinity became 
really hot. At one of my CDC presentations, there were people standing in the 
doorway because there were not enough chairs in the hall. 

After one of these CDC presentations, the mathematician Bill Helton came up to 
me and said he knew how to do the multivariable H-infinity problem. George, 
Bill, and I got together and, since George had a family and I did not, decided 
that I would visit Bill in San Diego and figure out what Bill had in mind. I went 
for several weeks, staying in a hotel in Ojai and going by bus every day to the 
university. Bill had written a large paper with another mathematician, Joe Ball. 
The Ball-Helton theory involved Krein spaces, which are like Hilbert spaces 
except the inner product can be negative as well as positive. I went through their 
paper line by line, but I had a great deal of difficulty trying to understand it. 
Finally, I thought I understood the theory well enough so that I could write a 
paper intelligible to control theorists. This was presented at the 1983 MTNS.



In 1983 Lennart Ljung kindly invited me to give a short course on H-infinity 
theory at Linköping University. I prepared a long set of notes for this course and 
these were a dry run at a future book.

At one of these key CDCs (probably 1982 or 1983) I met John Doyle. We were 
checking into the hotel at the same time. Of course I knew of him; he was well-
known for a paper on robustness margins of LQG ("There are none.") and for a 
paper with Gunter Stein. At the time I met him, John was working at Honeywell 
in Minneapolis. In 1984 he asked me to help with a workshop he was preparing to 
give at Honeywell and co-sponsored by ONR. I helped prepare the lecture notes 
and give the lectures. A close friendship developed between John and me from 
the ONR/Honeywell workshop through the rest of the 1980s.

Waterloo has the co-op system of undergraduate education: The electrical 
engineering cohort, for example, is divided into two groups, A and B. While A is 
on campus taking their program, B is off campus on a work-term. Consequently, 
every core course has to be taught twice in every year. I therefore taught the 
same course, EE380 Control Systems, six times in three years. That was great, 
because I really honed that material and came to have firm convictions about 
how classical control should be taught. In EE380 I also learned how to manage 
large classes. I learned two tricks: Learn as many student names as possible and 
ask students questions by their names; if a student is talking to his neighbour, 
ask him a question. If he says he doesn’t know the answer, repeat the question. If 
he still declines to answer, simplify the question. Continue until the student does 
answer something. He must realize that that is the cost of talking to his 
neighbour. 

University of Toronto

In 1984 the Systems Control Group at the University of Toronto was comprised 
of Murray, Ted Davison, Raymond Kwong, Hal Smith, and Dan Cobb. All were 
tenured except Dan. The position Dan held was declared open, Dan and I applied 
for it, and it was given to me. Dan went back to the USA, while I moved from 
Waterloo to Toronto, the city of my birth and my three university degrees. I had 
landed where I had always wanted to be, in the best control group in Canada, at 



the best university in Canada, with the best engineering program (Engineering 
Science), in my home country. I had been away for 9 years, so it wasn't a 
problem that my colleagues in the control group had been my professors.

The first thing I decided to do was write a book on H-infinity theory. This was 
completed in May 86. The book was dedicated to my parents and is the only 
book I wrote without a co-author. The book is very dated now, but my only 
regret about the book is that the title has a mathematical symbol in it. 

The seventh MTNS meeting was held in Stockholm in June, 1985. There was a 
preceding meeting, an IWOTA workshop, in Amsterdam. John, Joe Ball, Andre 
Ran, and I were strolling around Amsterdam the night before the IWOTA 
workshop began. A motorcycle struck me and I was upended and landed on my 
head, causing a concussion. I have no memory of the rest of that evening. Andre 
tells me that I was taken to a hospital for scans and I was declared to have a 
concussion. I was then taken to a second hospital for recuperation. I spent the 
next week or so in that hospital, and some days after that I was nursed by Rien 
Kaashoek's wife, Wies, in their home in Haarlem. When I got back to Toronto I 
saw a neurologist, whose diagnosis was that there was no noticeable damage. 
However, quite a few years later I had an MRI scan and a bruise presumably 
caused by the Amsterdam accident could be seen.

Tryphon Georgiou and I first met briefly at the 1985 CDC. He introduced himself 
but we didn't talk much. Then we met again in 1986 at the CDC in Athens. 
Allen introduced him to me and I was interested in what he was doing. At the 
time he was at Iowa State and was interested in time-varying periodic systems. 
Tryphon had planned to go with Allen to the temple of Poseidon at Sounio the 
next day and Tryphon suggested that I join them. The temple is at the tip of the 
peninsula overlooking the Aegean. Just the three of us were there when we went. 
There's a nice photo of Allen pushing against some of the pillars of the temple as 
a modern incarnation of Goliath. The following day Tryphon invited me, George, 
John, and Allen for dinner at the house of Tryphon's sister. Tryphon's sister 
asked us during dinner to keep an eye on her little brother.

I invited Tryphon to visit Toronto and give a talk. During the same visit we 
started talking about sampled-data systems. Tryphon suggested that we look at 



the gain margin problem first before H-infinity control, which looked more 
difficult at the time. We scribbled a few things on the board and then Tryphon 
left to Ames. We spoke regularly on the phone after that. At some point I started 
typing a draft in troff and I suggested that I send it to Tryphon via bitnet. His 
reaction was, "What's bitnet?" We finished our paper and had plans to write 
more, but we never did. We each got interested in other projects. Tryphon 
started working with Malcolm Smith and several times I teased Tryphon that he 
had dumped me for Malcolm.

John invited me to Caltech for the period January to March, 1988. I was hired as 
a visiting professor. The Caltech department chair had to apologize that he was 
obliged to pay me more than my U of T salary because the latter was below the 
Caltech minimum. My stated task was to teach John's course for him, which I 
did. He attended some of my lectures. One of the students taking the course for 
credit was John's grant monitor (AFOSR or ONR, I don't remember). During a 
workshop at Stanford, John and Keith had worked out a two-Riccati equation 
solution of the H-infinity problem. This was very exciting because it gave a 
common foundation to LQG and H-infinity. When I arrived at Caltech, John had 
the formulas and a sketch of a derivation. He asked me to work on a complete 
proof. I liked the template of operator-theoretic proofs and state-space formulas 
for computing, so that was the approach I took. Keith later sponged out the 
operator theory. The story of DGKF is long and rich, but this was the start from 
my viewpoint. That paper is the second most-cited paper in the IEEE 
Transactions on Automatic Control. It's an honour to be associated with three 
such very bright men. 

John and I and Allen later wrote a book on feedback control theory. Our goals 
were that it should be modern, yet accessible to undergraduate students. It was a 
very fun project.

The next two decades were devoted to supervising students, working with 
colleagues, writing course notes, writing books, and travelling. Oh, and having a 
family.

Jingwen



I got to the age of 41 without being married, or even being very close to being 
married. I wanted to think that control theorists weren’t attractive to women, 
but there were too many counterexamples. When I was 41 I won a fellowship to 
do research in Japan. I was there for 5 weeks. My host was Hidenori Kimura, 
then at Osaka University. During my visit to Japan, Hide and I went to a 
workshop in the lovely northern city of Sapporo. On the first morning of the 
workshop Hide and I were standing in the lobby of the hotel, when in came a 
man and a woman. For some reason I assumed they were husband and wife. The 
man I recognized as Professor Mita, of Chiba University. I said to Hide, Mita has 
a very beautiful wife. Hide laughed and said, that’s his PhD student, not his 
wife, and she’s Chinese, not Japanese. Word got around the workshop that 
Francis Sensei had said this woman was beautiful. At the end of the workshop, 
Mita came up to me, his student a little distance behind him. Mita asked if I 
would like to go the next day to visit a lake, a resort near Sapporo. I hesitated. 
Mita turned and said, and she’ll come too. I quickly agreed. So the three of us 
went to the lake, and rode bicycles around it. I’ll skip all the rest, though it’s 
very romantic, and get to the punchline. That graduate student, Jingwen Wang, 
and I are now married and have a daughter, Lian. At the present time (2014) 
Lian is a student at McGill, the same McGill where George and Murray studied 
and where I taught.

Parkinson’s

In March, 2001, there was a workshop at Rice University to celebrate the career 
of Boyd Pearson. The University of Toronto attendees were Ted Davison, Murray, 
and me. We three gave our presentations via transparent slides on a projector; 
everyone else used laptops. I felt so outdated. In giving a presentation using 
projected transparencies, usually one pointed at the text with a pencil or pen. In 
doing this at Rice I noticed that my pen had a tremor. I switched hands and 
forgot about it.

A year later I was giving a lecture in my control course ECE356. There were 
about 50 students. I used chalk on a blackboard. About ten minutes before the 
end of class, my arm froze: for several minutes I could not write. I turned to the 



class. They looked at me with concern. I said, "I can't write." I was very 
bewildered by what was happening. Somehow, my writing capability returned 
and I finished the lecture. But in my mind was the possibility that my arm could 
freeze again, so I completed the course (about two weeks) using transparencies. 
Using the web, I guessed that I had a condition called essential tremor. In June 
of that year a neurologist diagnosed me as having a "postural tremor of the right 
arm consistent with essential tremor."

Things deteriorated. I found that I couldn't walk very well. My right leg wouldn't 
swing when it was supposed to. My handwriting slowed down too. In September 
2004 I was diagnosed as having Parkinson's disease. Actually it was a relief to 
find out what had been happening.

My initial reaction was to overshoot: I wondered if I should retire. Not wanting 
to do that, I tried various ways to teach. From many years of experience I knew 
that chalk on a blackboard was the best. I tried computer slides, but my course 
evaluations plummeted. Then came to me the idea of a lecture helper: I would 
speak my lecture, ask and answer questions, while a student assistant would 
write on the board. My first lecture helper, in 2005, was Laura Krick, and she 
turned out to be the best. I would be talking to the class and then I would stop 
and look at the board. There, on the board, would be beautiful notes that Laura 
had composed. Once I asked her how she did it and she replied that she just 
pretended she was a student taking notes from the lecture. Since she had taken 
several courses from me, she knew how I think.

Modern treatment of Parkinson's is fairly advanced and I respond well to the 
medication. 

Bruce Francis

Toronto

July 18, 2014


