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TALES AUTOMATIC CONTROLof

My Berkeley Years: Control at Cal, 1955-1961 By Michael Athans

I was fortunate to have been an undergraduate and
graduate  student  at  the  University  of  California  at
Berkeley (Cal for short) during the initial period of the

modern control theory revolution. I shall recount some of
the events that took place at Cal during that time and rem-
inisce about my teachers and colleagues in the early days
of optimal control theory. I have tried to interlace my per-
sonal experiences with the educational, research, and so-
cial atmosphere at Cal, so as to present a “readable tale.”

Some Background
In 1954, after finishing high school in Drama, Greece, I
came to the United States as an American Field Service ex-
change student. I repeated my senior year at the
Tamalpais High School in Mill Valley, CA, where I lived for
a year with a wonderful American family. For various rea-
sons, I decided to attend an American university, and my
American high school teachers were wonderful in helping
me attain that objective. Several universities accepted
me, but I decided to attend Cal because they offered me an
out-of-state full-tuition scholarship (the princely sum of
$300 a year).

I arrived at Cal in September 1955. The university was
not huge in those days, about 15,000 students. Freshman
classes were usually large and taught by teaching assis-
tants who were ruthless with grades. Initially, I thought I
should become a chemist (because my Greek uncle was
one). I did well in first-semester chemistry, physics, and
calculus, and to my great pleasure, I was admitted to hon-
ors sections for the second semester. What a world of dif-
ference from the massive classes earlier! There were only
about 12-15 students in the honors sections, and we had
“real” professors who taught us and held our hands. I re-
member that the required physics courses were very
hard, with full-blown use of calculus and differential equa-
tions. Fortunately, Edward Teller (credited with being the
“father” of the hydrogen bomb) also taught what was
called “sorority physics” (i.e., physics without math), and
many of us attended his lectures to be exposed to the

beauty of physics without having to struggle with multi-
ple integrals and other horrid math stuff.

Toward the middle of my freshman year, I started hav-
ing doubts about being a chemistry major. Apart from
causing a couple of small explosions in the chemistry lab,
I felt there were too many chemists in Greece. So I decided
to become an engineer. I certainly did not have the foggi-
est idea what kind of an engineer I wanted to be, but me-
chanical engineer sounded like a good choice that would
be marketable in Greece. In their infinite wisdom, the peo-
ple in the College of Engineering assigned an academic ad-
visor to help me with course selection. He was Hans
Albert Einstein, a professor of hydraulic engineering (and
the son of Albert Einstein). I was flabbergasted, to say the
least, but it turned out that he was an ordinary and kind
human being. He tried to convince me to become a hy-
draulic engineer and proudly showed me the hydraulic
labs. Now I was never very good with my hands, and once
I saw all the pipes and pumps, I really got scared off (plus,
it meant two more semesters of mechanical drawing,
which I detested!). So I decided to become an electronics
engineer and walked over to Cory Hall and got an electron-
ics engineering (EE) adviser. My closest association with
electronic devices until then was with the RCA radios that
my father sold in Drama.

Even as an undergraduate EE student, I had to suffer
through all types of non-EE subjects, including surveying
(how could an EE survive without surveying?), mixing ce-
ment, strength of materials lab, statics, dynamics,
thermo, and so on, before I ever saw an RC network. How-
ever, we eventually had serious EE courses, such as vac-
uum tube circuits (I adored tetrodes), a very brief
mention of an exotic device called a “transistor” (which
my teacher dismissed as a fad), and many power systems
courses, including thousands of hours of power systems
labs (where I almost killed myself twice). At that time, Cal
was trying the MIT approach to teaching power systems,
involving generalized machines and 12 × 12 matrices. I
was okay with the matrix stuff and Maxwell’s equations,
but somehow I have never really understood to this day
what makes a dc motor go around! As undergraduates, we
were given a solid classical EE background with an abun-
dance of hands-on laboratories.

Becoming a Control Engineer
Before long, it was time to select a minor. Since I was always
fairly good at math, I asked my advisor which EE fields
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were the most mathematical. He told me microwave tubes and
control (that was classical control, mind you). I looked around
the microwave tube lab, which was full of helical contrap-
tions and traveling-wave tubes (very sci-fi looking), and al-
though I would be using partial differential equations, the
very thought of building such glass contraptions turned me
off. So, by default, I decided to minor in control.

In 1957, the only two control faculty at Cal were Prof. Otto
J.M. Smith (of posicast and Smith predictor fame) and Prof.
A.M. (Mac) Hopkins. Otto was in charge of the undergradu-
ate classical control course, and it was he who gave me my
first taste of control. He had just written a unique text on
Feedback Systems [1], which was hard to read but a jewel if
he taught from it. I recall that Otto detested large class sizes,
so if there were more than 35-40 students at the first lecture,
he would start lecturing from the end of his book. He also
loved to jump on the table and illustrate the notion of
posicast control [1] of a handheld pendulum by precisely
jerking his hand to stop the oscillatory motion dead-cold
(sort of bang-bang control). Most students got panicky
(rightly so) because they did not understand what he was
talking about, so they would drop the course. Once the size
of the class was less than 20 students or so, Otto would be
happy and would start teaching from the beginning of his
book, and those of us who were brave enough to suffer
through this melodrama breathed a sigh of relief.

Otto’s teaching style was to emphasize frequency do-
main concepts and robustness using gain and phase mar-
gins (which came in handy later on when “robust control”
became a hot topic). His favorite design tool was the
so-called L-plane (an inverted Nichols chart) and associated
templates [1], which he defended as a true conformal map-
ping of the s-plane (I later learned that Nat Nichols despised
Otto Smith’s version of his Nichols chart). Otto did not par-
ticularly like root-locus methods, although we had to be-
come experts on constructing root loci using spirules. He
certainly was unforgettable as a teacher and as a personal-
ity. He was always enthusiastic, full of energy, running rather
than walking, with a smile on his face, and he could generate
a thousand ideas a minute. He was an inventor and a tin-
kerer, not a theoretician. For better or worse, after Otto’s
course I was hooked on control systems.

Life at Cal was very pleasant during those years, marked
by the innocence of the 1950s. Even in those prehippie days,
the campus was full of interesting people. At that time we
had the beatniks who frequented the coffee shops on Tele-
graph Avenue. Being more or less a straight-laced engineer, I
was sure that these unwashed bearded types discussed
only deep philosophical issues (Sartre and the like) in the
coffee shops. One evening I intentionally eavesdropped on a
couple of them, only to find out (horrors) that they were dis-
cussing building hot rods! The only campus political activity
centered around a new student party called Slate, represent-

ing the poor and commuter students, fighting for political re-
form of campus life, which was dominated by the “rich” fra-
ternity and sorority students. After all, one could not have
truly heated political discussions regarding Eisenhower ver-
sus Stevenson. Apart from football games (which even then
Cal would mostly lose), the occasional panty raids provided
most of the campus excitement. There was a burlesque the-
ater close to the campus; one of my professors advised the
male students to go there the night before an exam rather
than cram all night long (there was no political correctness
in those years)!

Optimal Control and Graduate School
(1958-1961)
The decision to stay at Cal for my graduate degrees was an
easy one, since I knew the entire faculty and how the system
worked. However, several events took place during my gradu-
ate school tenure at Cal that shaped my professional career.

In the late 1950s, Cal and Stanford University decided to
become dominant universities in the western United States,
and in the systems and control field, and an unprecedented
raid on Columbia and MIT faculty and Bell Labs staff took
place. At Cal, we were fortunate to attract Lotfi A. Zadeh,
Charles A. Desoer, Arthur Bergen, and Eli Jury. The resulting
educational and research impact on the Cal “control envi-
ronment” was, of course, huge. In retrospect, despite my ar-
bitrary career decisions, I ended up in the right place at the
right time.

Charlie Desoer took over teaching of the graduate linear
systems course, and he insisted on mathematical rigor.
Charlie would not discuss theoretical research with the con-
trol students until they had completed Math 220 C&D, a very
tough applied graduate math sequence. I was so inspired by
him that when, as a teaching assistant, I taught the under-
graduate linear systems course, I was throwing around vec-
tors and matrices with great abandon, much to the chagrin
of the more conservative faculty member in charge.

Lotfi Zadeh (still in his prefuzzy days) taught an amazing
seminar. He started by presenting the maximum principle of
Pontryagin (which he translated from the original Russian
papers), followed by Bellman’s principle of optimality and
dynamic programming, and finally (for reasons I could never
fathom) topics in stochastic approximation (Robbins-Mon-
roe, Kiefer-Wolfovitch, etc.). I wrote a term paper on sto-
chastic approximation (which was the reason I joined the
MIT Lincoln Laboratory a few years later); why I picked that
topic rather than optimal control I can’t explain to this day.

Art Bergen taught a nonlinear systems course in which
we were exposed to Lyapunov stability methods. Eli Jury
taught us to be experts in sampled-data systems, the pre-
lude to modern digital control.

The research atmosphere at Cal changed significantly
with the arrival of these new faculty, and there was an atmo-
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sphere of excitement among graduate students and faculty.
There were several excellent graduate students in the con-
trol area during this period (1958-1961): Jim Eaton, Paul K.C.
Wang, Hal Knudsen, John Brusollo, Lucien Polack (who was
my officemate at Cal), George Lendaris, Dick Lacoss, Mike
Cannon, Barry Whalen, and toward the end, Pravin Varaiya.
We all wrote theses on some aspect or another of optimal
control, the vast majority on some type of time-optimal
(bang-bang) control system.

It is interesting to trace the background for that line of re-
search at Cal. Long before the publication of the maximum
principle and of dynamic programming, engineers had in-
vestigated time-optimal systems, which used relays
(contactors) to generate the bang-bang controls. The moti-
vation was not one of time-optimality, but rather the fact
that relays are cheap power amplifiers. The 1950 papers of
Hopkin [2] and McDonald [3] dealt with bang-bang control
of a double-integrator plant. Other early representative en-
gineering papers along the same lines include [4]-[8]. The
truly remarkable thesis by Bushaw [4] dealt with the
time-optimal control of the harmonic oscillator; his intricate
geometric proofs of time-optimality (without benefit of the
necessary conditions provided by the maximum principle
of Pontryagin) were amazing. Indeed, many credit Bushaw’s
work with motivating applied mathematicians to work on
time-optimal control, as evidenced by [9]-[12].

Most of the Cal graduate students were aware of the engi-
neering and mathematical contributions to bang-bang con-
trol, since Mac Hopkin [2] and later on Charlie Desoer were
faculty members [11]. The seminar by Lotfi Zadeh dis-
cussed earlier, which brought to our attention the maximum
principle, came at the right time, because many of us were
struggling to prove optimality by all sorts of hand-waving ar-
guments. At about the same time, we also started interact-
ing with the Stanford group headed by the grand lady of
control, Irmgard Flugge-Lotz (the first woman engineering
professor at Stanford), Bernie Widrow, and the newcomer,
Gene Franklin, as well as Stan Schmidt from NASA Ames. In
retrospect, it is interesting that none of the Cal graduate stu-
dents at that time did any research on linear-quadratic opti-
mal control problems.

Lotfi Zadeh was instrumental in bringing many big shots
to Cal to give seminars. Lotfi and Dick Bellman (who was at
RAND during that period) were close friends, so we had the
good fortune of listening to Bellman’s many stimulating sem-
inars. Lotfi was also instrumental in inviting Rudy Kalman to
Cal for three weeks (I do not know whether Lotfi and Rudy
got along during this period). Rudy had just joined the Re-
search Institute for Advanced Studies (RIAS), and his semi-
nars dealt with the Kalman filter. I was drafted to keep
online, handwritten notes, using ancient ditto-master origi-
nals, because I could write fast and had legible handwriting
(we did not have Xerox machines then). Thus, we could im-

mediately distribute copies of Kalman’s lectures to the audi-
ence. If I recall correctly, at that time Rudy had worked out
the general discrete-time version of the Kalman filter and
was struggling with the continuous-time version (his collab-
oration with Dick Bucy was just starting). I believe he had
worked out the second-order, continuous-time case and was
trying to generalize it to higher dimensions. During that
visit, Rudy and I became good friends. He explained to me
the relation between the maximum principle and Hamil-
ton-Jacobi theory, and I am forever grateful to him for those
insights. He even tried to recruit me to work with him at RIAS
and bought me a very expensive dinner at a San Francisco
German restaurant, the Shadows, where I ate sauerbraten.
RIAS, which was established as a research center of the
(then) Martin-Marietta Corporation, was housed in an old
mansion in the suburbs of Baltimore. The “powerhouse”
mathematics group at RIAS at that time included S.
Lefschetz, J.P. LaSalle, Kalman, Bucy, and others. I am happy
to say that since that time, Rudy has never directly insulted
me; maybe he liked the lecture notes I kept for him.

My Ph.D. thesis was on time-optimal control of systems
with real poles, and I was investigating methods for comput-
ing the switching hypersurfaces (see [13, Sect. 7-14]). My
thesis committee was composed of Otto Smith (chairman),
Charlie Desoer, Lotfi Zadeh, and Art Bergen. I still feel that
they were a terrific committee. Otto and I would spend
hours upon hours discussing the research, often going from
the office to his house for dinner and more discussions until
the wee hours of the morning. Otto would generate dozens
of ideas, and it took time to straighten out the dead ends
from the jewels. He also provided moral support and en-
couragement whenever I got stuck in my research. I could
count on Charlie Desoer to guide me in following the proper
theoretical development (near the start of my research, he
saved me from a major blunder involving an error in the ma-
trix inversion lemma), on Art Bergen for advice on nonlinear
matters, and, of course, on Lotfi Zadeh for the “big picture.”

To give some idea of what doctoral students had to put
up with those days, we were required to have two minors,
each consisting of three graduate-level course sequences
outside the EE department. Since math was my bread and
butter, I decided to minor in probability and statistics and in
nuclear physics. My choice of nuclear physics was due to
the fact that Cal was the leading university in that field. I re-
call that I was the only EE major in these courses (quantum
mechanics, field theory, nuclear physics), and I really had to
struggle to pass them. However, my worst educational expe-
rience was passing the required two “foreign scientific lan-
guage” courses. I tried to use Greek, but the committee
would not buy my arguments, especially since I could not
produce a dozen papers on control written in Greek! French
was easy, but German was a nightmare, especially in the
middle of my thesis research.
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Finding a Job
By this time, I had decided to stay in the United States. Lotfi
advised me that I was a “dynamic person” and should work
in industry; he argued that universities were “too sleepy” for
me. In fact, he urged me to consider the IBM Research Labs
in San Jose, CA, telling me that he was sure I would rapidly
become an IBM vice president (indeed, my classmates Jim
Eaton and Mike Cannon did follow the IBM route, and both
were rapidly promoted to VPs). Anyway, I followed Lotfi’s
advice to the extent that, long before finishing my doctoral
thesis, I interviewed with 26 companies (it was a very nice
way to see the United States on an expense account) but no
universities. My top choice, RAND (where Bellman was),
turned me down because, as a foreign student, I was not eli-
gible for a top-secret clearance.

Interestingly enough, my lowest offer ($11,500 per
year) was from the MIT Lincoln Laboratory. When I inter-
viewed there, I was hosted by a small research group led
by the late Fred Schweppe and staffed by Harold Kushner,
Peter Falb, and Lee Gardner. Falb was working on adaptive
control (believe it or not). I was amazed to find that
Kushner and Gardner were working on stochastic approx-
imation methods (the topic of my term paper for the
Zadeh seminar), and I decided that Lincoln must be an
okay place since it supported such esoteric research.
Actually, in those good old days, about one-third of the
Lincoln Lab budget was reserved for general internal re-
search, and they promised me that I could continue with
my optimal control research (even though Lincoln was

primarily a radar and communications place). I do not be-
lieve that Lincoln’s association with MIT had any bearing
on my decision. I had heard that around 1959, Gordon
Brown (founder of the MIT servo lab and later EE chair
and dean of engineering at MIT) had asserted that “con-
trol is dead,” so MIT did not appear to be a friendly place
for control theorists at that time. At any rate, in June 1961,
I moved to Lincoln Lab, ended up with Peter Falb as my
officemate, and what happened after that will have to wait
for another “tale of automatic control.”
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