of the Royal Society to sharply criti-
cize government science policy, al-
though he welcomed the inclusion of
science in the National Curriculum.

As a consequence of his election to
the Royal Society presidency, Porter
decided that he should retire from the
directorship of the Royal Institution.
Most of his research group moved to
the Centre for Photomolecular Sci-
ences, newly created for him at Impe-
rial College, where he also chaired the
newly created Imperial College Press.
Following the end of his term of office
at the Royal Society, Porter continued
with his research at Imperial College.
He also continued to promote science,
particularly through his position in
the House of Lords, after he had been
created a Life Peer in 1990.

Porter was awarded innumerable
medals, prizes, and honorary degrees,
including the Order of Merit in 1989.
Notwithstanding his fame, he was a po-
lite, courteous, stylish man, who cared
deeply about his young colleagues and
was passionate about science—his own
and in general. He is missed.

Frank A. J. L. James
Royal Institution
London, England

David Phillips

Imperial College, London

London, England

Edsger Wybe Dijkstra

dsger Wybe Dijkstra, a pioneer in

the fields of computer science and
computational physics, died of cancer
on 6 August 2002 in Nuenen, the
Netherlands.

Edsger was born on 11 May 1930 in
the Dutch port of Rotterdam. His fa-
ther was a chemist and his mother
was a mathematician; her wise advice
on mathematical method was much
valued in his later career. He attended
the University of Leiden; in 1951, he
passed his candidate’s examination in
mathematics and physics and, in
1956, his predoctoral examination in
theoretical physics.

As a reward for examination suc-
cess in 1951, his father sent him to a
summer school on computing, organ-
ized by Maurice Wilkes in the Cam-
bridge University Mathematical Lab-
oratory. In March 1952, he took a
part-time job at the Mathematical
Centre (precursor of the Centre for
Mathematics and Computer Science)
in Amsterdam, where he was respon-
sible for drafting an exceptionally
precise and accurate reference man-
ual for their new X1 computer. This
work was the basis of his PhD disser-
tation “Communication With an Au-
tomatic Computer,” submitted under
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Edsger Wybe Dijkstra

the supervision of Aad van Wijngaar-
den to the University of Amsterdam
in 1959.

At first, Edsger resisted the pres-
sure to become a programmer, be-
cause he missed in programming the
element of professional and scientific
rigor that had attracted him to
physics. It was van Wijngaarden who
inspired in him the lifelong goal of lay-
ing the scientific and mathematical
foundations that would make pro-
gramming a respectable discipline in
the years to come. Edsger was suffi-
ciently confident of his role as one of
the founders of this emergent branch
of knowledge that he began to keep
his papers and correspondence in
good order for future historians of sci-
ence. His confidence was fully justi-
fied by his subsequent achievement,
and his papers are now in store at the
Charles Babbage Institute at the
University of Minnesota. See also the
Web site of the University of Texas at
Austin (see http://www.cs.utexas.edu/
users/EWD/symposiumProgram.pdf).

In 1957, he discovered the algo-
rithm for the shortest path in a graph,
which now bears his name. Edsger
was a leading member of the interna-
tional working group that designed
ALGOL 60, and he wrote the first
complete working compiler for the
language. He invented the display
technique of addressing global vari-
ables of a program; to this day, his
technique makes recursive proce-
dures work in the presence of higher-
order procedure parameters.

In 1962, Edsger was appointed a
full professor of mathematics at the
Eindhoven University of Technology.
There, he developed a time-shared op-
erating system for the university’s
computing service. Its elegant and in-

fluential hierarchical structure was
reported to the first Symposium on
Operating Systems Principles in
1967. From the beginning of the de-
sign, Edsger paid attention to the
problems of concurrent execution and
invented the semaphore as a means of
synchronizing concurrent programs
while avoiding race conditions. He
took seriously the obligation to prove
absence of deadlock in software and
was depressed at what he viewed as
the failure of IBM Corp to anticipate
and avoid the problem in the archi-
tecture of the System 360 and in the
early releases of its software.

His depression was deepened by his
belief that his mathematical col-
leagues at Eindhoven had failed to rec-
ognize the academic status of com-
puter science. He recovered his
self-confidence by writing his famous
“Notes on Structured Programming,”
in which he distilled the essence of his
unusually wide systems programming
experience into a methodology that is
now widely taught and practiced by
millions of programmers. That distil-
lation was published as a chapter in
Structured Programming (Academic
Press, 1972), written by Edsger, Ole-
Johan Dahl, and this author.

In 1973, Edsger took an appoint-
ment as a research fellow by the Bur-
roughs Corp, a computer manufac-
turer whose distinctive software
strategy was based on ALGOL 60.
That company farsightedly gave him
the freedom to pursue his research
wherever it led him. He invented and
patented a number of systolic algo-
rithms (“elephants from mosquitos”),
intended for implementation in hard-
ware. He also designed some of the
first self-stabilizing algorithms, those
that are guaranteed to return to
working order no matter how their
current state is perturbed. He devel-
oped a proof-of-correctness of a con-
current “on the fly” garbage collector,
which collects free storage simulta-
neously with the program that uses
it. These topics still inspire lively re-
search, which drives innovation in
product development. He also gave

many  weeklong  programming
methodology courses for Burroughs
programmers.

At a meeting in 1973 of the Inter-
national Federation for Information
Processing working group on pro-
gramming methodology, Edsger dis-
covered the logical foundations for a
mathematical theory of programming
that supported all his more practical
precepts. Eight months later, he sub-
mitted to the Communications of the
Association for Computing Machinery
a paper entitled “Guarded Commands,
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Nondeterminacy and a Calculus for
the Derivation of Programs.” In 1976,
he published his monograph A Disci-
pline of Programming (Prentice-Hall),
in which he defined the “weakest pre-
condition” semantic model for the total
correctness of a nondeterministic se-
quential programming language.

By 1984, Burroughs had merged
with Univac, and Edsger decided to re-
turn to academic life as a professor and
Schlumberger Centennial Chair in
Computer Sciences at the University of
Texas at Austin. There, he continued to
practice his techniques for formal der-
ivation of programs and algorithms,
which he published in a series of hand-
written manuscripts that were dupli-
cated and distributed by post to his
friends. His work was often developed
in his weekly graduate seminar, the
Austin (or Eindhoven) Tuesday After-
noon Club. He also applied his con-
structive techniques to the derivation
of elegant mathematical proofs—for
example, in geometry and number the-
ory. This was the way he had hoped
computer science would repay part of
its great debt to mathematics.

Edsgers’s many elegant algorithms
and his point of view about program-
ming have had a subtle but extremely
significant influence on the develop-
ment of computational physics. Some
of his algorithms, such as the one for
finding the minimum spanning tree,
are in daily use. Others, such as
smoothsort, are used only occasion-
ally, but to great effect. Probably more
than any other individual, Edsger was
responsible for giving the world of
computational physics a solid notion
of what an algorithm is, how a power-
ful algorithm can change the research
landscape, and why the best algo-
rithm might not be the first one that
comes to mind.

Edsger was a perfectionist, pursu-
ing the traditional academic ideals of
knowledge for its own sake. The qual-
ity of his lectures was the result of
meticulous preparation (and avoid-
ance of overhead projectors), and his
commitment to personal help for his
students went far beyond the call of
duty. He gave as much careful thought
to details of his personal life as he did
to the problems of science and made a
conscious lifelong choice of his hand-
writing, his fountain pen, and his
clothes. He decided that the best kind
of hat was that worn in Texas, and his
chosen form of necktie was the Texas
clasp. He did not think it incongruous
to wear these accessories above short
cotton pants, ankle socks, and open
sandals. In this attire, he would travel
around the state parks of Texas in his
recreational vehicle, which he affec-
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tionately, and wittily, named the
“Touring Machine.”

He deplored the managerial, polit-
ical, and commercial pressures that
afflict the academic world today, and
he did not hesitate to protest against
them in his most trenchant style of
writing and speaking. He was a mas-
ter of epigram (now called a sound
bite). When hard-pressed by criticism
that his kind of research was not rel-
evant to the problems of the real
world, he replied by defining the prob-
lems of the real world as those that re-
main when you refuse to apply their
known solutions.

Tony Hoare
Microsoft Research
Cambridge, UK

Robert Edmund Apfel

obert Edmund Apfel, widely

known for his work in physical
and biomedical acoustics, died of can-
cer on 1 August 2002 in New Haven,
Connecticut.

Bob was born on 16 March 1943 in
New York City. Both his parents were
artistically inclined and instilled in
him a love for the fine arts. Even
though he became a world-class engi-
neer, he maintained an active and
participating interest in the theater,
wrote poetry, and was involved
broadly in science education.

In 1964, Bob earned a BAin physics
from Tufts University, where he first
developed an interest in acoustics. For
a senior thesis project, he combined
his love of music with science by study-
ing the acoustics of an auditorium that
sorely needed improvement. His ef-
forts attracted the attention of Ted
Hunt at Harvard University, who once
remarked, “Here was this undergrad-
uate from Tufts trying to scrounge
equipment from my lab to do an
acoustics experiment—I figured with
those kinds of skills, he’d be a great
graduate student!” Thus, in the fall of
1964 he was off to Harvard to work in
Hunt’s lab. He would later earn his
MA in physics in 1967 and a PhD in
applied physics in 1970.

At Harvard, Bob set himself im-
mediately to the task of understand-
ing acoustic cavitation, a challenge
that he pursued for much of his pro-
fessional career. Using an ingenious
technique that he later dubbed
“acoustic levitation,” he designed an
experiment that would measure the
tradeoff between elevated tempera-
ture and acoustic pressure in deter-
mining the onset of boiling in super-
heated drops. The drops were made
small enough so as to exclude the ran-

dom contamination of inhomogeneous
nucleation sites (dirt!), and he thus
was able to determine the limit of su-
perheat in a variety of liquids. Soon
afterward, Nature and Scientific
American published his fundamental
work on the properties of liquids, and
the Institute of Acoustics recognized
this work by presenting him with its
A. B. Wood Medal and Prize in 1971.
That same year, Bob accepted an
assistant professorship at Yale Uni-
versity, where he began building a
productive laboratory that would un-
dertake research in a variety of topics
in physical acoustics. Five years later,
he received the Biennial award (now
the R. Bruce Lindsay Award) of the
Acoustical Society of America (ASA).
The moments when Bob was merely
sitting and pondering are few, but in
one quiet moment on a beach in
Florida, he conceived the idea that be-
came the basis of his neutron detector.
He reasoned that if he could make
small superheated droplets that con-
tained no nucleation sites, then the
droplets would remain in a metastable
state for very long periods. Each su-
perheated drop, however, would act
like a small bubble chamber (as in
high-energy physics particle detectors)
if a high-energy nuclear particle
passed through it. When the super-
heated drop was nucleated, a sharp
acoustic pulse would be generated that
could be easily detected with a trans-
ducer. Thus, he had invented a sensi-
tive and stable nuclear particle detec-
tor, which he patented in 1979, and
which formed the basis of his company,
Apfel Enterprises, founded in 1980.
Bob’s technical interests were
quite broad. Together with a number
of his students, he investigated the
potential bioeffects of medical ultra-
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