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Britton Chance

Britton Chance’s career was driven
by the physics of electronics, radia-
tion, and mechanics applied to

revealing fundamental mechanisms of
biology and physiology and later to
developing noninvasive optical devices
for medical imaging and clinical diag-
nostics. His life was fueled by what
seemed to be such an inexhaustible
source of energy that many regarded his
death of heart failure in his 98th year, on
16 November 2010, as premature.

Chance was born on 24 July 1913 in
Wilkes-Barre, Pennsylvania, into a fam-
ily of inventors and engineers who
loved ocean sailing. For him, sailing
became a lifelong passion. At age 13 he
was licensed as a radiotelegraph opera-
tor. At 15, while at Haverford School in
Philadelphia, he invented an automatic
steering device for ships: A tungsten
light beam was reflected from a mirror
on the tip of a compass needle onto
 photodetectors that registered motion
and used electrical feedback signaling
to alter steering.

During the 1930s at the University of
Pennsylvania, where he did his under-
graduate and graduate work in physi-
cal chemistry, he again brought to -
gether optics, mechanics, and feedback
control in his invention of a stopped-
flow spectrometer, now standard
research instrumentation for measur-
ing rapid kinetics in chemistry and bio-
chemistry. He further developed his
ship’s steering device over the same
time, and in 1938 the 25-year-old
Chance was offered a contract with
General Electric in the UK to supervise
its installation in a 20 000-ton refrigera-
tor ship and test it on a three-month
voyage between England and Australia.

While in the UK, Chance was ac -
cepted to study under Hamilton Har-
tridge, Francis Roughton, and Glenn
Millikan, physiologists at Cambridge
University who were studying rapid
interactions of oxygen with hemo -
globin. In that first taste of biology, he
found himself working in the same lab-
oratories as neurophysiology giants
Alan Hodgkin and Andrew Huxley.
Huxley noted that Chance “spent part
of his time adding a photoelectric detec-
tor to Roughton’s apparatus and the
rest of it in developing a servo pick-off
from a magnetic compass as part of an

automatic pilot for a sailing boat; both
these activities led on to fields in which
he later became world famous.”

In the next five years, Chance grad-
uated with PhDs from Penn in physical
chemistry (1940) and Cambridge in
physiology (1942). In 1940, with World
War II under way in Europe, he
returned to the US to become acting
director of the Eldridge Reeves Johnson
Foundation, which is devoted to bio-
medical physics, at the University of
Pennsylvania’s medical school. How -
ever, in 1941, already recognized for his
exceptional skills in optics, electronic
timing, and servomechanisms, particu-
larly low-frequency phenomena, he
was tapped by the physicists for the
radar project at MIT. By 1942 Chance
had moved through the ranks of the
Radiation Laboratory to become a
member of its prestigious steering com-
mittee. He led a group of 300 mainly
young physicists in developing preci-
sion circuits to record submicrosecond
time delays between a microwave radar
pulse and its echo. His group intro-
duced computers to provide ranging
information for defending antiaircraft
guns and a ground-positioning indica-
tor aboard attacking bombers.

In 1947, on a Guggenheim fellow-
ship with Hugo Theorell in Stockholm,
Chance extended his own ground-
breaking PhD work by demonstrating
that enzymes and substrates first form
a complex and retain intermediate
states before releasing the products.

At 36 Chance returned to Penn to
become director of the Johnson Founda-
tion. Committed to biology, he designed
many novel instruments to rapidly meas-
ure minute optical changes, often against
a highly scattering background. As many
scientists from around the world flocked
to the Johnson Foundation to use them,
Chance plowed ahead over the next three
decades to make one discovery after
another. Key among them was his find-
ing that biological electron transfer is
governed by quantum mechanical tun-
neling, a mechanism that underpins
energy conversion and catalysis in
 photosynthesis, respiration, and related
oxidoreductases. In those systems he
revealed electron transfer sequences,
their energy coupling to phosphoryla-
tion, and, not surprising, feedback mech-
anisms that regulate energy conversion.
For mitochondrial analyses in laborato-
ries and clinics, Chance laid down the
markers that remain essential descriptors
for assessing health, aging processes, and
diseases.

In his late 60s, Chance turned to the
use of spectroscopy to track cellular
metabolism and energetics deep in live
tissue. First he conducted pioneering
studies of phosphorous nuclear mag-
netic resonance, and then at 78 he
returned to his forte of developing
small, inexpensive electro-optical
instrumentation. Chance’s new instru-
ments exploited the physics of light dif-
fusion through scattering materials,
rather than minimizing the effects of
light scattering as in his early spec-
trophotometers. Over the past two
decades, it has become increasingly
clear that scattered near-IR light pulses
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can report the metabolic energy status
in performing muscles, locate tumors
and cancerous tissue in muscles and
breast, and access cognition and injury
in the brain. Chance’s legacy is a bur-
geoning field of biomedical optics and
biophotonics.

Recently Chance commented that he
felt he had come full circle in applying
microsecond microwave radar technol-
ogy to picosecond optical ranging in the
human frame. From his earliest days at
MIT, he appreciated physicists’ straight-
forwardness. Looking back over his
career Chance reflected, “It’s a good
thing to have the physics community
behind a biophysicist!”

P. Leslie Dutton 
Eldridge Reeves Johnson Foundation

Philadelphia

Steven Alan Orszag

The scientific community lost a bril-
liant and energetic thinker with the
passing of Steven Alan Orszag from

complications from chronic lympho -
cytic leukemia on 1 May 2011 in New
Haven, Connecticut. Steve had a pro-
found influence on fluid mechanics as
he tackled daunting problems in turbu-
lent flow using mathematical and com-
putational methods.

Steve was born in New York City in
1943 and at 19 obtained his BS in math-
ematics from MIT. He spent 1962–63
taking part III of the Mathematical Tri-
pos at St John’s College of Cambridge
University. Having obtained a strong
mathematical foundation for the study
of fluid flows, he went to Princeton Uni-
versity and completed his PhD in astro-
physics in three years.

When Steve returned to the US from
Cambridge, he realized that the style of
research in fluid mechanics he’d
learned there—the idea that fluid
mechanics was, and is still, part of the
mathematics curriculum—was distinct
from that in North America. Here, it
resided in application subareas of astro-
physics, engineering, geophysics, and
superfluidity. Steve fused the mathe-
matical approach with numerical meth-
ods. Mentors Martin Kruskal, Lyman
Spitzer, and Bengt Strömgren provided
a blend of theory and observation into
which Steve’s approach of combining
mathematical foundation and compu-
tational exposition dovetailed. His 
earliest paper on the atmospheres of
neutron stars used state-of-the-art com-
puting, but the evident intransigence of
astrophysical flows quickly led him to
examine the underlying mechanisms
governed by the Navier–Stokes equa-
tions. His 1966 thesis, “Theory of turbu-

lence,” led to his writing a series of
papers with Kruskal and Robert
Kraichnan both as a student and then
later at the Institute for Advanced
Study in New Jersey.

Steve’s growing understanding of
both the mathematical foundation and
broad relevance of turbulent flow
became the groundwork for his
research at MIT, where he was an
applied mathematics professor from
1967 to 1984. The widely used text
Advanced Mathematical Methods for Sci-
entists and Engineers (McGraw-Hill,
1978), which he wrote with Carl Bender,
emerged from courses they developed
there.

The tools of fluid mechanics are dif-
ferential equations, scaling, and asymp-
totic methods. The Reynolds number 
Re commonly measures the degree of
nonlinearity; when large, the flow is
strongly turbulent and displays an
enormous range of scales. Capturing
that numerically is a major challenge.
One needs both to store a great deal of
information (scaling as Re9/4) and to
have efficient, high-precision algo-
rithms. Those were major impediments
until, beginning in 1969 while on a two-
year leave at the National Center for
Atmospheric Research in Colorado,
Steve developed the transform methods,
now called spectral methods, which
exploit generalized Fourier decomposi-
tion and fast Fourier transforms.

Spectral methods provide the
strongest evidence that the three-
dimensional Navier–Stokes equations
remain well posed and their solutions
free of singularities for all times (real
singularities could, of course, appear at
Re far exceeding the capability of pres-
ent-day computers). Spectral methods
also make practicable many real-world
flow problems. Some 40 years later, the
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