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FOREWORD

T

HIS IS THE TWENTY-THIRD VOLUME in the Memorial Tributes
series compiled by the National Academy of Engineering as a
personal remembrance of the lives and outstanding achievements of its members and international members. These volumes are intended to stand as an enduring record of the many
contributions of engineers and engineering to the benefit of
humankind. In most cases, the authors of the tributes are contemporaries or colleagues who have personal knowledge of the
interests and engineering accomplishments of the deceased.
Through its members and international members, the
Academy carries out the responsibilities for which it was established in 1964 as an organization of outstanding engineers.
Members are elected by their peers on the basis of significant
contributions to engineering theory, practice, and literature
or for exceptional accomplishments in the pioneering of new
and developing fields of technology. The National Academies
of Sciences, Engineering, and Medicine share a r esponsibility
to advise the federal government on matters of science, technology, and medicine. The expertise and credibility that the
National Academy of Engineering brings to that task stem
directly from the abilities, interests, and achievements of
our members and international members—our colleagues
and friends—whose special gifts and accomplishments we
remember in these pages.

Carol K. Hall
Home Secretary

xi
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WILLIAM G. AGNEW
1926–2020
Elected in 1974
“Contributions to engine combustion research and the
development of alternative power plants for automobiles.”
BY JOSEPH M. COLUCCI

It was my distinct honor to know Bill Agnew for over 60 years.

He was a mentor, boss, friend, ally, confidant, and much more. He
was honest and down to earth, and strongly believed in always
seeking the truth, in an even-handed and understated way. He
was an excellent researcher and manager at the General Motors
Research Laboratories (GMR) for 37 years. After retirement, he
followed his passion for the education of children in science,
technology, engineering, and mathematics (STEM) skills, with
worldwide impact.
WILLIAM GEORGE AGNEW passed at age 94 on May 31,
2020, in East Lansing, Michigan. He was born January 12, 1926,
to Dupre and Marion Agnew in Oak Park, Illinois. During
World War II he was an undergraduate student in mechanical engineering at Purdue University. His education was interrupted when he was drafted into the Army and sent to Fort
Belvoir, Maryland. The Army quickly learned that he was very
smart and transferred him to Los Alamos, where he worked
from 1944 to 1946 as a private and then as a civilian on the
Manhattan Project. This was his introduction to combustion, which he further researched on returning to Purdue and
during his career at General Motors.
At Los Alamos, he worked on development of the ignition system to activate the plutonium in the “Fat Boy” bomb
3
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that leveled Nagasaki on August 9, 1945, leading to the end
of the war. He carried out many ignition test explosions on a
mountainside, and subsequently concluded that they contributed to his hearing loss later in life. He often spoke and wrote
about his experience at Los Alamos, at times with a heavy
heart over the two-edged sword that was the atomic bomb—
the good it did in bringing about the end of World War II,
and the bad it did by killing so many people.
(He was also part of a two-vehicle team sent from Los
Alamos to Hanford in Washington state to bring back the
plutonium that was to be used in the Nagasaki bomb. One of
the vehicles had an accident on a mountain road in Utah, and
Bill’s vehicle finished the delivery.)
Upon leaving Los Alamos, he received a letter of commendation signed by Robert Oppenheimer. He returned to
Purdue, where he completed his bachelor’s, master of science,
and PhD degrees in mechanical engineering.
He joined the GMR Fuels and Lubricants (F&L) Department
in 1952. His fundamental combustion studies using a laboratory burner and mass spectroscopy demonstrated preflame
reactions both in the burner and in an engine cylinder, and
showed how tetraethyl lead affected combustion. He also
identified some of the chemicals responsible for diesel odor.
Bill was part of the F&L team doing the initial investigations to reduce vehicle emissions and develop the catalytic
converter/unleaded gasoline combination to meet the then
strict 1975 exhaust emissions standards. He headed the F&L
Department and then the Emissions Research Department
before becoming a technical director, where his responsibilities and interests expanded.
When he was my department head in March 1970, I met
with him to tell him I was very interested in an offer I had
received to join GM’s newly established automotive emissions
control activity. Bill asked me to “wait a month.” When I asked
why, he just repeated, “wait a month.” Trusting in Bill, I spent
an anxious month wondering what was going on. At the end
of the period, he told me that I was being promoted to assistant department head. My trust in Bill had been rewarded. I

Copyright National Academy of Sciences. All rights reserved.

Memorial Tributes: Volume 23

WILLIAM G. AGNEW

5

declined the other job offer and went on to a successful career
at GMR.
Bill was recognized as a Society of Automotive Engineers
(SAE) fellow, emeritus member, and volunteer for over
60 years, remaining active with SAE during his retirement. He
was a steadfast supporter of the SAE Foundation and SAE’s
STEM education programs.
Upon retiring, he devoted himself to improving STEM education in primary and secondary schools. He was the “father”
of SAE’s A World in Motion Program (AWIM), which to date
has exposed about 5 million children around the globe to
the wonders of STEM subjects by involving them in handson projects to demonstrate various physical and mathematical principles. One of the key components contributing to
AWIM’s success was the placement of an active SAE member
in the classroom with the teacher. This relieved the teacher’s
concerns about unfamiliar material and added credibility to
the material being taught. In 2003 Bill was honored with the
creation of the Bill Agnew Award for Outstanding AWIM
Volunteers, which celebrates his legacy by recognizing some
of the most dedicated AWIM volunteers.
Bill also developed and introduced two important components of the SAE Unmanned Intelligent Ground Vehicle
Competition for college engineering students: the design
report and the GPS-following requirement. Teams from all
over the world have participated in this annual event, which
Bill helped organize and run for many years at Oakland
University, near his home. In 2012 the annual Dr. William
Agnew Design Excellence Award was established and presented to Design Challenge winners.
In addition, Bill received numerous SAE awards: the Medal
of Honor, Excellence in Engineering Award, Ableson Award
for Visionary Leadership, and Arnold W. Siegel Humanitarian
Award.
On the homefront, Bill’s wife was a horse enthusiast and
they built a stable at their home. For years Bill dutifully
shoveled out the horse stalls. It probably gave him time to
think, which he did lots of.
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He was preceded in death by his wife, Norma Jean (née
Light), in 2005. They are survived by sons Brian (Libba), Dan
(Gavonna), and Dalen (Ann Marie), daughter Patti Ann, seven
grandchildren, and two great-grandchildren. After Norma
passed, Bill sold their home and moved back to New Mexico,
attracted by his longstanding love of its scenery. He enjoyed
several years there before returning to Michigan and a retirement community in East Lansing, where he spent his remaining years.
Bill was a treasure to many, and I certainly will never forget
him.
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JOSEPH A. AHEARN
1936–2018
Elected in 2010
“For contributions to improving the environment and transportation
infrastructure through engineering and construction projects.”
BY JOHN NAGY
SUBMITTED BY THE NAE HOME SECRETARY

J

OSEPH AUGUST AHEARN was a warm-hearted Cold
 arrior and gregarious grand marshal of others’ gifts who, as a
W
senior officer in the US Air Force and senior executive at CH2M
Hill, taught generations of engineers by principle and example
how to lead by one’s “inner compass.” He died July 11, 2018, at
his home in Greenwood Village, Colorado, at age 81.
A man of innumerable and instantaneous friendships who
wanted everyone in the room to feel welcome and respected,
he was called Bud from early childhood because, in the words
of his son, “he was everybody’s buddy.” That single, attractive
personal quality contributed as much to his choices of college
and profession as did his work ethic, good grades, and h
 eroics
as a football and baseball standout at St. Louis University
High School.
Once, when his habit of choosing the least athletic boy for
his sandlot team nearly caused a fight among better players
im
patient with Bud’s altruism, the commotion caught the
attention of the boy’s father, the chief engineer of a major
bridge design firm. The grateful man took Bud aside and, after
confirming his interest in science and math, invited him to see
what he did for a living. From that office visit, Bud’s sense
of vocation—all-important for a young man with a Jesuit
education—was immediate and permanent.
9
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Soon he was on his way to the University of Notre Dame,
where he played center field for the freshman and varsity
baseball teams, practiced with the football team, trained with
the Air Force ROTC, chaired the senior class Lenten retreat,
and spent most of his time studying. Having befriended the
janitor of his residence hall, he often defied the Catholic college’s strict lights-out policy by using the hall’s supply closet
as a study carrel. He graduated with his BS in civil engineering
in 1958.
Bud was born in Galesburg, Illinois, on September 5, 1936,
and grew up on the south side of St. Louis, where his father,
Joseph, a doughboy injured in a World War I chemical attack,
worked as an attorney for the US Veterans Administration and
his mother, Mary Ethel, raised him alongside his twin Janice
and their older sister Marcia.
Pragmatic, fair-minded, and irrepressible, Bud followed
his father into military service, starting with an officer’s commission in 1958 and a first assignment to the space program
management team at California’s Vandenberg Air Force Base.
There he would build missile assembly and launch facilities as
well as the infrastructure for a community of several thousand
military families.
What followed over the next 34 years was a series of assignments that increased in breadth, complexity, and importance
to the United States’ emergence as a global superpower—
and to its ultimate victory in the 45-year showdown with the
Soviet Union. Bud worked as chief engineer at a refueling
base for long-range nuclear bombers in Goose Bay, Labrador,
Canada; construction program manager for the Titan, Atlas,
and Minuteman missile launch facilities at the Eighth Air Force
headquarters, Westover Field, Massachusetts; a lead designer
of support systems for US intelligence efforts in NATO countries from Western Europe to Pakistan while stationed in
Frankfurt; commander of a combat engineering squadron
that built and repaired airfields in Vietnam; a Pentagon-based
director of finance overseeing all Air Force civil engineering
programs; and in increasingly sensitive positions of leadership
both in the Department of Defense and in liaison with NATO
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allies that culminated in his promotion to the two-star rank
of major general, the highest available to an engineer in the
US Air Force. He retired from service in 1992 as the branch’s
senior civil engineer.
The citation for Bud’s Air Force Distinguished Service
Medal noted that his work in Europe during the Reagan era
“greatly enhanced our readiness and warfighting capabilities.” It further described his base-housing modernization initiative as “the largest housing program in the history of the
United States Air Force in Europe,” which had fortified “our
readiness posture.” Bud is also credited with nearly $1 billion
in taxpayer savings secondary to his efforts to streamline airbase civil engineering in the era of post–Cold War drawdown.
Along a military career path that spanned three continents,
Bud married Nona Maria Fallon, a teacher and scholar of
Spanish literature, and together they raised three daughters—
Stacia, Gianna, and Trienel—and a son, Fallon, teaching them
the value of “heroic aspiration” and of lives lived in service
to others. “He didn’t care what you did as long as you were
in service to others and living the best version of yourself,”
Gianna said. “He was a hero in so many people’s eyes, but he
did not envision himself as that.”
Bud continued his own education, earning a master’s
degree in public policy and engineering administration from
Syracuse University in 1967 and completing programs in military strategy at National Defense University in 1979 and in
national security policy at Harvard University in 1988.
At 55, when others might have chosen to double down on
their golf game, Bud embarked on what would be a second
professional life. His rise through the corporate ranks at CH2M
Hill as the company undertook a dramatic expansion of its
reach and scope was as meteoric as his military career. After
starting as Northeast regional manager, he retired in 2011–12
as vice chair of the company’s board, having overseen its
strategic planning and communications, government affairs,
environmental remediation, and leadership development programs while serving in a range of senior executive positions.
Among the more significant projects of his tenure were the
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firm’s work on the Panama Canal expansion, a pair of major
transportation corridor projects in California, a multibilliondollar military base in South Korea, and athletic venues for the
2012 Summer Olympics in London.
A religious man, Bud learned from his Catholic faith the
principles of servant leadership and of the equal dignity of
all people, and he found one outlet for their expression in service to his profession. He was a member of the NAE, president of the National Academy of Construction and Society of
American Military Engineers, and distinguished member of
the American Society of Civil Engineers and a participant in
its Industry Leaders Council. In 2002 he became a cofounder
of Engineers Without Borders USA, which by the time of his
death boasted some 14,000 members and volunteers making
life better for disadvantaged people in 45 countries.
Adding to his numerous military honors, several industry
organizations recognized Bud’s professional contributions by
presenting him with lifetime achievement awards. He also
received Notre Dame’s College of Engineering Honor Award
and an honorary membership in the American Institute of
Architects. But no gesture of appreciation meant more to him
than his 1991 induction into the Order of the Sword, the highest honor bestowed by the Noncommissioned Officer Corps
of the Air Force. It was another mark of his heartfelt respect
for the contributions of all, regardless of their rank or station.
In retirement Bud was a regular on the speakers’ circuit at
universities and corporations around the country. He wanted
younger engineers to think not just about how to build something but about how building it would affect people’s lives.
He took particular pleasure in giving back to the institution
he felt had set him most firmly on the best career and life
track: in 2012 the family endowed Notre Dame’s Joseph and
Nona Ahearn Professorship in Computational Science and
Engineering. Bud later perpetuated his personal commitment
to mentoring by establishing the Ahearn Family Directorship
of the Grand Challenges Scholars Program at Notre Dame.
Addressing a group of students at his alma mater, he credited its legendary former president, Rev. Theodore Hesburgh,
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CSC, with setting the “inner compass” by which he had navigated his own life—the principles of character, commitment,
and caring, as well as the cultivation of his talent, vision,
ingenuity, and positive worldview. “The inner compass defini
tion is that you own it,” he said. “Nobody else owns it. It’s
yours, and it’s what you bring to market, and it’s the offering
of how you can multiply the force of you the person.”
Nona Ahearn preceded her husband in death by 3 years.
Bud leaves behind a beloved family—four children, their
spouses, and eight grandchildren—and a legion of former colleagues who remember him as an enthusiastic mentor, motivator, and innovator; as a man who led with a huge heart, a
keen intellect, and a ready smile; as their friend.
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THOMAS R. ANTHONY
1941–2017
Elected in 1990
“For outstanding application of diffusion phenomenology to the
development and fabrication of materials and devices.”
BY RICHARD ALBEN, SLADE CARGILL, AND FRANS SPAEPEN

T

HOMAS RICHARD ANTHONY, a prominent materials
researcher at the General Electric Research & Development
Center (now GE Global Research) for more than 36 years, died
December 12, 2017, at the age of 76. Throughout his career, he
demonstrated the importance of fundamental scientific understanding to the development of new processes and products.
Tom was born in Pittsburgh in 1941. His father Harry
was a professor at the Carnegie Institute of Technology, and
his mother Evelyn was a secretary. He attended Shady Hill
Academy, where he excelled in both academics and wrestling.
He graduated in 1962 from the University of Florida with a BS
in physics and mathematics and was accepted to the graduate
program of the Division of Engineering and Applied Physics
(DEAP) at Harvard, where he earned an MS and PhD in
applied physics.
At the time, David Turnbull had just joined the DEAP faculty after 15 illustrious years at the GE Research Laboratory,
where he laid the foundations of current understanding of the
kinetics of phase transformations in condensed matter. He was
delighted to take Tom as a student and suggested that he work
on an intriguing aspect of solid-state diffusion.
In his GE days, Turnbull had explained the remarkably fast
diffusion of copper atoms in germanium by demonstrating
15
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that they could move interstitially between the host atoms
in the open covalent structure. Similar observations were
made for the silicon host, and there were indications that the
same would hold even for metallic group IV hosts, such as tin
and lead.
In his thesis work, Tom demonstrated fast diffusion of a
range of noble metals (copper, silver, gold) in several poly
valent metallic hosts (lead, tin, indium, thallium, cadmium),
and helped develop the understanding that interstitial motion
was possible here because of the relatively small size of the
host atom ion cores in a large sea of valence electrons. His
research laid the groundwork for many years of work on fast
diffusion in Turnbull’s group.
In graduate school Tom had toyed with the idea of becoming an astronaut. In the end, he decided that the militarystyle regimentation of such a career was not for him. Instead,
he joined GE Research & Development and, with his wife
Angela, whom he had met at Harvard, moved to Schenectady,
New York.
Throughout his long career at GE, Tom’s approach to
research remained firmly rooted in the fundamental materials
science he had learned from his mentor: think deeply about
the problem at the atomic level, create a clean physical model,
and design simple experiments to test that model.
His early work, with Harvey Cline, was a comprehensive
study of the thermomigration of liquid droplets through solid
crystals. When such a droplet is placed in a temperature gradient, the solubility of the matrix atoms in the liquid is greater at
the hot end than at the cold one: the atoms at the hot end dissolve into the droplet, diffuse down its length, and plate out
at the cold end. As a result, the droplet moves up the gradient
through the crystal.
The Anthony-Cline team explored this phenomenon for a
variety of systems, such as brine in salts and liquid metals in
semiconductors. Their work was an exemplary combination
of experimental design, critical observation, careful measurement, and elegant modeling based on fundamental thermodynamics and kinetics. They came to understand in detail the
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morphologies of the droplets, the rate-controlling factors, and
the effects of crystal defects and how to deal with them.
The metal-semiconductor work had practical implications
for electronic device processing. By sending a p-dopant, such
as aluminum, through n-doped silicon, it became possible
to create a long, narrow columnar p-n junction throughout a
thick wafer. They used this to create, for example, deep-diode
arrays for radiation detectors that combined the high resolution of thin shallow-junction detectors with the high sensitivity of thick shallow-junction detectors. Their work resulted in
multiple patents and a business that was sold to AT&T in 1979
for almost $10 million.
During the latter part of his career, Tom worked on the
synthesis of diamond. GE had a longstanding interest in this
material, going back to its pioneering of high-pressure, hightemperature synthesis in the 1950s. Since then there had been
progress elsewhere in the low-pressure synthesis of diamonds
by chemical vapor deposition (CVD) from carbonaceous
vapors, and in 1984 Tom was asked to head up an effort in
this area at GE. In characteristic fashion, he delved deeply into
the atomistics of carbon incorporation on a growing diamond
surface. He developed a comprehensive understanding of the
importance of atomic hydrogen and was the first to appreciate
its role in the establishment of a minimum in the temperaturedependence of carbon solubility in the gas phase, which turns
out to be the optimum substrate temperature.
One of the signature results of that effort was the production
of isotopically pure 12C and 13C gem-quality diamonds, which
have record-high thermal conductivity and can be used, for
example, to make the most damage-resistant high-power laser
windows. The synthesis technique consists of making a CVD
diamond deposit from isotopically enriched methane, crushing it, and using the powder as the feed material in seeded
high-pressure, high-temperature growth. The CVD diamond
work resulted in numerous patents as well as several new
businesses.
At the end of his career, Tom held 168 patents, one of the
highest in the history of GE. In 1978 he became a GE Coolidge
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fellow, the company’s highest research distinction. In addition
to his election to the NAE, he received 25 major honors, among
them top awards from the professional societies; he was the
inaugural Turnbull Lecturer of the Materials Research Society
(1992), and received the McGroddy New Materials Prize from
the American Physical Society (1999) and the Thornton Award
of the American Vacuum Society (1992). He was very much
in demand as a speaker and as a teacher of short courses on
diamond synthesis.
After he retired in 2004, Tom had time to cultivate his many
other interests, from nutrition and exercise to investing and
technology. For the last decade of his life, he ate a plant-based
diet and became a long-distance cyclist. He contributed to the
design of an elliptical bicycle developed by an Australian company, leading to his last patent, issued in 2017. He was also an
active musician who played the piano, violin, classical guitar,
and even the bagpipes.
Tom leaves his wife Angela, daughter Wendy, and son Jason,
all in Saratoga Springs, NY. He will be remembered for his
intellectual brilliance, for his tenacity and discipline, and for
his unwavering focus on the importance of fundamental science to the success of industrial research.
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EARL E. BAKKEN
1924–2018
Elected in 1990
“For engineering and industrial leadership that transformed his
small company, developer and manufacturer of the implantable,
cardiac pacemaker, into a worldwide industry.”
SUBMITTED BY THE NAE HOME SECRETARY

E

ARL ELMER BAKKEN was born to Florence and Osval
 akken on January 10, 1924, in Columbia Heights, a northern
B
suburb of Minneapolis. He passed away at age 94 on October 21, 2018, on the island of Hawaii. He had lived there for
30 years with his wife Doris in the dream retirement home they
had built at Kīholo Bay.
As a child Earl had developed a keen and lifelong interest in
the role of electricity in living things. This began in 1931 when
he saw Universal Pictures’ classic Frankenstein “monster”
movie at the neighborhood theater. He became fascinated
with the idea of using electricity to (re)animate life. He built
robots—including one that smoked cigarettes—and a phone
system that connected his house to a friend’s house nearby.
He also rigged the high school loudspeaker system so that
students could hear President Franklin D. Roosevelt call for
a declaration of war on Japan after the attack on Pearl Harbor
December 7, 1941.
Immediately after graduating from high school, Bakken
enlisted at age 18 in the US Army Signal Corps. Because in
high school he had earned a US government license qualifying
him to operate a commercial radio station, he was assigned to
be an instructor of electronic equipment maintenance. His specialty became teaching technicians how to maintain precision
21
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airborne radar systems. At the age of 20 he was promoted to
become responsible for the training of all US Army Air Force
technicians who maintained these systems.
Later in the war, a prototype of the world’s most advanced
airborne navigation radar set was sent to Bakken’s unit for
testing. He proposed several significant design enhancements,
and subsequently joined the design team of that top-secret
program—the only enlisted man asked to do so. He often said
that his wartime experience instilled in him the certainty that
he could accomplish almost anything in life.
After his military service he earned a bachelor’s degree
in electrical engineering, with specialties in electromagnetic
field theory and radio communications technology, from the
University of Minnesota in 1948. He then enrolled in the graduate school for advanced work in electrical engineering with
a minor in mathematics, applying his war-time experience to
lead a team that successfully reflected a radar signal off the
surface of the Moon.
In 1949 he cofounded Medtronic with his brother-inlaw, Palmer J. Hermundslie, in a small garage in northeast
Minneapolis. The company’s initial purpose was to provide repair services for electronic medical equipment at the
University of Minnesota’s medical facilities. Use of electronic
diagnostic equipment was rapidly expanding and Medtronic
saw the market opportunity to maintain it. However, it
was an inauspicious beginning: the first month’s revenue was
reported to be eight dollars. Moonlighting in the repair of
household radios and television sets kept the company afloat
in its early years.
A confluence of events and circumstances in 1957 sharply
altered Medtronic’s and Bakken’s respective business and professional trajectories. The backdrop was the transformative
cardiac surgery advances being developed at the University of
Minnesota in the 1950s.
Cardiopulmonary bypass machines that served as a
patient’s temporary heart and lungs made it possible to surgically correct congenital heart defects through open-heart procedures. Prominent surgeon C. Walton Lillehei was pioneering
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the surgical correction of anatomical heart defects that caused
improper blood circulation and substantially reduced blood
oxygenation levels in children.
Open-heart surgery as performed in that era could inadvertently damage the patient’s native conduction system, which
is responsible for controlling the heart’s normal rhythm. To
prevent dangerously slow heart rhythms in the postsurgical
period, the patient was connected via wires placed on the
heart and passed through the skin to a large, cart-mounted,
line-powered external stimulator. The device served as an
external “pacemaker” to deliver timed electrical stimuli to the
heart until the natural system recovered.
Earl’s first wife Connie worked as a medical technologist in
the same building as Lillehei’s operating theater. Earl would
pick her up at the end of the day for the ride home, providing
an excuse to be a frequent presence at the hospital. This gave
him the opportunity to scrounge for equipment repair work
(for example, he did repairs on the cart-based cardiac stimulators) and cultivate potential customers. As a result, he had
established a working relationship with Lillehei, for whom he
had built a few special-purpose devices and performed adaptations of hospital equipment.
A power outage in October 1957 knocked out service to the
hospital complex—a catastrophic event for patients dependent on the external line-powered cardiac stimulator. Lillehei
approached Bakken to implement a strategy for back-up electrical power for such events, asking him to install several
automobile batteries on the cart holding the line-powered
stimulator and, via a DC-to-AC converter, switch the power
supply from the line power to the back-up batteries—the
equivalent of today’s uninterruptible power supply.
While investigating this idea, Bakken conceived a different solution consisting of a portable, battery-powered,
“wearable” cardiac pacemaker that employed recently available transistors rather than power-hungry vacuum tubes. He
remembered having read an article in a recent issue of Popular
Electronics magazine detailing the construction of a transistorized metronome. A metronome emits steady clicking sounds
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to help rehearsing musicians keep time, and he realized that
the circuit could be modified to mimic the steady beating of a
heart. Within weeks, prototypes of the device were being used
by Lillehei’s team to successfully treat surgical patients.
The wearable device was packaged in a box roughly the
size of a paperback book. The new design not only provided
the stimulation parameter adjustability of the old stimulator
but also eliminated the mobility limitation for patients who
were formerly tethered by the length of the extension cord to
a wall outlet.
When word of this innovation spread through the cardiac
surgery world, unsolicited orders followed. Medtronic, under
Bakken’s leadership, set out to develop additional applications
for therapeutic devices. The company he started in a garage
and led for 40 years is now the largest therapeutic device company in the world, with annual revenues exceeding $30 billion. Its success spawned the emergence of the medical device
industry, with an estimated worldwide market of $390 billion.
A more important metric is the industry’s positive impact on
health care and patients’ lives around the world. Bakken, who
retired from Medtronic in 1989, is often credited as the pioneer
of the medical device industry.
In addition to his technical leadership and innovation,
Bakken was a firm believer that corporations have a purpose
that extends beyond maximizing financial returns. In 1960
he published Medtronic’s mission statement, an aspirational
basis for corporate comportment that remains essentially
unchanged and has been espoused by the company’s subsequent leaders. It provides guiding principles to alleviate pain,
restore health, and extend life. Until personal health issues late
in life prevented him from doing so, he spoke to every new
employee about the importance of adhering to the mission
statement.
Earl Bakken was a mentor, futurist, historian, philanthropist,
humanist, and advocate for science education. He founded
the Bakken Museum of Electricity in Life (in Minneapolis),
which originally focused on the role of electricity in medicine,
a motivating lifelong interest of his. Today known simply as
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the Bakken, it has expanded to offer dynamic exhibit experiences and STEM-focused educational programs based on the
history and nature of electricity and magnetism. The Bakken
also highlights Minnesota’s medical technology industry and
features an “electrifying” Frankenstein experience.
Along with other educational and cultural endeavors, he
founded the Pavek Museum (also in Minneapolis) to focus on
another of his lifelong interests: the history and technology of
electronic communications, including science and engineering
applications of electromagnetic fields. Among the visitors to
the Bakken and the Pavek Museum have been hundreds of
thousands of children participating in educational activities.
He also developed a 100-year plan for medical technology
that has remained relevant. For instance, he began in the early
1970s to advocate for greater consideration of the role of the
body’s internal “clocks” in health and disease. Although once
thought to be relatively unimportant, circadian rhythms and
chronobiology have gained respect as marked by the awarding of the 2017 Nobel Prize in medicine to researchers who
had laid the scientific foundation. These rhythms play a role
in aspects of heart disease, diabetes, and overall patient health
and well-being.
Perhaps paradoxically as an engineer of his era, Bakken
advocated for a high-tech and high-touch approach to medicine. To further this concept, he founded the North Hawaii
Community Hospital to better serve the medical needs of
the community with state-of-the-art technology and at the
same time enhance the patient experience by minimizing
the emotional stresses of being away from home in a b
 ustling,
unfamiliar environment. He engaged Hawaiian spiritual

leaders to assist in defining the physical design of the hospital to incorporate the spiritual beliefs and customs of the local
population.
In recognition of his impact on an integrated and inter
disciplinary approach to technology and medicine, the
University of Minnesota in 2017 renamed two of its centers in
his honor: the Earl E. Bakken Medical Devices Center and the
Earl E. Bakken Center for Spirituality and Healing.
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He also received numerous honorary degrees, professional
society awards, government medals, and lifetime achievement awards acknowledging his impact, inspirational leadership, and role as an exemplar. In 1990 he was elected to the
NAE and in 2001 he shared with Wilson Greatbatch the first
NAE Russ Prize for the development of the implantable cardiac pacemaker. He was named an honorary fellow of the
American Institute for Medical and Biological Engineering,
and he received the Eli Lilly Award in Medical and Biological
Engineering (1994) from the Institute of Electrical and
Electronics Engineers, the Laufman-Greatbatch Award
(1998) from the Association for the Advancement of Medical
Instrumentation Foundation, and a Trailblazer Award (2002)
from Scripps Center for Integrative Medicine. And in 1999
Medtronic provided a grant to the Society of Thoracic Surgeons
to establish the Earl Bakken Scientific Achievement Award to
honor individuals who have made outstanding scientific contributions that have enhanced the practice of cardiothoracic
surgery and patients’ quality of life.
Earl Bakken fully lived his mantra: “Living on, giving on,
dreaming on.”
His first marriage, in 1948 to Connie Olson, ended in divorce
in 1979. He is survived by Connie and their four children:
Wendy Watson and husband Warren (New Brighton, MN),
Jeffrey Bakken and wife Linda Shaw (Orono, MN), Bradley
Bakken and wife Mary (Orono), and Pamela Petersmeyer and
husband Jeff (Prior Lake, MN); eleven grandchildren; and four
great-grandchildren.
In 1982 he married Doris Marshall. He is survived by Doris,
stepchildren Ramona West (Waikoloa, HI) and David Marshall
and Linda (Rice, MN); three step-grandchildren; and eight
step-great-grandchildren.
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V I T E L M O V. B E RT E R O
1923–2016
Elected in 1999
“For contributions to improvements in seismic design and the
construction of steel and reinforced concrete structures.”
BY FILIP C. FILIPPOU, JACK P. MOEHLE, AND YOUSEF BOZORGNIA

V

ITELMO VICTORIO BERTERO, a world-renowned expert in
earthquake engineering and design of structures, passed away
at age 93 in his Berkeley home on October 24, 2016.
He was born May 9, 1923, in Esperanza, Argentina, in the
province of Santa Fe. He completed high school in his hometown and enrolled in the Department of Civil Engineering at
the Faculty of Applied Sciences at the National University
of the Littoral in Rosario, Argentina. There he completed his
undergraduate degree in 1947 after his studies were interrupted twice by military service.
Following a stint in professional practice he was motivated
by the devastation caused by the San Juan, Argentina, earthquake of 1944 to pursue advanced studies in the United States
and enrolled in the doctoral program at the Massachusetts
Institute of Technology (MIT) in 1953. There he advanced the
state of understanding for blast-resistant structures through
ingenious experimentation and careful analysis, obtaining
master’s and doctoral degrees in civil engineering in 1955
and 1957.
After a brief postdoctoral stay at MIT he arrived at the
University of California, Berkeley, as a lecturer in 1958. He
advanced to associate professor in 1960 and full professor in
1966 in the Department of Civil Engineering. He retired from
29
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the university in 1991, but continued mentoring graduate students and advancing the state of the art and practice through
research, consulting, and service to professional organizations
until his death.
At Berkeley, Bertero dedicated himself to advancing understanding of the response of structures to earthquakes and
developing effective means for improving the earthquake
resistance of both new and existing structures in zones of
high seismic risk. With colleagues in the Division of Structural
Engineering and Structural Mechanics of the Department of
Civil Engineering, he developed innovative experimental
methods for assessing the hysteretic behavior of structural
components for steel, concrete, and steel-concrete composite
structures.
He was a significant force behind not only the improvement
of the experimental facilities on campus but also the funding and establishment of a world-class experimental facility
for earthquake engineering research at Berkeley’s Richmond
Field Station, which started operation in 1971 with the world’s
largest shaking table. This experimental facility formed the
core of the world-renowned Earthquake Engineering Research
Center1 at UC Berkeley, and Bertero was its director in 1988–90.
Bertero used the shaking table to investigate the response
of multistory scaled models of steel, reinforced concrete, and
steel-concrete composite structures in major US-Japan research
collaborations. He also conducted several important largescale laboratory experiments that, combined with his shaking
table work, propelled advances in the design of earthquakeresistant structures in many countries.
He traveled tirelessly around the world to collect firsthand
postearthquake information of structural damage and to conduct in-depth studies of significant structural failures, most
notably the spectacular failure of the first-story columns of
the Olive View Hospital in Los Angeles due to the 1971 San
Fernando earthquake. His investigation of failures of bridge
structures after the 1989 Loma Prieta earthquake earned him
1

Now the Pacific Earthquake Engineering Research Center (PEER)
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the 1990 Man of the Year Award by the Engineering NewsRecord, only the second researcher to be so honored in the
25 years of the award. And his sustained efforts for improving the earthquake-resistant design of structures earned him
a position among the “Top 10 Seismic Engineers of the 20th
Century” by the Applied Technology Council and Engineering
News-Record in 2006.
An inspiring and demanding teacher, Bertero was a major
contributor to the curriculum in earthquake engineering at
Berkeley and developed several new courses, most notably a
course on earthquake-resistant design that is now the model
for similar curricula around the world. The many workshops
and short courses he offered internationally, especially in
Latin America, enlightened thousands of engineers with the
latest developments in earthquake-resistant design and had a
profound influence in the development of modern earthquake
design standards in many countries.
During his 33 years of teaching at Berkeley, Bertero mentored many students and visitors. They speak about his passion
for the subject and his meticulous attention to the understanding of physical behavior from experiments, field observations, and first principles of mechanics. Many former students
and associates have gone on to distinguished and influential
careers in government agencies, academia, and professional
practice, and carry on his teachings about rational methods for
earthquake-resistant design.
Bertero also served many national and international societies during his long and distinguished career, most notably
as chief technical advisor to the UNESCO mission in Japan in
1971. He was elected to the NAE in 1999 (as a foreign associate), the Argentine Academy of Engineering in 1989, and
the Argentine Academy of Sciences in 1971. He held honorary professorships at and honorary degrees from many universities in Latin America, including the National University
of Rosario, University of Buenos Aires, and University of
Mendoza in Argentina; the University of Los Andes, Mérida
in Venezuela; the University of Guayaquil in Ecuador; and the
National Autonomous University of Mexico (UNAM). In 1986
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he was also awarded the Extraordinary Chair of Javier Barrios
Siera at the UNAM.
In addition to the Berkeley Citation in 1991, he was the
recipient of the Housner Medal (1995) from the Earthquake
Engineering Research Institute; the Nathan M. Newmark
Medal (1991), J. James R. Croes Medal (1989), and Moisseiff
Award (1987) from the American Society of Civil Engineers;
the A. Anderson Award (1989) and Raymond C. Reese
Research Award (1987) from the American Concrete Institute;
the T.R. Higgins Lectureship Award (1990) from the American
Institute of Steel Construction; the First International Gold
Medal Eduardo Torroja (1989) from the Building Sciences
Institute of Spain; and the ROSE School Prize, Italy (2010).
In his retirement, Bertero organized and contributed chapters to Earthquake Engineering: From Engineering Seismology to
Performance-Based Engineering (coedited with Yousef Bozorgnia;
CRC Press, 2004). The book brought together leading experts
in the field, including several colleagues and former students
from Berkeley, and has become a standard reference on the
subject.
Vitelmo Bertero is survived by his wife, Nydia A. Bertero;
children Maria Teresa Bertero-Barcelo, Edward T. Bertero,
Robert C. Bertero, Mary Rita Algazalli-Sandoval, Adolfo V.
Bertero, and Richard A. Bertero; ten grandchildren; and two
great-grandchildren.
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GERRIT A. BLAAUW
1924–2018
Elected in 1998
“For contributions to computer architecture.”
BY FREDERICK P. BROOKS JR.

G

ERRIT ANNE BLAAUW, computer science professor emeritus at the Universiteit Twente, died March 21, 2018, at age 93.
He was born July 17, 1924, in the Hague, Netherlands, to Gerard
Cornelis Blaauw and Johanna Catherina van Marle.
In 1944–45 he and a peer were recruited into the Dutch
underground news network. Because of the great danger and
vital importance of the radio news network, Gerry’s partner’s
family was moved to the third floor of a house with an empty
second floor and a good hiding place. He joined them and,
with his buddy, listened to BBC-Holland on a 50 volt radio,
powered by 50 empty mustard jars with tinfoil, salt water, and
the cores of old flashlight batteries, connected in series. They
typed the news and made copies that were distributed clandestinely by girls, who could walk about town without fear of
being drafted. This continued through April 1945.
Gerry’s interest in computers was triggered by a 1944 article
about Howard H. Aiken’s Harvard-IBM Mark I. He received
his bachelor’s degree magna cum laude from Delft University
of Technology just after the war and then got a BS in electrical entineering at Lafayette College before going on to study
computer engineering at Harvard (MS, 1949; PhD, 1952), with
Aiken as his advisor. Aiken’s Computation Laboratory built a
series of four computers funded principally by the US Navy.
35
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Blaauw made important contributions to the Harvard Mark IV
architecture and developed the magnetic core logical circuits.
His Fulbright Fellowship required Blaauw to return to the
Netherlands, where he joined the Mathematisch Centrum in
Amsterdam and was a designer/builder of the ARRA II, a
very reliable machine for the time. Then he designed the center’s FERTA for Fokker, a computer used for designing the
very popular Fokker Friendship airplane.
In 1957 he joined the IBM Research Laboratory in
Poughkeepsie, New York, as one of the architects of the IBM
7030 STRETCH supercomputer, the company’s first computer
to use transistor technology. He was primarily responsible for
the highly innovative indexing system and for the variablefield-length arithmetic subsystem, for which he received an
important patent.
During this time he formulated his most important methodological contribution: the clear distinctions among the design
phases of architecture, implementation, and realization. This
methodical design structure works for designs in many media.
For computers, the architecture phase culminates in the programming manual, the implementation phase produces the
complete logical equations, and realization makes the actual
running machine.
In 1960 he became the principal architect for the IBM 8000
series. Although it was never produced—it was superseded
by the IBM System/360 integrated-circuit “mainframe”
computer family—Blaauw’s memory paging system was an
important invention in the IBM 8106.
In 1961–65, as one of the three chief architects of the S/360,
he made many contributions. By far the most important was his
strong, reasoned, persistent, and successful advocacy, against
Gene Amdahl, his boss, for changing the standard IBM byte
size from 6 to 8 bits. This change, ’though expensive (about
$100 million), enabled the routine use of lowercase characters
and thus word processing applications and whole new markets
for computers. It was universally adopted in the industry.
Blaauw personally wrote the Principles of Operation architectural definition for the System/360, apart from the I/O
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section. This work embodied not only the many decisions
debated by the substantial architectural team but countless
microdecisions. Blaauw ensured the consistency that gives a
computer architecture conceptual integrity. Another important
invention was the “Blaauw box,” a lookaside register for expediting virtual memory in the S/360 Model 67 and successors.
In 1965 Blaauw accepted an invitation to join the Twente
Technical University in Enschede, Netherlands, as professor of digital technique and cofounder of the Department of
Informatics. He taught there until his retirement in 1989.
His books include Digital System Implementation (PrenticeHall, 1976) and the coauthored Computer Architecture: Concepts
and Facilities (Addison-Wesley, 1997).
He was elected in 1982 to the Royal Netherlands Academy
of Art and Sciences and to the NAE, as a foreign associate, in
1998.
Gerry became a Christian while in college. He was a deep
believer whose life showed it. He touched many lives over
many years as faculty advisor for the Netherlands branch of
the International Fellowship of Evangelical Students.
His wife Paula (née Volckera Albarda) predeceased him
in 2004. They are survived by their children Carol DamantBlaauw (Southampton, UK), Grace Lines-Blaauw (Kenilworth,
UK), Claire IJselhof-Blaauw (Bolsward, Netherlands), David
Blaauw (Ann Arbor), Esther Weggeman-Blaauw (Utrecht), and
Maria Postma-Blaauw (Titz, Germany); and 19 grandchildren.
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WA LT E R L . B R O W N
1924–2017
Elected in 1986
“For discovery of semiconductor surface channels crucial
in field effect transistors, and for contributions to ion beam
uses in semiconductor diagnostics and processing.”
BY LEONARD C. FELDMAN AND LOUIS J. LANZEROTTI

WALTER LYONS BROWN, a scientific and technical force

of extraordinary ability and breadth, passed away October 29,
2017, at age 93. He possessed an uncanny ability to create meaningful science and technology and mentor next-generation
scientists.
WLB (pronounced Wilby), as he was called by many, was
born October 11, 1924, in Charlottesville, Virginia, the son of
Frederick and Maude Brown. Youth activities included active
involvement with the Boy Scouts, earning the rank of Eagle
Scout. During his career at Bell Laboratories he sponsored
scout troops and explorer posts and always kept the scouting
flag in his office.
His father was a physics professor at the University of
Virginia, and Walter was “working in the lab” at the age of 10.
This environment provided him with some of his first exposures to physics. An innovative illustration of gravity and
acceleration using an air gun and a falling stuffed monkey was
a highlight in his memory.
Walter graduated from Lane High School in Charlottesville
in 1942 after spending two years as a “senior” because of a
change in the school structure. This was shortly after the
December 7, 1941, Japanese attack on Pearl Harbor. Already
at this point in life, Walter was convinced that physics was for
39
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him. He initially enrolled at Davidson College until, after a
year and a half, he joined a Navy V-12 program designed for
an accelerated educational matriculation and study program
involving three semesters/year to finish early to become an
ensign.
The Navy was a central experience for Walter, with assignments in various Navy organizations like the War Plans
Office, where he was a “gofer,” and finally the Office of Naval
Research and exposure to a real laboratory at the forefront of
science. The Navy experience included an educational stint
at Duke University, where he completed his undergraduate
degree in physics.
In 1942 Walter met Lucie Oakes, a student at Duke, when
their paths crossed in the railroad station in Greensboro, North
Carolina, as both were traveling home for Christmas. They
were married June 14, 1946, after Lucie graduated from Duke.
Walter was discharged from the Navy in August 1946, with
many memories and experiences, and headed to graduate
school. With a recommendation from Walter Nielsen, chair of
Duke’s Department of Physics, he was accepted at Harvard
for his graduate studies in physics. He and Lucie set up life
in Boston. During the “lecture” phase of graduate school both
Walter and Lucie worked as home caretakers for a prominent Boston family in exchange for “free” lodging. The young
couple and their host family were an excellent match. For
some time Lucie was also a companion to the mother of the
president of Harvard.
When the research phase of graduate school began Walter
and Lucie moved to different lodgings with better access to
the lab—an early indication of what we were all to learn of
his absolute dedication to research! Walter worked under the
direction of Edward Purcell, a 1952 Nobel Laureate for his
work on nuclear magnetic resonance (NMR). Walter noted
that Purcell was also an excellent teacher—a characteristic that
was clearly transferred to WLB.
Walter’s thesis addressed the binding energy of the
deuteron. He used NMR to calibrate the magnetic field of a
specially constructed spectrograph to establish a better value
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for the absolute energy of an internal conversion electron from
radium, often used as a calibration reference. In this work he
calibrated the measurement using the high-resolution electron
energy capabilities of a magnetic spectrometer—an instrument characteristically machined by Walter.
He earned an AM (1947) and PhD (1951), both in physics, from
Harvard. A visit to Bell Laboratories with its stimulating atmosphere and high quality lured him and on December 1, 1950, he
embarked on what resulted in a 51-year career at the “Labs.”
Walter was a superb experimental physicist, with deep
insights into physics, and his expansive character cultivated
new science and young scientists. These qualities were exercised superbly at Bell Labs. His earliest work there was in the
Contact Physics Department and then the Transistor Physics
Department as part of the exciting efforts to produce the newly
invented transistor. Daily interactions with William Shockley,
Walter Brattain, and John Bardeen and a host of other scientific
luminaries created an excitement and stimulation for Walter
that lasted throughout his career. He noted that his early Bell
work, observing the field effect on the surface conductance
in germanium, might have been his most important scientific
contribution. This early semiconductor science led to exploration of the effects of energetic particle bombardment, which
was to strongly influence the remainder of his career.
In 1959 Walter was promoted to head the newly organized
semiconductor physics department, designed by then Bell
Labs research vice president (and later president) William
O. Baker. Walter chose “Radiation Physics” as the title of his
department; as he dryly noted, you could explore any field of
physics with that title. As a department head Walter was able
to exercise his strength not only as a physicist but also as a
science leader creating new research areas, cultivating young
scientists, and reinforcing the spirit and attributes that made
Bell Labs so distinctive—collaboration, excellent science, and
a hotbed of ideas and invention.
Experience with semiconductors and with particle beams
stimulated entirely new directions, some far from the
Bell Labs mainstream. This was the characteristic Brown/Bell
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philosophy: if it was exciting science and technology, “we”
should be involved. For Walter this took the form of establishing nuclear physics at Bell.
In the 1960s nuclear physicists were leading the frontiers in electronics, radiation detection, and the online use of
computers—all areas close to Bell Labs interests. To enable the
nuclear enterprise Walter engineered one of the earliest and
most substantial university-industry collaborations via the
establishment of a joint, state-of-the-art Tandem 8 MV accelerator located at Rutgers University in New Brunswick and
used by Bell Labs scientists and Rutgers academics.
As it turned out Walter’s foresight paid off in very u
 nexpected
ways. In 1960 Bell entered the communications space race to
develop a broadband satellite communications system, Telstar.
A major concern—the effect of the Van Allen radiation belts on
solid state electronics—was a perfect challenge for WLB.
Relatively little was known about the distribution and
time dependence of the radiation levels at the low Earth orbit
in which the AT&T Telstar 1 spacecraft would fly when the
design and construction of this first active communication satellite was begun. This aspect of the “race for space” required
solid science, made abundant use of Walter’s background, and
required entirely new areas of investigation and management.
Semiconductor detectors had been invented at Bell Labs by
Kenneth G. McKay shortly after the invention of the transistor, and were being used in the nuclear physics research being
done in Walter’s department. As such, Walter and his colleague G.L. (Laurie) Miller (originally at Brookhaven National
Laboratory and then a member of Walter’s department) proposed that Telstar carry a series of solid state detectors to measure the fluxes, types, and energy spectra of the particles that
would be encountered by Telstar.
The day before the launch of Telstar on July 10, 1962, the
United States detonated a high-altitude nuclear bomb called
Starfish Prime. Thus the launched Telstar encountered much
larger radiation intensities than expected from the natural
background, and these high intensities of radiation ultimately limited Telstar’s lifetime in orbit, causing its failure in
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February 1963. Nevertheless, Telstar was a tremendous communications success. Walter’s detectors returned outstandingly high-quality data on the trapped radiation produced by
Starfish Prime; he was invited to make many presentations on
his results and published numerous research papers.
Based on the cutting-edge research led by Walter on radia
tion measurements on Telstar 1 and Telstar 2, he and his
department colleagues developed more sophisticated spacebased instrumentation. They built on experiences in the Bell
Labs nuclear physics program to develop thin, larger-area
silicon solid-state detectors that could be stacked in arrays for
better identification of the trapped radiation and better characterization of their energy spectra.
Walter played a significant role in the harried atmosphere
of space science—commuting among different labs and locations, testing and designing, calibrating, managing large
groups, and even being the “midnight phantom foamer” to
minimize launch vibration effects on the flight instruments.
He and his colleagues flew ever more complex instruments
on the Explorer 15 and 26 NASA Earth-orbiting satellites, the
geosynchronous orbit Application Technology Satellites (ATS)
1 and 3, and two interplanetary spacecraft IMP-4 and IMP-5.
The instruments on the ATS were important to characterize the
radiation environment at the geosynchronous altitude where
future communication and weather satellites would reside for
the next decades.
In order to understand the data obtained from his space
experiments, Walter and his department colleagues used electron accelerators at Bell Labs and the Bell-Rutgers Tandem
accelerator. The Rutgers-based facility played an essential role
in calibrating the radiation instruments carried on the two
Voyager spacecraft to the outer giant planets, into the solar
system beyond, and ultimately into the local interstellar
medium.
Walter recognized the relevance to Bell System communications of geophysical-type research that was initiated by his
Telstar activities. As such, he encouraged and supported a wide
range of geophysical research over the years. This included his
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support for ground-based research using sophisticated magnetometer instruments in the Antarctic and northern Canada,
in the monitoring of anomalous currents induced by geomagnetic storms in Bell System cables across the Atlantic and
Pacific, and in other space-based programs such as Galileo to
Jupiter and Ulysses over the poles of the Sun to obtain better
understanding of solar disturbances that could affect Earth’s
space radiation environment.
Walter was always open to new ideas and new ways of
thinking. Triggered by a question posed across the stimulating Bell Labs lunch table some weeks before the encounter of
Voyager 1 with Jupiter in 1979, he quickly set up an experiment
with his 2.0 MeV Van de Graaf to determine the sputtering rates
by protons of water ice that might occur on the surfaces of the
icy moons of Jupiter from the intense fluxes of electrons and
protons trapped in the planet’s radiation belts. This experiment
revealed the new concept of electronic sputtering, which occurs
at much higher rates than by the conventional nuclear sputtering regime. The laboratory results were used with the radiation
data obtained by the two Voyagers to assess the implications
for modifications of the surfaces of Jupiter’s moons.
This laboratory research by Walter, his department colleagues, and the many visitors (US and international) that the
research attracted, continued on and off for about a decade.
Walter and his colleagues studied not only sputtering but also
eventually the formation of molecules, such as formaldehyde,
that could be produced by the impact of low-energy protons
on ice mixtures such as water and ammonia. These studies had
implications for the discoloration of icy bodies such as interplanetary grains and the surfaces of grains and comets. The
research by WLB and his colleagues was unique at the time,
and they were invited to give national and international presentations and papers. Walter noted that the ice research had
quite important implications and overlaps for understanding
of particle impacts on, and erosion of, resists and insulators in
semiconductor research and manufacturing.
Charged particles and semiconductors remained an important theme in Walter’s scientific repertoire. Significant new
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interest stemmed from the semiconductor industry and the
use of ion beams to propagate Moore’s law. Experience from
the nuclear physics program fit nicely into this new application of ion beams.
Walter’s department became an international leader in the
broader and more fundamental field of “particle-solid” interactions. It was Bell Labs’ style and Walter’s as well to explore
basic interactions and thus be in a superb position to help
guide Bell into the era of silicon processing with ion implantation. The idea was to use energetic ion beams to “implant”
the dopants into a silicon device. Implantation had some wonderful advantages in terms of precise control of the dopant
number for more precise manufacturing, and enabled the
“self-aligned” process that allowed the device scaling that
exists today.
At first blush, implantation also had some formidable challenges, possible showstoppers. Central was the question of
the damage created by the incident ion beams and the final
atomic sites of the implanted species. Walter led the effort
at Bell to establish a laboratory with prototype implantation
and energetic ion beam analysis (Rutherford backscattering/
channeling; RBS) to explore these questions.
RBS required a substantial facility: a ~2 MeV accelerator and an extraordinary range of accessories for controlled
experiments. Not only was Walter a leader in understanding
the science, but his innate ability at engineering led to unique
equipment designs, some of which are still used today.
MeV ion beam analysis combined with channeling proved
just the correct tool to measure the ion beam damage, to
explore recovery of the damage, to find the critical lattice sites
of implanted species, and to understand the numerous thin
film structures and interfaces associated with Si processing.
The field grew internationally and at Bell. At one time, there
were three MeV energy accelerators in the research area, two
more for use in the development area, and numerous users
from all over the Labs.
Two aspects of this WLB-led development bear special
note. Accelerator time was at a premium. Monthly scheduling
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meetings would apportion the time on the machines, typically
in 4- or 8-hour slots. The machines often ran through the night
for “urgent” and unexpected needs. The scheduling meetings
run by WLB were a specialty where he would gently, and then
more penetratingly, grill the requester—why did they need
the time, how were they to analyze the results of their accelerator run…. Attendees needed to be prepared to be on the
receiving end of this grilling. As with all WLB interactions, it
was a learning experience.
A second aspect of the “particle solids” program led by
Walter deserves mention. Although a new field for Bell Labs,
ion beam–solid interactions had been a long and deeply
explored specialty at several European universities, particularly in Denmark. Following in the footsteps of Niels Bohr,
the University of Aarhus in Denmark established an excellent program in the field, on both the experimental and theory
side. There was benefit to both Bell and Aarhus for a personnel
exchange: Bell Labs scientists experienced the deep theoretical
analyses at Aarhus, Aarhus scientists learned of new applications at Bell. Under Walter’s leadership a personnel exchange
program took shape in which over time at least five Bell scientists spent a year in Aarhus and a similar number of Aarhusians
came to Murray Hill. In retrospect, it was extraordinary—a
private laboratory participating in such an academic exchange
program. It was an example of WLB management at its best:
seeking, implementing, and managing a program to achieve
the highest levels of science.
Charged particles and semiconductors remained an important theme in Walter’s scientific interest over the decades.
The early space-related research evolved to important Bell
programs in astrophysics, geoscience, and plasma physics.
Studies of particle-solid interactions led to Bell Labs leadership in ion implantation, a process that contributed importantly to the silicon revolution.
Walter’s contributions were personal, in the laboratory at
all hours, and professional, with the creation of a rich science
and applications environment that expanded the horizons of
all who interacted with him. He was awarded considerable
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recognition for his contributions to science and technology.
He received the Arthur von Hippel Award from the Materials
Research Society, and was elected to both the National Academy
of Sciences and the National Academy of Engineering.
After retirement from Bell, he accepted a position as an
adjunct professor at Lehigh University, where he mentored
students in materials research.
Throughout his research career Walter was first and foremost devoted to his family and his faith. Walter and Lucie
were dedicated to their children—Stephen (Michelle) Brown,
Stuart (Peggy) Brown, Virginia (Donald) Mayer-Brown, and
Keith (Natalie) Brown—nine grandchildren, and eight greatgrandchildren. He taught Sunday school for over 40 years and
until recently constructed houses with Habitat for Humanity.
Lucie passed away July 7, 2018.
Members of Walter’s Bell Labs department are thankful to
have been a part of his life and his excitement in science and
engineering. In a laboratory like Bell, with its Nobel Prizes
and extraordinary technical accomplishments, it was superb
individuals like Walter, with his scientific expertise and
extraordinary management skills, who epitomized the spirit
and excellence of the institution and its people.
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LEROY L. CHANG
1936–2008
Elected in 1988
“For pioneering achievements in superlattice heterostructures.”
BY MILDRED DRESSELHAUS

LEROY LI-GONG CHANG, a major figure in solid state elec-

tronics, long-term leader of semiconductor electronics, eminent
engineering researcher, and educational leader, died August 10,
2008. He was 72.
He was born January 20, 1936, in Kaifeng, Henan Province,
China. His father, Shenfu Chang, was a well-known geologist and an official in the former Republic of China in the
1930s and 1940s. After Shenfu Chang was assassinated by
the Communists in 1946, the family in time moved to Taiwan,
where Leroy completed his schooling and, in 1957, his undergraduate studies in electrical engineering at National Taiwan
University. He emigrated in 1961 to the United States (where
he eventually became a citizen) and completed his master’s
degree at the University of South Carolina and his PhD in solid
state electronics and electrical engineering at Stanford in 1963.
For the next 30 years he worked as a research physicist at the
IBM Research Laboratory at Yorktown Heights.
At IBM he worked closely with Leo Esaki, leading to Esaki’s
Nobel Prize in Physics in 1973 with Ivar Giaever and Brian
David Josephson for their invention of the tunnel diode.
During this period of very active research Leroy spent a year
(1968–69) of sabbatical leave in the Massachusetts Institute of
49
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Technology Department of Electrical Engineering, and it was
then that I got to know him quite well.
During his time at IBM, the industrial semiconductor electronics research laboratories were in their heyday, bringing
new physical principles, technologies, and electronic devices
to new products and advanced computation. From 1976 to
1992 Leroy was a research manager for the molecular beam
epitaxy (MBE) and quantum structures sections, a period
when the IBM Yorktown Heights lab was an international
leader in semiconductor electronics research.
Leroy moved with the times, from MBE materials
preparation and resonant tunneling studies to new kinds of
heterostructures. But the IBM Research Lab became increasingly interested in computer science software research at the
expense of hardware, and it seemed time for a career change
to an academic position.
In 1993 he was appointed dean of science at the Hong
Kong University of Science and Technology (HKUST), where
he remained until his retirement in 2001. He continued his
research on semiconductor superlattices and quantum transport and built up programs in these areas, while addressing
broader issues in quantum science and technology in his work
setting up the Research Center for Applied Sciences in Hong
Kong and the Academia Sinica in Taiwan. He also held several administrative positions, such as academic president of
the Hong Kong Institution of Science (1996–98). After 2001 he
retired from administrative positions but remained active in
HKUST activities as an emeritus professor of electrical engineering and physics until his passing. He coauthored many
highly cited publications and 19 patents.
He was a member of the American Physical Society (APS)
and Institute of Electrical and Electronics Engineers (IEEE),
and became a fellow of the APS in 1984 and the IEEE in 1990.
He won the APS International Prize for New Materials (which
he shared with Leo Esaki and Raphael Tsu) in 1985, and was
elected to the National Academy of Engineering in 1988. Two
years later he received the IEEE David Sarnoff Award for his
“pioneering contributions to the realization and development
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of quantum wells and superlattices.” There followed a number
of honors and awards in rapid succession—the Franklin
Institute’s Stuart Ballantine Medal (Physics) in 1993, election to
the US National Academy of Sciences (1994), and in 1995 foreign membership in the Chinese Academy of Sciences, membership in the Hong Kong Academy of Engineering Sciences
and the Academia Sinica of Taiwan, and an honorary doctor of
sciences from HKUST.
He was active in several National Research Council
activities: the Steering Committee on Army Basic Research
(1987–88), US Liaison Committee for the International Union
of Pure and Applied Physics (1989–91), Panel on International
Benchmarking of US Research: Materials Sciences (1997–98),
and Panel on Artificially Structured Materials (1984–85).
Leroy Chang is remembered as a major international figure
in applied physics and engineering who was passionate about
his work, his colleagues, and the new Hong Kong University
of Science and Technology, which he helped build from scratch
to a major institution of international scientific importance. He
moved to Hong Kong in 1993, at the age of 57, to help establish
a suitable academic infrastructure for HKUST in preparation
for Hong Kong’s transition from a British colony to Chinese
control, a change that he approached with high optimism and
altruism, and he was influential in attracting many important
scientists to Hong Kong to work with him in this endeavor. In
addition, he played a pivotal role in guiding and mentoring
young PhD and postdoctoral scholars in both mainland China
and Taiwan, introducing them to the academic and industrial worlds in the United States and Europe, which reflected
his ability to operate equally well in vastly different cultural
contexts.
He was survived by his wife Helen Hsiang-Yun Chang,
son Justin (Amanda Brown), daughter Leslie T. Chang (Peter
Hessler), and six granddaughters.
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J A C K V. C H R I S T I A N S E N
1927–2017
Elected in 1985
“For imaginative developments in design and construction of concrete
shell structures of record span, particularly in areas of high seismicity.”
BY TYLER S. SPRAGUE
SUBMITTED BY THE NAE HOME SECRETARY

J

OHN VALDEMAR CHRISTIANSEN, an American designer
of thin-shell concrete structures and structural engineer of the
largest free-standing concrete dome in the world—the Seattle
Kingdome—died August 16, 2017, at the age of 89.
Jack Christiansen made a name for himself as a consulting structural engineer in Seattle, embracing the connections
among engineering, architecture, and construction disciplines
to become a prolific designer of shell structures in the Pacific
Northwest. Celebrated around the world for his creative structural designs, he designed over 100 shell structures, including warehouses, churches, convention halls, and bridges.
Beginning with simple barrel-vaulted forms, he was later
inspired by the work of the master builder Felix Candela and
adopted more complex, doubly curved shell geometries such
as the hyperbolic paraboloid. He saw these shell structures as
both architecturally striking and easily constructible.
He was born September 28, 1927, in Chicago to Christian
Valdemar Christiansen, who worked for the Bowman Dairy
Company, and Louise Linderoth Christiansen. The family
moved to Oak Park, Illinois, in 1937.
Jack studied architectural engineering at the University of
Illinois, Urbana-Champaign, where he discovered his love of
structural design, graduating in 1949 with a bachelor’s degree
53
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with high honors. He received a master’s degree in structural
engineering from Northwestern University in 1950 before
working for the architecture engineering firms Perkins and
Will, and Shaw Metz and Dolio in Chicago.
Seeking a life of adventure, he and his wife Sue moved to
the Pacific Northwest in 1952, settling on Bainbridge Island in
Puget Sound, a short ferry ride from Seattle. From this location, Jack could work in downtown Seattle and also have easy
access to the Olympic Mountains to the west. He was an avid
mountaineer, climbing all over the world and becoming one of
only a few climbers to summit over 100 peaks in the Olympic
Range. His love of engineering was matched by his love of
mountaineering adventure.
In Seattle he joined the consulting engineering firm W.H.
Witt in 1952. The firm became Skilling, Helle, Christiansen,
Robertson in 1967 and rose to international prominence with
the structural design of the World Trade Center Towers in New
York City (the firm continues today as Magnusson Klemencic
Associates).
Christiansen worked closely with the architect Minoru
Yamasaki to design the thin, delicate concrete structures and
towers for the US Science Pavilion for the 1962 Seattle World’s
Fair, a project often credited with winning the World Trade
Center commission for Yamasaki. The two men also worked
together on the North Shore Congregation Israel in Glencoe,
Illinois (1964) and the Carleton College West Gymnasium
(1964).
Christiansen was a favored collaborator of many other
Modern architects in the Pacific Northwest, including Paul
Kirk, Fred Bassetti, and the early partners of NBBJ. Yet he
explored the expressive geometrical forms of thin-shell concrete structures in his own way, giving his work a distinct
characteristic and recognizable Modern signature.
He believed that the structure of a building should be
a noticeable part of its overall design: “Visually apparent
structural clarity has a universal appeal. In a building, this
expresses itself in a natural and orderly flow of loads from the
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top of the building down through the building structure to the
foundations.”1
Christiansen’s signature projects in the Pacific Northwest
include Montlake Pedestrian Bridge at the University of
Washington (1958), Ingraham High School (with NBBJ,
1958), the Pacific Architect and Builder building (with A.O.
Bumgardner, 1958), the Exhibition Hall (now Pacific Northwest
Ballet; with Paul Kirk, 1962), the Mercer Island Beach Club
(with Kirk, 1966), and the Boeing Museum of Flight (with
Ibsen Nelson, 1983).
Through his work at the firm, Christiansen pushed his thinshell concrete structures to increasingly long spans. In 1968 he
worked with the New Orleans architects of Curtis and Davis
to design the Rivergate Exhibition Hall along the Mississippi
River—a collection of massive, “humpbacked” barrel vaults
spanning 253 feet to create expansive interior space.
But his crowning achievement was the design of the Seattle
Kingdome, a segmental concrete dome structure spanning a
space over 660 feet in diameter. Built as a publicly funded,
multipurpose arena, the Kingdome played an essential role in
the growth of Seattle, bringing large-scale professional sports
teams to the Pacific Northwest for the first time.
Working in collaboration with the architects at NBBJ,
Christiansen designed the Kingdome to accommodate not only
numerous configurations but also the extreme inflationary economic times of the early 1970s. His design found maximum
efficiency in its concrete structure, enabling the project to be
completed under dire financial circumstances, but with a necessarily utilitarian appearance. He referred to the Kingdome as his
“symphony in concrete” and likened it to the Roman Coliseum,
believing in its ability to last “over 1000 years.” Its dramatic
implosion in 2000, precipitated by the changing demands of
professional sports, marked yet another transition in Seattle.
Christiansen commonly professed his love of structural
engineering. “Being an engineer was a lot of fun because of
Quoted in Sprague T. 2019. Sculpture on a Grand Scale: Jack Christiansen’s
Thin Shell Modernism. Seattle: University of Washington Press.

1
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the finished product,” he said. “A building is a great big thing,
and you can see it, and touch it. It’s like you are creating sculpture on a grand scale.”
According to Jon Magnusson, former CEO of Magnusson
Klemencic Associates, “Jack was certainly one of the most creative engineers that I have ever met. When he worked with
trace paper and a soft pencil on structural concepts, he actually created art. He set the example for the whole firm of how
structure could, and should, be architecture. His love and
talent for architecture became embedded in the DNA of our
firm and lives on to this day.”
Christiansen retired from the firm in 1983 and worked as
an educator at the University of Washington and then as an
independent consultant. He was elected to the NAE in 1985,
and awarded the Eduardo Torroja Medal by the International
Association of Shell and Spatial Structures in 2016.
Jack was preceded in death in 2010 by his beloved wife
of 60 years, Gertrude Suzanne (Sue; née Hasselquist). He is
survived by children Janet (Torre) Jorgenson, Karin (Shigeki)
Kajita, Robert Christiansen, John (Vivian) Christiansen, and
Nelda (Clif) Swiggett, and six grandchildren.
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RICHARD J. COAR
1921–2013
Elected in 1984
“For outstanding contributions to and management of aircraft and
aerospace propulsion systems used in military and civil applications.”
BY ALAN H. EPSTEIN

R

ICHARD JOHN COAR, an innovator and leader in aerospace propulsion, died December 29, 2013, in Roanoke, V
 irginia,
at the age of 92.
Dick spent his entire 50-year professional career at Pratt &
Whitney (P&W), rising to president of P&W and ultimately
to executive vice present of its parent, United Technologies
Corporation (UTC). He led many of the most exciting propulsion projects in aviation history, including the engine for the
Mach 3+ SR-71 “Blackbird” and a rocket engine that is still in
use after more than 50 years.
Born May 2, 1921, in Hanover, New Hampshire, Dick grew
up there and in Kingston, Massachusetts, amid the cranberry
bogs. Having picked cranberries as a child, he attributed his
excellent academic record to a strong desire to avoid going
back to the bogs.
He attended Tufts University, where he was elected to Tau
Beta Pi. While an undergraduate, he worked at P&W during
the summers. When he retired, he noted that the accounting
system wouldn’t give him credit for those summers, so he had
“only” a 44-year career at P&W.
After graduating in 1942 with a bachelor of science degree
in mechanical engineering summa cum laude, he formally
joined P&W, during the era of the great piston engines of
59
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World War II. Beginning as a test engineer proving out water
injection used to boost power for the P-47 fighter, he quickly
rose to assistant project engineer responsible for the first direct
fuel injection system, on the P&W R-2360 engine, a 3000 hp
behemoth with 28 cylinders and 56 sparkplugs that powered
a variety of large aircraft developed late in the war, including
the Spruce Goose, the Boeing 377 Stratocruiser, and the B-36
bomber.
Pratt & Whitney was forbidden to work on jet engines
during the war because the War Department did not want
its major suppliers of aircraft engines diverted from producing the hundreds of thousands of engines needed for the war
effort. When the war ended, P&W scrambled to get into the jet
engine business. It licensed the Nene engine from Rolls-Royce,
“Americanized” it, and renamed it the J42. Dick worked on
both the J42 and its higher-thrust, afterburning derivative,
the J48.
The 1950s were an exciting time for aviation, and Dick
was in the midst of it. In the early 1950s he served as p
 roject
engineer for the Navy Meteor missile’s ramjet engine program. Inventing things as they went along, his team got the
engine working, but the Navy cancelled the program and
the engine did not go into production. Soon thereafter P&W
decided to exit the ramjet business.
Dick was responsible for the afterburner control system
for the world’s first supersonic fighter, the F-100, and was
appointed project engineer for what was then the world’s largest turboprop engine, the T57, designed to power large military cargo planes and bombers. The engine ran well but the
T57 was not put into production because the Air Force decided
to power its planes with jets.
In 1956 Dick began directing the development of a new type
of airplane engine, the 304, that would enable the Lockheed
CL-400 bomber to fly at Mach 2.5 at the extraordinary altitude
of 100,000 feet. Fueled by liquid hydrogen, the engine and airplane were classified above top secret. Dick moved from East
Hartford to the newly established 14,000-acre P&W Florida
Research and Development Center (FRDC) at the edge of the
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Everglades in West Palm Beach, a place more conducive to
both highly classified programs and the highly volatile nature
of liquid hydrogen. In 1957 he was promoted to assistant chief
engineer of FRDC, and in 1958 to chief engineer.
The “Apex Fertilizer” plant (the cover story for the liquid
hydrogen fuel production facility) rose from the swamp in an
astonishingly short time. The 304 engine ran within months of
the start of the program. But then, to the Air Force’s surprise,
Lockheed advocated for cancellation of the program in 1958.
Liquid hydrogen proved to be a problematic fuel for a highspeed aircraft and, perhaps even more importantly, the engineering advances made during the program suggested that an
even faster aircraft could be built using a more conventional
fuel. The successor aircraft developed into the Mach 3.5 SR-71
“Blackbird” powered by the P&W J58 turbo-ramjet. The SR-71
still holds many world speed records more than 50 years after
its first flight.
As engineering manager in Florida, Dick was responsible
for the J58 development as well as the RL-10 rocket engine.
The RL-10, designed with the knowledge gained from the 304
program, was the world’s first liquid hydrogen-oxygen rocket
engine. It first flew in 1963 and, after many hundreds of successful launches, is still in use today as the premier upperstage engine for US space launch.
On Dick’s watch at FRDC, P&W developed high-powered
military lasers and built the laser for the US Air Force’s
Airborne Laser Laboratory. Work also began on the engine
that was to become the F100, powering F-15 and F-16 fighters
and still in production today.
Dick was appointed chief engineer of advanced projects
at FRDC in 1958, engineering manager in 1962, and assistant
general manager in 1970. In 1971 he was transferred back to
P&W’s headquarters in East Hartford to become vice president of engineering for all of P&W. He was appointed executive VP in 1976 and president of Pratt & Whitney in 1982.
Under his leadership P&W launched the PW2037 and
PW4000 engines for the Boeing 757 and 767 airliners in the
early 1980s. In 1983 he also assumed responsibility for UTC
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Fuel Cells, Elliot Turbomachinery, and International Support
Systems as senior VP of UTC Power. He retired from United
Technologies in 1986, after 44 official years with the company.
Dick received the Daniel Guggenheim Medal in 1998,
the ASME George Westinghouse Medal in 1994, and the
Society of Automotive Engineers (SAE) Franklin W. Kolk Air
Transportation Progress Award in 1985. He served on the
Department of Defense’s Ad hoc Committee on the Export
of Technology, NASA Advisory Board on Aircraft Fuel
Conservation Technology, and Aerospace Council and the
Technical Board of the SAE, and chaired the National Research
Council’s NASA Research and Technology Advisory Council
Committee on Aerospace Propulsion.
One of Dick’s longtime passions was audio high fidelity. He
was always building or buying the latest and most expensive
stereo equipment. He would then sell last year’s gear at a very
low price to his fellow engineers. Considering that they had
all spent their professional lives testing jet and rocket engines,
one wonders about the state of their hearing.
Fittingly, he wrote the NAE memorial tribute to Sir Frank
Whittle, the English inventor of the jet engine, an invention
that played a central role in Dick’s professional life and one he
brought to the edge of space and beyond.
After his first wife, Cecilie Berle, passed away in 1971, Dick
married Lucille Hicks who had worked for him at P&W for
15 years. She predeceased him in 2013. He is survived by his
children Gregory, of San Diego; Candace, of Roanoke; Andrea
Tittle, of Pittsburg, California; and Kenneth, of Raleigh, North
Carolina.
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K E I T H H . C O AT S
1934–2016
Elected in 1988
“For pioneering work in the development of computer methods for simulation of
oil and gas reservoir performance.”
BY KENT THOMAS

K

EITH HAL COATS passed away September 13, 2016, at the
age of 81. He was born in Ann Arbor, Michigan, on November 14, 1934, to Hal Begtrup Coats and Florence Hamlin Coats.
Keith’s f ather had grown up in poverty and brought his family
out of it by working his way through the University of Michigan to earn a PhD and become one of the world’s first chemical engineers. As a child, Keith was instilled with a strict and
conservative set of moral values and behaviors, which he and
his wife, Cynthia Nicholas, passed on to their children Brian,
Diane, and Steven.
Keith followed his father to the University of Michigan to
earn bachelor of science, master of science, and PhD degrees
in chemical engineering, as well as a master of science degree
in mathematics. Particularly influential professors included
Donald Katz, chair of his PhD committee, Joseph Martin in
thermodynamics, and R.V. Churchill in mathematics.
One of Keith’s greatest attributes was his humility. He always
said that dedication, giving your best, and never quitting were
the keys to success at anything. His love of competition, strict
upbringing, and intelligence combined to lead to great accomplishments in his academic and professional careers.
A pioneering developer of reservoir simulation software for
almost 60 years, he made pivotal contributions to modeling
65
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software that has been used to maximize production, minimize the cost of producing energy, and estimate reserves from
petroleum reservoirs for the last 50 years, in addition to creating the reservoir simulation business area.
Keith was also an accomplished teacher and author of over
70 technical papers on reservoir simulation, including contributions to both editions of the Petroleum Engineering Handbook
(1987 and 2007). He was assistant professor of chemical engineering at the University of Michigan (1959–61), research associate at Esso Production Research Co. (1961–66), and associate
professor of petroleum engineering at the University of Texas
(1966–70).
In 1968 in Houston he cofounded Intercomp Resources
Development and Engineering, Inc., essentially creating the
commercial reservoir simulation industry. From 1968 to 1983
he was chair of the board and from 1983 to 1992 he was technical director at Scientific Software-Intercomp. During these
years, he developed and published detailed descriptions of a
number of increasingly complex black oil, compositional, and
thermal reservoir simulation models.
Keith’s most productive work was done late at night so that
he could work undisturbed. One morning when he was working for Esso Production Research he overslept and missed a
meeting called by Human Resources. As he was arriving for
the meeting, the attendees were just leaving. The topic of the
meeting was…tardiness.
In 1992, while living on Marco Island, Florida, Keith
founded Coats Engineering, Inc.; he served as its president
until 2005, then as technical director. He thrived on being able
to devote 100 percent of his time to his favorite occupation
with minimal interference. Although he had developed many
reservoir simulators over his career, it was here that he created
his greatest and final work, Sensor reservoir simulator, one of
the world’s most desired software applications. He continued
working on Sensor until his death.
He was happiest when working mostly in isolation with
very few close friends and associates, such as Ray Pierson,
Clayton Evans, and me at Phillips/ConocoPhillips; Curtis
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Whitson at Pera/NTNU, the world’s leading authority on
phase behavior; and Chet Ozgen at Nitec.
Keith was a distinguished lecturer for the Society of
Petroleum Engineers (SPE) and received the 1984 Lester C.
Uren Award and the 1989 Anthony F. Lucas Gold Medal “in
recognition of his pioneering work in numerical simulation
models for conventional black oil, gas storage, compositional,
thermal, and fractured reservoir engineering applications;
and for his sharing of knowledge through his publications
and teaching.” He was elected to the NAE in 1988 and in 2000
selected by Hart’s E&P Magazine as one of the “100 most influential people of the petroleum century.”
Much of Keith’s professional legacy is recorded in his publications and his software and will continue to be represented
by the company he founded and in the industry he helped to
create.
Keith treasured frequent visitors to his lovely home on
Marco Island. He always enjoyed talking with colleagues
about work and was a perfect host.
He was predeceased in 2013 by his second wife, Janet
Bygate Keener, and in 2014 by grandson Nicholas Coats. He
is survived by Cynthia, their children, and six grandchildren.
Keith will be remembered for his incredible knowledge,
appreciation for excellence, outstanding achievements, sense
of humor, humility, and generosity. We will all miss him.
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L. ERIC CROSS
1923–2016
Elected in 1983
“Contributions to the development of electroceramic,
dielectric, and piezoelectric materials.”
BY SUSAN TROLIER-McKINSTRY, HAROLD M. FROST, AND
CLIVE A. RANDALL
SUBMITTED BY THE NAE HOME SECRETARY

LESLIE ERIC CROSS passed away peacefully December 29,

2016, at the age of 93. He was a world leader in the field of
ferroelectrics from a fundamental perspective, as an inventor
of new characterization techniques and materials applications.
During his long and robust scientific career, he was beloved for
his intelligence, vision, wit, and humanity, as well as the charm
with which he shared his fascination with ferroelectrics and his
newest ideas. He was also an excellent mentor, and many of
his students and postdoctoral researchers went on to scientific
leadership positions themselves.
He was born August 14, 1923, in Morley, West Yorkshire,
England, to Charles Eric Simeon and Alice Emily (Plant) Cross.
He studied at Leeds University, where he received his BSc in
physics, with honors, in 1948 and his PhD in ferroelectricity
in 1952.
World War II temporarily interrupted his undergraduate education and he worked for the British Admiralty on
a program using high-frequency direction finding to track

Adapted from a tribute posted on the PSU Materials Research Institute
website (https://www.mri.psu.edu/mri/news/memory-l-eric-cross).
The authors also greatly appreciate input from the Cross family and
from Walter Ernest Mills.
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German U-boats, which ultimately allowed Allied convoys to
cross the Atlantic unharmed. Just 2 weeks after his transfer
to that assignment, the boat he had served on was sunk in the
Humber estuary in northeastern England, with no survivors.
Ever after, he thought of himself as a lucky man.
He began his research career studying dielectric and ferroelectric materials at the British Electrical Research Association.
In 1961 he immigrated to the United States to accept a position
at Pennsylvania State University as a senior research associate.
He rose through the ranks and in 1985 was named Evan Pugh
Professor of Electrical Engineering—the professorship is the
highest distinction that the university can bestow on a faculty
member.
His earliest published research was in characterization of
the properties of BaTiO3, including both the optical response
and switchable polarization. He made some of the first correct measurements of spontaneous polarization, substantially
higher than previous data, as he had achieved more complete switching. Indeed, it was not until his work was reproduced at Bell Labs that his rejected paper on the subject was
accepted for publication, with apologies from the editors.
He later extended this work to NaNbO3 and KxNa1−xNbO3
(now under intense investigation as a lead-free piezoelectric material). This appears to have been his introduction to
antiferroelectricity.
At Penn State he developed phenomenological modeling for
understanding property correlation in ferroelectric materials.
He was interested, in particular, in polarization and strain
coupling through electrostriction; this approach influenced a
large body of his work as well as numerous subfields in ferro
electric and related materials. His pioneering work spanned
the application of ferroelectrics in bulk ceramics, composites,
single crystals, multilayer technology, and thin films. He also
developed an early model for the grain size effect on the
dielectric properties of BaTiO3 and studied improper ferroelectric materials such as gadolinium molybdate. And he is
the only person we know who built his own oscilloscopes as
needed to make measurements.
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In the 1970s and ’80s, with longtime colleague and close
friend Robert E. Newnham, he developed piezoelectric composites and laid out the symmetry requirements for secondary
ferroics. The composites work was originally motivated by his
work on sonar systems, but ultimately led to major improvements in ultrasonic imaging transducers and is now ubiquitous in medical ultrasound systems.
He conducted key measurements on the contributions of
domain walls to the properties of dielectric and piezoelectric
responses, and began an investigation into the origins of
dielectric dispersion in ferroic materials, which eventually led
to major discoveries in the role of chemical order-disorder in
relaxor ferroelectric materials as well as the dynamics of the
nanopolar regions.
He and his students also laid out the phenomenology of the
lead zirconate titanate system, an essential means of describing the intrinsic properties of materials in the absence of single
crystals. This work is still widely used and cited.1
His drive to improve means of measuring strain and electromechanical coupling under a wide variety of temperature,
frequency, and field conditions led to the development of
numerous new measurement methods, including the use of a
double beam laser interferometer.
From 1990 to 2014 he coauthored papers identifying the
origin of bridging phases near morphotropic phase boundaries
in ferroelectric solid solutions, contributed to the understanding of domain-engineered piezoelectric single crystals,
designed new piezoelectric transducers and magnetoelectric
composites, solidified understanding of domain wall contributions to the nonlinear behavior of ferroelectrics, and was one of
the first to exploit ferroelectric thin films for piezoelectrics in
microelectromechanical systems (MEMS). His final key contribution to the field was the discovery of anomalously large flexoelectric coefficients in many perovskites such as Ba1−xSrxTiO3.
He coauthored a series of five articles on different aspects of
“Thermodynamic Theory of the Lead Zirconate-Titanate Solid-Solution
System,” published in 1989 in Ferroelectrics 99, pp. 13–86.

1
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He authored or coauthored some 850 refereed papers,
held 20 patents, and coauthored a comprehensive textbook,
Domains in Ferroic Crystals and Thin Films, with Alexander
Tagansev and Jan Fousek (Springer, 2010). And as a professor and mentor at Penn State, he mentored over 50 graduate
students from around the world, including Yao Xi, the first
Chinese PhD (1982) educated in the United States after the
Cultural Revolution.
In addition, through the lifelong friendship at Penn State of
“the gang of four”—the other three were Newnham, Rustum
Roy, and Della Roy—Eric helped to build a culture of coopera
tion and collegiality that went far in establishing the Penn
State Materials Research Laboratory as a preeminent, inter
disciplinary research facility, a forerunner of the Materials
Research Institute, of which he was a founding member.
In short, Eric contributed to the understanding and application of virtually every major ferroelectric material. He came
to the field of ferroelectricity in its infancy, to the objection of
his advisor Edmund C. Stoner, who referred to it as “a trivial
lattice phenomenon!” Cross laughed many years later that he
was still trying to understand this trivial phenomenon.
He also worked with companies all over the world on ferro
electrics for capacitors, piezoelectrics, pyroelectrics, dielectric
bolometers, tunable microwave devices, and electrooptic
applications.
His work had a worldwide impact on industrial research,
development, and manufacturing. His understanding of ferroelectric phases and their domain contribution in piezoelectric
ceramics enabled highly sensitive underwater sonar devices
and medical ultrasound imaging. His group was one of the
pioneers in the fabrication of ferroelectric materials in thin
film form to enable the field of piezoelectric MEMS. He also
developed the double beam interferometer that enabled electromechanical strains to be determined quantitatively on thin
films. In the latter years of his career he looked for alternative methods to create sensing materials, and he explored the
use of a once obscure strain gradient phenomenon known as
flexoelectricity. He developed key measurement technologies,
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identified materials with anomalously large coefficients, and
engineered a number of devices around this concept.
He had a keen interest in practical solutions to problems.
When the Hubble Space Telescope was found to have been
launched with incorrectly ground mirrors, he worked closely
with engineers to select the electrostrictive adjusters that
restored the telescope to functionality.
He was very proud of his long association with the
Department of Defense and particularly the US Navy, which
supported much of his work in the field of sonar undersea
transducers. One of his colleagues on the DARPA Materials
Research Council, Arthur Heuer, of Case Western Reserve
University, called Cross a national treasure.
Professor Cross was honored by many professional organizations. In addition to his election as an NAE member, he was
a fellow of the Materials Research Society, American Physical
Society, Optical Society of America, American Ceramics
Society, and Institute of Electrical and Electronics Engineers.
In 2010 he received the Von Hippel Award of the Materials
Research Society, its highest honor.
He shared his ideas freely with everyone he met at scientific conferences, from graduate students to senior leaders in
the field. With his trademark exclamation of “Jolly good!,”
his mischievous humor, and his tendency to wear socks and
sandals with suits, he will be sadly missed by all who knew
him and worked with him.
Eric loved his work, but equally important was his love for
his wife of 61 years, Lorna Lucilla (Cilla). Cilla excelled at the
social side of the ferroelectrics community, opening their longtime College Heights home to generations of students and colleagues and occasionally their dogs.
He was a kind, supportive father, grandfather, and greatgrandfather. He carved a turkey like a surgeon, could jumpstart his kids’ stranded cars at all hours, and built a giant
backyard play-fort complete with intercom and electricity. For
his six children, Christmas was joyful chaos and summer holidays were a parallel universe of woods and beaches punctuated with his classic phraseology.
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Cilla died in 2011. They are survived by their children
Matthew and his wife, Holly, of Cypress, Texas; Daniel and
his wife, Catherine, of Alexandria, Virginia; Rebecca Cross, of
State College; Rachel Jennings of Manassas, VA; and Elizabeth
Cross, of Topanga, California; six grandchildren; and five
great-grandchildren. Their son Peter died in 2004 and is survived by his wife, Pam.
The scholarship, passion, and personality of Professor
Cross can be appreciated in a 2011 interview posted at IEEE’s
Engineering and Technology History Wiki (http://ethw.org/
Oral-History:L._Eric_Cross).
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RALPH L. DISNEY
1928–2014
Elected in 1997
“For contributions in the development of the field of
queueing networks and its applications.”
BY THOM HODGSON

R

ALPH LYNDE DISNEY JR. died November 11, 2014, at age
86. Known by many as the father of queueing networks, he was
a world leader in queueing theory, a branch of applied probability and stochastic processes mathematics. He authored or
coauthored more than 70 refereed research articles, three books,
and numerous articles. He was also a prolific reviewer of a rticles
both pre- and postpublication, including more than 150 reviews
for the Mathematics Reviews.
Ralph was born February 27, 1928, in Baltimore, Maryland,
and graduated in 1946 from McDonogh High School (Glyndon,
MD), where he earned nine letters in football, basketball, and
baseball, wrote for the school newspaper, and was captain of
the band.
He entered Johns Hopkins University but left for financial
and academic reasons in 1948. He returned in 1950 and completed his bachelor’s degree in industrial engineering (1952).
He was indebted to Robert H. Roy, dean of engineering, for
giving him a second chance after his earlier departure.
As an undergraduate, he played 2 years for the JHU baseball team and was inducted into the Tudor and Stuart Club,
an honorary association of students and faculty interested in
English and history studies. He was proud of this membership as he was one of the few engineering students admitted.
77
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He went on to earn his master’s in systems engineering (1955)
and doctorate in engineering (1964), both at JHU. His doctoral
dissertation, Some Problems in the Theory of Conveyors and Their
Analysis by Method of Decomposition of Queueing Networks, was
supervised by Roy and probabilist Bruce Clarke.
As a graduate student Ralph worked with the Operations
Research of America Society (ORSA), where he met his future
wife, Lois Loghry DuFrain, one of the few women in OR at the
time. They married in 1955.
An outstanding teacher, Ralph’s career as an educator
began even before he received his doctorate, when he was a
full-time tutor in 1952. Between his master’s degree and doctorate, he taught at Lamar State College of Technology (now
Lamar University) in Beaumont, Texas, enrolling one of the
first Black students in the college in 1956 after the Supreme
Court’s 1955 ruling on Brown v. Board of Education, a courageous act in that time and place.
He moved to the University of Buffalo in New York as
an associate professor in 1959 and established the school’s
first scientific computing laboratory after attending an
early course on minicomputers sponsored by the National
Science Foundation. In 1962 he became a visiting professor
at the University of Michigan and, after receiving his doctorate, accepted a tenured position, ultimately rising to full
professor.
Ralph was a leader in restructuring the industrial engineering curriculum at Michigan, developing an approach that was
emulated by many universities around the country. Connected
with his contributions to a new approach to industrial engineering education, he developed new courses that resulted in the
publication of a textbook coauthored with Clarke, Probability
and Random Processes for Engineers and Scientists (John Wiley &
Sons, 1970), reissued in 1985 as Probability and Random Processes:
A First Course with Applications, 2nd ed. (John Wiley & Sons).
He went on to become the Charles O. Gordon Professor of
Industrial Engineering at Virginia Polytechnic Institute and
State University in 1977, helping build an internationally recognized program in queueing theory and applied probability.
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He left Virginia Tech to join the faculty at Texas A&M in 1988,
and remained there until his retirement in 1996.
Over his long and varied academic career, he advised and
mentored more than 20 doctoral students from around the
world and in different academic disciplines, and he influenced
countless others.
Ralph gave generously of his time to the profession. With
ORSA and the Institute of Management Sciences (TIMS), he created and led the Applied Probability College (today’s Applied
Probability Society) in the 1980s. He served on the Council
of TIMS and ORSA’s successor, the Institute for Operations
Research and the Management Sciences (INFORMS). He was a
founder and chair (1981–82) of the Applied Probability Society
of INFORMS, and senior editor of the Industrial Engineering
Institute’s research journal.
Ralph lectured at research forums and in many of the major
research centers throughout the world. In 1970 he became
the Organization of American States (OAS) Professor at the
Aeronautics Institute in São José dos Campos, Brazil, and subsequently spent time at the University of São Paulo. In 1975 he
was appointed a Distinguished Visiting Professor at the Ohio
State University. He was invited to lecture at several universities in Japan, and in New Zealand (1995–96) he was named an
Erskine Fellow at the University of Canterbury, Christchurch,
and consulted with and jointly performed research with
faculty members at Massey University in Auckland. He also
lectured in both Thailand and Singapore.
Throughout his career, he earned many honors. These
included the David F. Baker Award for outstanding research
in the profession (1972) and Albert E. Holzman Distinguished
Educators Award (1986), both from the Institute of Industrial
and Systems Engineers (IISE), and in 1993 the prestigious
Frank and Lillian Gilbreth Award, the highest honor bestowed
by IISE for distinguished contributions to the welfare of mankind in the field of industrial engineering. He was a fellow of
IISE and an inaugural fellow of INFORMS.
Ralph and Lois retired in 1996 to Blacksburg, Virginia,
where they had many friends. In 2006 they moved to Warm
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Hearth Village, a retirement community in Blacksburg, where
he returned to an interest from his undergraduate days,
taking up nontechnical writing as a hobby and joining the
community’s writers’ group. In 1998 they became snowbirds,
spending their winters in Fort Myers, Florida.
Ralph and Lois lived together happily for 53 years until
Lois’s death in 2007. They are survived by daughters Lynn D.
Disney (Rolf K. Taylor) of Annandale, Virginia, and Carrie M.
Disney (Mark R. Stangl) of Ann Arbor; five grandchildren; and
one great-grandchild.
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REX A. ELDER
1917–2018
Elected in 1978
“Innovations in hydraulic research, design, and operation of large water
reservoirs, river navigation facilities, and hydro and thermal power systems.”
BY SUZANNE KENNEDY AND ROBERT ETTEMA
SUBMITTED BY THE NAE HOME SECRETARY

R

EX ALFRED ELDER, formerly of TVA and Bechtel, passed
away February 24, 2018, at the remarkable age of 100. He was
a talented hydraulic engineer whose career spanned decades of
the 20th century critical to the development of hydraulic engineering. When it came to the hydraulics of hydro- and thermal
power systems, few (if any) engineers could match his perceptive, seasoned expertise, complemented by his down-to-earth
manner.
His professional activities focused on dams, coal and nuclear
power plants, and resolution of concerns related to large pumps
and other hydraulic machinery. He was particularly known for
his work on stratified flows. Countless h
 ydraulic engineers
became acquainted with his contributions, and many had the
enriching experience of working with him.
Rex was born October 4, 1917, the third child of George
Alfred and Jane Elder, in the small town of Laquin in northern
Pennsylvania (about 80 miles northwest of Scranton), where
his father managed the local lumber mill. The community
revolved around the regional lumber industry, which was
struggling because of the declining availability of timber and
then the economic impacts of the Great Depression.
Rex’s pragmatic outlook developed early as he learned the
lumber mill trades, riding draft horses that skidded logs to
83

Copyright National Academy of Sciences. All rights reserved.

Memorial Tributes: Volume 23

84

MEMORIAL TRIBUTES

the mill and later driving lumber trucks. Although atypical for
the early 20th century, his parents had each completed 2 years
of college, and they encouraged their son’s university education. Rex attended Carnegie Institute of Technology (now
Carnegie Mellon University) and in 1940 earned his bachelor’s degree in civil engineering. He then attended Oregon
State College (now Oregon State University, OSU) where he
obtained his master’s degree in hydraulic engineering in 1942.
Degree in hand, he joined the Tennessee Valley Authority’s
(TVA) Hydraulics Laboratory. By the end of World War II the
TVA had completed a 1050 km navigation channel along
the length of the Tennessee River and was the country’s largest electricity supplier. Rex’s career spanned TVA’s substantial
growth as well as milestone advances in hydraulics theory,
the use of hydraulics laboratories, associated instrumentation
and modeling techniques, and methods for field investigation.
The range of topics investigated played a critical role in the
emergence of TVA’s Hydraulics Lab as the country’s leading
nonuniversity hydraulics lab during the years that Rex served
as its director (1948–61).
At first, Rex was involved in a variety of technical activities
engaging TVA’s Hydraulics Lab in Norris, Tennessee; in 1948
he became the lab’s director. In 1962 he was appointed director
of TVA’s Engineering Laboratory, which investigated a broad
range of engineering concerns. These promotions signaled
both his talents as an engineer and his ability to collaborate
with other professionals.
During his 31 years at TVA (1942–73), the authority completed extensive studies for more than ten dams, a major
pump storage facility, six navigation locks, and sundry other
hydraulics facets of its expanding operation. Rex’s work on
TVA’s hydropower dams extensively involved the design of
spillways and inlet and outlet works.
He was particularly proud of the spillway for the gravityarch Fontana Dam on the Little Tennessee River in North
Carolina. Built in 1942–44, the spillway involved a tunnel
through rock forming an abutment of the dam and a flip
bucket ejecting flow at the end of the tunnel. The project, and
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its site difficulties, spurred Rex’s expertise in cavitation, flow
resistance in tunnels, and overall aspects of spillway design.
His work with locks along the Tennessee River led to a novel
approach for filling and draining navigation locks: the new
design, a multiport manifold system, reduced lock filling time
and lowered the cost of lock construction.
In 1952 TVA started on a huge program of power generation
by coal-fired thermal power plants, such that by 1955 coal surpassed hydro as the authority’s main power source. Economic
and environmental challenges began to emerge with widespread coal use, and energy demand was projected to keep
expanding. Thus, in the mid-1960s TVA began to develop the
use of nuclear reactors for generating electricity and in 1966
undertook the construction of Browns Ferry Nuclear Plant on
the Tennessee River in Alabama. It was the authority’s first
nuclear power plant and, at the time, one of few commercial
nuclear power plants in the United States.
TVA’s growth in the use of thermal power led Rex to conduct early studies of various aspects of the interdisciplinary
field now known as environmental hydraulics. He and colleagues investigated the hydraulics of thermally stratified
reservoirs and the design of water intakes to withdraw cooler
water. They also conducted pioneering work on density currents and on the hydraulics of diffuser pipes for managing
thermal effluent discharges. The efficient operation of Browns
Ferry Nuclear Plant motivated some these studies.
In 1973 Rex retired from TVA and joined Bechtel in San
Francisco, where he expanded and managed the company’s
Hydraulics and Hydrology Group, which supported the
design of multiple projects. At the time Bechtel had projects
with approximately 20 percent of the country’s new powergenerating capacity and was extensively involved with
overseas projects. Rex oversaw a sizable number of engineers and hydrologists in diverse projects associated with
hydro- and thermal power plants as well as hydraulics issues
related to large-scale mining and industrial facilities.
Rex traveled extensively to solve hydraulic problems; his
globe trotting took him to Algeria, Australia, Bolivia, Canada,
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Chile, Egypt, France, Japan, Saudi Arabia, South Korea, and
Taiwan, among other places. In these projects he engaged with
talented Bechtel engineers and a number of other h
 ydraulics
laboratories and experts, including those in academia.
Throughout his career, he worked closely with hydraulics
luminaries such as Donald Harleman (Massachusetts Institute
of Technology), John F. Kennedy (University of Iowa), Norman
Brooks (California Institute of Technology), Victor Streeter
(University of Michigan), and Robert Dean (University of
Florida), among others.
He retired from Bechtel in 1985 and worked as an engineering consultant until 2001.
Several of Rex’s publications have had substantial impact.
In 1949 he and TVA colleagues Alvin Peterka and George
Hickox received ASCE’s James Laurie Prize for their 1947
paper “Friction Coefficients in Large Tunnels.”1 Rex’s
1965 paper, coauthored with Don Harleman, “Withdrawal
from Two-Layer Stratified Flow,”2 led to improvements in
water intake design for thermal power plants on lakes and
reservoirs. His 1970 paper, “Internal Hydraulics of Thermal
Discharge Diffusers,”3 coauthored with Svein Vigander and
Norm Brooks, substantially evolved the design of diffusers for
wastewater effluents. And the chapter that Rex and Bechtel
colleague Jack Cassidy wrote, “Spillways for High Dams,”
for Developments in Hydraulic Engineering (Vol. 2, Taylor and
Francis Group, 1984), is still widely consulted.4
Over the years, Rex’s concern for the advancement of
hydraulic engineering led him to take on national and international leadership roles. He was vice president of the
International Association for Hydro-Environment Engineering
and Research (IAHR; 1984–87) and chaired several IAHR
Proceedings of the American Society of Civil Engineers 73(4):451–70.
ASCE Journal of the Hydraulics Division 91(4):43–58.
3
ASCE Journal of the Hydraulics Division 96(2):509–27.
4
The book was edited by Pavel Novak (1918–2018), who passed away
the same day as Rex and was also a major figure in the engineering of
hydraulic structures.
1
2
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committees as well as committees of the American Society of
Civil Engineers (ASCE).
Rex received multiple honors for his contributions. He
was elected to the NAE in 1978, and ASCE bestowed on him
its Hunter Rouse Hydraulic Engineering Award (1984) and
Hydraulic Structures Medal (1991). In the 1980s he became an
honorary member and fellow of ASCE, and in 2009 an honorary member of IAHR. He was also recognized as a member of
the Hall of Fame at OSU’s College of Engineering (1999) and a
distinguished alumnus of Carnegie Mellon University (2007).
He easily befriended and mentored other engineers, par
ticularly younger ones, and collaborated with university-based
hydraulics labs on contracted projects. In this context, he spent
considerable time at the University of Iowa’s water engineering research institute, IIHR Hydroscience and Engineering,
working on projects with his colleague and close friend Jack
Kennedy.
After his Bechtel retirement, Rex continued his cooperative
research with IIHR as an independent consultant, focusing on
fish passage projects in the Pacific Northwest. His dedication to
the advancement of engineering students is exemplified by his
generosity toward the John F. Kennedy Memorial Fellowship
at IIHR, which supports senior year research projects of undergraduates investigating hydroscientific issues.
Rex was a devoted family man and a woodsman at heart.
He shared his love of hunting, fishing, and hiking with his children, first during their childhood years in Tennessee and, after
their relocation to California, during salmon fishing expeditions to British Columbia with their close friend Duncan Hay.
Rex is survived by his four children—Jack Elder, Carol
Weatherspoon, Susan Mathis, and Will Elder—as well as eight
grandchildren and seven great-grandchildren. He was preceded in death by his wife of 66 years, Janet Alger Elder, and
his dear companion Mary Mackey.
He will be remembered by his family, friends, and colleagues for his contributions to the betterment of society and
his enduring legacy to hydraulic engineering and research.
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R O B E RT R . E V E R E T T
1921–2018
Elected in 1979
“Pioneering of digital computer and their application
to real time control systems.”
BY BARRY M. HOROWITZ

R

OBERT RIVERS EVERETT, recognized as a leader in the development of the systems engineering discipline and former
president and CEO of the MITRE Corporation, died August 15,
2018, at the age of 97.
Bob was born June 26, 1921, in Yonkers, New York. His father
was a civil engineer who designed waterworks; as the young
Bob accompanied him on trips to visit various projects such as
power plants and pumping stations, he grew up expecting to
be an engineer. He earned his bacherlor’s degree from Duke
University in 1942 and in 1943 his master of science degree
from the Massachusetts Institute of Technology (MIT), both in
electrical engineering.
As a graduate student he worked in the MIT Servo
mechanisms Lab with Jay Forrester, who he said “had an enormous effect” on him. They remained lifelong friends.
He then went to work at MIT’s Lincoln Laboratory (1944–58),
serving in a leadership role on the Whirlwind digital computer
project that inspired the design of the Air Force’s first digital
computer-based air defense system, the semiautomatic ground
environment (SAGE). To focus on system integration issues
associated with the application of Whirlwind technology to
the SAGE project, leaders from the Air Force and MIT decided
to create a nonprofit public interest company, the MITRE
89
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Corporation. Within a short period of time after its creation,
485 members of the Lincoln Laboratory staff transferred to the
newly formed company, with Bob accepting a position as its
technical director. In 1969 he was selected to serve as president
and CEO of MITRE and continued in that role until his retirement in 1986.
In that position he developed a corporate mission for
MITRE of “system engineering in the public interest,” which
he defined to consist of two major areas of activity. The first,
based on his experience with the Whirlwind project, was to
enable significant enhancement of government capabilities by identifying innovations in electronics and computing that could be the basis for new government systems to
both enhance capabilities and lower costs. The second, based
on his early experiences with implementation of the SAGE
system, involved addressing system integration issues associated with the adoption of new electronics technology. He
directed MITRE toward supporting high-priority, high-tech
government innovation projects by systematically identifying
and managing technology-related risks at the start of a new
system development project and responding to unidentified
situations that emerge as system implementation progresses.
Bob also recognized that MITRE needed an education program to expose its employees to actual company experiences
related to technology innovation opportunities, identifying
associated risks and risk management responses. He formed
the MITRE Institute for the company’s engineering workforce to learn about high-value cases from MITRE project
leaders supporting government system development projects.
The institute helped to foster a company culture that placed
extraordinary value on “systems engineering in the public
interest,” thereby attracting highly talented engineers to join
the company with expectations of positively influencing successful development of government systems that would benefit from electronics technology innovations.
Under Bob’s leadership, MITRE supported major government system development programs in a significant number
of application domains—from defense and homeland security
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to air traffic control and health care—building on technological innovations in computing, communications networks,
sensors, system control, human-machine interfaces, and
cybersecurity, among others.
Bob’s technology and leadership contributions were
well recognized, including through his election to the NAE
and selection to receive the the highest civilian recognition
award from the Department of Defense, the Public Service
Medal (1983), and the National Medal of Technology (1989,
shared with Jay Forrester), presented by President George
H.W. Bush. He also received the Eugene Fubini Award from
the Defense Science Board and was recognized as a fellow
of IEEE and the Computer History Museum (“For his work
on the MIT Whirlwind and SAGE computer system and
B17:B41—a lifetime of directing advanced research and development projects”). He received honorary degrees from Duke
University and Northeastern University, chaired the Defense
Science Board, and was honored with the dedication of
MITRE’s new laboratory building to Robert R. Everett.
But perhaps his most satisfying form of recognition was to
be elected to a lifetime role on the MITRE board of trustees,
permitting him to observe and influence the company’s continuously growing contributions to system engineering in the
public interest.
One of Bob’s greatest strengths was his deep concern for
all the people in his life. While pioneering valuable new engineering technologies and molding the MITRE Corporation
into a world-renowned center of excellence, he remained a
great friend, a loving husband, and a devoted and attentive
father to his six sons.
He is survived by his wife, Ann T. Everett; sons Robert,
Bruce, Ted, Doug, Michael, and David; six grandchildren; and
four great-grandchildren.
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T H O M A S V. FA L K I E
1934–2019
Elected in 1989
“For contributions to mining technology and management through mineral
engineering education, industry operations, and government service.”
BY RAJA V. RAMANI

T

HOMAS VICTOR FALKIE, a major figure in American
 ining, passed away peacefully November 1, 2019, in N
m
 ewtown
Square, Pennsylvania. He was 85.
Tom was a wonderful person who touched the lives of
everyone he met with his warm personality and enduring
friendship. His professional career of more than six decades
in US mining is a unique story of demonstrated and sustained
excellence in service to industry, academia, government, and
professional societies.
Tom was born September 5, 1934, in Mt. Carmel, Pennsylvania,
to Victor and Aldona Falkie, coal miner and factory worker,
respectively. As Tom tells the story, “my father had an eighthgrade education and he wanted more for me,” and his mother
told him frequently “you are not going to work in the mines.”
Tom’s ticket out of the fading anthracite mining area was
a scholarship from Reading Anthracite Company with which
he entered Pennsylvania State University, where he earned a
bachelor’s degree in 1956 and then, with a fellowship from the
International Minerals and Chemicals Corporation, a master’s
(1958) and PhD (1961), all in mining engineering.
Upon graduation he went to work for International Mining
Consultants as an operations research engineer in Skokie,
Illinois. He quickly rose to become chief of operations planning,
93
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manager of special exploration and development projects, and
then production control manager and production superintendent in Bartow, Florida.
He maintained an active interest in academia by teaching
courses in industrial engineering as an adjunct professor at
the University of South Florida and serving as a member of the
Industrial Advisory Committee to the College of Engineering
at the University of Florida. He returned to Penn State in
1969 to head the newly organized Department of Mineral
Engineering, expanding the scope of teaching and research
activities into management and environmental conservation.
In 1973 President Richard M. Nixon nominated Tom to
serve as director of the US Bureau of Mines. In this position he
was a forceful spokesman for the nation’s mineral and energy
interests during the first energy crisis and oversaw the federal
government’s research and development programs for coal
and mineral production and safety.
In 1977, at the end of the Ford administration, Tom joined
Berwind Natural Resources Corporation, a Philadelphia-based
company operating nationwide with interests in coal, natural
gas, and mineral lands. He remained with Berwind until 2003,
serving as president and chief executive officer (1977–98),
chair of the board (1998–2003), and then on the board of directors until 2010.
Besides his primary work, Tom was active in several
mining organizations, always striving for the advancement
of the mining profession. In 1973 he served as the national
arbitrator (neutral chair) of the Joint Industry Health and
Safety Committee of the United Mine Workers of America and
Bituminous Coal Operators Association, an indication of the
acceptance of Tom’s leadership by workers and management
alike. He was president of the Society of Mining, Metallurgy
and Exploration (SME; 1985), American Institute of Mining,
Metallurgy and Petroleum Engineers (AIME; 1988), and
Joseph A. Holmes Safety Association (1974–77). He also had
major leadership roles in government and educational efforts
of the American Mining Congress, National Coal Association,
National Mining Association, and SME Foundation; and he

Copyright National Academy of Sciences. All rights reserved.

Memorial Tributes: Volume 23

THOMAS V. FALKIE

95

served on the board of governors of the National Mining
Hall of Fame and Museum (1989–2016) and on the board of
directors of Foote Minerals Co. (1984–88) and Cyprus Amax
Minerals Co. (1988–2000).
Tom knew from his personal experience that education is
the key to success and that financial support is essential for
deserving students to go to school. In addition to his substantial personal and corporate commitments to scholarships,
he devoted quality time to providing advice and counsel to
mining programs and to fundraising activities for universities
and professional mining societies. He was one of the founding
members of the SME Coal Division Scholarship Endowment
Fund, established in the mid-1970s to support US mining and
mineral-related programs. He chaired Penn State’s College
of Earth and Mineral Sciences Grand Destiny Campaign
(1996–2000) to raise funds for earth science and engineering–
related programs. And in 1999 he and his wife established the
Thomas V. and Jean C. Falkie Faculty Fellowship in Mining
Engineering at Penn State.
The breadth and depth of Tom’s knowledge on diverse
mineral-related issues, his ability to see all points of view, and
his untiring efforts to seek consensus solutions were in constant demand for advisory panels on complex problems. As
a member of expert panels of the National Research Council
on minerals and energy resources (1982–88), energy (2001),
and mining technology (2002); United Nations on mining
economics and environment (1971–73); US government

(1974–76); and Department of the Interior advisory committee of the Mining and Mineral Resources Research Institutes
(1988–94), Tom made substantial contributions to national
mineral and energy policy, mineral research and development,
and environmental planning in mining.
He was also active in service to the NAE, with terms on the
Bylaw Review Committee, Council, Audit Committee, Earth
Resources Engineering Peer Committee (including as vice
chair and chair), and Finance Committee.
Tom was the first PhD recipient in the United States in the
field of operations research/management science applications
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in mining engineering and was a pioneer in recognizing the
potential of computers for planning, designing, and managing mineral industry operations. And his contributions to the
mineral industry extend to disciplines from pure science to
engineering, technology, management, education, and policy
making. He authored over 200 publications, lectures, and
speeches in these areas and contributed to several handbooks
on mining engineering.
The excellence and long-lasting impact of Tom’s contributions to the science, engineering, and societal aspects of mining
were widely acknowledged. Among the significant recognitions conferred by his peers, several are the highest in their
categories: distinguished member of SME (1978), member of
the NAE (1989), honorary member of AIME (1996), distinguished alumnus of the Pennsylvania State University (2004),
and Mining Hall of Fame (2017). He was also the 1978 Henry
Krumb Lecturer of AIME and the 1988 Distinguished Lecturer
of the Australasian Institute of Mining and Metallurgy.
In addition, he was selected for prestigious awards from
professional societies. He received in 1991 the AIME Erskine
Ramsay Medal for “his notable achievements in coal mining
resulting from his successful bridging of these three realms
of activity: academics, government, and industry, and distinguishing himself in all of them”; in 2015 the AIME Charles F.
Rand Memorial Gold Medal, for “outstanding contributions
to the minerals community and profession through distinguished service in industry, academia, government and professional societies”; and in 2018 the Mining and Metallurgical
Society of America Gold Medal “in recognition of a lifetime
of contributions to the mining industry through education,
industry management, and government service.”
Lest anyone think Tom was all work and no play, the truth
was quite the opposite. He enjoyed golf, fishing, poker, and
traveling around the United States and the world. Foremost
he was a family man, always taking his wife and kids fishing
at lakes, streams, rivers, and beaches, and in boats of all types.
Fishing outings were supplemented by picnics featuring his
wife Jean’s fabulous culinary talents and then feasts of the
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fresh catch. Golf, poker, and ski trips were a way to spend time
with friends, family, and colleagues. And for nearly 30 years
he delighted in hosting an annual reunion picnic, with scores
of family and friends enjoying a weekend of swimming, touch
football, soccer, barbecue, and of course pierogis and kielbasa.
Tom was predeceased in 2001 by Jean Cecilia (née Broscius),
his constant companion and inspiration. They are survived by
their children Ann Marie, Tom Jr., Larry, Michael, and Christine
Mack (John), and four grandchildren.
Tom was a humble man who will be missed by all—from
his children and extended family members to his friends in
the golf, skiing, poker, and other groups that he enjoyed. The
many species of fish he pursued can take a breather, as can the
friendly golfers competing for closest to the pin and the boys
calculating the odds of the next card.

Copyright National Academy of Sciences. All rights reserved.

Memorial Tributes: Volume 23

Copyright National Academy of Sciences. All rights reserved.

Memorial Tributes: Volume 23

P E T E R T. F L AW N
1926–2017
Elected in 1974
“Leadership in the development of environmental geology and engineering.”
BY WILLIAM L. FISHER AND BRIDGET R. SCANLON

P

ETER TYRRELL FLAWN died May 7, 2017, at home in West
Austin, Texas. He was 91.
He was born February 17, 1926, in Miami, Florida, but grew
up in New Jersey. In 1943, at the age of 16, he was admitted
with a full scholarship to Oberlin College. During the next
6 years, he completed an undergraduate degree at Oberlin
despite a stint in the US Army Air Corps, worked a summer
for the US Geological Survey, and completed a master of science degree and residence requirements for doctoral study
at Yale University. At age 23 he embarked on a career as a
research geologist at the Bureau of Economic Geology at the
University of Texas at Austin. Such remarkable productivity
was to be the hallmark of his many decades as a scientist and
administrator.
Peter’s initial research at the bureau focused on the complex Precambrian rocks and associated mineral deposits of the
Trans-Pecos region in Texas. Some of this research related to
pegmatites of the Mica Mine area and became the subject of
his dissertation at Yale, where he received a PhD in geology in
1951. One of the interesting aspects of his field work throughout his life was his immersion in the local culture, including
attending six-man football games on Friday nights and participating in square dancing.
99
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His Precambrian outcrop work evolved into a much larger
study that included subsurface work and surface geology in
the Franklin Mountains and Sierra Blanca area of Texas. The
results of this research were published by the bureau in 1956
under the title Basement Rocks of Texas and Southeast New Mexico.
That year the American Association of Petroleum Geologists
established a basement rock committee and Flawn chaired it.
His work in the US Southwest expanded later into Mexico,
where he studied metamorphic rocks in the Sierra del Carmen
of Coahuila. His love of Mexico and its metal mineral resources
was a longtime affair. He became fluent in Spanish and in 1964,
as a visiting professor of geology at the Instituto de Geología,
Universidad Nacional Autónoma de México, proudly lectured
in his acquired tongue.
In the late 1950s he pursued an extensive study of the
Ouachita System, a largely concealed belt of deformed
Paleozoic rocks that borders the southern edge of the Central
Stable Region of North America in the same way that the
Appalachian system delimits the eastern margin. The findings
of this seminal effort were published in 1961, a few years before
plate tectonics was introduced to North American geologists.
The Ouachita monograph1 is perhaps Peter’s most significant
geological contribution given its regional scale and the politics
involved. At the outset, it was not clear that industry sources
would be cooperative, but upon learning of the comprehensive undertaking, numerous companies contributed to the
success of the project in much the same manner as the collaboration between academia and industry continues to this day at
the Bureau of Economic Geology.
In the fall of 1960, after bureau director John Lonsdale died
suddenly of a massive heart attack, Peter Flawn, at age 34,
was named the bureau’s fifth director. At the time the bureau
had a research staff of ten, five at the doctoral level. Though
modest in size, it had a number of prominent geologists on its
staff over the years and a long history of publication. During
Flawn PT, Goldstein A Jr, King PB, Weaver CE. 1961. The Ouachita
System (PB6120). Austin: Bureau of Economic Geology.

1
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his 10 years as director, Flawn continued the strong tradition
of basic and applied research while moving the bureau into
policy areas and later into environmental geology.
He maintained his own research and lectured frequently,
coloring many of his talks with titles like “Borehole Myopia,”
“Granite Wash Is Hogwash,” and “Too Much Oil in the Eyes
of Texas?” He also wrote two books while serving as bureau
director: Mineral Resources: Geology, Engineering, Economics,
Politics, Law (Rand McNally, 1966) and Environmental Geology:
Conservation, Land-Use Planning, and Resource Management
(Harper and Row, 1970). Also in 1966 he published a paper,
“Geology and the New Conservation Movement,”2 that anticipated the national concern about environmental issues.
When he was appointed bureau director he was also named
a professor in the Department of Geological Sciences. He
taught a course on mineral resources, supervised a number
of graduate students (mostly doctoral aspirants), and was an
active participant in the affairs of the department.
In 1970 he left the bureau to launch what was to become
an impressive career in higher education administration. That
year he was appointed UT Austin’s vice president for academic affairs and in 1972 he rose to executive vice president.
In 1973 he was appointed president of the new University of
Texas at San Antonio (UTSA), where during his 5-year term
he transformed the campus from rental offices with a few
planners and administrators to a beautiful 600-acre campus
with 300 faculty, 8800 students, and all infrastructure in place.
The first classes began in 1975, and 4 years later he presided
over the first commencement, reenacting a historic moment
by signing the first diploma against Rep. Frank Lombardino’s
back just as Gov. Preston Smith had signed the legislation that
created UTSA in 1969.
Peter returned to Austin in 1977 for a research leave 19 years
in the making, but in short order he was serving as acting
director of the University of Texas Marine Science Institute and
acting chair of the Department of Marine Studies. In 1979 he
2

Science 157(3709):409–12.
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was appointed president of UT Austin by the board of regents,
a position he held through 1985.
During his tenure he pushed the university to pursue greater
academic rigor and excellence. He convinced the regents to
establish a program of matching private gifts to the university,
and during the Centennial Celebration Campaign, which he
launched, the number of faculty endowments rose from 112
to 851. Sponsored research grew to $100 million. The undergraduate library next to the main building was renamed the
Peter T. Flawn Academic Center in 1985 when he retired as
president emeritus. Much of what the University of Texas at
Austin is today owes to the perceptive direction, guidance,
and insight of Peter Flawn.
At 60, retirement was not his style. He wrote four books: A
Primer for University Presidents: Managing the Modern University
(University of Texas Press, 1990); a memoir of his days as Texas
geologist at the Bureau of Economic Geology; another on his
experience heading the Texas National Research Laboratory
Commission and the quest for the Superconducting Super
Collider; and a book recalling his sojourn in northern Mexico
and the opening of a silver mine with his good friend Phil
Beckley.3
He remained active in affairs of the university and the state
and kept in touch with Texas and university leaders, who frequently sought his counsel. He served on 15 corporate boards
of directors and on some two dozen nonprofit, state, and university advisory and governing boards.
In 1997, at age 71, he agreed to serve as interim president
while UT Austin began a search for a new leader. He resigned
from the many corporate and nonprofit boards on which he
was serving and accepted a salary of $1. He launched another
capital campaign with the ambitious goal of raising $1 billion.
He dealt with the fallout from the Hopwood v. Texas decision
banning racial considerations in admissions and left Larry
Faulkner, the incoming president, with no unmade decisions.
Flawn PT. 2002. Silver in the Sierra Madre: The Story of the Santa Cruz
Mine and Philip W. Beckley. Eakin Press.

3
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Peter was always involved in professional geological societies, serving as president of the Association of American
State Geologists, the Geological Society of America, and the
American Geosciences Institute. He also was the first president
of the Austin Geological Society when it was founded in 1965.
Appropriately, Peter was honored by his professional peers.
He was elected to the National Academy of Engineering and
the Texas Academy of Medicine, Engineering, and Science.
He received the Condecoración de la Orden del Sol del Perú
(1984), Wilbur Lucius Cross Medal from Yale (1985), Ben
H. Parker Memorial Medal from the American Institute of
Professional Geologists (1989), Ian Campbell Medal from the
American Geosciences Institute (1993), Santa Rita Award from
the University of Texas System (2000), and Mirabeau B. Lamar
Medal from the Association of Texas Colleges and Universities
(2001). At UT Austin he received a presidential citation (2000)
and held the L.T. Barrow Chair in Mineral Resources and the
Regents Chair in Higher Education Leadership.
Perhaps his greatest achievement was convincing the engaging and vivacious Priscilla Pond to marry him in 1946 and be
his life’s companion and counselor for 70 years. He would be
the first to say that without her he would have accomplished
but a fraction of what he did. Priscilla and his second daughter, Dr. Laura Brooks Flawn, preceded him in death. He is survived by daughter Tyrrell E. Flawn (John P. Howe III) and a
host of grandchildren and great-grandchildren.
Peter Flawn was a prominent geologist, a prolific researcher
and author, and a renowned leader in higher education. The
epilogue of his 2002 memoir captures his essence:
The Mexicans have an old saying. Translated it says, if you
want to know what is in the road, you have to get down from
your horse. Extended to our time, it means that if one really
wants to know the country, one has to get out of the car. That
is one of the great benefits of being a geologist.… It was a
great life.
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YUAN-CHENG B. FUNG
1919–2019
Elected in 1979
“Contributions to the theory of elasticity and aeroelasticity,
and applications to bioengineering.”
SUBMITTED BY THE NAE HOME SECRETARY

YUAN-CHENG “BERT” FUNG, known as “the father of

 iomechanics” and one of the founders of the discipline of bio
b
engineering at the University of California San Diego, passed
away December 15, 2019, of natural causes. He was 100 years old.
He was the first to realize that physics and mechanics apply
to living tissues just as they do to synthetic structures, giving
rise to the field of biomechanics. Later, he coined the term
tissue engineering.
“After many years in the field, I really think that an interdisciplinary area is not just the one area plus another,” he said
in an extensive oral history recorded for IEEE in 2000. “It’s the
new product in between, which is neither of the mother fields.
The interesting part is the new in-between part.”
Fung was born September 15, 1919, in Changzhou, China,
and earned his BS (1941) and MS (1943) degrees in aeronautics
from the National Central University. After World War II he
came to the United States to pursue a PhD (1948), also in aeronautics, at Caltech. When he first stepped off the boat upon
arriving in the United States, the Red Cross gave him a coffee

Adapted from https://ucsdnews.ucsd.edu/pressrelease/obituary-y.cbert-fung.
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and a doughnut. The organization remained close to his heart
ever after, his children said.
Fung quickly became an expert in the field of a eroelasticity—
the study of the interaction of aerodynamic forces with structures that aren’t rigid—and led a renowned research group
at Caltech. In 1955 he published what became the leading
textbook on the subject1; over the years, he also authored
Foundations of Solid Mechanics, A First Course in Continuum
Mechanics, and a series of books on biomechanics; and he was
a principal founder of the Journal of Biomechanics.
It was a personal experience in 1958 that changed the direction of his research. While he was on sabbatical in Germany,
his mother developed acute glaucoma back home in China.
Fung immersed himself in all the research available on the condition. He translated the latest journal articles and sent them
to his mother’s physicians. But it quickly became evident to
him that not much was known about the mechanical forces
and physical phenomena to which living tissues are subjected.
This was his first step toward focusing on bioengineering.
After joining the UC San Diego faculty in 1966 he became
one of the founders of its bioengineering program, along
with fellow researchers Benjamin W. Zweifach and Marcos
Intaglietta. Over the following half-century, with his colleagues and students Fung studied and analyzed the mechanics at work in virtually all living tissues—blood vessels, skin,
muscle, cartilage, heart, lung, and more.
He studied the mechanics of blood flow through micro
circulation (the circulation of blood in the smallest blood
vessels). He developed the “sheet-flow” theory, which provides
a quantitative description of pulmonary circulation, hyper
tension, edema, and respiratory distress syndrome in the lung.
He formulated the exponential Fung’s Law describing how
soft tissue deforms under stress. The law was integral to the
development of artificial skin grafts that mimic the skin’s
properties and are used to help burn victims heal. In addition,
Fung YC. 1955. An Introduction to the Theory of Aeroelasticity. Hoboken
NJ: John Wiley & Sons.

1
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all safety crash tests for motor vehicles today rely on Fung’s
Law and his fundamental studies of tissue mechanics.
Beyond the UCSD campus, he chaired the International
Applied Mechanics Division of the the American Society of
Mechanical Engineers and in 1972 established the ASME
Biomechanics Symposium, which became the annual Summer
Bioengineering Conference.
For his outstanding contributions Fung received a National
Medal of Science in 2000, the first bioengineer to earn the distinction. He was the fourth individual in history elected to all
three of the National Academies—Sciences (1992), Engineering
(1979), and Medicine (1991)—and was also elected to the
Academia Sinica (1968) and Chinese Academy of Sciences (1994,
as a foreign member). Among his many awards, he received
the Theodore von Karman Medal in Engineering Mechanics
(1976), the Timoshenko Medal (1991), and the NAE’s Fritz J.
and Dolores H. Russ Prize (2007, “for the characterization and
modeling of human tissue mechanics and function leading to
prevention and mitigation of trauma”). His favorite honor was
the NAE Founders Award (1998), because it was bestowed by
his peers, said his son, Conrad Fung.
In addition to his scholarship, Fung was a very effective
teacher and mentor. A number of the PhD students and postdoctoral researchers he mentored went on to lead bioengineering and biomedical engineering departments around the
United States. Many have the same story: They heard Fung
talk during a seminar and were instantly impressed; as they
lingered afterward they found that he was personable and
easily approachable. Soon, they transferred to UC San Diego
to be part of his research group, where he encouraged them to
be creative and do pioneering work.
His guiding principle was “Take it easy. And work hard,”
said Conrad. That might sound like a paradox, but to Fung it
meant that it was important to set clear goals and keep them in
mind while working hard without second-guessing and fretting. He passed this on to his students, telling them that engineers should be able to turn any complicated problem into a
simple problem. “A problem is like a tree that is full of leaves
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in summer but loses all of them in fall so you can see things
more clearly,” said Michael Yen, one of Fung’s PhD students
and postdocs who joined the UCSD faculty.
Yen accompanied Fung on a trip to China, where Fung had
been invited for a 1-month lecture tour to help kickstart bio
engineering programs after the end of the Cultural Revolution.
“Everywhere we went, he wanted to help the poor and the
needy,” Yen said. “I learned from him to be concerned about
people’s humanity.”
Fung’s laugh was another of his distinctive qualities.
“He was the most joyful individual,” said Geert SchmidSchoenbein, professor of bioengineering at UC San Diego and
one of Fung’s former PhD students. “When you stepped into
a building, you could tell where he was just by the sound of
his laughter.”
That laughter was last heard on the UCSD campus in
September 2019, when Fung visited for a celebration of his
100th birthday. More than 100 researchers from as far as Israel,
Taiwan, Singapore, and China came together for the occasion.
Shu Chien, who was recruited by Fung to come to UC San
Diego from Columbia University, studied how blood flow
and pressure affect vessels (and received a National Medal of
Science in 2011). In a paper he prepared for Fung’s 100th birthday, Chien wrote, “Through his vision of the power of ‘model
making’ to explain and predict biological p
 henomena, Dr. Fung
opened up a new vista for bioengineering.” He added that
Fung was “also a wonderful artist. He has excellent command
in Chinese calligraphy and poetry. He is a Renaissance man.”
Fung’s wife, Luna Yu Hsien-Shih, gave up her career as a
mathematician and helped found and develop the UC San
Diego International Center, said Conrad Fung. She passed
away in 2017.
Fung is survived by his children Conrad A. Fung of
Brookfield, Wisconsin, and Brenda Fung Manos of Belmont,
Massachusetts, and three grandsons.
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HÉCTOR GARCÍA-MOLINA
1953–2019
Elected in 2003
“For contributions to distributed-information systems.”
BY JEFFREY D. ULLMAN

HÉCTOR GARCÍA-MOLINA, the Leonard Bosack and Sandy

K. Lerner Professor of Engineering in the Stanford University
Department of Computer Science, died of cancer November 25,
2019, a day short of his 66th birthday. He was a leading figure in
research into modern database systems and the involvement of
large-scale data in science and technology.
Héctor was born November 26, 1953, in Monterrey, Mexico,
to Fernando García Roel and Laura Molina de García Roel.
He did his undergraduate work in electrical engineering at
the Monterrey Institute of Technology and Higher Education,
where his father was president, and in 1975 began graduate
studies at Stanford, earning master’s degrees in 
electrical
engineering (1975) and computer science (1977) before receiving his PhD in computer science in 1979. His advisor, Gio
Wiederhold, introduced him to distributed database systems, which formed the basis of his early research work. As
Wiederhold traces his academic ancestry back to Galileo, thus
so does Héctor.
In 1979 Héctor joined the electrical engineering faculty at
Princeton University, where he served until 1992, when he
returned to the Stanford Department of Computer Science.
He was director of Stanford’s Computer Systems Laboratory
(1994–97), chair of the Computer Science Department
111
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(2001–04), and at the national level, under President Bill
Clinton, served on the President’s Information Technology
Advisory Committee (1997–2001). He also was appointed a
member of the National Academies’ Computer Science and
Telecommunications Board (2002–05).
Héctor’s initial work at Princeton involved distributed
databases, including the study of long-duration transactions
(“sagas”) conducted in a distributed environment. He was
involved in the construction and use of what (in the late 1980s)
was called a massive memory machine, a device with a quarter gigabyte of main memory—a tiny cell phone by today’s
standards, but mammoth at the time. This work opened up
the study of main-memory database systems, among other
areas. Also connected to this work was an early approach to
what is today called RAID (Redundant Array of Independent
Disks)—the use of redundancy among several disk units to
protect against failures. In 1986 Héctor coauthored a paper
presented at the 2nd Second International Conference on Data
Engineering that was recognized as significantly influencing
the development of RAID storage.1
After moving to Stanford, Héctor began work on information integration—enabling several related databases to be
combined in a useful and consistent way—a challenge that
to a large extent persists. He introduced the idea of semi
structured data, which is now reflected in XML, JSON, and
other approaches to representing information. In 1994 he
began working on digital libraries, a major project from which
Google emerged (one of his students was Google cofounder
Sergey Brin, who left before completing his doctorate). His
interest in data preservation led to the exploration of a number
of other directions as well, such as peer-to-peer storage and
archiving.
Well before the advent of Facebook, Héctor encouraged
one of his doctoral students to develop a social network; it
was called Club Nexus and operated at Stanford in 2001. This
1
Salem K, García-Molina H. 1986. Disk striping. Proceedings, 2nd Second
International Conference on Data Engineering, pp. 336–42.
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work evolved into Google’s Orkut social network, which at
one point had 300 million users (mostly outside the United
States). Another area in which Héctor and his students did
pioneering work was the use of crowdsourcing to obtain data.
He also led a team of undergraduates to develop a system
called CourseRank, an information resource for students planning their academic programs; it was later institutionalized at
Stanford and replicated elsewhere.
More recently, recognizing that many traditional issues in
database systems research were reaching resolution, Héctor
helped turn his department toward more modern approaches
to dealing with the largest volumes of data possible, recruiting a number of young faculty to pursue these new directions,
including the use of big data in machine learning. He was
the founding director of the Stanford Data Science Institute,
a cross-cutting effort connecting computer science, medicine,
and other application areas as well as inviting industrial participation in Stanford research.
In recognition of his pioneering contributions, Héctor was
elected a member of the NAE and a fellow of the Association
for Computing Machinery (ACM) and the American Academy
of Arts and Sciences. In 1999 he received the ACM SIGMOD
(Special Interest Group on Management of Data) Innovations
Award, which is presented “for innovative and highly significant contributions of enduring value to the development, understanding, or use of database systems and databases.” In 2007
his coauthored article on disk striping was recognized with an
International Conference on Data Engineering Influential Paper
Award. In 2009 CourseRank was selected for the SIGMOD Best
Demo Award, and in 2010 his coauthored paper (with Junghoo
Cho) presented at the VLDB conference in 2000, “The Evolution
of the Web and Implications for an Incremental Crawler,” was
selected for the VLDB 10-year Best Paper Award.
Héctor graduated 57 PhD students, many of whom hold
important positions in technology and education today. He
was greatly loved by his students and colleagues, who recognized him as a truly “nice guy”; he was modest, and he was
supportive of all around him.
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He encouraged his students to do pioneering work, no
matter their particular direction. His secret, he said, was
to look for the “90% solution,” his term for an approach to
a problem that was simple enough to be realistically implementable and yet served well in the cases that arose in practice. A result of this approach was that he and his students
pioneered research in many of the areas of database systems
and data management that are important today. The impact of
these initial studies is clear: at the end of 2019 Google Scholar
showed 37 papers of which Héctor was an author or coauthor
with more than 500 citations.
A less technical aspect of Héctor’s interactions with students is illustrated by his “database lunches.” When he arrived
at Stanford, he started paying for a lunch for all the database graduate students—his and others. He invited them to
share their recent personal experiences, called “trip reports,”
and give periodic reports on their recent research directions.
Students got to know each other both socially and academically and could be relied on to support each other in important
ways. For example, they used the lunches to rehearse conference presentations, and because of the friendships that had
developed it became easy for presenters to accept constructive
criticism from their peers.
In addition to his substantial technical work, Héctor had
a serious hobby: photography. By invitation from the athletic
department, he roamed the sidelines at Stanford sporting
events, taking photos of the action, and many of the images
in the Stanford Daily newspaper were his. He loved to share
his interest with students, and for many years taught a very
popular freshman seminar on digital photography.
Héctor is survived by his ex-wife Alicia Garza Martínez and
their son David García, as well as the hundreds of students,
friends, and colleagues whom he loved and who loved him.
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D O N A L D P. G AV E R J R .
1926–2018
Elected in 2009
“For contributions to reliability, maintainability, and queuing concepts,
with applications to telecommunications and military systems.”
BY GERALD G. BROWN

D

ONALD PAUL GAVER JR., emeritus distinguished professor of operations research at the Naval Postgraduate School,
Monterey, was an internationally noted mathematician specializing in statistics and operations research. He died February 11,
2018, at age 91.
He was born February 16, 1926, in St. Paul, Minnesota, to
Donald Paul and Dorothea (née Haman) Gaver. After graduating from the St. Paul Academy, he joined the US Navy and
served as an electronics mate (1944–46), a stint that brought
him to the Monterey Peninsula for training at the Del Monte
Hotel (now the site of the Naval Postgraduate School, NPS)
before his deployment to the South Pacific. After World War II
he took advantage of the GI Bill to attend the Massachusetts
Institute of Technology, where he earned BS (1950) and MS
(1951) degrees in mathematics. This led him to the US Navy
Operations Evaluation Group in Washington, DC, and then to
Princeton University for a PhD (1956), also in mathematics.
Don met Frances (Fran) Rouse while he was at MIT and she
was a student at Wellesley College. They graduated in 1950

This tribute draws on a “brief biography” posted by INFORMS as well
as the obituary published in the Monterey Herald February 17, 2018.
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and married in 1953 before moving to Princeton together. That
was the start of what was to be 65 years of devoted married life.
Don’s early professional career spanned the US Navy’s
Operations Evaluation Group, Westinghouse Research Labs,
and Carnegie Mellon University, where he cofounded, with
Morris DeGroot, the Department of Statistics. In 1967–68
he took his family for a sabbatical year at the University of
California, Berkeley, then returned to Pittsburgh for 2 years
before moving back to California to become professor of operations research at NPS. He and Fran settled in Carmel Valley
and lived there for almost 45 years.
His work largely focused on operations research in the military, but he touched on other application areas, including problems in transportation and traffic congestion. He published
nearly 120 professional papers on a variety of applied and
theoretical problems as well as technical reports, book chapters, and classified technical memoranda. He is credited in the
Gaver-Stehfest algorithm for inverting Laplace transforms.
His research was funded by entities such as the National
Security Agency, Office of Naval Research, and National
Science Foundation. During his lengthy tenure at NPS he also
consulted with numerous organizations including the RAND
Corporation (1987–94), AT&T Bell Laboratories (1986–94), and
EPRI (1972–89).
In addition, he served on professional committees of the
US Nuclear Regulatory Commission and, for the National
Research Council, the Committee on Applied and Theoretical
Statistics and its Panel on Modeling and Simulation (as chair
of the latter). In 1989 he chaired the joint ORSA/TIMS1 College
of Applied Probability (now the Applied Probability Society),
and as a member of the ORSA publications committee was
very active in the transportation science section.
Don was well recognized for his research in applied probability modeling and the field of queueing theory. In 2009 he
received the Navy Distinguished Civilian Service Medal for
Operations Research Society of America/The Institute of Management
Sciences

1
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both his national security contributions and his positive influence on generations of naval officers, and in 2012 the Military
Applications Society of the Institute for Operations Research
and the Management Sciences (INFORMS) awarded him the
Jacinto Steinhardt Prize for his “substantive contribution to
our nation’s military capability” and his continued work in the
area. He was also an elected fellow of the American Statistical
Association, American Association for the Advancement
of Science, INFORMS, and Royal Statistical Society. Of his
numerous honors, Don was most proud of his 2009 election as
an NAE member.
Don Gaver made quite a life for himself. He was a Navy
seaman recruit who used the GI bill and his innate genius to
eventually be considered “a national military asset” by those
in the Department of Defense who frequently consulted with
him on seemingly intractable problems.
He and Fran loved traveling and made many trips to
Europe, Asia, and Australia. At home, Don was known as a
welcoming, gregarious, sometimes mischievous friend and
host.
He is survived by Fran; their children Elizabeth (HansHinrich Thedens), Donald Jr. (Bernice Kaufman), and William
(Anne Schlottmann), all of whom earned advanced degrees
and achieved professional success; and five grandchildren.
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B A R R I E G I L B E RT
1937–2020
Elected in 2009
“For advancement of high-speed analog microelectronics.”
BY RAY STATA
(WITH CONTRIBUTIONS FROM ASAD ABIDI)

BARRIE GILBERT died at the age of 82 on January 30, 2020, in

Portland, Oregon. He was a leader in the evolution of electronic
circuits based on transistors.
He was born June 5, 1937, to Fredrick Arthur and Edith
(Tansley) Gilbert in Bournemouth, Dorset, England. His father
died in a bombing attack when Barrie was 3 years old.
By age 9 he had started experimenting with electronic circuits. At 17 he got his first job in electronics and later studied
physics at Bournemouth College, after which he worked on
speech encryption systems at the UK government’s Signals
Research and Development Establishment and on nuclear
reactor control systems at the Atomic Energy Research
Establishment.
Oscilloscopes held a special fascination for him. In 1959 he
joined Mullard Ltd., a UK manufacturer of electronic components, where he developed almost all the key circuits for a
transistorized sampling oscilloscope that could capture waveforms with GHz bandwidths. After seeing a Tektronix oscilloscope, he was inspired to design his own model, which led
him in 1964 to a job at Tektronix in Beaverton, Oregon, working on the legendary 7000 series of oscilloscopes.
As an early user of the company’s in-house bipolar integrated circuit (IC) process, he was among the first to recognize
121
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that, to actualize the unique potential of monolithic circuits,
a new style of circuit design was needed. In the early 1970s
he was a pioneer in exploring superintegration to shrink chip
area, and thus cost, to realize novel functions that would set
apart Tektronix oscilloscopes, such as an analog character generator that showed the knob settings on the display.
By 1972 he had already established a reputation as one of the
industry’s most creative analog designers, with the invention
of the famous Gilbert cell mixer and a trove of other patents.
But that year he had taken a sabbatical from Tektronix to care
for his ailing mother in a small town southwest of London.
I tracked him down and convinced him to set up Analog
Devices’ first remote design center in a room in his mother’s
home. When he returned to America in 1977 he established a
design center in Oregon and recruited and mentored a remarkable team of analog designers.
Barrie’s impact at Analog Devices was felt immediately as
analog IC products began to replace discrete transistor designs
in a wide range of applications. One after the other he turned
out the industry’s first analog ICs in several product categories.
Over nearly 50 years he designed an impressive array of innovative IC products whose lifetime revenues are estimated at
$2 billion. Some of the seminal products designed in the 1970s
remain best in class and continue to be shipped today. And as
one of Analog’s first two corporate fellows he attracted talented engineers to the company and was an inspiring teacher
and mentor in developing many world-class designers.
He also distinguished himself in writing about his groundbreaking research findings. In December 1968 he published
two landmark papers in the IEEE Journal of Solid-State Circuits.
The first, “A New Wide-Band Amplifier Technique,” described
a new circuit topology for amplification across very wide
bandwidths, with the unique property that it is linear to large
signals with a gain that is set precisely by the ratio of two biasing currents; obviously this was motivated by the needs of
the vertical amplifier in an oscilloscope, which receives input
waveforms of very different levels and whose gain, therefore,
is selected across a large range. The second article, “A Precise
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Four-Quadrant Multiplier with Subnanosecond Response,”
showed how there emerges from this circuit an accurate algebraic multiplier of two independent analog waveforms. Years
later, Barrie would describe how both circuits descended from
the current mirror, itself an iconic monolithic analog circuit
concept.
At the time, analog computation was used extensively in
real-time control systems in mission-critical applications such
as aircraft and space vehicles. While the operational amplifier (op amp) had enabled most algebraic and calculus-based
operations, multiplication remained elusive and many of
the op amp–based solutions were inaccurate, irreproducible,
and temperature dependent. The Gilbert multiplier changed
all that.
In his paper Barrie brought forth and analyzed all obvious
forms of residual inaccuracy arising from device and circuit
imperfections in the computed product. To this day, the Gilbert
four-quadrant multiplier circuit remains definitive.
An indefatigable enquirer, Barrie noticed that a certain
principle was at work in these two circuits, pinpointed it in the
debut publication in the clearest possible terms, and named
it the translinear principle, which states that the products of
the current densities clockwise in the loop balance those
counterclockwise and, importantly, enables interesting, often
unexpected uses.
It is a sign of Barrie’s brilliance that in short order he would
discover a nearly exhaustive catalogue of useful circuit topologies based on the translinear principle. An exact multiplication
of a waveform with itself using as few as three transistors suggested to him other integrated nonlinear functions, most usefully the real-time computation of the true root mean-square
(RMS) value of arbitrary waveforms. The resulting RMS-DC
converters, as he called them, displaced cumbersome earlier
methods to realize the same functions and are just one example of his contributions to the “instrument on a chip” concept.
Other notable contributions include a very linear and stable
voltage-frequency converter (1976), which provided cheap
(for the time) analog-to-digital conversion at sensor interfaces,
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transmitting a square wave into a counter. Variable gain amplifiers are used for automatic gain control in every communication system, but seldom recognized as a circuit form worthy of
investigation in their own right. Barrie maintained an enduring interest in these circuits, and designed industry-leading
logarithmic amplifiers based on new circuit principles. These
ICs are now ubiquitous in wireless communication infrastructure and devices for the precise measurement of signal
strength.
Barrie was acutely aware that a gulf exists between the
exploration of a circuit idea and its development into a product. Often, he wrote, he would spend more time on design of
the support and auxiliary circuits than on the functional core.
He liked to design IC products end-to-end, worrying about
matters such as the IC layout and the most user-friendly pin
allocation on the package. He wrote data sheets for his products, their test plans when put into mass production, and
extensive application notes that make for masterly tutorials.
He also advocated that in many instances, the marketing
department or even the customer may not have envisaged
uses for a product conceived by the circuit designer that,
when introduced into the market, would open unforeseen
applications.
His accomplishments were acknowledged in many ways.
In addition to his election to the NAE as a foreign member, he
won the ISSCC (International Solid-State Circuits Conference)
Best Paper award five times, and the IEEE Solid-State Circuits
Award (1986 and 1992), now known as the IEEE Donald O.
Pederson Award in Solid-State Circuits. His office walls were
lined with more than 100 patents. He retired from active product development at the age of 82.
Barrie was unconventional in every possible way. He never
lived the same day twice but continuously built on his experience to reveal new insights and discoveries. There were no rule
books, only fundamental principles and learning from experience. His vision and dedication to excellence in everything he
undertook were an inspiration for all who had the privilege to
know him. A man of many talents, he rearranged sonatas for
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orchestra or wind ensemble on his synthesizers, wrote poetry,
and had a collection of museum-class electronics.
He met his future wife, Alicia Moore, at an electronics conference in 1988 and they were married May 6, 1990. He is survived by Alicia; former wife Myrna; children David (Wanda) of
Gaston, Timothy of Bend, Lynn (David) of Augusta, Montana,
and Anne (David) of Eugene; three grandchildren; and one
great-grandchild.
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S O L O M O N W. G O L O M B
1932–2016
Elected in 1976
“Contributions to space communications and
information processing technology.”
BY MARC BALLON AND DANIEL DRUHORA
SUBMITTED BY THE NAE HOME SECRETARY

S

OLOMON WOLF GOLOMB, a legendary and longtime electrical engineering professor at the the University of Southern
California whose pioneering work in communication technology helped spark the digital communication revolution, died
May 1, 2016, at age 83.
He was known for his singular ability to apply advanced
mathematics to problems in digital communications. Video
images from the Mars rover Curiosity owe a huge debt to his
mathematical coding schemes, enabling pristine imagery transmitted back to Earth. His work on shift register sequences is
integral to the function of cellular phones, while his cryptology
research ushered in new approaches for securing communications signals.
The son and grandson of rabbis from Vilna (Vilnius), the
capital of Lithuania, the Baltimore-born prodigy graduated
from Johns Hopkins University with a BS in mathematics
before his 19th birthday.
Pursuing his MS and PhD in mathematics at Harvard (1957,
Problems in the Distribution of the Prime Numbers), he expected
Adapted from a tribute prepared for the USC News of the University
of Southern California. The authors appreciate input from Eric Mankin,
Amy Blumenthal, and Adam Smith.
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to travel the abstract route of pure mathematics. But during
a stint working at the Glenn L. Martin Company he became
interested in communications theory; then a Fulbright scholarship took him to Oslo, Norway, and his interests led him in a
different direction.
He made his way to Caltech’s Jet Propulsion Laboratory,
where he and colleagues played a key role in formulating
the design of deep-space communications for the subsequent lunar and planetary explorations. In 1961 a radar signal
encoded with a Golomb-devised signal technology bounced
off Venus. Years later eye-popping images started streaming in
from the Red Planet; the tightly compressed communications
packages traveling millions of miles to Earth are the fruit of
his 1966 research. Without heavy-duty compression, it would
be inconceivable to send crisp, data-rich photographs over the
limited-power transmitters aboard the twin rovers Spirit and
Opportunity.
Recruited simultaneously by UCLA, the California
Institute of Technology, and USC, Golomb chose in 1963 to
work at USC, explaining that “the question I asked myself
was the one I ask my students: ‘Where can you make the most
difference?’”
Over the years, his efforts helped develop the school as a
major center of communications research. He was one of the
“Magnificent Seven” who founded the USC Communications
Sciences Institute in 1982, and he served as vice provost for
research from 1986 to 1989. He was honored as University
Professor, Distinguished Professor of Electrical Engineering
and Mathematics, and, in 1999, the first holder of the Andrew
and Erna Viterbi Chair in Communications.
A polymath who spoke as many as 30 languages to varying degrees—among them Hebrew, Danish (his Danish wife
would ask him for words in her native tongue), Norwegian
(he read author Jo Nesbø’s books in the original language),
Swedish, Chinese and Japanese (which he learned in order to
deliver invited presentations in each country on the US space
program), German, and French—his enthusiasm and dedication extended beyond his highly technical research.
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He enjoyed teaching inventive freshman seminars, such
as “Puzzles, Patterns, Games, and Illusions.” He invented
mathematical games such as “cheskers,” a hybrid of chess
and checkers. And he was called “the godfather of Tetris” for
creating polyominoes that inspired the invention of the tilematching puzzle video game. With his Old Testament white
beard, it seems fitting that he also occasionally taught a freshman seminar on the Book of Genesis. He continued to teach a
freshman seminar into his 80s.
His students remember him as a brilliant man who cared
deeply. Terry Lewis (PhD ’12) shared a story that conveyed the
high esteem in which he held his mentor. A man, he said, was
at the seashore and saw that thousands of horseshoe crabs had
washed ashore and were dying. He began tossing them back
into the sea. A passerby asked why he bothered to do so since
there obviously too many to save. The man picked up another
crab and threw it back into the water. “I just saved that one,”
he said. “That’s what Sol did for me and for other horseshoe
crabs like me,” Lewis said.
Tuvi Etzion, a former postdoctoral researcher of Golomb’s
and current professor at the Technion–Israel Institute of
Technology, said, “I never met and I will never meet someone with so much knowledge in mathematics, engineering,
grammar, languages, history, and so many other areas in

life…. I had the unbelievable honor to have him as my supervisor. Giants never die, they will always be in our memory and
will always influence our life.”
In 1985 Golomb received the Shannon Award, the highest
honor in information technology, and in 2000 the Richard W.
Hamming Gold Medal, both from the Institute of Electrical
and Electronics Engineers (IEEE). He was elected to both
the National Academy of Engineering (1976) and National
Academy of Sciences (2003). In 2013 he went to the White
House to receive the National Medal of Science from President
Barack Obama.
The month before his passing he received the 2016 Benjamin
Franklin Medal in Electrical Engineering for his pioneering work in space communications and the design of digital
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spread spectrum signals—transmissions that provide security,
interference suppression, and precise locations for applications such as cryptography, missile guidance, defense, space
and cellular communications, radar, sonar, and GPS.
He was also recognized as a fellow of the American
Academy of Arts and Sciences, American Association for the
Advancement of Science, and IEEE.
Colleagues offer heartfelt tributes:
“Professor Golomb was truly a giant in the field of mathematics and engineering,” said USC president C.L. Max Nikias.
“He was an exceptionally imaginative thinker, and so many
enduring innovations and highly creative games—including
polyominoes and pentomino—emerged from his inimitable
genius. But beyond the innumerable accomplishments, he was
also a dear friend and colleague, having served on USC’s faculty for more than half a century. Indeed, he helped transform
our university into the world-class institution it is today.”
“Sol’s impact has been extraordinary, transformative, and
impossible to measure,” USC Viterbi Dean Yannis C. Yortsos
said. “His academic and scholarly work on the theory of communications built the pillars upon which our modern technological life rests.”
George A. Bekey remembered his longtime friend as a
Renaissance man who could speak knowledgeably about
nearly any subject, from poetry to finance, from world politics
to history. In addition, “He had a great sense of humor and a
wonderful laugh,” Bekey said. “He leaves a huge gap in our
faculty, since there is no one who could stand in his shoes.”
Sandeep Gupta, chair of electrical engineering–systems,
said Golomb’s classic text Shift Register Sequences (Aegean
Park Press, 1967) influenced his research. He not only admired
Golomb for his towering intellect but also respected him for
his personal decency and integrity, describing him as a “kind
man who shared himself with all of us.”
Andrew Viterbi, USC Presidential Chair and professor of
electrical and computer engineering, offered personal reflections. “I knew Solomon Golomb for over half a century; his
was the first friendship I made on arriving in California in
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1957. We collaborated at Caltech’s Jet Propulsion Laboratory,
where for a time he was my supervisor. Upon my arrival at the
lab, Sol insisted on taking me apartment hunting for my parents and myself. Our friendship blossomed over the decades,
with our wives and our children also becoming close friends.
“I learned a great deal from Sol, particularly on the mathe
matics of linear shift register sequences. Along with coding
and information theory, this theoretical trio greatly influenced
and enhanced the evolution of my career.”
He added, “We’ve lost a great mind. A great heart and a
great sense of humor. The universe will miss him as much as
we will.”1
Golomb’s wife Bo died 2 weeks after he did. They are survived by daughters Astrid Golomb and Beatrice A. Golomb
(Terrence J. Sejnowski).

Dr. Viterbi published a tribute to Dr. Golomb in IEEE Transactions on
Information Theory 64(4):2837–38.

1
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M A RY L . G O O D
1931–2019
Elected in 1987
“For outstanding contributions as educator, researcher, and manager of research
and development, and as distinguished spokesperson for R&D policy.”
ASSEMBLED BY NAE STAFF FROM PUBLISHED SOURCES

MARY LOWE GOOD was a science and technology icon.

Her achievements and contributions were recognized in academia and government, and she was at the vanguard of the few
women who moved into positions of responsibility in industrial
research. It must have been both exhilarating and challenging—
exhilarating to be at the forefront and challenging to deal with
occasional, if not persistent, male skepticism and even hostility.
But Mary endured and excelled. The arc of her career is testimony to that.
Mary Lowe was born June 20, 1931, in Grapevine, Texas,
to Winnie Mercer Lowe and John Willice Lowe, who likely
instilled in her a deep interest in education. In 1942 the family
moved to Kirby, Arkansas, where her father was a school principal and her mother a teacher and librarian. The family later
moved about 60 miles to Willisville, where Mary attended
high school. She enrolled at Arkansas State Teacher’s College
in Conway (now the University of Central Arkansas) with the
intention of becoming a home economics teacher, but became
interested in chemistry as a freshman and changed her major
to chemistry and physics. She graduated with a bachelor of
science degree in 1950.
A fellowship for graduate study enabled her to study radiochemistry with Raymond R. Edwards at the University of
133
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Arkansas, where she met Bill Jewel Good, a fellow graduate
student in physics. They married in 1952 and the following
year she received her master of science and in 1955 her PhD,
both in chemistry.
Her graduate work involved studying radioactive iodine in
aqueous solutions (used for treating thyroid conditions). She
examined processes of solvent extraction of metal complexes
and described the chemical and physical properties of chemical species in an organic solvent. She applied the Nernst equation effect to explain why solutions of radioactive iodine were
unstable and determine the concentration at which species
would be at equilibrium values.
Mary spent 25 years in teaching and research at Louisiana
State University, in Baton Rouge, and the University of New
Orleans (at the time part of the state university system). At
Louisiana State she was director of the radiochemistry laboratory and an instructor and assistant professor of chemistry
(1954–58), working on iodine and sulfur chemistry with Sean
McGlynn.
In 1958 Mary and Bill moved to New Orleans when both
were offered positions at a newly established state university campus. The Louisiana State University New Orleans
(LSUNO) was the first university in the southern states to
open as a fully integrated institution.
Expanding on her work in radiochemistry, Mary became
interested in using spectroscopy to study inorganic compounds,
taking measurements and relating experimental results to theoretical predictions. She studied molecular bonding in both solutions and solid states and was able to extract rhodium complexes
using organic solvents to demonstrate that they were bimetallic.
Progressing through the academic ranks, Mary became the
Boyd Professor of Chemistry at LSUNO (1974–78), the first
woman to achieve the university’s most distinguished rank.
In 1978 she returned to LSU Baton Rouge to develop a new
program as the Boyd Professor of Materials Science in the
Division of Engineering Research.
Mary was a pioneer in the use of Mössbauer spectroscopy techniques for basic chemical research. By studying the
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interactions of gamma rays with matter it is possible to observe
very small differences in the energy of electrons in atoms,
enabling identification of the molecular structure of complicated compounds containing metal ions. She was the first to
observe Mössbauer effects in ruthenium and its various oxidation states, contributing to the understanding of this important
catalyst by deriving detailed chemical and structural information. She also investigated the physical and biological aspects
of marine antifouling coatings, used to remove barnacles from
ships. During her academic career she published more than
100 articles in refereed journals as well as several books.
In 1980 Mary left academia to head the Engineered Materials
Research Division at Signal Research Center, Inc. (previously
Universal Oil Products) near Chicago, with a staff of 400 scientists and technicians and annual sales of approximately $3
billion. She became vice president and director of research in
1981, and president and director of research in 1985. When the
Signal Companies were acquired by Allied Corporation, she
became president of AlliedSignal (AS) Engineered Materials
Research in 1986 and then senior vice president of technology
in Morristown, NJ, coordinating the activities of three research
centers.
Mary championed research and technology at her research
centers, but she went to bat for technology in the AS divisions
as well. Maxine Savitz recalls that, when she wanted to create
a facility for manufacturing structural ceramics at the Garrett
Corporation (part of AlliedSignal), Mary supported her pitch
to AS COO Alan Belzer. Maxine recalls Alan saying, “How can
I turn two women down?” The facility was built.
Those of us who knew Mary as an industrial research
executive knew her to be a confident and decisive leader. She
encouraged participation, but was not infinitely forbearing.
She encouraged debate, but when she stood up and paced the
room with her hands in her pockets, the debate was over.
Mary held government positions in the administrations
of four presidents: Jimmy Carter, Ronald Reagan, George
H.W. Bush, and Bill Clinton, providing public service while,
for the most part, still serving in her industrial position. She
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was appointed to the National Science Board of the National
Science Foundation by Jimmy Carter in 1980 and reappointed
by Ronald Reagan in 1986. In 1988–91 she was the first woman
to chair the board. In 1991 President Bush appointed her to the
President’s Council of Advisors on Science and Technology
(PCAST).
Mary left AlliedSignal in 1993 to become Under Secretary
of Commerce for Technology in the Clinton administration,
serving until 1997. She led the Clean Car Initiative to develop
a hybrid gas-electric car and encouraged the government to
fund basic research and emerging technologies.
In 1997 she returned to academia as the Donaghey University
Professor at the University of Arkansas at Little Rock, where
she also became founding dean of the George W. Donaghey
College of Engineering and Information Technology. On the
occasion of her 10th anniversary as dean, Bill Clinton delivered a very moving tribute. She retired July 1, 2011, as dean
emerita and special advisor to the university’s chancellor for
economic development.
In one of her last public roles, she spent more than 5 years,
beginning in 2011, as the first board chair for the Little Rock
Technology Park, which was developed as a multitenant,
38,000-square-foot startup village in the center of downtown
Little Rock. “Dr. Good was a true pioneer and icon for women
in science with an incredible resume of achievements. Her
leadership as the first chairman of the Little Rock Technology
Park Authority board was critical in getting the project from
concept to reality. Like so many things in her career, she took
on the perceived obstacles head-on and got things accomplished,” Tech Park executive director Brent Birch said.
She also privately funded college tuitions for local students
who were talented but lacked resources, providing an educational launchpad for many. This was hardly mentioned (even
among family) as she never wanted to detract from these students’ accomplishments.
Mary was the first woman elected to the board of the
American Chemical Society in 1972. She went on to be elected
chair in 1978 and 1980, president-elect in 1986, and president
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in 1987. In 2001 she was elected president of the American
Association for the Advancement of Science (AAAS). She was
the founding chair of the Alliance for Science & Technology
Research in America (ASTRA) in 2000. She was a strong proponent of STEM education and a supporter of women in technology, and was recognized as a national leader in this area.
Her myriad awards—too numerous too mention—include
a number for which she was the first woman recipient:
• ACS Charles Lathrop Parsons Award for Public Service

(1991)
IRI Medal from the Industrial Research Institute (1991)
Glenn T. Seaborg Medal (1996)
ACS Priestley Medal (1997)
AAAS Philip Hauge Abelson Prize (1998)
Othmer Gold Medal (1998).
Other honors include
• Agnes Fay Morgan Research Award (1969)
• ACS Francis P. Garvan–John M. Olin Medal (1973)
• American Institute of Chemists Gold Medal (1983)
• Delmer S. Fahrney Medal of the Franklin Institute (1988)
• Heinz Award in Technology, the Economy, and
Employment (2000)
• Vannevar Bush Award, the National Science Foundation’s
highest honor (2004).
•
•
•
•
•

And in addition to her election to the NAE, in 1994 she was
elected a member of the Royal Society of Chemistry.
Mary died at her home in Little Rock on November 20, 2019,
at the age of 88. She is survived by sons Billy and James, four
grandsons, and two great-grandchildren.
As a leader in academia, industry, and government, Mary
Good contributed to and championed research, technology,
education, and diversity. She was a peerless role model for
everyone, but especially for a generation of women scientists
and engineers.
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R O B E RT K . G R A S S E L L I
1930–2018
Elected in 1995
“For the invention of catalysts and catalytic processes
having commercial significance.”
BY JOSEPH P. BARTEK, DOUGLAS J. BUTTREY,
WILLIAM A. GODDARD III, RAUL F. LOBO,
SIR JOHN MEURIG THOMAS, AND ANTHONY F. VOLPE JR.
SUBMITTED BY THE NAE HOME SECRETARY

R

OBERT KARL GRASSELLI passed away in Munich,
Germany, on January 11, 2018; he was 87 years old.
He was born June 7, 1930, in Celje, Slovenia. He began
his scientific education at the Technical University of Graz
in Austria, where he studied chemical engineering and was
inspired by Prof. Gustav Franz Hüttig. In 1949 he was awarded
a student council scholarship, relocated to the United States
after having been displaced by the war from his family home,
and entered Harvard University, where he earned his AB in
chemistry in 1952.
He then joined Sohio in Cleveland as a junior chemist, ultimately rising to the position of science fellow and director of
catalysis and solid state science, managing a group of 26 PhDs.
He took advantage of the proximity to Case Western Reserve
University to earn his MS (1955) and PhD (1959) in physical
chemistry.
While at Sohio, he was instrumental in the discovery, development, and commercialization of a fundamentally new
method of producing the polymer precursor acrylonitrile from
propylene, ammonia, and air. Before this, acrylonitrile was
produced using two highly hazardous and environmentally
unfriendly materials, acetylene and hydrogen cyanide. The
key innovation in this new one-step process was the use of
139
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a bismuth molybdate catalyst. The Sohio acrylonitrile process
was so effective that its worldwide adoption led to a 70-fold
increase in acrylonitrile production and, in 1996, its designation by the American Chemical Society (ACS) as the 11th
National Historic Chemical Landmark.
A highly accomplished and innovative scientist, Bob was
renowned for his seminal contributions to the understanding,
design, development, and commercial utilization of novel solid
catalysis. He was an inventor on 175 US patents and authored
more than 200 scientific publications in peer-reviewed international journals.
In 1985 he left Sohio to become director of the chemistry
division at the US Office of Naval Research in Washington,
where he administered 144 projects spanning many fields.
Four years later he moved to Mobil Corporation’s Central
Research Laboratory, as a research scientist and consultant.
In 1996 he began an academic career, as guest professor of
physical chemistry at the University of Munich (1996–2006),
adjunct professor of chemical engineering at the Center for
Catalytic Science and Technology at the University of Delaware
at Newark (1996–2018), and Distinguished Affiliated Professor
at the Technical University of Munich (2006–18).
Bob’s contributions were recognized with a variety of
honors. He was elected to the NAE (1995) and the Italian
Academy of Sciences (2016). From the ACS he received the E.V.
Murphree Award for Industrial and Engineering Chemistry
(1984), Petroleum Chemistry Award (1990), and E.N. Morley
Medal (1999; from the Cleveland branch). He was inducted
into the Hall of Fame for Engineering, Science and Technology
(HOFEST) in 1988.
He also shared the Distinguished Award in Oxidation
Catalysis from the World Oxidation Catalysis Society in Berlin
(2001). He was selected for the Alexander von Humboldt
Prize (1995) and Germany’s Alexander von Humboldt Senior
Scientist Award (2007).
In 1999 Bob established the Robert Karl Grasselli Foundation
to sponsor symposia in selective oxidation catalysis. Since
June 2000 these symposia, held in Irsee, Germany, have been
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bringing together experts in the field for intensive discussions
aimed at advancing catalytic and solid state science, with the
proceedings published in the journal Topics in Catalysis. In
addition, as a member of the board of trustees for the Gordon
Research Conferences, he was instrumental in expanding
them into Europe.
Bob’s research philosophy is well captured in his words
from the 2016 Harvard Alumni Yearbook:
My strategy was to do fundamental research aimed at an
understanding of the inner workings of our multifunctional,
multimetallic oxide catalyst solids, so that we could alter the
composition of the solid catalysts on a molecular scale and
thereby enhance the efficiency of the catalytically active sites.
In the course of these fundamental studies I proposed a working hypothesis which became known in the scientific world
as the “7 pillars of oxidation catalysis” that I published and
that have stood the test of time quite successfully. They are a
general guide to catalyst research and towards the discovery
of new catalysts.

Bob combined the best of the American optimism and “cando” spirit with the old-world cultural depth and charm of the
continent of his birth. He read extensively, and loved music and
was an ardent supporter of the Cleveland Orchestra. He had
a passion for skiing and for travel to faraway places. He also
enjoyed fine automobiles, particularly Porsches; gardening;
and modern art, especially that of Joan Miró.
Bob married Eva-Maria Hauck-Grasselli, MD, an expert
anaesthesiologist, in 1989. For the last 20 years of his life they
divided their time between their two homes, in Chadds Ford,
Pennsylvania, and Munich. She succeeds him.
Bob will always be remembered for his enthusiasm for science, which led him throughout his life to advance his fields,
and for his many close friendships.
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D O N A L D P. H E A RT H
1928–2013
Elected in 1989
“For exceptional engineering leadership of jet propulsion,
planetary exploration, and satellite programs.”
BY RICHARD H. PETERSEN AND A. GARY PRICE

D

ONALD PAYNE HEARTH died September 5, 2013, in
Charleston, South Carolina, at the age of 85, with a legacy of
more than 50 years of outstanding contributions to aerospace
and the nation. He was a zealous and dedicated founding
engineer in the National Aeronautics and Space Administration
(NASA) who made countless science and engineering contributions to NASA and its predecessor, the National Advisory
Committee for Aeronautics (NACA). He was a thorough and
thoughtful leader of both engineering systems management
and men and women, including as an early advocate to improve advancement and growth opportunities for women and
minorities in science and engineering.
Born August 13, 1928, in Fall River, Massachusetts, Don
often said that in his early life there, “my father always had
me busy and working—my first job at the age of 6 was helping him deliver milk in a horse-drawn wagon.” As with many
who grew up in that era, work and making one’s own way in
life were a major part of their early lives.
Don married Joan Hall Smith in 1950 and graduated the
following year from Northeastern University with a bachelor
of science degree in mechanical engineering. They moved to
Cleveland, where he went to work at the NACA Lewis Flight
Propulsion Laboratory, beginning his career in the new and
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expanding fields of analytical and experimental research on
inlets and exhaust systems for supersonic turbojet and ramjet
applications. He left NACA in 1957 to become manager of
hypersonic propulsion research at the Marquardt Corporation.
The new and rapidly expanding NASA called Don back
to the agency in 1962 to manage the Advanced Lunar and
Planetary Programs. In 1967 he became director of NASA’s
planetary exploration programs and initiated programs to
explore Mercury, Venus, Mars, and Jupiter.
Soon after his major leadership successes with NASA’s
planetary programs, Don was hired as deputy director of the
NASA Goddard Space Flight Center in Greenbelt, Maryland,
in 1970. Five years later he was selected for another challenging
assignment—to serve as director of NASA’s Langley Research
Center in Hampton, Virginia. Returning to his NACA roots,
he became a major advocate of “basic research” in advanced
space and aeronautics technology, which typically took many
years of concentrated theoretical and laboratory work. This
goal often put him at odds with many in the agency who were
more focused on large-scale space and aeronautics systems
with near-term goals.
In addition to his program management responsibilities,
Don led three special activities: a study of NASA’s “Outlook
for Space” (1974–75), the agency’s Equal Opportunity Council
(1974–75), and an assessment of the effectiveness of NASA
project management (1980). He cited his service as the first
chair of the NASA Equal Opportunity Council as his most
rewarding professional accomplishment.
Don retired from the NASA Langley Laboratory in early
1985, after serving several months, at the request of then
NASA administrator James M. Beggs, as his deputy administrator and helping to establish the Space Station Program.
Soon after, he became director of space science and technology and associate vice president for research at the University
of Colorado Boulder. Of all his accomplishments there he
was most proud of creating the first graduate programs in
engineering management—a growing and badly needed
discipline.
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Beyond his career in industry, NACA/NASA, and academia, Don found many ways to serve the public and the
community. He helped create Virginia governor Chuck Robb’s
Center for Innovative Technology (CIT) by chairing the commission. He also served on a number of state, regional, academic, and national boards.
His awards and accolades include the presidential Rank of
Meritorious Executive from Jimmy Carter (1980) and, the next
year, Rank of Distinguished Executive from Ronald Reagan.
From NASA he received the the Exceptional Service Medal
(1969), Executive Performance Award and—the agency’s
highest honor—Distinguished Service Medal (both in 1975),
and Equal Opportunity Medal (1981). He was a member of
the NAE and fellow of the American Institute of Aeronautics
and Astronautics and the American Astronautical Society.
He also received two honorary doctoral degrees: from
George Washington University (1978) and from his alma
mater Northeastern University (1982). In 1984 he received
Northeastern’s Outstanding Alumni Award in the field of science and technology, an honor he especially appreciated as he
often credited the university’s co-op engineering program for
enabling him to attend college. Don and his older brother were
the first members of his family to go to college.
Don proclaimed that of all his lifelong accomplishments,
he was most proud of his four wonderful children and their
families and how they were contributing to society. He was
also very proud of his wife’s work in literacy education in the
communities where they lived, and the fact that, in the late
1950s, she quickly joined the emerging feminist movement to
improve opportunities for women, especially in education.
Joan was not only a driving force in the early women’s movement but also a major influence on Don. In fact, he often said
he was probably one of the first men at NASA to become a true
feminist—sometimes to the chagrin of others.
Don was preceded in death by Joan, to whom he was
married for 55 years. He is survived by his loving companion
of the last 3 years, Valerie; his four children, Sue, Doug, Anne,
and Jan; nine grandchildren; and three great-grandchildren.
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Don was a gentleman, a dedicated family man, a community leader, a passionate supporter of education and public
broadcasting, and an ardent advocate for basic research in
science and engineering. In addition, he treasured, and was
seldom seen without, his straight-grain bent pipe—often unlit
but still in his right hand.
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LEE IACOCCA
1924–2019
Elected in 1986
“For outstanding engineering management and coordination of engineering,
manufacturing, marketing, and corporate planning activities.”
ASSEMBLED BY NAE STAFF FROM PUBLISHED SOURCES

LIDO ANTHONY IACOCCA, engineer and industrial icon,

passed away at the age of 94 on July 2, 2019, in Los Angeles.
It might seem strange to lead with “engineer” for a man who
was famous—both to fellow industrialists and to the public at
large—as an automotive executive, because of his ubiquitous
Chrysler commercials, but he was educated as an engineer. And
his fellow engineers like to think that a sound foundation in
how to approach problems, weigh conflicting evidence, consider cost and schedule, identify problems in need of a solution
rather than solutions in need of a problem, and gauge the impact
of a technical advance on the public—that this foundation was
instrumental in Iacocca’s remarkable success as an executive.
Other factors no doubt played a role, too. Lee came from
a strong and nurturing family, his father introduced him to
entrepreneurship, and he learned from the deprivations of
the Depression to hate waste. He also benefited from a twist
of fate: He contracted rheumatic fever at 15 and the lingering
effects of the disease led to his ineligibility for military service
when he graduated from high school in 1942, when he would
otherwise certainly have been drafted for duty in World War II.
He was born October 15, 1924, in Allentown, Pennsylvania,
to Nicola and Antonietta Perrotta Iacocca, who had immigrated
from San Marco dei Cavoti, Benevento, in Italy, and settled in
149
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Pennsylvania’s steel production belt. His father had opened
a hotdog restaurant called the Orpheum Wiener House and
was involved in a fledgling car rental business, which helped
jumpstart Lee’s interest in cars.
After graduating with honors from Allentown High School
in 1942, he attended Lehigh University and got his degree in
industrial engineering in 3 years. He won a Wallace Memorial
Fellowship and attended Princeton University, where, a year
later, he earned a master’s degree in mechanical engineering.
He began working at Ford Motor Company in 1946. After
a brief stint in engineering, he asked to be moved to sales and
marketing—and his career took off. As assistant sales manager in the Philadelphia district, he gained national recognition with his “56 for ’56” campaign, offering loans on 1956
model year cars with a 20 percent down payment and $56 in
monthly payments for 3 years. The campaign went national
and he was called to the Ford headquarters in Dearborn,
Michigan, where he rose through the ranks: vice president
and general manager, Ford Division (1960); vice president, car
and truck group (1965); executive vice president (1967); and
president (1970).
Lee had a genius for introducing highly successful new cars.
He participated in the design of the Ford Mustang, Continental
Mark III, and Escort, and the revival of the Mercury brand in
the late 1960s. Other ideas that he promoted did not reach the
marketplace as Ford products, including cars ultimately introduced by his future employer, Chrysler (the K-Car and the
minivan). He also convinced then–company president Henry
Ford II to return to racing, resulting in wins at the Indianapolis
500, NASCAR, and the 24 Hours of Le Mans.
But despite his successes—the company posted a $1.8 billion profit in 1978—he clashed with Henry Ford II and was
fired in July that year.
He was courted by the Chrysler Corporation at a time when
the company seemed to be on the verge of going out of business and had just sold its loss-making Chrysler Europe division to Peugeot, seeking to generate cash to compensate for
huge losses in North America. He joined Chrysler in 1978 as
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president and CEO and began rebuilding the company from
the ground up, bringing in former associates from Ford.
Lee arrived shortly after Chrysler’s introduction of the
subcompact Dodge Omni and Plymouth Horizon. Bearing
a strong resemblance to the Volkswagen Rabbit, these frontwheel drive cars were instantly popular, selling over 300,000
units each in their first year and showing what was to come
for Chrysler. The Omni was a derivative of Chrysler Europe’s
Horizon, one of the first deliberately designed “world cars,”
which resulted in the American and European cars looking
nearly identical externally, although there were significant differences in design and components internally.
Recognizing the need for a substantial infusion of cash to
survive, Iacocca approached Congress in 1979 to request a
loan guarantee, which was approved after an extraordinary
series of contentious Congressional hearings. ’The guarantee
required Chrysler to reduce costs and abandon some longstanding projects, such as the turbine engine, which was ready
for consumer production after nearly 20 years of development.
Chrysler released the first of the K-Car line, the Dodge
Aries and Plymouth Reliant, in 1981. Both were based on
design proposals that Ford had rejected during Iacocca’s
tenure. Released in the middle of the 1980–82 recession, the
small, efficient, and inexpensive front-wheel drive cars sold
rapidly. In addition, Lee led the highly successful reintroduction of the big Imperial, buoyed by a fortuitous reduction in
gasoline prices. The new model had all the newest technologies, including fully electronic fuel injection and an all-digital
dashboard.
One of the company’s singularly successful innovations was
the minivan, a concept that Hal Sperlich, also fired from Ford
and hired at Chrysler in 1977, had spearheaded at Ford, where
it was rejected. In 1983 the Dodge Caravan and Plymouth
Voyager minivans were introduced, a new type of family vehicle that led the automobile industry in sales for 25 years.
With the K-Cars and minivans, and reforms that Iacocca
implemented, the company turned around quickly and repaid
the government-backed loans 7 years earlier than expected.

Copyright National Academy of Sciences. All rights reserved.

Memorial Tributes: Volume 23

152

MEMORIAL TRIBUTES

Iacocca then led Chrysler’s acquisition of AMC in 1987, bringing the profitable Jeep division under the corporate umbrella.
Ever the salesman, throughout the 1980s he appeared in a
series of commercials for Chrysler vehicles, with the ad campaign “The pride is back,” to signal the company’s turnaround.
He also introduced what was to become his trademark phrase:
“If you can find a better car, buy it.”
He retired as president, CEO, and chair of Chrysler at the
end of 1992 and for the remainder of the decade dabbled in a
variety of businesses, from gaming and casinos to an olive oil
company, a restaurant chain, and electric bikes.
In July 2005 Iacocca returned to the airwaves as Chrysler’s
pitchman, along with celebrities such as Jason Alexander and
Snoop Dogg, to promote the company’s Employee Pricing Plus
program; the ads reprised the “If you can find a better car, buy
it” line. In return for his services, Lee and DaimlerChrysler
agreed that his fees, plus a $1 donation per vehicle sold
through December 31, would go to the Iacocca Foundation for
type 1 diabetes research, in recognition of his wife Mary (née
McCleary), who died at age 57 from complications of diabetes
in 1983, after 27 years of marriage.
Iacocca was a loyal and active Lehigh alumnus. He partnered
with the university to found the Iacocca Institute in 1988. Its
programs, such as Global Village and the Iacocca International
Internship Program, provide students with opportunities and
experiences to achieve a more well-rounded and enriched
education and prepare them for global leadership. And he
led the Lehigh fundraising campaign to purchase the 742-acre
Mountaintop Campus from Bethlehem Steel. In honor of his
contributions to the university, one of the buildings on the
acquired campus was named Iacocca Hall and Lehigh established four Iacocca chairs in 1991—one in each college—as well
as the Iacocca Scholarship. He was also an honorary cochair of
the $1 billion GO: The Campaign for Lehigh, the largest fundraising effort in the university’s history.
In 1984 he coauthored (with William Novak) the best-
selling Iacocca: An Autobiography (he donated the proceeds
of the book’s sales to type 1 diabetes research). It’s a great

Copyright National Academy of Sciences. All rights reserved.

Memorial Tributes: Volume 23

LEE IACOCCA

153

read. In addition to writing about his life and reflecting on
the impact of his career on his family and on the workers at
the companies he led, he devoted the last four chapters to his
thoughts on issues of the time, which remain relevant today.
Of the four issues, the need for mandatory seat belt laws is
the only one effectively addressed in the decades since. The
other three chapters foreshadow current debates about health
care, unfair trade practices by other countries, and the reliance
of the US economy on financial instruments rather than real
goods and services. He saw well into the future in citing these
issues, which are still hotly debated.
He also wrote Talking Straight (1988; coauthored with Sonny
Kleinfeld) and Where Have All the Leaders Gone? (2007; with
Catherine Whitney).
Because of his remarkable success in business—he was
seen as a man who knew how to run things and how to get
things done—and his wide and positive exposure to the
public, Iacocca’s name was floated as a potential candidate for
president in 1984. It was not something he wanted to do, but
his choice of tagline for his hopes for the future of the country expressed in one of the chapters of his autobiography—
“Making America Great Again”—was remarkably prescient.
Lee Iacocca is survived by daughters Kathryn Iacocca Hentz
(Cohasset, MA) and Lia Iacocca Assad (Laguna Beach, CA),
and eight grandchildren.
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JAMES R. JOHNSON
1923–2019
Elected in 1972
“Contributions to ceramics research and technology relating to
nuclear fuel materials and to control of exhaust emissions.”
SUBMITTED BY THE NAE HOME SECRETARY

JAMES ROBERT JOHNSON, a pioneer in the changing field

of ceramic engineering and ceramic science after World War II,
died October 18, 2019. He was 96 years old.
Born January 2, 1923, in Norwood, Ohio, he was the middle
of three sons. Both his parents were educators—his mother,
Della, was an elementary schoolteacher and his father, Charles,
with a doctorate in education, taught in university classrooms
and became superintendent of the Cincinnati school system.
In 1940 Jim entered the Ohio State University to pursue
his dream of becoming an engineer. In 1942, at 18, he volunteered for military service and was called to duty in 1943 as
a US Army Corps engineer, eventually serving in Europe in
the Rainbow Division. His company was among those that
helped liberate Dachau and satellite concentration camps
throughout southern Germany and Austria. After the war he
returned to Ohio State and, in 1950, earned a PhD in ceramic
engineering.
Three days before he left for the war he married his longtime
sweetheart, Virginia (Jini) Bowen. When he returned 2 years
later, they began a family and became the proud parents of six
children. Jim laid a foundation for his family of humble excellence in all things—a way of life that was also a hallmark of
his career.
155
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He began as an assistant professor at the University of Texas.
In 1951 he left to join the beginnings of America’s nuclear
research at Oak Ridge National Laboratory (ORNL) where, as
a ceramics technical advisor, he became part of the exciting
research into nuclear power reactor design and development.
His personal goal was to develop high-temperature reactor
technology, and his work at ORNL pioneered development of
novel materials especially useful for high-temperature reactors. He did some of the first work on uranium and thorium
oxides and laid a foundation for the fuel elements now used
in reactors worldwide. He was briefly engaged in the development of seminal weapons technology, particularly in the
invention and development of the trigger container for the
hydrogen bomb.
Following the 1954 Congressional Act to involve industry in nuclear reactor technology Jim was asked to join 3M
Company to explore nuclear opportunities. In the course of
reactor materials development, he and his lab invented and
developed the coated microspheres used in the first nuclear
rocket (KIWIB4-E 301), tested by Los Alamos. These same particles were later used in high-temperature gas-cooled reactors.
With the demise of the US nuclear powerplant construction industry in the 1970–80s, 3M decided not to pursue the
nuclear materials business and asked Jim to develop and lead
a major physical sciences laboratory. His lab was responsible
for patents on many life-changing inventions, including sol
gel ceramic applications—inventions that were eventually
introduced into products by 3M and other companies. He
was issued the first patent to describe the ceramic honeycomb catalytic converter now used worldwide. After 23 years
with 3M, he retired in 1979 as the company’s first executive
scientist.
Retirement began another chapter in Jim’s life and work.
During his early “retirement” years, several companies
approached him for consulting services. One in particular,
Phillips Plastics, was interested in his leadership skills to
develop a laboratory to create ceramic materials for medical
applications. In 1989 he joined the company “part time” and
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thus began yet another career. The partnership led to several
patents in bone repair, stents, ceramic engine rotors, coatings
for the stealth fighter system, and other applications.
He was also asked to serve as an adjunct professor and advisor at both the Universities of Minnesota and Wisconsin. Of
particular interest to him was the opportunity to team-teach
society and technology courses with a political science professor at the University of Minnesota.
He became very involved in the need to improve K–12
education, and in 1993 he was named chair of the American
Association for the Advancement of Science Technology Panel
for Project 2061 (named for the return date of Halley’s Comet),
whose goal was to influence the way science, math, and technology are presented to K–12 students and suggest new ways
for students to learn. He also served on the Board of Industrial
Advisors for International Technology Education and the
Minnesota Governor’s Education Task Force.
In addition, he was involved in leadership and advisory boards for the Minnesota and Wisconsin Academies of
Science, serving as president of both, and he served on advisory boards for the Massachusetts Institute of Technology,
University of Washington, and Ohio State. In 1993 he was the
recipient of the first honorary doctorate from the University
of Wisconsin–Stout, an honor conferred in conjunction with
the establishment of the James R. Johnson Service Award in
recognition of his leadership in “building bridges” between
industry and higher education.
Among his other honors and affiliations were fellow of
the World Academy of Ceramics; fellow (for 60 years), president (1973–74), and distinguished life member (the society’s
highest honor) of the American Ceramic Society; the ASM
Engineering Materials Achievement Award (as a corecipient;
1980), “For development and commercialization of monolithic
catalyst technology for control of automotive emissions”; the
Greaves-Walker Award (1985) of the National Institute of
Ceramic Engineers; and the Prakken Professional Cooperation
Award (1989) from the International Technology Education
Association.
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Jim never did really retire. In the last 10 years of his life, he
developed and taught short courses for the public in the fields
of energy, natural climate change, conservation, and pottery.
His interest in ceramics began with throwing porcelain vases
and bowls on the potter’s wheel in 8th grade, a lifelong
avocation that he continued until age 95. He was particularly
interested in creating one-of-a-kind copper red ceramics but
experimented with many unique glazes. Another lifelong
hobby was cartooning. His mouse character appeared in hundreds of cartoons he drew for family and friends, even in the
last days of his life.
Jim was an engineer, inventor, teacher and mentor, and
artist. He was one of those rare intellects that could converse
knowledgeably on almost any subject. A creative thinker, he
melded science, technology, and art to discover and design
inventions that helped to change the world. He had 54 patents
and authored numerous publications in nuclear, medical, and
porous ceramics fields. Jim believed that whatever talents or
abilities were given to him, it was his job to use them to serve
all people.
He is survived by children Cathy Spear (Ted), Randy
(Jan) Johnston, John (Laura), Jamie Sue Myers (Randy), and
Brian (Shawn); 13 grandchildren; and 9 great-grandchildren.
He was predeceased by daughter Barbara Kallusky, and Jini
passed away a few months after Jim, after 75 years together.
Jim and Jini were both adored and respected by their family
and friends and are greatly missed.
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GEORGE E. KELLER II
1933–2019
Elected in 1988
“For invention and insightful analysis of novel separation processes.”
BY STEVEN B. HEDRICK
SUBMITTED BY THE NAE HOME SECRETARY

G

EORGE ERNEST KELLER II, a leader and pioneer in chemical engineering discovery, died October 7, 2019, in Charleston,
West Virginia, at the age of 86.
He was an accomplished chemical engineer, often described
as “an engineer’s engineer.” Recognized as an industry giant,
he fully engaged his prodigious mind to produce innovations
in separations and deliver technologies that improved the
lives of people around the world. In all his efforts—from
the development of portable oxygen concentration units to
help for a senior at Virginia Tech learning the fundamentals
of engineering—with his humility he believed his contributions and achievements were simply common. But common
they were not.
Born June 4, 1933, and raised in Charleston, he earned his
BS (1955) from Virginia Polytechnic Institute, and then from
Pennsylvania State University his MS (1958) and PhD (1964),
all in chemical engineering.
At the start of his career, Dr. Keller served as a lecturer in
President Dwight Eisenhower’s Atoms for Peace Program
in 1958 and 1959.
In 1961 he went to work at Union Carbide Corporation
(UCC) in South Charleston, where over the next 36 years he
achieved national and international accolades for pioneering
161
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contributions in separation science, reaction engineering,
catalysis, and novel process technology development. His
expertise in membranes, adsorption, distillation, and extraction operations led to reductions in the generation of process wastes, development of more cost-effective ways to treat
industrial waste streams, and, in some cases, recovery of valuable coproducts from traditional waste streams.
He was a pioneer in discovering ways to convert methane to
hydrocarbon feedstock for the chemical industry. Conducted
about 10 years before Carbide management finally approved
publication of this groundbreaking research in 1982, this work
by Dr. Keller is among the most cited papers in the history of
catalysis. The American Institute of Chemists (AIC) honored
him with the Chemical Pioneer Award (1996) for this work.
With the advent of the shale gas revolution, the technology is
gaining renewed attention globally and still offers the potential for low-cost petrochemical raw materials.
Dr. Keller provided strong leadership for Carbide’s
Separations & Process Fundamentals Skill Center, arguably
the highest-profile industrial separation group in the United
States and perhaps the world. He rose to the highest levels
of the corporate technical ladder in 1987 with his promotion
to senior corporate fellow. The advances that he pioneered
and enabled enhanced UCC’s technological dominance in the
petrochemical industry for decades, as well as the chemical
engineering profession more broadly.
After he retired from Union Carbide in 1997, he and
others founded the Mid-Atlantic Technology Research &
Innovation Center (MATRIC) in 2003, and he served both on
the board of directors and as chief engineer until 2014. He
considered the founding of MATRIC to be among his greatest
accomplishments.
Dr. Keller always strived to be a difference maker and was
a relentless advocate for outside-the-box research ideas and
projects. He had an uncommon gift for solving complex
and difficult problems (although he’d say it was luck). This
ability led to his significant patent portfolio and made him a
sought-after speaker at technical meetings.
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He was especially known for mentoring junior scientists
and recruiting top-notch engineering graduates. His humility was such that perhaps his most beneficial invention, the
oxygen concentrator that separates oxygen from air for treatment of respiratory diseases, lists the junior scientists on the
patent before him. The invention helped in the treatment of his
beloved wife of nearly 59 years, Judy (née Blackmon), before
her death in May 2017.
Dr. Keller coauthored and edited more than 35 publications
in referenced journals as well as two major books in the area
of industrial separations, Separation Process Technology (with
Jimmy L. Humphrey; McGraw-Hill, 1997) and New Directions
in Sorption Technology (with Ralph T. Yang; ButterworthHeinemann, 1989). With colleagues, he held 21 US patents
encompassing diverse areas of key technologies.
His far-reaching influence and service included roles on
the National Research Council’s Board on Chemical Sciences
and Technology and several technical committees (1984–2008);
adjunct professor of chemical engineering at West Virginia
University (WVU) and Virginia Tech; chair of the visiting
committee of WVU’s College of Engineering and Mineral
Resources; and longtime member of the visiting committees
of the chemical engineering departments at WVU, Virginia
Tech, Penn State, and the universities of Wisconsin, Texas, and
Virginia.
His contributions were recognized with a number of awards
and honors. In addition to his election as an NAE member,
he was a fellow of the AIC and the American Institute of
Chemical Engineers, which recognized him as one of the top
100 chemical engineers of the modern era and bestowed on
him the Institute Lecture Award, the Clarence Gerhold Award
in Separation Science and Technology, and the Institute Award
for Excellence in Industrial Gases Technology. He led a team
that was selected for the Kirkpatrick Honor Award, sponsored by Chemical Engineering Magazine, for the most innovative chemical technology successfully commercialized in the
world—development of highly efficient, pressure-swing parametric pumping for gas-gas separations.
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In April 2017 he was presented with the Distinguished West
Virginian award by Governor Jim Justice, and the following
month he was recognized in the US Senate with a resolution
sponsored by Senator Shelley Moore Capito.
As in so many other areas of life, Dr. Keller was ahead of his
time in embracing and championing all forms of diversity in
the workplace, starting in the 1960s. He knew, and taught, that
diversity creates opportunities for incredible innovation when
people are brought together for a common cause.
As a devout Christian, he was passionate about connecting the dots between science and religion. He never felt the
two were in conflict with each other; rather, he helped clarify
many of the mysteries of how religion and science explain one
another.
He enjoyed classical music and played piano by ear—and
he was an accomplished sousaphone player in the Highty
Tighties at Virginia Tech. He was also an avid tennis and badminton player.
While his career led him to speak in China, Australia,
and a number of European countries, his greatest enjoyment
came from spending time with his family at Capon Springs
and Farms resort in West Virginia. He is survived by children
George III (Cindy), Perry (Alanna), Karen Holbrook (Tim), and
Amy; seven grandchildren; and three great-grandchildren.
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CHRISTOPHER C. KRAFT JR.
1924–2019
Elected in 1970
“Contributions to engineering through the planning and
direction of the nation’s manned space flight missions.”
BY RICHARD H. TRULY

On July 21, 1969, the New York Times front page featured just
one story, written by John Noble Wilford. The first line said it all:
“HOUSTON, Monday, July 21 – Men have landed and walked on
the moon.”

As director of flight operations, CHRISTOPHER
COLUMBUS KRAFT JR. was at a console in the back row
of the mission control center, looking down at his team of
flight controllers, led by the flight director. Chris had conceived the center, designed to control human spaceflight,
during America’s first manned space program, Mercury. The
first flight director of the National Aeronautics and Space
Administration (NASA), he was known as the “Father of
Mission Control.”
Mission control was a simple concept for managing the
incredibly complex array of space vehicles and a sprawling
network of ground stations around the globe. It was brought
together by the lessons learned in 20 crewed space missions—
Mercury, Gemini, and Apollo—plus countless ground simulations. Each controller, with call signs like RETRO, FIDO,
BOOSTER, and EECOM, was responsible for a particular
system or phase of flight. At their fingertips were detailed
167
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schematics and mission rules. The controllers were experts,
but the final split-second decisions were FLIGHT’s to make.
About those seminal days in Mercury, in his 2001 memoir
Flight: My Life in Mission Control Chris Kraft wrote: “There’s
only one flight director. From the moment the mission starts
until the moment the crew is safe on board the recovery ship,
I’m in charge. I ask. I listen. I make decisions…they can fire me
after it’s over. But while the mission is under way, I’m Flight.
And Flight is God.”
Chris Kraft Jr. was born at home February 28, 1924, in the
small Virginia town of Phoebus to Christopher and Vanda
Olivia Suddreth Kraft. Phoebus was a tough town known to
locals as “Little Chicago” because it sat at the Tidewater end
of the old Chesapeake and Ohio railroad line from Chicago.
The town was eventually swallowed up as a neighborhood in
Hampton.
When Chris was only 3, he was terribly burned after falling
into a burning trash fire. After a very long recovery, the only
lasting injury was to his right hand, but he remained righthanded and never let the damage slow him down. His injury
and his Tidewater accent would follow him for life.
Phoebus didn’t have a high school; Chris hitch-hiked to
Hampton High and pocketed the 15 cents his mother gave him
for the streetcar. In homeroom, he met a “gorgeous” girl, Betty
Anne Turnbull, and finally got up the courage to ask her for a
date. He was “floored” when she said yes.
After graduating from Hampton High, Chris entered
Virginia Polytechnic Institute to study engineering. It was
September 1941. Three months later, the Japanese attacked
Pearl Harbor and the career goals of all the students instantly
changed. Chris applied to join the new Navy V-7 and V-12
programs and fly for the Navy. But despite his argument that
his right hand didn’t stop him from being the catcher on the
Virginia Tech baseball team, the injury kept him from military service during World War II. He became the youngest
president of the Corps of Cadets and graduated at age 20 with
one of the school’s first aeronautical engineering degrees in
December 1944.
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He took a job at the National Advisory Committee for
Aeronautics (NACA) at Langley Field, just 7 miles from
Phoebus. The director of research was the legendary Robert
R. Gilruth, who had found and fixed flaws in the British
Spitfire and numerous American fighters and bombers; Chris
was assigned to the Flight Research Division. NACA was the
mecca for aeronautical science and engineering, and over
the next years Chris worked on various structures and stability
and control problems. During his first year, his work involved
the Army P-47, Navy’s F6F and SB2-C, and after the war the
Bell X-I, the world’s first rocket plane. He was involved in
one of the first uses of radio telemetry, which would be key
to future space programs, and ran a major gust-alleviation
project. One of his major projects was on the Navy’s F8U
supersonic fighter where he worked with a “cantankerous”
Marine named John Glenn.
During all this, on September 5, 1950, Chris married Betty
Anne Turnbull, and they went on to have two children, Gordon
and Kristi-Anne, while they were at Langley.
On Saturday, October 5, 1957, Chris and Betty Anne
woke to find the world had changed overnight: the Soviet
Union had launched Sputnik into orbit. The launch shocked
America into action. Nowhere was the effect felt more than
at Langley.
Within just over a year, NASA was created with NACA
as its core and the Space Task Group was formed under Bob
Gilruth to run the new Project Mercury, America’s first human
spaceflight attempt. Chris Kraft was tapped as one of its only
35 members. Although they were renowned experts in aeronautics, the group found themselves on a very steep learning
curve about this new business of spaceflight. Gilruth assigned
Chris to flight operations once Mercury was a reality.
The next few years were a tumultuous time during which
Chris formed a concept of Mission Control in his mind,
although it would start in a blockhouse at Cape Canaveral
with more grease pencils than sophisticated computers, and
graphic displays followed later. When the time came in early
1961 to control missions, Chris was the only flight director.
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Alan Shepard finally went into space on May 5 on a sub
orbital flight. NASA had suffered many failed launches in the
early days and trailed the Soviet space program. The Soviets
had launched Yuri Gagarin on a one-orbit flight the month
before.
Later that month, President John F. Kennedy committed the
nation “to achieving the goal, before the decade is out, of landing a man on the Moon and returning him safely to Earth.”
At the time, the commitment shocked Chris, whose team had
only 15 minutes of experience controlling human space flight.
In his memoir, Chris recalled wondering “had [JFK] lost his
mind?” The heat was on.
As the Mercury missions went on, Chris and his flight control team learned lessons from every flight and updated their
mission rules and vehicle schematics at every opportunity.
Because of the 30-hour duration of the final mission, Chris
created another flight director and team. The final Mercury
flight was in May 1963, and the two-man Gemini was next; the
lunar missions would require rendezvous and docking both in
transit and around the moon, and Gemini was the program to
learn how to do that.
The members of the space task group from Langley had
long known that a national program of this magnitude
would eventually require them to leave Tidewater and move
to a large new facility; when the decision was made to locate
the future Manned Space Center in Houston, they knew
where. Between Mercury missions, Chris and Betty Anne
made a house hunting trip and for their new home chose
Friendswood, a Quaker village a few miles from the future
center.
In preparation for Gemini, the flight control team had to
train and prepare schematics for a totally different spacecraft
and modify mission rules. Chris needed to pick and train
new flight directors; Eugene Kranz and Glenn Lunney were
selected. Design requirements for the new Mission Control
center also had to be agreed to. The first manned Gemini mission would be controlled from the Cape, but the new center in
Houston was the eventual home.
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As the Gemini missions flew, Apollo was looming and the
news from the development of the spacecraft was not all good.
By this time, Chris was both directing all of flight control and
serving as a flight director for the missions. Two close friends,
Bob Gilruth and Sig Sjoberg, encouraged him to conclude his
flight director duties and direct more of his attention to Apollo.
Gemini 7 was Chris Kraft’s last mission as flight director.
When he looked at preparations for Apollo, Chris saw
problems everywhere. There were issues with both NASA
and contractor program managers, with vehicle design, and
ignored technical detail requests that were needed so flight
controllers could prepare their schematics and astronauts
could be trained. So many late changes were required that the
Apollo Command Module would come in Block 1 and Block 2
versions.
Then, with the Gemini missions completed and only about
a month before Apollo was to begin, tragedy struck. On
January 27, 1967, during a final launch pad test, a cockpit fire
erupted in a pure oxygen atmosphere and in the conflagration
that followed, the prime crew of Gus Grissom, Ed White, and
Roger Chafee were killed.
After the shock and the grief subsided, the loss of the crew
gave NASA resolve to make the changes required and continue to pursue Kennedy’s goal. Apollo was far stronger after
recovery from the fire, but the task ahead was monumental.
In just 10 months (October 1968–July 1969), the astronaut
crews and Mission Control flew the most successful string of
space missions the world had seen. Apollo 7 checked out the
new command module in Earth orbit, Apollo 8 went in orbit
around the moon at Christmas, Apollo 9 tested out the lunar
module in Earth orbit, Apollo 10 did a dry run to just before
the lunar landing, and Apollo 11 was able to transmit the most
electrifying voice call of the space program:
“Houston, Tranquility Base here, the Eagle has landed.”
Seven missions to the moon would follow, although
Apollo 13 was aborted because of the explosion of an oxygen
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tank. After several days, the safe return of Apollo 13 to Earth
was perhaps Mission Control’s finest hour.
Chris Kraft became Bob Gilruth’s deputy in January 1970,
and two years later, when Gilruth left his position as first
director of the manned space center for a new assignment at
NASA Headquarters, Chris was named to succeed him. Chris
thought it a great honor since he admired Gilruth so much and
wrote in his memoir, “No man of space did more or received
less credit than Robert R. Gilruth…he forced us always to be
better than we would have been without him.”
After former President Lyndon B. Johnson’s death, the
center was renamed the Johnson Space Center (JSC) in
February 1973. Chris was a strong leader of JSC and during his
tenure NASA completed the Apollo program by flying Apollo
16 and Apollo 17, flew the first three long-duration missions on
Skylab, flew the Apollo-Soyuz docking mission with the Soviets
in the depths of the Cold War, developed the Space Shuttle,
flew five free flights of the Space Shuttle Enterprise off the top
of the 747, and flew the first two orbital test flights of the Space
Shuttle Columbia. Kraft retired from NASA in 1982.
Neil Armstrong, the first man on the moon, told the
Associated Press in 2011 that Chris, who never flew in space,
“held the success or failure of American human spaceflight in
his hands.”
Christopher Columbus Kraft died at age 95 on July 22, 2019.
Chris and Betty Anne had been married for 68 years—and on
that date exactly 50 years before, Apollo 11 was returning from
the Moon.
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W I L L I A M W. L A N G
1926–2016
Elected in 1978
“Contributions and leadership in the field of noise control engineering.”
BY GEORGE C. MALING JR.

W

ILLIAM WARNER LANG, a leader in noise control engineering at IBM and in standards development and professional
organizations, died October 23, 2016, at the age of 90.
Bill was born August 9, 1926, to Warner and Lila G. (née
Wheeler) Lang in Boston and graduated from the Noble and
Greenough School in 1943, when he enrolled at MIT. World
War II was raging and when he finished his sophomore year
in 1944 and turned 18, he enlisted in the Navy, went to radio
tech school, and became a sonar operator on the USS Duluth.
Through the Naval ROTC he got his BS in physics at Iowa State
University in 1946 and was commissioned as an officer. He was
released from active duty in 1947 and returned to MIT to study
acoustics in the physics department. In 1949 he finished his
MS in acoustics and went to work for architectural-acoustical
firm Bolt Beranek and Newman in Cambridge, Massachusetts.
He didn’t stay long at BBN, but remained a lifelong colleague
of Dick Bolt and Leo Beranek.
This tribute is based on a memorial session held at the INTER-NOISE
Congress in Chicago on August 18, 2018. The author is grateful to Bill’s
son as well as Robert Hellweg, Matthew Nobile, Eric Wood, and David
Yeager for permission to edit and use selections from their presentations
in this tribute.
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He was still active in the Naval Reserve, and in 1951 was
offered a position as a physics instructor at the new Naval
Postgraduate School in Monterey, California, which he
accepted. He consulted for DuPont in noise control.
In 1958 Bill returned to Iowa State for his PhD in physics
and then, during a postdoc at MIT, was recruited by IBM in
Poughkeepsie, New York, to develop a noise control program.
Years later, I learned that Thomas J. Watson Jr. himself had
dictated a memo that in essence said: ‘Our customers have
recently been complaining about the noise of our products. I
think we need an acoustics laboratory to solve some of these.’
The first step was facilities. Bill designed and built an acoustics laboratory with an anechoic chamber that was convertible
from fully anechoic to semi-anechoic. He also designed and
built a reverberation room.
Noise emission standards are a key element in any
machinery noise control program, and much of the early 1960s
was spent in the development of internal IBM standards. Other
IBM locations soon began to develop acoustical facilities, and
Bill maintained some control through corporate assignments
in both standards and technology. Eventually IBM had acoustics laboratories in Endicott, New York; Rochester, Minnesota;
San Jose, California; Austin, Texas; and Boca Raton, Florida,
as well as Brazil, Germany, Japan, and elsewhere for a total of
sixteen.
One of Bill’s side projects was working with the Institute of
Electrical and Electronics Engineers (IEEE), especially with the
Technical Group on Audio and Electroacoustics. While at IBM,
he became chair of the administrative committee (ADCOM)
of the technical group and essentially saved the group from
extinction.
Soon, IBM’s Jim Cooley came on the scene with the introduction (actually, reintroduction) of what became the fast Fourier
transform (FFT) algorithm. Everyone involved recognized the
algorithm as a major breakthrough in the machine computation of Fourier series, and Bill led the effort to collect papers
related to acoustics and signal processing for publication in
the Proceedings of the IEEE. The June 1967 issue contained,
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among other articles, “What is the fast Fourier transform?”
and became a classic document in the field. The group had a
new mission: signal processing.
In 1970 Bill established a working group (WG 6 under
ISO TC43 SC1 – Noise) of the International Organization for
Standardization (ISO) to develop international noise standards and continued to support ISO noise standards development through ISO TC43 SC1 WG 28 for many years. With
continuous improvement, the standards are still used today.
Bill was a founder of several professional organizations, including the Institute of Noise Control Engineering
of the USA (INCE-USA), the International Institute of Noise
Control Engineering (I-INCE), and the INCE Foundation.
He was instrumental in the founding of the international
INTER-NOISE conferences on noise control engineering; the
first was held in Washington in 1972 and led directly to passage of the Noise Control Act of 1972 by Congress. The 50th
INTER-NOISE congress will take place in 2021 in Washington.
He was a registered professional engineer in New York
state and a Distinguished Noise Control Engineer, fellow,
and past president of INCE-USA, past president of I-INCE,
and a fellow of American Association for the Advancement of
Science, Acoustical Society of America (ASA; also past treasurer), and IEEE. He was an honorary member of the Institute
of Acoustics (UK) and US National Council of Acoustical
Consultants. He received the ASA Silver Medal in Noise and,
from the Hungarian Optical, Acoustical, and Film Technical
Society, the Pro Silentio Medal.
The achievement Bill was most proud of was his election to
the NAE in 1978. His long relationship with the NAE led him
to believe that IBM would benefit from the establishment of an
internal Academy of Technology, and he set about convincing
upper management that such an academy was necessary. It
became a reality and Bill retired soon afterward, in 1992. The
IBM Academy of Technology was patterned after the NAE,
and the first meeting was held at the NAE in Washington in
1989 with then NAE president Robert M. White as the keynote
speaker. Asked recently about the role of the IBM Academy
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in a new series of strategic initiatives, John Kelly, a senior
vice president who oversees the Academy, told me that “The
Academy was very instrumental in driving our focus on our
strategic initiatives. The Academy is doing quite well, and
remains vital to IBM.” This is a major tribute to one of Bill’s
innovative contributions to IBM.
In 2004 Bill worked with NAE management to develop an
initiative in noise control engineering. A scoping workshop
was held in 2005 and led to a consensus study and report,
Technology for a Quieter America (National Academies Press,
2010). Proceedings of a second workshop, Protecting National
Park Soundscapes, were published in 2013.
A follow-on program yielded six public information documents (available on the INCE-USA website). Bill attended a
workshop on technology transfer in noise control engineering, hosted by the NAE in Washington on October 11–12, 2016,
about 10 days before his passing.
Speaking at the May 2017 workshop titled “Commercial
Aviation: A New Era,” NAE president Dan Mote recognized
Bill’s contributions to the Academy:
He was as passionate as anyone I have known about the importance of member participation in the work of the [NAE]. In
2014 he prepared a report for me that he titled ‘Unleashing the
Intellectual Brilliance of the National Academies.’ His vision
in that report: to have the three national academies operate as
a single influential academy, offering its members new opportunities to serve the immediate and long-term needs of the
nation. He felt that increasing collaborative member participation in the work of the academies was essential to avoid stagnation caused by failure to keep up with the rapidly changing
modern world…. [T]he three academies now work together
closely, and the NAE Council also created the opportunity for
member-initiated programs that advance the NAE mission
and objectives. Six workshops have been developed under the
new policy, which was announced in October 2016 when Bill
was in the hospital, a few days before his passing. He would
have been very pleased and proud to know that his ideas and
initiatives led to these changes in how the NAE engages its
members and other academies.
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Bill married Asta Ingard, the love of his life and inspiration,
in 1954; she had traveled from Sweden to visit her brother Uno
as he received a medal at the ASA meeting in Boston. Bill was
at that meeting, and it was love at first sight for the two of
them. He dedicated his life’s work to her. She passed away in
2003. They are survived by son Robert W. Lang, daughter-inlaw Bogumila, and two grandsons Lucjan Olaf and Colin.
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JAMES U. LEMKE
1929–2019
Elected in 1988
“For lifelong leadership in magnetic recording theory and practice,
including both engineering design and materials science.”
BY CATE BELL, LAURENCE FROMM, JOHN J. KOSZEWNIK,
FRANK E. TALKE, WALLACE R. WADE, AND WARD O. WINER

JAMES

UNDERWOOD LEMKE died February 22, 2019,
in La Jolla, California, at the age of 89. He was born December 26, 1929, to Andrew and Frances Lemke, in Grand Rapids,
Michigan. His father was a Congregationalist minister.
Live life to the fullest, do no harm, and help when you can.
That was Jim Lemke’s life philosophy, and he lived by these
guiding principles until his death at home in the early morning hours.
After blowing the eyebrows off his 4th grade teacher in
Princeton, Illinois, with homemade gunpowder (not intentionally, it was the teacher’s fault), he went on to graduate
from the Illinois Institute of Technology with a bachelor of
science degree in 1959 and the following year got his master
of science degree, both in physics, from Northwestern
University, where he was a Woodrow Wilson Fellow. In 1966
he received his PhD in theoretical physics from the University
of California, Santa Barbara. (His comparatively late degrees
were because he couldn’t afford college right away—and
companies kept hiring him for good jobs, giving him offers
he couldn’t refuse.)
During his varied career and rich life he started six high-tech
research and development companies, owned and flew multiple airplanes, and enjoyed high-performance automobiles.
181
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He mentored many, and excelled at surrounding himself with
smart, talented people who helped him fulfill his visions for
all the companies he started.
Although his formal training was as a physicist, his intellectual curiosity and appetite for learning went far beyond that,
as evidenced by his 114 US and foreign patents in the fields of
information theory, magnetic materials, information storage
devices, aviation, and internal combustion engines.
His industrial career began in 1948, when at the age of 19 he
joined the new IBM Watson Scientific Computing Laboratory
at Columbia University, where he spent 3 years working on
plated drum memories for IBM computers.
He then worked at TEMCO on high-speed teletype encryption devices before moving to AV Manufacturing Company in
New York as vice president of engineering, developing multi
track instrumentation recorders. He also spent about a year
in Key West, Florida, working as a civilian for the US Navy in
its underwater ordnance program, involved in testing. In 1957
he was hired by Armour Research Foundation in Chicago to
coordinate its work on magnetic recording.
In 1960 he joined the Bell and Howell Research Center in
Pasadena, California, as director of magnetic research. He
worked on the development of high-density instrumentation
and PCM recorders and in magnetics research.
One of Jim’s greatest commercial successes was as founder
of Spin Physics, Inc. (SPI), his first company, launched in San
Diego in 1968. At one time, 50 percent of the broadcast hours on
television worldwide were recorded on magnetic heads from
Jim’s company, and 90 percent of the recorders at the National
Security Agency used SPI heads. In 1973, after serving as CEO
and CTO and building up its workforce to 650 employees, Jim
sold the company to Eastman Kodak and became a fellow of
the Kodak Research Laboratories in Rochester, NY. Whenever
he flew east to attend Kodak board meetings, he would wear
his dinosaur tie as a subtle message that Kodak would go
extinct unless it adapted to change. He tried to convince them
that digital was the wave of the future, but the board members
simply saw Kodak as a chemical company.
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Meanwhile, in San Diego he founded two startups,
Recording Physics, Inc. and VISqUS Corp. The former was a
defense and science contractor (including for DARPA) focused
on high-speed recording; VISqUS offered a technology based
on a head-disk air bearing—with the air replaced by a liquid.
In 1978 he founded Aerolift, Inc., his fourth company, to
manufacture a through-the-propeller radar that he invented
for single-engine airplanes. This required timing the radar
pulses to the rapidly changing positions of the propeller.
Four years later, in 1982, Jim was pivotal in establishing
the Center for Magnetic Recording Research at the University
of California, San Diego. He obtained corporate donations to
fund a new building for the center, four endowed professorships, and the purchase of scientific equipment.
From 1982 on, Jim was an adjunct professor in the UCSD
Department of Electrical and Computer Engineering. In 1993
he received the Revelle Medal for distinguished and sustained
service to the university.
In 1998 he began his quest to design a new internal combustion engine. He initially was searching for a lightweight,
high-power-density engine that could serve as a backup for a
primary power airplane engine if it failed—he had personally
experienced three such failures in his planes.
While on a beach vacation reading The Internal Combustion
Engine in Theory and Practice by Charles Fayette Taylor, considered the “internal combustion engine bible” by many, he
learned about the Junkers Jumo opposed-piston diesel aircraft
engine that set records for fuel efficiency in the days preceding World War II. Unfortunately, although the Junkers Jumo
engine was very fuel efficient, it suffered from a number of
issues including thermal-related piston/liner durability, wrist
pin durability, and high oil consumption.
Jim’s vision was to essentially “resurrect” the Junkers Jumo
engine with its inherent fuel economy advantages while using
the much more advanced computer engineering tools of the
late 20th century to overcome the previous design challenges.
To that end, he founded Achates Power in 2004 with funding from his friend and fellow pilot, John Walton (son of the

Copyright National Academy of Sciences. All rights reserved.

Memorial Tributes: Volume 23

184

MEMORIAL TRIBUTES

founder of Walmart), to pursue development of the two-cycle,
opposed-piston internal combustion engine. He named the
company after a character in Virgil’s Aeneid, the faithful friend
to Aeneas—just as he hoped this engine would be a “faithful
friend.”
Achates Power has been working with Cummins, Peterbilt,
Isuzu, and other major original equipment manufacturers
(OEMs) around the world to make Jim’s vision a reality. As just
one example, Cummins is working with Achates on a revolu
tionary new diesel engine for the US Army that provides significant advantages in power density (size and weight), fuel
efficiency, and heat rejection. Jim continued to play a leadership role at Achates through 2018, until his health prevented
him from continuing.
In late 2018 the employees demonstrated to Jim a Ford
F-150 pickup truck equipped with an Achates Power 2.7-liter
opposed-piston diesel engine. This engine project was funded
in part by ARPA-E, the advanced development arm of the US
Department of Energy, and the technology is being marketed
to a number of global OEMs.
Even after leaving an active management role at Achates,
Jim’s intellectual curiosity and investigations into other engineering opportunities continued. At the time of his death, he
was working on a revolutionary noninvasive way to detect
breast cancer.
In recognition of his many accomplishments, Jim received a
number of honors. He was an elected member of the National
Academy of Engineering, senior fellow of the California
Council on Science and Technology, fellow of the Institute of
Electrical and Electronics Engineers and American Association
for the Advancement of Science, and member of the American
Physical Society. In 1995 he received the IEEE Reynold B.
Johnson Storage Award for “contributions to advancing the
science and technology of high-density magnetic data storage.”
Jim’s interest in education was also a big part of who he
was and what was important to him. He believed in the discovery method of teaching and learning mathematics and
spent countless hours traveling the country working with the
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mathematics departments at various universities to encourage them to adopt the Moore method. He mentored many
people through college and beyond, from his closest friends
like Bill McHargue to waitresses he befriended at favorite
restaurants. If anyone showed an interest in furthering their
education, he would help in any way he could, with financial
support, with tutoring, or both.
Jim distinguished himself as a physicist, entrepreneur,
inventor, nonconformist, rule breaker, mentor, aviator, and
all-round great and generous guy. Everyone who knew him
treasured time spent with him. In addition to solving partial
differential equations and piloting airplanes, he loved classical music, a good martini, jokes, one-liners, and hearing, telling, and writing limericks. One of his favorite sayings was
that “one should never argue with others about politics, religion, or antenna design,” which usually left the listener a bit
dumbfounded.
Jim is survived by his wife of 65 years, Ann (née Raiguel
Stickley), daughters Cate Bell (Barry) and Susan, son Michael,
and four grandchildren.
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JAMES D. LIVINGSTON
1930–2019
Elected in 1994
“For developing the relationship between microstructure
and the superconducting, ferromagnetic, and
mechanical properties of metals and alloys.”
BY CHRISTOPHER A. SCHUH, CAROLINE A. ROSS,
AND RACHEL A. KEMPER

J

AMES DUANE LIVINGSTON III threw himself enthusiastically into careers as a researcher, educator, and author.
He was born June 23, 1930, in Brooklyn, New York, to James
Duane and Florence Boullee Livingston. He died May 10,
2019, at age 88, alongside his wife Sherry Penney, in Sarasota,
Florida, victims of carbon monoxide poisoning from a new car
with a keyless ignition.
Jim was educated at Cornell University, where he graduated
with a bachelor of engineering physics (1952), and at Harvard
University, where he earned a master of arts (1953) and PhD
(1956), both in applied physics. He then embarked on a 33-year
career as a research physicist at General Electric Corporate
Research and Development in Schenectady, where he focused
on magnetic, superconducting, and mechanical properties
of metals and alloys. He also held periodic visiting faculty
appointments at Göttingen University, Rensselaer Polytechnic
Institute, and Massachusetts Institute of Technology.
His research was reported in several papers and patents,
and he was proud that his findings were useful to other scientists and cited in publications from the 1960s to the present. His
work on structural materials (including CoSi eutectoid alloys)
and the mechanical and electronic properties of m
 aterials
resulted in the publication of Effect of Metallurgical Variables
187
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on Superconducting Properties (with H.W. Schadler; Pergamon
Press, 1965).
In 1985 he married Sherry Hood Penney and soon after
they moved to the Boston area where she had been appointed
chancellor of the Boston campus of the University of
Massachusetts.
In 1989 Jim left GE and for the next 9 years was a senior
lecturer in MIT’s Department of Materials Science and
Engineering, teaching electrical, optical, and magnetic properties of materials in the core MSE curriculum. The resulting
Electronic Properties of Engineering Materials (Wiley, 1999) was
based on his undergraduate lectures.
Although the position was part-time, he was fully committed to the students and their needs and to the institute. He
remained active in research and clearly enjoyed collaborating
with colleagues, mentoring graduate and undergraduate students, and offering his expertise and industrial experience to
MIT’s teaching and research enterprise. He taught a variety
of classes, was an advisor to first-year students (for which he
received the Best First-Year Advisor Award) and thesis advisor for graduate students, participated in professional education programs, and generally served as an ambassador for
materials science and STEM education.
His contributions over the decades were recognized by a
Coolidge Fellowship, GE’s highest scientific award; election
as a member of the NAE and fellow of the American Physical
Society and of ASM International; and a Distinguished Career
Award from AIME.
Jim’s engaging conversational style translated well on the
page, and later in his career he expanded his writing to reach a
broader audience: Driving Force: The Natural Magic of Magnets
(1996) and Rising Force: The Magic of Magnetic Levitation (2011,
both published by Harvard University Press) are popular science books on magnetism.
He was keenly interested in history and genealogy, and wrote
A Very Dangerous Woman: Martha Wright and Women’s Rights
(with his wife Sherry H. Penney; University of Massachusetts
Press, 2004) and Arsenic and Clam Chowder: Murder in Gilded
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Age New York (State University of New York Press, 2010), historic accounts of two of Jim’s ancestors.
He was also active in local politics, serving 12 years as
Democratic committeeman in the town of Glenville (1963–75),
and in the campaign against the Vietnam War. In addition to
being an accomplished tennis player, he was active on the
stage in town drama productions and, at GE, in the annual
Christmas musicals, for which he often wrote the libretto and
lyrics. In fact, he even wrote songs and poems to help convey
scientific principles. His creativity and sense of humor were
appreciated and enjoyed by his students, colleagues, friends,
and family.
Jim said many times that, of all his professional accomplishments, he was proudest of the NAE election—but even
prouder of his daughters, Barbara, Joan, and Susan. He is survived by his three daughters from his first marriage, to Nancy
Lee Clark, and one granddaughter; and by Sherry’s children
Michael and Jeff Penney and two grandchildren. He will be
greatly missed by them and by many more family members,
friends, and colleagues.
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R I C H A R D H . LY O N
1929–2019
Elected in 1995
“For development of statistical energy analysis and
machinery noise diagnostic techniques.”
BY GEORGE C. MALING JR. AND DAVID L. BOWEN

R

ICHARD H. LYON, professor emeritus at Massachusetts
Institute of Technology, president of RH Lyon Corp, and a
seminal contributor to the areas of statistical energy analysis,
machinery diagnostics, and product sound quality, died January 21, 2019, at the age of 89.
Dick was born to Chester C. and Gertrude B. Lyon in
Evansville, Indiana, on August 24, 1929. He graduated magna
cum laude from Evansville College in 1952, where he majored
in physics. He initially tried to enlist in the Navy’s Electronics
Technician School but failed its color vision test; instead he
built audio systems, repaired radios, and worked at a local
radio station throughout his college years.
He went to graduate school in the MIT Physics Department,
where he received his PhD in 1955, performing thesis research
on the turbulent excitation of strings under the direction of K.
Uno Ingard. He then joined the electrical engineering faculty
at the University of Minnesota, where he taught courses in
acoustics and communication theory and conducted research
in acoustics and structural vibration.
In 1959 he traveled to the University of Southampton to
work on random vibration with Elfyn Richards, and that
fall he began a 9-month stay at the University of Manchester
under a National Science Foundation postdoctoral fellowship,
191
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working with the statistician Maurice Bartlett. He did research
on the statistical analysis of interacting vibrating systems, and
it was during this time that he combined his diverse background in physics, electrical engineering, and acoustics to
formulate ideas that became the basis of his development of
statistical energy analysis.
Upon returning to the United States in 1960, he joined Bolt
Beranek and Newman in Cambridge, Massachusetts, where
he worked on problems of sound-structure interaction, excitation of structures by turbulence, and a variety of other consulting and research projects, eventually becoming director of the
Physical Sciences Division and corporate vice president. He
maintained his technical skills and made significant contributions to the field while managing a BBN division that grew
significantly in size under his leadership.
During his 10 years at BBN he published over 35 papers,
representing a major contribution to the field of acoustics,
for which he was elected a fellow of the Acoustical Society of
America (ASA). During his prolific career, he wrote five books,
over 200 technical papers, and a large number of technical
reports.
In 1970 Dick was recruited to be a full professor at MIT by
Stephen Crandall, an expert in random vibration. He joined
the faculty in the Mechanical Engineering Department, where
he headed the Division of Mechanics and Materials in the
areas of sound, vibration, and dynamics and was instrumental
in the development of the MIT Acoustics and Vibration Lab.
He also founded two companies during his tenure at MIT,
Cambridge Collaborative, with Jerry Manning, in 1970 and
RH Lyon Corp in 1976.
Dick retired from MIT in 1995 and devoted himself full-time
to RH Lyon Corp, working with clients on machinery diagnostics, audio, transducer development, quiet product design,
and methods of designing for product sound quality. In 2005
the company became a part of Acentech Incorporated, a spinoff from Bolt Beranek and Newman.
The areas of Dick’s research throughout his career—
spanning acoustical scale modeling, statistical energy analysis
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of complex structures, and signal processing, in addition to
the aforementioned areas—demonstrated the great diversity
of his interests and knowledge in acoustics and vibration. He
once said that when he got to grad school at MIT he was struck
by the number and breadth of projects in the acoustics lab,
ranging from underwater sound to psychoacoustics, and that
this made him aware of the richness of the field and probably
encouraged him to work in such a large variety of areas over
the years.
He is particularly well known for his contributions to
understanding of the transmission of acoustical and vibrational energy in complex structures and to the surrounding
fluid. He was a key developer of the method of statistical
energy analysis, which treats vibratory energy as a form of
thermal energy and takes advantage of this similarity to find
simple relationships that enable prediction and interpretation of the spatial distribution of the energy in a structure and
the surrounding fluid. In recent years he extended this effort
to analysis of the phase of vibratory signals, called statistical
phase analysis, which has application to machine diagnostics
and signal dereverberation in telephony and other areas.
He developed new ways to analyze vibration signals from
machinery to diagnose events that are not readily handled
by conventional methods. These involve highly transient
vibrations that occur in reciprocating machinery because of
impacts and transient forces among the components. This
effort has required the application of certain signal processing
techniques that, while known, had not been widely used for
machine diagnostics.
He also had a strong interest in sound quality as applied
to products, and was an early proponent of using “juries” of
actual product users who, with their experience and expectations, bring context to the process of evaluating product
sounds. He adapted statistical methods used in the food and
flavor industries and applied them to jury testing, where
users listen to and rate variations of a product. The result is
a set of mathematical relationships that can be used to guide
the design of the mechanical and structural components to
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achieve a better-sounding product, as judged by end users.
He worked on the engineering and psychoacoustical aspects
of product sound of an impressive range of products, from
sewing machines to vacuum cleaners, washing machines, air
tools, and air purifiers.
Elected to the NAE in 1995, Dick’s interests spanned more
than half of its disciplinary sections. He served on the authoring committee that produced the consensus report Technology
for a Quieter America (National Academies Press, 2010), and
chaired its Subcommittee on Research and Development of
Noise Control Technology.
He was ASA president (1993–94), and a member of the executive council and editorial board for the Journal of the Acoustical
Society of America. He was also active in the Institute of Noise
Control Engineering (INCE-USA), serving on organizing committees for several NOISE-CON and INTER-NOISE meetings.
Among the honors in recognition of his contributions, in
addition to the ASA he was elected a fellow of the American
Association for the Advancement of Science and an honorary
fellow of INCE-USA. He was awarded the Rayleigh Medal by
the UK Institute of Acoustics (1995), ASA’s Silver Medal in
Engineering Acoustics (1998) and Gold Medal (2003),
Acoustical Society of India Gold Medal (2003), and Per Brüel
Gold Medal for Noise Control and Acoustics (2013) from the
American Society of Mechanical Engineers.
Dick was an avid and curious reader and a man with wideranging interests. He enjoyed all kinds of music—country and
jazz as well as opera and string quartets. After his retirement
from MIT he learned the classical guitar and played often. He
even managed to write a paper or two on certain aspects of
the guitar that, as a “structural acoustician,” he found intriguing. He also enjoyed hiking and the outdoors. Throughout
his years at MIT he rowed a single shell on the Charles River
and Long Pond on Cape Cod. He loved cars, both driving
them and taking them apart, and had raced and rallied in his
younger days.
Dick Lyon was an enthusiastic educator and problem solver.
His strong interest in and enthusiasm for acoustics inspired a
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number of his graduate students to pursue careers in the field,
and he supported and developed long-lasting ties with many
of them, some of whom became colleagues. He and his wife
Jean were often warm hosts to his international students over
holidays. He encouraged the best for his family and friends
through education, hard work, finding solutions to problems,
and enjoying lively good times together.
Dick is survived by his wife of 53 years, Jean Wheaton Lyon;
children Katherine Lyon Davis (John), Geoffrey Cleveland
Lyon (Jen), and Suzanne Lyon Riggle (Jason); seven grand
children; and three great-grandchildren.
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R I C H A R D H . M acN E A L
1924–2018
Elected in 1996
“For contributions to large-scale, general-purpose finite element
analysis and for development of the NASTRAN program.”
BY DAVID HIBBITT

R

ICHARD HENRI MacNEAL died January 29, 2018, at age 94.
He was born February 25, 1923, in Warsaw, Indiana, to Kenneth
Forsythe MacNeal (of Illinois) and Marguerite Marie Giroud
MacNeal (originally from Grenoble, France), who had met in
Montpelier after World War I. Kenneth was an accountant who
went on to write Truth in Accounting and Margo was a singer
who sometimes performed at the Deauville Inn in Strathmere,
New Jersey, and on the radio. Dick grew up with his younger
brother and sister at Alden Park, in Germantown, Philadelphia,
where he attended elementary, middle, and high school at the
William Penn Charter School.
The spirit of adventure was evident throughout his life. At
the age of 16 he completed a 1500-mile solo bicycle trip from
Philadelphia to Montreal. He had intended to travel with a
friend from Alden Park but, at the last minute, his friend’s parents would not let him go. Undeterred, Dick borrowed a onespeed bicycle with coaster brakes and set out on his own. He
took American Express travelers checks to pay his expenses on
the road but, under the impression that they could be cashed
only at American Express offices, he spent 3 days riding
through the wilds of New Hampshire with only 5 cents in his
pocket, subsisting on ginger snaps. Not surprisingly, ginger
snaps never showed up on the MacNeal menu.
197
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Dick’s love of engineering started after he entered Harvard
College in 1940 and took a summer class in surveying at a
camp on Lake Winnipesaukee. The outdoor life and the trigonometry problems captured his imagination. He graduated
with a BA in engineering in 1943 and, because it was wartime,
went into the Army immediately. The skills he acquired near
Lake Winnipesaukee served him well while plotting the precise location of bomb craters at the Aberdeen Proving Grounds
in the California desert. He was discharged in California in
April 1946, and a month later married Carolyn Colcord, who
was working in the offices of the Mount Wilson Observatory
at the time.
He started at Caltech that September thanks, perhaps, to a
letter of recommendation written by Edwin Hubble, who was
director of the analysis laboratory at the Aberdeen Proving
Grounds, although Dick claimed never to have known Hubble
(who was “about eighteen levels above me in the organization”). He described his first year as a graduate student at
Caltech as “rather rough,” but subsequently went to work in
the Analysis Laboratory that had been established by Gilbert
D. McCann, who had joined the Caltech faculty at the same
time Dick arrived as a graduate student.
Dick enjoyed the engineering-oriented approach of looking for quantitative answers to real problems, and quickly
recognized the need for computers and numerical methods.
He studied methods of stress and vibration analysis using the
analog computer in the analysis laboratory and received his
MS in 1947 and his PhD in 1949, both in electrical engineering.
After his PhD (“The Solution of Partial Differential Equations
by Means of Electrical Networks”), rather than taking a job in
industry, at the invitation of Professor McCann Dick became
an instructor and then an assistant professor at Caltech, in
what was then known as the Division of Civil, Electrical, and
Mechanical Engineering and Aeronautics.
By 1952 the analysis laboratory was taking in considerable
commercial work from aircraft companies. To avoid conflicts
with the laboratory’s status as an academic activity, Dick
joined McCann and others to found Computer Engineering
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Associates (CEA) to do commercial work with analog computers and to build such computers for other companies to
use. Dick continued on the faculty at Caltech but left in 1955
to work full time at CEA. After 6 months he went to work for
Lockheed in Burbank, staying there for a year before returning
to CEA.
In February 1963 Dick and Robert Schwendler founded the
MacNeal-Schwendler Corporation (MSC), which continued
the development of analog methods for such applications as
helicopter rotor dynamics. But they saw increasing opportunities for digital methods, as the capabilities of digital computers
continued to grow. They focused their work accordingly, developing SADSAM (Structural Analysis by Digital Simulation
of Analog Methods) and working closely with the aerospace
industry to improve finite element analysis technology.
In early 1966 the company teamed with the Martin
Corporation and the Computer Sciences Corporation to
submit what turned out to be the winning bid to develop the
NASA general-purpose structural analysis software system
based on finite element analysis: NASTRAN (NASA Structural
Analysis). The software was duly delivered to NASA, but the
NASA contract had not provided for any ongoing user support, error correction, or enhancement. This lack severely
limited the product’s value to engineers with design responsibility, who had no time to study the complexities of the
software itself but needed it as a tool. MacNeal-Schwendler
stepped forward to provide such services, and enhancements
and error corrections were implemented in what then became
the company’s proprietary version of the software, MSC/
NASTRAN. The result was substantial commercial success,
which allowed the company to go public in 1983 and soon be
recognized as one of the most promising young companies in
the public markets. Dick retired as president of the company
in 1983 and continued as chair until 1997 when, at age 73, he
entered full-time retirement.
In 1996 he shared with Thomas G. Butler (posthumously) the
Elmer A. Sperry Award, for “the development and mechanization of NASA Structural Analysis (NASTRAN) for widespread
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utilization as a working tool for finite element computation.”
He received CalTech’s Distinguished Alumni Award in 1998.
During their 60-year marriage Dick and Carolyn traveled the world together, visiting most of Europe and Russia,
Ireland, Scotland, and England, the Northwest Passage across
the top of Canada, Australia and New Zealand, Antarctica,
Argentina, east Africa, India, Korea, China, Japan, and all of
the United States.
Dick was an uncommonly generous man. His favorite
cause was the Idyllwild Arts Foundation in California. He was
instrumental in converting USC’s old campus for the Idyllwild
School of Music and Arts (ISOMATA) into a year-round arts
high school and placing it on a sound financial footing.
Dick is survived by sons Robert (1950), Bruce (1952), and Paul
(1957), seven grandchildren, and three great-grandchildren.
Carolyn died in 2006.
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ALFRED E. MANN
1925–2016
Elected in 2001
“For innovations and entrepreneurship in cardiac pacing
technology, insulin delivery, and neural prostheses.”
BY PAUL CITRON

A

LFRED EUGENE MANN, an indefatigable entrepreneur,
inventor, and philanthropist, died February 25, 2016, at age 90
in Las Vegas.
He was born November 6, 1925, in Portland, Oregon,
to immigrant parents. His father, Charles, was a grocer who
immigrated from England; his mother, Anna, a singer and
pianist, was from Poland. After serving in the Army Air Corps
during World War II, Al obtained both his bachelor’s and
master’s degrees in physics in 1949 from the University of
California, Los Angeles.
His entrepreneurial career began in 1956 when he founded
Spectrolab, an electrooptical company serving the aerospace
industry. His next enterprise, Heliotek (established in 1960
while he was still at Spectrolab), was a semiconductor company that supplied solar cells to power spacecraft and was a
vital technology contributor to the then-nascent US space program. Both companies were sold to Textron in 1960, although
Mann continued to manage them until 1972.
The 1960s saw the emergence of a new engineering-based
industry sector: implantable therapeutic devices. The first
electronic implant was the cardiac pacemaker to treat dangerously slow heart rhythms, called bradycardia, which can be
debilitating and even lead to death because the slow heart rate
203
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pumps insufficient amounts of oxygenated blood to meet the
body’s requirements. Early generations of cardiac pacemakers
employed encapsulated mercury-zinc batteries to power the
stimulation circuitry that caused the heart to beat at a more
physiologically appropriate rate. Implanted pacemakers were
a breakthrough medical innovation.
But the early pacemakers had a relatively short battery
life—approximately 18 months and sometimes even less.
When the battery was depleted, the pacemaker needed
to be surgically removed and a new one implanted. Mann
recognized this as an opportunity and founded Pacesetter
Systems in 1972 around the concept of a rechargeable pacemaker. The patient would periodically don a line-powered
vest that would recharge the implanted device’s batteries
via radio frequency coupling as the patient sat in a chair.
Rechargeability was a unique feature in the marketplace and
established Pacesetter as a credible and innovative cardiac
pacing provider.
As is common in high tech, the advantages of rechargeability
were soon eclipsed by a series of improvements to implantable
primary batteries and the simultaneous development of much
more efficient circuitry, which together markedly improved
pacemaker service life and mitigated the need for rechargeability. But under Mann’s leadership, Pacesetter proved to be
an adaptable company with a loyal following. It was able to
sustain a significant market share using the improved battery
chemistries that had become the industry standard. Siemens
Corporation acquired Pacesetters in 1985, and Mann continued as chair and CEO of the new entity, Siemens Pacesetter
Inc., until 1992.
While running Pacesetter, Mann developed an interest in
treating type 1 diabetes. In 1993 he formed MiniMed Inc.,
which developed, manufactured, and distributed belt-worn
microinfusion pumps for the programmed delivery of insulin.
The company also conducted research toward the development of subcutaneously placed continuous glucose monitors
that, when used in conjunction with an insulin pump, could
modulate the delivery of insulin in accordance with the body’s
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varying needs. In 2001 Medtronic acquired MiniMed and
became the dominant insulin delivery company.
Still in pursuit of his vision to improve the lives of
diabetics, he established Medical Research Group (MRG) to
work on developing an artificial pancreas, and for more than
a decade he sought to develop a delivery system for inhaled
rapid-action insulin. After years of tests and federal rejections,
in 2014 his MannKind Corporation received FDA approval for
just such a product, Afrezza, reducing the number of insulin
injections patients require each day.
The decade-long development of Afrezza illustrates Mann’s
tenacity and doggedness in pursuing a concept he believed in,
even in the face of many naysayers. He allocated MannKind’s
resources to the project, spending an estimated $1.8 billion
on Afrezza’s development, of which he personally provided
$1 billion. Thus at age 88 he brought a new medical innovation
to the marketplace.
Al Mann was a visionary, inventor, and prolific entrepreneur. He started 17 companies in 50 years. Over and above
the technologies mentioned, his companies developed a
retinal prosthesis for people with severe vision loss, cochlear
implants, and a device that permits patients with a prosthetic
hand to move and control its fingers under the control of their
brain.
In addition to his business activities, he was a research professor at the University of Southern California in 2002 and
an adjunct professor in the Department of Bioengineering at
UCLA in 2005.
He held the view that academic institutions were good at
research but relatively ineffective in translating research into
useful products. To address this perceived shortcoming, in
1985 he created the Alfred Mann Foundation (AMF), which
he chaired until 2006. Among its initiatives was the endowment of Alfred Mann Institutes (AMIs), whose mission was
to close the gap between fruitful academic research and the
translation of that work into commercial innovations by providing researchers with information and guidance regarding
the commercialization process. The first AMI was established
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in 1998 at the University of Southern California (initially
funded at $100 million, with subsequent growth to a cumulative $162 million), followed by AMIs at Purdue University
($100 million) and the Technion–Israel Institute of Technology
($104 million).
Al Mann’s technological and philanthropic contributions
led to many honors and recognitions. In addition to membership in the National Academy of Engineering, he was elected
fellow of the American Institute of Medical and Biological
Engineering. Among prizes too numerous to mention, he
received NASA’s Exceptional Public Service Award (1984),
the Arthur Anderson Award for Fostering Innovation (1996),
Eleanor Roosevelt Humanitarian Award (1998; League for
the Hard of Hearing), Reynolds Society Achievement Award
(1999; Harvard University), Business Person of the Year (2003;
Los Angeles Business Journal), Diabetes Innovator Award (2004),
Lifetime Achievement Award in the Medical Devices Industry
(2005), Distinguished Achievement Award (2007; Biomedical
Engineering Society), and Distinguished Humanitarian Award
(2008; B’nai B’rith International).
He was also frequently invited as a panelist (White
House Forum on Disabilities, 2004), presenter (International
Conference on Aging, 2006), keynote speaker—including at the
National Institutes of Health (2006) and Global Harmonization
Task Force (2007)—or lecturer, candidly sharing his life experiences, perspectives, and wisdom.
Perhaps influenced by his mother’s musicality, he played
the cello, oboe, and piano (and his older brother Robert was an
accomplished concert violinist).
He is survived by his wife Claude P. Girault (married in 2004)
and children Brian Michael, Howard Thomas, Richard, Carla
Melanie Woods, Alfred E. Jr., Kevin Patrick, and Cassandra
Georgette. His earlier marriages to Susan Gail Kendall, Linda
J. Miller Buchalter, and Beverly ended in divorce.
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GEORGE K. MUELLNER
1943–2019
Elected in 2015
“For leadership in the research, design, and development
of advanced air and space vehicles.”
ELLEN M. PAWLIKOWSKI

G

EORGE KENNETH MUELLNER was an elite combat pilot,
test pilot, technologist, and program manager who played a
pivotal role in US Air Force modernization as a military leader
and Boeing executive. He was a distinguished leader, respected
intellect, and philanthropist who touched many lives that were
greatly enriched over his long and very productive career. He
passed away at age 75 on February 11, 2019, in Newport Beach,
California.
He was born to George and Virginia Muellner on July 10,
1943, in Chicago. After graduating in 1967 from the University
of Illinois in Chicago with a BS degree in aeronautical and
astronautical engineering he entered the US Air Force through
ROTC and began an illustrious career as a fighter pilot.
He flew the F-4 in Vietnam, and, when he was shot down on
a low-level bombing mission, kept North Vietnamese forces
at bay with a handgun until a rescue helicopter lifted him to
safety. Later, as a Boeing executive, he would manage a program to upgrade the Vietnam-era rescue radio to add GPS
coordinates that would help retrieve downed airmen. He flew
690 combat missions in Southeast Asia in the F-4 and another
50 as commander on the E-8 Joint Stars deployed to Operation
Desert Storm (1990–91).
209
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He also distinguished himself as a test pilot on the F-15
and F-16 and in numerous classified aircraft programs. In the
mid-1980s he was assigned to an elite unit evaluating secretly
acquired Soviet fighters and was commander of the 6513th
Test Squadron and 35th Tactical Fighter Wing at Bitburg AB
in Germany.
As a senior leader at Air Combat Command Headquarters,
General Muellner led the formulation of the requirements for
a new strike fighter aircraft and was later designated director and program executive officer of the Joint Advanced Strike
Technology Program, established to harmonize Air Force,
Navy, and Marine Corps requirements for a new combat aircraft that would be used by all three services.
He was the foundational visionary for the Joint Strike
Fighter (JSF) aircraft, a high-performance 5th-generation
stealth fighter built of composite materials. He assembled the
Joint Service/International Program and led government and
industry teams responsible for 87 technology programs leading to the JSF program. Under his leadership, the JSF program
created mature technologies, developed detailed requirements,
and demonstrated concepts for an affordable next-generation
joint strike weapon system. The program vision included not
only the conventional takeoff and landing variants of JSF but
also the vertical takeoff and landing Marine Corps variant.
Unique to the JSF program was the concept of more than
75 percent commonality among the three service variants, a
fundamental production strategy to control cost by not having
three different developmental programs, each with unique
designs and nonrecurring engineering costs. During the early
stages of the JSF program he led the competitive prototype
phase, which ultimately led to JSF being the largest defense
acquisition program in history. This weapon system evolved
into the F-35 fighter that is in service for USAF, USN, USMC,
and numerous allied military services.
Lt. General Muellner’s final USAF assignment was as principal deputy for the Office of Assistant Secretary to the Air
Force for Acquisition, formulating requirements and funding for the 21st Century US Air Force. He retired in 1998 but
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his influence on the Air Force is visible in the network-centric
architecture that defines aircraft such as the E-8C Joint Stars
and F-35 Joint Strike Fighter.
Over his 3 decades of military service he received both the
Defense and Air Force Distinguished Service Medals, Legion
of Merit, Distinguished Flying Cross (with three oak leaf clusters), Purple Heart, Meritorious Service Medal (with three oak
leaf clusters), Air Medal (with 27 oak leaf clusters), and Air
Force Commendation Medal (with three oak leaf clusters).
During his active service, he found time for further education and earned an MS, also in aeronautical and astronautical
engineering, from the University of Southern California (1974);
MS in electrical engineering from California State University,
Northridge (1979); and MBA from Auburn University (1983).
In 1998 he joined the Boeing Company, where he was president of the advanced research and development unit, Phantom
Works, and vice president of Air Force programs. As head of
Phantom Works (until 2003), he played a key role in transforming the X-plane from attempting a single technological breakthrough to demonstrating multiple complementary advances.
These included the X-45 unmanned combat air vehicle, the
X-37 space maneuver vehicle, the NASA X-48 blended wing
body vehicle, and Orbital Express, a DARPA/USAF satellite
program that demonstrated autonomous operations and onorbit refueling and LRU replacement.
The scope of George’s influence on modern airpower is only
partially understood. Although Boeing unveiled the secret Bird
of Prey stealth demonstrator he managed in 2002, the technologies he advanced as director of classified Air Force programs
remain closely guarded secrets. He retired from Boeing in 2008
as president of Advanced Systems for the Integrated Defense
Systems business unit.
Beyond his impressive professional career, he was very
active in a number of “extracurricular” activities. For the Air
Force Association (AFA), he was a member of its Aerospace
Education Council, national director and vice chair of the
board for Aerospace Education, and chair of the AFA board.
During his term as chair (2012–14), he expanded the Cyber
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Patriot program, which attracts thousands of high school students to STEM careers. In addition, he and his wife established
AFA’s George and Vicki Muellner Foundation Scholarship,
which annually awards $5,000 scholarships to two college students in the Arnold Air Society and Silver Wings. He oversaw the establishment of a Memorandum of Understanding
with the Air Force to operate AFA’s Wounded Airman
Program. And he built a trusted relationship with Congress,
making many personal visits with legislators and their staff to
articulate the national importance of US airpower.
George was also a longtime contributor to the Air Force
Scientific Advisory Board, from 1998 throughout the rest of
his life, holding various positions and serving on the executive committee from 2009 until his death. He participated in
17 studies covering a wide range of critical and operational
topics, culminating in his chairmanship in 2018 of the secretary
of the Air Force’s pinnacle study “Maintaining Technology
Superiority for the United States Air Force.”
He was an active member of the American Institute of
Aeronautics and Astronautics, serving in a number of leadership positions—including as president—and was recognized
as an honorary fellow.
For the National Academies of Sciences, Engineering,
and Medicine he chaired or cochaired the Committees on
Examination of the Air Force’s STEM Workforce Needs in
the Future and Its Strategy to Meet Those Needs (2008–10),
Materials Needs and R&D Strategy for Future Military
Aerospace Propulsion Systems (2008–10), and Review of
Effectiveness of Air Force Science and Technology Program
Changes (2002–03); and he was an appointed member of the
Division Committee on Engineering and Physical Sciences
(2005–08) and Aeronautics and Space Engineering Board
(1999–2005).
For his technical contributions, he received many non
military honors. He was elected a fellow of the Royal
Aeronautical Society and the NAE and, among his numerous awards, received the AFA’s Theodore von Karman Award
(1997), Clarence L. (Kelly) Johnson Award (1998) from the
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Engineers Council, Curtis Sword Award (1998) for “outstanding contributions in promoting international S&E” from
Aviation Week and Space Technology, and George Lubin
Award for Low Observables (2003) from the Society for the
Advancement of Materials and Process Engineering
The greatest of George Muellner’s achievements lies in
the hundreds of men and women he mentored and guided
throughout his career. He was the fighter pilot who volunteered to fly with new pilots on their first combat mission.
He mentored young officers and guided midgrade officers,
helping them make the transition to senior leadership. Several
NAE members identify him as their mentor and guide, including Major General Paul Nielsen, Natalie Crawford, John Tracy,
Heidi Shyu, and the author of this tribute. George Muellner’s
legacy will live on in their works and in those of many others
who called him friend.
He is survived by his wife Vicki Ann (née Edwards).
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R O B E RT M . N E R E M
1937–2020
Elected in 1988
“For biomedical engineering leadership through major
contributions to the understanding of dynamics of blood
flow and blood vessels in health and disease.”
BY DON P. GIDDENS

R

OBERT MICHAEL NEREM, an international leader in bioengineering and pioneer in developing the field of tissue engineering, died in Atlanta on March 6, 2020, after a long illness.
He was 82 years old.
Bob was born in Evanston, Illinois, of Norwegian parents
on July 20, 1937. He received his BS degree in aeronautical
engineering from the University of Oklahoma in 1959 and
pursued studies at the Ohio State University, where he earned
MSc (1961) and PhD (1964) degrees in aeronautical and astronautical engineering. He then joined the OSU faculty as an
assistant professor and advanced through the academic ranks,
becoming full professor in 1972.
His early research was in hypersonic flow and heat
transfer, but he developed an interest in applying fluid
dynamics to medical problems. A stint as visiting professor
in the Physiological Flow Studies Unit in the Department of
Aeronautics at Imperial College London in 1970 proved to
be pivotal, nurturing his newfound fascination with cardio
vascular fluid dynamics. At that time, biomechanics was very
much a developing field, and Bob was an early pioneer in
applying engineering to medicine.
During the 1970s he completed his research transition
to cardiovascular fluid dynamics, facilitated by visiting
215
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professorships at several leading international institutions.
Seeking an environment where engineering and medicine could interface closely, he moved to the Department of
Mechanical Engineering at the University of Houston in 1979
as department chair and professor with an adjunct professor
appointment in the Baylor College of Medicine.
But Bob was less interested in pursuing the traditional
academic administrative path of department head, dean,
and provost than in building bioengineering. So in 1987 he
moved to Atlanta where Georgia Tech and Emory University
were forming a cross-town alliance between engineering and
medicine.
He accepted what was one of the first endowed chair professorships at Georgia Tech, the Parker H. Petit Distinguished
Chair for Engineering in Medicine. Through his subsequent
work with Georgia Tech colleagues, the Petit Institute for
Bioengineering and Bioscience was formed in 1995 and served
to bridge biomedical research across multiple schools of engineering and sciences. The Petit Institute was his comfort zone,
his happy place.
He was proud of the institute building and its open design
fostering collaboration, including the 24-foot-high “Cell Wall”
mural of paneled images that bring to life the structural
makeup of the biomolecular world. During the building’s
design he insisted on having a spacious atrium with a coffee
shop and inviting tables and couches as “important elements
of this place and who we are.” The institute was his home base
for the remainder of his career, even beyond his formal “retirement” as director in 2009.
Bob Nerem was never still for long. He was a builder at
heart and had the vision to work beyond his personal research
interests and university environs to help promote bioengineering as a blossoming field internationally.
At the time very few departments of bioengineering or biomedical engineering existed—most programs were housed in
a “traditional” engineering department, such as mechanical,
electrical, or chemical engineering. In fact, with few exceptions, most universities treated bioengineering as a subset

Copyright National Academy of Sciences. All rights reserved.

Memorial Tributes: Volume 23

ROBERT M. NEREM

217

of the traditional engineering disciplines, fearing that a bio
engineer would be a “jack-of-all-trades but master of none.”
Bob was among a small group of academics whose research
rigor was unquestioned and who saw the future of bio
engineering as a self-standing engineering discipline. He
and several colleagues worked quietly with support from
the National Science Foundation to lay the groundwork for
creating the American Institute for Medical and Biological
Engineering (AIMBE), which focused on public policy issues;
Bob became the founding president. He was also a key player
in the recognition of bioengineering as its own section in the
National Academy of Engineering and as a unit of the National
Institutes of Health, the Institute of Biomedical Imaging and
Bioengineering.
Over more than 3 decades he engaged in a variety of activities of the National Academies of Sciences, Engineering, and
Medicine, including the NAE’s Online Ethics Center Advisory
Group (2014–19; cochair, 2019–20), the Division Committee for
the Health and Medicine Division (2016–19), Committee on
Responsible Science (chair, 2011–17), Board on Life Sciences
(2009–15), Committee on Science, Engineering, Medicine, and
Public Policy (2004–10), Division Committee on Engineering
and Physical Sciences (2001–03), and Roundtable on Biomedical
Engineering Materials and Applications (chair; 2000–03).
He was also active in serving the NAE, as a member and/
or chair of the Bioengineering Peer Committee, Membership
Policy Committee, NAE Council, Russ Prize Committee, and
Nominating Committee, among others.
For his many professional accomplishments, Bob received
numerous honors and awards. Among these were election to
both the National Academy of Engineering and the Institute
of Medicine (now the National Academy of Medicine) and
selection for the H.R. Lissner Award (1989) from the American
Society of Mechanical Engineers (ASME), AIMBE Pierre Galletti
Award (2002), Award of Merit in biomedical engineering from
the International Union for Physical and Engineering Sciences
in Medicine of the International Federation for Medical and
Biological Engineering (IFMBE; 2003), Distinguished Service
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Award of the Biomedical Engineering Society (2004), NAE
Founders Award (2008), and the IFMBE’s first John A. Hopps
Distinguished Service Award (2015). In recognition of his
commitment to young people through education and mentoring, in 2017 ASME’s Bioengineering Division established the
Robert M. Nerem Education and Mentorship Medal.
Bob was not a dispassionate professional. He often said
“research, like life, is a people business,” and he spent most
of his 56-year academic career proving the point. He was an
exemplary mentor for students and younger colleagues. Many,
many people credit him with infusing guiding principles into
their careers. And he never met a stranger—he would enthusiastically strike up a conversation with an undergrad or fellow
bioengineer (or perhaps a restaurant waiter), asking questions
and connecting on a personal level.
His deep interest in young people took a new direction in
2013 when he founded Project ENGAGES (Engaging New
Generations at Georgia Tech through Engineering and Science),
a high school education program for underrepresented minority students that aimed “to inspire students to aspire to careers
and possibilities greater than what was around them.” It was
important to Bob that Project ENGAGES students work on
cutting-edge research and be offered experiences that would
enable them to make an impact on the world. Students from
partner schools in Atlanta are immersed year-round in university lab environments to work on research projects and participate in enrichment programs.
Of all his achievements, Bob was most proud of Project
ENGAGES. “He’d get tears in his eyes. He’d say, ‘I have all
these honors and awards, but I love helping these young
people of diversity,’” said Marilyn Nerem (née Reed), his wife
of 41 years.
In addition to Marilyn, Bob is survived by his children R.
Steven Nerem and Nancy Nerem Black; Marilyn’s children
(his “bonus children”), Christy Maser and Carol Wilcox; and
seven grandchildren.
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R O B E RT E . N I C K E L L
1935–2015
Elected in 2007
“For contributions to the finite element method and
the safe operation of power plants.”
BY ROBERT L. TAYLOR

R

OBERT ERNEST NICKELL died January 21, 2015, in San
 iego. He was 79 years old and passed away after a battle with
D
cancer.
Bob was born in Reedley, California, on July 13, 1935, to
Ernest and Selma Helen (née Mullen) Nickell of of Sallisaw,
Oklahoma. He graduated from Dinuba High School in 1953
and enlisted in the United States Marine Corps. Following his
military service he attended Fresno State University before
transferring to the University of California, Berkeley, where he
received his BS (1963), MS (1964), and PhD (1967) degrees in
engineering science.
During the first 10 years of his career Bob conducted and
supervised both fundamental and applied research for private
industry and government sponsors. He began his professional
career as a research engineer at Rohm & Haas, where he carried out thermal and stress analysis applied to solid propellant rocket engines. He then worked at the Bell Telephone
Laboratories in Whippany, New Jersey (1968–71), where
he was supervisor of solid mechanics and directed research
and development activity on manufacturing problems of the
Western Electric Company.
He then did an industrial sabbatical assignment at Brown
University (1971–73) as an associate professor of engineering,
221
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teaching courses on soil mechanics, structural design,
advanced structural dynamics, and finite element methods.
Next Bob moved to Sandia National Laboratories, where he
was supervisor of design technology (1973–77). He directed
the management of projects on nuclear spent fuel transportation, ASME Code rules and related standards for elevated
temperature reactor design, residual stresses in welded aerospace structures, in-service inspection of nuclear pressure
vessels and components, seismic loading simulation using
explosives and centrifugal accelerations, structural integrity
of pressurized water reactor component supports, and scalemodel light-water-reactor severe accident experiments.
In 1977 he founded Applied Science & Technology, in San
Diego. Over the next 38 years he provided engineering consulting services to private industry and government.
During 1980–84 he was also a project and program manager at the Electric Power Research Institute in Palo Alto.
He managed research projects on repair welding of heavysection steel vessels and components, residual stresses in
boiling water reactor piping, fracture toughness of steam
generator and reactor coolant pump support materials, and
aging of cast austenitic stainless steel components. In many
of his activities he applied finite element analysis to fluid
mechanics and the dynamic buckling of structures subjected
to blast loading.
In 1993 Bob was appointed to the National Coal Council
by US Secretary of Energy Hazel Reid O’Leary. He was
reappointed to two subsequent terms that ended in 1999.
Bob was a member of the American Society of Civil
Engineers, American Nuclear Society, and ASTM International
(formerly the American Society for Testing and Materials), and
a fellow of the American Association for the Advancement
of Science. He was also recognized as an honorary member
of the American Society of Mechanical Engineers (ASME) in
appreciation for his active engagement in numerous ASME
committees, service as president (1999–2000), and “significant
contributions to the development of finite element methods for
assessing material fatigue in nuclear reactor pressure vessels
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and piping, and the development of detonation chambers for
the disposal of chemical weapons.”
In recognition of his technical contributions in the use of
finite element analysis to industrial applications and his
numerous professional contributions to the power industry, Bob was elected to the NAE in 2007. In addition, he was
the 1972 recipient of the Naval Structural Mechanics Award
from the Office of Naval Research/American Institute of
Aeronautics and Astronautics. He was selected to present the
Robert D. Wylie Memorial Lecture at the 2000 International
Conference on Pressure Vessel Technology.
Outside his engineering activities, Bob loved sports of all
kinds. In early life he played softball, and in later years he
enjoyed attending San Diego Padres baseball games with
friends and family.
In 1964 Bob married the love of his life, Margaret Harrold
(d. 2012), in Pawtucket, Rhode Island. He is survived by their
two children, Steven Dana Nickell and Kristen Elena Nickell,
and one granddaughter.
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KARL H. NORRIS
1921–2019
Elected in 1980
“Research and development of systems for simple and rapid analysis
of quality factors in food products and similar materials.”
BY ESSEX E. FINNEY JR.

KARL HOWARD NORRIS died July 17, 2019, at the age of

98 in Alexandria, Virginia. He was internationally recognized
as both an authority on instrumentation and the founder of the
field of near-infrared reflectance spectroscopy.
Karl was born May 23, 1921, in Glen Richey, Pennsylvania,
to Blaine and Marjorie Rowles Norris. He grew up on the
family farm with three brothers and three sisters. He graduated
magna cum laude from high school, enrolled at Pennsylvania
State University, and earned a BS degree in agricultural engineering in 1942. He entered the US Army Signal Corps and
received training in advanced radio, electronics, and microwaves at the University of Chicago, which qualified him for a
BS degree in physics in 1943. Upon completion of this training,
he was retained as an instructor in the same program until he
volunteered for service in the Office of Strategic Services and
was sent to India for the remainder of World War II.
Back in the United States after the war, he worked as an
electronics engineer for the Institute of Radiobiology and
Biophysics at the University of Chicago (1946–49), developing
instruments for biophysical research.
Before embarking on the next phase of his professional
career, in 1948 he married Maxine Evelyn Thomas, whom he
had met earlier at church. They raised two children.
225
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In 1950 Karl began a pioneering career with the US
Department of Agriculture. His combination of education,
experience, and skills in farming, engineering, electronics,
and computers uniquely qualified him for the challenges at
the Beltsville Agricultural Research Center in Maryland. He
was hired into a permanent position as a research agricultural
engineer to lead the Instrumentation Research Laboratory,
where he was asked to develop new instruments and methods
for measuring the quality of agricultural produce and food
commodities, especially those that enter marketing channels.
His initial project was to design, develop, and perfect
instrumentation that would automatically sort eggs. At that
time, this was a labor-intensive, error-prone process of visual
inspection and candling by hand. Norris soon developed a new
technique using light transmittance and reflectance principles
to automatically sort eggs by shell color and detect the presence of internal bloodspots and bacteria that cause spoilage.
In 1953 President Dwight D. Eisenhower visited Norris’s
project during a tour of the Beltsville Center and was greatly
impressed with the new sorting equipment. When he returned
to the White House, Eisenhower wrote a letter to the Beltsville
director complimenting Karl Norris on this new technology.
In 1955 Karl received his first Superior Service Award from the
USDA.
His early success with the use of light-transmittance principles with eggs led him to explore and learn that this technique
could be used to test the interior quality of other agricultural
products. He discovered, for example, that certain interior
defects, such as browning in apples or hollow heart in p
 otatoes,
alter the transparency of the product to certain wavelengths of
light. Prior to his work, it was assumed that such products
were opaque. Karl used his instrumentation genius and imagination to show that they were not opaque and that measuring
their transmittance characteristics could yield useful information about their interior. This was recognized as a major
breakthrough in quality evaluation, led to the development of
a number of commercial instruments, and became the basis for
research in other laboratories around the world.
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Karl then shifted his research to the near-infrared (NIR)
radiation spectrum. Although he was not a spectroscopist, he
combined his skills in physics, mathematics, and electronics
with the newly developing digital-computer technology for
quantitative analysis of agricultural samples.
He introduced and pioneered the development of NIR
reflectance spectroscopy as a method for the rapid, inexpensive, and accurate estimation of protein, oil, moisture, and
fiber content of products, especially cereal grains, soybeans,
and forages. He built the first prototype instrument and demonstrated its capabilities to industry, federal, and state testing
laboratories. The result revolutionized the system for market
ing grain. The Canadian Department of Agriculture was
among the first to adopt this technology for protein evaluation of wheat. The same basic instrumentation was adapted to
measure other components of product quality.
For his contribution to the soybean industry he received
a Service to Education and Research Award in 1972 from
the Land of Lincoln Soybean Association. He also received the
Alexander von Humboldt Award, with a $10,000 prize, from
the Alexander von Humboldt Foundation in 1978 for his distinguished research contributions.
Karl’s unique and creative instrumentation skills have
remained an asset to many scientists at the Beltsville Center.
Sterling Hendricks, a member of the National Academy of
Sciences and former president of the American Society of Plant
Physiologists, worked at Beltsville and cited the importance of
Norris’s instrumentation contributions on the advancement
of photobiology. For example, Karl developed the instrumentation and measurement technique that permitted the
first spectrophotometric detection of phytochrome, the plant
pigment that controls photoperiodic plant processes such as
germination, growth, and flowering. The identification and
measurement of phytochrome were some of the most important discoveries of plant sciences in the 20th century.
Karl also originated the Instrument News section of the
Journal of Agricultural Engineering and edited the column for
over 10 years.
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Under Karl’s leadership, the USDA Instrumentation
Research Laboratory developed an international reputation
for preeminence in the field of instrumentation. There was a
continuing demand by scientists from other groups and countries (e.g., Australia, Canada, Hungary, Israel, Japan, and
Romania) to come and work in his laboratory without compensation from the USDA.
Norris’s USDA honors include a second Superior Service
Award in 1963, a Distinguished Service Award in 1986, and
induction into the Agricultural Research Service’s Science Hall
of Fame in 1989.
His numerous other honors and awards include being
named a fellow of the American Society of Agricultural
Engineers in 1967 and receiving its Cyrus Hall McCormick
Medal in 1974 for his “exceptional and meritorious engineering achievement in agriculture.” In 1975 he was an honoree
of the American Academy of Achievement, celebrated at a
Banquet of the Golden Plate. He was elected to the National
Academy of Engineering in 1980. Karl was highly honored in 1986 when his alma mater, Penn State, named him
an Outstanding Engineering Alumnus and, 2 years later, an
Alumni Fellow. The American Association of Cereal Chemists
gave Karl its Thomas Burr Osborne Medal (1986), and from the
Spectroscopy Society of Pittsburgh he received the Maurice F.
Hasler Award at the 1991 Pittsburgh Conference on Analytical
Chemistry and Applied Spectroscopy.
In 1995 members of the International Committee on NearInfrared Spectroscopy (NIRS) selected Karl as its honorary
First Fellow, “for excellence in research, mentorship to the
NIRS community, and a continuing distinguished career.” In
2002 he received the Sir George Stokes Medal of the UK Royal
Chemical Society. A year later, the Japan Council of NIRS established a new annual award and bestowed it on him: the Karl
H. Norris Award in Near-Infrared Spectroscopy. He received
another such medal in 2014. He was very pleased to see his
lifetime contributions recognized in this manner.
Over the years as Karl’s professional career flourished,
he and Maxine maintained an active civic and religious life
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in their community. He served as president of the Beltsville
Rotary Club, president of the Parent-Teachers Association,
and institutional representative for the Boy Scouts of America.
In the Emmanuel United Methodist Church of Beltsville, he
headed many committees and served as head usher. Maxine
sang in the church choir and was a tireless leader for the Girl
Scouts of America.
In 2017 Maxine’s health deteriorated and she passed away
August 28, 2017, with Karl by her side. They are survived by
their children Deborah Norris DeVore (Carl) and Mark Norris.
At the end of a lecture on “The Birth of NIR Spectroscopy
and the Future” that he gave in Japan in 2000, Karl said,
“My story does not have an ending.” His statement certainly
remains true in a professional sense, as ongoing advances in
NIR science and engineering continue to improve the lives
and well-being of people everywhere. But it also remains true
in a personal sense, for as long as those of us with memories
of him live on.
Karl was an innovator who delighted in discovery and
invention, who also encouraged and generously shared his
expertise with colleagues young and old, near and far. His
gentle, positive spirit will be missed.
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D O N A L D W. P E A C E M A N
1926–2017
Elected in 1999
“For contributions to the development and usage of transient three-dimensional
multiphase simulators for predicting performance of petroleum reservoirs.”
BY KHALID AZIZ

D

ONALD WILLIAM PEACEMAN pioneered techniques for
the numerical solution of partial differential equations and their
application to modeling single and multiphase flows in p
 orous
media, known as petroleum reservoir simulation. He died
June 19, 2017, at the age of 91.
Don was born in Miami, Florida, and grew up in Brooklyn,
New York. He graduated from the City College of New York
in 1947 and earned his doctorate in chemical engineering from
Massachusetts Institute of Technology in 1951. After graduation, he and his wife Ruth (née Klein) moved to Houston, where
Don joined Humble Oil & Refining Company, at that time a
subsidiary of Standard Oil of New Jersey. The latter became
Esso and then Exxon, and the Research Division of Humble
Oil evolved into Exxon Production Research Company; in
1998 Exxon merged with Mobil to form a new company called
Exxon Mobil Corporation (ExxonMobil).
When Don started work, reservoir modeling consisted in
the use of physical models to mimic the behavior of oil and
gas reservoirs. Such models were very expensive to build and
operate, and had very limited capabilities. In the early 1950s
there were no real computers available to engineers, and techniques for solving nonlinear partial differential equations on
computers did not exist. Don collaborated with George H.
231
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Bruce, Henry H. Rachford Jr., and John D. Rice to obtain the
first numerical solution of a one-dimensional, single-phase,
gas flow problem using an IBM 604 accounting machine. Their
result was published in 1953,1 followed in 1955 by the publication (with Rachford) of a technique for solving two- and
three-dimensional problems, known as the alternating direction method.2
Don made important contributions to the advancement of
reservoir simulation technology throughout his life. One of his
most significant later in life was on the modeling of wells in
simulators. In a 1978 paper he showed how the pressure of a
vertical well, which is generally only a few inches in diameter,
is related to the pressure of the surrounding grid block that
is typically orders of magnitude larger than the well. In subsequent papers he generalized this model, and it is now the
standard approach in virtually every commercial reservoir
simulator.
Don published over 100 papers and the book Fundamentals
of Numerical Reservoir Simulation (Elsevier Scientific Publishing,
1977), the first comprehensive treatment of numerical methods
for solving equations describing flow in porous media. This
book is still in use by industry and academia.
After his retirement from ExxonMobil in 1986 Don continued to consult for the petroleum industry and participated extensively in professional conferences. His last paper
appeared in 1993 on the modeling of horizontal wells in reservoir simulation.3
The technologies Don helped launch in the early 1950s are
now essential tools for managing the world’s petroleum production systems. His significant contributions were recognized
Bruce GH, Peaceman DW, Rachford HH Jr, Rice JD. 1953. Calculations
of unsteady-state gas flow through porous media. Journal of Petroleum
Technology 5(3).
2
Peaceman DW, Rachford HH Jr. 1955. The numerical solution of
parabolic and elliptic differential equations. Journal of the Society for
Industrial and Applied Mathematics 3(1):28–41.
3
Peaceman DW. 1993. Representation of a horizontal well in numerical
reservoir simulation. SPE Advanced Technology Series 1(01).
1
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through his election to the NAE as well as a number of
honors from the Society of Petroleum Engineers: the Robert
Earll McConnell Award (1979), Reservoir Description and
Dynamics Award (1985), Anthony F. Lucas Gold Medal (1991),
and honorary membership (2005).
Don is survived by daughter Caren Cowan and her husband David, son Alan Peaceman and his wife Karen; grandchildren Michael Cowan (wife Jennifer), Steven Cowan, Sarah
Peaceman (husband Hal Dworkin), Daniel Peaceman (wife
Aviel), and Claire Peaceman; and a great-granddaughter. Ruth
died December 20, 2010.
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EMIL PFENDER
1925–2016
Elected in 1986
“For pioneering contributions to arc technology, plasma chemistry, and heat
transfer, and for inspiration and international dissemination of knowledge.”
SUBMITTED BY THE NAE HOME SECRETARY

EMIL PFENDER died January 28, 2016, at age 90. He was

a leading contributor to the fundamental science of thermal
plasmas and their applications, especially in torch design

optimization, plasma-sprayed coatings, and the synthesis of
advanced materials. At the time of his death he was emeritus professor of m
 echanical engineering at the University of
Minnesota.
He was born May 25, 1925, in Dietershausen, a small farming village in southern Germany. He earned his diploma in
physics in 1953 and his doctorate in electrical engineering
in 1959, both from the Technical University of Stuttgart, where
he then became chief assistant and lecturer in the Institute for
Gaseous Electronics. In 1961 he spent a year as a visiting scientist at the Plasma Physics Branch of the Air Force Research
Laboratories at Wright Patterson Air Force Base near Dayton,
Ohio.
In 1964 he was recruited by Ernst R.G. Eckert to direct the
High Temperature Laboratory (now the High Temperature
and Plasma Laboratory) in the Department of Mechanical
Engineering at the University of Minnesota. He was hired as an
associate professor and became a full professor in 1967. Under
his leadership the HTL (HTPL) grew to become one of the most
highly regarded plasma research laboratories in the world.
235
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Pfender worked primarily in the area of thermal plasmas,
with emphases on plasma heat transfer and plasma processing of materials. He conducted pioneering research on fluid
dynamics and heat transfer under plasma conditions using
direct current (DC) and radio frequency inductively coupled
plasma sources, electrode phenomena, DC torch design
for plasma spraying and cutting, plasma spraying to apply
protective ceramic coatings to surfaces (for applications ranging from jet engine turbine blades to hip implants), plasma
synthesis of ultrafine powders (later termed nanoparticles),
modeling and diagnostics, and chemical vapor deposition.
He was among the first to simulate dynamics of the arc in a
DC plasma torch, using a three-dimensional, transient, local
thermodynamic equilibrium mathematical model with a variational multiscale numerical approach. He also developed
processes for using thermal plasmas to deposit thin films and
coatings of diamond.
His 1967 publication, with Eckert, of “Advances in Plasma
Heat Transfer” in Advances in Heat Transfer (Academic Press
Inc.), became a fundamental and frequently cited reference
in this area. In 1980, with Stanislav Vepřek of the University
of Zürich, he cofounded the journal Plasma Chemistry and
Plasma Processing and served for 25 years as its coeditor in
chief. With Maher I. Boulos, of the University of Sherbrooke
in Canada, and Pierre Fauchais, of the University of Limoges
in France, Pfender coauthored volume 1 of the textbook
Thermal Plasmas: Fundamentals and Applications (Plenum
Press, 1994). This work remains a standard reference for
researchers in the field.
In 1995 Pfender was the first recipient of the Plasma
Chemistry Award, then given by the International Union
of Pure and Applied Chemistry and subsequently by the
International Plasma Chemistry Society after its founding
in 2000. Given to a single individual once every 2 years, it is
the society’s highest award and recognizes lifetime achievement in plasma chemistry. He was recognized as a fellow of
the American Society of Mechanical Engineers in 1981, and
received the Alexander von Humboldt Award of the German
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government (1978) and a certificate of recognition from the
National Aeronautics and Space Administration (1996).
He formally retired from the university in 2000, but as
emeritus professor he remained up to the time of his death an
active member of the graduate faculty in mechanical engineering, coadvising several PhD students and collaborating with
Boulos and Fauchais on volume 2 of their textbook.
Emil Pfender and his wife Maja were married in 1954.
Throughout their marriage, rarely a week went by without their hosting students or colleagues for a gourmet meal.
Sometimes the menu included wild venison, pheasant, or
moose, a result of Pfender’s hunting passion. He also enjoyed
forestry and was a connoisseur of fine wine.
In addition to Maja, he is survived by sons Roland and
Norbert, daughter Corinne, six grandchildren, and two
great-grandchildren.
He was known to his friends and colleagues as a true gentle
man, unfailingly gracious, humble, and generous.
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SUBBIAH RAMALINGAM
1935–2019
Elected in 1998
“For machining and tool-life theories, coating-design algorithms, and
invention of novel automation sensors and steered-arc coating technology.”
BY WARD O. WINER

S

UBBIAH RAMALINGAM, emeritus professor of mechanical
engineering at the University of Minnesota, died at age 83 in
Minneapolis from complications of pneumonia on February 9,
2019. He had wide-ranging knowledge in the areas of m
 echanics
of materials generally and specifically in metal cutting, tribology,
and coatings, as well as design for manufacturing.
Ram was born June 15, 1935, in Udumalpet, in the South
Indian state of Tamil Nadu. His father and elder brother were
engineers and, with funds borrowed by his brother, he entered
the new, highly competitive Indian Institute of Technology
in Kharagpur. In addition to his studies he organized a film
society (showing movies on a suspended bedsheet) and wrote
poetry. From his student days, he pursued the Tamilian love
of argument, often taking the opposite side to the prevailing
view to keep the discussion lively.
Upon graduation (1956), he worked as a planning and forging
engineer for Hindustan Motors, Ltd. in Uttapara, West Bengal.
In 1960, encouraged by a visiting professor from America,
he went to the University of Illinois at Urbana-Champaign,
where he took every demanding course in the hard sciences
he could find, and was promptly made an instructor. (He also
began to support the professional studies of his two younger
brothers.) He received an MS degree in 1961 and PhD in 1967,
239
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both in mechanical engineering. In 1966, while still a student,
he coauthored with his senior professor a small handbook on
metals that remained in use for decades.
On completion of his PhD degree, he joined the UIUC
faculty as an assistant professor and went on to enjoy a distinguished career as a researcher and teacher, spanning nearly
50 years. He authored or coauthored more than 100 articles
and held six patents.
After stints at the State University of New York–Buffalo
and Georgia Institute of Technology, he began teaching at the
University of Minnesota in 1980, where he was also the first
director of the Productivity Center. A sabbatical year in Australia
was jointly supported by Monash University (where he was a
visiting professor), BHP’s Melbourne Research Laboratories,
CSIRO’s Division of Tribophysics, and the Australian Ministry
of Defence Materials Research Laboratories.
Ramalingam was a resourceful and inventive researcher, an
outstanding engineer, and highly respected by his colleagues.
He was also a brilliant lecturer who spoke without notes,
clearly illuminating the essence of the topic he was developing
that day. Liberal in both his praise and his censure, he would
celebrate a student’s best efforts, and inspire an unprepared
student to do better.
His major research and expertise included thin films for
tribological applications, intelligent sensors, real-time sensing for manufacturing automation, solid lubricants, thin-film
deposition processes and coating technology, machining and
metal cutting theory, metal forming, closed loop control of
machining, and manufacturing automation. He is regarded
as one of the pioneers in the study of machining processes,
sensors, and friction and wear (tribology). His collaboration
with others in these fields dates back to when he was a UIUC
graduate student working with some of the pioneers of metal
cutting, such as Ken Trigger, B.T. Chao, and Branimir F. von
Turkovich.
At the University of Minnesota he worked with Barney
Klamecki on experimental measurements of friction in sheet
metal forming. The two also created a very popular course,
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ME 5229: Computer-Assisted Product Realization, an innovative (at the time), very difficult but inspiring hands-on class.
Students would design and manufacture a plastic part going
through all the stages from concept to final realization. Most
of the course grade was based on the quality of the final product, and teams competed with each other. Extensive use was
made of computer tools for stress analysis, mold flow analysis,
CAD/CAM for tooling design, and manufacture.
In addition to his election to the NAE, he was a fellow of
the American Society of Mechanical Engineers (ASME) and a
member of the Materials Research Society, American Society
of Metals, and North American Manufacturing Research
Institute. And because he admired the journal of the Japan
Society for Precision Engineering, he became the society’s first
non-Japanese member, traveling several times to Japan and
mastering conversational Japanese.
In 1980 he received ASME’s Blackall Award “For a distinguished contribution to the design or application of machine
tools, gages, or dimensional measuring instruments.” And in
1988 he received the Frederick W. Taylor Research Medal from
the Society of Manufacturing Engineers.
Ram was sought after as a consultant and gave numerous invited lectures at universities in the United States and
around the world. He loved to travel, often combining laboratory visits with sightseeing—which was greatly enriched by
his engineering perspective. He timed the famous echo beside
the château in Chinon (three-fourths of a second). Looking at
ancient cylinder seals in museums, he noted their relationship to repetitive processes in manufacturing. He saw early
Jacquard looms in museums in France and Italy and commented on their descendants in Babbage’s computers and
IBM’s punch cards. The open-air museums (Freilichtmuseen) in
Germany, where he found examples of early machinery, craft
implements, and manufacturing tools, both on display and in
use, were a particular delight for him.
His colleagues describe him as a master in his field. He
was recommended by many of them as a model for their own
students to follow; from China, Japan, India, Australia, and
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Europe, as well as in America, they sent their students to work
under his guidance. Years later, many of these former students
wrote to say that working with S. Ramalingam was one of the
great experiences of their lives.
Ram saw the goodness in others. He was a remarkable engineer and professor whose contributions over the years left an
indelible mark on our community.
He is survived by Vivian (née Safowitz), his wife of more
than 50 years; his youngest brother S. Balakrishnan, sister
Nirmala, and several nephews and nieces.
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ERIC H. REICHL
1913–2014
Elected in 1975
“Contributions and technical leadership in research
and engineering on coal technology.”
BY STAN SUBOLESKI

ERIC HERBERT REICHL, a renowned expert in the production

of liquid fuels and gas from coal as well as a researcher in both
the use and production of coal, died peacefully at his home in
Princeton, New Jersey, on November 13, 2014, at the age of 100.
Eric was born in Vienna, Austria, on December 3, 1913,
shortly before the outbreak of World War I. His father, Fritz,
an architect, was at an age where he was conscripted into the
army. After the death in battle of Fritz’s two older brothers, he
was removed from duty at the front out of humanitarian concerns for the family. Thus Eric, his mother Ella, and his father
spent the duration of the war in Bozen (now Bolzano), Italy,
where his father rendered drawings of battle positions.
When peace returned, the family moved back to Vienna
where Eric was educated at public grade school. Weekends
and summers were spent south of the city, hunting and fishing in the woods at a cabin his father had designed and built.
Eric next attended an all-boys’ high school (gymnasium) that
was very demanding—fewer than half of those who entered
graduated—and received an exceptional education. He was
especially gifted in geography and history. To the end of his
life you could ask him the main physical and political features
of any country and get an answer that was complete and accurate. The same was true of history, especially European history.
245
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By the time he finished high school, things were becoming
economically unstable in Austria, a factor in Eric’s decision to
enter the field of engineering rather than architecture. While
at university, he lived with his widower grandfather who had
an apartment nearby. He often reminisced about how well the
two “bachelors” enjoyed life together. His grandfather instilled
in him a love of mountain climbing that was to last a lifetime.
In 1931 Eric enrolled in a 5-year program in the Department of
Fuel and Gas Technology at what is now known as the Technische
Universität Wien and received the equivalent of a master’s degree
in chemical engineering. His first summer job involved making
an energy balance for a steam-powered furniture factory in
Czechoslovakia near the German border. Relations between the
Czechs and Germans were seriously deteriorating and Eric was
thankful when the summer ended and he could return to Vienna.
The dark clouds of World War II were already on the horizon
when he graduated in 1937 and his cousin, who had emigrated
to the United States, convinced him that job opportunities were
more favorable there. He left his fiancée, Eva Neuman de Vegvar,
in Geneva where she was studying art and set off for New York,
immediately finding a job with Babcock and Wilcox as a field
engineer. The firm sent him to a construction project in Quincy,
Massachusetts, where he worked the midnight shift and spent
his days at the MIT library reading engineering magazines.
In 1938 he answered an advertisement for the Winkler-Koch
Engineering Company, was invited to interview at its head
quarters in Wichita, Kansas, and was hired on the spot. The company specialized in the design and construction of oil refineries.
Eric and Eva married in 1939. In Wichita he was impressed
with the friendliness of the people both on the job and around
town, but he recalled having to learn how to conform. His
clothes were mostly from Vienna, where in hot weather white
shorts were stylish. He found that in Wichita they were taken
for underwear and he got rid of them promptly.
In 1944 Eric, Eva, and their two daughters, Lynn and Helen,
moved to Tulsa, Oklahoma, where he engaged in research on
synthetic liquid fuels for Stanolind Oil & Gas (Standard Oil
of Indiana). His employment there was interrupted by a stint
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as captain in the United States Navy, a special rank created to
allow him access to the German synthetic oil industry.
The United States had found that a major portion of the
fuels used by the German Air Force and Navy had been made
from coal. The US armed services were interested in getting details of the technology the Germans had used, which
required knowledge of both the specialty and the German language. Eric and another engineer were sent as a two-man team
to move just behind the allied front lines, inspect the synthetic
oil plants, and interrogate various research groups about their
methods for producing oil. This experience set the course for
most of his subsequent working life.
After the war, Eric, now a US citizen, left Tulsa to conduct
research for Standard Oil of California, including a special
assignment to study the German petrochemical industry for
the Department of Commerce. Eric’s parents immigrated to
California during this period and his father continued a successful architectural career.
In 1948 Eric moved with his family to Pittsburgh to become
research manager for Consolidation Coal Company (Consol),
working on synthetic fuels for the largest private coal research
organization (and largest coal mining company) in the United
States. The Reichls lived there until 1974 in a home that his
father designed.
Eric supervised the research team at Consol, advancing
to supervisor, manager, director, and, finally, vice president–
research. During this period, he was issued 12 patents, in areas
spanning coal liquefaction, coal gasification, cleanup of coalcombustion stack gases and recovery of elemental sulfur from
these, coal carbonization and coking, cross-country pipeline
transportation of coal slurry, and hydraulic transportation of
coarse coal slurry in underground mines. Consol’s competitors
at the time were known to comment that the company had an
unfair advantage in that the research group knew more about
the coal consumer’s processes than the consumer did—often
being summoned to improve their customers’ operations.
Conoco Oil Company purchased Consolidation Coal
Company in 1966 and, when the Arab oil embargo hit in 1974,
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formed the Conoco Coal Development Company (CCDC)
and made Eric president. This required that Eric move to the
Conoco headquarters in Stamford, Connecticut.
The mission of CCDC was to accelerate the development
of technology to convert the massive US coal resources into
substitutes for imported oil and, if feasible, to commercialize that technology. The Consol research facility at Library,
Pennsylvania, formed the core of the CCDC effort. Additional
senior personnel from Conoco were added to Eric’s staff, the
research was increasingly concentrated on coal liquefaction
and gasification, and the effort was broadened to include
activity in Great Britain and Germany. Close analysis revealed
that it was not feasible to make environmentally acceptable
liquids from any known or potential liquefaction method

without further extensive and costly processing, so Eric narrowed these efforts to gasification processes, with commercialization efforts focused solely on gasification.
Eric led the development of a project, conducted in Scotland
and jointly funded by CCDC and a consortium of US natural
gas companies, to establish the feasibility of using bituminous
coal in a modified German gasification process that was previously unable to utilize that rank of coal, thereby making extensive US reserves available to produce pipeline-quality gas.
Subsequent development supported by the American government, including the Office of Coal Research, produced data
considered sufficient for the design of a commercial plant.
In addition to his extensive research and leadership, during
his long career Eric served on a number of advisory boards and
task forces, including the Department of Energy’s Research
Advisory Board, the National Petroleum Council’s Coal Task
Group, the National Science Foundation’s Energy Advisory
Council, the Gas Research Institute’s Research Coordination
Council, the Management Advisory Council of Oak Ridge
National Laboratory, and Brookhaven National Laboratory’s
Energy and Environmental Visiting Committee. He was also a
director of Bituminous Coal Research Inc., the Synthetic Fuels
Corporation, the Radian Corporation, and Dynecology Inc.
In addition to the NAE, he was a member of the American
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Chemical Society and American Institute of Chemical
Engineers. In 1973 he received the Coal Science Medal presented by the British Coal Utilisation Research Association.
Following his retirement in 1978, Eric continued consulting
and maintained his interest in coal gasification. His last patents
were awarded in 1984, 1985, 1988, and 1996. He and Eva, now
an accomplished artist, moved to Princeton to be near both
New York City and Philadelphia, while traveling extensively.
Eva died in 1998, after 59 years of marriage, and Eric spent
more time visiting with his daughters and grandchildren.
During one such visit to Pittsburgh, he rekindled a friendship
with Frances Hofmann, the widow of his old friend Klaus
Hofmann. Less than a year later they married and lived out
the next 15 years in Eric’s Princeton home, together exploring
Spain, Switzerland, Scotland, and England. He joked that they
were the “remains of the day.” At his 100th birthday in 2013, it
was noted that “Eric’s distinctive curmudgeonly charm was in
full display as he riveted the audience with a 6-minute account
of the 20th century.”
Eric is survived by Fran; daughters Lynn Weyand and Helen
Gilbert; three grandchildren; and six great-grandchildren.
Author’s note
Although Eric and I worked for Consol during the same period,
I was much his junior and employed in another area, thus I
did not have the opportunity to meet him, although I knew
of him. From those who knew him I have come to understand
that I missed a golden opportunity. Jim Bowden, a former
coworker, said that Eric was a mentor, “unfailingly polite and
always focused on the objective, not given to chasing rabbits
or being diverted from the task at hand.” And Fran noted that
“Eric remained to the very last one of the most knowledgeable
individuals imaginable. His early education and his incredible
memory gave him a remarkable ability to contribute valuable
information on a host of scientific and nonscientific subjects.”
My special thanks go to both of them for contributing the bulk
of the information about Eric and supplying extensive narratives, many of which I have included here.
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WA LT E R L . R O B B
1928–2020
Elected in 1982
“Applications of high technology to the health and
medical needs of the world community.”
BY LONNIE EDELHEIT

WALTER LEE ROBB died in Schenectady, New York, on

March 23, 2020, at age 91 from complications of covid-19. He
was former director of General Electric’s Corporate Research
and Development Center (1987–93) and head of GE Medical
Systems (1973–87), where he led the development of 5-second,
whole-body computed tomography and high-field magnetic
resonance imaging.
He was a native of New Bloomfield, Pennsylvania, and
graduated from Penn State in 1948 with a BS degree in chemical engineering. Walt always had warm memories of growing
up in small-town Pennsylvania and was especially proud of
being a Nittany Lion. He was an enthusiastic supporter and
generous donor to his alma mater throughout his long life,
frequently returning to campus to serve on boards, help raise
funds for various causes, and speak to campus organizations.
He and his wife endowed two scholarships as well as the chair
of the Department of Chemical Engineering. He also provided
support and an endowment to the Engineering Leadership
Development program in the School of Engineering Design,
Technology, and Professional Programs, focused on helping
students develop leadership skills. And he played a major
role in raising construction funds for the Hintz Family Alumni
251
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Center; Robb Hall, an event venue in the center, is named in
recognition of his efforts.
In 1987 Walt was honored with Penn State’s Distinguished
Alumni Award and, in 2014, the College of Engineering’s
Outstanding Engineering Alumni Award. He also received
both the Alumni Achievement Award and the President’s
Medallion from the University of Illinois for his career
accomplishments.
After receiving his bachelor’s degree, Walt attended the
University of Illinois at Urbana-Champaign, where he earned
his MS (1950) and PhD degrees (1951), also in chemical engineering. During the spring of his final year he accepted an offer
to join the Knolls Atomic Power Laboratory in Schenectady.
The company was developing a nuclear reactor for Admiral
Hyman Rickover’s submarine fleet, among other exciting
projects. Walt was assigned to the chemistry laboratory, where
he took advantage of numerous opportunities to expand his
knowledge and experience in such areas as nuclear reactor
design, statistics, and a variety of bench projects.
One of the most promising projects sought to develop a process for coating a uranium fuel element with vapor-deposited
zirconium. When enough progress had been made to transfer development to a pilot operation to scale up his work to
deposit a zirconium coating on full-sized Hanford fuel elements, Walt launched a new research project to separate plutonium isotopes. That soon led to his appointment to head
the design of a thermal diffusion plant for the Savannah River
nuclear plant to produce tritium. He took on the challenge and,
with a young software coder at his side, used just the second
UNIVAC computer in existence to simulate the thermal diffusion columns to make up the cascade. A year or so later, when
the final report on the plant simulation was completed and
turned over to Savannah River, his special security clearance
was terminated; years later he learned that the plant was built
using the software program he created.
In 1956 Walt moved from the Knolls Lab half a mile north
to join the GE Research Lab’s Chemical Process Unit. His first
project was to analyze a new process that promised to help the
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lighting business manufacture tungsten wire more economically. His study results were highly unusual in that he recommended several ways to improve the existing process, rather
than develop an entirely new method.
His next big project got his name in the headlines! Walt
had been assigned the challenge of developing a new gas-
separating membrane, a task that involved making plastic
films and bombarding them with different types of radiation.
The expectation was that the radiation “track” through the
film would permeate different gases at different rates. But it
didn’t work.
However, his research disclosed that GE’s silicone business,
in nearby Waterford, NY, already made a polymer that was
20 times as permeable as normal plastics and had different
permeability rates for different gases. After he solved several
production issues, tests showed that the film allowed carbon
dioxide to permeate 5 times as fast as oxygen, and oxygen
to permeate twice as fast as nitrogen. These rates were not
dissimilar to the permeation rate of human lung tissue and
fish gills.
To demonstrate the process, a hamster was placed in a
1-cubic-foot box whose sides were covered with the silicone
film. The structure was then completely submerged in a bath
of circulating, aerated water. The expectation was that oxygen
would penetrate from the water into the cage and carbon
dioxide penetrate in the opposite direction. As it happened,
the oxygen pressure in the cage stabilized at 16 percent of
normal atmosphere (equivalent to about 12,000 feet) and the
carbon dioxide at 1 percent (less than the US Navy’s standard
for submarines at the time).
When news of these results was made public, the story
appeared in newspapers across the nation. In 1963 Walt’s
picture appeared on the cover of Life magazine, he was interviewed on Walter Cronkite’s TV news program, and he was
featured on a half-hour science program. Schools loved the
project because students could see how human lungs and fish
gills work. Walt got invitations from scientific conferences
around the world to come share his results. He also received

Copyright National Academy of Sciences. All rights reserved.

Memorial Tributes: Volume 23

254

MEMORIAL TRIBUTES

12 patents dealing with permeable membranes and separation
processes.
Although GE ultimately opted not to take on the development and commercialization of an artificial lung for clinical
use, it licensed the membrane technology to other companies
that succeeded in bringing the artificial lung to market.
Walt went on to become manager of the Chemistry
Engineering Section when Arthur Bueche left to take over
the R&D center. At the same time, the Combustion and Fluid
Dynamics section was combined with the chemistry department; suddenly, Walt was in charge of 25 employees, including
15 scientists. Several years later Dr. Bueche proposed Walt for
the R&D manager position at Silicone Products in Waterford,
setting him up for his first experience in an operating business.
Learning more about commercial matters sharpened Walt’s
appetite for greater challenges. When Reuben Gutoff, head of
GE’s Chemical and Metallurgical Division, asked if he would
be interested in taking over a newly formed medical business
incubator called Medical Development Operations, he agreed,
thus launching the next stage of his remarkable career. Over
the next several years he and his team examined—and sometimes discarded—opportunities in a variety of areas, from
clinical lab testing to membrane applications.
At this juncture, it would be useful to recount an incident that was to have a profound impact on Walt’s future.
Around 1960 he had been asked to return to Urbana to assess
the doctoral candidates in his old Department of Chemical
Engineering. One of these was a bright, hard-charging student
by the name of John F. Welch Jr. After interviewing him, Walt
called GE and urged the company to sign up this guy at once.
They took his advice, and Jack was launched on a fabulous
career trajectory that led from chemical engineering to business management and, eventually, to his position as chair and
chief executive officer of General Electric, a job he held from
1981 until he retired 20 years later.
By late 1971 Jack, who had followed Reuben Gutoff as head
of the Chemical and Metallurgical Division, was GE’s youngest division manager. One of his first acts was to dismiss the
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general manager of Silicone Products and offer the job to Walt,
who thus realized his dream of becoming a general manager
with a product operation. Despite competitive pressures and a
restless workforce, Walt turned the business around by increasing production and reinvigorating the sales and distribution
network. When Reg Jones, GE’s chair at the time, decided to
split GE Plastics off into its own division, Walt was named to
replace Jack, who was promoted to group executive. So in just
4 years Walt went from heading a business with $150,000 in
sales to managing a $500 million operation!
But even more remarkable things were in store. In December
1973 Jack met with Walt to explain that the moribund x-ray
business in Milwaukee, now named the Medical Systems
Department, was continuing to disappoint and needed a
change of leadership. Even though its roots extended far back
in GE’s history, Jack thought GE should sell it and asked Walt
to go there for no more than a year to see if there were any good
reasons for keeping it. Naturally, Walt agreed even though it
meant uprooting his family and trading a $500 million business for one less than a quarter as large.
Walt arrived in Milwaukee at a pivotal moment for the
diagnostic imaging industry. An upstart British company,
best known for recording the Beatles, had just introduced a
new type of x-ray head scanner that it claimed could visualize
tumors in the brain in an entirely new way. The EMI computer
ized transaxial tomography (CTAT) scanner created quite a stir
in the medical community, not to mention among the tradi
tional imaging equipment manufacturers. (As it happened,
EMI had previously approached GE to be its US distributor
but couldn’t reach a deal.)
Walt ordered a full-scale investigation of the new technology, including dispatching a small team to the Mayo Clinic
where they “looked under the hood” of an EMI scanner that
had been operating there for 9 months. The upshot was a recommendation that GE develop its own 2-minute scanner. Walt,
disappointed by such a “me too” approach, asked what the
GE R&D Center had recommended and was stunned to learn
no one had contacted them. He called Art Bueche and set up a
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meeting to discuss the problem and suggest a solution. Just 2
weeks later, the R&D Center proposal came back—a 5-second
scanner that would enable both brain and body scanning on
the same machine.
The challenges were enormous: instead of 12 photo
multiplier tube detectors, as in the EMI design, the 5-second
scanner would require 300 or more detectors just 2 mm in
width, plus the enormous data acquisition and computational
capacity demanded by the fan beam design. And although
EMI had taken several years to develop its first scanner,
Walt told Art that he wanted the GE prototype ready in just
18 months. An entrepreneur at heart, Art agreed and the program was launched with Jack’s blessing. After a great many
challenges and long days, GE’s fan beam, rotate-only wholebody scanner—the CT/T—was introduced to considerable
acclaim at the 1975 meeting of the Radiological Society of
North America in Chicago and enjoyed great market success.
The lessons learned during these exciting CT development
days were transferable several years later to the equally stunning success of the joint Corporate R&D Center/GE Medical
Systems development of high-field magnetic resonance imaging. Walt was key to both wins—a scientist who was uniquely
qualified to take a small, unexciting, marginally profitable
x-ray business and turn it into a hugely successful medical
imaging powerhouse with a worldwide reach.
President William J. Clinton awarded him the National
Medal of Technology in 1993 in recognition of his many contributions to the advancement of medical imaging technology.
It was in the hectic early days of the program that I first
met Walt during one of his many visits to the R&D Center to
review progress. I was in charge of designing and constructing
a prototype breast CT scanner using our proposed technology
and getting it to the Mayo Clinic for clinical testing. I moved to
Milwaukee and eventually set up the Advanced Science Lab
that studied the next generation of CT, MRI, and many other
technologies. Walt and Jack later asked me to take over the
entire engineering organization so, over many years, I got to
observe Walt as a scientist, a businessman, and a leader.
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Walt retired from GE after 42 years of service. But that hardly
marked the end of his business career or his public service
involvement. He created Vantage Management to oversee his
many investments in a variety of technology startups in need
of financial and management expertise. According to his son
Rich, its activities spanned an enormous range, from medical
devices such as cancer testing and inhalers (VisionGate, Check
Cap, Innurvation, Pneuma Respiratory) to recycling (Tire
Conversion Technologies), fuel cells (meOH), pharmaceuticals
(Celegene), and much more. He was especially proud of his
involvement with Cree Lighting, a global leader in LED technology for commercial and residential applications. Vantage
provided not only critical funding but also access to Walt’s
vast reservoir of business experience. Some reports suggest he
may have invested as much as $20 million in startups in New
York’s capital region alone to “keep the local talent at home.”
He also owned two minor league sports franchises—the
Albany River Rats of the American Hockey League and the
Albany Conquest of Arena Football 2 League—and served on
the board of Double H Ranch, a retreat for developmentally
disabled and terminally ill children. He also was on the board
of Proctors, the downtown Schenectady arts venue, and was a
trustee at Clarkson University.
While in Milwaukee he was vice chair of the Milwaukee
Symphony Orchestra Board of Directors and was in line to
become the chair when plans were interrupted by his reassign
ment to Schenectady. The previous year, he had arranged a
generous grant from the GE Foundation to support the symphony’s first European tour and personally hosted customers
and prospects at each major concert location. According to his
son Lindsey, Walt was always thrilled when he heard Brahms’
First Symphony, the centerpiece of those concerts. As a parting gift, he and his family endowed the MSO’s Walter L. Robb
Family Trumpet Chair.
Amid all his interests and activities, Walt was devoted to his
wife Anne and their three sons. As Lindsey told me, “He was
a great dad, and Mom was amazingly supportive, which gave
him the freedom to work so hard. He called it a ‘joint venture,’
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but ‘team effort’ would also be fitting.” Rich recalled, “My dad
was never flustered, never hyperactive, never late for meetings, and always included us in his passions, such as sailing,
flying, and various other activities.” Steve concurred, “It was
one of his greatest joys to spend time with us. For instance,
my brothers and I joined him in climbing Mt. Kilimanjaro in
1997, a shared experience he talked about the rest of his life.”
Lindsey added, “He was the most conscientious and thoughtful father one could hope for, constantly showing us how to
get ‘high’ on sports and culture. He was at every single concert during my 8 years in school bands, somehow juggling
his travel and meeting schedules to be there with his portable
cassette recorder to tape the programs. And ’though a conservative throughout his adult life, he openly embraced one
of his sons’ being gay and joyously welcomed that son’s husband into the family. He was just so delighted that his son had
a companion in life.”
While no son or granddaughter followed him into a technical profession, Walt celebrated each in their endeavors,
whether business or personal, recognizing that they had their
own passions to follow.
Throughout his career Walt was the perfect man for the job
because his many attributes aligned perfectly with the challenges at hand. He persevered even when everyone else was
discouraged and advising caution. He pushed his team to
seek innovative solutions. He was intensely curious, always
asking “why.” He put customers first, listening and responding to their needs and encouraging his colleagues to do the
same. And he was willing to take well-considered risks when
the situation demanded doing the right thing, not merely the
safe thing.
These attributes characterized Walt’s career and life. He
would contact me frequently to discuss some new company
he was starting up or to ask my advice on some issue. Hardly
2 weeks before his death, he sent me an article about a new
way to test for the coronavirus at home. That’s the kind of guy
he was—curious, engaged, enthusiastic, always looking for
the next big thing.
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He is survived by his wife of more than 66 years, Anne (née
Gruver), sons Richard (Marjorie), Lindsey (Marin), and Steven
(Kim), and five granddaughters.
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JOSEPH C. SALAMONE
1939–2019
Elected in 2011
“For advances in ophthalmological devices and wound healing
therapies and for distinguished academic and professional service.”
BY LEONARD PINCHUK

J

OSEPH CHARLES SALAMONE, academician, entrepreneur,
industrialist, and internationally renowned leader in polymer
chemistry, notably for the invention of the gas permeable contact lens and novel wound care products, passed away July 9,
2019. He was 79 years old.
Dr. Salamone was recognized as the world’s leading authority in ophthalmic biomaterials. His principal areas of research
included the synthesis and properties of new monomers,
polymers, and biomaterials, materials designed for applications in hydrated form, in the solid state, and as substrates for
cell growth.
Joe Salamone lived a full life enriched by a spectrum of
roles: father, grandfather, inventor, mentor, and ballroom
dancing enthusiast, to name a few. He was a person of rare
determination, who focused on improving life with compassion and innovation.
He was born to Angela and Joseph Salamone in Brooklyn,
New York, on December 27, 1939. Raised in a newly immigrated Italian-American family from Sicily, he was the firstborn
son in his generation and at least the tenth Joseph Salamone
of his lineage.
He received a BS in chemistry from Hofstra University
(1961) and PhD in chemistry (major–organic chemistry,
261

Copyright National Academy of Sciences. All rights reserved.

Memorial Tributes: Volume 23

262

MEMORIAL TRIBUTES

minor–polymer chemistry) from the Polytechnic Institute
of Brooklyn (1967), with an NIH postdoctoral fellowship at
the University of Liverpool (1966–67). Back stateside he was
a research associate and Horace H. Rackham Postdoctoral
Fellow at the University of Michigan, Ann Arbor (1967–70).
He began his teaching career at the University of
Massachusetts, Lowell, in 1970, and rose from assistant professor to professor in 6 years, and to dean in 1978. During
this time, he also cofounded his first company, Polymer
Technology Corporation, centered around his invention of
oxygen-permeable contact lenses.
He retired for the first and only time in his early 40s when
he became professor emeritus in 1989, which lasted about 6
months. He then signed on to be the editor in chief of CRC
Press’s Encyclopedia on Polymeric Materials (1993–97).
He was cofounder and director (1985–2009) of Optimers,
Inc., in Lowell, a company that developed soft contact lens
materials. After his university retirement, he was also vice
president in various research, technology, and development
capacities at Bausch & Lomb (B&L; 1997–2006).
In addition to creating new biomaterials for ophthalmology
and wound care, Joe worked to advance the field of polymer chemistry. He was a cofounder of the Pacific Polymer
Federation, a professional society for polymer scientists in
countries around the Pacific Ocean, a region where he appreciated excellent scientific research and very active research
communities. He led the American Chemical Society (ACS)
Polymer Division to more comprehensive programming and
financial soundness.
Joe’s excitement about the professional societies was evident. According to Cato T. Laurencin (also a member of NAE
Section 2: Bioengineering), “Joe recruited members with zeal
and was responsible for elevating many individuals in the
American Chemical Society to fellow status. In the American
Institute for Medical and Biological Engineering (AIMBE), Joe
led the expansion of the Industry Council. He was a constant
voice in AIMBE reminding everyone about the importance of
translating findings from the bench to care of patients through
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the embrace of industry. He taught by example how one individual could shape an entire field.”
Joe also took great pride in recommending deserving engineers for election to the National Academy of Engineering and
for the San Antonio BioMedSA prize and Fritz J. and Dolores
H. Russ Prize (thank you, Joe).
His introduction of highly gas permeable silicones and
fluorinated moieties into hard and soft contact lenses changed
the way people thought and opened entirely new approaches
in the field. He did this work back in the mid- to late 1970s
for hard contact lenses and then later for soft contact lenses.
Many products were commercialized in ophthalmology
as rigid and soft hydrogel contact lenses, silicone hydrogel contact lenses, contact lens care solutions and cleaners,
intraocular lens m
 aterials, and intraocular controlled drug
delivery. To this day, these developments are state-of-the-art
in many products; efforts by others have added only incremental improvements to the paradigm-shifting platform
work of Joe Salamone.
According to Carl E. Sassano, former B&L president and
COO 1999–2000), “Joe’s Polymer Technology Corporation
became not only the leader in gas permeable lenses and care
products, but the most successful acquisition Bausch & Lomb
made in health care. In Joe’s time at Bausch & Lomb, his R&D
group produced more new innovative products in the contact lens field than any other company in the 1980s and ’90s.
Joe’s imagination and ability to see how to combine seemingly
incompatible chemistry made him one of the most prolific and
successful inventors I have known in my 38 years at B&L and
over 45 years in health care.”
Similarly, University of Akron professor Joseph P. Kennedy,
who visited Joe and his associates often as a confidential consultant when he was vice president of B&L Research and
Technology, remarks that “I experienced his working style at
a very close range. His leadership…flowed naturally from his
persona and always with a smile. His crew was always happy
around and with him. He created the halcyon days of research
at B&L.”
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Joe’s entrepreneurial talents were also evident as a
cofounder, with his wife, Ann Beal Salamone (also an NAE
member), of Rochal Industries, Inc. (named after their children
Robert, Chris, and Alicia), which began in Marblehead, MA,
in 1986; they relocated the company in 2008 to San Antonio,
Texas. Joe served as chief science officer, focused on the areas
of wound and skin care, from inception to his death.
As a prolific inventor, chemist, polymer scientist, and engineer, Joe developed antimicrobial solutions and antimicrobial
liquid adhesive bandages to prevent infections related to
wound and burn care (for both human and veterinary use),
new biomedical adhesives, antifriction coatings on skin, and
cell-compatible substrates for wound healing.
His most prized professional recognition was election to the
National Academy of Engineering. In 2013 he was elected to
the National Academy of Inventors. He was also the recipient
of additional honors and awards too numerous to list here, but
he mentioned that he was very proud of receiving the Herman
F. Mark Technology Award from the Polytechnic University
(2005) and the ACS Award in Industrial Chemistry (2004).
Joe’s enormous impact on the biomaterials field extended
beyond his substantial contributions to the literature (200 publications, 2 books, and 3 encyclopedias) and the development
and commercialization of important new technologies. His
highly productive research generated over 100 issued US patents and a similar number of patents pending, most of which
were translated into commercial successes for contact lenses
(5 product lines), intraocular lenses (3 product lines), contact
lens solutions (multiple product lines), antifog formulations
(3 products), and wound care products (9 product lines),
among others.
Joe Salamone’s interdisciplinary careers in academia, entrepreneurship, and industry made him a favored mentor to
many young engineers. Perhaps most importantly, he was a
profound humanitarian whose products improved health care
for millions of people in many countries. He believed in dedicating himself with full effort, taking care of those he loved,
and leading vigorously by example.
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He is survived by his loving family: Ann, Chris (Jade),
Alicia (Brent), and two grandchildren. He was predeceased by
son Bob.
He will be dearly missed by his family, the Rochal team, his
colleagues, and the plethora of engineers and scientists who
had the privilege and honor of working with him and claiming him as their friend and mentor.
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RICHARD SCHERRER
1919–2018
Elected in 2010
“For his pioneering work on revolutionary aircraft designs with extremely
low radar cross sections that led to the F117A stealth fighter.”
BY ALAN C. BROWN

R

ICHARD C. SCHERRER died December 21, 2018, at age
99. He was born August 30, 1919, in Seattle to Edith and Carl
Scherrer.
He graduated from the University of Washington in 1942
with a BSc in aeronautical engineering and then joined the US
Navy and worked with NACA Ames Research Center, where
he continued to work until 1959. He conducted flight research
programs with thermal deicing systems, and wind tunnel tests
of supersonic aerodynamic heating and internal and external
aerodynamics. He was also a member of the NACA Internal
Aerodynamics subcommittee and assistant head of the
1’ × 3’ supersonic wind tunnel branch. He wrote a proposal to
develop both a jet engine and an aircraft to test it, but this was
never followed up.
Dick had a strong interest in high-powered cars, and at
one time modified vehicles to improve their performance.
That work involved him with a company called Arrow
Development, which was also in the boardwalk type of roller
coaster business. Arrow got a request from the Walt Disney
organization to submit quotations for a number of rides for
a new theme park, which was to become Disneyland, to be
opened in Southern California.
267
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Disney’s written requirements were very similar to those
used in government defense circles; Arrow was not used to
this format, and asked Dick to help with the submittals. Disney
had apparently sent out requests for quotations to practically
every company in the country that had previously worked on
these types of rides. Arrow Development’s experience was
primarily with the boardwalk at Santa Cruz, home of one of
the last remaining wooden roller coasters in the country. Dick
was happy to oblige, and the company won contracts to design
five of the major rides—Dumbo, Mad Tea Party, Matterhorn,
Little Train That Could, and Flying Saucers. This was a major
shift for Dick, who did most of the design work on these rides.
He described his conversations with Walt Disney as being
with someone he felt was a true genius—this from someone
who worked with a very bright group of folks at NACA! The
Matterhorn ride was particularly challenging, as it involved
two separate tracks that had to cross each other a couple of
times. Walt Disney insisted that at no time should the g-forces
exceed −0.8, as he didn’t want little old ladies coming out of
their seats! The jobs were completed and are still running successfully over 60 years later.
Dick’s interest in high-powered automobiles (for a long time
he drove the then highest powered fastback Ford Mustang)
was also expressed in the vacation vehicle he built for family
tours. He bought an old school bus and replaced its rear drive
engine with two top-of-the-line Buick V8s, each driving one
of the rear wheels. It would give him great delight to allow
sports cars to pass him on a hill, and then open up and blow
them off the road!
In June 1959 he joined the Lockheed-California Company
in Burbank. He was in the Advanced Design Department and
worked on the Lockheed P-3 Orion and S-3 Viking aircraft,
both of which were very successful in service. He was also the
lead engineer for several aircraft proposals, including managing the initial design trade-off studies for the L-1011 Tristar
commercial transport.
In pursuit of his side hobby, he was an active participant in
the first and second AIAA symposia on the aerodynamics of
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sports and competition automobiles, held in Los Angeles in
1968 and 1974.
In February 1975 he was recruited by Ed Martin, LockheedCalifornia Company’s science and engineering director, to
work as project manager in the Lockheed Skunk Works on the
initial design of what became the Have Blue very low radar
cross-section research aircraft. He, radar return computation
expert Denys Overholser, and airplane designer Kenneth
Watson hold the patent on Lockheed’s initial entry in this competition with Northrop. Lockheed’s winning design led to the
award of the Lockheed F-117A contract by the US Air Force
for what became the world’s first successful stealth military
aircraft.
During the summer of 1976 Dick suffered a stroke and had
to leave the program. He returned to Lockheed a year later
and continued to work on low-observable airplane designs.
Bill Elsner, then USAF chief engineer for stealth programs, was
quoted as saying in the mid-1980s that “there would never have
been a stealth airplane but for the genius of Dick Scherrer.”
Dick left Lockheed in September 1979 after a disagreement
with management about whether his out-of-Lockheed-hours
work on high-temperature ceramic combustion chambers
for automobiles represented a conflict of interest. He joined
Northrop and helped with the design of what became the
B-2 Spirit Stealth Bomber. He worked on several projects for
Northrop and associated companies, all in the general stealth
airplane design area, and retired in 1991.
In 1995 Dick received the Distinguished Alumni Award
from the Department of Aeronautics and Astronautics of
the University of Washington, and in 2010 he was elected to
the National Academy of Engineering. He was also an associate fellow of the American Institute of Aeronautics and
Astronautics, having been a member for over 70 years.
He married Ruth Anita Clifford in September 1944. She
preceded him in death in 2001. He is survived by his son
Robert A. Scherrer and daughter Anna L. Scherrer, three
granddaughters, seven great-grandchildren, and two
great-great-grandchildren!
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WA R R E N G . S C H L I N G E R
1923–2017
Elected in 1991
“For the development of advanced coal gasification processes.”
BY C. JUDSON KING

WARREN GLEASON SCHLINGER died February 10, 2017,

at the age of 93. He was highly accomplished and respected for
his development of fossil fuel processes, notably for desulfurization and coal gasification. He and his wife Katie were also
generous philanthropists and fine human beings in all respects.
Warren was born in Los Angeles on May 29, 1923, to
William G. and Esther Gleason Schlinger. His father was from
a German family that had come to the United States in the
mid-1800s; his mother, born in Iowa, had moved to California
as a young girl. William cofounded a small, two-person local
delivery service in the Los Angeles area that, through various mergers and acquisitions, became part of United Parcel
Service (UPS), for which he became West Coast vice president.
The Schlinger family moved around the Los Angeles area
to accommodate changes in his father’s roles with UPS and
its predecessor companies. As a youth Warren lived in Long
Beach, Pasadena, Hollywood, and Glendale, where he graduated from high school in 1941.
In 6th grade he became fascinated with a friend’s Gilbert
chemistry set, and soon he was given his very own. As was
the case for so many chemists and chemical engineers of his
generation, it was the chemistry set that sparked his career
interest. His interests in science in general were cultivated by
271
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Leland Lease, his teacher for both 7th grade mathematics and
9th grade science. Lease was also a lover of photography
and the outdoors, and took Warren on trips to Death Valley and
Yosemite. In addition, he inspired Warren’s interest in Caltech,
where Warren attended public lectures delivered by leading
faculty and annual open house events.
Warren entered Caltech in 1941. Unlike his peers during
World War II, military service was not an option for him
because he was deaf in one ear since 7th grade.
As was the case at many universities at the time, students
studied year-round at Caltech, and Warren thus completed his
BS in applied chemistry in 1944. Chemical engineering was
still in a developmental stage at Caltech and had only two faculty members, William Lacey and Bruce Sage. Warren knew
he wanted to stay at Caltech for a master’s degree in chemical
engineering, but the university had essentially closed down
for the remainder of the war and was not admitting new
chemical engineering graduate students. He assisted and did
war-related research with Ernest Swift, an analytical chemist.
He entered the master’s program in chemical engineering
at Caltech in 1945, the first opportunity to do so, and got his
degree in 1946. While working toward his master’s degree,
he met Katharine (Katie) Stewart, who was secretary to Bruce
Sage. They married in June 1947, a union that would last
66 years until her death in 2015. They had three children—
Michael (1951–2013), Norman, and Sarah—and lived their
entire lives in the Los Angeles area, supplemented by a vacation home in Mammoth Lakes, CA, reflecting their lifelong
love of the Sierra Nevada and outdoor activities there.
With Katie’s encouragement Warren continued at Caltech to
get his PhD (1949), in both chemical and mechanical engineering. The institute’s PhD program in chemical engineering was
new after World War II, and he was its third degree recipient.
During his graduate work, he did paid work for American
Petroleum Institute (API) Project 44, which determined
thermodynamic and thermophysical properties of many
hydrocarbons and for which Lacey and Sage were principal
investigators. PhD in hand, Warren considered a teaching
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career while Katie continued in her position with Sage. He
accepted appointment as a research fellow at Caltech, teaching
and continuing to work on API Project 44 and in related areas.
In 1953, as a result of conversations with Sage, who consulted for Texaco, Warren went to the company’s Montebello
Laboratory near Los Angeles to get some industrial experience. Although initially intended as a stay of only a few years,
it became his professional career and, with his overall abilities
and intellectual qualities, he rapidly assumed successive technical leadership positions at the laboratory, from supervisor
of research to laboratory manager to laboratory director. In
the early 1980s he concluded that his management roles cut
too much into his time for technical activities, and scaled back
his responsibilities to be associate director for gasification. He
retired at the end of 1987, but maintained a position as consultant to the laboratory.
The Montebello Laboratory was a mainstay of the processlicensing end of Texaco, known as the Texaco Development
Corporation. It was responsible for creating and developing
useful processing approaches, many of which were not used
by Texaco but instead licensed to other companies. It was
Warren’s strong innovation and leadership in the development
of several aspects of fossil fuel processing, most notably coal
gasification, that earned his election to the National Academy
of Engineering. He first worked with oil shale, conceiving and
developing a process called hydrotorting that retorted mined
shale with hydrogen. He and his associates then turned to the
use of hydrogen to desulfurize middle distillate and gasoline
by catalytic hydrogenation to form easily removed hydrogen
sulfide.
A close working relationship between the Montebello
Laboratory and the Electric Power Research Institute (EPRI)
then led to a major Montebello program of research and development on coal gasification processes. Initially, the residuum
from solvent-refined coal was mixed with coal and used to
make hydrogen. Activities then turned to what is now called
combined-cycle coal gasification. Texaco technology was used to
gasify coal and remove the hydrogen sulfide from the gas. The
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resultant combination of carbon monoxide and hydrogen was
mixed with steam and fed to a gas turbine to generate power,
and the exhaust was used to generate additional steam and
thereby more power. The relatively low combustion temperatures resulted in the much lower formation of nitrogen oxides,
which are atmospheric pollutants.
The process was of great interest to EPRI. A successful demonstration plant was built at Coolwater, CA, near Barstow,
and became operational in 1982. There are now over 60 commercial plants in operation using this technology, making
the approach of Schlinger and his associates one of the most
widely used gasification technologies. Feedstocks range from
natural gas to heavy oil, coal, and petroleum coke.
In addition to membership in the National Academy of
Engineering, Warren was recognized by the American Institute
of Chemical Engineers with the Lawrence B. Evans Award in
Chemical Engineering Practice in 1981, only the eighth granting of that award. He also held over 60 patents.
Warren had one sibling, a younger brother named Evert,
who was also accomplished, a longtime faculty member in
entomological science and parasitology at the University of
California–Berkeley. He was also cofounder, with Robert van
den Bosch, of the field of biological control, whereby pest management is accomplished through the use of predators rather
than chemical substances.
Warren’s father was often paid in UPS stock, and as the company enlarged and matured after World War II the stock grew
manyfold in value. Warren’s parents placed stock into a family
foundation, which continued to grow and was passed on to
Warren and Evert. As in all aspects of life, Warren and Katie
were both generous and very helpful in their giving, and largely
used their share to support education, the performing arts,
and animal protection. They created endowed professorships in chemical engineering at Caltech and the University of
California campuses at Berkeley and Santa Barbara.
They also did much else for Caltech throughout their lives.
Warren was active in the Caltech Associates, including as
president (1995–96). Their largest single physical legacy is the
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Warren and Katharine Schlinger Laboratory for Chemistry
and Chemical Engineering, a highly energy-efficient (LEED
Gold) and modern 62,300 sq. ft. building opened in 2010.
Warren and Katie are survived by Norman and Sarah, five
grandchildren, and two great-grandchildren.

Copyright National Academy of Sciences. All rights reserved.

Memorial Tributes: Volume 23

Copyright National Academy of Sciences. All rights reserved.

Memorial Tributes: Volume 23

LUCIEN A. SCHMIT JR.
1928–2018
Elected in 1985
“For pioneering work in structural synthesis, combining finite
element analysis and nonlinear programming algorithms to create
a powerful class of modern structural design methods.”
BY PERETZ P. FRIEDMANN
SUBMITTED BY THE NAE HOME SECRETARY

L

UCIEN ANDRÉ SCHMIT JR., widely recognized as the f ather
of modern structural optimization and multidisciplinary design
optimization (MDO), died March 16, 2018, at the age of 89.
He was born May 5, 1928, in New York City and raised
in Forrest Hills, NY. His father was a cellist in the New York
Philharmonic Orchestra, and his mother, Eleanor J. “Jessie”
Donley, was a homemaker. Growing up in Forrest Hills, young
Lucien developed a lifelong passion for the game of tennis.
He was a bright, ambitious student who pushed himself
to excel. He enrolled in MIT, where he earned his BS in 1949
and MS in 1950, both in civil engineering. During his graduate
studies he met his future wife, Eleanor Trabish, and they were
married in 1952; their son Lucien was born in 1960.
After serving for one year in the Air Force, Lucien père
worked as a structures engineer in the Grumman Aircraft
Engineering Corporation, Bethpage, NY (1951–53). He then
returned to MIT and worked as a research engineer in the
Aeroelastic and Structures Research Laboratory (ASRL) until
1958. Under the leadership of Raymond Bisplinghoff and Holt
Ashley, ASRL was a pioneering research laboratory in aeroelasticity, high-temperature structures, and finite elements.
Lucien’s tenure there had a major impact on his professional
development and approach to conducting research. Based on
277
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advice from Bisplinghoff, he decided to pursue an academic
career.
In 1958 Lucien was appointed assistant professor in the
Division of Solid Mechanics, Structures, and Mechanical
Design at the Case Institute of Technology (predecessor of
Case Western Reserve University) in Cleveland. Two years
later he published his landmark paper “Structural Design by
Systematic Structural Synthesis,”1 considered the beginning of
modern structural synthesis, which evolved into what is now
known as MDO.
Promoted to associate professor in 1964, his research activity expanded rapidly to encompass a variety of aerospace
applications and his academic advancement was meteoric.
In 1966 he was promoted to professor and simultaneously
appointed head of the Division of Solid Mechanics, Structures,
and Mechanical Design. In 1969, in addition to his position as head of the division, he was named Wilbert J. Austin
Distinguished Professor of Engineering.
Lucien’s national reputation grew rapidly and he was
recruited aggressively by the University of California, Los
Angeles, where, in 1970, he was appointed professor of engineering and applied science in the Mechanics and Structures
Department. He initiated a vibrant research program and
several important contributions to structural synthesis and
optimization as well as MDO. His exceptional ability to lead
an academic department was also recognized and he chaired
the Mechanics and Structures Department from 1976 to 1979.
He was appointed Rockwell Aerospace Chair in 1991 and
in September of that year retired as Rockwell Professor of
Aerospace Engineering Emeritus. More than 20 PhD students
graduated under his guidance.
During the early 1970s Lucien saw that the main obstacles
to efficient implementation of the structural synthesis concept
were due to the fact that the general formulation of the basic
structural design optimization problem involved (i) large
Proceedings, 2nd Conference on Electronic Computation, ASCE, New York,
1960, pp. 105–22.

1
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numbers of design variables, (ii) large numbers of inequality constraints, and (iii) many inequality constraints that are
computationally burdensome implicit functions of the design
variables. To overcome these obstacles he introduced the
approximation concepts approach to structural synthesis in
1974, in what became his most cited paper.2
His innovative formulation produces a sequence of tractable
approximate problems via the coordinated use of design variable linking (and/or basis reduction), temporary constraint
deletion (regionalization and truncation), and the construction of high-quality explicit approximations for the retained
constraints. At each stage, the selected mathematical programming algorithm is applied to an algebraically explicit approximation of the actual design optimization problem, and move
limits are used to protect the quality of the approximations.
In follow-on research, the approximation concepts approach
was extended to structural optimization problems involving
fiber composite structures, thermal effects, natural frequency
constraints, body force loads, and relative displacement
constraints.
Results for a rather interesting set of thin delta wing problems (which included consideration of fuel mass, a stringent
constraint on fundamental frequency, graphite-epoxy fiber
composite skins, and thermally induced stresses) were presented in a coauthored article in 1978.3 This work is particularly important because it showed that by using approximation
concepts it was usually possible to obtain useful optimum
designs after only 5 to 10 structural analyses. In other words,
the number of finite element analyses needed to obtain a
practical optimum design could be reduced by two orders
of magnitude. This approach was the precursor of current
approaches to using approximations for the objective function
Schmit LA, Farshi B. 1974. Some approximation concepts for structural
synthesis. AIAA Journal 12(5):692–99.
3
Schmit LA, Miura H. 1978. An advanced structural analysis/synthesis
capability – ACCESS 2. International Journal of Numerical Methods in
Engineering 12:353–77.
2
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and the constraints in modern MDO by employing response
surface methods or surrogate-based approximations.
He also introduced dual methods of mathematical programming for a significant class of structural design optimization problems,4 and in the mid-1980s developed combined
structural design methods with active control techniques,
demonstrating that the design of both the structure and the
control system has to be done in an integrated manner. Thus
system optimization has to be performed in a design space
that spans both structural and control system design variables.
In this multidisciplinary class of problems, dynamic response,
dynamic stability constraints, and limitations on actuator force
levels and control effort all play an important role.
Because this line of Lucien’s research had its roots in structural synthesis, it came to be known as control-augmented structural synthesis (CASS), falling into three main categories: work
based on direct output feedback control, research based on
state feedback control, and efforts aimed at optimal placement
of actuators and sensors.
Lucien was author or coauthor of more than 100 publications on analysis and synthesis of structural systems, finite
elements, optimization of fiber composite structures, and
multidisciplinary design. His contributions were recognized
in a special issue of the AIAA Journal celebrating the 50th anniversary of AIAA, History of Key Technologies, with an invited
article by Lucien.5
Lucien received many other honors during his lifetime.
In 1969 he was elected a fellow of the American Society
of Civil Engineers (ASCE), and in 1970 received ASCE’s
Walter L. Huber Civil Engineering Research Prize. He was
a member of the USAF Scientific Advisory Board (1977–84)
and in 1984 received the USAF Meritorious Civilian Service
Award. In 1979–80 he was selected to serve on a blue ribbon
Schmit LA, Fleury C. 1980. Structural synthesis by combining approximation concepts and dual methods. AIAA Journal 18(10):1252–60.
5
Schmit LA. 1981. Structural synthesis: Its genesis and development.
AIAA Journal 19(10):1249–63.
4
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Ad Hoc Committee of the Federal Aviation Administration
for Investigation of the DC-10 Pylon Structure of American
Airlines Flight 191, which crashed moments after takeoff from
Chicago; with 273 fatalities, it is the deadliest airplane accident in US history. In 1977 he received the Structures Design
Lecture Award of the American Institute of Aeronautics
and Astronautics (AIAA), followed by the AIAA Structures,
Structural Dynamics, and Materials Award in 1979; in 1986
he was elected an AIAA fellow; in 1994 he was the inaugural
recipient of the AIAA Multidisciplinary Design Optimization
Award, and in 1999 he received the AIAA Crichlow Trust Prize
for “pioneering seminal contributions to the initiation of structural optimization and multidisciplinary design and their evolution from abstract concepts to widely used practical tools.”
Amid this profusion of honors he was also elected to the NAE
in 1985.
Since publication of Lucien’s pioneering paper in 1960 the
field has evolved tremendously. In the 1980s structural optimization and MDO found their way into commercial finite
element software packages developed by several companies. Modern software optimization tools and packages can
now deal with hundreds of thousands of design variables, a
large array of objective functions and constraints, changes in
topology, nonlinear material behavior, and millions of finite
element degrees of freedom. These software packages involve
diverse disciplines and complex system behavior, and are
used in many branches of engineering. The approaches are
dominant in aerospace and mechanical engineering applications. Conferences and journals are devoted to this subject
and thousands of papers have been published. Clearly, Lucien
Schmit had a profound influence on engineering.
In the mid-1990s Lucien moved from Pacific Palisades,
California, to Edmonds, Washington. His wife Eleanor passed
away in 2015 after 63 years of marriage. He is survived by his
son Lucien A. Schmit III.
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PETER G. SIMPKINS
1934–2016
Elected in 1999
“For contributions to the understanding and development of processes
fundamental to the manufacture of low-loss, high-strength optical fiber.”
BY DAVID W. JOHNSON JR. AND ROGER L. McCARTHY

P

ETER GERALD SIMPKINS, a guiding force at Bell Laboratories in fundamental fluid mechanics, fracture mechanics, and
development of the associated instrumentation for transparent
fluids and solids, passed away June 20, 2016, at the age of 81. His
pioneering work made dramatic improvements in the manufacture of optical fibers that are now the backbone of the internet.
Peter was born November 28, 1934, in London and started
his higher education at London University, where he earned
a diploma technology (aero engineering) in 1957. He went on
to earn a diploma at the von Karman Institute in Brussels in
1959 and an MS in aeronautics (1960) at the California Institute
of Technology. He then returned to London and attended
Imperial College, where he was awarded the diploma in 1963
and a PhD (aeronautics) in 1965. While doing his undergraduate work he was also an engineering apprentice at HandleyPage Aircraft Co. and, as a graduate student at Imperial
College, worked as a research assistant (1960–65).
He began his career in 1965 as a consultant staff scientist
at AVCO Corporation in Wilmington, Massachusetts, until he
was hired as a member of the technical staff at Bell Laboratories
in Whippany, New Jersey, in 1968. He became a US citizen in
1973 and, except for a brief stint as a senior research fellow
at the University of Southampton, England (1973–74), spent
283
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the remainder of his career at Bell Laboratories. He moved to
Murray Hill in 1974 when he joined the Labs’ basic research
area, and in 1983 was promoted to distinguished member of
the technical staff.
Peter was a highly respected researcher and collaborator at
Bell Laboratories. He made important contributions to understanding of the mechanical properties of optical fibers and the
source of strength degrading flaws. Using his knowledge of
fluid dynamics, he made advances in processes to effectively
coat fibers with polymers to protect the fiber surface from
damage. He was an important contributor to the understanding of the modified chemical vapor deposition (MCVD) process that AT&T developed for manufacturing fibers. For this
program, he again used his fluid dynamics background to recognize that thermophoresis was the driving force to deposit
high-purity silica particles on the inside of substrate tubes. His
breadth of knowledge of fundamental processes allowed him
to contribute to many other advances in areas such as metal
melting and casting, drying of sol-gel silica structures, and
thermal characterization of multichip modules.
He authored more than 60 technical publications and was
awarded six patents.
After his election in 1999 to the National Academy of
Engineering, Peter spent the next decade heavily involved in
various Section 10 (Mechanical Engineering) committees and
leadership. His dry wit, self-effacing understatement, and wise
insights endeared him to all his colleagues.
His advice and insights were regularly sought by the
National Aeronautics and Space Administration, where he
studied problems associated with missile and rocket reentry to provide American astronauts a safe return. He served
on the agency’s Spacelab 3 Science Board (1978–80), Fluids
and Chemical Processes Review Board (1978–80), Materials
Processing in Space Review Panel (1980–81), and Interface
Dynamics and Stability Review Panel (1992).
Always helping those in his profession, after his election
as a fellow of the American Society of Mechanical Engineers
(ASME) he served on the Environmental Heat Transfer
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Committee (1983–93), Fluid Mechanics Committee (1986–95),
Heat Transfer Honors and Awards Committee (1994–96), Heat
Transfer Visualization Committee (1992–97), Long Range
Directions and Issues in Heat Transfer Committee (1998–2001),
and Theory and Fundamental Research Committee (1992 until
his passing). He was also elected a fellow of the American
Physical Society in 2010 in recognition of his work in fluid
mechanics.
He was associate technical editor for Transactions of the ASME
Journal of Heat Transfer (1995–98) and technical referee for various National Science Foundation programs and for NATO
Advanced Study Institutes. He was a NATO fellow in 1959.
Peter was active in educating the next generation of engineers. At the time of his passing he was an adjunct professor
of chemical engineering at Lehigh University, as he had been
for the previous 28 years. And from 2002 to 2007 he taught
and advised graduate students as a University Professor
at Syracuse University’s L.C. Smith College of Engineering
and Computer Science. He started his practice of mentoring and educating as a lecturer at Northern Polytechnic in
London (1960–64) after getting his master’s and as a lecturer
at Northeastern University (1965–68). As a history buff and
self-proclaimed Renaissance man, he included social sciences
and literature in his curriculum to give students a sense of the
evolution of mathematics, physics, and engineering.
Among his personal interests and pursuits were stamp collecting, painting, photography, tennis, and bird watching. In
addition, he was an avid fisherman for over 40 years and spent
summer holidays with his wife, children, and grandchildren
at Loon Lake Lodge in Ontario. His passion for fishing would
inevitably lead to a lesson on fishing tips and tactics, and
on occasion he would challenge them to catch a larger walleye than he. During the early summer months his love of
hummingbirds would reemerge; he spent many hours relaxing on his deck taking photos of these small creatures when
they came to visit him.
Peter loved all opportunities to get together with his
daughters and grandchildren, watching them participate in
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sporting events and school plays or sharing with them another
of his passions, eating oysters.
He and his wife, Marion (née Hazell), loved all genres of
music and were enthusiastic dancers throughout their life.
In their early years together they won the All East England
Championship in square dancing.
He is survived by Marion; daughters Tracy, Lisa, and Fiona;
and five grandchildren.
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R AY M O N D E . S M A L L M A N
1929–2015
Elected in 2005
“For fundamental studies of defects in solids produced by
irradiation damage and plastic deformation.”
SUBMITTED BY THE NAE HOME SECRETARY

RAYMOND EDWARD SMALLMAN passed away Febru-

ary 25, 2015, at age 85.
He was born in Wolverhampton on August 4, 1929. The
middle child of a family of five siblings, with two brothers
and two sisters, he was certainly not born with the proverbial
silver spoon in his mouth, not even mild steel!
He lived most of his early life near Cannock in Staffordshire
and, throughout the hard times of the 1930s and then the war
years, helped in the family fish and chip shop and general store.
With his father away in the Royal Air Force, the running of the
shop depended on the collective efforts of the remainder of
the family. For Ray, this meant rising early to collect fish and
produce at the local railway station before going to school, followed in the evenings by taking orders and peeling potatoes.
Inevitably, school work was a lower priority than the survival
of the shop, but Ray derived great strength of character from his
mother who, as a 5-year-old, had received 80 percent burns in a
near-fatal bonfire accident. She was a remarkable woman with
little formal education but a tremendous sense of determination.

Prepared by Professor Rex Harris, University of Birmingham. Adapted
from the online posting at http://www.birmingham.ac.uk/university/
colleges/eps/news/schools/Professor-Ray-Smallman-Obituary.aspx.
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Despite—or perhaps because of—the challenges, Ray won
a scholarship to Rugeley Grammar School (1939–47). He went
on to the University of Birmingham, where he joined hundreds of returning servicemen. This proved to be a very positive factor as he was influenced greatly by their mature and
enthusiastic attitude to learning.
During this time, Ray met and fell for a very attractive local
girl, Doreen Faulkner, and this was the beginning of a partnership that lasted over 62 years. They were married September 6,
1952.
In the autumn of 1947 Ray began his long and distinguished
association with the University of Birmingham. He entered the
then Department of Metallurgy, which was under the leadership of Daniel Hanson, and Ray was taught by and exposed to
such metallurgical luminaries as G.V. Raynor, Frank Nabarro,
Bruce Bilby, Tsun Ko, Jock Eshelby, and of course Alan Cottrell
(later to become Sir Alan). Ray drank up all these influences
and in 1950 graduated with first-class honors in theoretical
and structural metallurgy. He then stayed on to do a PhD on
the structure of cold worked metals under the joint supervision of Cottrell and Kingsley Williamson. His PhD thesis,
“An Investigation into the Crystal Structure of Cold Worked
Metals,” was published in 1953, the same year he coauthored
two papers for publication in the very first edition of Acta
Metallurgica.1
In 1953 Ray left Birmingham to join the Metallurgy Division
at AERE (Atomic Energy Research Establishment) Harwell.
These were the heady days of the relatively new field of nuclear
metallurgy, with the added factor of irradiation damage. He
worked initially on the properties of liquid metals and then on
crystallographic aspects of the plastic deformation of metals.
In addition to scientific milestones, Ray’s time at Harwell
was personally memorable for the birth of daughter LesleyAnn in Abingdon in August 1955.
Smallman RE, Williamson GK, Ardley G. 1953. Yield points in
 luminium alloy single crystals. Acta Metallurgica 1(2):126–30.
a
Williamson GK, Smallman RE. 1953. The growth of strain-anneal c rystals
of pre-determined orientation. Acta Metallurgica 1(5):487–91.

1
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In 1956 he was appointed section leader in the Basic
Irradiated Group under the direction of Cottrell, who had now
joined Harwell and eventually directed Ray into the field of
electron microscopy, which became an important part of his
scientific life. The main drive at this time was to establish the
precise structure of irradiated solids, and it marked the beginning of a long and fruitful association between Ray and Ken
Westmacott, who began his professional life as an experimental officer at Harwell. Their close friendship endured until Ken
died in 2014.
Ken and Ray built a small-angle x-ray scattering camera, and
their results indicated defect clusters some tens of nanometers
in size in the irradiated material. They were very excited about
these results and discussed them with Cottrell, who characteristically observed that “seeing is believing” and that such
defects should be observable in an electron microscope. At
that time in the United Kingdom, only Mike Whelan and Peter
Hirsch (later Sir Peter) at Cambridge were using the electron
microscope for metallurgical-type observations.
In 1958 Ray left Harwell to accept an appointment as lecturer in Birmingham’s Department of Physical Metallurgy,
which was then under the leadership of G.V. Raynor (the old
department had split into Physical and Industrial Metallurgy,
the latter under the leadership of E.C. Rollason). He proceeded to build a world-class research team to investigate
the fundamental behavior of atomic-scale defects in metals
and ceramics. A vital tool for these studies was an electron
microscope, not, as mentioned, a standard piece of kit in those
days. Cottrell, as chair of the Metallurgy Committee of the
Department of Scientific and Industrial Research, was instrumental in Ray’s acquiring Birmingham’s very first electron
microscope: Ray submitted a research proposal for a transmission electron microscope (TEM) and, in 1959, was awarded the
princely sum of £11,000 to purchase an EM6G microscope.
In the classroom Ray put a lot of effort into his lectures
and quickly became one of the most popular lecturers in the
department. His research students in those pioneering times
included Ken Ashbee, Trevor Lindley, John Terry, Jeff Edington,
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Brian Beeston, and Tony Ball. It was a different world then and
a lot was expected of the postgraduate students. For example,
much of the ancillary equipment was designed and built inhouse, employing the magnificent skills of the departmental
workshop staff, and the students were involved not only in
these activities but also in building partitions, covering bench
tops, painting walls, and even helping to construct a hardboard box that was proudly christened the electron microscope laboratory.
At the time there were no purpose-built laboratories and
the physical metallurgy research laboratories were quite close
to the Physics Department. Stray magnetic fields emanating
from the physics synchrotron proved to be a particular problem. When in operation, the machine produced a magnetic
pulse every 9 seconds—the researchers in metallurgy were
often reduced to taking pictures on the electron microscope
between these magnetic pulses.
Those early years at Birmingham proved to be fruitful both
scientifically and personally, as Ray and Doreen’s second
child, Robert, was born in 1959.
A visit to Ray’s office at any time demonstrated how
well organized he was (a source of some envy to those of us
whose lives are largely chaotic). Among his many activities
and responsibilities he found time to write his classic Modern
Physical Metallurgy, the first edition of which appeared in 1962
(the eighth edition was published in 2013).
His productivity over some 50 years was quite remarkable, with the supervision (solely or jointly) of more than 100
PhD students, many of them staying in academia (25 became
professors) and others occupying senior technical positions
throughout the world. With his colleagues and students he
published more than 300 research papers and, in addition to
his classic tome, several seminal texts.
In 1963 Ray was promoted to senior lecturer and in 1964,
at just 35, he was appointed to a personal chair in physical
metallurgy. The 1960s were enjoyable and fun years for him
as he focused on his research and teaching. In his research,
defects, particularly vacancies and dislocation loops, were a
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major theme, but he also collaborated with the alloy chemistry
and rolling texture groups in his work on intermetallics and
on stacking fault energy.
Ray’s history is very much that of metallurgy at the
University of Birmingham. In 1965 physical metallurgy moved
to first-class teaching and research facilities that resulted from
discussions among Raynor, Alan McQuillan, Ray, and the other
members of staff. For more than 40 years the facilities coped
well with the demands, a tribute to the foresight of those early,
democratic discussions.
In 1966 Mike Loretto joined the department, an appointment
that underpinned the department’s TEM activities and ensured
that they would continue to evolve and explore new territories
while Ray became more involved in administrative and strategic matters in both the department and the wider university.
In 1969, when Raynor became vice principal (VP), Ray was
appointed Feeney Professor of Metallurgy and head of the
Department of Physical Metallurgy and Science of Materials.
In 1971 he assumed the newly formed chairmanship of the
School of Metallurgy, comprising the Departments of Physical
Metallurgy and Industrial Metallurgy.
He was aware of the vulnerability of metallurgy at
Birmingham—in terms of student numbers, it was a minnow
in the large science and engineering faculty pool. This fear
appeared to be justified by the disappearance of the UK’s second-oldest Metallurgy Department, at nearby Aston, and the
subsequent demise of its Departments of Minerals Engineering
and Production Engineering. The fact that Birmingham’s
School of Metallurgy and Materials is still alive and well owes
much to Ray’s strategic acumen during those critical years.
Throughout the 1970s he pursued a strategy of strengthening the department by ensuring strong representation on
universitywide bodies, in his role as chair of the Engineering
Group of Departments and then as deputy dean of the Faculty
of Science and Engineering. He always made sure that
Metallurgy and Materials was well informed and well supported (this was not always popular with his colleagues in
other departments).
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Parallel activities on a national scale in 1970–71 resulted
in Birmingham becoming a National Centre for Electron
Microscopy with the introduction of the AEI EM7 1MV
microscope, one of three funded by the government to further structural research in the UK. This exciting development
allowed observation of in situ studies of deformation, annealing, and recrystallization, transformations at low temperatures, and irradiation damage in various structural materials.
The facility provided a considerable stimulus to the department’s TEM research activities, especially those involving
plastic deformation, environmental cell oxidation, and highenergy electron-induced radiation damage in a variety of
materials.
In 1981 one of Ray’s long-term objectives was achieved with
the unification of the two departments with the Centre for
Materials Science to form the new Department of Metallurgy
and Materials. In 1984, while still head of school, he was
elected dean of the Faculty of Science and Engineering, and in
1985 he was elected the first dean of the newly created Faculty
of Engineering.
In 1987 he relinquished his deanship to become the university’s VP (essentially deputy vice chancellor), and a year
later he relinquished the headship and Mike Loretto became
department head. Ray was assisted by a very good working relationship with the vice chancellor, Michael (later Sir
Michael) Thompson, and assembled a formidable team that
was responsible for a number of fundamental and far-reaching
changes to the university structure.
An essential part of Ray’s approach was to bolster both the
strong interactions between science and engineering as equal
partners and the status of engineering at the university—he
always made sure that the voice of engineering was heard in
what were often predominantly science-based bodies. One of
his legacies as vice principal was the strengthening of links
between physics, chemistry, and engineering with the establishment in 1989 of a laser ablation facility at Birmingham that
brought together researchers from physics, chemistry, electrical engineering, and metallurgy and materials to produce and
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study thin films of the newly discovered high-temperature
superconducting oxides.
He formally retired from the university in 1993 and became
an emeritus professor.
In addition to his illustrious career at Birmingham, he held
visiting appointments in the United States at the University of
Pennsylvania, Stanford University, University of California–
Berkeley, and Case Western Reserve University; and in Cape
Town, South Africa; New South Wales, Australia; Hong Kong;
and Novi Sad, former Yugoslavia.
He was active in the metallurgical societies, both local
(Birmingham Metallurgical Association, BMetA) and nationally (Institute of Materials). He became president of the BMetA
in 1972 and also served as vice president of the Institute of
Metals, Metals Society, and Institute of Materials. For over
20 years he chaired the editorial committee of the Metals
Science Journal (forerunner of Materials Science and Technology),
and he took a prominent role in the development and growth
of the Federation of European Materials Societies, including as
president (1994–96).
In recognition of his extensive contributions he was awarded
the Sir George Beilby Gold Medal of the Royal Institute of
Chemistry and the Institute of Metals (1969), the Van Horn
Distinguished Lecture Award (1978), the Rosenhain Medal
and the Elegant Work Prize of the Metals Society (both in
1979), the Platinum Medal of the Institute of Materials (1989),
and the Acta Materialia Gold Medal Prize (2004). In 1986 he
was elected a fellow of the Royal Society and in 1991 a fellow
of the Royal Academy of Engineering—membership in the
premier UK societies of both science and engineering was a
true reflection of Ray’s interests and where he saw metallurgy
as a discipline. He was named a Commander of the British
Empire in 1992, and in 2005 elected as a foreign associate of the
US National Academy of Engineering.
It is difficult to believe that this ever-bright light is now
gone. He was no saint and he could be intimidating, but
he was a loyal and very effective friend to metallurgy at
Birmingham. He appreciated fully the nature of metallurgy
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and the fact that it provides an essential bridge between science and engineering.
Ray had many tempting offers to move on to other pastures
and could easily have reached the position of vice chancellor. But he did not succumb to these temptations; instead, he
formulated a strategy and stuck with it, and through a combination of hard work, luck, and good judgment ensured the
long-term health of metallurgy at Birmingham. We owe it to
his legacy and to his memory to continue to resist the forces
of short-termism and the view that “big is always beautiful.”
Ray is survived by Doreen, Lesley-Ann, and Robert; and
seven grandchildren.
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JAMES J. SPILKER JR.
1933–2019
Elected in 1998
“For spread spectrum technology, communications
theory, and the global positioning systems.”
BY ANDREW MYERS
SUBMITTED BY THE NAE HOME SECRETARY

JAMES JULIUS SPILKER JR., a central figure in the technical

development of the Global Positioning System (GPS) and an
adjunct professor of aeronautics and astronautics at Stanford
University, died September 24, 2019. He was 86.
Spilker made many technical advances during his long
career, but he may be best known for developing the GPS
coarse/acquisition (CA) signal in the 1970s, which is today the
gateway for all the estimated 4 billion users of GPS. Likewise,
his delay-locked loop process, developed in the early 1960s,
became essential to GPS accuracy.
He was born August 4, 1933. By his own estimation, he
was a sickly child: febrile, technically blind without thick eyeglasses, and shy of 5 feet tall in high school. His mother raised
him alone working as a secretary in San Francisco.
Though a bright student in high school, Spilker did not at
first apply to college, thinking his mother lacked the financial resources to pay for it. Eventually, however, he found his
way into College of Marin, a community college in Northern
California. There, two of his science teachers 
spotted his
technical talents and helped him transfer into Stanford
University’s undergraduate program in 1953. He went on to
earn his BS, MS, and PhD degrees in electrical engineering at
Stanford, where he became an expert in transistor electronics
299
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and communications theory. He earned his doctorate in
1958, just one year after the Russians launched the Sputnik 1
satellite.
His first job out of college was with Lockheed Research Labs
in Palo Alto, where he invented the delay-locked loop process, an optimal receiver for tracking satellites. “It produced
the finest accuracy and that technology…has been in use for
GPS for many, many, many years,” he said in an oral history
recorded in 2018 for the Institute of Electrical and Electronics
Engineers (IEEE).
Throughout the 1960s, he authored or coauthored key
papers on signal timing technologies that later made possible
the precise tracking of satellites necessary for triangulating a
user’s position on the ground. He then joined Ford Aerospace
to help build a multisatellite communications system for
the military. In 1973 he and two Ford colleagues cofounded
Stanford Telecommunications, Inc., building the company
from 3 employees to 1300 by the time it was acquired for some
$500 million in 1999—all, Spilker proudly noted, without the
aid of a single dollar of venture capital.
He was always quick to dispense credit to those who
worked with him and helped him along the way. “That was
not my doing,” he would say. “I happened to be the leader for
much of that time, but this was a team effort of…wonderful,
wonderful people that I will value forever.”
He believed his mission in life was to serve others and use
his engineering talents to solve the world’s pressing engineering problems. In fact, he said, “Engineering technology is the
necessary catalyst for world-changing benefits to humanity.”
He often cited Mother Teresa as a role model.
It was in the early 1970s that Bradford W. Parkinson
approached Spilker about collaborating on the original GPS
architecture. At the time it was strictly a military project,
but the two men always set their sights on civilian applications, where they knew their work would have the most far-
reaching effect on society. “We all recognized that the ultimate
main market for this type of technology was not military, it
was commercial,” Spilker said in the IEEE interview.
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Spilker focused his efforts on improving both the accuracy
and the economics of GPS. He understood from the first that
cost would be a key factor in broad acceptance and worked
hard to make the technology affordable. In 2018 he imagined
himself back in 1978 looking 40 years into the future: “You’d say
one word…[:] Magic.” GPS chips now cost “just a few cents.”
Spilker and Parkinson coauthored Global Positioning System:
Theory and Applications (American Institute of Aeronautics and
Astronautics, 1996), the standard text for GPS. And Spilker’s
popular textbook Digital Communications by Satellite (PrenticeHall Information Theory Series, 1977) has seen 10 printings,
including one in paperback.
In 2001 Spilker joined Parkinson at Stanford as a consulting professor of aeronautics and astronautics. In 2005
he cofounded the Stanford University Center for Position,
Navigation, and Time, where he continued to work on satellite navigation. In 2012 he and his wife, Anna Marie, a real
estate broker and investor, made a gift of $28 million to name
the James and Anna Marie Spilker Engineering and Applied
Sciences Building and to establish a permanent professorship
in the Stanford School of Engineering.
Spilker was elected to the National Academy of Engineering,
the Air Force GPS Hall of Fame, and the Silicon Valley
Engineering Hall of Fame, and was a life fellow of the IEEE
and a fellow of the Institute of Navigation. He also shared the
Robert H. Goddard Memorial Trophy (2012), presented to “the
GPS Originator Team,” and in 2015 he won the IEEE Edison
Medal.
In 2019 he was honored, along with Parkinson and industry engineers Hugo Fruehauf and Richard Schwartz, with
the Queen Elizabeth Prize for Engineering (QEPrize) for
their pioneering work in the development of GPS. One of the
world’s most prestigious engineering accolades, the prize
came with a £1 million honorarium to be shared among the
recipients. Spilker donated his share to the Stanford School of
Engineering, a testament to his ever-generous spirit.
“Jim Spilker was a technical giant, as his many accomplishments and awards attest,” said Jim Plummer, former dean of
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the Stanford School of Engineering. “But he was also someone who cared very deeply about the next generation, about
education, and about finding ways for universities to more
effectively tackle the big problems we face today. He was a
champion of interdisciplinary research teams. He was a very
valuable advisor to me when I was dean and always had
thoughtful and often unexpected ideas on how to tackle both
opportunities and problems. I will greatly miss him.”
“An era is passing,” said friend and colleague Brad
Parkinson. “Jim made so many contributions to GPS—the
signal, the original monitor stations, and the books that propagated his great knowledge to the next generations. He was
always a very positive and creative contributor to the world of
position, navigation, and timing. We will miss him, but hold
him as a wonderful example of engineering and of Stanford
graduates.”
In his spare time Spilker was something of a fitness enthusiast, and won awards in bodybuilding and sprinting in his
50s and 60s.
He is survived by his wife of 44 years, Anna Marie, of Half
Moon Bay, California; their children Leslie (Bruce) Dudley,
Mark (Karen) Spilker, David (Arlene) Spilker, and Sharon
(Bob) Scripps; 12 grandchildren; and 3 great-grandchildren;
as well as Merry, his German shepherd, and two rescue cats,
Siam and Tiger.
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G A RY K . S TA R K W E AT H E R
1938–2019
Elected in 2004
“For the innovative application of optical technologies to
computing, including the invention of the laser printer.”
BY BOB SPROULL AND TURNER WHITTED

GARY KEITH STARKWEATHER, 81, died December 26, 2019,

in Orlando, Florida. He was known principally as the inventor of the laser printer while at Xerox Corp. in the early 1970s,
and he later contributed to imaging technologies at Apple and
Microsoft.
He was an exceptional innovator known for his imagination, hard work, and utter joy when prototyping and tackling
challenging problems, all with ever-present humor. He was a
welcoming and generous collaborator who engaged many colleagues to help him build successive prototype laser scanners
perched atop gutted copiers to be part of a computer printing system, eventually producing several dozen networked
printers operated inside Xerox and at a few external test sites.
The technology became the basis for the Xerox 9700 product,
a two-page-a-second computer printer, often printing a billion
sheets a month. It became a multibillion-dollar business for
Xerox.
Gary was born January 9, 1938, in Lansing, Michigan. He was
a precocious tinkerer in junior high, encouraged by teachers
and local automotive engineers. He liked to understand how
things “really worked” and because equations explained
how things worked, he majored in physics at Michigan
State University. While working with a physics professor, he
305
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became fascinated by optics: gratings, spectroscopy, absorption measurements. He also met Joyce Attard, an undergraduate 2 years behind him; they married after she finished college,
and moved to Rochester, New York, where Gary went to work
for Bausch & Lomb and pursued a master’s degree in optics
from the University of Rochester. He soon moved to Xerox,
where the then-new company was looking for new markets
for xerography.
He proposed improvements to LDX, a struggling product to print images digitized with a flying spot cathode ray
tube (CRT), transmitted over high-speed telephone lines,
and imaged with another flying spot CRT onto a xerographic
printer. To increase the exposure intensity and thus the printing speed he proposed using a laser light source rather than
a CRT; lasers had been invented only a few years earlier.
Management did not encourage him.
But Gary’s imagination was not daunted: he realized he
could build a laser-exposed digital printer for data coming
from scanners or generated by computers. He started putting
together prototypes: deflecting a laser beam with a spinning
multifaceted polygonal mirror, modulating the beam with a
Pockels cell, and focusing the beam spot on the photosensitive
drum of a Xerox copier with its optical imaging components
removed.
There were many practical problems, and key components
were expensive and unreliable. Gary was briefly stymied by
the imperfect alignment of the mirror faces of the polygon,
which resulted in unacceptably uneven scan-line spacing on
the drum. A more accurate polygon would be too expensive.
During an unrelated meeting, he realized that an altered optical system could solve the problem with a cylindrical lens, a
$10 part from Edmund Scientific, which worked marvelously
in his prototype. “It’s as close as any inventor ever comes to
a Eureka moment, that a device that costs $10 fixes a $15,000
problem.” Figure 1 of US Patent 3,995,110A shows the essence
of Gary’s invention.
Gary didn’t stop with a proof of concept in 1971: he wanted a
practical, robust, fieldable system. He moved to the Xerox Palo
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FIGURE 1 The key figure from US Patent 3,995,110A. The laser (1),
modulator (4), rotating polygonal mirror (16), the crucial cylindrical
lens (36), and the cylindrical photoreceptor (25) of a conventional
xerographic copier.

Alto Research Center (PARC) to find more supportive management and a collection of collaborators who could build the
digital hardware and software to drive his printers. He made
many improvements to improve reliability and reduce cost:
a HeNe laser and a red-sensitive photoconductor, an electro
optical modulator (newly available), optimized designs for
the polygon motor and its drive electronics, and others. The
Alto personal computer developed at PARC, augmented with
hardware to generate page images and send them to Gary’s
printer, was the first printer server.
In getting to a persuasive prototype, Gary overcame many
obstacles with solutions that often showed his imagination.
When his lab was moved to a building about 2500 feet away
from a unique computer setup that provided video bit streams
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to test his scanner, Gary set up two optical links, each with a
transmitter (laser, modulator, inexpensive astronomical telescope) and a receiver (telescope, filter, photomultiplier) on the
building rooftops to connect the systems. A microwave link
would not have had enough bandwidth; even the time-offlight delay of the optical link delayed the video data enough
to shift all the images 1 inch to the right on the page. If it
rained heavily, the roofs of the buildings would sag, the telescopes would go out of alignment, and Gary and his friend
Bob Kowalski would take to the roofs with walkie-talkies to
tune everything up (fortunately, from April to November, it
hardly rains in Palo Alto, and no adjustments were needed).
Testing proceeded.
Gary and collaborators drove his prototype printer into limited production as the Dover printer using surplus Xerox 7000
copiers. Several dozen were built and deployed around Xerox
on its digital network as well as at test sites, including several
university computer science departments. He also adapted his
design to a quite different copier, the Xerox 9200, which imaged
two pages per second on a blue-sensitive photo
conductor
belt. With electronics derived from the PARC prototypes, this
became the Xerox 9700 computer printer, a hugely successful
product for Xerox at a time when its traditional copier market
was being challenged by smaller less expensive copiers from
Japan.
Laser printers based on Gary’s design sprouted a large
industry, fueled by rapidly declining costs of digital e lectronics
and computers, by new modulator and laser designs (especially laser diodes), and by software such as Adobe’s Postscript
to generate and print complex page images. Gary foresaw that
personal computers would come to dominate imaging and
printing, and in 1988 he moved to Apple Computer to work in
publishing and color standards. He developed the ColorSync
system for calibrating color displays, using all his charm to
move his ideas into products.
Gary joined Microsoft in 1997 as an architect specializing in color management. From the beginning he was the
authority on color and displays with expertise recognized
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throughout the company. In October 1998 he moved to
Microsoft’s research division (MSR) as a founding member of
the Hardware Devices Group. The research venue gave him
the tools and freedom to return to his natural mode of experimenting, building, and inventing. Just as one would expect, an
optical bench with assorted lasers soon appeared in the center
of the group’s hardware lab. He mentored many engineers at
Microsoft, inviting them into the lab “to fail fast and often”
working on new ideas.
His contributions went far beyond novel optics for displays
as he advised and collaborated on projects ranging from smart
watches to MEMS devices to digital photography.
From carefully selected off-the-shelf components he constructed a wall-sized multipanel display placed in a highly
visible wall of the hardware lab. Visitors entering the building through the atrium would glance through the glass walls
of the lab and ask “what is that?” and “where did that come
from?” As he had done throughout his career, he built things
that changed the way other people thought about technology.
At the desktop scale he combined three projectors and
a curved diffusing surface into a desktop display surface
44 inches wide known as DSHARP. No one at Microsoft had
experienced such a desktop before. His design was duplicated
and copies were moved to various product groups in the company to sell the notion of a “desktop surround.” In MSR the
Human-Computer Interaction group conducted a user study
to evaluate the utility of such a large display surface. They
were not surprised to discover the large display’s improvement in user productivity.
In 2005 Gary decided it was time to retire. He and Joyce
moved to DeBary, Florida, close to a golf course. But Microsoft
was not ready to let him go. With the title “researcher e meritus”
he agreed to return to Redmond, Washington, for at least
1 week each year. Each of those weeks was filled by meetings
with people throughout the company who sought his advice
on just about every known topic. One remarked, “folks from
across the company would literally line up to visit with him to
discuss challenging problems.”
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Of the numerous honors Gary received, he was most proud
of induction into the Inventors Hall of Fame in 2012. He
shared a Scientific and Engineering Award (an Oscar) from the
Academy of Motion Picture Arts and Sciences in 1994 for work
on film scanning for Lucasfilm’s Star Wars. He received major
awards from the Optical Society of America and the Society
for Information Display, which made him a fellow in 2003, and
he was elected to the NAE in 2004.
Gary embraced and often cited Einstein’s observation that
imagination is more important than knowledge. His career
and contributions are glorious exhibits of the power of imagination and the ingenuity to realize his visions. All who worked
with him remember fondly his humor and high spirits.
He is survived by Joyce, their children Amy Beth (John)
Oosterhouse and Keith David Starkweather (Vanessa Nanette
Dixon), and four grandchildren.
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R O B E RT M . S T E I N
1937–2019
Elected in 2019
“For contributions to electronic systems for national security applications.”
BY WILLIAM P. DELANEY
WITH CONTRIBUTIONS FROM ERIC D. EVANS
AND MIRIAM E. JOHN

R

OBERT MERRITT STEIN, a leader in national security
a nalysis and technology, died April 2, 2019, at the age of 82.
Sadly, he and his family did not get to enjoy his scheduled
induction into the NAE in September 2019.
He was born in Hartford, Connecticut, on February 19,
1937, the son of Michael and Edna (née Smith) Stein. He spent
his youth in Brookline, Massachusetts, where he attended the
Roxbury Latin School, frequently ranked as the best boys’ high
school in the state.
Bob navigated a world of very bright engineers and scientists with ease and was often found explaining to them how a
particular problem could be dissected, analyzed, and solved.
He possessed a delightful combination of a brilliant mind, an
ability to articulate complex issues concisely, and a friendly,
engaging personal aura, qualities that made him everybody’s
friend, confidant, teacher, and mentor. He exuded an enviable
degree of self-confidence without any hint of arrogance. These
attributes made him an outstanding “truth seeker,” systems
analyst, and problem solver, and a wonderful colleague.
Bob started his career in industry in 1958 when he joined the
Raytheon Company as a design engineer; he spent his entire
industrial career there in positions of increasing responsibility.
During the 1960s and 1970s he led system engineering efforts
313
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on the Safeguard, Sentry, Hard Site, and Patriot air/ballistic
missile defense systems. As deputy director of the company’s
Strategic Defense Directorate, in 1970 he was appointed a consulting scientist, Raytheon’s most senior technical position.
He became deputy manager of the company’s Advanced Air
Defense Programs Office in 1985 and manager in 1989, and
was the company focus for future configurations of the Patriot,
Hawk, Stinger, Standard Missile, Sparrow, and AMRAAM
air defense missile systems. He was responsible for developing the original concepts for the Patriot PC-1 and -2 and
Standard Missile Block IVA advanced tactical ballistic missile
capabilities.
In 1992 Raytheon awarded Bob the Thomas L. Phillips
Award for Excellence in Technology, the company’s highest
special recognition for technical achievement. In May 1993 he
was elected a Raytheon vice president by the company’s board
of directors. In 1998, with the acquisition of Hughes and Texas
Instrument Defense, his responsibilities were extended to
include the integration of the three legacy companies’ advance
concepts teams.
I first met Bob at Raytheon some 40 years ago when he was
the company’s leading broad systems thinker. In team sports
(e.g., basketball), there is the “go-to guy” who shines at critical moments and gets the ball when a single basket can win
the game before the clock runs out. For many years, Bob was
Raytheon’s “go-to guy” and he saw plenty of action. These
accomplishments are hidden from view by classification or
company proprietary restrictions, but I was there enough times
to witness Bob’s calm ability to lead his team and marshal the
company’s resources to solve big challenges.
Bob retired from Raytheon in 2000 and then focused on
helping investigate national security challenges on the Defense
Science Board (to which he was appointed in 1994). He participated in some 30 of these task forces and chaired or cochaired
7 of them over his 25 years of service to the DSB. He seemed to
have an indefatigable amount of energy and was often simultaneously on several task forces because his analytical talent
and insight were in great demand.
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Most DSB task force reports are classified, but Bob and I
were involved in one that was publicly released and is a good
example of his ability to see through the technical uncertainties and challenges and to point out the simplest and most convincing argument for government action. Some 2 million acres
of land in the continental United States are unusable because
of the presence of unexploded ordnance left over from testing,
mostly from World War II. The government was interested in
remediation since much of this land was valuable for development. A task force was set up on this topic and I recruited Bob
to join us.
The challenge was that the potential explosives
were underground, and the ability to accurately identify
objects underground was weak. A rock can be confused with a
hand grenade, any metallic object is suspect, and military test
ranges tend to be cluttered with metallic debris. In a horrendous number of false alarms, a detected harmless object (e.g.,
a buried soda can) had to be treated as a lethal object until it
was excavated and identified. At a cost of $150 to carefully
dig the hole and remove the object, the false alarm rate applied
to the 2 million acres translated into 200 million holes at a cost
of $30 billion, making the cost of remediation prohibitive.
While the rest of us fretted about the complexities of electronic detection of underground objects, Bob produced a
simple table to make the case for more R&D funding to reduce
false alarms. He argued that $100 million a year could produce a tenfold reduction in false alarms; the total US clearance
would then be $3 billion—a savings of close to $27 billion! It is
pretty difficult to come up with a stronger incentive than that!
Bob’s convincing argument resulted in a substantial increase in
government R&D on the false alarm problem and we received
a big “thank you” from the researchers in the field.
The Eugene G. Fubini Award was established in 1996 by
then-Secretary of Defense William J. Perry to recognize on an
annual basis an individual from the private sector who has
made highly significant contributions to the Department of
Defense in an advisory capacity over a sustained period of time.
Gene Fubini, the first recipient, was known for his innovation,
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willingness to tell leadership what they needed to hear, and
fearless and powerful perseverance in providing independent advice. The 2014 Fubini Award was presented to Bob
Stein on December 10, 2014, in the Pentagon for his numerous contributions to the Defense Science Board and for his
earlier contributions as a leader at the Raytheon Corporation.
Bob’s professional career provided many interesting stories.
One of his favorites was a meeting with an Army general who
was in charge of an air defense program. Bob noticed a hockey
puck with the West Point insignia on his desk and asked if the
general had played hockey at West Point. The general replied
that he had played until some goon from the MIT hockey team
broke his leg in a collision on the ice. For many years, Bob held
off telling him he was that goon!
Bob’s ambitious career was mirrored in a private life loaded
with adventure. For example, he loved motorcycles and, after
retirement in 2000, took his wife Gail on the back of a motorcycle for a ride across the United States by a northerly route,
then down the West Coast to a southerly route back across the
country, concluding with a run up the East Coast—a journey
of 10,000 miles spent largely on local roads, avoiding the interstates and meeting all kinds of interesting folks.
Among his many avocations, Bob was a “foodie”—he loved
fine food and enjoyed cooking it. He was particularly fond of
Chinese food. During his Raytheon career, he was on a business trip to China and his hosts treated him to many fine meals.
When they later traveled to the United States and visited the
Raytheon Company, Bob arranged fine Chinese dining for
them—at his home where he was chief cook! (I mentioned his
self-confidence earlier.)
He was also active in Brookline town government, serving
as a town meeting member and, for 2 years, chair of the board
of selectmen. And one of his favorite projects was the design
and building, with the help of his wife and sons, of a vacation
home on a hill in Vermont.
Bob is survived by Gail (née Saperstein), his courageous
wife of 59 years, sons David (Debra) and Rick, and three
grandchildren.
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Bob Stein was a rare combination. Our national security
depends on very bright people to lead us in solving major
challenges and, along the way, we cherish those wonderfully
nice people who brighten every day. Bob Stein did both; we
will sorely miss his presence.
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JAMES S. THORP
1937–2018
Elected in 1996
“For contributions to the development of digital techniques for
power system protection, monitoring, and control.”
BY ARUN PHADKE

JAMES SHELBY THORP passed away May 2, 2018, in Blacks-

burg, Virginia. He was the Hugh P. and Ethel C. Kelly Professor
Emeritus of Electrical and Computer Engineering in the College
of Engineering and had been head of the EECE Department at
Virginia Tech (2004–09). He was 81.
He was born February 7, 1937, in Kansas City, Missouri.
After high school he attended Cornell University, from which
he received his bachelor’s, master’s, and PhD degrees in electrical engineering. He stayed at Cornell as a faculty member
and eventually director of the School of Electrical Engineering,
where his tenure saw the development of an advanced program in all branches of the discipline as well as the hiring
of faculty well recognized for their contributions to various
fields of electrical engineering. The contributions of his graduate students and colleagues attest to the training they received
at Cornell.
Professor Thorp was a close colleague and collaborator of
mine for the past 40 years. Together we produced papers and
books in the field of computer relaying and wide area measure
ments using phasor measurement units (PMUs).
We started working together at the American Electric
Power Service Corporation in New York City when Jim joined
AEP on a sabbatical leave from Cornell in 1976. Very soon he
319
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began making highly original contributions, such as his work
on the limitation on speed of protection devices induced by
noise in the signals available to the protection tasks. His work
in this area is well recognized in the industry and guided our
research at AEP as it was immediately clear to all who worked
with him that here was a person who could provide a sound
technical basis for the work going on at AEP.
He contributed to developments at the national and international levels by participating in relevant activities of the
Institute of Electrical and Electronics Engineers (IEEE) and
International Council for Large Electric Systems (CIGRE).
These organizations were heavily involved in conducting
frontline research in all aspects of computer applications in
power systems.
Also at this time Jim and his students began a collaboration
with faculty and students at Virginia Tech. He was a principal contributor to the development of PMUs there, and they
have been recognized by electric utility industries around the
world as the modern measurement system capable of providing advanced control, monitoring, and protection of power
grids. Virginia Tech’s ECE Department was very fortunate to
have him as head while he continued his research with the VT
power engineering team.
Prof. Thorp published books and hundreds of papers and
articles and was an engineering superstar, outstanding teacher
(who won many teaching awards), and gifted administrator. His contributions were recognized with various honors
over the years. He became an IEEE fellow in 1989, and was
elected to the NAE in 1996. He was selected for the 2001 Power
Engineering Society Career Service Award and the 2006 IEEE
Outstanding Power Engineering Educator Award, and in
2008 he and I jointly received the Franklin Medal in Electrical
Engineering.
In May 2013 he was honored by a 2-day symposium organized by Dominion Virginia Power Company at which many
scholars, research faculty, and private-sector professionals
presented papers illustrating the impact of his research on
their work (I was humbled to be honored with him at the same
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symposium). One of his graduate students confessed that she
had never thrown out any piece of paper that Prof. Thorp
wrote on, as she was certain he was the most intelligent person
she would ever meet.
In addition to being a brilliant academic Jim Thorp was a
talented artist, woodworker, lover of opera, and avid golfer.
Anything he was interested in he would study and master
with ease.
He also had a great sense of humor and entertained everyone with his anecdotes and jokes. His life experiences gave
him a wealth of stories that sounded improbable but in fact
were true. His most famous episodes concerned his time in the
New York−New Jersey area, including an experience involving theft of a car battery and spare tires (a story repeated so
many times that many of his friends can repeat it). He commanded the attention of anyone in his presence and did so
until the day he died.
To his students and colleagues he was a great mentor who
made them better professionals and better people. He never
judged people based on their race, religion, sexual orientation,
or for any other reason. He also had a great respect for women,
especially women engineers, and helped many during his
lifetime.
Prof. Thorp was married three times: first to Barbara (née
Curit), who supported his early career, then Christine (née
Moore), and then Jane Haw Dusanic, whom he had met in
high school and married in 2013. Jane cared for him lovingly
and unselfishly during the last years of his life. She passed
away in her sleep on February 23, 2021. Jim is survived by
daughter Betsy VanAlstyne (William), son Gregory Thorp,
step
daughter Erica Shoemaker (David), and three grand
children; he was predeceased by his son Jeffrey Thorp.
Jim Thorp is missed by many people in the electric power
industry, to which he contributed so many brilliant ideas, and
by his many students, colleagues, and those of us who participated with him in a most exciting period in the field of electric
power engineering.
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W I L L I A M F. T I N N E Y
1921–2019
Elected in 1998
“For initiating sparse-matrix technology in electrical engineering
and contributions to power-system computer applications.”
BY BRIAN STOTT

W

ILLIAM FRANK TINNEY passed away in Portland,
 regon, on April 14, 2019, three weeks before his 98th birthday.
O
He is widely regarded as the father of modern computer solutions for electric power networks, where his pioneering contributions have had a profound influence on the growth of today’s
power grids.
He was born May 5, 1921, to Elsie Frances (née Prohaska)
and Irving L. Tinney. In 1943, after 2 years of electrical engineering at Oregon State College, he enlisted in the US Army
and became a radar officer with training at MIT and Harvard.
He then earned bachelor’s and master’s degrees from Stanford
University.
Bill’s major groundbreaking work was carried out in the
Systems Analysis Section at Bonneville Power Administration
during his career there from 1950 to 1979. After he retired from
BPA, he became an independent consultant to vendors of
power systems software.
His seminal 1967 paper with John W. Walker revolutionized the solution of electric power networks via the then-novel
exploitation of network matrix sparsity (which also inspired
much work by the mathematical community on more general
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sparse matrix solutions).1 In the electric power field, it became
possible for the first time to solve large transmission network
models rapidly and exactly. This launched a tidal wave of
innovation to adapt this technology to mainstream software
tools such as power flow, optimal power flow, state estimation,
stability analysis, fault analysis, security dispatch, network
reduction, and congestive market pricing. Bill collaborated
in many of these pioneering adaptations, as reported in IEEE
PES Transactions papers.
His innovations are as relevant today as ever. Practically
every electric power system network computer program
developed over the past 50 years is based on his sparse network solution approach. As computers have advanced, his
techniques have made it possible to undertake more complex
power network simulations and optimizations on larger and
more detailed power grid models, involving many thousands
or even millions of network solutions, and including critical
real-time applications for economy and security. He has thus
had immeasurable effect on the planning, design, and reliable
operation of the world’s power grids, from individual utilitylevel to continentwide modeling.
While sparsity technology itself is central to all such network applications, two other specific breakthroughs must be
emphasized: the 1967 Tinney and Hart paper on Newton power
flow2 and the 1968 Dommel and Tinney paper on optimal
power flow (OPF).3 Newton’s method soon became and remains
the gold standard for power flow, and the OPF paper—the first
clear and concise treatment of the problem—was voted the fifthmost important paper in 20th century power system analysis.4
Tinney WF, Walker JW. 1967. Direct solutions of sparse network equations by optimally ordered triangular factorization. Proceedings of the
IEEE 55(11):1801–09.
2
Tinney WF, Hart CE. 1967. Power flow solution by Newton’s method.
IEEE Transactions on Power Apparatus and Systems PAS-86(11):1449–60.
3
Dommel HW, Tinney WF. 1968. Optimal power flow solutions. IEEE
Transactions on Power Apparatus and Systems PAS-87(10):1866–76.
4
North American Power Symposium, 2000: High-impact papers in
power engineering, 1900–1999.
1
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Bill’s substantial work was recognized in a variety of ways.
In 1976 he was designated an IEEE fellow, cited for “contributions to the application of digital computers to solve large power
network problems.” Other honors include the IEEE Power
Engineering Medal (2011), election to the National Academy
of Engineering, a Gold Medal from the US Department of
the Interior (1975), the Order of the Sacred Treasure of Japan
(1990), the IEEE Third Millennium Medal (2000), and the IEEE
Power & Energy Society’s Charles Concordia Award (2004).
Apart from the technology itself, Bill has had enormous
influence on the lives of many people. Generations of younger
engineers will remember with great gratitude his support,
inspiration, and friendship. He was always a model of modesty, integrity, diligence, generosity, and open-mindedness,
with an exceptional ability and willingness to mentor and
cooperate with others.
It should also be noted that he was well versed in classical music, art, poetry, philosophy, and many science areas. He
was a fountain of informed knowledge and ideas on multiple
topics, and an engaging and humorous speaker and writer—
the quintessential Renaissance man.
Bill is survived by his son, David. He was predeceased by
his wife Alice May in 2009 and their daughter Karen Elizabeth
Maurice in 2012.
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J A M E S E . VA N N E S S
1926–2016
Elected in 1998
“For computer algorithms used in the design and
operation of electric power systems.”
BY ARUN PHADKE AND AMANDA MORRIS

JAMES EDWARD VAN NESS, emeritus professor of electrical

engineering and computer science at Northwestern University,
passed away at age 90 on September 9, 2016, after a long illness. He was born June 24, 1926, to Hubert and Sarah Van Ness
in Omaha and spent his boyhood in Boone, Iowa. He will be
remembered as a devoted teacher, valued mentor, and friend.
Professor Van Ness was inspired to pursue electrical engineering after serving in the US Navy, where he spent 2 years
working with radar equipment on an aircraft carrier. When his
service ended, he earned his BS at Iowa State University (1949)
and then his master’s (1951) and PhD (1954) at Northwestern,
all in electrical engineering. Before he had even finished his
PhD, he joined Northwestern as a lecturer in 1952 and went on
to become a full professor.
He made major contributions in the area of large-scale networks, including early computer systems and the power grid.
He published path-breaking papers in IEEE Transactions on
Power Apparatus and Systems and other publications of note.
He was a close associate of the first author, beginning with
his contribution to the summer institutes at the University of
Wisconsin–Madison. He is best remembered for his work on
load flow, a key program used in most engineering applications in power system engineering.
327
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Before Jim published his work on load flow, the commonly
used method was to formulate the problem as an iterative
approach to find voltages on the network, minimizing variation in voltages as iterations advanced. Although this method
provided results in most cases, the procedure was slow to converge to a solution, and often did not do so when the power
system was heavily loaded. In 1961 Jim (with his student John
H. Griffin) published a paper titled “Elimination Methods for
Load-Flow Studies”1 that completely altered the approach to
the load flow problem. For the first time, they keyed in on the
injection data in the load flow formulation and strived to find
a solution to system voltage vector that minimized the residue in the injections. This led to the famous Jacobian matrix
formulation, which would converge in a few iterations and
could always find a solution (whether or not it was physically
realizable).
The process involved the solving of a large dimensional matrix equation, which was greatly simplified by the
work published by William Tinney of the Bonneville Power
Administration in Portland, Oregon. Van Ness’s and Tinney’s
work completely changed the landscape of power system
engineering software. Later, Brian Stott built on their work to
produce a remarkable simplification of the entire problem as
a fast decoupled load flow formulation; it is now the universally accepted method for solving load flow problems in most
applications in the power industry.
Professor Van Ness’s work was a driver in bringing highperformance computers to Northwestern in the 1970s—a time
when computers were so massive that they required their own
buildings. He became a fellow of the Institute of Electrical and
Electronics Engineers in 1981 for his contributions to research
and education in computer analysis of power systems, and his
pioneering work led to his NAE election in 1988. He was also
a member of Eta Kappa Nu, Tau Beta Pi, Sigma Xi, and the
Association of Computing Machinery.
In Transactions of the American Institute of Electrical Engineers
80(3):299–302.

1
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Jim had a sparkling sense of humor. He would pepper his
lectures with anecdotes and accounts of personal contacts
with scholars such as Edward Kimbark, who also had worked
at Northwestern University. His humorous stories were often
self-deprecating; for example, one day a student came to him
after class about a joke Jim had told during the lecture. The
student said that his father had taken Jim’s class some years
ago—and that he had told the very same joke back then.
“Jim was truly a gentleman and a scholar,” said Alan
Sahakian, chair and professor of Northwestern’s Department
of Electrical Engineering and Computer Science. “He was very
modest and down-to-earth in spite of his many accomplishments and distinctions.”
My (first author’s) son Ajit attended Northwestern starting in 1989, and Jim and his wife Mary Ellen looked after him
most kindly, including hosting him for meals at their home
near campus.
With the exception of brief stints as a visiting professor at
the University of California at Berkeley and Massachusetts
Institute of Technology, Jim spent his career at Northwestern.
He was director of the computing center (1962–65) and chair
of the EECS Department (1969–72).
Although his research into power systems earned him international recognition, Jim most valued teaching and spending
time with his students. He also enjoyed music, gardening,
travel, photography, history books, and trains.
James Van Ness is survived by his wife of 67 years, Mary
Ellen (née Dolvin); daughters Becky, Barb, Meg, and Julie; and
five grandchildren and one great-grandchild.
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A RT H U R F. V E I N O T T J R .
1934–2012
Elected in 1986
“For fundamental contributions to operations research and engineering theory
and practice, especially inventory theory and Markovian decision processes.”
BY RICHARD W. COTTLE

A

RTHUR FALES VEINOTT JR., a towering figure in the field
of operations research, passed away December 12, 2012, at age
78. He was professor of management science and engineering
emeritus in the Stanford University School of Engineering, having spent his entire 47-year career there.
Born in Boston on October 12, 1934, and known from childhood as Pete, he spent his early years in Newton and attended
public schools there. He obtained his undergraduate education at Lehigh University, earning a BS in industrial engineering and a BA in arts and science in 1956. He was elected to Phi
Beta Kappa, Tau Beta Pi, and Omicron Delta Kappa. He went
on to Columbia University where, in 1960, he earned a PhD
in industrial engineering with specialization in operations
research; his thesis supervisor was Cyrus Derman, with whom
he maintained a lifelong friendship.
After receiving his doctorate, Pete became a 1st lieutenant
in the US Air Force, serving as an operations analyst in the
Operations Analysis Office of the Air Force Logistics Command.
After 2 years in this capacity he joined the Stanford faculty as an assistant professor in the Department of Industrial
Engineering. He was promoted to associate professor in 1964
and full professor in 1967, at which time the Department of
Operations Research (OR) was launched, after being a program
331

Copyright National Academy of Sciences. All rights reserved.

Memorial Tributes: Volume 23

332

MEMORIAL TRIBUTES

for 5 years. He chaired the OR Department for 10 years
(1975–85). In addition, in 1975 he and several other Stanford
faculty members created and taught in the highly successful
undergraduate Program in Mathematical and Computational
Science.
Along with Kenneth Arrow, Gerald Lieberman, and others,
Pete did much to build Stanford’s OR doctoral program into one
of world-renowned importance. In the process, he augmented
his already extensive knowledge of mathematics, statistics, economics, and computer science, disciplines that play leading
roles in OR. He was arguably a master of the entire contemporary OR field, making significant contributions to special topics
such as inventory theory, supply chain management, dynamic
programming, and lattice programming, all of which were
deepened and broadened by his comprehensive scholarship.
From 2001 to 2004 Pete was also a principal investigator
and codirector of the General Motors/Stanford Collaborative
Research Laboratory in Work Systems, an initiative that exemplifies how industrial issues and academic interests can be
brought together to address problems of practical importance.
A unifying theme of his research and that of his many
students was to find and elucidate structure in the optimal
solutions of complex optimization problems. The relentless
pursuit of this goal was one of his characteristic traits. Pete
was demanding of himself and of his 28 thesis advisees; his
exacting standard meant that he was never content to rush the
submission of a manuscript for publication.
Pete’s primary professional affiliation was with the Institute
for Operations Research and the Management Sciences
(INFORMS), created in 1995 from the merger of the Operations
Research Society of America (ORSA) and the Institute of
Management Sciences (TIMS). He is especially noted for two
major initiatives: his conception and service as founding (later,
advisory) editor of Mathematics of Operations Research (1974–80)
and his work in bringing about the annual John von Neumann
Theory Prize, first awarded in 1975 to an individual or group
who has made fundamental and sustained contributions to
theory in operations research and the management sciences.
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Elected to the National Academy of Engineering in 1986,
Pete received the von Neumann Theory Prize in 2007 “for
his profound contributions to three major areas of operations
research and management science: inventory theory, dynamic
programming, and lattice programming.” He became a
fellow of the Institute of Mathematical Statistics in 1970 and
of INFORMS in 2002. He was also a Guggenheim Fellow
(1978–79).
Pete’s passion for learning went beyond his academic life.
A self-taught avid tennis player, self-educated early adopter of
new technologies, and well read in history, he always enjoyed
sharing ideas with family and friends. It was not uncommon
for the Encyclopedia Britannica (later replaced by Google) to
make an appearance at the dinner table to settle differences of
opinion.
Pete was dedicated to moving forward in his pursuits and
not being held back by requirements he felt were unnecessary.
He demonstrated this early on when he became an Eagle
Scout at age 14, having negotiated in advance with his troop
leaders that his age should not be an impediment to becoming
an Eagle Scout if all other requirements were met. This was a
defining trait that he applied throughout his personal and professional life: every challenge worth pursuing was met with
complete dedication and determination.
He enjoyed sailing, bird watching, and reading and he
loved life. He often said of Stanford “we live in paradise.” He
was proud of his wife and children, and had a soft spot for his
young grandchildren.
In June 2009, faced with a serious medical condition, Pete
Veinott joined the ranks of the faculty emeriti. With grace and
composure, he continued his engagement with academic and
scientific activities to the very end. He is survived by his wife
Adriana Diener-Veinott (Stanford, CA), daughter Beth Veinott
(Shane) (Houghton, MI), son Mike Veinott (Susan) (San Jose,
CA), and two grandchildren.
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ANESTIS S. VELETSOS
1927–2018
Elected in 1979
“Contributions to advancement in structural dynamics and earthquake
engineering, especially in inelastic behavior and soil-structure interaction.”
BY JACOBO BIELAK AND JOSÉ M. ROESSET

ANESTIS STAVROU VELETSOS, one of the legends of struc-

tural dynamics and earthquake engineering, passed away
peacefully in Houston surrounded by his family on October 25,
2018. He was 91 years old.
Dr. Veletsos was the Brown & Root Professor in the
Department of Civil Engineering at Rice University from 1964
to 2009, and chaired the department from 1964 to 1972. He was
a distinguished adjunct professor at the University of Houston
(2010–13), and earlier in his career was professor of civil engineering at the University of Illinois at Urbana-Champaign,
where he also served on the university’s Center for Advanced
Study. He held visiting appointments at the University of
California, Berkeley, and at universities in Brazil and India. In
addition, he was an active consultant, served on a multitude
of advisory panels and boards, and lectured extensively in different parts of the world.
Andy was born of Greek parents on April 28, 1927, in
Istanbul, Turkey. He attended the famous Robert College, an
American university where Karl Terzaghi taught. In 1948 he
graduated with highest honors, earning a bachelor’s degree in
civil engineering. He was granted full scholarship to attend the
University of Illinois at Urbana-Champaign, where he earned
335
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master’s and PhD degrees in 1950 and 1953. Upon graduation
he joined the faculty and became a full professor in 1960.
He did seminal research in all areas of structural dynamics
and earthquake engineering involving structures, soils, and
foundations as well as tanks filled with fluid or granular materials. In the 1950s and early 1960s, under a project sponsored
by AASHTO (the American Association of State Highway
Transportation Officials), he conducted the most comprehensive studies to date on the response of bridges to moving loads,
combining the development and verification of analytical and
computational procedures with experimental work.
In the 1960s he published a number of groundbreaking
papers on the linear elastic and nonlinear response of singledegree-of-freedom systems to seismic excitation. He explained
how the nonlinear behavior could be understood as a reduction in the stiffness, and thus the natural frequency, of the
system and an increase in the energy dissipation or damping.
His paper with Nathan Newmark in 1961 on inelastic response
spectra, showing how to construct them depending on the
relation between the natural frequency of the system and
the frequency content of the earthquake, became the basis for
seismic design codes adopted all over the world. The importance of this work is clearly illustrated by the fact that it has
been repeated many times, sometimes with small variations,
other times in almost identical form, but rarely with the clear
and meaningful interpretation of the original work.
In the 1970s Andy conducted a series of studies on the
dynamic response of foundations and the effect of the foundation on the dynamic, and particularly the seismic, response of
a structure. He started with an exact solution for the horizontal and rocking stiffness of a circular foundation on the surface
of a linear elastic half space, first obtaining accurate solutions
shown in graphs and then approximate expressions and tables
that could be used in engineering practice, with the curves
corresponding to these expressions plotted with the exact
solutions to show their validity. He explained the meaning of
the real part of the solution and its variation with frequency
as representing the effects of stiffness and inertia (leading to
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equivalent models with a spring and a mass proposed by later
authors) and the imaginary part as representing the loss of
energy by radiation of the waves away from the foundation.
He proceeded with the determination of the dynamic stiffness
of foundations under vertical and torsional excitations and
with the solution for a viscoelastic foundation.
His work on seismic soil-structure interaction, elucidating
the effect of foundation flexibility on the response of the structure, showed how, again, the effect could be understood as a
reduction in the effective stiffness of the system and a potential increase in the energy dissipation. While some authors
assumed that the effects would always be beneficial, reducing the forces in the structure (something that was generally
true when dealing with very stiff nuclear power plants and
the typical smooth design spectra of the regulatory guides),
Andy explained that this would not always be true: whether
the effects were beneficial or detrimental depended on the
relation between the natural frequencies of the system and
the frequency content of the earthquake.
The response of rigid and flexible retaining walls to s eismic
excitation was another topic in which Andy’s work represented a significant contribution, allowing comparison of
analytical solutions with those resulting from the MononobeOkabe method commonly used in practice and to study the
effect of various parameters.
Following the example of George Housner, Andy conducted a number of studies on the seismic response of tanks
filled with fluid (e.g., liquefied gas) or granular material. His
studies revealed the difference between the hydrodynamic
forces created by a fluid inside a tank and those due to a fluid
surrounding the tank.
His research over the years improved understanding of
the responses of structures and structure-foundation systems
to various forms of dynamic excitation, and led to practical
methods of analysis and design for such systems. Two essential characteristics of his work are that it always combined
exact analytical solutions with the derivation of simplified
but accurate methods that could be used in practice, and
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his explanations were presented with exceptional clarity. He
authored or coauthored more than 140 publications, mostly
in structural and foundation dynamics and earthquake engineering, and his findings had a tremendous influence on the
practice of earthquake engineering.
For his pioneering work in structural dynamics and
the dynamics of soil-structure and fluid-structure interaction he was recognized with numerous prestigious honors.
From the American Society of Civil Engineers (ASCE) he
received the Norman Medal (1958 and 1990), Walter L. Huber
Civil Engineering Research Prize (1961), Nathan M. Newmark
Medal (1978), Ernest E. Howard Award (1990), Raymond C.
Reese Research Prize (1993), and Theodore von Karman Medal
(2001). He also was selected for the George W. Housner
Medal (1997) of the Earthquake Engineering Research Institute,
the institute’s highest honor, given in recognition of sustained
leadership and contributions to earthquake engineering and
earthquake risk mitigation. He was elected to the NAE in 1979
and served on several committees, including the Earthquake
Engineering Research Committee (1981–83), Committee on
Computational Mechanics (1981–84), and Academic Advisory
Council (1995–98); and he was a member of the Texas Academy
of Medicine, Engineering, & Science and an honorary member
of ASCE. He also received an honorary doctorate from the
University of Patras in Greece. Throughout his career, Andy
found no more gratifying professional experience than recognition from his peers and organizations that he admired and
respected greatly.
In addition to his abilities as a researcher, Andy was an
extraordinary teacher with the same outstanding clarity in
his class lectures and oral presentations. With his students he
was exacting but patient, and sought to ensure that all clearly
understood the principles behind their research.
Notwithstanding his accomplishments and honors, he was
a very modest and wonderful human being who spent considerable time mentoring younger researchers. He derived great
pleasure from his interactions with his talented students and
valued colleagues.
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To convey the esteem in which Andy was widely held, we
quote here from the tributes of various colleagues on the occasion of Andy’s passing.
Reginald DesRoches, the William and Stephanie Sick Dean
of Rice University’s George R. Brown School of Engineering:
“A handful of people have transformed the field of earthquake
engineering over the past century. Andy was certainly one of
them, a true giant in the field.”
Anil K. Chopra, a world-renowned expert in structural
dynamics and earthquake engineering: “[E]very…paper
he published [was] enlightening intellectually and a stellar
example of what a journal paper should be…. I wish to express
my deep appreciation to Andy Veletsos for his influence on my
professional growth. Through his research, writing, and lectures, he influenced my teaching and research philosophy.…
Andy Veletsos’ death marks the passing of a giant in earthquake engineering. But he will live on through his writings
and many PhD students from all over the world.”
Guillermo D. Hahn, who studied under Andy to earn his
MS and PhD in civil engineering at Rice: “The significance of
Professor Veletsos’ engineering contributions cannot be overemphasized, and his research and accomplishments truly
speak for themselves. Equally, I cannot overemphasize the
value and preciousness of his contributions in the classroom,
the office, and beyond—educating, guiding, and interacting
with students and colleagues through teaching and research.
It is remarkable that Professor Veletsos is able to motivate and
activate your thinking and mobilize your spirit and soul.”
Jethro W. Meek: “Dr. Veletsos was internationally regarded
as one of the greatest authorities in the area of structural
dynamics—one may count his equals on the fingers of one
hand! Such ‘academic giants’ are in many cases just as well
known for their arrogance and inflated egos as for their scientific accomplishments. Not so Dr. Veletsos. He was a man sure
enough of his worth that he was the very model of humility
and friendliness.”
Andy’s greatest joy outside of his profession was being
with his family. He is survived by his devoted wife of 52
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years, Katherine (née Economou), daughters Ann Marie and
Melinda, and four grandchildren.
In conclusion, as Jethro Meek wrote, “I like to believe that
when one stands before the Pearly Gates, St. Peter will ask
only one question, ‘Did you give more than you took?’ Andy,
in his humble way, would probably reply, ‘I don’t know—but
I did my best.’ And then St. Peter would certainly answer,
‘Nonsense, Andy—come right on in. Of late there’s been a
disturbing vibration in these Pearly Gates, and you’re just the
expert on structural dynamics we need to fix them!’”
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J O H N F. W E L C H J R .
1935–2020
Elected in 1983
“Leadership in developing engineered plastics and for increasing national
recognition of the importance of technology and innovation.”
BY ERIC DUCHARME

J

OHN FRANCIS WELCH JR., chemical engineer, former NAE
chair (1986–90), and chair and chief executive officer of the
General Electric Company, died March 1, 2020, at the age of 84.
Named “Manager of the Century” by Fortune Magazine, he was
also a champion for increasing national recognition of the importance of technology and innovation.
Candid, direct, and competitive, Welch became the chief
executive of General Electric at a time when the company’s
growth was muted, with market capitalization at $14 billion
and revenues of $28 billion. When he retired 2 decades later,
GE’s market capitalization was over $410 billion and its revenue $170 billion. The Financial Times named GE “The World’s
Most Respected Company” for three consecutive years (1997–
2000) during his tenure.
Jack Welch was born November 19, 1935, in Peabody,
Massachusetts, to Grace (née Andrews) and John Francis
Welch, a railroad conductor. Decades before his professional
achievements, the younger Welch was laying the foundation
of his no-nonsense leadership style in a gravel pit in his hometown of Salem. The place doubled as an impromptu baseball
field where he and other kids from the neighborhood played
ball after school. “There was a fight almost every day,” Larry
McIntire, who used to play in the pit and later became Salem’s
343

Copyright National Academy of Sciences. All rights reserved.

Memorial Tributes: Volume 23

344

MEMORIAL TRIBUTES

parks superintendent, told The New York Times. “I can still picture him jawing with a guy one and a half times his size. Welch
stands square in front of the guy yelling, ‘It’s our turn. Losers
out.’”
When Welch took the helm of General Electric, he built the
company’s own version of the pit at GE’s corporate learning
campus in Crotonville, New York. The Pit became the axis of
the campus and a place where Welch would come every other
week, engaging managers who helped him turn GE into the
world’s most valuable company. Some of them went on to run
other iconic corporations.
“As the most widely admired, studied, and imitated CEO
of his time, Welch has enriched not only GE’s shareholders
but also the shareholders of companies around the globe,”
Geoffrey Colvin wrote in Fortune in 1999. “His total economic
impact is impossible to calculate but must be a staggering
multiple of his GE performance.”
Before molding a generation of GE leaders in business and
technology, including a number of NAE members, Welch was
first and foremost an engineer. He graduated with honors from
the engineering college at the University of Massachusetts,
Amherst, in 1957, and in short order earned both a master’s
and doctoral degree in chemical engineering at the University
of Illinois at Urbana-Champaign.
When he arrived at GE in 1960, he quickly helped build the
company’s plastics business into one of its fastest-growing
units. He championed the industrialization of Lexan and
Noryl, thermoplastic materials resistant to extreme temperatures developed by GE researchers. He supervised the production of manufacturing plants and mounted an aggressive sales
and marketing plan, selling plastics to manufacturers of automobiles and appliances.
“Welch was literally a one-man engineering operation,”
former coworker Daniel Fox told The New York Times in 1981. “If
things weren’t moving fast enough for him, he moved them.”
At the age of 36, Welch became one of the youngest corporate officers in GE’s history as the company’s chemical and
metallurgical divisions leader. Soon after, in 1973, he was
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named the head of strategic planning for GE, and 4 years later
he was promoted to vice chair, heading the company’s consumer products and services sector.
In 1981 Welch became only the eighth GE chair and CEO
since the company was incorporated under Thomas Edison in
1892. He succeeded Reginald H. Jones and at the age of 45 was
the youngest to hold the position. Shortly after taking over he
said, “I’ve always argued that in General Electric, if you have
your facts straight, you put yourself out there with them, this
company will listen. That has always been the hallmark of the
GE I know.”
In his new position, Welch pressed to dismantle GE’s
bureaucracy and simplified organizations and reporting relationships. He initiated Six Sigma in the work culture, a method
borrowed from Motorola aimed at improving quality and productivity. He called it “the code that changes corporate DNA.”
Welch made many business acquisitions and dispositions
along the way; among the former was RCA, including the
NBC television network, for $6.4 billion in 1986. He expanded
the industrial business portfolio to include financial services
and consulting. Some of his gambles paid off, others were not
as successful.
One of his biggest gambles during his tenure was the development of the GE90 engine by GE Aviation. While Welch had
reservations about the program, at one point even proclaiming
it “dead,” he lobbied Boeing to get an exclusive engine contract for the longer-range Boeing 777-300ER and 777-200LR.
Days later at a press event with Boeing, he said, “the GE90
is the most money I’ve ever spent on a new product, so let’s
hope it works out.” It did. Over time, Boeing orders more than
doubled the original forecast of 500 deliveries; the GE90 has
more than 2700 engine orders to date.
Within weeks of his retirement, Welch’s memoir, Jack: Straight
from the Gut, stood atop the New York Times bestseller list.
Welch is survived by his third wife, the former Suzy
Wetlaufer, and four children from his first marriage, to Carolyn
B. Osburn: Katherine (Raymond Evan Solnik), John F. Welch
III, Anne, and Mark.
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H E R B E RT H . W O O D S O N
1925–2018
Elected in 1975
“Contributions to education in electromechanics and power
systems, and to advancing rotating machinery technology.”
BY BEN STREETMAN, JACOB ABRAHAM, ALAN BOVIK,
GARY HALLOCK, AND DEAN NEIKIRK

HERBERT

HORACE WOODSON was born April 25,
1925, in Stamford, Texas. He graduated from Lubbock High
School in 1942 and enlisted in the United States Navy, where he
served as a radio operator in the Pacific during World War II.
After being honorably discharged as an electronic technician’s
mate first class in 1946, he enrolled at the Massachusetts Institute
of Technology in 1947 and received his bachelor’s and master’s
degrees in electrical engineering simultaneously in 1952. He
spent 2 years at the Naval Ordnance Laboratory before returning to MIT in 1954 to get his PhD in electrical engineering, and
joined the department faculty in 1956.
At MIT he worked on magnetohydrodynamics and electromagnetic power generation, including novel approaches such
as “The Application of Superconductors in the Field Windings
of Large Synchronous Machines.”1 He also wrote the threevolume book Electromechanical Dynamics with his graduate
student James Melcher (Wiley, 1968); it is still used in MIT’s
OpenCourseWare. He was the first director of MIT’s Electric
Power Systems Laboratory, an interdepartmental lab in the
The authors prepared this tribute as a special committee chaired by UT
Cockrell School of Engineering Dean Emeritus Ben Streetman.
1
IEEE Transactions on Power Apparatus and Systems 90(2):620–27 (1971).
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School of Engineering, and the first Phillip Sporn Professor,
a position named for the president of the American Gas and
Electric Company.
Herb came to the University of Texas at Austin as chair of the
Department of Electrical Engineering (1971–81). Concurrently,
he continued his development of research programs in the fields
of energy and electric power, as founding director (1973–88) of
the Center for Energy Studies (CES), associate director (1974–86)
of the Fusion Research Center, associate director (1977–87) of
the Center for Electromechanics (CEM), and director (1982–88)
of the Center for Fusion Engineering (CFE).
In the early 1970s he met with Bill Drummond, professor of
physics and director of the Fusion Research Center, and suggested the use of a homopolar generator as a pulsed power
supply for the toroidal magnets of a tokamak reactor. The
original funding came from the Texas Atomic Energy Research
Foundation (TAERF), a group of Texas electric utilities that
funded fusion research. Grady Rylander Jr. (Department of
Mechanical Engineering) became involved when they decided
to build a small pulsed homopolar machine, and Bill Weldon
joined the homopolar group as a graduate student in 1973.
The growing team traveled together to raise funding for the
effort, mainly from TAERF and the Energy Research and
Development Administration (precursor to the Department
of Energy). The funding doubled each year from the original
$50,000 TAERF grant, and the Energy Storage Group became
the Center for Electromechanics in 1977.
It was Herb’s idea to form CEM, and he came up with
the name. Grady was designated director because Herb was
already CES director; Herb was associate director and Weldon
technical director (he became director in 1985). Herb remained
technically involved in the center even after he became dean.
He also was CEM’s primary link with the UT Austin administration through Provost Gerry Fonken, and he and Grady
were the ones who secured approval for the CEM/CES building, working with Fonken and Dean Earnest Gloyna.
In 1982 Herb established CFE, which formed a triad with
the two existing UT Austin fusion centers: the Institute for
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Fusion Studies (IFS), a theory group, and the Fusion Research
Center (FRC), an experimental group. One major result was
the IGNITEX concept, proposed by Marshall Rosenbluth
(IFS director), Weldon (CFE), and Herb. This was a compact
thermonuclear fusion device with the potential to produce
and control ignited plasmas with relative simplicity and low
cost. It used the tokamak toroidal geometry, still the leading
contender for a fusion machine today. The most novel feature of their concept was a single-turn main toroidal field coil,
powered by homopolar generators.2
Herb also pioneered high-performance, practical, h
 omopolar
generators. The low impedance of the magnetic field coils
and generator output were a perfect combination, providing
simplicity and low cost. Funding was obtained from the Texas
Higher Education Coordinating Board Advanced Technology
Program and other sources, and several prototype devices were
built and tested.
In 1988 Herb was appointed dean of the College of
Engineering and his 8-year term was marked by growth and
innovation. Outstanding faculty were hired and promoted,
and new scholarships and fellowships were established for
undergraduate and graduate students. The university’s Thrust
2000 program added more than 120 graduate student fellowships, with an original endowment of about $12–13 million.
Recognizing that all students benefit from having a cadre of
well-prepared and hard-working peers in every class, Herb
used the endowed scholarships to recruit National Merit
Scholars and other top students, particularly from Texas high
schools. He convinced members of the college’s Engineering
Advisory Board to host such students at their company facilities for an evening of food and learning about UT Austin’s
The concept is described in two early papers: Driga MD, Weldon
WF, Woodson HH, Walls WA, Hsieh KT. 1987. Magnetic system for
the IGNITEX fusion ignition experiment, 12th Symposium on Fusion
Engineering, Monterey, CA, October 12–16; and Walls WA, Gully JH,
Weldon WF, Woodson HH. 1991. Description of pulsed-power homopolar technologies for a fusion ignition experiment. Fusion Technology
19:1154–59.

2
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academic programs. Herb and staff from the Student Affairs
Office, department chairs, and faculty regaled the students with
information and inspiration about the College of Engineering
(now the Cockrell School of Engineering). The program was
highly effective in recruiting top-quality students.
In addition, new programs were established to enable students to succeed. In 1991 a group of female faculty and staff
members proposed to Dean Woodson the establishment of a
Women in Engineering Program (WEP). They were prepared
with logical arguments for the program, but Herb surprised
them by promptly agreeing (“Let’s do it!”) and committing to
fund the program. WEP quickly became an important feature
of the college’s outreach to women students, with many programs to help them succeed.
Herb also played an important role in establishing a new
Department of Biomedical Engineering. The College of
Engineering had a biomedical engineering graduate program
beginning in 1963, but as the program developed it became
clear that a department was needed. In about 1996 Herb asked
Ken Diller, Rebecca Richards-Kortum, and Grady Rylander III
(Grady Jr.’s son) to write a white paper in support of this transition. That document ultimately evolved into a proposal to
the Whitaker Foundation, which provided seed money for the
new department. With the support of the Whitaker grant and
the UT System, the Department of Biomedical Engineering
and the undergraduate biomedical engineering program were
established in 2001, and a new biomedical engineering building was built in 2008.
Beyond his technical and leadership accomplishments, Herb
authored multiple textbooks and filed numerous patents. He
also represented the United States at the 1972 US-USSR Joint
Commission on Technological and Scientific Cooperation.
In recognition of his substantial and sustained efforts,
in 1970 he was named a fellow of the Institute of Electrical
and Electronics Engineers “for contributions to teaching and
research in the areas of energy conversion, electric machinery, and power systems technology,” and he served a term as
president of the IEEE Power and Energy Society (1978–79). He
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received IEEE’s Nikola Tesla Award (1984), “for contributions
to power generation technology, particularly in superconducting generators and magnetohydrodynamic generators,” and
Lamme Medal (1998), “for leadership in research and technology in the field of pulsed power and energy conversion systems.” He was elected to the National Academy of Engineering
in 1975 and in 1990 received the Engineer of the Year Award
from the National Society of Professional Engineers.
Herb made great use of his retirement in 1996 to focus on his
family, his love of golf, and continued mentoring relationships.
He died at age 93 in Fort Worth on November 30, 2018. He was
predeceased by Blanche (née Sears), his wife of 58 years, in
2009. He is survived by sons Bill (Sabrina), Bob (Susan Brack),
and Brad; two grandchildren; and five great-grandchildren.
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RICHARD N. WRIGHT
1932–2019
Elected in 2003
“For sustained leadership in building research, for the
development of standards, and for representing the US building
industry and research community worldwide.”
BY HRATCH G. SEMERJIAN

R

ICHARD NEWPORT WRIGHT III died May 31, 2019, at
the age of 87, after a short illness. He had chosen and practiced
his vocation as a civil engineer with the conviction that well-
designed structures could help make the world habitable and
safe for communities and people.
Dick (“Bo” to his parents, siblings, and cousins) was born
May 17, 1932, in Syracuse, New York, to Richard N. Wright II
and Carolyn Baker Wright. His older sister Fleta and younger
brother John were his constant companions in the family’s
rustic summer “camp” in Conklin Falls, and the three of them
spent the post–World War II years working nights and weekends in the family’s store in downtown Syracuse. Both parents
shared their love of local history, literature, and music.
A gift from his father—the four volumes of Lives of the
Engineers: With an Account of Their Principal Works by Samuel
Smiles (1862)—inspired Dick at about age 12 to set his sights
on civil engineering. He was educated in Syracuse public
schools and received his bachelor’s degree in civil engineering (1953) from Syracuse University. He then worked for the
Pennsylvania Railroad Company (1953–54), an experience he
regarded as formative for his future engineering career.
From 1955 to 1957 he served in the enlisted ranks of the US
Army and was assigned to the Army Engineer School in Fort
353
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Belvoir, Virginia. He ended up teaching, as a corporal, noncommissioned officers, junior officers, and advanced officers;
he said, “It was fun with corporal’s stripes on my arm to be
giving classes to captains and majors and light colonels and
so forth at the Engineer School. It had a terrific effect on my
career because a couple of the younger officers I was working
with there had received their master’s degree at the University
of Illinois in the area of structural dynamics and structural
response to extreme loads…. They thought that I really ought
to go to the University of Illinois and extend my knowledge
there and they recommended me.” He then served for a year
in the Okinawa Engineering District of the US Army Corps
of Engineers where, among other duties, he observed the
Redwing series of nuclear tests on the Eniwetok Atoll.
After completing his military service, he was able to go to
the University of Illinois at Urbana-Champaign as both a fulltime instructor and a graduate student, receiving a master’s
degree in 1955. He continued his education with a doctoral
dissertation on “Loading Rate Effects in Structural Steel.”
After earning his PhD in civil engineering (1962), he joined
the university as a faculty member, attaining the rank of full
professor in 1970. His research and teaching yielded applications for the construction of highways, bridges, and buildings,
as well as early computer design tools.
His years at the university were also productive in another
important way: there he met Teresa Rios, a teacher from
Mexico City on a 2-year scholarship to study English. They
married in Guadalajara on August 23, 1959, and went on to
have four children. Teresa is credited with expanding Dick’s
interest in seeking to make his neighborhood, town, county,
and country safe, inclusive, and supportive places.
In 1971 Dick took a leave of absence from the University
of Illinois to work at the National Bureau of Standards (NBS),
where a new program was initiated by the Department of
Housing and Urban Development (HUD) called Operation
Breakthrough. The NBS program was to develop performance
criteria for industrialized housing systems and then evaluate
the housing systems supplied by various companies. Dick was
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chief of the Structures Section of the NBS Building Research
Division (1971–72). He also got involved with development
of a program on earthquake research after the February 1971
San Fernando earthquake, and was part of a team that investigated the structural performance of buildings in the Managua,
Nicaragua, earthquake of December 1972. This was also the
period when major efforts on energy conservation were initiated at NBS.
Dick returned to the University of Illinois as a professor
of civil engineering for the academic year 1973–74. He and
his family had just bought a new house and started landscaping when he got a call from NBS encouraging him to
apply for the position of director of the newly established
Center for Building Technology (CBT). He was selected for
the position and returned to NBS in June 1974. The family
moved to Montgomery Village, Maryland, and Dick reveled
in the opportunity to explore the area’s Civil War battlefields,
Smithsonian museums, and Potomac River hiking trails with
his family.
He initiated several major programs at NBS that had significant impacts for the nation. In the mid-1970s, as a result of
the 1973 OPEC oil embargo, several agencies pursued major
new programs in energy conservation for buildings and
industrial processes; for example, the new Department of
Energy (DOE) and its predecessors planned large programs
to reduce the nation’s energy consumption. NBS was a critical element of those programs; at the request of HUD and
DOE, solar energy programs were initiated at NBS and standards and test methods were developed for solar systems
used in housing.
Dick was instrumental in developing the National
Earthquake Hazards Reduction Program. In 1978 legislation
was enacted and a plan signed by President Jimmy Carter
with a specific role for NBS: research and technical support for
the development of standards for earthquake hazards.
Dick also launched a series of structural failure investigations. In 1973, when a concrete apartment building under construction in Fairfax, Virginia, collapsed and killed 14 w
 orkers,
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NBS sent a team to investigate the cause of the collapse. The
Occupational Safety and Health Administration (OSHA) commissioned NBS to determine the technical cause of the failure
in order to assess responsibilities and penalties for violations
of standards and criteria. Other investigations were conducted
for OSHA through the 1980s. By congressional mandate, NBS
also investigated the cause of the 1981 collapse of skywalks
in the Kansas City Hyatt Regency Hotel that killed more than
100 guests.
The credibility of these investigations led to legislative
authority for such activities and many subsequent requests
over the decades, including investigation of the collapse of
the World Trade Center Towers after the terrorist attacks on
September 11, 2001.
In response to the signing of the Montreal Protocol in 1987,
NBS established, under Dick’s direction, the Alternative
Refrigerants Program. Aimed at identifying potential alternatives for ozone-depleting compounds (e.g., chlorofluoro
carbons, CFCs) used in refrigeration, fire suppression, and
other industrial systems, the program enabled US implementation of the Montreal Protocol ahead of schedule and had
long-lasting benefits.
The 1980s were challenging for the CBT as, under a new
administration, it went 7 successive years without any increase
in funding, resulting in personnel cuts and worrisome days for
the staff. Dick was successful in garnering industry support
for the center’s programs; organizations such as the National
Institute of Building Sciences, National Conference of States
and Building Codes and Standards (NCSBCS), ASHRAE, and
ASTM went to Congress to articulate the importance of CBT
programs for industry. The programs were ultimately restored
and expanded.
In 1988 NBS was renamed the National Institute of Standards
and Technology (NIST) and reorganized into several “laboratories,” with more emphasis on technology programs. Dick
was the founding director of the Building and Fire Research
Laboratory and served in that capacity until his retirement
(1991–99).
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Richard Wright’s career was characterized by understated
leadership in efforts of national and international importance,
promoting collaborative activities that brought together government, academia, and the private sector to improve quality of life. He chaired (1982–99) the Interagency Committee on
Seismic Safety in Construction, which helped formulate executive orders for the seismic safety of federal buildings and led to
adoption of these standards by the private sector. He cochaired
(1994–99) the Subcommittee on Construction and Building
of the President’s National Science and Technology Council,
which led to the Partnership for Advancing Technologies
in Housing (PATH), the High-Performance Construction
Materials and Systems Program, and a project on Streamlining
the Building Regulatory Process.
On the international front he was a member (1980–89) and
president (1983–86) of the International Council for Building
Research, Studies, and Documentation; president of the liaison
committee of International Civil Engineering Organizations
(1985–87); and US chair of the US/Japan Panel on Wind and
Seismic Effects (1983–99).
He was a very active member of the American Society of
Civil Engineers (ASCE) and played important roles in the Civil
Engineering Research Foundation (CERF), chairing many
committees and subcommittees related to structural engineering and sustainability. For the National Research Council,
he chaired the Board on Infrastructure and the Constructed
Environment (1999–2002) and seved on the Committee to
Develop a Long-Term Research Agenda for the Network for
Earthquake Engineering Simulation, as well as NAE membership committees.
He contributed to the education of future civil engineers as a
teacher, mentor, and author of seminal books and papers such
as “Computer Integrated Construction,”1 The Representation
and Use of Design Specifications (with Steven J. Fenves),2
IABSE Proceedings, P-123/88:17–25, 1988.
NBS Technical Note 940. Washington: Department of Commerce,
National Bureau of Standards, 1977.
1
2
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“Constraint Processing in Design” (with LeRoy T. Boyer and
John W. Melin),3 and many others. He coauthored more than
100 research articles.
Richard Wright’s contributions to science, technology,
and engineering were recognized with many honors. He
received the Department of Commerce Gold Medal Award
for distinguished achievement in the federal service (1982),
Federal Engineer of the Year Award from the National Society
of Professional Engineers (1988), Presidential Meritorious
Executive Rank Award (1988), Charles Mahaffey Award
from the NCSBCS (1998), ASCE’s Henry L. Michel Award for
Industry Advancement of Research (1999), the International
Award of the Japan Society of Civil Engineers (2003), an
Alumni Award for Distinguished Service from the University
of Illinois College of Engineering (2006), the ASCE President’s
Medal (2010), and the Hans Oser Standards Alumni Association
Distinguished Service Award (2014). In addition to his election to the NAE, he was designated a fellow of ASCE and the
American Association for the Advancement of Science.
After his retirement, Dick continued his professional activities under the auspices of ASCE with particular emphasis on
sustainable infrastructure and adaptation to climate change,
which included development of a textbook for teaching sustainable design, Engineering for Sustainable Communities,
Principles, and Practices (with William E. Kelly and Barbara
Luke; 2017, published by ASCE). He appreciated the importance of history and published an institutional history, Building
and Fire Research at NBS/NIST (2003, NIST Building Science
Series). He was also an active member of the NIST Standards
Alumni Association and received its Distinguished Service
Award (2003).
Richard N. Wright III is survived by Teresa; their children
John Wright-Rios (Ann Butwell), Carolyn Camacho (Rodolfo),
Elizabeth Wright (Antonio Quiroga), and Edward Wright-Rios
(Gini Pupo-Walker); and six grandchildren.

3

Journal of the Structural Division 97(1), 1971.
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APPENDIX
Members

Elected

Born

Deceased

William G. Agnew
Joseph A. Ahearn
Thomas R. Anthony

1974

1/12/1926

5/31/2020

2010
1990
1990
1999
1998
1986
1988
1985
1984
1988
1983
1997
1978
1979
1989
1974
1979
2003
2009
2009
1976
1987
1995
1989
1986
1972
1988
1970
1978
1988
1994
1995
1996
2001

9/5/1936
6/27/1941
1/10/1924
5/9/1923
7/17/1924
10/11/1924
1/20/1936
9/28/1927
5/2/1921
11/14/1934
8/14/1923
2/27/1928
10/4/1917
6/26/1921
9/5/1934
2/17/1926
9/15/1919
11/26/1953
2/16/1926
6/5/1937
5/31/1932
6/20/1931
6/7/1930
8/13/1928
10/15/1924
1/2/1923
6/4/1933
2/28/1924
8/9/1926
12/26/1929
6/23/1930
8/24/1929
2/25/1923
11/6/1925

7/10/2018
12/12/2017
10/21/2018
10/24/2016
3/21/2018
10/29/2017
8/10/2008
8/16/2017
12/29/2013
9/13/2016
12/29/2016
11/11/2014
2/24/2018
8/15/2018
11/1/2019
5/7/2017
12/15/2019
11/25/2019
2/11/2018
1/30/2020
5/1/2016
11/20/2019
1/11/2018
9/5/2013
7/2/2019
10/18/2019
10/7/2019
7/22/2019
10/23/2016
2/22/2019
5/10/2019
1/21/2019
1/29/2018
2/25/2016

Earl E. Bakken
Vitelmo V. Bertero
Gerrit A. Blaauw
Walter L. Brown
Leroy L. Chang
Jack V. Christiansen
Richard J. Coar
Keith H. Coats
L. Eric Cross
Ralph L. Disney
Rex A. Elder
Robert R. Everett
Thomas V. Falkie
Peter T. Flawn
Yuan-Cheng B. Fung
Héctor García-Molina
Donald P. Gaver Jr.
Barrie Gilbert
Solomon W. Golomb
Mary L. Good
Robert K. Grasselli
Donald P. Hearth
Lee Iacocca
James R. Johnson
George E. Keller II
Christopher C. Kraft Jr.
William W. Lang
James U. Lemke
James D. Livingston
Richard H. Lyon
Richard H. MacNeal
Alfred E. Mann
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Members

Elected

Born

Deceased

George K. Muellner
Robert M. Nerem
Robert E. Nickell
Karl H. Norris
Donald W. Peaceman
Emil Pfender
Subbiah Ramalingam
Eric H. Reichl

2015
1988
2007
1980
1999
1986
1998
1975
1982
2011
2010
1991
1985
1999
2005
1998
2004
2019
1996
1998
1998
1986
1979
1983
1975
2003

7/10/1943
7/20/1937
7/13/1935
5/23/1921
6/1/1926
5/25/1925
6/15/1935
12/3/1913
4/25/1928
12/27/1939
8/30/1919
5/29/1923
5/5/1928
11/28/1934
8/4/1929
8/4/1933
1/9/1938
2/19/1937
2/7/1937
5/5/1921
6/24/1926
10/12/1934
4/28/1927
11/19/1935
4/25/1925
5/17/1932

2/11/2019
3/6/2020
1/21/2015
7/17/2019
6/19/2017
1/28/2016
2/9/2019
11/13/2014
3/23/2020
7/9/2019
12/21/2018
2/10/2017
3/16/2018
6/20/2016
2/25/2015
9/24/2019
12/26/2019
4/2/2019
5/2/2018
4/14/2019
9/9/2016
12/12/2012
10/25/2018
3/1/2020
11/30/2018
5/31/2019

Walter L. Robb
Joseph C. Salamone
Richard Scherrer
Warren G. Schlinger
Lucien A. Schmit Jr.
Peter G. Simpkins
Raymond E. Smallman
James J. Spilker Jr.
Gary K. Starkweather
Robert M. Stein
James S. Thorp
William F. Tinney
James E. Van Ness
Arthur F. Veinott Jr.
Anestis S. Veletsos
John F. Welch Jr.
Herbert H. Woodson
Richard N. Wright
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