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THEODORE VON KARMAN

May 11, 1881-May 7, 1963

BY HUGH L. DRYDEN

THEODORE VON KARMAN, distinguished aeronautical engi-
neer and teacher, elected to the National Academy of

Sciences in 1938, died in Aachen, Germany, on May 7, 1963,
four days before his eighty-second birthday. He was a person of
unusual genius and vision. He made outstanding contributions
to modern engineering, particularly to aeronautical engineer-
ing and to other engineering fields based on solid and fluid
mechanics. Von Karman himself attributed the origin of mod-
ern applied mechanics to Felix Klein, his professor at the Uni-
versity of Gottingen. Klein had visited the United States in
1893. As a result, in von Karman's words, "What Klein recog-
nized and what has since become commonplace is the fact that
alongside the massive resources of American technology a Eu-
ropean industry could exist only if it held a superiority with re-
spect to efficiency and saving of material. This appeared to be
possible only if one could increase as much as possible the ac-
curacy of the knowledge of technical processes and the accuracy
of prior computation with the aid of chemistry, physics, me-
chanics, and mathematics."

Von Karman devoted his whole professional life to bridging
the gap which had developed between theoretical workers who
were content with general theorems and selected simple ex-
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amples and engineers who were frustrated by the failures of
theory and therefore resorted to pure empiricism and rule of
thumb. He insisted not only that a rational theory should be
logically correct but also that it should approximate reality and
be confirmed by suitable experiments. His unique contribu-
tions have been described by his associate, Clark B. Millikan,
as follows:

"(a) The discovery and presentation of a new conception
of some phenomenon which had hitherto remained quite unex-
plained and mysterious, in other words creative scientific con-
ception at its highest level.

"(b) The clarifying and reducing to clear and transparent
form of material which had before been confused and hence
only imperfectly comprehended. This is often associated with
the finding of a mathematically elegant and hence essentially
simple framework with reference to which very complex phe-
nomena can be understood.

"(c) The finding of the essential physical elements in com-
plicated engineering problems so that rational and simple ap-
proximate solutions can be obtained, which solutions can then
be improved by methods of successive approximation."

Von Karman was born in Budapest on May 11, 1881. His
father was Maurice von Karman, distinguished philosopher
and educator, who was active in the foundation of the state
school system under Emperor Franz Joseph. His mother was
Helene Konn. The family was devoted to intellectual and cul-
tural pursuits. It is reported that von Karman had been diverted
by his father from development as a mathematics prodigy
early in childhood without discouraging his natural curiosity
and mental agility.

He graduated in 1902 from the Royal Technical University
of Budapest with highest honors as a mechanical engineer. His
thesis was a workmanlike analysis of the motion of a heavy rod
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supported on its rounded end by a horizontal plane. In more
familiar terms, this is the theory of the common children's toy
with weighted spherical bottom which returns to the vertical
position when upset.

From his graduation until 1906, he taught at his alma mater
and conducted theoretical research for Ganz and Co., a machin-
ery manufacturer, except for an interruption of one year for the
required military service. During this period he published his
second paper, on the theory of buckling and compression tests
on long slender columns, common structural elements in ma-
chinery, buildings, bridges, and airplanes. We do not know
whether the stimulation for this paper came from the engineer-
ing work for Ganz and Co. or solely from the published experi-
ments of Tetmajer which he reanalyzed in the paper. We see
here the beginnings of the concepts of the double-modulus
theory of column behavior which was to make him famous. He
introduced in this paper the idea that the modulus to be used
in the theory was that corresponding to the computed stress at
failure.

Von Karman left Budapest in 1906 to study at the Univer-
sity of Gottingen. Here were to be found not only Felix
Klein, already mentioned, but also Ludwig Prandtl, the fore-
most investigator in the field of fluid mechanics, and David Hil-
bert, outstanding mathematician. Visits were made to London
and Paris. In Paris in 1907 he went to Issy-les-Moulineaux, re-
portedly at 5 A.M., to see his first airplane flight, that of Henri
Farman over a circular one-kilometer course. One by-product of
his Paris trip was a report to his colleagues in Hungary on the
very lightweight aero-engines of Antoinette and others that he
had seen in Paris.

Von Karman received his Ph.D. from the University of Got-
tingen in 1908. His dissertation continued his interest in the
buckling strength of straight columns. He either personally
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conducted experiments or, more probably, as was the custom
then in Germany, supervised their conduct by technical assist-
ants. Although he was always interested in and familiar with
experimental results and stimulated others to conduct many ex-
periments, he was primarily interested in theory and analysis.
W. Duncan Rannie, one of his associates, notes: "In spite of his
insight and understanding of experiments, von Karman showed
little talent for experiment himself. This failing, his sole defi-
ciency in the scientific field, was of course a constant source of
amusement and innumerable stories among his associates.
When he visited a laboratory there was always a danger that he
might turn a knob or pull a lever, to see what would happen,
and cause a minor catastrophe. He was an atrocious automobile
driver; his friends were greatly relieved when he finally agreed
to have a chauffeur." I myself recall when, as he was sitting in
the cockpit of an amphibian airplane on the desert at Edwards
Air Force Base, he pulled a lever and the flotation gear inflated,
greatly to his own embarrassment as the crew labored in the hot
sun to stow the gear in its containers.

In his dissertation von Karman made a masterful presenta-
tion of the double-modulus theory of column behavior and the
confirming experimental data. He introduced the concept of a
modulus averaged over the cross section, each fiber being as-
signed the "tangent" modulus corresponding to the fiber stress.
He noted that Prandtl had informed him of the work of Enges-
ser, who used the modulus of the fibers on the compression side
only, and of Considere, who called attention to Engesser's error.

Von Karman was appointed Privat-docent at Gottingen
following his graduation and remained at Gottingen until
1912. During this period, as he himself tells in his book Aero-
dynamics: Selected Topics in the Light of Their Historical
Development, each morning on his way to the laboratory he
passed the water tank in which a doctoral candidate, Karl Hie-
menz, was trying to achieve symmetrical flow of the water
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around a circular cylinder. To his daily question about the prog-
ress of the experiment, the reply was always the same, "It
always oscillates." Von Karman was thus incited to compute the
stability of the vortex arrangements and showed that only the
unsymmetrical arrangement was stable. Though others had de-
scribed and made studies of the vortex patterns before von
Karman, his quantitative theoretical analysis led to the naming
of this arrangement ever since as the Karman vortex street. The
exciting forces from such a Karman vortex street are respon-
sible for the vibration of electrical transmission lines, chimneys,
and suspension bridges, as exemplified in the destruction of the
Tacoma-Narrows Bridge which von Karman analyzed late in
his career.

Von Karman's interests at Gottingen were broad. He col-
laborated with Max Born in papers on the vibrations of crystal
lattices, theory of specific heat, and related problems. He did
further work on buckling strength of columns, deformation of
thin-walled tubes, strength of corrugated tubes, stress distribu-
tion in plastic and granular media, turbulent skin friction, and
strength experiments on materials under isotropic pressure. He
contributed a section to the Teubner Encyklopadie der ma-
thematischen Wissenschaften on Strength Problems in Machine
Construction and with L. Foppl a section on the Physical Foun-
dations of Strength Theory. He also contributed sections on
Elasticity, Strength, Equilibrium, and Hardness and Hardness
Testing to G. Fischer's Handworterbuch der Naturwissen-
schaften. During this period von Karman attained a produc-
tivity of a new paper or book approximately every 4y2

months, a rate which he continued until very late in life.
Von Karman was invited to organize an aerodynamics insti-

tute at the Technical University of Aachen. In 1912 he became
Professor of Aerodynamics and Mechanics and Director of the
Aerodynamics Institute where he developed a friendly rivalry
with his former colleagues at Gottingen. His interests turned
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almost completely to fluid mechanics. The period from 1912 to
1921 was one of organization and build-up interrupted by his
return to Hungary during World War I, 1914-1918. In the
war period he served as Director of Research of the Austro-
Hungarian Aviation Corps, working on problems of synchro-
nization of guns with propellers, protection of fuel tanks, etc.
During this period he designed a helicopter which is associated
with his name. He often related that his war experience
taught him the art of "getting along" with generals and admi-
rals, a talent which he exercised throughout his entire career.

At Aachen, both von Karman and the Aerodynamics Insti-
tute grew to eminence and attained a world-wide reputa-
tion. He traveled and lectured widely and attracted students
from all over the world. His mastery of many languages was a
great asset, for he spoke fluently Hungarian, German, French,
Italian, Yiddish, and what he always described as the interna-
tional language, "bad English."

At Aachen von Karman and his colleagues contributed to
a much better understanding of the problem of the frictional
resistance of fluids. Major papers developed the Karman mo-
mentum relation by integration of the boundary layer equa-
tions and applied it in the Karman-Pohlhausen solution. Other
papers presented an analysis of the stability of laminar flow, the
origin of turbulence, and a theory of fully developed turbu-
lence. In this work one can detect his initial groping toward
the statistical theory of turbulence which he formulated later.
Other papers in fluid mechanics described the Karman-Trefftz
method of computing potential flow about given wing sections,
interpreted Reynolds number in terms of gas properties, out-
lined a method of computing pressure distribution on airship
hulls, and analyzed the effect of spatial variations of airstream
velocity on the lift of wings.

Although von Karman's major interest at Aachen was fluid
mechanics, he published a few papers on problems of solid
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mechanics. Perhaps the most notable is the paper entitled "Die
mittragende Breite," a term which he introduced and for which
we use the less meaningful term "effective width." The effec-
tive width is that width of the sheet material in a floor, tank,
airplane wing or fuselage with longitudinal stiffeners which
can be regarded as carrying the same stress as the stiffener. The
concept was well known at the time but von Karman gave it
its present name and illustrated its application to the case of
a beam on infinitely many supports.

Von Karman first came to the United States in 1926 on in-
vitation of Robert Millikan, President of the California Insti-
tute of Technology, and of Harry Guggenheim, President of
the Daniel Guggenheim Fund for the Promotion of Aeronau-
tics. In the previous year Daniel Guggenheim had donated
$500,000 to establish a School of Aeronautics at New York
University. On January 16, 1926, he formally established the
Daniel Guggenheim Fund for the Promotion of Aeronautics to
speed the development of civil aviation. During 1926 addi-
tional grants were made to establish Daniel Guggenheim
Schools of Aeronautics at the Massachusetts Institute of Tech-
nology, Stanford University, California Institute of Tech-
nology, and the University of Michigan. Millikan had met von
Karman at an international physics congress in Europe in 1924
and had been impressed by the accomplishments and ability of
the forty-three-year-old director of the Aerodynamics Insitute.

Von Karman was invited to serve as consultant to the Cal-
ifornia Institute of Technology on the establishment of the
aeronautical courses and on the design of wind tunnel equip-
ment and to lecture at the other universities where schools were
to be established. He arrived in New York on September 26,
1926, in company with his sister Josephine (usually called
Pipo), fulfilled his advisory and lecture commitments, and vis-
ited Dayton (to see Orville Wright) and Washington.

Millikan pressed von Karman to emigrate to the United
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States to head the Daniel Guggenheim Aeronautical Labora-
tory at the California Institute of Technology. After lecturing
in Japan and India during 1927, von Karman in 1928 agreed to
research associate status, dividing his time between Aachen and
Pasadena. In 1930 he accepted Millikan's offer of the director-
ship and settled permanently in the United States, becoming a
U. S. citizen in 1936.

Von Karman was fond of telling many stories about his in-
troduction to the strange new country. When he arrived in Bos-
ton late in November, he was told that there would be a dinner
of thanksgiving the next day. He was surprised at such recogni-
tion of his visit and prepared for the occasion by having his hair
cut. "To my chagrin," he said, "I learned that Americans have
this day of Thanksgiving every year." In Washington, he at-
tended a nearby church to improve his knowledge of English.
He was attracted by the excellent enunciation of the Negro
preacher and the friendliness of the congregation who hailed
him as brother.

During the period of transition between Aachen and Pas-
adena von Karman introduced new concepts in turbulent skin
friction in two papers with identical titles, "Mechanical Simi-
larity and Turbulence." He retained the Prandtl mixing-
length concept but introduced the concept of similarity of the
turbulent velocity fluctuations at every point. The scale or mix-
ing length was then shown by dimensional considerations to
be proportional to the ratio of the first derivative of the mean
velocity; with respect to the direction normal to the flow, to the
second derivative. There resulted the Karman logarithmic for-
mula for turbulent skin friction which has withstood the test of
time except for minor improvements.

This paper was the outcome of a race between Prandtl and
von Karman to produce a valid engineering formula for turbu-
lent skin friction in time for the Third Congress of Applied
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Mechanics at Stockholm in 1930. Here is the story as told to me
by Frank Wattendorf, then one of von Karman's students at
Aachen. Aachen is near the Dutch border and von Karman
lived in the Dutch town of Walz, just over the border, the two
cities being connected by a streetcar line. Von Karman worked
at his best in the evening and Wattendorf frequently worked
with him at his home. The last streetcar left at midnight and
von Karman escorted his collaborator to the carline, continuing
the discussion en route. On this particular evening a new idea
occurred just as the streetcar arrived. Von Karman began
writing equations on the side of the streetcar. The writing and
discussion continued. At first the conductor waited patiently,
then he coughed gently, and finally became insistent that the
car must leave. It moved away just as the solution was finished.
Unfortunately Wattendorf could not remember the steps and
could not see the writing by leaning out of the window. So at
each stop Wattendorf dashed to the street, copied a few lines,
and jumped on as the car left. Fortunately there were enough
stops to get it all copied before arrival at Aachen.

In the nineteen years of his association with the California
Institute of Technology as Director of the Guggenheim Aero-
nautical Laboratory, von Karman published some fifty papers,
alone and with his students. Many of them dealt with his first
love, buckling problems. A major contribution was his analysis
of the physical nature of the buckling of spherical shells and the
development of a nonlinear theory which accounted for the
great discrepancies between the experimental results and those
obtained from linear elastic theory. The fundamental ideas
were found applicable to the buckling failure of curved sheets
in general. The new phenomenon is that commonly known as
"oil canning" from the observed snapping of the bottom of an
oil can between two stable positions, the diaphragm being un-
stable at intermediate positions. This phenomenon occurs
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when the bending stiffness of the sheet is small. Its presence
gives rise to buckling loads at failure much smaller than those
obtained from the classical linear theory.

Other buckling papers dealt with the strength of thin plates
in compression, influence of curvature on the buckling char-
acteristics of structures, buckling of thin cylindrical shells
under axial compression, and methods of analysis for torsion
with variable twist.

Three papers interpreting applied mathematics for engi-
neers have had a wide influence. They are "Some Remarks on
Mathematics from the Engineer's Viewpoint," "The Engineer
Grapples with Nonlinear Problems," and "Tooling up Mathe-
matics for Engineering." His book with M. A. Biot, Mathemat-
ical Methods in Engineering, has been translated into Spanish,
French, Italian, Portuguese, Russian, Turkish, and Japanese.

Von Karman early acquired an interest in the theory of fluid
flow at high subsonic, transonic, and supersonic speeds. His first
published paper on supersonic flow, with Norton B. Moore, set
forth the Karman-Moore slender body theory for bodies of rev-
olution in which the flow was linearized by assuming the body
so slender as to produce only small perturbations and the effect
of the body was represented by a source distribution. Other
papers dealt with the boundary layer in compressible fluids and
compressibility effects in aerodynamics generally. His 1935
Volta Congress paper treated the problem of drag in compres-
sible fluids and the Karman ogive with minimum wave drag was
developed. By 1941 aircraft represented the dominant applica-
tion of compressible flow theory. In his paper on compressi-
bility effects in aerodynamics von Karman notes that "the aero-
nautical engineer is pounding hard on the closed door leading
into the field of supersonic motion," an interesting commentary
on the "sonic barrier" as seen at that time. Other notable
papers on compressible flow are the Tenth Wright Brothers
Lecture on "Supersonic Aerodynamics—Principles and Appli-
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cations" and the paper which describes the von Karman simi-
larity law of transonic flow. The Wright Brothers Lecture was
an ingenious review of the physical principles and applications
of supersonic aerodynamics. By the use of such novel concepts
as "forbidden signals," "zones of action and zones of silence,"
and "rule of concentrated action" he contributed greatly to that
"knowledge of supersonic aerodynamics [which] should be con-
sidered by the aeronautical engineer as a necessary prerequisite
to his art."

A number of papers during the Pasadena period presented
the developing ideas of von Karman with respect to a statistical
theory of turbulence. The fundamentals of the theory were
developed in cooperation with L. Howarth. The statistical prop-
erties of isotropic turbulence were described in terms of a
correlation tensor, which can be written in terms of two correla-
tion coefficients between two components of the velocity be-
cause of spherical symmetry. By virtue of the continuity equa-
tion the tensor is fully determined by a single scalar function.
The equations of motion were used to derive an equation for
the change of the correlation with time, thus obtaining the
rate of decay of the turbulence. In the first analysis the triple
correlations were incorrectly assumed to be zero. This error was
corrected in the later definitive paper by von Karman and
Howarth published in the Proceedings of the Royal Society in
1938.

Throughout his career, von Karman engaged in many con-
sulting activities with industry and government. An example is
his paper on the analogy between the two-dimensional flow of
a gas and two-dimensional flow of water in an open channel ap-
plied to the practical problems of the Metropolitan Water Dis-
trict of Southern California on flow in curved open channels.
Most of the results of his consultations for industry remain in
the closed files of the industrial firms involved.

Von Karman was an active leader and guiding hand in the
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early activities in rocket research in the United States. One of
his students, Frank Malina, describes how William Bollay re-
viewed the rocket motor experiments carried out by E. Sanger
in Vienna at one of von Karman's seminars early in 1936. A
newspaper account brought to the laboratory two rocket enthusi-
asts, John W. Parsons and E. S. Forman, looking for someone
with whom they might work. Malina, with von Karman's per-
mission, formed a group to build high-altitude sounding
rockets. In 1938, von Karman, as a member of a committee of
the National Academy of Sciences advisory to the U.S. Air
Corps, offered his services and those of the group to make ex-
periments on the use of rockets for assisted take-off of airplanes.
The group later became the Jet Propulsion Laboratory.

Having failed to interest industry to enter the field of rock-
etry, von Karman with a few friends and co-workers organized
a new company, the Aerojet Engineering Corporation, the first
U.S. firm specifically engaged in rocket development. Inci-
dentally, the reputed $1,250 investment of each of the founders
grew over the years into small fortunes as rocket developments
became essential to the new military weapons, ballistic missiles.

In 1944 von Karman's career entered a new phase when
General H. H. Arnold asked him to organize and chair a Sci-
entific Advisory Group to study the use of science in warfare by
the European nations and to interpret the significance of the
new developments in rockets, guided missiles, and jet propul-
sion for the future of the U.S. Air Force. Thus began a se-
ries of leaves of absence for extended periods until he resigned
as Director of the Guggenheim Laboratory in 1949 to accept
emeritus status. Although he retained his home in Pasadena un-
til his death, his headquarters were mainly in Washington until
1951, then mainly in Paris, but with frequent travels between
Pasadena, Washington, and the capital cities of Europe.

The Scientific Advisory Group prepared one report entitled
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"Where We Stand," with many appendices, which contained
the results obtained by the group in Europe on the technical
status of various fields. A second report, "Toward New Hori-
zons," also with many appendices, dealt with the future, setting
forth the impact of the new developments on future air warfare
and recommending in effect the future technical policy of the
U.S. Air Force. The group was succeeded by the U.S. Air Force
Scientific Advisory Board, of which von Karman was Chairman
until 1954 and Chairman Emeritus until his death.

Von Karman continued to publish papers at a slightly de-
creased rate during the Washington period, a number on the
statistical theory of turbulence, others on such new interests
as aerothermodynamics and propagation of plastic deformation
in solids, and a provocative paper with G. Gabrielli on "What
Price Speed?"

In 1951 von Karman enlisted the cooperation of the U.S.
Air Force and the Military Standing Group of the North At-
lantic Treaty Organization to hold a meeting of the directors of
aeronautical research of the NATO countries to discuss meas-
ures which might be taken to strengthen the common defense
by interchange of information about modern developments in
aeronautics and increased activity in aeronautical research in
the several countries. The conference recommended and the
NATO authorities approved the organization of the NATO
Advisory Group for Aeronautical Research and Development
with a major responsibility for advising NATO on questions in
this field. Paris was selected as the location, and von Karman
was elected as chairman, a position which he held until his
death. AGARD revived aeronautical research in Europe and
improved its quality by extensive interchange of information.
Panels for special topics were organized to hold technical sym-
posia and publish their proceedings, as well as special technical
reports and manuals, and to provide consulting service. Von



358 BIOGRAPHICAL MEMOIRS

Karman gave generously of his time and made Paris the major
center of his activities, personally participating in the organi-
zation of the panels and the planning of their programs. He
himself presented papers from time to time, including several
on aerothermochemistry, the name he gave to the science un-
derlying combustion phenomena, which was a major interest in
his latter years. Many U.S. scientists and engineers invited to
participate in AGARD activities were at first skeptical of the
value of the effort but became enthusiastic supporters after ob-
serving the quality of the programs and the impact on our
NATO allies.

AGARD was the high point of von Karman's leadership of
international cooperation in science which he began early in
life. The seeds were evident in his early days at Gottingen, for
in his early papers we can discern his eagerness to report to his
colleagues in Hungary the scientific developments he saw in
progress at Gottingen and in Paris. In Aachen after World War I
he became concerned about the lack of contacts between sci-
entists in various countries. In 1922 the time seemed appropri-
ate for initiative. Von Karman as a personal enterprise invited
the leading workers in hydro- and aerodynamics to meet at Inns-
bruck to discuss progress of the last decade. The meeting was
informal. Von Karman's sister, Dr. Josephine de Karman, af-
fectionately known as Pipo, was secretary and general manager
as well as hostess. At this meeting it was proposed to organize
similar meetings of somewhat extended scope at regular inter-
vals. The First International Congress of Applied Mechanics was
held in Delft in 1924. Later congresses took place in 1926
(Zurich), 1930 (Stockholm), 1934 (Cambridge, England),
1938 (Cambridge, Massachusetts), 1946 (Paris), 1948 (London),
1952 (Istanbul), 1956 (Brussels), 1960 (Stresa, Italy), and the
Eleventh Congress is scheduled for Munich in 1964. The con-
gresses are informal, planned by a continuing International
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Congress Committee, which determines its own membership. At
each congress the Committee accepts an invitation from one of
its members, to whom authority for the organization of the next
congress is delegated, subject to certain policies established by
the Committee. Von Karman was a member of the Committee
from the beginning.

At the Paris Congress in 1946, the first held after World
War II, many members proposed the formation of a more for-
mal organization, an International Union of Theoretical and
Applied Mechanics (IUTAM) under the International Coun-
cil of Scientific Unions. This was agreed to and von Karman
became Honorary President. On his advice the organization of
the congresses remained with the International Committee,
IUTAM undertaking encouragement and financial support.
Congress Committee members became individual members
of the General Assembly of the Union.

In 1958 von Karman was instrumental in the organization
of the International Council of the Aeronautical Sciences, with
membership open to all nations, its function being to sponsor
International Congresses of the Aeronautical Sciences. The
first congress was held in 1958 (Madrid), the second in 1960
(Zurich), the third in 1962 (Stockholm), and the fourth is
scheduled for 1964 (Paris). Von Karman served as Honorary
President until his death.

Finally, von Karman established the International Academy
of Astronautics within the framework of the International As-
tronautical Federation. The program consists of highly tech-
nical discussions at the time of the Federation meetings and
symposia at other times on special scientific and engineering
problems of space flight. Von Karman was Director of the Acad-
emy from its inception.

Von Karman's greatest contribution to international friend-
ship and cooperation resulted from his frequent travels around
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the world and the innumerable personal friendships he estab-
lished with people everywhere. He developed a world-wide
community of scholars and friends. He never forgot anyone
who came within his circle of friendship, and even after years
of separation he could take up the relationship and the con-
versation as if there had been no interruption.

In the Paris period von Karman published several review
papers on aerodynamics and aeronautics, including one, "On
the Foundations of High Speed Aerodynamics," which was an
abridged version of his contribution to Volume VI A of the
Princeton Series on High Speed Aerodynamics and Jet Propul-
sion, to which he had added a section on aerothermodynamic
problems. Other review papers were the paper on solved and
unsolved problems of high speed aerodynamics before the 1955
Conference on High Speed Aeronautics at the Polytechnic In-
stitute of Brooklyn and the First Daniel and Florence Guggen-
heim Lecture before the First International Congress of the
Aeronautical Sciences in Madrid in 1958. His new scientific
interests during this period were aerothermochemistry, mag-
netofluid-dynamics, and operations research.

Von Karman was devoted to his family. His father died in
1915 while von Karman was in Hungary with the Austro-Hungar-
ian Aviation Corps. In 1923 his mother and sister joined him in
Aachen, his brother, a banker, remaining in Budapest until
after World War II, when von Karman succeeded in obtaining
permission for his emigration to Switzerland. Von Karman
never married. Mother and sister made a happy home for him
in Aachen and later in Pasadena, the sister, Pipo, taking over
after the mother's death in 1941 and accompanying him on his
travels. His tribute to her was that "her devoted companion-
ship secured for me the peace of mind necessary for scientific
thinking."

Von Karman received wide recognition in many countries
in the form of honors and awards. He was Honorary Fellow,
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Honorary Member, or Fellow of approximately forty national
professional societies in eleven countries. These included mem-
bership in the National Academy of Sciences, American Philo-
sophical Society, Royal Society of London, Academie de Sci-
ence de l'lnstitut de France, Accademia dei Lincei, and Royal
Academy of Sciences (Madrid).

He received more than sixty honorary degrees or special
awards in recognition of his scientific contributions from insti-
tutions in thirteen countries. Among the special awards are
U.S. Medal for Merit (1946), John Fritz Medal (1948),
Franklin Gold Medal (1948), Lord Kelvin Gold Medal
(1950), Gold Medal of the Royal Aeronautical Society (1952),
Wright Brothers Memorial Trophy (1954), Daniel Guggen-
heim Gold Medal (1955), U.S. Air Force Exceptional Civilian
Service Award (1955), U.S. Medal of Freedom (1956), Lud-
wig Prandtl Ring Award (1956), Goddard Gold Medal (1960),
and U.S. National Science Medal (1963). In addition to hon-
orary degrees from many institutions in other countries,
honorary degrees were received from the following U.S. in-
stitutions: Princeton, Columbia, Illinois Institute of Tech-
nology, Yale, Northwestern, University of Southern California,
New York, Brown, California, Wayne State. A more complete
list of honors and awards is given in an appendix.

Among his colleagues and friends, von Karman's wit is as
famous as his scientific contributions. He loved to tell stories.
For example, he told of a meeting with the famous British avi-
atrix, Amy Johnson, at a conversazione of the Royal Aeronau-
tical Society, where the problem of the spin of airplanes was
discussed by British and American engineers and scientists.
The aviatrix asked von Karman, "Can you tell me in a few
words what causes spin and what is the mechanism of the
thing?" He replied, "Young lady, a spin is like a love affair. You
don't notice how you get into it, and it is very hard to get out
of."
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He defined an aerodynamicist as a man who is willing to
assume everything except responsibility, an expert as any engi-
neer who lives 300 miles away from the home office, a practical
engineer as one who perpetuates the errors of his predecessors,
and a Hungarian as a man who goes into a revolving door be-
hind you and comes out ahead of you.

Von Karman's publications are the record of a remarkable
scientist and engineer. Though he was never an experimen-
talist or project engineer, he made many unique contributions
to the success of the experiments and projects of others. His
generosity to his colleagues makes it difficult to comprehend the
full extent of his contributions, which are far greater than the
many described in his publications. Many others are hidden in
his own correspondence files and those of his colleagues and of
the firms for which he was consultant. Many were lost on table-
cloths, on backs of old letters, on odd pieces of paper, and on
blackboards as ideas flowed freely from his mind in conversa-
tions with students and colleagues. He was filled with enthusi-
asm and an exciting sense of discovery in science and engineer-
ing. Yet he was modest, tactful, and considerate. As one of his
colleagues (Si Ramo) wrote on his seventy-fifth birthday, "Von
Karman, despite who he is, talks with any one of us, another
and lesser man, as though that man were von Karman, and he,
von Karman, the one learning from the master."

In summary, Theodore von Karman was an inspiring
leader in research in solid and fluid mechanics, creator of new
concepts, analyzer of complex phenomena into understandable
basic principles. He was a great teacher, infecting generations
of students with his enthusiasm for science. His catalytic in-
fluence on the new engineering technologies of our time is
without parallel. He was one of the few men among us recog-
nized as unusually talented. His place will not soon be filled.
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C H R O N O L O G Y

1881 Born in Budapest on May 11
1902 Graduated with highest honors as mechanical engineer

from the Budapest Royal Technical University
1902-1906 Taught at alma mater; military service; research en-

gineer for Ganz and Co.
1907 Study at Gottingen with brief periods in Paris and

London
1908 Received Ph.D. degree from University of Gottingen
1908-1912 Teaching fellow at Gottingen
1912 Became Professor of Aerodynamics and Mechanics and

Director of the newly organized Aerodynamics Institute
at Aachen

1914-1918 Returned to Hungary for duty as Director of Research
of the Austro-Hungarian Aviation Corps

1915 Von Karman's father died
1918 Returned to Aachen
1922 Organized Innsbruck meeting, predecessor to Inter-

national Congresses of Applied Mechanics
1923 Mother and sister joined him in Aachen
1926 Visited United States to give Guggenheim Lectures and

consult on education in aerodynamics and wind tunnel
design

1927 Travel around the world, lecturing in Japan and India
1928 Arranged to divide time between Aachen and Pasadena

(California Institute of Technology)
1930 Left Aachen to become Director of the Guggenheim

Aeronautical Laboratory of the California Institute of
Technology and Director of the Daniel Guggenheim
Airship Institute at Akron

1936 Became U.S. citizen
1936 Authorized work at California Institute of Technology

on rockets
1938 Began work on rockets for assisted take-off of airplanes

as Director of the Jet Propulsion Laboratory of Caltech
1938 Elected to membership in the National Academy of

Sciences
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1941 Von Karman's mother died
1942 With a few friends, founded Aerojet Engineering Cor-

poration
1944 Organized Scientific Advisory Group for General H. H.

Arnold, Commander, U.S. Army Air Corps
1945 Reported on "Where We Stand" and "Toward New

Horizons." Became Chairman, Scientific Advisory
Board, U.S. Air Force, a continuing group

1949 Became Professor Emeritus, California Institute of
Technology

1951 Became Honorary President of the International Union
of Theoretical and Applied Mechanics

1951 Called meeting of NATO directors of aeronautical
research, leading to formation of AGARD. Karman
became Chairman of AGARD

1951 Von Karman's sister died
1954 Became Chairman Emeritus, USAF Scientific Advisory

Board
1958 Organized International Council of the Aeronautical

Sciences to organize international congresses. Became
Honorary President

1963 Died in Aachen, May 7
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HONORS

SOCIETY MEMBERSHIPS

Academia de Bellas Artes de Santa Isabel de Hungria, Seville
Accademia Nazionale dei Lincei, Rome
Academie des Sciences de 1'Institut de France, Paris
American Academy of Arts and Sciences
American Association for the Advancement of Science
American Association of University Professors
American Astronautical Society
American Geophysical Society
American Hungarian Institute
American Mathematical Society
American Meteorological Society
American Ordnance Association
American Philosophical Society
American Physical Society
American Rocket Society
American Society of Civil Engineers
American Society of Mechanical Engineers
American Society of the French Legion of Honor
Association Francaise des Ingenieurs et Techniciens de l'Adro-

nautique, Paris
Association des Ingenieurs-Docteurs de France, Paris
Association des Ingenieurs sortis de Ecole de Liege, Belgium
Association of Hungarian Students in North America
Associazione Italiana di Aerotecnica, Rome
Associazione Tecnica dell 1'Automobile, Turin
Calcutta Mathematical Society
Canadian Institute of Aeronautics and Space
Franklin Institute
Indian Academy of Sciences, Bangalore
Institute of the Aerospace Sciences
International Mark Twain Society
National Academy of Sciences
Pontifical Academy of Sciences
Royal Academy of Sciences, Madrid
Royal Academy of Sciences, Turin



366 BIOGRAPHICAL MEMOIRS

Royal Aeronautical Society, London
Royal Society of London
Schweizerische Astronautische Arbeitsgemeinschaft, Baden
Societa Adriatica de Elettricita, Venice
Society of Civil Engineers of France, Paris
Spanish Institute, New York
Weizmann Institute of Science, Rehovoth

LECTURESHIPS

Twenty-fifth Wilbur Wright Memorial Lecture, 1937
Josiah Willard Gibbs Lecture, 1939
Joseph Henry Lecture, 1944
Tenth Wright Brothers Lecture, 1946
Robert Henry Thurston Lecture, 1950
Vanderbilt University 75th Anniversary Lecture, 1950
Messenger Lectures, 1953
Chaire Franqui, University Libre, Brussels, 1955
Howard Hughes Lecture Series, 1957
Florence Guggenheim Memorial Lecture, 1958
Seventh Thomas A. Edison Memorial Lecture, 1960

and probably many others

HONORARY DEGREES

Doctor of Engineering
Technische Hochschule, Berlin, 1929
University of Liege, Liege, 1940
Princeton University, 1947
Columbia University, 1948
Technische Hochschule, Aachen, 1953
Technische Universitat Berlin-Charlottenburg, 1953
Die Eidgenossische Technische Hochschule, Zurich, 1955
Illinois Institute of Technology, 1959

Doctor of Science
Yale University, 1951
University of Istanbul, 1952
Technical University of Istanbul, 1952
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Hebrew Institute of Technology, Haifa, 1954
Northwestern University, 1956
University of Southern California, 1958
New York University, 1960
Brown University, 1961

Doctor of Law
University of California, 1943
Wayne State University, 1959

Doctor of Philosophy
University of Berne, 1961

Doctor Honoris Causa
Universite Libre de Bruxelles, 1937
Universite de Liege, 1947
Universite d'Aix-Marseilles, 1949
Universite de Lille, 1953
Technische Hogeschool, Delft, 1956
Universite de Paris, 1957
University of Seville, 1958
Politecnico di Torino, 1960
University of Athens, 1961

DECORATIONS AND AWARDS

University of Liege Gold Medal, 1937
ASME Gold Medal, 1941
Army Air Force Commendation for Meritorious Civilian Service,

1945
U.S. Medal for Merit, 1946
Grand Medaille d'Honneur, Association des Ingenieurs-Docteurs,

de France, 1946
Officier de la Legion d'Honneur, France, 1947
Sylvanus Albert Reed Award, Institute of the Aeronautical Sciences,

1948
John Fritz Medal, 1948
Franklin Gold Medal, 1948
Lord Kelvin Gold Medal, 1950
Royal Aeronautical Society Gold Medal, 1952
Grand Officer of the Order "al Merito della Repubblica" of the

Italian Government, 1953
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Trasenster Medal and Diploma, Association des Ingenieurs de
Liege, 1954

American Rocket Society Astronautics Award, 1954
Wright Brothers Memorial Trophy, 1954
Daniel Guggenheim Gold Medal, 1955
Grand Cross of Merit for Aeronautics, Madrid, Spain, 1955
Commander de la Legion d'Honneur, France, 1956
Grand Officer of the Order of Orange-Nassau, Netherlands, 1956
Federal Grand Cross for Merit with Star, West Germany, 1956
USAF Exceptional Civilian Service Award, 1956
U.S. Medal of Freedom, 1956
Ludwig Prandtl Ring of the Wissenschaftliche Gesellschaft fiir

Luftfahrt, 1956
Vincent Bendix Gold Medal, 1957
Timoshenko Medal, 1958
Benjamin Garver Lamme Gold Medal, 1960
Robert H. Goddard Memorial Gold Medal, 1960
Karl Friedrich Gauss Medal, 1960
Christopher Columbus Gold Medal, Genoa, 1960
American Hungarian Institute George Washington Award, 1961
U.S. National Medal of Science, 1963
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