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GEORG VON BEKESY

June 3,1899-June 13,1972

BY FLOYD RATLIFF

O N THE OCCASION of Georg von Bekesy's election to the Na-
tional Academy of Sciences in 1956, he gave the following

replies to two items in a questionnaire sent to him by the
Academy to obtain biographical information for its files:

"Major interest?" "Art."

"Major influences which determined the selection of your
particular field of science?" "Pure accident."

These replies—"Art" and "Pure accident"—succinctly char-
acterize much of the life and work of Georg von Bekesy. His life
was devoted almost as much to art as it was to science; and,
although his love of art was carefully cultivated, the course of
his scientific career was determined almost as much by chance
as it was by design. He found his life work outside of his original
chosen field during the economic depression in Hungary follow-
ing World War I, and he was set on his wanderings half way
around the face of the earth by the political turmoil there after
World War II.

Professor Georg von Bekesy died on June 13, 1972, at the
age of seventy-three, in Honolulu. Born on June 3, 1899, in
Budapest, he was the son of Alexander and Paula von Bekesy.
The Bekesys were an old and distinguished family in Hungary,

25



26 BIOGRAPHICAL MEMOIRS

and Alexander von Bekesy held a position in the Hungarian
diplomatic service. Because of his father's various assignments,
Georg von Bekesy spent his early childhood in Budapest,
Munich, and Constantinople. In 1916 he obtained his bacca-
laureate in chemistry at Berne, Switzerland, where his father
was then a charge d'affaires in the Hungarian Embassy. Follow-
ing World War I, Bekesy returned to Hungary and in 1923
received his doctorate in physics at the University of Budapest.
Bekesy began his scientific career in the laboratory of the Hun-
garian Post, Telephone, and Telegraph. He spent the next
several years there (except for the year 1926-1927, when he
worked in Berlin with K. Kupfmiiller in the laboratories of
Siemens and Halske). In 1932 he was appointed privat docent
in the University of Budapest, where in 1940 he became Pro-
fessor of Experimental Physics. For some time Bekesy had two
laboratories; for, after his appointment at the University, he
continued his research in the government laboratory at the
Hungarian Post.

During the foreign occupation of Hungary after World War
II, Bekesy found conditions intolerable for scientific research
and in 1946 accepted an invitation to go to the Karolinska
Institutet in Stockholm to work with Y. Zotterman. A year later,
under the aegis of Professor S. S. Stevens, he came to the United
States and joined the faculty of Harvard University. In 1949 he
was given a special appointment there as Senior Research Fellow
in Psychophysics, which enabled him thereafter to devote his
full attention to research. Bekesy held this post for nineteen
years. At the age of sixty-seven, with the unhappy prospect of
retirement facing him, Bekesy resigned and moved to a new
laboratory built for him at the University of Hawaii, where he
accepted an appointment as Professor of Sensory Sciences—an
endowed chair provided by the Hawaiian Telephone Company.
He continued his research at Hawaii for six years—almost until
the day of his death.
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In 1961 Georg von Bekesy was awarded the Nobel Prize in
Physiology or Medicine "for his discoveries concerning the
physical mechanism of stimulation within the cochlea." The
following excerpt from the Presentation Speech by C. G. Bern-
hard of the Karolinska Institutet provides a fine characterization
of Bekesy's research on the mechanics of the ear:

"According to the saga, Heimdal was able to hear the grass
grow. Our hearing ability is perhaps not of that kind, but our
ear is anyhow almost sensitive enough to record the bounce of
an air molecule against the eardrum, while, on the other hand,
it can withstand the pounding of sound waves strong enough to
set the body vibrating. Moreover, the ear is capable of a selec-
tivity which permits a close analysis of sounds the various
qualities of which determine the characteristics of the spoken
word and of instrumental and vocal expressions in the universe
of music.

"A sound which hits the ear makes the eardrum vibrate.
Within the air-filled middle ear the vibrations are transmitted
via a subtle system of levers, the ossicle chain, to the fluid of the
inner ear, the cochlea. The footplate of the stirrup which serves
as the innermost link of the ossicle chain is movably mounted
in the opening of the oval window of the inner ear which faces
the middle ear. The vibrations of the fluid engage in their turn
the so-called basilar membrane, an oblong partition which
divides the spiral-shaped cavity of the cochlea in its longitudinal
direction. Along its entire length the membrane carries sense
cells, receptors, like fine tapering columns with hairy points
reaching up to a covering membrane. The receptor cells, or hair
cells, transform the mechanical energy, represented by the vi-
brations of the basilar membrane, into the specific form of
energy which triggers the nerve impulses. The frequency of
these impulses serves as the code to the information carried on
to the higher nerve centers.

"Von Bekesy has provided us with the knowledge of the
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physical events at all strategically important points in the trans-
mission system of the ear. This does not mean that the proper-
ties of the oscillating systems of the ear have not been an object
of study and theoretical considerations by scientists before von
Bekesy. The field of physiological acoustics has a noble ancestry,
in which the theories of von Helmholtz hold an authoritative
position.

"Von Bekesy's distinction is, however, to have recorded the
events in this fragile biological miniature system. Authorities
in this field evaluate the elaborate technique which he devel-
oped for this purpose as being worthy of a genius. By micro-
dissection he reaches anatomical structures difficult of access,
uses advanced teletechniques for stimulation and recording, and
employs high magnification stroboscopic microscopy for making
apparent complex membrane movements, the amplitudes of
which are measured in thousandths of the millimeter.

"Among von Bekesy's important contributions to our knowl-
edge of sound transmission in the middle ear should be men-
tioned the elucidation of the vibration patterns of the eardrum
and of the interplay of the ossicle movements. His technical and
theoretical mastery has reached its peak in those investigations
which led to the fundamental discoveries concerning the dy-
namics of the inner ear. Experimental and clinical data had
confirmed von Helmholtz's assumption that the frequency of
the sound waves determines the location along the basilar
membrane at which stimulation occurs. The physical character-
istics of the pattern of the membrane vibrations and the condi-
tions for its appearance had, however, previously only been the
object of theoretical considerations. Von Bekesy succeeded in
unveiling the features of the vibration pattern. He found that
movements of the stirrup footplate evoke a wave complex in the
basilar membrane, which travels from the stiffer basal part to
the more flexible part in the apex of the cochlea. The crest of
the largest wave first increases, thereafter quickly decreases. The
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position of the maximal amplitude was found to be dependent
on the frequency of the stimulating sound waves in such a way
that the highest crest of the travelling wave appears near the apex
of the cochlea at low-frequency tones and near its base at high
frequencies. The conditions for the appearance of these specific
vibration patterns were determined in model experiments.

"Von Bekesy then turned to the question of how the hair
cells are stimulated. With a thin needle, the point of which
touched the basilar membrane, different parts of the membrane
could be set in vibrations in various directions. The point of
the needle simultaneously served as an electrode for recording
the electrical potentials from the receptor cells. It was found
that a local pressure on the basilar membrane is transformed
into strong shearing forces which act on the hair cells in various
degrees.

"Thus, von Bekesy has given us a clear picture of how the
cochlea functions mechanically and his discoveries serve as a
basis for our conception of the cochlea as a frequency analyzer."*

Fortunately for the student and researcher in the field of
hearing, Bekesy's writings on the main results of his many
studies on hearing over the thirty-year period 1928-1958 were
published in 1960 in a single volume, Experiments in Hearing,
translated and edited by E. G. Wever. These papers are models
of technical skill, elegance of experimental design, and clarity
of presentation.

Bekesy's physical measurements of the mechanical properties
of the ear convinced him that some sort of neural "sharpening"
mechanism must be required to account for the remarkable
sharpness of pitch discrimination. The general form of Bekesy's
ideas was derived from the earlier work of Ernst Mach on

•C. G. Bernhard, "Presentation Speech," in Nobel Lectures, Including Presen-
tation Speeches and Laureate's Biographies. Physiology or Medicine, 1942-1962
(Amsterdam-London-New York: Elsevier Publishing Co. for the Nobel Founda-
tion, 1964), pp. 719-21.
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inhibitory interactions in the visual system. Bekesy published a
few preliminary observations on the possible role of inhibition
in hearing as early as 1928; but extensive investigations (includ-
ing work on skin senses, vision, and taste) were not carried out
until much later, as he gradually became more and more inter-
ested in this aspect of his work. His researches in this field, prior
to 1967, are well summarized in his book Sensory Inhibition.

This brief account of Bekesy's life and work represents the
sum and substance of the public record, excepting one auto-
biographical sketch published posthumously in 1974. Bekesy
generally left it to others to extol his virtues and proclaim his
accomplishments.

Bekesy was a solitary person. Although friendly, he was
reserved; few people knew him intimately, and those who did
respected his desire for privacy. Despite Bekesy's usual solitary
ways, however, when the occasion demanded he was outgoing
and sociable. He had a keen sense of humor, and his lectures
and conversations were always punctuated with some anecdote,
wry comment, or little aphorism that went directly to the heart
of the matter. For example: One day at the weekly colloquium
in the Harvard Psychology Department (with which the Psycho-
Acoustic Laboratory was affiliated), the guest speaker was at his
worst and gave an extraordinarily long and dull lecture on a
mathematical theory of behavior. Unfortunately, the audience
responded in kind, and at equally great length, with pointless
questions and irrelevant comments. When at long last it was
all over, Bekesy led me directly to the blackboard in his office,
picked up a piece of chalk, and said, "This is the most important
but least known equation in all of the social sciences. Always
remember it, for as you have just seen, it completely describes
a great deal of human behavior." And then—summing up the
whole afternoon neatly—he wrote:

0 + 0 = 0.
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Bekesy often remarked that his was a lonely life, but he
preferred it that way. His closest friends, from which he drew
both solace and inspiration, were the art objects he had col-
lected over the years. These filled his laboratory, secreted here
and there in drawers and filing cabinets where one might ordi-
narily expect to find only tools, supplies, and records of data.
But always at least one of these treasures was out on display on
his work bench or desk where he might spend hours examining
it and reflecting on its beauty. This was not a surprising aspect
of Bekesy's character, for he was truly creative himself, and his
contributions to science were very close to art. Indeed, the
private Bekesy—known only to a few and even to them incom-
pletely—can only properly be portrayed as the many-faceted
person which he was: A true Renaissance man with very broad
interests and great depth of knowledge in both the arts and
the sciences.

Bekesy's interest in art was undoubtedly fostered by the
circle in which his family moved. During all of his early years
he was surrounded by artists, sculptors, musicians, and other
intellectuals who were friends and acquaintances of his parents.
As a young man, Bekesy studied music seriously; and it has
always seemed strange to many people that in his later years
the world's greatest authority on hearing was more interested
in the visual arts than in the musical arts. The explanation is
simple. Bekesy found that he could not get music off his mind.
After playing or listening to a good tune, he felt compelled to
hum it or go over it in his mind for hours, or even days. This,
he felt, interfered with sound, logical thinking. Because the
perception of a work of visual art faded away at once—unless
he made a conscious effort to recall it—he chose to make the
study of art and archeology, rather than music, his avocation.

Bekesy studied art not only for the great pleasure it gave
him, but also for an effect that he believed it would have on
his mind. Comparing one art object with another to determine
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quality and authenticity, he thought, greatly improved his
ability to make judgments about the quality of scientific work
too. Whether such transfer actually took place no one can say.
But there is no question that art pervaded all of Bekesy's
science. The many superb instruments of his own design, the
models and movies of various wave phenomena, the illustrations
in the papers describing his experiments—indeed, even the ex-
periments themselves—can all properly be called works of art.
(Many of Bekesy's private papers, films, and slides are now avail-
able for study in the Library of Congress.)

During his lifetime, Bekesy collected a large number of
works of art and rare books. Many were lost in World War I,
others in World War II, and some were destroyed or damaged
as a result of a fire in Memorial Hall at Harvard. In spite of all
this, the collection gradually grew larger and more varied. But
the collection was almost as private as was Bekesy's personal
life—few persons were ever privileged to see more than a mere
fragment of it. Now, however, it is in the public domain. In his
last will and testament, Bekesy chose to honor the Nobel
Foundation, which had earlier bestowed such great honor upon
him, with a gift of that which was closest and dearest to him—
the art objects that he had collected over the years and that had
been both a source of inspiration in his work and a source of
solace for a lonely man in times of need of comfort. The Georg
von Bekesy Collection of Art was placed on public exhibition
for the first time, by the Nobel Foundation, on December 9,
1974.* His collection of books is now in the Library of the
University of Hawaii.

As was mentioned above, Bekesy's choice of a scientific career
was, as he put it, "pure accident." But chance can only provide

*A biographical sketch of Bekesy, which focuses on his interest in art, is
included in the catalog: F. Ratliff, "Georg von Bekesy: His Life, His Work, and
his Friends," in The Georg von Bikisy Collection, ed. by J. Wirgin (Malmo,
Sweden: AB Allhem for the Nobel Foundation, 1974).
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opportunity; it remains for the individual to seize upon it and
exploit it. And when he does so time and again, as Bekesy did,
that is the mark of genius.

For example, it was largely a matter of chance that a man
trained in chemistry and physics became interested in the
psychophysiology of hearing and in the role of inhibitory inter-
actions in sensory processes. To begin with, it was Bekesy's
youthful idealism and patriotism that prompted him to leave
Switzerland, following World War I, and to return to Hungary
to help rebuild the country. His doctoral research in physics
at Budapest had been in a branch of optics now known as inter-
ference microscopy, and he tried to find a position in the field
of optics. But times were very hard then and there were no jobs
at all for a physicist with his background and experience.
Bekesy finally decided to find the best-equipped laboratory in
Hungary and work there for nothing, if necessary. The only
laboratory still well equipped after the war was the Hungarian
Post and Telegraph. It had support because the government was
forced by postwar treaties to maintain the telephone and tele-
graph line that crisscrossed the country. Although the labora-
tory had no proper position for a physicist, they did employ
Bekesy and give him a small salary.

Every day brought a new experience. One day telephone
lines would fail, on another there would be radio problems, and
so on. As a result Bekesy was drawn into the problems of the
rapidly developing field of communication engineering—par-
ticularly the electromechanical means of the transfer and pro-
cessing of information.

At that time the international telephone lines were tested
over a loop made by closing the circuit in another city. The
input voltage of a series of pure tones fed into the origin of the
loop at Budapest would be compared with corresponding output
voltage when it arrived back at Budapest. The complete mea-
surement took many minutes—sometimes hours, if there was
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much trouble with the lines. Bekesy developed a new method
that would check the lines in about one second. To learn how
to do this, he spent many hours at night in the room where the
cable heads came in, listening to conversations and trying to
match the systems properly. Bekesy paid close attention to
everything he heard over the lines, including the inevitable
"clicks" when phones were connected and disconnected. These
clicks seemed to change as the status of a line changed, so he
started using them as the test signal, and within a few days he
had perfected his new, more efficient method. As Bekesy pointed
out in his Nobel Lecture, the basic idea was similar to a mu-
sician making a quick check of the tuning of his violin by
plucking a string rather than by the more time-consuming
bowing. In effect, Bekesy "plucked" the telephone line instead
of "bowing" it. The key to the whole problem was that the
clicks each contained a wide spectrum of frequencies—thus each
click sent the equivalent of innumerable "pure tones" along
the lines in a single short pulse. This click method provided the
key to Bekesy's future research and led him to the study of the
sense of hearing and the mechanics of the ear. But this came
about more or less by chance, too.

The Hungarian government wanted to make further im-
provements in the international telephone system and asked
the laboratory for advice on how the limited funds available
for research should be spent. Bekesy's opinion was that the
money should be allocated to improving the weakest part of
the system. With the click method it was easy to determine that
the telephone receiver was the worst part of all—including even
the international cables themselves. But this focus on the re-
ceivers immediately raised the further question: Is the receiver
more or less sensitive than the ear? For it would be futile to
improve the receiver if it were already more sensitive than the
ear itself. By making the click comparison it was evident that
the eardrum was a much, much better instrument than the
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ordinary telephone receiver. It was therefore essential to im-
prove the receiver first.

This study of the mechanics of the eardrum led naturally
to the study of the middle ear and the investigation of the chain
of bones—stirrup, hammer, and anvil—that conducts the sound
from the eardrum to the inner ear. And likewise, this study led
naturally to the inner ear itself and dealt with a very old prob-
lem—the form of the pattern of vibration produced on the
basilar membrane in response to a pure tone. Others before
Bekesy, notably Helmholtz and Corti, had looked at the intact
basilar membrane. Their technique was to chip away the sur-
rounding bone. But the cochlea is imbedded in one of the
hardest bones in the body; and by the time the cochlea was
opened and the basilar membrane exposed to view, the mem-
brane was usually displaced or disturbed in some way so that
observations of its motions were inconclusive. Furthermore, the
whole cochlea tended to dry out during the preparation, thus
distorting the natural mechanical properties of the membrane.

With the elegant experimental techniques that were to
characterize all of his later research, Bekesy solved all of these
technical problems at once. The solution was simple: do the
dissection under fluids. The preparation was placed in a square
bath with the fluid entering one side and flowing out the other.
Then, by using a high-speed drill, it was possible to grind off
very thin layers of bone. Each time the drill was used, a cloud
of bone dust was formed in the bath; but, because the fluid was
continuously flowing, the cloud cleared very quickly. With a
special 200-power underwater microscope Bekesy could observe
the progress of the work closely and proceed very carefully. He
was thus able to open nearly a full turn of the tip of the snail-
shaped cochlea and thereby to expose to view a substantial
portion of the intact basilar membrane. In this way the various
patterns of vibration of the membrane produced by various
pitches of sound could be observed directly.
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In 1928 Bekesy published his first and probably most sig-
nificant paper on the pattern of vibration in the membranes of
the cochlea of the ear. This one paper provided the foundations
for his whole career: The basic experimental observations in it
set the course of practically all of his subsequent studies on the
mechanics of the ear, and the ideas that he expressed in it on
how Ernst Mach's laws of contrast in vision might also be
significant in hearing and in other senses set the course of his
work on lateral inhibition, which was to occupy most of his
later years. Chance played a role here, too; Ernst Mach's work
came to Bekesy's attention by "pure accident" one day when he
was searching for a paper by Mach's son, Ludwig, on what is
now known as the Mach-Zender interferometer.

It was Bekesy who pointed out to me, about 1950, the
similarity between Mach's ideas on inhibition and the inhibi-
tory interaction that H. K. Hartline (Nobel Laureate in Physi-
ology or Medicine 1967) had just discovered in the compound
eye of the horseshoe crab Limulus. This observation of Bekesy's
gave that phenomenon added significance and established a
framework for its investigation and interpretation over the next
quarter of a century. It also stimulated Bekesy to devote more
and more of his own time in later years to a comparative study
of inhibition and the contrast effects it produces in practically
all of the senses. One of his last papers was concerned with the
study of some contour and contrast effects found mainly in
Oriental art, which he had come to admire so much during his
last years in Hawaii. Indeed, the search for truth and the love
of beauty were never far apart in Bekesy's life and work. Com-
menting on his first view of the organ of Corti he wrote:

"I found the inner ear so beautiful under a stereoscopic
microscope that I decided I would just stay with that problem.
It was the beauty and the pleasure of beauty that made me stick
to the ear."
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HONORS

1931 Denker Prize, German Otological Society
1937 Leibnitz Medal, Akademie der Wissenschaften, Berlin
1939 Guyot Prize for Speech and Otology, Gronigen University
1946 Academy Award, Academy of Science, Budapest
1950 Shambaugh Prize in Otology, Collegium Oto-Rhino-Laryn-
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1954 Member, American Academy of Arts and Sciences
1955 Warren Medal, Society of Experimental Psychologists
1955 M.D. (honoris causa), Wilhelm University, Munster
1956 Member, U.S. National Academy of Sciences
1957 Gold Medal, American Otological Society
1959 M.D. (honoris causa), University of Berne
1961 Gold Medal, The Acoustical Society of America
1961 Achievement Award, Deafness Research Foundation
1961 Nobel Prize in Physiology or Medicine
1962 M.D. (honoris causa), University of Padua
1963 D.Sc, Gustavus Adolphus College
1965 D.Sc, University of Pennsylvania
1968 D.Sc, University of Buenos Aires
1968 D.Eng. (honoris causa), National University of Cordoba
1969 D.Sc, University of Hawaii
1969 M.D. (honoris causa), University of Budapest
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