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PREFACE

The Nobel Foundation publishes annually the proceedings of the year’s Prize
ceremonies in a volume called Les Prix Nobel.

It contains the speeches given at the prize ceremony, the autobiography of
each Jaureate aswell as the Nobel Lecture. These books contain much material
of greatinterest to the scientific community. However, they are printed only in
asmall number of copies, very few scientists even know that they existand there
is no advertisement.

From 1992 the material is now becoming available through a deal between
the Nobel Foundation and World Scientific to publish the material from the
70's and the 80's in a series of volumes. This volume contains the materials in
physics for the period 1970-1979.

The contents in this volume are not identical with the original in Les Prix
Nobel. We have written to all the physics laureates and let them modify and
update the material.

The reader may be surprised about the very short speeches of presentation.
The reason is that only a few minutes are allotted to these speeches which did
not permit any description of the discovery.

Stig Lundqvist
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DENNIS GABOR

for his invention and development of the holographic method
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THE NOBEL PRIZE FOR PHYSICS

Speech by professor Erik INceLsTAM of the Royal Academy of Sciences
Translation

Your Majesty, Your Royal Highnesses, Ladies and Gentlemen.

Our five senses give us knowledge of our surroundings, and nature herself
has many available resources. The most obvious is light which gives us the
possibility to see and to be pleased by colour and shape. Sound conveys the
speech with which we communicate with each other and it also allows us to
experience the tone-world of music.

Light and sound are wave motions which give us information not only on
the sources from which they criginate, but also on the bodies through which
they pass, and against which they are reflected or deflected. But light and
sound are only two examples of waves which carry information, and they
cover only very small parts of the electromagnetic and acoustic spectra to
which our eyes and ears are sensitive. :

Physicists and technologists arec working continuously to improve and
broaden the methods and instruments which give us knowledge about waves
which lie cutside our direct perception capacity. The electron iuicroscope re-
solves structures which are a thousand times smaller than the wavelength of
visible light. The photographic plate preserves fer us a picture of a fleeting
moment, which perhaps we may make use of over a long time period for
measurements, or it transforms a wave-field of heat rays, X rays. or electron
rays to a visible image.

And yet, important information about the object is missing in a photo-
graphic image. This is a problem which has been a key one for Dennis Gabor
during his work- on information theory. Because the image reproduces only
the effect of the intensity of the incident wave-field, not its nature. The other
characteristic quantity of the waves, phase, is lost and thereby the three
dimenstonal geometry. The phase depends upon from which direction the
wave is coming and how far it has travelled from the object to be imaged.

Gabor found the solution to the problem of how one can retain a wave-field
with its phase on a photographic plate. A part of the wave-field, upon which
the object has not had an effect, namely a reference wave, is allowed to fall -
on the plate together with the wave-field from the object. These two fields
are superimposed upon one another, they interfere, and give the strongest il-
lumination where they have the same phase, the weakest where they ex-
tinguish each other by having the opposite phase. Gabor called this plate a
hologram, from the Greek holos, which means whole or complete, since the
plate contains the whole information. This information is stored in the plate
in a coded form. When the hologram is irradiated only with the reference
wave, this wave is deilected in the hologram structure; and the original ob-
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ject’s field is reconstructed. The result is a three dimensional image.

Gabor originally thought of using the principle to make an electron micro-
scope image in two steps: first to register an object’s field with electron rays
in a hologram, and then to reconstruct this with visible light to make a three
dimensional image with high resolution. But suitable electron sources for this
were not available, and also for other technical reasons the idea could not
be tested. However, through successful experiments with light Gabor could
show that the principle was correct. In three papers from 1948 to 1951 he
attained an exact analysis of the method, and his equations, even today, con-
tain all the necessary information.

Holography, as this area of science is called, made its break-through when
the tool, which had so far been missing, became available, namely the laser as
a light source. The first laser was successfully constructed in 1960, and the
basic ideas were rewarded by the 1964 Nobel Prize in physics. The laser
generates continuous, coherent wave-trains of such lengths that one can re-
construct the depth in the holographic image. At about the same time a solu-
tion was discovered to the problem of getting rid of disturbing double images
from the field of view. A research group at Michigan University in the United
States, led by Emmett Leith, initiated this development.

The fascinated observer’s admiration when he experiences the three dimen-
sional space effect in a holographic image is, however, an unsufficient acknowl-
edgement: for the inventor. More important are the scientific and technical
uses to which his idea has led. The position of each object’s point in space is
determined to a fraction of a light wave-length, a few tenthousandths of a
millimetre, thanks to the phase in the wave-field. With this, the hologram
has, in an unexpected way, enriched optical measurement techniques, and
particularly interferometric measurements have been made possible on many
objects. The shape of the object at different times can be stored in one and
the same hologram, through illumination of it several times. When they are
reconstructed simultaneously, the different wave-fields interfere with each
other, and the image of the object is covered with interference lines, which
directly, in light wavelengths, correspond to changes of shape between the
exposures. These changes can also be, for example, vibrations in a membrane
or a musical instrument.

Also, very rapid sequences of events, even in plasma physics, are amenable
to analysis through hologram exposures at certain times with short light flashes
from modern impulse lasers.

Gabor’s original thought to use different waves for both steps within holo-
graphy, has been taken up in many connections. It is especially attractive to
use ultra sound waves for exposures, so that, in the second step, a sound field
is reconstructed in the shape of an optical image. Despite significant difficulties
there is work, with a certain amount of progress, being done in this area. Such
a method should be of value for medical diagnosis, since the deflected sound
field gives different information from that in X ray radiography.

Professor Gabor,

You have the honour and pleasure to have founded the basic ideas of the
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holographic method. Through your work and assiduous contributions of ideas
you continue to add to the development of this field, and this applies especially
now that you have the freedom of a professor emeritus. Your activity as a
writer on culture shows that you belong to the group of physicists and tech-
nologists who are concerned about the use or damage to which technical de-
velopment can lead for mankind.

The Royal Swedish Academy of Sciences wishes to give you hearty con-

gratulations, and I now ask you to receive the Nobel Prize in physics from the
hand of His Majesty the King.
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DENNIS GABOR

I was born in Budapest, Hungary, on June 5, 1900, the oldest son of
Bertalan Gabor, director of a mining company, and his wife Adrienne. My
life-long love of physics started suddenly at the age of 15. I could not wait
until T got to the university, I learned the calculus and worked through the
textbook of Chwolson, the largest at that time, in the next two years. I re-
member how fascinated I was by Abbe’s theory of the microscope and by
Gabriel Lippmann’s method of colour photography, which played such a
great part in my work, 30 years later. Also, with my late brother George,
we built up a little laboratory in our home, where we could repeat most
experiments which were modern at that time, such as wireless X-rays and
radioactivity. Yet, when I reached university age, I opted for engineering
instead of physics. Physics was not yet a profession in Hungary, with a total
of half-a-dozen university chairs—and who could have been presumptious
enough to aspire to one of these?

So I acquired my degrees, (Diploma at the Technische Hochschule Ber-
lin, 1924, Dr-Ing. in 1927), in electrical engineering, though I sneaked
over from the TH as often as possible to the University of Berlin, were
physics at that time was at its apogee, with Einstein, Planck, Nernst and v.
Laue. Though electrical engineering remained my profession, my work was
almost always in applied physics. My doctorate work was the development
of one of the first high speed cathode ray oscillographs and in the course
of this I made the first iron-shrouded magnetic electron lens. In 1927 I
joined the Siemens & Halske AG where I made my first of my successful
inventions; the high pressure quartz mercury lamp with superheated vapour
and the molybdenum tape seal, since used in millions of streeet lamps. This
was also my first exercise in serendipity, (the art of looking for something
and finding something else), because I was not after a mercury lamp but
after a cadmium lamp, and that was not a success.

In 1933, when Hitler came to power, 1 left Germany and after a short
period in Hungary went to England. At that time, in 1934, England was
still in the depths of the depression, and jobs for foreigners were very diffi-
cult. T obtained employment with the British Thomson-Houston Co., Rug-

by, on an inventor’s agreement. The invention was a gas discharge tube
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with a positive characteristic, which could be operated on the mains. Un-
fortunately, most of its light emission was in the short ultraviolet, so that
it failed to give good efficiency with the available fluorescent powders,
but at least it gave me a foothold in the BTH Research Laboratory,
where I remained until the end of 1948. The years after the war were the
most fruitful. I wrote, among many others, my first papers on communica-
tion theory, I developed a system of stereoscopic cinematography, and in
the last year, 1948 I carried out the basic experiments in holography, at
that time called “wavefront reconstruction”. This again was an exercise in
serendipity. The original objective was an improved electron microscope,
capable of resolving atomic lattices and seeing single atoms. Three year’s
work, 1950—53, carried out in collaboration with the AEI Research Lab-
oratory in Aldermaston, led to some respectable results, but still far from
the goal. We had started 20 years too early. Only in recent years have cer-
tain auxiliary techniques developed to the point when electron holo-
graphy could become a success. On the other hand, optical holography
has become a world success after the invention and introduction of the
laser, and acoustical holography has now also made a promising start.

On January 1, 1949 I joined the Imperial College of Science & Tech-
nology in London, first as a Reader in Electronics, later as Professor of
Applied Electron Physics, until my retirement in 1967. This was a happy
time. With my young doctorands as collaborators I attacked many prob-
lems, almost always difficult ones. The first was the elucidation of Lang-
muirs Paradox, the inexplicably intense apparent electron interaction in
low pressure mercury arcs. The explanation was that the clectrons ex-
changed energy not with one another, by collisions, but by interaction with
an oscillating boundary layer at the wall of the discharge vessel. We made
also a Wilson cloud chamber, in which the velocity of particles became
measurable by impressing on them a high frequency, critical field, which
produced time marks on the paths, at the points of maximum ionisation.
Other developments were: a holographic microscope, a new electron-veloc-
ity spectroscope an analogue computer which was a universal, non-linear
“learning” predictor, recognizer and simulator of time series, a flat thin
colour television tube, and a new type of thermionic converter. Theoretical
work included communication theory, plasma theory, magnetron theory
and I spent several years on a scheme of fusion, in which a critical high-
temperature plasma would have been established by a 1000 ampere space
charge-compensated ion beam, fast enough to run over the many unstable

modes which arise during its formation. Fortunately the theory showed that
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at least one unstable mode always remained, so that no money had to be
spent on its development.

After my retirement in 1967 I remained connected with the Imperial
College as a Senior Research Fellow and I became Staff Scientist of CBS
Laboratories, Stamford, Conn. where I have collaborated with the Presi-
dent, my life-long friend, Dr. Peter C. Goldmark in many new schemes of
communication and display. This kept me happily occupied as an inventor,
but meanwhile, ever since 1958, I have spent much time on a new interest;
the future of our industrial civilisation. I became more and more con-
vinced that a serious mismatch has developed hetween technology and our
social institutions, and that inventive minds ought to consider social in-
ventions as their first priority. This conviction has found expression in three
books, Inventing the Future, 1963, Innovations, 1970, and The Mature
Society, 1972. Though I still have much unfinished technological work on
my hands, I consider this as my first priority in my remaining years.

Honours

Fellow of the Royal Society, 1956.

Hon. Member of the Hungarian Academy of Sciences, 1964.

D.Sc. Univ. of London, 1964, Hon. D.Sc. Univ. of Southampton, 1970,
and Technological University Delft, 1971.

Thomas Young Medal of Physical Society London, 1967.

Cristoforo Colombo Prize of Int. Inst. Communications, Genoa, 1967.

Albert Michelson Medal of The Franklin Institute, Philadelphia, 1968.

Rumford Medal of the Royal Society, 1968.

Medal of Honor of the Institution of Electrical and Electronic Engineers,
1970.

Prix Holweck of the French Physical Society, 1971.

Commander of the Order of the British Empire, 1970.
Married since 1936 to Marjorie Louise, daughter of Joseph Kennard

Butler and Louise Butler of Rugby.
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The following details about his last years were obtained from Ms Anne
Barrett, College Archivist at the Imperial College:

Professor Denis Gabor was awarded the Nobel Prize for Physics in 1971
and gave his Nobel Lecture on Holography. In the years following his Nobel
award he received honours from universities and institutions internationally.
He travelled widely giving lectures, many on holography or the subject of his
book The Mature Society.

Between 1973 and 1976 Gabor and Umberto Columbo jointly chaired a
working party on the possible contribution of Science to the regeneration
of natural resources. The results were published in 1978 as Beyond the Age of
Waste.

In 1974 Gabor suffered a cerebral haemorrhage so he was unable to
personally present lectures he had prepared for that year, but his large
group of eminent friends rallied to present them for him. Gabor lost the
power to read and write himself and his speech deteriorated but his intellect
and hearing were acute, so he remained involved in the scientific world. He
was able to visit the new Museum of Holography in New York and the Royal
Academy holography exhibition in 1977. He became Honorary Chairman of
the Board of Trustees of the New York Museum of Holography in 1978 and
also sat for his holographic portrait by Hart Perry.

His health deteriorated during the latter part of 1978 and he died in
1979.



