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HOLOGRAPHY: STATE OF THE ART
Terence Feeley
ABSTRACT: A holographic model is evolving as a valuable tool in several
disciplines. The inertia for this emergence stems from the fundamental aspect of
holography that a part contains information for the whole. An understanding of
the mechanism of holography may be achieved by working with optical
holography to offer a structure representative of the whole. This article will offer
“how to” information by means of schematics to clarity the concept and enable
the reader to gain some understanding of how holograms are made. A brief
history will be presented, then a discussion of the mechanics for several types of
holograms, followed by a survey of the state of the art.

INTRODUCTION
The introduction is in the form of questions and answers.
Question: What is a hologram?
Answer: A hologram is actually a photograph of the light waves that
reflect from an object illuminated with laser light. The hologram is
recorded on film in such a way as to store all the visual information in the
reflected object light waves. After the hologram is developed, coherent
light is passed through. (In the case of a white light hologram, normal
light is used.) The hologram then causes some of this light to be reshaped
into a waveform identical to the reflected object light waves. An observer
looking at these reformed or reconstructed waves ‘sees’ in complete and
full dimension, the original object. Holography differs from regular
photography in three ways: (1) It does not use a lens. (2) It uses coherent
light. (3) It uses a reference beam.
Q- What are the various types of holograms?
A- Depending upon the exposing conditions, several different kinds of
holograms can be made. The standard type, the transmission hologram,
reconstructs and image which appears to be behind the hologram. The
image is seen by looking through the hologram as though it were a
window. Another type of hologram, the focused imaged hologram
creates a full dimensional image about the plane of the hologram. A third
very exciting type is the projected real image hologram. Using this
hologram an image can be reconstructed which appears to be hanging
out in space in front of the plate. In addition other types of holograms can
be made which change color as the observer changes his angle of view
varying from violet through the entire spectrum to deep red.
Q- Can holograms be made with white light?
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A- Yes. White light holograms are possible using something called a
Fresnell Zone Diffraction Grating which compensates exactly for the
non-coherence of the light source. Each wavelength is focused
independently.
Q- Can holograms be made in color
A- Yes. A process developed by Gabriel Lippman can also utilize white
light and produce color holograms. This technique makes use of mercury
backing behind the emulsion side of the photosensitive plate. As each
wavelength passes through the emulsion it gets reflected of the mercury
back out through the way it came. This causes an almost perfect inter
ference pattern. White light shining through the plate recreates the origi
nal image which will be in full color. Coherent light holograms can also
be made in color by using three different wavelengths for each primary
color and using a process discovered by the Russian scientist Y.N.
Denisyuk whereby the original beams are then reflected off the object
and back onto the plate, thereby being their own reference beam.
How To Take A Hologram
LASER

I COHERENT
•LIGHT

I

Coherent light from the laser is split into two beams
by the semi-transparent mirror, one beam being
reflected from another mirror to the subject and on to
the film, while the other beam, the reference beam,
reaches the film without bouncing off the subject. The
resulting interference pattern can only reproduce the
subject when the laser is shown through the hologram.
The image achieved is three dimensional.
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HISTORY
Holography began with the work of Dr. Dennis Gabor, a Hungarian
electrical engineer who did much of his initial work at the manufacturing
facilities of British Thomson Hourton. Today he still spends a good deal
of time in England as Professor Emeritus at the Imperial College of
Science and Technology, London University. At the time of his
discovery of holography in 1947, Dr. Gabor was searching for a possible
method of enhancing the resolving power of the electron microscope. His
hope was to be able to ‘see’ individual atoms with it. He attempted to
accomplish this utilizing the technique of wavefront reconstruction
which is the essence of holography. Gabor describes the discovery in
Holography In Medicine (see review in books received section):
A quarter of a century has passed since I first conceived of the basic
idea of holography. At that time, in 1947,1 was concerned with the
problem of improving the resolving power of the electron
microscope, which, tantalizingly, had stopped short of resolving
atomic lattices. We know that electric lenses could not be made
perfect, so what about taking a bad confused picture with an
electron microscope and restoring the image by optical processing?
But of course, if on opens up the aperture of an imperfect lens
beyond a certain point, the picture is only a hopeless blur. It does
not contain the whole information on the object because on half of
the information, the phase, has dropped out of it; the picture
contains only the intensities. No wonder the phase information was
lost, becuase there is nothing to compare it with. So the first step
was to add to the object beam a second beam which at that time I
called the ‘coherent background’; now it is called a ‘reference beam1.
Before me Fritz Aemike had already reached this conclusion. The
essential new step was the discovery of the principle of
reconstruction which came to my mind one Easter day in 1947.
The notion of wavefront reconstruction is beautifully described by the
biologist Lyall Watson:
If you drop a pebble into a pond it will produce a series of regular
waves that travel outward in concentric circles. Drop two identical
pebbles into the pond at different points and you will get two sets of
similar waves that move towards each other. Where the waves meet
they will interfere. If the crest of one hits the crest of another they
will work together and produce a reinforced wave of twice the
normal height. If the crest of one concedes with the trough of
another they will cancel each other out and produce an isolated
patch of calm water. In fact all possible combinations of the two
occur and the final resutl is a complex arrangement of ripples
known as an interference pattern.”
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The most familiar form of holography is essentially the same
procedure. Coherent light produced by a laser is separated into two
beams by means of a beam splitter. One beam, the object beam is used to
illuminate a subject and parts of the beam reflected from the model fall
on a photosensitive plate. The other beam is directed at the photographic
plate by means of a front service mirror. This beam, the reference beam,
interacts at the photographic plate with the light reflected from the
subject to produce a complex interference pattern. The plate is then
developed using relatively standard darkroom techniques and the
resultant interference pattern is the hologram. When this type of
hologram is reilluminated with the reference beam alone, the selective
transmission and absorption of the coherent light passing through the
plate produces in the emerging beam a reproduction of the original light
waves that were reflected from the object ot the plate in the hologram
formation process. It appears as if one is seeing the object itself in its full
three dimensionality. This is what wavefront reconstruction is. George
Dowbenko describes this process in more detail in his excellent book
Homegrown Holography, AmPhoto Publ., Garden City, NY, 1978.
Holograms can be considered to be diffraction gratings since they
also diffract light. Diffraction in a hologram occurs throughout the
depth of the emulsion. Inside the emulsion the internal boundries
that guide incoming light through the holograms are the planes of
silver deposited at the time the hologram is developed. These
planes of deposited silver act like perfect mirrors in reflecting or
diffracting the light, (p. 62)
Initially the hologram had to be played back with the same quality of
light that it was produced with, that is, highly coherent light. However, in
the past years, many brilliant researchers have shown that making a
hologram or viewing it is not dependent on highly coherent light. A few
of the key figures here are Juris Upatnieks, Emmett Leith, Stephen
Benton, and Lloyd Cross. These men worked from Dr. Dennis Gabor’s
original concept and made it accessible to a larger group of people by
eliminating some of its technological restrictions.
Dr. Gabor did his initial work in the 1940’sand won a Nobel prize for it
in 1971. He labored without completely coherent light source, i.e. the
laser, but utilized instead the quasi coherent light of a mercury lamp. In
practicallity, however, it was not until the introduction of the laser in the
early 1960’s that holography began to achieve a high profile. It was at this
time that Upatnieks and Leith intergrated several innovations such as an
off axis reference beam and use of highly coherent light. These two
innovations served as a turning point in the development of holography.
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STATE OF THE ART
Data Storage: One of the more useful applications of the holographic
techniques is data storage especially for computer use. The information
optically stored may be colored or coded, graphic, letter or number
based. It may be stored on the surface of a hologram or spatially
separated and stored throughout a volume hologram. It may be a
permanent record or an erasable one. Components of the data may be
unrelated or associative. In other words, holographic data storage offers
a great deal of flexibility and some of the early trade offs in efficiency that
were the logjams of the late 60’s and early 70’s are now being overcome.
An excerpt from Optical Holography by Collier, Burckhardt and Lin
(Academic Press 1971) sums up the situation in the early 1970’s and this
can be compared with the present situation.
We shall be concerned with the assembly of a multitude of
holograms into a file memory or storage unit peripheral to the
central processor of a computer. Rapid access to the file system is an
essential requirement. It is not difficult to show that holographic
storage methods have decided advantages over other optical
methods such as microimage records, but their real and formidable
competitors are the well-entrenched magnetic memories: the core,
the tape, the disk and the drum. The last three represent prime
targets for the holographic optical memory. With comparable
capacity, e.g., 108 bits, and cost e.g., 0.01 cent/bit, the holographic
memory can effect information retrieval in microseconds while the
magnetic tapes, disks, and drums require tens of milliseconds. As a
counter advantage a magnetic memory is erasable and can be
written as fast as it can be read. Fast-write and erasable holographic
storage is still in its early experimental stages with only untried
possibilities to exhibit.
The rate of information input, density of data storage and speed and
integrity of information retrieval are the central concern here and the
following passages may show why holographic techniques are
developing an edge. The effectiveness of optical data storage is a function
of the angle and wavelength of the light source and the nature of the
recording matrix. The edge that magnetic storage had, primarily that of
data density was given to optical data storage recently by the occurence
of two events, l)the development of a crystal with the proper structure
and subsequent storage characteristics and 2) the development of the
tunable dye laser.
The Crystal:
Many materials assume different characteristics under different
conditons, for example, water is a solid at one temperature, a liquid at
another temperature and a gas at still another temperature. Each
condition: ice, water, steam is described by the symbol H2O but the
relative closeness or tightness of packing of one molecule to another is
different.
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Some materials are said to assume a crystal structure under certain
circumstances, i.e. table salt has a regular and orderly arrangement of its
atoms one to another that is repeatable when the crystal is formed under
the same conditions. Their characteristics of repeatability and stability
are very convenient when the crystal can be made photosensitive, i.e.
responsive to light. There are a great many crystals that are
photosensitivie and because of their particular crystal structures allow
for high density data storage. One such crystal that has achieved a good
deal of publicity is the so called “banana” molecule. The potentialisties of
this material are very clearly expalined in the Frontiers of Photography
volume of the Time/ Life series.
The cube-only one centimeter in size-theoretically can store as
much information as is contained in a 50,000-volume library; what
is more, it can deliver any portion of that information in 20
millionths of a second, or less time than it takes to blink. The laser
and the cube store desired information-photographic views or
photographic copies of printed material- that have been reduced to
fractions of a centimeter in size. These images are thrust by a laser
beam into the cube, where they remain packed like oranges in a
crate until a laser fetches them out.
The cube is a colorless synthetic crystal that looks like glass and is
made of either lithium niobate or barium sodium niobate, the latter
dubbed banana because of its chemical formula, which is
Ba2NaNb5oi5. A laser-borne image entering the cube alters electrons
within the banana molecules, establishing a pattern, an electrically
charged hologram corresponding to the image. But the electron
pattern is unstable, can be read out only once and would shortly
self-erase if left to itself. Heating the cube to a temperature of more
than 200° converts this pattern of electrons into one composed of
ions-electrically charged groups of atoms. This ion pattern stays put
to be retrieved by laser light, which is affected by an emulsion
pattern in a holographic plate. Theoretically, the cube’s capacity to
store holographic images is all but unlimited. In practice, however,
the scientists have some bugs to work out; for example, the ion
patterns, though relatively permanent, actually tend to fade away
after a few months.
The versatile laser referred to here is the tunable dye laser which is a
laser that can be manipulated to produce discrete laser lights of many
wavelengths or colors.
In the August 14, 1978 issue of Computerworld an article entitled
Tunable Dye Laser May Prove Aidas Data Storage Method, appeared.
Four scientists at IBM’s San Jose Research Laboratory have
been awarded a patent for a tunable dye laser that may have future
application to optical storage of data.
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The patent, entitled “Frequency Selective Optical Data Storage
System,” was granted to George Castro, Dietrich Haarer, Roger
Macfarlane and Peter Trommsdorff and is based on a
photochemical process called “hole burning.” The technique is a
unique method of increasing the amount of data that can be packed
into a given space, according to IBM.
In the system described by U.S. patent 4,101,976, each bit is
identified by its location in the frequency spectrum as well as by its
location in two- or three-dimensional space. Using the technique,
hundreds or even thousands of the “frequency-coded” bits could be
stored in a single, microscopically small region of space. The size of
this region could be as small as 1/25,000 in., or one micrometer,
which is the diffraction limit of a laser beam.With 1,000 bits stored
in each element, 1015 bits - estimated to be the total storage capacity
of the human brain - could fit in about one square meter of area.
Work on the new storage technique is still at a very early stage of
research. “We have a long way to go before this can be made into a
technology,” according to Dr. George Castro, manager of the San
The invention depends on the use of a laser that can be tuned simlar to adjusting the station selector on a radio - so that it emits
light of various colors, but whose light rays at a particular setting of
the dial all oscillate within an extremely narrow frequency band.
The tunable dye laser is itself an IBM invention.
The highly monochromatic light from such a laser is directed
onto a sample of a photoreactive material that is cooled to a few
degrees above absolute zero. This action produces a chemical
change in a very small percentage of the material’s molecules - just
those whose spatial environment enables them to absorb energy at
the frequency of the laser light.
As a result of the chemical reaction, the frequency-selected
molecules are changed into a new compound and none of the
original molecules are then left to absorb light at the frequency that
produced the reaction. The phenomenon is observed as the forming
of a gap, or “hole,” in one of the material’s optical absorption peaks
- hence, the name “hole buring.”
In experiments performed to test the feasibility of the hole-buring
technique for data storage, the IBM scientists were able to burn a
nole whose width (in frequency units) was less than one thousandth
the width of the absorption peak in which it appeared - one of the
narrowest optical features ever observed in a solid.
By implication, the peak is wide enough with respect to the laser
frequency to allow burning of one thousand holes side by side. This
could be done sequentially simply by tuning the laser beam to one
thousand different colors, or frequencies.
The “ones” and “zeros” by which information is encoded in a
computer could then be represented by the presence or absence of
holes in the absorption peak at particular frequencies.
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Holographic Movies:
The true 3-D movie in the cinemagraphic sense is still a few years away
but its foundation has been laid in what is known to the holographic
community as the Multiplex.
Lloyd Cross and Hart Perry and a handful of other people played a key
role in this innovation. In the multiplex process itself, a short film is made
of the desired subject and then each frame of this film serves as the object
for hologram formation on a film plane. The film plane is a section of
sensitized acetate with each successive frame producing a sequential
hologram across the acetate. Each hologram is about one millimeter wide
and when recorded side by side and rotated gives the illusion of motion.
This is quite a time consuming process but the results are well worth
the effort expended. The most famous Multiplex is The Kiss featuring
holographer Pam Brazier. Pam is an accomplished artist and has greatly
influenced the growth of the art.
Reportedly a true holographic movie using holographic film has been
produced in the Soviet Union, however the mechanics of the
breakthrough are not currently available in the literature.
The most obvious impact of the Multiplex technique will be in
advertising with point of purchase displays. Already several companies
have used them on a limited scale with success. Custom Multiplexs can be
commissioned through the Museum of Holography.
The next step after holographic movies will be holographic TV and
holographic videotelephones.
Bell Labs has alreay proven that a combination of lasers and fiber
optics is a highly efficient method of communications. Therefore the
video telephone is not far away. Compared to cooper cables, glass fibers
are much more efficient in virtually every way. They are lighter, take up
less space and are spaced more efficiently.

CONCLUSION
Holography has many uses beyond just three dimensional
photography. Eventually movies, computer storage, video phone,
holographic television and other untold discoveries will be surfacing. The
potential for the field is limited only by our imagination. Holography is
here to stay.
If the reader has further questions refer to the Museum of Holography
at 11 Mercer Street, New York City, in the SOHO district which is firmly
established and is run by a highly professional and enthusiastic staff.
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