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Memories of people, events etc. are better stored
inthe form of photographs. In fact, the
technology of photography has been with us for a
longtime. Regular photograph “freezes” a two-
dimensionalimage of the three-dimensional
world, therebyenablingonlya two-dimensional
view of reality. Standard photographic film
registers thetotal lightintensity (whichis square
of amplitude of light wave] falling oneach point of
the film during exposure i.e. when the shutter is
open.The resultingimage is a two-dimensional
mapping which contains only the intensity
attributes of the wave. The phaseattributes of the
waverelated tothe depthof the fieldare therefore
lost. Anordinary photography,therefore, loses
the phase completely.It records only the
intensities. However, if both the intensity and the
phaseattributes of the waveare recorded,one can
get athree-dimensional image of theobject. This
is achieved by usingthe principles of what is
known as holography.

HOLOGRAPHY- THE FASGINATING WORLD

History

The technique of holographywas developed by the
Hungarian physicist Dennis Gabor in 1948 when
he wasworking inthe Research laboratoryof the
British Thomson-Houstan Company in Rugby,
England. This discovery wonhim the 1971 Nobel
Prize in Physics.

InfactGabor’s interestwas toimprove the
resolving power ofthe electronmicroscope. He
useda two-steplensless imagingprocess that
involvedinterferencebetween anobject wave
(emanatingfrom the object) anda coherent
backgroundwave (calledreference wave).The
resulting interference patternwas called a
“hologram”, after the Greek word Ao/os,meaning
whole as it contained the whole information. This
is known as therecording process. Recorded in
the interference pattern is not onlythe amplitude
distribution but also the phase of the object wave.
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Thehologram has,however, little resemblance to
the object. It has init a coded form of the object
wave. The second stepin Gabor’s process, called
reconstructionprocess, involved reproduction of
the image. The hologram was illuminated by an
appropriate lightbeam whichformed the
reconstructed imageof the object inits true
three-dimensional form.

Although the principle of holography was laid
down by Gabor in 1948, it attained practical
importancein 1960only afterthe adventof lasers.
In1962Emmett N. Leith and Juris Upatnieks,
working in the Radar Laboratory of the University
of Michigan, succeeded in developing good quality
holograms usinglaserlight.

IN1962, YuriNikolayevitch Denisyuk of Russia
introducedascheme forgenerating holograms
thatwas conceptually similarto theearly colour
photographic process of Gabriel Lippmann. He
succeeded inproducing a white light reflection
hologram which, for thefirst time, could be
viewed inlight from anordinary incandescent
light bulb.

Another significantdevelopment in holography
took place in 1969when Stephen A.Benton of
PolaroidResearch Laboratories,
Cambridge , Massachusetts, U.S. A.succeeded in
creating white lightholograms. Depending on the
viewinganglethese holograms show allthe seven
colours constituting white light andare called
“rainbow” or Bentonholograms. In fact, such
hologramsare usedon creditcards, magazines
and othercommercial productsto prevent
forgery. They find extensive use in the field of
advertising, publishing and banking industries.
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In 1972, Lloyd Cross developed atechnique that
combinedwhite lighttransmission holography
with the conventional cinematography. In this way
he was able todevelop integral holograms, called
“integrams” Lookingthrough a transparent
cylindricaldrum, the three-dimensionalimages
can beseenin motion.Such holograms
describing motion findapplications in science
fiction movies.

In 2008, optical scientists under leadership of Tay
Peyghambariam workingat the University of
Arizona College of Optical Sciences in
collaborationwith Nitto Denko Technical
Corporation, Oceanside, California, U.S.A. could
make 3-D holographicdisplays thatcould be
erased andre-writtenina matterof minutes.
Their device consisted of a special plastic film
sandwichedbetween two pieces ofglass each
coated witha transparentelectrode. Inthis device
theimages are “written” withthe helpof laser
beams andan externallyappliedelectricfield into
the light-sensitive plastic called ‘photorefractive’
polymer. The holographic displays inthis new
technique are capable of showing anew image
everyfew minutes.

Principle of Holography

Holography isactually atwo stage process which
involves:

(i) Recording the hologram; and
(i) Reconstructionof theimage from the hologram.

For recordingthe hologram, ahighly coherent
laser beam is divided by abeam splitterinto two
beams, A and B. Thebeam A, known as the
reference beam, hits the photographic plate
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Fig. 1. Reading of a hologram

directly. Thebeam Billuminates theobject whose
hologram isto berecorded .This gets scattered by
the object.The scatteredbeam, calledthe object
beam, impinges on the photographic plate. The
superpositionof the object beam and reference
beam produces aninterference patternwhichiis
recorded on the photographic plate. The
hologram thus recorded is quite unintelligible and
gives no idea about the image embedded init.
However, itcontains all the informationabout the
object.

For viewingor reconstructing theimage, the
hologramisilluminatedbythe laserbeam, which
is called theread-out beam.This beamis identical
with thereference beam usedduring the
formation of hologram. The points on the
hologram act asdiffraction grating. The waves
diffractedthrough the hologram carrythe phases
andamplitudes ofthe waves originally diffracted
from the object during the formation of
hologram.The diffractedbeam ingeneral, gives
riseto twoimages-one virtualand the other real.
Thevirtual image has allthe characteristics of the
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Fig. 2: Reconstruction of the image

object and can be seen on looking through the
hologram. Thereal image, called pseudoscopic
image, can be photographed directly without
usinga lens.

Instead of aconventional photographic film,
holograms can alsobe recordedby usinga digital
device, e.g.a charged-coupleddevice (CCD)
camera. Knownas digital holography, the
reconstruction processin this case canbe carried
out by digital processing of the recorded
hologram using astandard computer.A three-
dimensional image of the object canlater be
visualized ona computerscreen or TV set.

Applications of Holography

Holography has widerange of applications in
diversefields. We shall mentionhere someof the
important applications of holographyin science
and technology.

Animportant application of holography is in the
field of information ordata storage. The ability to
store largeamount of information is of great
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importance,as manyelectronic products
incorporate storagedevices. Theadvantage of
holographic datastorageis that the entire volume
of the recording media is used instead of just the
surface. Producingholographic CD storage is
underintense researchand itis estimatedthat L TB
(terarbite) data canbe stored on aholographic CD.
Certainly,holographic datastorage seemsto have
the potential of becoming the next generation of
popularstorage media.

Another major application of holography is in the
coding of information for security purposes and
in preventingforgery. Holograms having security
features areoften usedin credit and bank cards,
books, DVDs,branded products, etc.Some Indian
and foreigncurrency notes too carrythe security
holograms.

Holographic microscopy isanother potential
application of holography. As is known, a
conventional microscope has a smalldepth of
field (the range of depth over which an object is in
focusat anymicroscopic setting).Biological
specimens,generally suspendedin afluid, move
about making them sometimes inand sometimes
out of focus of the microscope. However, this
motion canbe “freezed” in ahologram taken
through the microscope. Thereconstructed 3-D
image can thenbe studiedat leisure.

Holographicinterferometry isyet another
significant application of holography. lt can be
usedfor testingstresses, strainsand surface
deformations inobjects. Holographic
interferometry was actually achancediscovery
made in 1965 by a number of groups working
around the world. R. L. Powell and K. A. Stetson at
the University of Michigan, Ann Arbor, made an
interesting discovery in thatyear. They found that
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the holographicimages of movingobjects are
washed out. However, ifdouble exposure is used,
first with the object at rest and then invibration,
fringes willappear indicatingthe lines where the
displacementamountedtomultiples of a half
wavelength. Inthis way,Powell and Stetson could
reconstruct vibrationalmodes of a loudspeaker
membrane anda guitar. The principle of
holographicinterferometry bydouble exposure
was discovered simultaneouslyand independently
in1965by Haines and Hildebrand of the University
of Michigan, Ann Arbor and also by J.M. Burchin
England and by G.W. Stroke and A. Lebeyrie in
Ann Arbor, Michigan.

Non-destructive testing byholographic
interferometryisa veryimportantindustnal
application of holography. The technique is ableto
detectevensmallest defects.Applications of
holographic interferometry have, therefore, resulted
inthe improvementand reliabilityof products.

Medical diagnosticsis anew and emergingfield of
the applications of holography. Some of the
prominentfields of medical sciencesin which
holographic technologyis usedare radiology,
dentistry, urology, ophthalmology, orthopedics,
pathology and so on. In the field of
ophthalmology,for instance,any retinal
detachmentor foreignbody caneasily be
detected.

Although holography has applications in diverse
fieldsitstill isarelativelyexpensive procedure.
However itis expected thatwith time wewould be
able toget over the costfactor and holography
will thenhave manymore applications even in
everyday life. There is no gainsaying the fact that
potential for holographictechnology is indeed
limitless.



