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A j're carrying money, a dri

ojograms' g holfr?sramdon Pt may be the most familiar. The rainbow-
" rod e CHANGES 2 h Ian appears to move as you titt the card. Uniike a bird in
codiﬁonal photogr aph, a holographic bird is a three- dimensional image. Holograms are

ed by interference thght beams.. Holograms are made using lasers because laser
fght 15 rcoherent”. W::; ih’:Z Z;eg;;fs is that all c?f .the photons of laser light have exactly
o 58ME frequency ana p erénce. Splitting a laser beam produces two beams
pat 1€ the same' color as each 9ther (monochromatic). In contrast, regular white light
grsistsofmany c_ﬂﬁ'erent frequencies of light. When white light s diffracted, the Frequencies
gt to form @ ramt_)ow of colors. In co'nventional photography, the light reflected off an
object strikes a strip of film .that CfJntams a chemical (i.e., silver bromide) that reacts to
fght This produces a two-dimensional representation of the subject. A hologram forms a
ﬂ,,ee-dimensional image because reflected on an object strikes a strip of film that contains
s chemical (i.e., silver bromide) that reacts to light. This produces a two-dimensional
wpresentation of the subject. A hologram forms a three - dimensional image because
ightinterference patterns are recorded, not just reflected light. In this paper we will discuss

about construction of hologram, holography it's types and it's applications in physics.

Keywords : Holography, Holograms, coherent, monochromatic, diffraction, interference
patterns.
Introduction :

Holography is a technique which can lead to the information of optical images
“often uses photographic materials. In some respects it is similar to photography. In
othe”espects. however, it is fundamentally different. The two techniques should be seen

&
melementa,y rather than competing process.
In Conventional photography we record the two dimensional irradiance distribution
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animage of the on the other hand, we record the object wayg iteg .

bject wav "ra"‘er b

; The objé . on g hay
e ' . i ve front is reconstr Ube, |
image © record the original object Wa ucted, evgn;,
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Th

bject. HO front give i he.
cted wave gives a view g s, 4 |
tion of the reconstru fthe Objegy, Y |

in fact, is often referred to as wave front oy,
a iy

> ble from the original object. That is, the image generaey inb i,
e and parallax properties normally associated with th,, rea?'%ra;{
Obie. ' |

al difference between photography and holograpy, ey, |
ly the amplitude of the resultant wave from the B is thy 5n
records irradiance, which is proportiong, t01Ct (Stn'%l |

e is recorded in such a way thy,
h

)

The fundament
e record on

ic plate
photographi¢ P _
) while in h0|09raphy we re?ord b-Oth the amplitude and phas:Z:Ere
ple terms, how this is achieved, as follows. b |

photography w
speaking about
of the amplitude
wave. We may se€€ insim

Principle of Hologram:
To record the phase of the object wave we use a beam of MONOChromey,

originating from a small source SO that the light is coherent. By this we meg, thaty,
]

temporal and spatial variations of the phase of the light bea-m are regularand Predictay,
If light beams are coherent then interference effects which are stable in time Can&
obtained. The monochromatic beam splits into two parts, one of which is usedtg iluming,
the objet, while the other which we call the reference wave, is directed towards ;
photographic plate. The light directed towards the object is scattered and some of it y,
object wave, also falls of the photographic plate. Ifthe original monochromatic light hgs;
sufficiently high degree of coherence, then the reference and object waves will be mutug)
coherent and will form a stable interference pattern in the photographic emulsion. The
interference pattern, in general, is a complicated system of interference fringes duetote
range of amplitudes and phases of the various components of the light scattered fromtt
object. This interference pattern, which is unique to a particular object, is stored it |
photographic emulsion when the plate is developed. This record is called a hologram.

it

The hologram consists of a complicated distribution of clear and opaque e |
corresponding to dark and bright interference fringes. When it is illuminated with abea" §
of light similar to the original reference wave, light is transmitted only through the cé?
areas, resulting ina complex transmitted wave. The hologram behaves ratherlikeadf™” |
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separate components, one of which dyp|;

ing: reé .
Al Jinto th constructed wave front we gee anexactreplic Ofthe origingy object ever
Ae :

d ot nisa two~stop pProcass

8. Firstly, an
+Secondly, the hologram
rfe,ence that part of light transmitted by it g areplica of the original o
'nfe way
ha

Jc in fact invented before laserg became

raP light with a high degree of Coherenc
ever st rapidly since the advent of the laser.
ho ded mo
cee

is illurninated
bject wave
available, |t will ba

appreciated,
e

is required its developed has

ram could be created using
ofthe ’ s and viewed using visible light waves, then a magpnification of about 105
glectro

ected. For a number of technical reasons the method did not succee;d. The
: ) -
should be expftheSe however, was that the three components transmitted by the hologra
. US 0 9

iffracted transmitted
bove were coincident. These three components are the undiffra

ﬂoned a -

4 the virtual image, and the real image.

beam,

arrangement of Hologram :
roptical Arrangement :

: ed by Leith and
tical arrangement the so called off-axis geometry d.evelc;;{)3 Whi)(l;h e
iIca : Ima
o Op'd this problem by physically separating the t;v?:ed b?/ the hologram. At
pshs, uS two first orders of the diffraction pattern prfc: u‘ iether lasers became
o . the off-axis o
regarded as the ) Upatnieks introduced R
ime that Leithand Up hromatic nature of laser ra
aboutthe same time herent and mono-chro biects
. - intense, cohere _ f much larger obj
AN Thehy and enables high resolution holograms o
makes it ideal for holograp Hle
tobe made than was previously possible.

ethods for

ny additional geometrical arrangem:r::zljnmdenr:ologram&

S e ma' troduced. These include plane ar:‘ n or phase type. In

Producing holograms have been in ms can be either of the absorp |<'>0 raphy improved

Intumns plane and volume hOI.og:ta\e optical arrangements for-:::odiced. These need

-« elwiillie ;advanges lnording the holograms have bf:esr(‘)'nm as the interference
Dhotosensitivity MEtEnEs foftffhe grain size less than abou

o have 5 high resolution wi
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nakes
lographiC arrangement have two pa,n s thatis (a) Makip,

. interference pattern produc.ed ety Interference Of the Pefe.
by recording the lf‘ 5 reconstruction of the object wave front. The reconsty,, r,_.%;.
object wave f:;:,;' (orthoscopic) image and a real (pseUdoscopic) image ion Preg,
two images, '

O
*Holographic optical components : |
have seen that a hologram is essentially a pattern of i"terfere .
We ansmitted by or reflected fromit. Thus a Suitable Patter of%*‘
ks which are normally performed by convemiona,fr

in
P
ents. An obvious example of this is the p roduction of difiraction gratings by
componerits.

Optey §

o . ; holog,au
lane object and reference beams will interfere to give a series of straight.
ranee e beams are of equal irradiance, will have a cosine SQuareq

halide emulsion!
Atypical ho

‘Jhu

which diffract the lighttr
can perform a variety of tas l
Ne Dara”é

fringes which, ifth = _ Magiy,
distribution. Although the first transmission gratings were produced some tWenty-ﬁve

ago the most successful gratings are formed in. photo resi.st Iayers Coated ontg opﬁwa |
blanks . Photo resists are light-sensitive organic films which yield a refief image g5,
exposure to light. The relief image is coated with an evaporated meta| fin to fom,
reflection grating of high quality for spectrographic applications.Holographic gratings by,
several advantages over diamond ruled gratings. For example, they are simplerand therefrs
cheaper to produce, they are free from the periodic and random errors in line spacingf
ruled gratings, and they produce less scattered light. In addition it is possible tg produs |
larger gratings with narrower line spacing then by conventional ruling techniques, which |
are limited by were of the diamond cutter. On the other hand, to reduce high-qualt
gratings the hologram optics must produce wave fronts which are plane to about ?/10ax

the fringe pattern must be kept very stable as photo resists are photographically 'slow'ax
require long exposures.

Another holographic optical component which is being increasingly usedinsw
applications as point-of-sale bar-chart readers and laser printer is the holographic scan
A simple disk has up to 20 or so separate holograms recorded on it. Each hologram
recorded with a point source as the object and a collimated reference beam. When™
hologram is re-illuminated with the conjugate of the reference beam a point imeg*

form isk i sttt
formed. If.now the disk is rotated about an axis perpendicular to its plane, the reconsic®
Image point scang out a fine line,
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s,multaneogs - hotographic and therefore much simpler than for conventional optical
areesse"t'a“y p h require laborious grinding and polishing processes. Finally as they
wmponen:’ zver;(;n quite thin substrates HOEs can be very light in weight even for large-
cﬂﬂbe pro u

ure which may be used to

ral filter. Also several HOEs

devices. | | |
A iple HOEs are able to duplicate most of the function of conventional optical
[nprincip

i i nts. It
ing from simple beam splitters (or combiners) to complex instrume -
I . . . an A
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i ctors arranged so that cathod? ra'y
e ditéplag;;:::: rzz;eb(eesji:\::;z:;ftl'; ity su perimpc::ed :\;:S:Zt?r:;p:;:
' ion . .
?ob:n(aﬁ :;:il::::;. The need for such displays OﬂglnifdgoR:_‘ Zir:play e b
o e e B e h:n to lose equilibrium and control
oy o gL gl e SO B N lete and continuous view of the
Theaircraft, The HUD allows the pilot to have a comp

. his head.
(AT inf0rrnation without the need for him to move

atypica ision by
combiner must notres ict the pilot's forward visio b

| iner t not restrict the p!

n ical HUD the beam

| -: 155 :-
|



21
o 10/March 20
Research Time" : ssing throughit. Hence i L5y,
he light pa ' aits reflectanc,, "’r.,;,
r 4

, tenuating t
sigmﬁcantly a he CRT display must be very bright, Sigmﬁcanu Mugy by N
Y Sheo M,

however t

el se,

“:Is(;i':e i On‘?hir '

life . . ' G
Holographic beam combiners can b.e — efﬁcnent reflectors over Na |

4 have avery low reflectance outside of this range. They can, Ao brro,,%
rang? a": 0 Thus, by matching the spectral range to that of the CRT oh G rnad%’_’*
physica ):-oducf.? an HUD with a large unimpeded field of view with the CRO-:‘.)hO'%tf
we (::I’;’ zuperimposed upon it. Using dichromate gelatin holographic R mfonnaﬁrm
bng " Comp: ™
bandwidth of about 25 nm can be achlevef:i matc?hed to the. phosphor Peak oy ey,
wavelength of about .525 nm. Furthermore, if the display requires a very arge Wy,
then curved-beam combiners, which incorporate magnification, can be pro dUce: °fw9~y
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