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PREFACE 

The birth of a new area in modern optics took place 

when,in 1948,Dennis Gabor, the Hungarian physicist conceived 

the idea of wave front reconstruction. But it was the advent 

of Lasers in 1960 which impelled the growth of this new 

technique named Holography. Holography emerged as a faithful 

form of photography to render the life - like 3-D images. As it 

stands now it is more a scientific search tool whose 

applications are as diverse as imaging, information storage and 

processing, non-destructive testing, vibration analysis, 

microscopy, road flatness testing and identification of target 

objects. 

This thesis documents the details of fabrication of 

an indigenous holographic setup and the results of some 

experimental research done by using it.AII the components of 

the setup except the laser and lenses were fabricated in the 

department. The methods used for the fabrication of spatial 

filters, beam splitters,beam directors and other system 

components are also presented. 

The initial part of the work is the study on the 

isolation capability of a 

table. The design details 

newly designed low cost holographic 

of the table and the essential 

vibration characteristics are discussed.It 

comparison with commercial data, that 

performance of this table is comparable to 

is 

the 

seen, by 

overall 

that of the 

ordinary honeycomb structures without internal damping. 

x 



The studies conducted are mainly 

Interferometry (HI) and Holographic Optical 

on Holographic 

Elements (HOEs). 

The HI part consists of real-time and 

studies. A new non-destructive method for 

time-averaged 

the study of 

thermal stress in thin films has been introduced and tested. 

Both diffusely and specularly reflecting films were used. 

Time-averaged holographic interferometry has been 

generally applied for the vibration analysis of musical 

stringed instruments. But the use of this technique is limited 

in the case of musical wind instruments, due to problems of 

stability during excitation. We have made an attempt to record 

the vibration pattern of an air-reed wind instrument excited in 

an almost realistic way. It has been shown that well defined 

time-averaged interferograms can be obtained in the case of a 

wind instrument. 

Different holographic optical elements were recorded 

uS1ng the setup and an optical pattern recognition system using 

HOEs has been fabricated and optimized. 

The contents of the thesis are presented in six 

chapters. 

An overview of the growth of holography 

necessary theory are given in the first chapter. 

and the 

The second chapter discusses the experimental setup, 

fabrication details of the various system components and the 

preliminary experiments done.Vibration analysis of the low cost 

holographic table is also presented in this chapter. 

The in-situ processing of the holograms and the 

real-time monitoring of the thermal stress in thin films, its 

measurements and the studies conducted in this area are given 

in the third chapter. 

xi 



The fourth chapter is concerned with the experimental 

setup for the excitation of an air-reed musical 

wind instrument in an almost realistic playing condition and 

without introducing any stability problem. The time-averaged 

holographic interferograms obtained for the Indian flutes that 

we have used, are also presented. 

Holographic optical elements and the development of a 

holographic pattern recognition system form the theme of the 

fifth chapter. Finally, the summary of the investigations done 

and the contributions of the work are listed. 

Most of the conclusions drawn through this research 

work have been published/ accepted /communicated for 

publication/presented in seminars,in the form of the following 

papers. 
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CHAPTER I 

INTRODUCTION 



INTRODUCTION 

1.1 Overview of Holography 

Man can perceive the light distribution and actual 

shape of any illuminated object, through his eyes. But almost 

all light sensitive materials in nature respond only to 

irradiance. As a result when we try to record an image in such 

materials, what we get is merely the intensity distribution of 
,(' -----

the Iseeql All information about the three dimensional shape or 
'~ 

in other words, information about the relative phases of the 

light waves coming from different points of the object is lost. 

Holography is a way of recording and reproducing 

waves with both the amplitude and phase details. The waves may 

be light,sound or 'corpuscular'.The basic principles of this 

type of imaging can be traced back to the work done by 

Wolfke[l] and Bragg[2,3] in x-ray crystallography. But it was 

Dennis Gabor [4,6] who conceived the idea of holographic 

imaging in 1948. The technique was invented as a two-step 

coherent imaging process with the specific application of high 

resolution electron microscop¥ in mind. The word Hologram 

originates from the Greek 'Holos' meaning complete and 'Gram' 

meaning information [7]. 

In Gabor's original method, called on-axis 

holography, the actual reconstructed image was superposed on a 

conjugate image and the scattered background light. In addition 
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to this problem of twin-image and dc, the non-availability of 

highly coherent and powerful sources of light stood against the 

progress of Holography. 

With the advent of laser [8] in 1960, another 

breakthrough in the technique of recording Hologram was 

achieved through the introduction of off-axis holography by 

Leith and Upatnieks [9-11] in 1962. Using this technique it is 

possible to separate in space,the components of the 

reconstructed wave viz. the real, the virtual and the dc and 

thus avoids the drawbacks of Gabor's holography. Leith and 

Upatnieks also pointed out the possibility of multicolour image 

production [12]. 

Another important advance in the field 

independently reported by the Russian scientist 

[13-15] who used reflected light to record holograms. 

,:r " 

,- /' I f"" , L \ ) 1"/ ~",.--, :. er-,r' « (' .' ': ~ ! • 

, " 
/-. ,((r~! .~!' 

'.< .;.,(""~; -.... 
/ 

was 

Denisyuk 

The availability of lasers, off-axis technique and 

development of new recording materials with high efficiency 

gave great impetus to holography and set off an explosive 

increase in its scientific applications. 

In 1964 pulsed ruby laser was used by Silverman 

et al.[16] to record spectacular life-size hologram and 

portraits. Far-field holography developed by Thompson and 

Parrent [17,18] emerged as one of the first direct applications 

of holography ie. particle size analysis. Optical information 

storage in solids [19,20), character recognition by matched 

filtering [21], image processing [22], high resolution imaging 
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of aerosols [23] and imaging though diffusing media [24,25] are 

some other initial applications. The most salient of these 

applications was holographic interferometry [26-30] and 

holographic optical elements [31-33]. A detailed account of 

these are presented in chapters III and V respectively. 

The invention of rainbow holography by Benton [34], 

non-coherent light holography by Chang [35], multiplex 

holography by Cross [36], and the possibility of replication 

made this scientist's search tool inexpensive and a layman's 

fancy item popular now in commercial market. In 1979 Huignard 

et al. [ 37] used real-time holography to generate 

phase-conjugate wave fronts from Bi12 Si020 crystals. The use 

of digital computers for the production of holograms [38-40] 

introduced a new wave of interest. A micro-computer system has 

been used by P.Hariharan et al. [41] to produce holographic 

interferograms and there 

displacements. 

by to measure small vector 

Many people were drawn to the fascinating world of 

holography and it has been extensively and effectively applied 

to numerous areas. For some it is a nicety, for others the 

incentive is its truly successful commercial value, but for 

many it 1S a valuable contrivance for scientific and 

engineering studies for which it is uniquely suited. 

1.2 Technique of Holography 

A Hologram is a record of an interference pattern 

formed between two fields.When this record of interference 

pattern is 'illuminated' with a beam equivalent to anyone of 

3 



the interfering beams, the other field is exactly re-created.!f 

one field carries information about an object of interest, then 

the second field is a coherent, reproducible reference. Both 

the amplitude and phase of the field are stored and 

re-created, because the intensity at any point in the 

interference pattern depends on the phase as well as the 

amplitude. Since all the recording media are square l~w 

detectors ie. they respond only to the intensity, all the phase 

information of the waves are converted to variations of 

intensity. The resultant image will look so live as if the 

observer sees the object through a window whose size is that of 

the hologram. The basic theory and requirements for holographic 

recording are discussed below . 

1.2.1 Two beam interference 

Consider two point sources sland Sl in an isotropic 

medium. Assume that the waves are polarized in one plane, the 

electric vector perpendicular to the plane of the paper, and 

have the same frequency v. The light oscillations at any 

arbitrary point .pl can be written as 

Xl = Alcos(wt+~l) 

x 2 = A2cos(wt+~2) 

(1.1) 

(1.2). 

A and A are the amplitudes of the waves, w the angular 
1 2 

frequency (2nv) and ~ = initial phase - 2nr 
X 

where r is the 

distance of the point P from the source (Fig.1.1) 
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Fig.1.1 Syatem of hyperboloida in the region of interference 

The resultant oscillation at point P can be written as 

x = A1cos(wt+~1) + A2cos(wt+~2) 

= A cos(wt+~) 

where A2 = A~+ A~ +2A1A2cos(~1- ~2) 

and 
A1Sin(~1) + A2 Sin(~2) ] 

A1Cos(~1) + A2 cos(~2) 

<1.3) 

( 1 .4) 

<1.5) 

Since the exposure time is very much greater than the 

oscillation period of light, the mean value of intensity is 

always recorded. If the sources S1 and S2 are mutually 

independent (incoherent) then the mean value of Cos(~) during 

this recording time will be zero and then (1.4) becomes 

A2 = A2+ A2 
1 2 

<1.6) 

If the difference in initial phases does not change 

in time (coherent), the effect is different. Consider the in 

phase and anti-phase conditions ie. 

~ - ~ = O,±2n, ••••• 
1 2 

,±2nn <1.7) 

~ - 4> = ±n,±3n ••••• 
1 2 

,±(2n+l)n <1.8) 
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n is any integer. We can write ( 1 .4) as 

A2 = A2+ A2 ± 2A A 1 2 1 2 

or A = A 1 
+ A ( 1 .9) 2 

and A = A -1 A2 (1.10) 

(1.6),(1.9) and (1.10) implies that in incoherent illumination 

the intensities of the sources are added and in coherent 

illumination the amplitudes are added. Thus in the region of 

interference a set of maximum and minimum disturbance surfaces 

are formed. If the initial phases are zeros, the anti node 

surface condition (1.7) takes the form 

= ± nA (1.11) 

which represents a system of hyperboloids (Fig.1.1) with the 

axis of rotation S1S2.From (1.7) it is also clear that there 

are 2n+1 anti nodal surfaces in between the sources. If s is 

the distance between the sources, the maximum value of r 1 r 2 

does not exceed s. Maximum value of n 1e. n = slA and the max 

total number of anti nodal hyperboloids is (2s/A)+1. The planes 

tangential to the surfaces of the nodes or anti nodes at each 

point bisect the angle 2a between the vectors rand 
1 

The 

spacing d between the adjacent hyperboloids will be minimum 

along S1S2 and will be equal to A/2. In the general case 

d = A/2 sin(a) and spatial frequency 

f = 2 sin(a)/A (1.12 ) 

as the angle between the waves 1ncreases, the spacing decreases. 
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1.2.2 Recording media and other basic requirements 

If a material is to be used for holographic 

recording,it must respond to light with a spatial modulation of 

absorption, refractive index or thickness.An ideal recording 

medium requires macroscopic properties such as low exposure 

sensitivity, high resolving power, long storage time and 

recyclability.If p lines/mm is the resolving power of the 

recording material,holography requires (1.12) that l/p ~ d. 

Some of the popular recording media are photo 

emulsions,dichromated gelatin,photo resist,photo polymers,photo 

plastics and photo chromics .The materials are mainly 

classified as 'absorption 'and 'phasematerials '.In an 
I 

absorption material,fringes are recorded as a spatial variation 

of its light absorption.Silver halide emulsion, photochromatic 

glasses and plastics come under this type. 

If the recording 1S 'linear' the irradiance 

variation before processing are linearly recorded as 

transmittance variations after processing. The light amplitude 

transmittance of the processed hologram can then be written as 

T = 
amplitude transmitted 

amplitude incident = (1.13) 

where T is the transmittance of the unexposed plate, ~ is a o 

constant depending on the emulsion type and the processing, L 

is the exposure time and I the intensity. 

In a phase material the spatial modulations are 

either that of refractive index or that of thickness. 

In a microscopic scale the response of the above 
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materials can be described by curves of amplitude transmittance 

or effective phase shift versus exposure. In practice the 

actual modulation of fringe intensity within the recording 

material is always less than that of the original interference 

pattern.This is because of lateral spreading of light within 

the medium due to scattering. For a particular spatial 

frequency, the ratio of actual modulation to the input 

modulation is termed as modulation transfer function (MTF). 

The diffraction efficiency of a hologram, defined as 

the ratio of the energy diffracted into the desired image to 

that illuminating the hologram, is another parameter 

characterizing the recording material. A material is taken as 

more sensitive if, for fixed illumination conditions, less 

exposure is required to record a hologram of specified 

diffraction efficiency. 
t~ 

About the light source, the cOhere~ length of the 

source must be equal to or greater than the maximum difference 

in the object and reference beam path lengths .Gas lasers offer 

the highest coherence length. Since the recording process is 

photography of an interference pattern, during the exposure 

anything in the entire setup must not be permitted to move 

more than a quarter wave length. Ground vibrations and 

vibrations of the work-surface, air currents, acoustic waves 

and temperature fluctuations have to be minimized to prevent 

obliteration of the interference fringes. 

For best results the total distance travelled by the 

reference and object beams from the beam splitter to the 

hologram plane should be nearly equal.The dimensions of the 
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object must be compatiable with the lateral and longitudinal 
(0 

coherenl distances of the laser source. Beam ratio and angle 

between the beams should be properly chosen. Above all, the 

room should be dust free,humidity controlled and contamination 

of air is to be eliminated. 

1.2.3 Wave front reconstruction 

When a hologram is illuminated by the reference beam 

or a wave similar to the reference beam, the microscopic 

fringes in the hologram diffract the wave and a part of the 

wave diffracted out of this illuminating beam is directed and 

shaped by the hologram into a 're-construction' of the original 

object wave. An observer will perceive a virtual image of the 

object located exactly at the actual object position .On the 

other hand if the reference beam is precisely retroreflected to 

illuminate the back side of the hologram, a real image of the 

object is produced at the original object location. 

Let 0 and R represent the complex amplitudes of the 

object wave and reference wave, respectively. The interference 

pattern that results due to the mixing of these two waves is 

recorded on a high spatial resolution photographic emulsion. 

For the sake of simplicity assume plane absorption holograms, 

then intensity distribution can be expressed as 

* I(x,y) = (O+R)(O+R) 

= 101 2+ IRI2 + OR*+O*R (1.14 ), 

* denotes the complex conjugate. 

Assume that the complex amplitude of the object wave at the 
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hologram plane is weak compared to that of the reference wave, 

ie. 10(x,y)1 « IR(x,y)l, which is the most common case. 

Assume that the recording is linear and the transparency, 

(hologram) after processing possesses a transmittance governed 

by (1.13).When the hologram is illuminated with the reference 

wave, the reconstructed field at the hologram plane is given by 

~(x,y) = R(x,y) T(x,y) (1.15) 

= R ( x , y ) [ To - ~'tI ( x , y ) ] 

2 2 

= R(x,y) To- ~'tIRI R(x,y) - ~'t 101 R(x,y) 

2 * 2 
- ~'tIRI O(x,y) - ~'t 0 (x,y)R(x,y) (1.16) 

-1,_, c 

The first t~e terms in the above equation ~ the direct wave 

which consist of the attenuated reference beam and spatially 

varying halo due to the second term. The third term is 

extremely small in comparison to other terms, since it has been 

assumed that 10(x,y)I«IR(x,y)1 .The fourth term is same as the 

original object wave, except for a constant factor and forms 

the virtual image. In the off-axis (Leith and Upatnieks) 

hologram, this wave is separated from the rest. In the same way 

the fifth term corr~sponds to a wave which resembles the object 

wave, except that it is of opposite curvature and converges to 

the conjugate real image, which is deflected off the axis at an 

angle nearly twice that which the reference wave makes with it 

(Fig.1.2).The image 1S psudoscopic. A hologram has the 

associative property and can be reconstructed with any of the 

interfering waves. 
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Fig.t.2. Off-axis recording and reconstruction. 
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CHAPTER 11 

EXPERIMENTAL SETUP, 
CO-ORDINATION AND 

OPTIMISATION 



Abstract 

Fabrication details and essential vibration 

characteristics of a low cost holographic table, in which the 

main vibration absorber is rubberised coir, is described. 

Methods of vacuum deposition of mirrors ,varying density beam 

splitters,the indigenous method used to make spatial filters 

and the design details of other mechanical components such as 

micropositionable plate holders and positioners are given. The 

elementary experiments done by using the setup are also 

presented. 
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BASIC EXPERIMENTAL SETUP, CO-ORDINATION AND OPTIMISATION 

2.1 Vibration isolation table 

2.1.1 Introduction 

Since wavelength of visible light is too short,1 
\ 

nearly half a micron, it may be impossible to conduct any' 

interferometric experiment in the presence of vibrations. Also 

the surface on which an optical setup is mounted must satisfy 

some basic requirements. It must be stable , rigid and should 

remain isolated from ambient ground vibrations. It must also 

damp quickly the vibrations, if any,produced by any individual 

active component in the setup. But , considering the high cost 

of a pneumatically isolated table constructed with honeycomb 

core and the performance of metal spring isolators, inflated 

rubber tubes, ordinary concrete and granite structures, there 

arises the need for new design of optical tables giving an all 

round performance within the domain of the demands and 

investments of a research laboratory. 

Ordinary steel springs cannot be used as isolators 

because of their poor damping and large static deflection (1]. 

The natural frequency of rubber (2] and the large value of 

supporting area to volume ratio prevents one from using 

inflated rubber tubes. But rubberised coir, a cushion material 

which consists of coiled coconut-husk fibers spray coated with 
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rubber, combines the good qualities of both rubber and spring. 

Because of the woody fibrous structure, it has spring-type 

behavior and also vibration absorbing capability [3] in lower 

frequencies. 

2.1.2 Table design 

Holographic work requires that if the table picks up 

vibrations the relative path length changes across the table 

surface should not exceed a quarter of a wave length, during 

exposure [4]. The present design is shown in Fig.2.1. The 

main part of the 

design is a heavy 

iron table <mild 

steel) with top 1 
2 
3 

dimensions 1.5 x 1 x 4 

3 0.005 m. The table 

has six legs made of 

mild steel p1pes of 

0.05 m diameter and 

metal bushes,0.002 m 

thick,are attached to Fig.2.t Front view of the table 

the bottom of the legs. 1. Mild ateel top-akin. 

In addition to 2. Rubberiaed coir layer 

rubberised coir sheets, 3. Ply-wood aheet 

which provides dynamic 4. Mi Id a tee I plate fo rmi ng the 

rigidity <resistance of tabl e top 

the table top to induced time-varying forces), plywood, which 

is also a good vibration absorber [5] is used to ensure static 

rigidity <resistance of table top to static forces). The 
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thickness and number of plywood and rubberised coir sheets are 

adjusted to obtain an optimum performance. The height of the 

entire setup was 0.9 m, which conveniently served the purpose 

of a standard experimental table. 

2.1.3 Experimental setup for vibration analysis 

The three primary criteria for comparing table 

performance are the structural frequencies, damping and 

compliance values. The transmissibility, defined as the ratio 

of the amplitude of the transmitted vibration to that of the 

forcing vibration, for various frequencies and table top-skin 

weights were measured by using an electromagnetic vibration 

exciter and electromagnetic sensor (SYSCON) [6]. 

This vibration exciter consists of a powerful magnet, 

centrally surrounding which is suspended an exciter coil If 

an alternating current is injected into the coil, the coil 

moves up and down continuously. By controlling the amount of 

coil current, the amplitude of vibration can be controlled. 

The system also consists of a tunable sine wave oscillator and 

a power amplifier. The vibration sensor is also electromagnetic 

type and consists of a permanent magnet and a coil suspended in 

magnetic field [7]. The system has been designed to have a very 

low resonant frequency. When the sensor is brought in the 

vicinity of any vibrating object, an emf is induced 1n the 

coil by the magnetic field,which is processed by the vibration 

indicator for the measurement of displacement, frequency or 

velocity of the vibration. The exciter and sensor both have a 

frequency response of 1Hz to 10 KHz. It has been possible to 

measure displacements of the range of 0.1 to 1000 microns. The 
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instrument has built in voltage regulators to accommodate ± 10% 

change in mains voltage. 

2.1.4.Experimental results. 

The transmissibility variation with frequency and 

table top skin-weights are given in Fig. 2.2. when the skin 

weight was 275 kg, 

almost all 

0 
~~~ M7KG ~ ,: 
• - 205KG :: · . 0 · . 275KGft · . ~ " · . z •• : : 

Q It · . · · ~o t • · · t • · ~ t • · i · , : . · · · ~o ~ t t · · · to • · · ~ t. • · · 
t • 

t I · · I · · ~ • • · · ~ • I • : · , I · 0 , : 
r~ 

disturbances were 

attenuated except 

for frequencies near 

21, 31 and 56 Hz, 

where the 
. • . 
\ transmissibility was 

m 
less than 15% This 

~ 

was reduced to 7% by Fig.2.2 Transmissibility for 

placing the legs of differenet table top skin weights 

the table in wooden boxes containing rubberised coir and sand. 

The present design excludes the ground frequencies 

usually picked up by tables,which are in the frequency range of 

2-4 Hz.An attempt was made to assess the vibration isolation by 

using a Michelson interferometer type setup and the 

electromagnetic vibration exciter.It was found that the jitter 

of the interference fringe pattern observed at 21, 31 and 56 Hz 

decreased as the loading increased and vanished at a load of 

310 kg. 

Damping rate on the table top corner was measured 

uSlng a Tektronix storage oscilloscope and was found to be 

68.54 dB s-t.Typical tables claim hundreds of dB s-t. The table 
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top dampini for a table resonance frequency 21 Hz 1S given in 

Fig.2.3. 

Fig.2.3 Table top damping at a table resonant frequency 21 Hz 

Time - 0.2 sec/div 

In the case of a static force, compliance is defined 

as the ratio of the displacement of a specific part of the 

table to the magnitude of the applied force.But for a 

dynamically varying force,it is the ratio of the excited 

vibrational amplitude to the magnitude of the forcing 

vibration.It is explicit that a table whose compliance 1S small 

is a good optical table.Low 

compliance value can be obtained by 

optimising damping,stiffness and 

mass.The compliance values on the 

table top corner for different 

sinusoidal forces,applied in the 

vertical direction (which is the case 

of practical interest are presented 

in Fig.2.4. From commercial data 

available this was found to be 

comparable to ordinary honeycomb FREQUENCY (HZ.) 

structures without internal damping, Fig.2.4 Compliance 

better than that of concrete slab or curve of the table top 
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steel plate and poorer than that of honeycomb structures with 

internal damping. 

The present design costs Rs 10,000 which is about 

half the price of some of the cheapest commercial models with 

honeycomb structures and without internal damping.Good 

reconstructions of the holograms recorded at different 

environmental conditions implied the isolation capability of 

the table. The clarity and contrast of the photomicrograph of a 

hologram Fig.2.5 taken on 

the table, when a rotary 

pump was working in the 

room, compare favorably 

with similar micrographs of 

standard holograms [8]. The 

overall performance of this 

new design indicates that 

this low-cost design can be 

used for the satisfactory 

recording of holograms. 

Fig.2.S Photomicrograph oC 

the Hologra. 

2.2 Optical and mechanical components. 

In a basic holographic setup the laser beam has to be 

divided in to two or more component beams and each of this 

components has to be expanded to illuminate the object.For many 

experiments this expanded beam should be uncluttered and needs 

filtering. Thus a practical setup requires good quality optical 

'components like beam splitters, beam expanders, beam filters 
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and beam directors. There should also be stable mechanical 

holders and positioners to hold the optical elements of 

different shapes and sizes. These should allow the required 

degrees of freedom of movements and adjustments. 

2.2.1 Beam directors and beam splitters 

For recording the hologram of any object, the object 

has to be illuminated uniformly. Similarly at hologram plane 

the reference beam also should possess uniform intensity. If an 

ordinary mirror is used to direct the laser beam the uniform 

intensity of the beam will be lost. This is due to the 

interference of beams reflected by front surface and back 

inner surface of the mirror. 
[,fi~ ~-, ,'/'" j :I '" 

Blanks cut from 10mm thick glass with flatness of 

about A/4 has been used as substrates for making the mirrors 

and beam splitters. These glass substrates are thoroughly 

cleaned by different processes. Initially the substrates are 

cleaned by using soap solution and then dipped in freshly 

prepared chromic acid for a few hours to remove alkaline and 

other oxidising impurities [9]. The oxidation can be enhanced 

o by warming the acid to 70 c. The substrates are then washed in 

distilled water and transferred into an ultrasonic cleaner. The 

microscopic impurities are stripped off by the ultrasonic 

agitation [9,10] and the process is continued for about 20 

minutes. After this the substrates are again cleaned in 

distilled water, dried slowly in a clean oven and transferred 

to a vacuum coating unit. 
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Vacuum coating unit 

Mirrors and beam splitters are prepared by using 

thermal evaporation under high vacuum [9,11,121. schematic 

diagram of the vacuum coating unit for this purpose is given in 

Fig.2.6. The vacuum coating unit consists of a mild steel 

s 

F 

TG PG 

1 
v. il D 

R 

Fig.2.6 Scematic diagram of a vacuum coating unit 

D - Diffusion pump 

B - Baffle valve. 

L - Gasket 

F - Filament 

R - Rotary pump. 

LNT - Liquid Nitrogen 

PG - Penning Guage. 

S - Substrate. 

Trap. 

TG 

V1 
- Thermocouple Guage. 

- Diaphram valve for roughing 

V2- Diaphram valve for backing. 
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base-plate, 550 liter/minute rotary pump and a 15 cm diffusion 

pump.The base-plate is chromium plated and has a bore of 19.5cm 

diameter at the center for connecting the diffusion pump. 

There are ports for fourteen feedthroughs, from the sides of 

the base-plates. Penning gauge and air admittance valve are 

connected using two of the side ports. Some of the other side 

ports are used for connecting high voltage and high current 

feedthroughs , thermocouples and substrates heater. There are 

two filament evaporators, so that they could be heated one 

after the other. Ports not in use are closed by dummies.A 30 cm 

glass dome is pressure-sealed on the base-plate using an 

L-gasket. 

The diffusion pump is fitted to the base-plate 

through a baffle valve. The rotary pump (Toshniwal Bros.) is 

connected in series with the diffusion pump.It can also be used 

for roughing the whole system to -2 10 Torr. V1 and V2 are 

diaphram valves for roughing and backing the coating unit, 

respectively. 200 cc of silicon oil (DC 704) is used to charge 

the diffusion pump. A pressure of 10-5 Torr can be obtained in 

the dome. Filament holders and substrate holder are mounted on 

the base-plate.A high current transformer (100 Amp, 10 V )is 

connected to the filament holder. A high tension transformer is 

also provided for ion-beam cleaning. 

During deposition of mirrors the substrates are 

mounted horizontally at 20 cm above the filament. Tungsten 

spiral or molybdenum boats are used as heating elements. After 

loading the cleaned substrates, before the deposition of the 
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film, ion-beam cleaning system has been activated for about 20 

minutes to remove microscopic contaminants and oxides from the 

substrates [9,101. 

Aluminium is the most widely used material for 

reflecting metal films. It has consistently high reflectance 
/~ 

throughout the visible and near regions [131 of the spectrum. 
~ 

Silver gives slightly higher reflectance compared to aluminium 

through most of the visible region but it has the 

disadvantage that it will be tarnished quickly due to 

oxidation, compared to aluminium. The exposed surface of 

aluminium also oxidizes, but slowly, and this oxide acts as a 

very thin tough and corrosion resistant layer. 

Protected aluminium and silver are two best practical 

general purpose metallic coatings in the visible and 

near-infrared region. Protected coating is a coating covered , 
with a dielectric film of magnesium fluride (MgF2) or silicon 

! 

monoxide (SiO) of about 1/8 or less optical thickness. This 

protective film prevents oxidation and helps to preserve the 

initial high reflectance. 

Films are made by evaporating the metal by using the 

tungsten spiral or molybdenum boat, depending upon the nature 

of the substance. The metal is evaporated at a pressure of 

-5 
about 10 Torr. In the case of mirrors, substrate heating 

during coating could not be done due to tarnishing of the film 

even before the deposition of the protective coating. Usually 

metal is kept in one of the heater elements and the dielectric 

in the other. Silver films can also be protected by giving a 
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very thin over coating of copper. In the case of silver films 

it was particularly noted that the edges of the films have to 

be covered by the dielectric layer because there are chances of 

spot formation on the film due to absorption of moisture. Good 
/ 

quality mirrors could be deposited and the substrates wrere of 

5 x 5 x 1 cm3 and 10 x 10 x 1cm3 dimensions. Percentage of 

reflectivity and the variation of reflectivity with wavelength 

of the mirrors with and without protective coatings are given 

in Fig.2.7a and b. The thickness of the films were of 
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500 a 

Fig.2.7a Reflectivity variation of the aluminiu. mirror 

co.pared to a standard aluminium mirror of reflectlvty 86"· 
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G Ft I '-j = 1 
Fig.2.7b Reflectivity variation of the aluMiniuM Mirror 

with l/8 thick protective MgF coating. 
2 
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Beam splitters are also coated(AI and Ag films) by 

uS1ng the above procedure .The transmittance or reflectance of 

the film can be controlled by varying the thickness of the 

film. A thickness monitor, fabricated [14] in the Department 

was used for this purpose. In this monitor a chopped beam of 

light, after reflection from the sample,is allowed to fall on a 

photo diode. A tuned amplifier amplifies the signal from the 

photo diode and the output is read on a meter or chart 

recorder.Different filters are also provided for wavelength 

selection. 

During experiments plate-beam splitters have to be 

changed in order to adjust the beams-ratio and hence beam 

splitters with different reflectivities have to be coated. This 

inconvenience can be avoided by using a varying density beam 

splitter. A special technique has been used to prepare beam 

splitters with varying reflectivity.In this method the 

substrates are mounted vertically at a particular height from 

the filament. Assuming a point source, the thickness of the 

film on a substrate point situated at a distance r from the 

source is [15] given by 

where 

t = 
m 

2 4 n p r 

m - mass of the substance evaporated and 

p - its density. 

( 2 .1) 

If we use a long substrate which is vertically 

mounted in the dome, different heights on the substrate will 

have different film thickness. Beam splitters with different 

reflectivities and reflectivity variation are deposited by 
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varying the height of mounting and the angle between the 

substrate plane and the horizontal, respectively. 

Three beam splitters on 12 

substrates were prepared for three 

substrate was held vertically and 

x 1.5 x 

angles of 

the others 

1 3 cm 

holding. 

in 20° 

glass 

One 

and 

40 0 inclination with the vertical, at a distance 14.5 cm from 

the source.The aluminium films were deposited on the substrate 

so as to have a film thickness of about 400 0 A at the bottom. The 

transmissibility variations of these beam splitters (Fig.2.8 a, 

band c), with distance are measured by using a 

spectrophotometer (Hitachi-U3410). 
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T% 

c 
~ . 

27.5% 
o 

DISTANCE (cm) 
10 

Fig.2.a Tranemiesibilty variation of the beam eplltter 

a. Vertically held. 
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T% 

. ;!..'" .' 

7.22% 

o 
DISTANCE (cm) 

10 

Fig.2.B Trane.ieeibilty variation or the be •• eplitter 

o 
b. -20 with the vertical. 
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T% 

6.6% 

o 10 
DISTANCE (cm) 

Fig.2.B Tranamiaaibilty variation of the beam aplitter 

o 
c. -40 with the vertical 
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Beam splitters of about 50% maximum reflectivity can 

be ingeniously deposited with the help of a standard 

semitransparent film. For this the bottom of the beam splitter 

substrate has to be mounted at a distance from the filament 

which is same as the distance of a 

dome, from the filament.During 

particular point on 

evaporation keep 

the 

the 

semitransparent film at this point outside the dome and looking 

through it deposit the film until the view of the filament 

disappears.If standard coatings with different reflectivities 

are available on thin substrates this technique can be used to 

prepare beam splitters of desired reflectivities. The accuracy 

of the method can be increased by having a knowledge of the 

absorption and reflectivity at the dome surface. 

Substrates with dimensions 4 x 4 x 1 cm3 are used 

for making these beam splitters.Thick substrate helped to 

separate the spurious reflection from the inner back surface of 

the beam splitter, which may cause problems during the spatial 

filtering. All the beam splitter coatings are over coated with 

protective coatings to enhance the life. Single layer MgF2 

anti-reflection coatings are also tried with the help of the 

thickness monitor.These coatings are applied on the back side 

of a few beam splitters and the spurious reflection has been 

considerably reduced by this. All these optical surfaces are 

kept shielded from dust and other contaminants such as oil and 

fingerprints. However,in practice it becomes necessary to clean 

the surface and good care is required to avoid scratch and dig 

while cleaning. Clean and dry pressurised gas can be used for 

blowing off the dust. Metal coatings and other soft coatings 

can be cleaned with a quick and gentle flush with electronic 
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grade acetone. Protected metal coatings can be cleaned best by 

using a clean sheet of lens tissue. Put a few drops of acetone 

on the center of the tissue and pull it across the mirror. The 

dry parts of the tissue helps to remove the acetone 

residue.Repeat this until the mirror is cleaned. Use a new 

tissue for each wipe. 

All the optical components were covered with 

polyethylene bags and it could be possible to use same mirrors 

and beam splitters for several months. 

Thickness measurement 

An idea about the thickness of the film can be 

obtained from the mass of the material evaporated. Assuming a 

point filament source, the thickness of the film on substrate 

situated far away from the source is given by the equation 2.1. 

For strip source the thickness will be twice the above value 

[15]. In practice these sources are not point sources and hence 

the thickness calculated is only approximate. (Mass of the 

material is measured accurately by using an analytic micro 

balance) • Wherever more accuracy is needed, the thickness is 

measured by using the optical interference method [16]. Here a 

partially reflecting surface is kept on a totally reflecting 

surface to form an air-wedge and interference fringes are 

produced by a monochromatic parallel beam with wavelength A. 

The shift of the fringes over the film step edge and the fringe 

separation can be measured by using a travelling microscope. 

Thickness of the film is then given by 

A x fringe shift 

2 x fringe separation 
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The experimental setup used for this measurements is the 

same as that presented in [16]. 

2.2.2 Spatial filters 

A laser beam must have a smooth intensity profile for 

its many uses in holography and optical data processing. But, 

in practice the beam picks up undesirable intensity variations 

effected by the interference from light scattered by dust 

particles on the lenses and mirrors, and from lens defects. 

This results in fluctuations in the ideal TEMoo intensity 

profile of the beam Fig. 2.9a.This problem of 'noise' can be 

. .----
tackled with the help of a lens-p1n hole arrangement. Focusing 

J 

the noisy beam forms the optical power spectrum of the 

distribution at the focal plane of the converging lens.At the 

focal point the pin-hole acts as a low pass filter Fig.2.9b, by 

passing only the undisturbed portion of the laser beam. 

"lOI~E 

-~ 
a b 

Fig 2.9 A representation of spatial filtering. 

a. Unfiltered beam. 

b. Filtered beam. 
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The instrument consists of a short focal length 

converging lens movable along the x and y axes and a pin-hole 

movable along the z axis. The power of the lens determines the 

divergence of the expanded beam and the pin-hole aperture 

controls the degree of filtering.In the spatial filter 

fabricated we have used commercially available microscope 

objectives of power lOX and 20X. Pin-holes whose aperture range 

from about 50 to 20 microns are made in the laboratory. 

Thin aluminium sheets on photographic packing paper 

are used for this.At first small circular sheets with diameter 

1.5 cm are cut from these sheets and the aluminum foils are 

peeled off by putting in liquid detergent solution for a few 

hours. These thin wafers are then cleaned thoroughly and dried. 

A very fine tipped needle, selected from a set of needles with 

the help of a microscope is then used to drill the wafer. The 

wafer is placed on a soft surface and drilled carefully with 

the needle.On the other side of the drilled wafer there forms 

a small projection. If we keep this drilled wafer in between 

two cleaned glass plates and press, we can 

diameter of the pin-hole.The pin-holes are then 

ultrasonic cleaning technique. The aperture of 

reduce the 

cleaned using 

the pin-holes 

are then tested and measured by using a comparator. To cite a 

typical example, a pin-hole with initial diameter of 260 

microns was reduced to 90 microns after pressing in between the 

glass plates. 

Photographs of the spatial filter arrangement 

(Fig2.10) and that of the unfiltered and filtered beams, at a 

distance of 25 cm from the lens are given in Fig. 2.l1a and 

2.11b. Unwanted play in the x-y-z translator is arrested by 

using a gib and screw arrangement. 
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Fig 2.10 Fabricated spatial filter-

2.11a 2.11b 

Fig 2.11 Expanded laser baem at distance of 25 cm frolll the 

le n s · 

a. Before filtering. b. After filtering, 
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2.2.3 Holders, Positioners and other system components. 

A range of holders 

and positioners are designed 

and fabricated so as to 

satisfy the general and some 

special needs of holographic 

experiments. Special care has 

been taken for allowing the 

necessary degrees of freedom 

of movements and 

adjustments.Laser holder with 

fine adjustments, adjustable Fig 2.12 Holders and 

mirror and beam splitter positioners. 

mounts, adjustable-radius 

chucks, holders for collimators, multipurpose holders for beam 

steering, plate holder and micropositionable plate holder come 

in this set Fig.2.l2. 

Micropositionable plate holder has been used for 

recording some real-time holograms. This holder mainly consists 

of two parts. The bottom 

part which is fixed to a 

magnetic base has three 

steel ball s Fig.2.13, 

welded on a mild steel 

slab; so as to form a 

triangle. The size and 

position of the balls are 
• 

such that it exactly fits 

in a 'T' shaped wedge on 

the top part, which is 

Fig.2.13 Micropositionable 

pIa t e h old e r. 
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the movable part.There are arrangements in the top part for 

holding holographic plates tightly. Movements in the horizontal 

plane are arrested by the wedge-ball arrangement and helps the 

exact repositioning of the developed plate.Care should be taken 

against dust and rust particles at the points of contact. 

All the holders and positioners are anodized to avoid 

unwanted reflections and to ensure long life. 

A mechanical shutter equipped with 'T' and 'B' 

settings and having a maximum speed of lS0lh of a second has 

been used for the exposure control. 

2.3 Elementary experiments on Holography 

The initial setup used for recording holograms is 

shown in Fig.2.l4. A lOX microscope objective along with a 30 

micron pin-hole is used in the setup for spatial filtering. A 

LASER 

Fig 2.14 Inilail holographic setup used. 
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10 mw He-Ne laser beam was allowed to pass through the center 

of the lens. The lens-pin-hole spacing was then adjusted so as 

to locate the pin-hole at the focal plane of the lens. The 

adjustments in the vertical and lateral directions were made to 

locate the pin-hole at the focal point. A sheet of white paper 

was placed in front of the spatial filter to collect the spot 

of light. If this bright spot was surrounded by rings, then the 

focusing was slightly adjusted by moving the pin-hole. Finally 

fine adjustments on the lens adjusting screws were done to 

obtain an optimum brightness and roundness for the spot. 

The path length of the reference and object beams 

were made almost equal and the beam splitter was adjusted to 

set the beam-balance ratio. A laser power meter (EG & G-Gamma 

Scientific, Model 460-1A) was used for this. Initially the 

reference beam intensity at the hologram plane was made about 

six times stronger than that of the object beam. The path 

length and the angle between the beams were set t02~O cm and 

40 0 respectively. Agfa Gevaert 10E 75 Holographic plates of 3 x 

2.5 cm2 were used for recording the holograms. 

The optimum exposure time of 2 sec. was found by 

trial and error method. The developer used was four times 

diluted Agfa Gevaert-A903 universal developer. Development was 

carried out for about 5 minutes at 24oC, followed by a short 

rinse in distilled water and three minutes fixing in Agfa 

Gevaert rapid fixer. Processed plates were washed in running 

water for about 8 minutes. 

The angle between the interfering beams and the 

distance of the object from the hologram plate were varied and 
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hplograms of objects with different sizes were recorded. 

reconstruction of the holograms (Fig 2.15a e),implied 

a b 

c 

d e 
Fig.2.15 Different perceptions of 

reconstructed images 

a few simple holographic 

a, b . Horizon tal parallax in a watch and 1 eN 

arr9.nge'ment. 
c. Swan and a pawn 
d,e Camera focused on different points of an image 

to show the depth of field. 
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freedom of the setup from vibrations and the quality of the 

optical and mechanical components used in the setup. Some of 

the over exposed holograms (absorption) were bleached by using 

5% aqueous solution of potassium ferricyanide [18] and were 

converted into phase holograms. In all these cases the 

brightness of the reconstructed images were found to be 

enhanced. 

Young's modulus of an aluminium plate (6 x 2 x 

3 O.15cm ) was calculated by using the combined application of 

cantilever principle and double exposure holography. The 

aluminium plate was fixed vertically and small weights were 

added in a pan and pulley arrangement attached at the free end 

of the plate. First exposure was made with a dead load and the 

second with four grams added to the pan. Fourteen fringes were 

observed in the reconstructed image. The displacement for this 

particular load was calculated from the fringe number n, 

viz.,n1/2 and the Young's modulus was calculated. The 

experimental value 71.46 x 10 10 agreed well with the reported 

10 2 119] value 68.9 x 10 dynes/cm. 

Time averaged 

holograms of a vibrating loud 

speaker, excited at a 

particular frequency, with 

the help of an AF signal 

generator, was recorded. The 

amplitude of vibration was 

adjusted so as to yield a 

clear reconstruction. The Fig.2.t6 Reconstructed image 

reconstructed image of the of a vibrating loud speaker. 

diaphram consisted of fringes as given in figure 2.16. 
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CHAPTER III 

STRESS MEASUREMENTS IN THIN FILMS 
BY USING 

HOLOGRAPHIC INTERFEROMERTY 



Abstract 

stress in thin films is attracting growing attention 

because of its problematic role in many applications. There are 

different techniques for measuring the deflections produced by 

stress in thin films, such as bending beam-method ,disc method, 

x-ray and electron diffraction methods. We have made an 

attempt to observe the variation of thermal stress in different 

thin films, by using real time holographic interferometry. In 

the case of reflecting thin films we could observe real fringes 

both in the reference as well as in the object beam directions. 

These fringes were of very good visibility compared to common 

real-time holographic fringes and can be conveniently used for 

the measurement of stress in reflecting thin films. 
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STRESS MEASUREMENTS IN THIN FILMS BY USING HOLOGRAPHIC 

INTERFEROMETRY 

3.1 Introduction. 

3.1.1 Holographic interferometry. 

Holographic interferometry is the interferometric 

comparison of two or more waves, at least one of them being 

reconstructed by a hologram. A hologram permits storing of a 

wave front~/that can be compared to any wave front which is 

separated in time or space [1]. Holographic interferometry 

has got three maln branches ie. two exposure holographic 

interferometry, real time holographic interferometry and time 

averaged holographic interferometry. The development of two 

exposure and real time holographic interferometry occurred 

independently in several laboratories in 1965 [2-8]. 

In two exposure holographic interferometry 

interference takes place between the wave fronts reconstructed 

by two holograms of the object exposed on the same photographic 

plate. If the wave front from an object is stored 

holographically and later compared to that coming from the 

object at different times, then it is real time holography. The 

third branch ie. time averaged holography will be discussed in 

Chapter IV. 
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Applications of holographic interferometry and 

related techniques fall into metrology, nondestructive testing, 

contour generation, flow visualization and measurement, solid 

mechanics and biomedical instrumentation. In all the above 

applications the primary quantity displayed by and determined 

from holographic interferograms is a change of optical path 

length. This change of optical path length, which is related to 

some physical property of interest may vary wil<:l}y in the above 

application areas. 

3.1.2 stress in thin films 

The literature concerning the mechanical properties 

of thin films is not as extensive as that of the electrical and 

magnetic properties. Reliability of any thin film device 

depends to a large extent on the mechanical stability which in 

turn depends on the adhesion of the film to the substrate and 

the internal stress developed during deposition.Almost all thin 

films, irrespective of the means by which they are produced 

are in a state of internal stress. Existence of large stress 

has been known since the work of stoney [9] on electro plated 

films. 

stress may be compreSS1ve or tensile depending upon 

the direction of expansion of the film. In the first case the 

film would try to expand parallel to the surface and 1n the 

second case it would try to contract. The total stress 

(Fig.3.1)in thin films consists of two major components, 
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COMPRESSIV E ST RESS TENS ILE STRESS 

Fig 3.t Film-substrate composite under stress 

'intrinsic' stress and 'thermal' stress. Intrinsic stress 

results from incomplete structural-ordering [10] in the film 

arising during the growth and due to film contamination. The 

latter component results from the different thermal expansion 
------------- ---

coefficients of film and substrate. If the deposition 

temperature differs from the temperature during the 

measurements, depending upon the differential thermal expansion 

there is a compressive or tensile stress. 

Thermal stress in thin films is attracting growing 

attention because of its problematic role in applications of 

thin films, such as masks and devices in micro electronics 

[11], thin film solar cells [12] and thin coated elements in 

high power lasers and related optics. str~ss developed ln 

~~!tz crystal employed in thin film thickness monitors, due to 

successive coatings of different materials causes problems in 

high precision thickness measurements. In cryogenic films 

thermal stress affects the critical temperature of 

superconductivity [13-15]. Moreover mechanically stable 

coatings are required for most industrial applications.The 

thermal stress caused by the differential thermal expansion can 
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be sufficient to bend or break either the film or the 

substrate. The laser damage of thin optical films has become a 

topic in itself [16]. 

'There are different techniques for measuring the 

deflections produced by stress in thin films, such as bending 

beam method [17-19] and disc method[20]. X-ray[21] and electron 

diffraction [22] methods are also used to deduce the stress 

from the measurement of lattice parameter change. 

3.2 Application of holography in measurement of thin film 

stress. 

As we have seen already, holographic interferometry 

is a very sensitive tool for metrology and nondestructive 

testing. Magill and Young [23] have reported on the use of 

double exposure holographic interferometry in the study of 

stress in evaporated thin films. The stress was studied by 

etching away the film and hence was not a nondestructive 

method. Ramprasad and Radha [24,25] had reported on 

nondestructive method by using real time 

a simple 

holographic 

interferometry, for the measurement of stress in thin films 

during evaporation and for testing the adhesion. 

We have made an attempt to observe the variation of 

stress with temperature, in thin films, by using real time 

holographic interferometry. Initially thin films of cadmium 

sulphide on glass substrates were used as the object. These 

films were diffusely reflecting. Solution flow method has been 

used for the in-situ processing of the hologram. The film 

substrate composite has been considered as a beam freely 

supported at both ends. 
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3.2.1 Real time holography. 

As discussed in Chapter I when the interference 

pattern of an object wave, with a reference wave is properly 

recorded and re-illuminated,a wave whose complex amplitude is 

linearly proportional to that of the original object wave can 

be reconstructed. If one can replace the processed hologram 

plate exactly in its original position, the reconstructed 

image of the object will be exactly superposed on the object; 

assumlng that the object stays fixed in position and continues 

to be illuminated with the laser light. If the object under 

goes a deformation, amplitudes of the two sets of light waves, 

one being the reconstructed wave and the other the directed 

wave from the deformed object, will add or cancel depending 

upon the path difference. As a result the observer viewing the 

reconstructed image sees it covered with interference fringes. 

The pattern will be a contour map of the object shape change. A 

change in the fringe pattern is simultaneously observed with a 

change in the object - hence the name 'real-time' holographic 

interferometry • 

3.2.2 General theory. 

Consider an offaX1S hologr.aphic set up. From 

equation (1.14) the intensity at the holographic plate 

during recording is 

I(x,y) = I R(x,y) + o(x,y)1 2 

( 2 .1) 

Assuming a linear recording, from (1.13) the amplitude 
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transmittance of the processea nOlogram can De wr1~Len d~ 

T(x,y) = To - ~ T I(x,y) (2.2) 

In real time holography the hologram illuminating waves are the 

reference wave and the deformed object wave directly coming 

from the deformed object. Accordingly the complex amplitude of 

the transmitted wave through the hologram is 

U(x,y) = [O(X,y) + R(x,y) ] T(x,y) ( 2 • 3 ) 

Here ° is the complex amplitude of the deformed object wave. 

If this small change in the object shape is assumed as a phase 

modification A~(x,y) of the object wave, then 

Then we can write 

-iA~ 
= O(x,y)e (2.4) . 

(2.5) • 

This transmitted field consists of many waves travelling in 

several directions. Considering the component waves traveling 

in the approximate direction of the original object wave alone, 

we have the first and the fifth terms. These terms create 

an irradiance that consists of a series of fringes that the eye 

or the camera sees. 
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3.2.3. Experimental setup 

The holographic setup fabricated has been utilized 

for the experiment.A 10mw He-Ne laser and Agfa 8E75 plates were 

used for the recording of the holograms. 10 x 2.5 2 cm 

holographic plates cut from the standard plate has been held 

vertically using a small vice, at the top.The sample film was 

lightly clamped at both ends by using glass holders, allowing 

for longitudinal expansion (Fig 3.2) • The solution flow 

arrangement for the in situ processing of the hologram can also 

be seen in the figure. Cadmium sulphide films on 7.5 x 2.4 x 

0.05 3 cm glass 

substrates, prepared 

by spray pyrolysis 

were the first set 

of samples. Optimum 

exposure and 

developing times 

were found to be two 

seconds and three 

minutes respectively. 

Agfa A903 developer 

diluted in 1:1 ratio 

has been used to 

reduce the developing 

time and there by the 

emulsion swelling. 

On reconstruction 

very good null 

Bean - splitter 

i 1 Loser beam 

I 

.. ---~ Mirror 1 

Heating 

~ 
~ 
Thin film 

Fig 3.2 Initial setup used Cor real tiBle 

holographic stess measurements. 

patterns were obtained. The film substrate composite was slowly 
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heated, to introduce a deformation, using radiant heating. A 

heater filament arranged in between two 5mm thick mild steel 

plates was used for this. The plane of the heater has been kept 

parallel to that of the film substrate, at a distance of 2mm. 

The current in the heater has been controlled by using a 

dimmer-state On looking through the hologram we could observe 

virtual fringes superposed on the film. The fringes remained 

stationary for a steady temperature. No jitter could be 

observed under steady air in the room. (This also implies the 

isolation capability of the vibration isolation table). 

In the next set of experiments we have used Ag films 

3 deposited on 7.5 x 2.5 x 0.05 cm glass substrates, by vacuum 

evaporation.Here the beams ratio was set almost equal and the 

optimum exposure time was 1/5 seconds. On reconstruction,in 

addition to the common virtual fringes superposed on the 

sample, as in the case of CdS,which was diffusely reflecting,it 

was possible to obtain real circular fringes on a screen placed 

at any plane perpendicular to the ray direction,in front of the 

hologram (Fig 3.3).These 

fringes were there both 

in the reference as well 

as the object beam 

directions. The fringes 

were of very good 

visibility , compared to 

common real time 

holographic fringes. 

Fig 3.3 Circular fringes generated 
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3.2.4 Principle of fringe formation. 

Since the object is specularly reflecting, an 

observer at any point in the hologram plane receives wave 

fronts coming from only one point of the object. The 

reconstructed wave in one direction will interfere with the 

corresponding wave in the cone of object waves and causes real 

fringes on any plane in the object beam direction. If we denote 

the complex amplitude of the instantaneous object wave 

reflected by the strained object by 0' then 

o (x,y,t) = o(x,y)exp{-i~(X,y,t)} ( 2 • 6 ) 

O(x,y) is the complex amplitude on any hologram point x,y due 

to the unstrained object and ~~(x,y,t) is the phase change of 

the wave due to deformation of the object at any instant t. The 

reconstruction can represented as 

+ {To- ~[loI2+IRI2]}oe-i~ _~IRI2o_~R2o*_~o2e-i~ R* 

( 2 • 7 ) 

The third and fourth terms in the above equation represent two 

-i~~ . sets of waves differing in phase by a factor e , propagat1ng 

in the same line, causing interference 1n the object beam 

direction. 

The deformed object beam 0' reconstructs a 

correspondingly deformed reference beam represented by 

1012e-i~~R which interferes with the dc part of the reference 

beam and produces similar interference fringes in the reference 
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beam direction also. The last two terms in 2.7 represent the 

off-axis conjugates. 

The theory given in the preceding part gives an 

explanation for the observation of real fringes in both the 

object and reference beam directions. Since the object is 

specularly reflecting these fringes are real and exist in all 

planes perpendicular to the directions of propagation. By 

noting the fringe number, deformation of the specimen can be 

easily observed and photographed, there by stress developed can 

also be calculated. 

A certain amount of external stress can be suspected 

in the previous experimental setup. This comes due to the way 

in which the film was held. A new experimental arrangement 

(Fig 3.4) which avoids possibility of any external stress has 

been used for the quantitative measurement of the thermal 

stress. 

SOlutjtl~nflOW _ 
arrang 

==i.I:=V 

C_ 

LASER 

Fig 3.4 New experimental arrengement 
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Here the sample film was kept freely supported on two O.6cm 

wide fused silica knife edges.The holographic plate 1S held 

parallel to the film plane by using a small, spring loaded 

vice, above the sample. The emulsion side of the plate is 

arranged on the top. A jet like arrangement made with 3mm 

glass tubes is used for getting a mild,but uniform flow of the 

solution.The solution flow system is arranged at a height of 

25cm above this jet and the hologram. There is a movable 

solution collection system which can be easily positioned below 

the holographic plates,even in darkness.Mirrors M1 to M4 are 

used to steer the reference beam and the object beam. 

A hologram of the sample film was recorded on the 

plate and then the solution collection system was arranged 

below the hologram.After processing, the excess water drops on 

the hologram were removed first by mil4 air flow and then with a 

blotting paper.When the drying was completed, clear, null 

patterns could be reconstructed. The sample was then slowly 

heated and the temperature was monitored by using a digital 

thermometer probe kept just above the sample.Fringes generated 

from the centre of the specimen and obtained on either beam 

directions are given 1n Fig 3.5a and 3.5b.A schematic 

representation of the wave-mixing is presented in Fig 3.6. 

a b 
Fig 3.5 Fringes obtained 

a. In object beam direction 

b. Reference bealll di rect i on 
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0+0' 
Hologram 

R 
-------~ ... -----<--. R+R' 

0* 

0' 

Fig 3.6 Wave mixing 

3.3 Calculation of the thermal stress. 

By monitoring the fringes, deformation of the 

specimen and there by the thermal stress S developed for a 

particular temperature range can be calculated, assuming the 

film substrate composite as a beam freely supported at its 

extremities, from the formula [19] 

2 
3 (1-tJ 8) 1 t r 

S = 
8 8 ( 2 . 8 ) 

The subscripts sand f denote the substrate and the film 

respectively. Y is the Young's modulus, t the thickness, 1 

length of the composite, tJ the Poissons ratio and {j the 

deflection at the centre produced by the film stress. 

Here the deflection has been effected by the thermal 

stress produced due to the differential expansion of the film 

and the substrate materials. For 2000° A Ag film on 6 x 2.4x 

3 0.015 cm glass substrate, about 21 fringes were obtained 1n 

in a temperature range of 27° C to 50° C.This corresponds to a 

9 2 stress of 0.29x10 dynes/ cm • 
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The expression for thermal stress [26] is 

Y ( a -a ) (T -T) 
r r 8 C 

(l-v ) 
r 

(2.9) 

a represents the linear thermal expansion coefficient, T and 
C 

T are deposition temperature and temperature during the 

measurement, respectively and vris the Poissons ratio of the 

film. 

Assume that T is the temperature at which the 
H 

hologram is recorded. Then equation 2.9 can be written as : 

Y (a- a) (T -T) 
t r 8 c R 

(1-v ) 
r 

For any stress measuring temperature T 
m 

Y (a- a) (T -T) 
t r 8 C M 

(2.10) 

(2.11) 

From the above two equations, the predicted value of 

thermal stress variations for any temperature range TH to TM 

can be written as 

Y (a- a) (T -T) 
r r 8 H It ( 2.10) 

(l-v r ) 

For Ag film in the above case T = 27° C and T = 500 C.Then the 
H M 

above expression predicts a stress value 0.33 x 

This agreed well with observed value of 0.29 x 109 

9 2 10 dynes/cm • 
. 2 

dynes/cm 

given by equation 2.8.The values of the physical constants 
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[27,28] assumed for the calculation are presented in the 

following table. 

Material a a Y f Y v V 
f 8 8 f 8 

Ag 19x10-6 7.4x10- 6 7. 8x10 11 7x10 11 0.37 0.35 

eu 17x10-6 7.4x10 -6 11. 7x10 11 7x1011 0.35 0.35 

Al 23x10-6 7.4x10 -6 6. 89x10 11 7x10 11 0.34 0.35 

since there are only a few wide fringes on the whole 

length of the te~t piece, the fringes have been directly read 

with naked eye. A series of experiments were conducted by using 

reflecting thin films of Ag, Cu and Al with different 

thickness and prepared at different deposition temperatures. 

All these films were prepared by vacuum evaporation. The 

deposition temperatures were measured by using a Chromel-Alumel 

thermocouple. The substrates were thoroughly cleaned by using 

the procedure described Chapter 11. The results of the 

experiments are presented in the following curves (Fig.3.7). 

\' 

Observed variation of Thermal Stress 
wi th Temperature for 2000· R 

Rg ) Cu and RI films on 0.015 substrate 
0.75 Thermal 5t ress 

0.50 -

0.25 -

27 30 35 40 45 50 55 60 65 70 

Temperature 
Fig 3.7a 
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3.4 Results and conclusions. 

The real time holographic technique introduced in 

this chapter is a simple, sensitive and non-destructive method 

for measuring stress in th~n films. Even though only thermally 

induced stress is discussed here, the technique can be suitably 

extended to study the development of intrinsic stress during 

growth, adhesion and film damage by high power lasers. If we 

take an accuracy of half a fringe for naked eye, in the present 

experiment, this corresponds to a sensitivity of 

6 2 7x10 dynes/cm ,for a film of 200 nm thickness .The sensitivity 

of the method depends on the substrate thickness and resolution 

of the fringe monitoring system. For a higher temperature range 

an automatic fringe read out system can be introduced.The 

heating was made slow, ie. about one degree celsius per 

minute,in order to get a steady fringe system suitable for 

measurement with naked eye. If the rate of heating is higher, 

it was found that the fringes moved in a direction which was 

opposite to the initial fringe movement.This can be explained 

in the following way. A sudden heating produces temperature 

gradient across the substrate thickness and the region closer 

to the heat source will get heated up more. This causes bending 

of the substrate in a way which is opposite to that produced by 

the film stress. 

Films formed at different deposition temperatures 

such as 55°C, 65°c and 75°C were used as samples. But any 

modification in the fringe ordering could not be observed. Al 

films of thickness 1000, 2000 and 250~were also prepared and 

used as samples. The substrate deformation due to thermal 
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stress was measured by using the above method. No appreciable 

variation in the calculated value of the thermal stress could 

be observed. 

Another advantage of the technique over other 

interferometric methods is that no substrate profile 

measurement is needed.It was assumed that there is no variation 

in the intrinsic stress of the film during the above 

temperature range. 

In the case diffusely reflecting CdS films deposited 

at 300°C on 0.05 cm thick substrate, two wide fringes were 

° obtained for a temperature range of 26 to 50 C .But this stress 

value could not be verified due to non availability of physical 

constants of CdS films. 
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CHAPTER IV 

VIBRATIONS OF AIR-REED MUSICAL 
WIND INSTRUMENTS BY USING 

TIME-AVERAGED HOLOGRAPHIC 
INTERFEROMETRY 



Abstract 

Knowledge of wall vibrations of musical 

is important for testing the sound quality of a 

instrument as well as for instrument design. The 

Chladnis method for observing the eigen modes gives 

position of nodal lines, but no amplitude 

instruments 

particular 

traditional 

only the 

and phase 

information. Also the technique ~s not suitable for curved 

surfaces of musical wind instruments. Introduction of 

these 

the 

wind 

holographic interferometry helped a lot to overcome 

drawbacks. But this technique has been mainly used for 

analysis of musical string instruments rather than 

instruments, because of problems of stability during 

effect excitation. In the case of musical wind instruments the 

of wall vibrations on the tone quality is a much argued 

question. We have attempted to record the wall vibration of 

some air-reed flutes by using conventional holography and' with 

suitable excitation process, which we believe, for the first 

time yielded well defined time-averaged interferograms. This 

chapter deals with the experimental technique used and the 

results obtained. 
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VIBRATIONS OF AIR-REED MUSICAL WIND INSTRUMENTS 

BY USING TIME-AVERAGED HOLOGRAPHIC INTERFEROMETRY. 

4.1 Musical instruments and holography. 

4.1.1 Vibrations of musical instruments. 

In most of the musical instruments there are sources 

of vibrations, whose frequency can or can not be varied,coupled 

to a resonator. The resonator may also be adjusted to vary the 

frequency.The shape of the resonator and the sound radiating 

from the wall vibrations of the instrument contribute to the 

colour and quality of the total instrumental sound. 

Considering a particular musical instrument, the contribution 

from the wall vibration is decisive in distinguishing a great 

instrument from an ordinary one. Knowledge of the wall 

vibrations is also helpful in designing good quality musical 

instruments and to study resonant vibrations of any particular 

design. It is well known that the properties of ' belly' and 

, back' top and back plates ) of instruments of the violin 

family violin,viola,cello and bass ), to a great exterit, 

decided the quality of their sounds. Modern tests of 

vibrational properties of the top and back plates revealed 

something of what famous violin ~akers did by , feel • and led 

to the making of consistently good violins. 

Even though every body accepted the contribution of 

the wall vibrations,no test methods were there to form some 
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hard and fast rules for the fabrication. For many years the 

secrets of such great instruments made by Andra Aroathi and 

stradivarius was a mystery. 

A traditional method evolved in 18th century was the 

technique worked out by Ernst. F. F.Chladni [1]. In this method 

the normal mode patterns of vibration of a horizontally 

mounted flat plate are demonstrated by sprinkling the plate 

with some fine powder and then causing the plate to vibrate.At 

the eigen frequencies the vibrations bounce the powder into the 

nodal regions where there are no vibrations. Thus a mapping of 

the nodal and the anti nodal configurations of the plate at its 

specific resonance frequencies can be achieved. 

Chladnis method provided only the positions of the 

nodal line, but no amplitude and phase information.More over 

the technique was not suitable for the curved surfaces of 

musical wind instruments.Many things regarding music and 

musical instruments were mysterious and the major advance over 

the last few decades has been in holography, applied to 

vibrating surfaces. This method is not only is more sensitive 

but also indicates motion in the anti nodal areas in the 

Chladni method. 

4.1.2 Time-averaged holography. 

In holographic interferometric vibration analysis the 

wave front reconstruction technique has been used to map the 

amplitude of vibration and in some cases the phase of a surface 

too. The commonly used method for this purpose is time-averaged 

67 



holographic interferometry [2,3]. Here the hologram is recorded 

while the object is vibrating.The phase of the object changes 

very slowly in time compared to that of the electric field of 

the laser beam • Thus the hologram recording process can be 

thought of as the recording of a large number of superposed 

holograms, one for each slightly different position of the 

object. After a linear recording, the complex amplitudes of the 

wave reconstructed will be proportional to the time-average of 

that scattered from the vibrating object, over the exposure 

interval. Then the image of the surface will be modulated by a 

system of interference fringes. The brightest fringe coincides 

with the nodal region and will be similar to that produced by 

the Chladni method. In time-averaged holography,in addition to 

the bright nodal fringe, there may be other fringes which are 

contours of equal vibrational amplitudes. But the relative 

vibrational phase variation across the object 

observed and the fringe visibility decreases 

amplitude of vibrations. Also there are 

holographic techniques such as real-time 

surface is not 

with increasing 

other analogous 

[3], stroboscopic 

[4-6] and the more general temporary modulated [7]holography, 

with additional experimental complexity. 

In 1969 Carl-Hugo Agren and Karl A. stetson presented 

[8,9] their work on the first application of vibration analysis 

by holographic interferometry to the study of stringed 

instruments. After their studies on classical treble viol they 

could design a new instrument with very good results. After 

exhaustive experiments on acoustics of violin plates by using 

holography C.M.Hutchins [10] concluded that the mode shapes for 

instruments of the violin family are found to follow a similar 
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sequence in all sizes of free plates, but the frequencies at 

which they occur are unique to each plate. He also observed 

certain relations between the modes which result in a good 

quality instrument. 

4.2 Air-reed musical wind instruments. 

There is no doubt that the timber and the musical 

quality relating to stringed instruments family mostly depend 

on the resonator and the surface vibrations of its material 

[8-12]. But in the case of musical wind instruments the effect 

of wall material and its vibrations on the tone colour and 

other playing qualities is a much argued question. 

4.2.1 Air-reed excitation. 

Here a high speed ribbon of air is blown against the 

edge of a hole in the instrument. The orchestral flute, 

recorder and organ flue pipe use this excitation mechanism. 

The air-ribbon may be formed by the human lips <orchestral 

flute) or from a fixed structure <recorder and organ flue 

pipe). The former method has greater degree of flexibility in 

compass,sound level and intonation, because of the possibility 

of lip adjustments. In many presentations both scientists and 

musicians are divided in their opinion on the effect due to the 

contribution of the wall material [11,13-16]. 

Referring to clarinet, Richardson [14] states that 

the rigidity of the tube influences damping of the tone and it 

enhances notes in certain regions of the scale. Jeans and 

Taylor [11] pointed out the choice of material for an organ 
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pipe and the influence of the thickness and character of the 

wood on the formant. After carefully constructing identical 

pipes of different materials, Von Glatter-Gotz [111 in 1935 

concluded that the geometrical shape was the only important 

factor in the tone quality of pipes. But musicians [15,16] 

claimed without substantiating, that the tone of metal clarinet 

was vapid and uninteresting. After a set of experiments Parker 

[17] compared metal and wood clarinets, and stated that under 

steady state conditions the material had no effect on the tone 

quality. Backus and Haudley [18] and Clotman [19]. found that 

although the walls do vibrate, these vibrations were 

insufficient to affect the steady state tone quality of 

clarinet, organ pipe and flute. We have contacted some of the 

* leading flute players both in the realms of classical Carnatic 

music and orchestral music. 

In the interviews they have pointed out,apart from 

the players qualities. the following facts: The material has 

got a good contribution in the tone quality of the instrument. 

Even though it is not as prominent as in stringed instruments, 

it decides to a good extent the sweetness of the tone and ease 

of play. From their experience they are of the opinion that 

matured reed is the best material for making flutes.Regarding 

the thickness: there are two types of blowing, soft blowing and 

hard blowing. Usually players in the soft blowing school 

prefer flutes made of thin material and vice versa. They say 

1.Srikrishnan G.S.Carnatic flute player. Assistant Station 

Director. AIR. Cochin. 

2.Ravindranath.K.V.Carnatic flute player.Alleppy. 

3.Mural1.P.R. Orchestral flute player.Cochin. 
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that the hard blowing player using a thick flute produces sound 

with more 'depth'. 

Without the help of a potential scientific tool to 

map the surface vibrations of wind instruments, it is a 

virtually impossible task for the scientist to be able to 

produce sufficient evidence to show that a player may be wrong 

in his opinion. 

Coming to holography, in their very first paper [2] 

stating mechanical stability as a crucial parameter, Powell and 

stetson suggested its usability only in 

stringed and percussion instruments. 

the case 
,'/.; 

of musical 

Logberg and Ledang 

[20],after considering the problems of stability during 

excitation, suggested electronic speckle pattern interferometry 

(ESPI), for studying wall vibrations of willow flutes. Thus it 

has been considered that the stability requirement of 

holographic process limits the effective use of conventional 

holographic technique in the case of wind instruments, as they 

are excited by an air-flow, which easily introduces unwanted 

movements. Moreover an artificial excitation by a transducer 

may not necessarily represent the actual behavior of the 

instrument. 

4.3 Recording of time-averaged holograms of air-reed flutes. 

After considering the above said incertitude we have 

attempted to record the wall vibrations of some air-reed flutes 

by using conventional holography. with a suitable excitation 

process,we could, probably for the first time,get well defined 
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time averaged interferograms. The Indian flutes we studied 

were made of a kind of reed of the genus Gramineae whose 

botanical name is Ochlandra Travancoria. A hollow stern of 

suitable length cut from matured reed, after traditional 

ripening processes such as boiling in water,followed by oiling 

and drying in a gentle flame,is used for making the instrument. 

This type of flutes although ancient, (in Sharngdeva's Sangria 

Ratnakara,written in 1247 AD, the dimensions of different 

flutes are mentioned) is still popular for its simplicity and 

tone quality. Difficulty in the electronic synthesis of its 

sound is another reason for its popularity. It has no keys and 

levers and is side blown. A hole at one end near the node of 

the reed serves as the mouthpiece. Air is blown directly into 

the hollow of the instrument, against the sharp edge of the 

mouth hole, upon which the air breaks up into flutters and 

setting into vibration of the air. There are six finger holes, 

and mainly the distance of the first finger hole from the 

mouthpiece decides the pitch of the flute. Two and a half 

octaves can be easily generated with the instrument. Usually 

dehydration problems do not arise as the reed is well dried. 

4.3.1 Experimental setup and General Theory 

During the initial part of the work different 

mouthpieces capable of producing air jet and air ribbon were 

made of glass and rubber. Compressed air through a needle 

valve NV (Fig 4.1) was gently let through the mouthpiece M, 

using a rubber tube. It has been found that in the case of 

rubber mouthpieces producing an air ribbon, it was easy to 

excite the flute even without touching the mouthpiece hole. 
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The direction and 

pressure of the air 

ribbon were adjusted 

with a precision XYZ-

translator arrangement 

T and the needle valve 

to obtain a clear 

sound. The wave 

pattern produced by the 

instrument was observed 

using an oscilloscope 

and was almost 

sinusoidal, which was 

similar to that 

produced by realistic 

excitation. 

, , , 
, ' L ______________ _ .l 

Fig 4.1. Experimenlal selup tor 

recording lhe vibralion pallerns 

ot l he r 1 u le. 

The holographic setup shown in Fig.4.1 is a simple 

conventional one. A 10 mw He-Ne laser and Agfa 8E75 plates 

were used for recording the hologram. An uncoated 10 mm thick 

glass plate (transmissibility of about 90%) was used as the 

beam splitter (as). The ratio of en~rgies of the reference 

field to that of the object field was about 4:1. The entire 

length of the flute F was illuminated with the help of a 

cylindrical lens CL. A 20 X microscope objective-pin hole 

arrangement was used as the spatial filter. The system was 

mounted on the vibration isolation table described in 

Chapter 11. 
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At first the flute was lightly clamped at one end 

near the mouth hole and excited. We could record fringes near 

the mouth hole Fig.4.2.,similar to those obtained in [20]. 

Fig 4.2 Fringes near the mouth hole. 

Reconstruction of the remaining area was disturbed by stability 

problems. But when the flute was lightly clamped at either end 

and excited, which is almost similar to playing conditions, 

very good interferograms as shown in Fig.4.3.,were obtained for 

Fig 4.3 InterCerogram oC a 

vibrating Clute. 

various frequencies. 

The frequency is 

changed by closing 

and opening the 

holes sequentially. 

The exposure time was about 5 seconds. If we assume almost 

pure harmonic vibrations [20-22] then at any point P(x,y) on 

the flute at time t, the displacement 1S given by 

L(x,y,t) =L(x,y) sin wt ( 4 • 1 ) 

w is the angular velocity of the object motion. The phase 

change of the light wave scattered from this general point is 

~~(x,y,t) = K.L(x,y) S1n wt ( 4 • 2 ) 

K is the sensitivity vector which points along the angle 20 

between the illumination and v1ew1ng directions and its 
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magnitude is 4n cos(0)/X. 

If O(x,y) = IO(x,y) I exp[-i<l>(x,y)] (4.3) 

is the complex amplitude of the scattered light from the point 

P, when the flute is stationary. Then, that at any instant 

during the vibration is 

O(x,y,t) = IO(x,y) I exp{-i[<I>(x,y)+K.L(x,y)sin(wt)]} ( 4.4 ) 

Assuming a linear recording process, the complex 

amplitude U(x,y) of the reconstructed wave will be proportional 

to the time average of O(x,y,t) over the exposure time T. 

Hence 

U(x,y) = 

T 

1 
T 

I IO(X,y) I exp{-i[<I>(x,y)+K.L(x,y)sin(wt)]} dt 
o 

= IO(x,y) I exp[-i<l>(x,y)] 
1 T 
~ J exp[-iK.L(x,y)sin(wt)] dt 

(4.5) 

( 4 • 6 ) 

If the exposure time is longer compared to the period of 

vibration of the flute ie., T » 2nlw, then 

U(x,y) = O(x,y)Jo [K.L(x,y)] ( 4 . 7 ) 

where Jo is the zero-order Bessel function of the first kind, 

defined by 
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J o [K.L(x,y)] = Lt i J-eXP[-iK.L(X,y)Sin(wt)] dt 
T->oc 

Then the intensity of the image reconstructed is 

2 

I(x,y) = I~x,y) Jo[K.L(X,y)] 

2 

(4.8) 

(4.9) 

where I~X,y) = IO(x,y)1 ' the intensity when the object at 
2 

rest. The zeros of the function J [K.L(x,y)] correspond to the 
o 

dark fringes and the first maximum corresponds to the nodal 

region. Since the amplitude of vibration varies across the 

object, we will get fringes of equal amplitude vibrations on 

the object. The bright region represents the node and 

corresponds to the first maximum of the Bessel function. 

4.4 Results and discussion. 

The primary aim of the experiment was to demonstrate 

the capability of conventional holography to study the wall 

vibrations of air-reed wind instruments, excited in almost 

realistic playing conditions. It also shows that a compressed 

air-ribbon can be used to excite the flute, even without 

touching it and without introducing any stability problems. 

Motivated by the initial success in the experiments 

we have carefully made two sets of identical flutes of 

different materials viz., aluminium, brass, stainless steel and 

plastic, and conducted more experiments. The length, diameter 

and thickness of the two sets were 22, 1.4, 0.18 cm and 
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24, 1.6, 0.18 cm respectively.Holograms of each flute, excited 

with one full note frequency difference, covering about two and 

a half octaves, were recorded.In either of the sets it has been 

found that in the case of flutes made of reed the surface 

vibrations were strong enough to get a good number of 

(Fig 4.4), in the higher octave region. But in some 

fringes 

of the 

lower octave notes we could observe only one or two fringes, 

implying a lesser contribution from the surface. Fig.4.4a. 

represents the vibrations on the flute when all the finger 

holes were kept open. Fig.4.4b. represents those when all the 

finger holes except the first was kept open. Fig.4.4c and 

Fig.4.4e. represent the vibrations on the flute surface when 

the first two and first three finger holes were closed. The 

nodal region comes just above the second closed hole from the 

open one. It is known that apart from the column length, the 

frequency of oscillation depends on air velocity [11]. Fig.4.4c 

and 4.4d show the reconstructions with the same column length 

but the pressure was slightly increased in the latter case. 

Fig.4.4f is the reconstruction when all the finger holes except 

the first were closed.Reconstruction of another flute made of 

reed and is a memeber of the second set, excited at various 

frequencies are given in Fig.4.5. 

In the case of plastic flutes the fringe number was 

less even 1n the higher octave, compared to the reed flutes. 

But when thickness was reduced to 0.7 mm, we could observe a 

good number of fringes (Fig.4.6). 
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a 

b 

c 

d 

e 

f 

Fig 4.4 Time averaged holographic reconstructions for 

various frequencies of the flute made of reed. a . 2350 Hz. , 

b.2560 Hz . c . with the same column length as in ( b) but with 

blowing pressure slightly increased, d . 2800 Hz . e . 3200 Hz . , 

f. 3400 H z . 
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a. 1940 Hz 

b. 2350 Hz 

c. 2350 Hz (back side) 

c. 2560 Hz 

Fig 4.5 Reconstructions of another flute mad~ of reed (member 

of the second set) for various frequencies 
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a. 1600 Hz 

b. 1750 Hz 

c. 1940, Hz 

d. 2000 Hz 

e. 2350 Hz 

f. 2560 Hz 

9. 2800 Hz 

.~~~~~~ 
~"-... 

h. 3200 Hz 

Fig 4.6 Reconstructions obtained in the case of 0.07 cm thick 

plastic flute 
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In the next set of experiments we have used Brass, 

stainless Steel and Aluminium flutes. No fringes ·could be 

observed even at the hig.hest note. The thickness was then 

reduced to 0.7 mm and again the entire experiments were 

repeated. Then also we could not observe any surface 

vibrations except in the case of Aluminium flute, at a 

frequency 2800 Hz. This fringe structure was regular (Fig.4.7) 

Fig 4.7 Only surface vibrations observed in the case of 

thinned alu.iniu. flute at a frequency of Z800 Hz. 

and was similar to that obtained for reed flute (Fig.4.5) at a 

frequencies of 2560 and 1940 Hz.The regular patterns repeated 

in the cases of the flutes also, but these mode patterns 

occurred at different frequencies. 

Thus it can be concluded that flutes made of reed 

have got better surface vibrations compared to flutes made of 

other materials, which might explain the richer sound from a 

natural reed flute as claimed by the musicians.That is wall 

vibrations from the material of a wind instrument give a 

contribution to the total sound quality, which may be decisive 

in distinguishing a great instrument from an ordinary one. But 

this contribution is not as prominent as in the case of 

stringed instruments. The contribution from the surface 

vibrations is more in the upper octave region. Metallic flutes 

show almost no surface vibrations. 
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state conditions, appreciable difference in quality could not 

be observed to an untrained ear. But while playing,the 

difference may be more explicit as claimed by musicians. Let 

us consider two more facts. Even for an untrained listener 

there is no doubt that the sound of the flute of some carnatic 

musicians is more sweet, even though all of them use reed 

flutes. Even if their blowing methods and other variables like 

pressure volume etc., are taken into account, the players agree 

on one thing that certain flutes have better quality sound 

compared to others made of the same material. These facts 

together support the contribution from the surface vibrations. 

It is also found that thin flutes contribute more 

from the surface vibrations. This may also be related to the 

rich sounds of thinner flutes as the players claim, compared to 

the thicker ones, which has to be hard blown to produce sound 

with a better depth. 

The existence of relations between the modes as in 

the case of good violins [10] is yet to be checked in the case 

of great flutes. It is clear that the opinions of musicians, 

even after considering the chances of prejudices, both from the 

East and West, are true in some aspects which we have checked. 

The better surface vibrations in reed flutes 

in terms of the texture of the material. 

may be 

In some 

explained 

of the 

initial experiments we have used real-time holograms and the 

flutes were excited using the vibrations from a loud speaker. 

Some modes were found in between the frequencies produced by 

the finger holes. This also supports the difference 1n sound 

quality between steady state conditions and playing. 
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The flutes we use, nowadays, are developed versions 

of the early type made by primitive man. This type of 

instruments may be the simplest in any symphony orchestra 

(apart from the stick in the hands of the conductor). The 

sound generated by wind from a beetle-made hole on a reed might 

have aroused wonder in a primitive man. In these modern days 

of electronic revolution, many aspects about that wonder still 

remain both in synthesis and analysis. Even though we have not 

done any acoustical analysis of the instrument, by using 

holography, we hope that more experiments with a few 

flutes might reveal more about it, leading to 

understanding and design of this instrument. 
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CHAPTER V 

HOLOGRAPHIC OPTICAL ELEMENTS 
AND PATTERN RECOGNITION 



Abstract 

As a result of extensive research and development 

during the last twenty years holographic optical elements 

(HOEs) have become practical and are used in many applications. 

By using the fabricated experimental setup, we have attempted 

to record a few simple HOEs, in our laboratory. Combining a 

matched spatial filter and a holographic lens on a single Agfa 

8E7S plate, a compact optical frequency plane correlator has 

been developed for pattern recognition. The recording details 

of the HOEs and the pattern recognition system are discussed in 

this chapter. 
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HOLOGRAPHIC OPTICAL ELEMENTS AND PATTERN RECOGNITION 

5.1 Introduction 

Optical elements can be generally categorised into 

three basic types, viz reflecting elements, refracting elements 

and diffracting elements. Holographic Optical Elements (HOEs) 

come in the last set. In its structural sense a hologram can 

be considered as a record of a set of interference fringes 

formed between two mutually coherent beams. 

fringes forms a complex grating which diffracts 

This system of 

light falling 

on it and transforms a part of the light into a desired image. 

Using this technique it should also be possible to reconstruct 

the wave fronts coming from lenses, m1rrors or gratings. Such 

holograms can replace some or all the optical elements in a 

system. 

Though the seeds for the conceptual development of 

HOEs were sawn by Dennis Gabor himself [1-3], it can be 

considered that the interpretation of holograms by Rogers [4] 

as a generalised zone plate has laid the foundation for the 

development of HOEs. In 1966 Kock et al. [5] analysed the 

imaging property of the hologram of a point source of light and 

its function as a lens was experimentally demonstrated by 

Schwar et al. [6]. 

Holographic counter parts of conventional optical 

elements have been investigated by many people. To name some -
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Denisyuk [7], Mintz etal.[8], Gupta and Aggarwal[9],simulated a 

few holographic mirrors. Kogelnik [10] and Gavrilov et al. 

[11] reported holographic simulation of beam-spiitters/ 

combiners. Kogelnik [12], Murty and Das [13,14] Hayat and 

Pieuchard [ 15] described construction of holographic 

diffraction gratings. Since its practical realization, a burst 

out in the literature regarding HOEs has occurred. Mosyakin 

and Sarotskii [16], Close [17] and Chang and Winick [18] 

attempted to present reviews on the state of the art, bearing 

on the subject. Lerner et al.[19] have done a review of 

diffraction gratings, ruled and holographic. Ananda Rao and 

Pappu [20] treated a complete set of configurations for the 

simulation of different types of mirrors. 

Holographic optical elements are unique in many of 

their characteristics. As we have seen they are diffractive 

elements and hence wavelength sensitive. HOEs can serve 

multiple functions viz., as a lens, beam splitter and spectral 

filter, at the same time. The flexibility in fabrication and 

possibility of replication along with their added advantages 

such as lightness and compactness gave them increasing 

popularity. 

The ratio of the hologram thickness to the fringe 

spacing determines whether a hologram is thin or thick. The 

interference pattern recorded in a holographic material may be 

either a spatial variation of absorptiveness, thickness or 

refractive index. Holographic optical elements of the first 

type are absorption elements and those of the second and third 

type are phase elements. 

87 



The performance of a HOE is basically determined by 

its aberrations and diffraction efficiency. The directions 

of the diffracted rays (as given by the grating equation) are 

determined by the surface fringe structure and hence the 

aberration performance depends on the hologram surface fringe 

structure [18] For considering the recording of a generalized 

grating, we take object wave 0 exp(i~o) and the reference waveR 

exp(i~ ). Then the amplitude transmittance of the recorded 
R 

hologram may be written as 

( 5 .1) 

Illuminating the hologram with a reconstruction wave 

+ COR exp i(~ - ~ + ~ ) 
COR 

( 5 • 2 ) 

The first two terms in the above equation forms 'dc' bias and 

the third and fourth terms create the virtual and real images 

respectively. The position and the shape of the fringes formed 

in the hologram is determined by the phase difference between 

The main task of a HOE designer lS to determine an 

optical system, which can holographically produce a HOE, having 

a surface and internal fringe structure which lS compatible 

with the desired aberration and diffraction efficiency. For 

the fabrication of high quality HOEs the construction optics 
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should also be of high quality. Any defects in this optics 

will be recorded in the HOE. Multiple reflections between the 

surfaces of the construction optics and scattered light should 

be minimized. Extreme mechanical stability of the optics and 

the supporting surface is required. The system should also be 

kept free from dust and other noise sources. 

By using the fabricated experimental setup, we have 

attempted to record a few holographic lenses, mirrors and 

gratings. Then a pattern recognition system which uses 

conventional glass lenses has been developed. Matched filters 

[21] for complex spatial filtering have been recorded and the 

correlation peaks are observed. In the next step a multiple 

HOE which functions simultaneously as a matched filter and as 

the second Fourier transform lens has been recorded. The 

correlation peaks are again obtained. 

Only simple methods have been used for the simulation 

of the above elements and no thorough evaluation of the 

qualities of the HOEs recorded has been done. Considering the 

interests developed for the past few years on HOEs we think 

that the experience we gained, however small it may be, through 

the fabrication of these elements will be rewarding.This 1S 

reported just for completeness of presentation of the work we 

have done in this field. 
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5.2 SIMULATION OF HOEs 

5.2.1 Holographic Lens 

A holographic lens can be considered as an 

interferogram formed by a spherical wave from a point source 

and a plane wave reference. When functioning as a lens, the 

plane wave reference is the lens input, and the focus is the 

real image of the point source. An off axis arrangement as 

given in Fig 5.1 was used ~n our laboratory for the simulation 

of holographic lenses. 

The beam from 

a 10 mw He-Ne laser is 

split by using the beam 

splitter BS of about 

50% reflectivity. The 

spatial filters (SF) 

consisting of 20 X 

microscope objectives 

and pin-holes of about 

20 microns diameter are 

arranged after the 

mirrors M1 and M2 to 

increase the uniformity 

of the beams. The 

pin-holes used here are 

some of the smallest 

pin-holes we have made. 

This has been used to Fig 5.1 Experimental arrangement for 

achieve a sharp focus the simulation of holographic lens. 

[22,23]. Lens L2 with a focal length 25 cm has been used for 
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collimating the reference beam. The path lengths of the two 

beams were arranged equal. Fifteen holographic lenses with 

focal lengths ranging from 10 cm to 30 cm were recorded by 

using different system configurations. Also the angle between 

the beams was varied in a range of 10 to 20°. Agfa 10E-75 

plates were used as the recording material. During recording 

the holographic plates were arranged in such way that the two 

beams made almost equal angles with the plate normal. This has 

been done in order to minimize the aberrations [23,24] due to 

emulsion shrinkage. Emulsion shrinkage was also minimized by 

deliberately over exposing the plate [23]. This reduces the 

developing time, thereby reducing the emulsion distortions. 

The exposure time was about 0.1 sec and 1 minute developing was 

done in 1:1 diluted IPC 163 developer. The effective aperture 

of the lenses varied from 2 cm 2 to 5 cm2 • 

After the usual process1ng, the lenses were bleached 

for 3 minutes in 5% aqueous solution of potassium ferricyanide 

[25] to enhance the diffraction efficiency. 

Fig 5.2 shows the reconstructed real focus of one of 

• • 

.. . 
, . 
~ 

~ , .. , 

Fig 5.2 Real focus of a 

holographic lens. 

the holographic lenses with a 

focal length of 35 cm • The 

intensities were measured by using 

the EG & G 460-1A laser power-

meter and the diffraction 

efficiencies were calculated. The 

best efficiency we could obtain 

was about 4%. 

One of the holographic lenses has been used for 
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obtaining the ~ourier spectrum of a wire mesh. Fig.5.3a and 

5.3b are that obtained with a good quality glass lens and with 

a hololens respectively. The focal length of- the two lenses 

were equal to 25 cm. The quality of the Fourier spectrum 

F'g 5.3 Fourier spectrum of a wire mesh formed by 

a.Glass lens, b.Holographic lens. 

obtained with the hololens is comparable to that obtained with 

the glass lens. 

5.2.2 Holographic Paraboloid Mirrors 

In recent years the importance of conic mirrors have 

got a revival due to their many new applications [8,9] such as 

spacecraft observatory, spectro-radiometers, laser fusion 

target illumination systems etc. The fabrication of such 

mirrors are difficult by using conventional methods. The 

attractive features of holographic optical elements can be 

utilized here and the wave front reconstruction technique can 

be applied to simulate different types of mirrors.- Here the 

holographically simulated mirror (HSM) should reconstruct say, 

the object wave by reflection. Reflection holograms [25] can 
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be made by allowing the two beams to enter the emulsion from 

opposite sides. Different isophase layers will be formed 

parallel to the hologram surface and the waves reflected by 

these layers reconstruct the object wave. Reflection holograms 

of the volume phase type fabricated with dichromated gelatin 

have efficiencies close [26] to 100%. Holo-spherical mirrors 

with dimensions larger than 32 inches are used in optical 

simulators for the training of pilots. 

Any general conic section may be represented by the 

equation 

2 
Y = 2 2 2 px + (e - l)x ( 5 • 3 ) 

Here e is the eccentricity and 2p is the latusrectum. If we 

slowly vary the value of e from e > 1 to e = 1, the situation 

arisen can be analysed as follows. As e comes closer to unity, 

the second vertex of the hyperbola will be farther from the 

first vertex (similar is the case with a second branch) and in 

the limit the hyperbola reduces into a parabola [20]. The 

situation can be practically realised by mixing a set of plane 

waves and a set of spherical waves entering the emulsion from 

opposite sides [20,25]. The traces of the contour surfaces 

res~lting from the interference will be parabolas, almost 

parallel to the hologram surface. This family of partially 

reflecting parabolae function as several layers of parabolic 

mirrors having a common focal point. 

The experimental arrangement we have used is g1ven in 

Fig.5.4. Here a diverging beam and a plane beam are made to 

enter the emulsion from opposite sides. The two interfering 
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beams are offset by an angle ~ = 70 .The holographic plate is 

kept at the bisector of the angle made by the interfering 

beams. Seven 

paraboloid mirrors 

with focal lengths 

15, 20, 25 and 30 

cm were simulated. 

These HSMs were 

bleached as 

described in the 

previous section. 

A photograph of the 

reconstructed real 

focus is given in 

Fig.5.5.The diffra-

ction efficiency 

was measured and 

was found to be 

only 0.76 % • 

Fig 5.5 Real focus of a 

paraboloid mirror 

r » 
Ul 
fl1 
::0 

tD 
Ul 

Ul 
." 

r 

Fig 5.4 Experimental arrangement for 

the simulation of holographic 

paraboloid mirrors. 
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5.2.3 Holographic Gratings 

Like other HOEs holographically simulated 

diffraction gratings (HSDGs) have also become a potential tool 

for instruments designers. Even though the efficiency of HSDGs 

are not as good as that of ruled gratings [19], their large 

size, number and pattern of grooves, low scattered light and 

the freedom for aberration correction make them attractive. 

A holographic grating lS an interference pattern 

containing a great number of closely packed fringes. A 

grating is obtained if the interfering beams are plane and 

recording of the fringes are done on a plane surface. 

theory of HSDGs, their efficiency and aberrations have 

plane 

the 

The 

been 

discussed by several scientists viz., Kogelnik [12] Murty and 

Das [13], Noda et al. [27] and Mahipal Singh [28]. The 

scattering of input light caused by the granular structure of 

the recording materials and its influence on the diffraction 

efficiencies of planar gratings have been investigated by Syms 

and Solymar [29,30]. 

Consider the simple case of two plane waves derived 

from a coherent source and the beams intersect at an angle 20. 

In the region of interference the intensity will be a maximum 

at the points where the relative phase difference of the waves, 

say $2- $1' satisfy the condition 

( 5 .4) 

As the plane waves progress in the direction of their 

wave normals, the interference lines will generate planes of 
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maximum intensity. Thes~ planes of maximum intensity bisect 

the angle between the wave normals. The period of the 

sinusoidal intensity variation 'd' is given [25] by 

2d sin(0) = A ( 5 • 5 ) 

The period of the fringes decreases with the increase 

of the angle 20 •• If we place a thin photographic material 

which can resolve l/d fringe pairs/unit distance, with its 

plane perpendicular to the bisector of the angle 20, the 

photographic record of the interference lines (hologram) will 

function as a HSDG. The grooves in relief produced in the 

emulsion after processing will be equidistant. Imperfections, 

roughness etc •• are very much less compared to the ruled 

grating, thus reducing stray-light. 

The arrangement used in our laboratory to simulate a 

few holographic diffraction gratings is as shown in Fig.5.6. 

By using a 50% reflectivity beam splitter BS the beam from the 

laser is divided into two parts. The spatial filters SF are 

arranged after the mirrors Ml and M2 to enhance the beam 

uniformity. Both the beams are then collimated by using two 

good quality lenses of focal lengths 25 cm each. Path lengths 

of the beams were arranged equal. 

The photograph of the interference pattern was 

recorded on Agfa 10E75 plates. Three sets 

simulated by changing the angle between 

of gratings 

the beams 

were 

viz., 

10°,15°, 20°. The fringe frequency in each case was measured 

by using a spectrometer and was found to be 273, 414 and 540 

lines/mm respectively. The diffraction efficiencies of these 
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gratings were measured 

and the best value we 

could obtain was 3%. B S 

, LASER 

The diff-

raction orders of a 

laser beam, produced 

by one of the gratings 

(2(6 = 15) and that of 

a ruled grating are 

given in fig.5.7a and 

b. It can be clearly 
H 

seen that the stray 

light because of 

non-periodic errors Fig 5.6 Experi.ental arrangement for 

[19] in classically the simulation of holographic 

ruled grating, is not grating 

at all a problem in the holographic grating. 

Fig 5.7 Ditfraction 

orders of a laser 

beam formed by 

a.Ruled grating 

. - . . -- b.Holographic grating 

" . 
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5.3 HOLOGRAPHIC PATTERN RECOGNITION SYSTEM 

5.3.1 Introduction 

From the lonely domain of lens designers and 

astronomers optics has now become a vital field affecting all 

areas of basic research and applied technology. Lasers, 

holography, optical Fourier transformations and optical spatial 

filtering are a few of the key items that spawned lots of 

developments in optics. Optical spatial filtering is one of the 

most significant developments evolved due to the happy marriage 

of communications theory and optics [31]. 

In 1964 Vander Lugt [21,32-33] succeeded in the 

optical realization of a complex matched spatial filter by 

combining the concepts of radar processing and holography. 

Pattern recognition is the identification of a given pattern of 

data with in a mass of extraneous signals. Considerable 

research has been done for military applications, but recent 

advances suggest development of systems with potential 

commercial applications. An updated summary of the present 

status of optical data processing has been treated and reviewed 
.1 

by Casesent[34-37]. 
t 

The rapid;-1of processing 'data in parallel 
y 

and in real time has captured the imagination and brought out 

the inventiveness of many researchers [38-44]. A holographic 

technique which can detect and identify 1mages of target 

objects despite distortions in image scale, angle of view or 

rotation was reported [45] in 1986. This method, developed at 

the Imaging Technology Division of Sandia National 

Laboratories, is effective even if the target 1S partially 

obscured. Over the past five years interest in Optical Pattern 
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Recognition appears to have still increased. Tien-Hsiu Chao 

and Hua-Kuang Liu [46] reported the use of coherent optical 

correlation technique for real time tracking of multiple 

objects making independent movements. Recently a special issue 

of Optical Engineering [47] which puts together the current 

research activities on optical pattern recognition has 

appeared. Various theoretical issues related to correlation 

filters and important aspects related to practical 

implementation of correlators are discussed in it. 

5.3.2 Initial Experimental setup and the Basic Principle 

Using glass lenses as the Fourier transform elements 

we have initially constructed an experimental optical 

correlator as shown in Fig.5.B. The variable beam splitter VBS 

VBS 

A 

Fig S.B Optical correlator by using glass lens. 

enables control over the beam balance ration. The folded paths 

from VBS to mirrors M2 and M1 are used to maintain equal beam 

path lengths. The angle between the beams 1S arranged to be 
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~ = 20o .A variable attenuator A is also arranged in the object 

beam path to facilitate its intensity variation. S is a 

mechanical shutter with 'T' setting and having a maximum speed 

at 1/150 sec.' Two spatial filters consisting of 20 microns 

pinholes and 20X microscope objectives are arranged after the 

mirrors Mt and M2. Two lenses (Lt and L2) with focal lengths 

25 cm and 15 cm are used for collimating the object beam and 

the reference beam respectively. Lenses FLt and FL2, both of 

focal lengths f = 40 cm are used as the Fourier transform 

elements. The solution flow system described in Chapter III 

has been used for the in-situ processing of the hologram. 

, ' 
., , 

, I 

We represent the input:' transform and 

correlation planes by Pt,P2 and P3 respectively with 

of the laser used we can denote the spatial 

output 

spatial 

frequency 

coordinates of the transform plane (u,v) = (x 2 /Af t , Y2 /Af t)' f t 

is the focal length of the FT lenses. We use the upper case 

variables to denote the Fourier transform of the spatial 

functions. Suppose we initially form a matched spatial filter 

of the spatial function h(xt'Yt). This can be done by placing 

h(x ,y ) at the plane Pt and taking hologram of its transform 
t t 

H(u,v) formed at the plane P2 by FL1. After the processing we 

block the reference wave and a transparency with amplitude 

transmittance of g(x 1 'Yt)is placed in the input plane 

for the correlation. 

looking 

The light distribution U~x2' Y2) in plane P2 due to 

the complex Fourier transform of h(x ,y) can be represented 
t 1 

[25] by 
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H(u,v) = iif IIh(X,y)eXp [-2Xi(UX+Vy)] dxdy 
t 

(5.6) 

The light amplitude at the hologram forming plane P2 

due to a plane reference wave incident at the angle 0 to the 

signal beam can be represented by 

( 5 .7) 

where the spatial frequency a associated with the reference 

wave = sin(0)/A. After the hologram recording and processing 

its transmittance is. 

2 
T(x,y) = IU + UR I 2 

2 2 * = R + IHI + R H exp(i2xax ) +R H exp(-i2xax ) ( 5 .8) 
0 0 2 o 2 

In the second stage we block the reference beam and if we keep 

at Pt, then the amplitude 

distribution falling on the hologram in plane P2 is G(u,v) and 

that leaving the plane is G(u,v) T(x ,y ). 
2 2 

Lens FL2 then 

forms the Fourier transform of G(u,v) T(x 2 'Y2) at its back 

focal plane,or finally we get [49] in the plane P3. 

U3 (X 3 'Y3) = R2g8(x,y)+[h®h®gJ8(x,y)+R [h*g*(8(x +aAf ,y ) J 
o 0 3 t 3 

+ R [g®h*8(x + aAf ,y ) o 3 t 3 
( 5 • 9 ) 

* implies convolution and ® implies correlation. 

The first two terms will be centered on-axis in the 

plane P3. The third term, the convolution, starts from P2 at an 
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angle 0 and appears at (O,alf t ) in the output plane P3. The 

last term containing the correlation emerges from the plane P2 

at an angle -0 and appears at (O,-alf t ) in the output plane P3. 

If the function g contains the reference signal h, then a 

bright spot of light in the output plane P3 appears due to the 

correlation. The location of this spot in plane P3 is 

proportional to the location of the reference function 

In our experiments the reference function used was 

the word HOLOGRAPHY (Fig.5.9). In 

actual experiments the hologram 

recording position was slightly 

defocussed by about 2 cm(about 5% 

of ft) to improve the dynamic 

range [49] of the recording 

medium. The recording medium 

used was Agfa 8E75 plates which 

had got a resolving power of 

about [25] 3000 lines per mm. 

HOLOGRAPHY 

Fig 5.9 Reference function 

HOLOORAPHV 
slBnal and reference 

. wave HOLOORAPHV 

Fig 5.tO Input function. 

This type of plates [50] provide uniformly good diffraction 

efficiency in a spatial frequency range of 500 to 2500 

lines/mm. The exposure time given was 1/25 sec. One minute 

developing was done in IPC 76 fine gra1n developer. The 

correlation plane pattern obtained when as input transparency 

as shown in Fig.5.l0 has been used is given 1n Fig.5.ll The 

locations of the correlation peaks are proportional to the 

locations of the word HOLOGRAPHY. The spots with lesser 

intensity are the erroneous cross correlations. This is due to 
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the similarity in the 

Fig 5.11 Correlation 

plane pattern. 

general shape of the letters. 

Binns et al. [39] suggested the 

use of high signal to reference 

beam intensity ratios to 

increase the discrimination 

between similar patterns. 

5.3.3 A Compact Optical Correlator 

In any optical frequency plane correlator, its size 

and weight are two important features [23,48] which have to be 

considered. Both of these parameters can be reduced by 

combining the matched spatial filter and the Fourier transform 

lens on a single plate [48]. For this a multiple function 

holographic optical element has to be recorded. 

Fig.5.12a.shows the arrangement for the experimental 

realization of the above said factors, resulting in a compact 

optical frequency plane correlator. This 1S similar to the 

conventional system described in Fig.5.8 except in the fact 

that a converging reference beam is used rather than a plane 

wave. This results in the recording of the matched filter and 

the Fourier transform lens on the same plate.Lens CLz has been 

kept at a distance of 56 cm from the hologram. 

103 



VBS 

A 
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> 
(J) 
rn 
:0 

Fig 5.12 a. COlllpact optical correlator 

Same signal and 

reference functions as in the 

previous case are used here 

also Photograph of the 

output correlation plane 

pattern obtained is given in 

Fig 5.12b. Fig 5.12 b. Correlation 

plane pattern 

5.4 RESULTS AND DISCUSSION 

A set of simple holographic Optical Elements such as 

lenses, mirrors, gratings, complex matched spatial filters and 

multiple function HOEs are stimulated by using the experimental 

setup we have developed. A qualitative analysis of the 

performance of these HOEs has been done and was found to be 

satisfactory. Two optical frequency plane correlators have 

104 



been developed and the recogni~ion peaks are obtained. The 

performance of these correlators are found comparable in their 

ability to recognize words. 

The major feature of the latter frequency plane 

correlator system is the use of a converging reference beam. 

This enabled the recording of both the matched spatial filter 

and the transfer function of the Second Fourier transform lens 

in the same hologram and resulted in the reduction ln size, 

weight, number of optical components necessary and the 

complexity of the system. 
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CONCLUSIONS AND PROGNOSIS 

In this work we have fabricated an indigenous, low 

cost holographic set up, which gives an all round performance 

within the domain of the demands and investment of a university 

research laboratory.The vibration analysis of a newly designed 

holographic table has been conducted. The performance of the 

table was found satisfactory for a table-top skin weight of 

310kg. The good reconstructions of the holograms recorded at 

different environmental conditions and the stability of the 

fringes in real-time holographic experiments indicated the 

isolation capability of the table and its long-term usability. 

A set of holders and positioners were designed and 

fabricated so as to satisfy the general and some special needs 

of holographic experiments. 

Good quality optical components such as varying 

reflectivity beam-splitters, spatial-filters and beam directors 

were made by using the ingenious techniques developed in the 

laboratory and their performance was evaluated. 

that of 

Rs.25,000. 

The entire cost of this holographic set up, excluding 

the laser and recording plates, was less than 
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A simple, sensitive and non-destructive method for 

the measurement of stress in reflecting thin films has been 

introduced by using real-time holographic interferometry 

Thermal stress variation in reflecting AI, Cu and Ag films 

where studied by using the method. The stress values measured 

were found to be in good agreement with the theoretical stress 

values predicted. other advantages of this technique over usual 

interferometric methods are that the fringes obtained are real 

and no substrate profile measurement is needed. In the present 

experiment we have studied the thermal stress variation in a 

temperature range of 20 to 100°C and fringe ordering was 

measured with naked eye. The sensitivity of the method depends 

on the substrate thickness and resolution of the fringe read 

out system. For a film of 200 nm thickness on 0.015 cm thick 

6 2 glass plate the sensitivity was found to be 7x10 dynes/cm and 

this is a fairly good value compared to other standard methods. 

The variation of stress in thin films, for a higher 

temperature range, can be investigated with the help of thicker 

substrates and an automatic fringe read out system. The 

variation in the average stress due the variation of intrinsic 

stress with temperature may be evident in such experiments. 

The capability of conventional holography to study 

the wall vibrations of an air-reed musical wind instrument, 

excited in an almost realistic playing conditions, has been 

demonstrated. A compressed air-ribbon has been used to excite a 

flute, even without touching it and without introducing any 

stability problems. The effect of the wall materials on the 

tone quality of a musical wind instrument has been 

investigated. It has been proved beyond doubt that the surface 
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vibrations in flutes made of reed are much greater than that of 

the metal flutes.This supports the rich sound of flutes made of 

reed, as claimed by the musicians. 

We hope that if one can manage to collect a few great 

flutes with very good musical qualities, it would be possible 

by using this method to investigate the factors affecting the 

musical qualities and facilitate the design of consistently 

good instruments. 

A few holographic optical elements were recorded by 

uSlng the experimental set up and their performance was 

qualitatively analysed. We found that the diffraction 

efficiencies of these fabricated elements were not promising. 

This could be improved by varying the system parameters and by 

using recording materials with better diffraction efficiencies. 

was 

A compact 

developed. The 

setup for holographic pattern recognition 

matched filter and the second Fourier 

transform lens were recorded in the same holographic plate. 

Good correlation peaks were obtained in the matched filter 

experiment. 

A holographic matched filter of any simple object may 

be recorded and the performance of the filter can be compared 

to that of a computer generated holographic matched filter of 

the object. Positive results and practical realisation of 

such a system might be much military importance.With the 

availability of improved 2-D spatial light modulators, new 

correlation filter designs and interfacing hardware, a good 

amount of work on this area is progressing in different corners 

of the world. 
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