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ABpTRACT 

The coherent imaging of a weak diffuser which com-

prises of statistically uniformly distributed point scat-

terers in space has been studied. The dependence of 

contrast on the number of point scatterers and the variance 

of phase fluctuations with (i) uniform and (ii) Gaussian 

distribution has been investigated. The contrast for weak 

diffuser exceeds the contrast for strong diffuser for very 

small values of the number of point scatterers image centres 

within the area of the spread function of the optical system. 

The speckle contrast strongly depends on the micro-structure 

of the surface, therefore, any advantages in using speckle 

contrast measurements to detect surface roughness seem 

questionable. It has also bcIn found that te expression 

for autocorrelation of intensity distribution as derived 

by Enloe (Bell Syst. Tech. J. 46 (1967) 1479) is in slight 

error. A physical interpretation of the mathematioal for-

mulation of coherent imaging of diffuse object also supports 

it. The error has occurred due to improper combination of 

terms in his equation 12. The corrected version is 

included. 

A statistical property of importance in laser 

speckle is the expected number of crossings about a certain 



i. ) 

level of intensity within an interval. We have derived an 

expression for the average number of crossings for a normal 

speckle pattern and have shown that maximum crossings occur 

at half the average intensity. 

Unidirectional averaging of speckles formed in the 

far-field of a weak Gaussian diffuser with (1) truncated 

parabolic, (ii) Gaussian and (iii) negative exponential 

phase correlation function has been studied. Reduction in 

contrast as a function of length (in terms of speckle units) 

is shown graphically for various values of the width of 

the phase correlation function. The effect of polychro-

maticity has also been included for strong diffuser. As a 

a limiting ease of point source, the results do not agree wi•  

th those already obtained by Parry (opb. Acta 21 (1974)763). 

The difference is due to the fact that Parry s reduction 

of two dimensional integral to one dimension is not correct. 

The correct numerical results corresponding to him Pigs 2 

and 3 have also been included. 

It has been found that large size weak diffuser 

also shows the effects of spherical aberration similar to 

those with small strong diffuser except differing in con-

trast. We have also considered the size, shape and dyna-

mics of the speckles produced when a weak diffuser iS 



illuminated by a spherically aberrated lens. The study of 

speckles for such a case is explained on the theory of 

knife-edge method. The results are illustrated with the 

help of photographs. 

The work reported in the present thesis has resulted 
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the far-field of a weak diffuser (submitted) ppt.Acta, 

Effect of temporal coherence on the contrast of 
unidirectipnally averaged far-field speckles 
(submitted) optik. 

Study of speckles with weak diffuser illuminated 
by spherically aberrated lens (to be submitted) 
J. optics (Paris). 

A simple method for localization of paraxial, 
marginal and least confusion planes (to be submitted). 
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Imaging of incoherent extended objects by a 
polarising microscope with crossed polarisers. 
Microscopica Acta (1977) 80 37, 

Some phychophysical experiments using diffraction 
patterns. 

(to be submitted) Vis. Res. 



CONTENTS 

2!?Zt 
A3S TRACT 
	

(1)-(iii) 

CHAPTER I: 	SOME STATISTICAL PROPERTIES OF 
LASER SPECKLES - A REVIEW 	 1-26 

1.1 	Introduction 	 1 
1.2 	Normal Speckle Pattern 	 I. 
1.2.1 First order Staistics 	 5 
1.2.2 Second order Statistics 	 8 
1.3 	Nr,n-Gaussian Fluctuations 	 11 
1.4 	Speckle Patterns With Weak 

Diffuser 	 13 
1.5 	Speckle Patterns with Partially 

Coherent Light 	 16 
1.5.1 Effect of Spatial Coherence 	16 
1.5.2 Effect of Temporal Coherence 	17 
1.6 	Integrated Speckles 	 19 
1.7 	Surface Dependent Properties of SpBckle 19 
1.7.1 Surface Roughness Dependence With 

Monochromatic Light 	 20 
.7.2 Surface Dependent Properties With 

Polychromatic Light 	 24 

CHAPTER II: 	COHERENT IMAGING OF A WEAK DIFFUSER 	27-64 

2.1 	Introduction 	27 
2.2 	Coherent Imaging of Weak Diffuser 	30 
2.2.1 Dependence of Contrast on Phase 

Distribution Function 	 lg 
2.3 	Error in Enloets Expression For 

Autocorrelation Function 	 57 
2. 4 	Concluding Remarks 	 63 



Page.  

CHAPTER III: INTENSITY CROSSINGS IN A NORMAL 
SPECKLE PATTERN 	65-76 

	

3.1 	Introduction 	 65 

	

3.2 	The Problem 	 66 

	

3.3 	Theory 	 66 

	

3.4 	Application To The Speckle Problem 69 

	

CHAPTER IV: 	STATISTICAL PROPERTIES OP INTE- 
GRATED SPECKLES 

	

4.1 	Introduction 

	

4.2 	First Order Probability of 
Integrated Speckles 

	

4.3 	Un;carectinnal Averaging of 
Speckles Formed in the Far 
Field rf a Weak Diffuser 

	

4.4 	Contrast Fr,r Integrated Speckles 
Fnrmed By Li ht of Finite Band-
width 

77-110 

77 

81 

86 

99 

CHAPTER V: 	STUDY OF SPECKLES IN THE ESENCE 
OF SPHERICAL ABERRATION 	11 1 1 

	

5.1 	Introduction 

	

5.2 	Image Plane Speckles With Weak 
Diffuser 

	

.3 	Speckles with Weak Diffusers 
Illuminated By Spherically 
Aberrated Lens 	118 

5.'.1 Localization of Paraxial,Marginal 
and Least Confusion Planes 	119 

5.3.2 Size, Shape and. Dynamics of 
Speckles 	 124 

REFERENCES 	 132-147 

BIO DATA 	 148 

111 

114 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8

