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INTRODUCTION

Optical coherence theory is concerned with the statistical
description of the fluctuations in the radiation, expressed
in terms of corpelation functions. The earliest investigations
of coherence, limited to the second-order effectp were carried
out by Verdetl, Michelsong’s, van Cittert4, Zernikes, Hopkinse,wOlf7,
and Mandel8 etg. Shortly after the second-order theory was
formulated, some important experiments of Hanbury Brown and
Twigsl® demonstrated that correlation can also‘be measured
betweén quantities which depend quadratically on the field
variables. This observation led to the study of higher-order

correlation effects in optical fields.

An information about the statistics of an optical field
is obtained mainly using photodetectors., Therefore it was
necessary to find a relation between the statistics of
photons in the field and the statiétics of photoelectrons
emitted by a photodetector exposed in this field. Thié was
done by Mandelll’lg, who derived the so-called photodetection
formula relating the probability density of time-integrated
intensity to the distribution of photoelectrons. In 1963,
GlaubertSi14 developed the quantum theory of eoherence
based on gquantum electrodynamics. Quantum correlation
functions introduced by him represent the expectation values
of normally ordered products of field operators and they are

closely related to the guantities measured by means of



photodetectors, A numbcr of problems in the quantum formulation
of coherence propecrtics of optical fields have also been solved

10 2nd Tex et 2117978

by Haken'?, Sargeant, Scully and Lamb
The purposc of the present thesis is to study the phenow

menon of coherence in laser and thermal rediations, We Co not

restrict ourselves to any particular theory out of thosc

mentioned above, rather we make use of the theories proposecd

by Wolf, Mandel, Glauber, and Lax et gl to study the statistical

propcrties of optical fields., First, we describe the results

of measurement of spatial coherence function in a lascr, and

usc the ecrrelation technique proposed by Wolf to stucy the

polarization of light, We then proéeed to confirm the van der

Pol oscillator theory of lasers proposed by Lax by calculating

the velues of intensity correlaticn parametcrs, We usce this

theory to determine the phase of second- order cohercnce function

for a lascr. We ncext nmake use of the scmiclassical thcory

proposcd by Mandel to detcrmine the probability density of

light intensity frem the statistical distribution of photo-

clectrons, This theory is then used to study the cffect of

temperature of the radiation field on photon-bunching.

Finally, thc basic statistical propertics of optical fields

have been studied with the help of diagonal cohercat

statc representation of the density operator,



The thesls is divided into eight chapters.

In chapter I, we describe results of the measurement of
the degree of spatiel ccherence across a He-Ne lager beam%9
We observe the visibility of the fringes produced on direct
superposition of wave amplitudes from two space-points across

the beam diameter with the help of optical fibers. It is obsepved

that there i3 very little variation of the gpatial coherence

funetion acrcss the beam diameter.

In chapter1l, we study the degree of polarization of light
by correlation techniquezo. We suggest and give4the relevant
theory for two experiments for its measurement, one by measuring
the amplitude correlations and the second by the measurement
of intensity correlationg., For the first experiment we have
made use of the relation between degree of polarization of
light wave and the elements of its coherency matrixf%l The seccnd
experimental set up can be used only for thermal light for which
the elements of the intensity correlation matrix may be expressed
in terms of the second-order moments of the electric-field
components. For the first experiment, we have alsc, taken into.
account the change of the state of polarization of light as it
passes through beam-dividers and reflectors., Finally, a
comparison between the merits «f the two experiments is
discussed.

Chapter III serves ag a backgrcund for the next twc

chapters of the thesisz. In this chapter we review the main



features of the theory of lasers as developed by Lax et all?’}s

In particular, we study the fluctuation and echerence phenomenon
in lagsers operating below, at, and above their threshcld of
oscillation.

In chapter IV, we ccnsider the coherence properties of
light from a laser working near its threshcld. The rotating wave
van der Pol oscillator theory predicts a multiple exponential
nature of the intensity correlation function, which has been
qualitatively verified;zz We substantinte the qualitative agree-
ment by numerically evaluating the values of different correlation
parameters from the experimental curve and compare these with
the theoretical values.28 The agreement is fcunl to be reason-
able. This provides further confirmation of thé rotating wave
van der Pol oscillator model of the laser describing its

mechanism in the threshcld region.

Chapter V deals with the phase.problem in coherence

ad propcsed a three-point intensity correlation

thecry. Gamo
method for the determinaticn ¢f phase of the normalized seccnd-
order amplitude correlation funetion. Recently Cantrell

et a1%® have done the calculations for a laser cperating above,
at, and below its threshcld of oscillation. We make use of
these twc papers and guggest a method for the numerical evalu-
ation of the seconl-order coherence function.26 Our method

1s applicable for a laser working well below its threshold

of oscillation.
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In chapter VI, we discuss the determination of probabi-

lity density of time-integrated light intensity from the statis-

tical distribution of photoelectrons’27 with the help of photo-
111,12

cocunting formula of Mande Wolf et a128 have calculated it
with the help of Fourier inversion formula. In most of the
cases, the inverse Fourier transform would be applicable equally
with the inverse Laplace transfcrm. However, there are certain
cases of physical interest (discussed in the present chapter)
where oae cennot take the inverse Fouricr trensform of the
funection yet its inverse Laplace transform can still be taken,
Therefcre the method of inverse Laplace transzform is used to
determine the probability density of intensity. We have illus-
trated cur metho? by taking exemples of thermal, 1deal lager,

and the realistic mcdel of lagser light.

In chapter VII, we stuly the temperature dependence of

photonébunching in thermal raﬂiaticn.zg

The results, obtained
for the fluctuations in the number of photuns by thermodynamic
approach and by the photon-ceunting- formula approach of Mandel,”
come cut to be contredictory. However, if one takes inte
account the thermal fluctuaticns in the photodetector, the
results from twe dAifferent approaches agrece. It is concluled .
that the high tempersture cof the radiaticn field is responsible
for photon- bunching. The results are compared with those

Mandel3%
of Webb, /anl Abréham et al 2.



In chapter VIII, we make use of the diagonal coherent

state representation of density cperator given by Glauber13’14

( or by Sudarshan33 ) and propose yet another simple formulation34
to calculate the characteristic function,'probability of
number of photons, and variance, in the case of coherent and

Gaussian fields,
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