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ABSTRACT

The evaluation of fhe verformance of an opticel
imaging system continues to be an important field of research
and development because a-perfedt system can not be realized
in practice. Imperfections due to geometrical abcrrations;
surface inaccuracy, the degree of ccherence cof light used;
image moticn etc, may considerably modify the performance of
the optical system, When an optical imaging system has been
designed and fabricated, it has to undergo many cqualitative
and quantitativevtests to ascertain the extent to which it
meets the aspirations of the designer., The use of Fourier
techniques have led to cp.tical system being analysed with the
help of opticel transfer function commonly kncwn as the OTF.
Since then, detailed investig.tions have been carried out
concerning the iméging by optical system in the presence of
intentional and unintential modification ¢f the pupil function.
An interesting case of unusuel type of pupil function is that

0of a polarizing micrcsccpe,

A polarizing micrcscope is cne of the importent tool
in a variety of applications in different fields of‘analysis,
especially in the studies of crystals.‘ It is used to detect
birefringence, location of optic axis of birefringence and the
shape and orientaticn of index ellipsoid. Basically, it'is a

compound microscope equipped with a polarizer and an analyzer
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but varicus cther components are often incerporated, The
basic theory of image formation of an aberration free polariz-
ing microscc.e has been discussed in detail in many books
(Clark, 1961; Slayter, 1970; Gifkins, 1970; McCrone, 1978).
The diffraction theory of image formation of a polarizing
microuscope was initiated by kubota, Inoue and Saitc in two
important parers (Kubota and Inoue, 1959; Kubota and Saito,
1960). They have shown that the diffraction image of a point
source is intrinsically different from the conventicnal Airy
disc of an aberration freesrsystem. Therefore, the imaging
characteristics of this system cannot be investigated by
aytlying the custcmary definition of resolution by Rayleigh
or Strehl., Keeping in mind the complexity and the utility

of the polarizing microscope, the present thesis extends the
investigations on diffraction images of a polarizing micro=-
sccpe with crossed jpolarizers under realisfic conditicns of
illumination and aberrations., Results are likely to have
applications in setting cf tclerances on the amcunt of aber-

ration etc.,for this type of unusual system.

The thesis is divided in seven chapters. In the
first chapter an introcduction to the subject of image formaticn
is given. A brief summary of cther types of micrescope and

characterization of eberration function has also been presented,
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in studying the yperfcrmence of microscepic optical
system, thé compact aectails cf isclated cbjects are often
required, Therefore, the diffraction images ¢f various objects
like degraded edge, bar, disk znd annulus fcrmed by, a polariz-
ing microuscope with crossed pclarizers have been investigéted.
The results have been’presénted graprhically for different
azimuths in Chapter II and III., The images are «f unusual
shape and strongly dependent upocn the size cf the cbject/

ccherence parameters,

The influence cof rctaticnally symmetric thirde-order
aberraticns (defccusing and spherical asberraticn) on the
rerfcrmance of system is analysed in Chapter IV by calculating
the yoint spread function and cptical transfer function for
various values of aberraticn cc~fficients. hs it is imyoséible
to reduce the aberrations of an optical system precisely to zerc,
the results for an o timally balenced fifth-order spiherical
aberration are also presented. The studies have beeh further
extended for the case «f third order cff-axis aberraticns and
fifth~order coptimally balanced cuma. The results are shown
in Chapter V. It has been cobserved that the puint s.read
function and cptical transfer functicn c¢f the polarizing
microscope are quite sensitive to small changes in the aberra-
ticn ccefficient. As the function eoccuring in integrals are
cscillatory in nature,‘a great care has been taken in the com—

putaticn and has beencdiscussed in Chapter IV, The results



iv

for the effect of sinusocidal phase errcrs arising due to the
surface imperfections have been presented fcr the point spread

function and optical transfcr function in Chapter VI,

It is alsc known that the light scurces and detecter
used, in general, exhibit significant #ariaticns over the
spectrums. Therefore, the effect c¢f jolychromaticity of light
scurce and detector response must be taken intc account,

The inclusion cf the effect of polychromaticity on the OTF

is fiound to be very complex in nature, Therefcore, in

Cha,.ter VII, the mcdulatiocn transfer functicon ¢f diffracticon
limited polarizing micrcscope in pcolychrematic light has

been evaluated for a number ¢f commcn light sources and
detectors so that the detector cutput can be jpredicted. The
consideration of polychromatic MIF are cf dual importance,
Firstly, it represents a situation encountered freguently

and secondly, it constitutes an upuer limit on the performance

obtainable with —Jany cptical systern,

As the sources are never comsletcly temporally
coherent, we have also analysed the effeot of tomporel co-
herence on the point spread funetion cf the system. Tt is
shown that this effect is very small when compared with xhé

effect of gpatial coherence.

The work repcrted in the present thesis has resulted

in the following publicaticns:
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