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Theoretical and experimental malysis of intensity
distribution in the image of sinusoidal gratings of
different spatial frequencies is now well known. The
intensity distribution in the images can be obtained Dby
conwolution of the objcet function with the appropriate
spread function of the optical system,

Investigations on the images of infinite periodic
sine wave objects are fundamental to the concept of optical
transfer function ( 0.7.F, ). Investigations on the imagescf
objects with finite number of cycles have regcently assumed
importance in connection with the acouracy of 0.T.F.measurc-
ment and in aerial photography, where we may have objects
which are periodic in nature, The study of isolated targets
is also important due to the fact that the information on
the performance for isolated compact details is quite often
required, It is strongly felt that the imortant information
in aerial photographs is frequently conveyed by lines or
edges, and the resolving power; as determined by compact
targets, possesses obvious apparent advantages 4in this
respect.

Image formation in presence of aberrations and
constructional defects has been studied  extensively.
fowever, the effects of transverse and ~  longitudinal

vibrations, or the linear and parabolic image motions have
not been considered adeguately. Inspite of image motion
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compensation techniques that age being used, there is alvays
some residual motion present. These problems have become
more important with the advancement of technology in the
field of aircraft, which have gained considerable height and
speed. In many situations one needs to know the image motion
acourately. Keeping these points in view, we have investigated
the effect of image motion on the images of wvarious objects
of both perfodie and speriodic type. Results ape likely to
have applications in getting of tolerances on image motion)
stabilization, image motion compensation, motion analysis
uging Aaiffraction techniques and study of ooherance via
diffraction experiments ege.

It 15 proposed to divide the thesis in five chapters
and three appendices on related topics.

In the firet chapter an introduction &o the subject
of image formation is given. It is then shown how and vhere
the image motion occurs. The avallable results for O0.7T.F.
are sumiarized for the cases of trangverse and longitudinal
ginugoidal vibrations and linear and parabolic image
motions.

In the second chapter we have discussed diffraction
imageg of truncated square and sine wave objects in presence
of image motion. Fourier transfom tec'niques have been used
to evaluate the image intensity distridbution, It has been
found that the number of eycles in the target required to
ap goximate a target with infinite number of periods in the
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pregsence of image motion is more than that in the absence of
motion. The exact number depends upon the amount of image
motion. The loss in periodicity and gpurious resolution in
the image haw been investigated in detail. At the end of this
chapter we have investigated the images of infinite
rectangular and triangular objects in the presence of parae
bolie image motion which occurs in panoramic aerial cameras.

In the third chapter we have congidered. the effect
of image motion on the images of isolated objects such as
gstraight edges or single cycles of triangular, sine mnd
square objects. Since periodic test charts are not usually
available in the image format,altemative tec'niques such as
edge gradient analysis ape frequently employed. M.T.F.
evaluation usging edge trace analysis hag for example been
used to assess the image motion compensation capabilitics
of the lunar orbiter photographic system in actual operation
and preflight laboratory testing, Detalled results have been
given for the variation of edge gradient, isophotes and
relief images. In presence of parabolic motion , particular
note should be taken of the position of the edge. We have
also discussed the motion degraded bar sproad function and
results are compared with the images of Gtargets in the form
of single cyele o triangular and ginmusoddsl objects.

In the fourth chapter the effect of longitudinal
and transverse sinusoidal wvibrations on the diffraction
images of bright incoherent objects is considered. An eox-
pression for I ( V, §/ ), the intengity distribution in the
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image plane is derived for circularly symmetric objects
and is given by,
_ . 3 2V B
Il y) = L [wid [ c(w)olw) To(ThOLE3 g (o(0p)
/7
[«

o

vcod (Vw ced [B-¥))dp
Here the wvarious gymbols have the following meanings
¢ (W) « Transfer function of diffracting systomy
0 (w) « Object spatial frequency spectruny

A « Vibration parameter in dimensionless units

v « Distance in the image plane in reduced unite

Y « Angle contained between the direction of vibrae
tion and direction of observation in the image
planey

I « Begsel function of order sero.

The results thus obtained have also been verified
( for small daisk diaveters ) by evaluating the time average
intensity of a vibrating Alry disk. It is seen that in
coertain cases the influence of vibrations is very pronounced
and may completely dlstort the object. For example for some
valuesof the vibration parameter a digk may be interpréted as
an aanulus and viea versa. The intengity distributions have
been caleulated in the image plane for /)= 0° and 48°%

In the last chapter we consider the effect of partial
coherence and image motion on the diffraction images. The
analysis makes use of a suitably modified form of schells



theorem. The characterigtics of the point spread function
have been obtained for eseveral values of the degree of
coherence and motion parameters. Four forms of ecoherence
functions have been used namely besine, sine, exponential
and gaussian, It may be inferred from these resalts that
the effect of image motion becomes less pronounced in case
of partially coherent illumination. It is also shown that
for some valueg of the degree of coherence and motion pares
meter the splitting of the main lobe occurs which gives rise
to spurious resolution. In the end wo oompare the results
derived in this chapter with &bno!mm-'

In appendix A we use Hopking' formilation for the
imagery in partially coherent illumination ¢o investigate
the effect of amplitude filter on the diffraction images of
bar targets. The decrease of pinging in the image with amplie
tude filter and degree of wherence has been investigated,

In appendix B the effect of astigmatism on the
diffraction images of edge objects has been considered when
the image plane is midway between the tangential and meridian
facl. A detailed analysis has been made of the effect of
decrease in the edge gradient with increasing amount of
sberration. This decrease is rapid for small awunts of
aberrationg than for large values,

In appendix C an expression 1is derived for the
intensity digtribution in the f€ringes of emal inclination
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formed by a Fabry perot interforometer in the presence of
transverse sinusoidal vibrations of one of the plates
having surface imperfections. The resulging errors in the
measurement of vibration amplitude have been discussed.
A part of the work reported in this thesis has resulted
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