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Abstract: It has been observed in the previous investigations that apodised optical systems result in an enhanced
limit of resolution. In further pursuit of determining the two line resolution of pupil functions which have been
framed as perfect apodisers rotationally symmetric cos>type of amplitude apodisation filters have been
considered as the prime subject of this research. The amplitude transmission of this filter is higher than that of
the associated filters considered. choosing the transmission function of the pupil of the system, the intensity in
the outer parts of the diffraction pattern can be totally suppressed or at least considerably reduced without
increasing the dimensions of the pupil. Many apodisation filters have been proposed in instrumental optics for
various purposes. In the present investigation, the diffracted field characteristics of rotationally symmetric
optical systems shaded with the variable apodisation with two zones have been considered to analyze the
intensity distribution in terms of the width of the central maximum and reduction in the secondary maxima by

shaping the circular aperture

Keywords: Resolution, apodisation, Sparrow, Rayleigh and Conrady etc.

I. INTRODUCTION

In this investigation decreases for higher
values of the apodisation parameter with a larger
central area of transmission which results in a
better image fidelity and lesser obstruction in the
visual sense and practically negligible secondary
maxima with a decrease in the shifting of the first
zero’s away from the origin, for higher values of
apodisation parameter. The cos’- types of filters
were studied by many researchers in different
imaging situation. TSUJIUCHI[1958] has studied
the property which a co-sinusoidal filter possesses
to focus the light, though he restricted himself to
the calculation of irradiance along the axis only, he
was able to show its utility as a spatial filter for the
improvement of optical images. WALDMANN
[1966] had studied the effect on the image of a
variable contrast pupil of cos filter, In this section,
the limit of resolution of two lines separated by u,
diffraction units about the origin is calculated by
applying the Sparrow, Rayleigh and Conrady’s
criteria. The resolution limits for lines of different
intensity ratios B = 1.0, 0.75, 0.50, 0.25 have been
obtained using the Central contrast method for each
value of the apodisation parameter C = 0.25, 0.5,
0.75, 1.0. The resolution limits for lines of equal
intensity have been obtained using the Five-Point
Finite difference approximation method for each
value of the apodisation parameter C.

Il. CENTRAL CONTRAST METHOD
The central contrast in the intensity distributions
has been calculated using the formula,

Central Contrast (C.C) = (Imax — leentre)/ Imax
The central contrast: for each object separation
beyond Sparrow limit for each value of B has been
obtained and plotted against the object separation
for each value of the intensity ratio. The value of
the separation at which the contrast in the image
drops to zero gives the Sparrow limit of resolution.
The Rayleigh limit is the separation at which the
contrast in the image drops to 26.5% and the
Conrady limit is the separation at which the
contrast in the image of the two line objects drops
to is 2%. The estimated limits of resolution and is
evident that there is an increase in an increase in
the resolution limit for increasing values of B and
C. A minimum increase of 0.18 diffraction units in
the resolution limit as the value of C increases from
0 to 1 has been found for f = 1.0 and a maximum
increase 0.35 diffraction units has been found for 8
= 0.25 in the case of Sparrow and Conrady’s
criteria and in the case of Rayleigh criteria the
minimum increase in the resolution limit has been
found to be 0.225 diffraction units for p = 1.0 and a
maximum increase of 0.35 diffraction units for p =
0.25.

Five — Point Finite Difference Approximation;
Taking the cue from the Sparrow criterion the
central curvature has been estimated on the basis of
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“Five- point finite difference approximation”
[PRABHAKAR RAO, 1979] using the formula
discussed in chapter V section 5.4.2.(ii) when the
curves are symmetrical about the origin for lines of
equal intensity.

When the central curvature is zero the
lines are said to be resolved in the Sparrow sense.
When the central curvature is 0.265 the two lines
are resolved in the Rayleigh sense and in the
Conrady’s sense when the central curvature is 0.02.

I11. RESULTS
From an inspection of the image intensity
distribution curves and the limits of resolution the
following conclusions are drawn

i It is clearly seen from the curves that the
secondary maxima are absent for values
of C>0

ii. In each of the figures there look to be two
points through which all the curves pass
for lower values of the apodisation
parameter and particularly at lower
separation. The reason being the lower
the separation the greater is the slope of
the intensity curve.

iii.  The contrast in the image increases for
decreasing values of [ beyond
resolution limit.
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The decrease in the Gaussian intensity peak is less
than that of the associated triangular pupils for
equal intensity lines.

The limit of resolution increases with increase in
the apodisation parameter C

The increase in the Rayleigh limit is more when
compared to the increase in Sparrow and Conrady
limits of resolution for a given ratio of intensity of
the lines with increasing values of C.

The value of the resolution limit increases as the
intensity of one of the lines decreases. The reason
being, for a less intense line to be resolvable it
should be at a separation where its image peak
superposes with the more intense line at a point
where the contrast at the point of inflection is at
least zero in the least possible case (Sparrow limit).
One has to bear with the increase in the resolution
limit seen for increasing values of the apodisation
parameter, and reach at a compromise between
apodisation and resolution. In the case of cos*type
of apodisation filters the best compromise between
apodisation and resolution can be struck for the
value of C = 0.25 where the pupil function behaves
as a perfect apodisers and the deviation of the
resolution limit from that of the Airy systems is
only 0.07 diffraction units.
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