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Abstract: The point spread function of defocused optical systems in the presence of primary spherical
aberration has been investigated. Significant reduction in the intensity of the central lobe along with the
existence of non-zero first minimum results in a severe restriction for Rayleigh criterion to be applied for
two-point resolution studies for these systems.
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I. INTRODUCTION

It is a known phenomenon that the diffraction image of a point object is never a point image. It is a patch
of light distributed over a finite region in the image plane. This is known as the Point Spread Function
(PSF) of the optical system and is commonly known as Airy pattern when the optical system is purely
diffraction-limited. The PSF of an optical system is an important parameter for studying its imaging
characteristics. In other words, the performance of an optical system significantly depends on its PSF [1].
The study of imaging properties of optical systems suffering from aberrations from the knowledge of the
PSF has become an important method in the design and testing of such systems [2]. In our present study,
we have investigated the PSF of a defocused optical imaging system suffering from primary spherical
aberration with Hanning amplitude filters.

Il. THEORY
The far-field diffraction characteristics in the case of a circular aperture of an optical system can be
derived from its amplitude response or the amplitude PSF. The diffracted light amplitude associated with
a rotationally symmetric pupil is given by [3],
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AZ) = 2@ f(r)exp{i(—Y%ﬂJo (zr)rdr (1)

where f(x) is the pupil function of the optical system; Y is the defocusing parameter in dimensionless co-
ordinates and Jo(Zr) is the zero order Bessel function of the first kind; ‘r’ is the reduced co-ordinate on the
exit-pupil of the system. In the present study, we have considered the Hanning amplitude filters of the
first order whose pupil function can be represented by

f(r)=Cos(zfr) @)
where B is the apodising parameter which controls the non-uniform transmission of the pupil. =0

corresponds to the Airy case. The intensity PSF, B(Z) which is the real measurable quantity can be
obtained by taking the squared modulus of A(Z). Thus,

2
B(Z)=|AZ) 3)
I1l. RESULTS AND INTERPRETATIONS
Expression (3) has been employed to compute the intensity distribution of the point spread functions of
the apodised optical system using twelve point Gaussian quadrature integration methods. Results has

been tabulated for apodised aperture with § = 1 and this has been compared with the Airy case (f = 0).
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Fig.1 depicts the intensity distribution curves for the optical system which is at perfectly focused plane (Y
= 0). The intensity in the central maximum decreases with the apodisation parameter . However, for =
0.5, the optical side lobes are completely suppressed and for = 1 the diffraction pattern converges
towards the centre, thereby rendering the super-resolving nature of the point spread function. The
intensity distribution curves for defocused planes Y = and Y = 27 have been shown in Figs. 2 and 3.
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Table.1 shows the computed values of the positions and respective values of the intensity distribution in
terms of central maximum, first minima, first maxima and second minima when there is no apodisation (3
= 0). Similarly, Table.2 gives the corresponding tabulated results when the optical system is apodised
with B=1.

Table.1
c.max f.min f.max s.min
B=0 pos val pos val pos val pos val
Y=0 0.0000 1.0000 | 3.8317 0.0000 | 5.1348 0.0175 | 7.0154 0.0000
Y =n/2 0.0000 0.9498 | 3.8316 0.0072 | 5.0268 0.0209 | 7.0149 0.0004
Y=n 0.0000 0.8104 | 3.8312 0.0263 | 4.7143 0.0320 | 7.0144 0.0018
Y=3w/2 | 0.0000 0.6147 | 3.8302 0.0507 | 4.2263 0.0512 | 7.0144 0.0049
Y =2n 0.0000 0.4050 | 3.5942 0.0720 | 3.8293 0.0721 | 7.0166 0.0100

Table.2
c.max f.min f.max s.min
=1 pos val pos val pos val pos val
Y=0 0.0000 0.1647 | 2.4560 0.0000 | 4.4132 0.0664 | 6.9826  0.0000
Y =n/2 0.0000 0.1747 | 2.5106 0.0013 | 4.4267 0.0618 | 6.9558  0.0013
Y=n 0.0000 0.2002 | 2.6610 0.0036 | 4.4702 0.0495 | 6.8624  0.0045
Y=3w/2 | 0.0000 0.2290 | 2.8740 0.0037 | 4.5442 0.0336 | 6.6523  0.0078
Y =2n 0.0000 0.2466 | 3.1107 0.0015 | 4.6538 0.0186 | 6.2751  0.0088

It can be seen that from both the tables, for Y = 2z the radius of the first dark ring reduces with
apodisation. This feature is also found to be seen with defocusing parameter for Airy as well as apodised
apertures. Hence the optical systems when apodised with Hanning amplitude filters, there results in the
super resolving nature of the point spread functions.
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IV. CONCLUSIONS

The process of apodising the optical system with generalized Hanning amplitude filter, suppresses fully
or partially the optical side-lobes. For 3 = 0.5 these side-lobes are totally eliminated for the optical filter
considered. The defocusing parameter is effective in shaping the point spread function so that first
minima is reduced beyond the Airy case resulting in super-resolving nature of the optical system. Hence,
employed Hanning amplitude filters are effective in shaping the point spread function of the given optical
systems.
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