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Abstract 
The out-of-focus point spread function of optical systems in the presence of primary spherical aberration has 

been investigated. Considerable reduction of the central maximum intensity and the presence of non-zero first 

minimum put a severe restriction for Rayleigh criterion to be applied for two-point resolution studies for these 

systems. 

Key Words: PSF, Primary Spherical Aberration, Defocusing. 

 

I. Introduction 
It is now well known that the diffraction image of a point never a point. 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 an optical system suffering from primary spherical aberration and in the presence 

of defect-of-focus. 

 

II. Theory 
 The far-field effects due to a circular aperture in 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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where f(x) is the pupil function of the optical system; Y and Y1 are respectively defocusing and primary 

spherical aberration parameters in dimensionless co-ordinates and J0(Zr) is the zero order Bessel function of the 

first kind. R is a reduced co-ordinate on the exit-pupil of the system. For our present analysis, we have 

considered the shaded apertures whose pupil function can be represented by 
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where  is the apodising parameter controlled the non-uniform transmission of the pupil. =0 corresponds to a 

diffraction-limited system and in this paper; we have restricted ourselves to this case only. The intensity PSF 

B(Z) which is the real measurable quantity can be obtained by taking the squared modulus of A(Z). Thus, 

 

 
2

)( ZAZB          (3) 

 

 

 

 

 

 

 

 

 



Out-of-focus Point Spread Functions of Optical Systems in the Presence of Primary Spherical aberration 

DOI: 10.9790/1676-1905014649                                www.iosrjournals.org                                              47 | Page 

III. Results and Discussions 
 Expressions (1), (2) and (3) have been used to compute the intensity PSF B(Z) by employing the 

standard twelve-point gauss quadrature method. In Figure 1, we have plotted the computed values of B(Z) 

versus Z for various values of the primary spherical aberration parameter Y1=0, / 4, /2, 3/4, , 5/4 and for a 

fixed value of the defocusing parameter Y=2. In the Tables 1 to 5, we have shown the locations and the 

intensity values of the central maximum, first and secondary maxima and also the first, second and the third 

minima for various values of Y and Y1. In all these cases,  has been kept equal to zero.  

This means that we have considered a diffraction- limited optical system suffering from both defocusing and 

primary spherical aberration. From the figure and the tables, we find that there is a significant effect of the 

combined influence of defocusing and spherical aberration on the PSF. For example, the central maximum 

reduces to 40% of its original peak value when Y=2 and even Y1=0. The situation is still worse as the PSF 

drops from a value of 0.80016 when Y=0 and Y1 =2 to a significantly low value of 0.09382 when Y=2 and Y1 

=2. In general, for a fixed value of Y, the PSF central maximum reduces considerably as the spherical 

aberration increases. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table: 1 
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Fig.1 At defocused plane Y = 2, intensiy distribution in the image of a point 

         object in the presencwe of various amount of primary spherical aberration.
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Table: 2
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As a consequence, the intensity values in the first and the second diffraction maximum increases with 

the increase in the values of Y1. It is also observed that, not only the diffraction maxima, but also the various 

minima including the first minimum, show an increase in intensity values. Thus, as the value of Y1 is increased, 

a perfectly dark minimum becomes a non-zero minimum even when Y=0. This imposes a severe restriction to 

the Rayleigh criterion to be applied for two-point resolution studies of these systems. 
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