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Abstract 

 
An optical imaging system's resolving power is primarily constrained by diffraction, which is further impacted by 
optical aberrations. The impact of primary spherical aberration on the resolution of two closely spaced lines when the 
system's aperture size is decreased is the main topic of this study. The wavelength of light and the aperture diameter 
determine the minimum resolvable distance between two objects, according to the classical criterion put forth by 
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Lord Rayleigh. Diffraction effects become more pronounced as the aperture decreases, resulting in a wider intensity 
distribution in the image plane and worse resolution. 
 
Aberrations cannot be disregarded in real-world optical systems. Among these, fundamental spherical aberration—
which is explained in Ludwig Seidel's classical aberration theory—contributes significantly to the deterioration of 
image quality. Because of this distortion, rays traveling through various aperture zones focus at various axial points, 
producing a blurry image with less contrast. In this paper, intensity distribution principles are used to investigate the 
combined effects of spherical aberration and aperture reduction on two-line resolution. The findings demonstrate that 
spherical aberration  
 
greatly increases the diffraction-induced light spreading, increasing the overlap between two lines' pictures. As a 
result, when the aperture size lowers, the system's resolving power rapidly declin.The study emphasizes how crucial 
it is to reduce spherical aberration and maximize aperture design in order to improve resolution in contemporary 
optical imaging systems. 
 
Keywords 
Two-line resolution, Shrink aperture, primary spherical aberration, Point spread function, Apodisation, Optical, 
imaging systems 
 
1. Introduction 
An optical imaging system's resolution, which determines its capacity to discriminate between two closely spaced 
objects, is a crucial parameter. According to Lord Rayleigh, who determined that the minimum resolvable distance 
depends on the wavelength of light and the aperture diameter, diffraction is the primary factor limiting the resolving 
power in classical optics. Optical resolution theory is based on this idea, which is widely applied in imaging systems, 
telescopes, and microscopy (Lord Rayleigh, 1879).However, aberrations cause real optical systems to behave 
differently than ideal. Among these, fundamental spherical aberration—which Ludwig Seidel first thoroughly 
examined—contributes significantly to the deterioration of image quality. Spherical aberration produces a blurry 
image and decreased contrast because rays traveling through various aperture regions do not converge at a single 
focal point (Ludwig Seidel, 1857& Kingslake, 1978) previous studies have shown that both diffraction and 
aberrations affect an optical system's overall resolution. (Born and Wolf, 1999) provided a comprehensive theoretical 
framework for wave optics and image creation, while (Goodman, 2005) developed Fourier optics techniques to 
analyze the point spread function (PSF) and optical transfer function (OTF). When aberrations are present, these 
techniques are commonly employed to examine resolution limits.The impact of aperture size on resolution has also 
been well studied. (Hecht, 2002 and Smith, 2008) showed that decreasing the aperture broadens the distribution of 
image intensity by increasing diffraction effects. (Mahajan, 2011) also demonstrated that, particularly in systems 
with large numerical aperture, spherical aberration considerably alters the PSF and lowers image quality. Aberrations 
have an impact on optical performance and design, as (Shannon, 1997) explained. The combined impact of 
aberrations and aperture shrinking on resolution has been the subject of recent research. According to these research, 
spherical aberration significantly reduces the spatial frequency response and modulation transfer function (MTF), 
which results in poor resolution of closely spaced objects (Hopkins, H.H, 1955) Specifically, two-line resolution is a 
crucial criterion for assessing imaging performance since it is extremely sensitive to both diffraction and aberrations. 
 
2. Literature Review 
 Lord Rayleigh's criterion is frequently used to characterize the resolution of an optical system, which is essentially 
defined by diffraction. This theory establishes the fundamental limit of resolution in optical systems and states that 
two objects can only be resolved when the center maximum of one diffraction pattern coincides with the initial 
minimum of the other (Research Gate, 2005).In real-world imaging systems, diffraction and the spreading of light in 
the image plane—which is defined by the point spread function (PSF)—both limit resolution. The PSF is a measure 
of how a point item is viewed, and its broadening directly impairs the system's capacity to discriminate between 
things that are closely spaced (Science Direct, 2023). In order to comprehend and enhance optical resolution, precise 
PSF measurement is crucial. Image quality is further degraded by optical aberrations. The distribution of light in the 
focal region is greatly impacted by primary spherical aberration, which is explained in Ludwig Seidel's aberration 
theory. According to studies, spherical aberration results in blurry pictures and decreased contrast (PMC, 2017) by 
changing the wavefront and causing rays from various aperture zones to focus at different places. The modulation 
transfer function (MTF), which is derived from the PSF and characterizes the system's response to spatial 
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frequencies, can also be used to examine how spherical aberration affects image quality. A decline in MTF denotes a 
loss of contrast and resolution as a result of aberrations (PMC, 2017).The importance of aperture size in determining 
resolution has also been highlighted by recent studies. High spatial frequency information (PMC, 2013) is further 
degraded when the aperture shrinks because diffraction effects increase and the effective aperture contributing to 
image creation may become diminished or non-uniform when spherical aberration is present. Furthermore, it has 
been shown that spherical aberration correction greatly enhances resolution and picture quality in sophisticated 
optical systems like microscopy (PubMed, 2010).Overall, prior research suggests that the resolution of two closely 
spaced lines is significantly influenced by the combined effects of diffraction, aperture size, and primary spherical 
aberration. For the purpose of designing contemporary optical systems, it is crucial to investigate two-line shrink 
aperture resolution under spherical aberration circumstances.  
 
3. Methodology 
A basic optical imaging system with a circular aperture is taken into consideration. The resolving power of the 
system is investigated using two parallel line objects. 
The Lord Rayleigh criterion is used to determine the system's theoretical resolution. 

d = 1.22\frac{\lambda}{D} 
where ddd is the minimum resolvable distance, λ\lambda λ is the wavelength of light, and DDD is the aperture 
diameter 
To investigate its impact on picture formation, primary spherical aberration—described in Ludwig Seidel's classical 
aberration theory—is introduced to the optical system. 
For each aperture size, the picture of two lines is examined as the aperture diameter is progressively decreased. 
The minimal separation between the two lines is noted. By examining the picture intensity profiles and point spread 
function (PSF), the resolution change is investigated. 
 
4. Mathematical Expressions for the Evaluation of Two-Line Resolution for Shrink 
 Apertures 
In this section, a general mathematical formulation for the complex amplitude distribution in the defocused plane of 
apodised optical system in the presence of spherical aberrations has been carried out. From expression (2.19) as 
formulated in chapter-2, the expression for complex amplitude for a shrink aperture can be written as (5.1) (Figure 
1). 

 
 

Where f(r) is the chosen 
amplitude filter. In the 

present study the following filters are 
employed: Hanning amplitude filter (f1), Barlett filter (f2), Shaded aperture filter (f3) and Lancoz filter (f4). They are 
represented mathematically as follows:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Schematic representation of Shrink Apertures 
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The shrink aperture can be represented schematically as follows: Figure 1 presents the schematic representation of 
Shrink aperture. Here the periphery (outer portion) of the aperture is reduced. For ɛ ≠1 represents the shrink aperture. 
 
 5. Results and Discussions 
The intensity of the two-line objects in the image plane has been computed, using the expressions (5.1) for shrink 
apertures, by using Matlab-7.2 to study the effects of apodisation; defect of focus; primary spherical aberration and 
primary coma on the performance of optical imaging systems. The apodisation parameter ( β ) is varied from 0 to 1 
in steps of 0.25.  Here for β  = 0, the optical system is said to be unapodised system and for the values of β  ≠ 0 
represents the apodised system. β  = 0 corresponds to the Airy case (perfect lens). The optical system aberrated with 
primary spherical aberration (φs)  
 
Figure 2 shows the intensity distribution profiles of the two line objects when the optical system is subjected to 
extreme primary spherical aberration with Фs = 2π, separated by various distances Z0. When the aperture shrinkage 
parameter is at ε = 0.9 for equal intensity ratio between the two-line objects for all the four filter. From the intensity 
distribution curves it is clearly visible that for Z0 = 5 and above the two-line objects exhibit a clear resolution. For 
small apodisation values and higher primary spherical aberrations, the resolution limit increases thereby decreasing 
the resolving ability of the optical system. 
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Figure 2. Intensity distribution curves of two-line objects separated by the distance Z0=3 and above in the increments 
of 0.5 at higher values of primary spherical aberration. 
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6. Conclusions 
The impact of primary spherical aberration on the two-line resolution of an optical system with a decreasing aperture 
was examined in this work. The findings demonstrate that while spherical aberration further disperses the light in the 
image plane, decreasing the aperture enhances diffraction effects. The pictures of two closely spaced lines start to 
overlap and become hard to tell apart as a result of this combined effect. Consequently, the optical system's resolving 
power gradually declines as the aperture size lowers. The study demonstrates that two-line resolution is greatly 
reduced by primary spherical aberration, particularly in systems with tiny apertures. For optical instruments to 
produce better images, spherical aberration must be properly corrected. 
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