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Abstract 

Rotationally symmetric optical imaging systems have been considered which means that, the diffraction effects 
along with aberrations limit the performance of the optical systems. A rotationally symmetric optical system is that 
system, which has the same properties on the circumference of any circle and whose center lies on the symmetry 
axis of the system. Further it is also assumed that the optical system is isoplanatic (the imaging properties do not 
change over a certain distance in the image plane) where, if the object point changes in its location, the image point 
changes only in its location but not in functional form. The diffracted field characteristics have been studied for 
circular apertures in the presence of defocus under the influence of intensity variation to assess the performance of 
the optical imaging systems. Throughout this work rotationally symmetric optical imaging systems have been 
considered which means that, the diffraction effects along with aberrations limit the performance of the optical 
systems.  
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1. Introduction 
(LIPSON, 1972) The image formation was due to the resultant of the double-diffraction process has been directly 
propounded by Zernike. PORTER (1906) has described Abbe’s theory of image formation in terms of Fourier series. 
Earlier, it was thought that Abbe’s analysis could be applicable only to coherent imagery. (MARTIN, 1966; 
RAYLEIGH, 1896) In 1896, however, Lord Rayleigh has proved that same forms of analysis could be applied to 
incoherent imagery.  
 
(GOODMAN, 1968) The fields of optics and communication share in common the properties of “linearity” and 
“invariance” and the mathematics of Fourier transforms. Fourier transform translates the principle of Huygens and 
enables the study of diffraction phenomenon. It translates the formation of images of extended objects and brings in 
the notion of transfer function. It describes the degree of spatial coherence in terms of source spectrum. In the 
domain of interference spectroscopy, it relates the intensity distribution in the interferogram to the spectral 
distribution of source energy. (AMI CHANDRA and SINGH, 1982) To characterize the shape of a point object, the 
diffraction pattern sampling can be used since the object and its Fraunhoffer diffraction pattern form a pair of 
Fourier transform under certain circumstances.   
 
2. Mathematical Formulation 
For Defocus Aberration the parameter {ϕd = 2π}is used for the intensity of the two Line Resolution in the case of 
Circular Apertures for the apodised filter {cos (πβr)}. 
 
 
 
 
 
 
 
GASKILL (1978) The object complex amplitude transmission of two such opaque straight edges displaced form the 
origin by ‘ 0u ’ dimensionless diffraction units is given by GASKILL as   

( )[ ]'01 ,vuuA −     = 1         ; u < 0u  

                     = 0          ; u ≥ 0u                                      ------------- (1) 

( )[ ]'01 ,vuuA +       = 1         ; u < - 0u  

                                                = 0         ;  u ≥ - 0u                                                    ------------- (2)  
Following Fourier analytical methods and the coherent image formation scheme, applied to an opaque straight edge 
the image amplitudes is given by 

( ) ( ) ( ){ }dx
x
zxSinxfZA ∫+=

1

0

' 1
2
1

π
                                                                  ------------- (3) 

Where Z = 2π 0u  
The image amplitudes of equation (3) can be derived similarly as,    
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If the amplitude of transmission in one of the lines viz; (6) can be controlled by a parameter ‘ c ’ equal to unity for 
maximum amplitude in the image then the amplitude in the image of such a line of variable amplitude is given as  
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Where c = 0.2, 0.4, 0.6, 0.8 and 1.0 can be termed as the intensity ratio of the two lines. The superposition of these 
edge gradients results in the amplitude response of two lines is given. After making some mathematical 
simplification we get, 
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 Where ( )''' ,vuALL  is the amplitude response of two-lines  

The squared modulus of equation (10) results in the intensity distribution ( )''' ,vuBLL  in the image of the two-lines. 
Thus  
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Where f(r) is the chosen amplitude filter. In the present study the following filters are employed: 
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3. Graphs 
Graphs are presented in Figure 1. 
 

  

 

 

 

 

Figure 1. Intensity distribution curves 
4. Results and Discussions 
It is depicted clearly in Figure 1. With increase of degree of amplitude apodization in the central region of the 
aperture, the central disc widens; more energy is accumulated in the central region compared to the energy- 
concentrated in the near vicinity of the diffraction centre, whereas in the case of asymmetric apodization the energy 
is shifting to one side of the diffraction and simultaneously narrowing the central lobe of the diffraction pattern. The 
side on which the optical lobes are suppressed is termed as good side and the energy from this side has been 
excluded more to the outer rings.  For the distance of separation of Two Line Z0 = 5 different peaks are drawn. The 
intensity ratios are increased from C = 0.2 to 1 with the incrementation of 0.2 keeping the all parameters are kept 
constant. For the apodisation parameter β = 1 the two peaks between the center line are varied and it is exact in the 
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case of a fFgure 5. When the apodisation is null i.e., β = 0 there is no dip in the figures from 2 to 5. When it is at 
high degree of apodisation β = 1 we can observe a clear resolution which is increasing on both sides of the center 
line upto the Figure 1. 
 
References 
Adams, D. Yan, J. Wu, V. Boominathan, S. Gao, A.V. Rodriguez, et al., In vivo lens less microscopy via a  

     phase mask generating diffraction patterns with high contrast contours, Nat. Biomed. Eng., 2022. 
Buitrago-Duque, J. Garcia-Sucerquia, Non-approximated Rayleigh-Sommerfeld diffraction integral: advantages 

     and disadvantages in the propagation of complex wave fields, Appl. Opt. 58, 2019. 
Diwu, M., A. He, J. Zhao, J. Chen, H. Zhang, F. Lu, B. Jing, C. Cao, An Investigation of Laser Absorption 

     Enhancement of Energetic Materials Doped with Metallic Nano-Particles, Journal of Physics: 2023. 
Frazier, W. E., “Metal additive manufacturing: A review,” J. Mater. Eng. Perform. 23, 2014. 
Kim, J., S. Song, H. Kim, B. Kim, M. Park, S.J. Oh, et al. Ptychographic lens-less birefringence microscopy using a  

     mask-modulated polarization image sensor, Sci. Rep. 13 ,2023. 
Marzejon, M.J., M. Rogalski, M. Trusiak. Affine transform-based twin-image suppression for in-line Lensless  

     Digital Holographic Microscopy. Submitted ,2024. 
Waller, L., M. Tsang, S. Ponda, S.Y. Yang, G. Barbastathis, Z. Wang, et al., Maskless imaging of dense samples 
     using pixel super-resolution based multi-height lensfree on-chip microscopy, Opt. Exp. , 2012. 
Wang, M., S. Feng, J. Wu, Resolution-enhanced digital in-line holographic microscope with segmentation and pixel 

     super-resolution technique, 2018. 
 
Biographies 
Amaranath Menta is an Assistant professor in the department of Physics at Annamacharya Institute of Technology 
and Sciences,  Hyderabad. Received Master of Science (Physics) from Acharya Nagarjuna University, Guntur and 
Master of Technology from Jawaharlal Nehru Technological University, Hyderabad. He has 15 years of teaching 
experience to Engineering students and published 5 research articles in reputed national and international journals. 
Research Scholar in Physics, Bharatiya Engineering Science and Technology Innovation University- (BESTIU), 
A.P. India and experience in teaching physics experiments to engineering students. 
 
Krishnaiah G is an Assistant professor of Physics, MALD Govt. Degree College Gadwal, Jogulamba Gadwal-
dist.Telangana State. I have been working in this College Since 2013. 11 Years of teaching experience to U.G. 
Level. Received Master of Science (Physics) from Osmania University college of Science, Saifabad, Hyderabad. I 
am qualified Telangana State Eligibility Test-2022. Research Scholar in Physics, Bharatiya Engineering Science and 
Technology Innovation University- (BESTIU), A.P. I Published 5 research articles in reputed National & 
International Journals. I would like to express my sincere gratitude to research supervision Dr. T. Kiran Kumar Asst. 
Professor of Physics Brilliant Institute of Engineering and Technology, Abdullapurmet, Hyderabad, R.R.DT- 
501505. 
 
Sadanandam Dekonda is an Assistant Professor in the department of Physics at Shadan college of Engineering and 
Technology Hyderabad. Received Master of Science (Applied Electronics) from Osmania University Hyderabad and 
Pursuing Doctor of Philosophy (Physics) from Bharatiya Engineering Science and Technology innovation 
University, Ananthapuram district Andhrapradesh state. I have 14 years of teaching experience to Engineering 
students and Good practical experimental knowledge in Physics Laboratory. 
Raghupathi Poreddy is an Assistant Professor in the department of Physics at Anurag University Hyderabad. 
Received Master of Science (Physics) from Acharya Nagarjuna University Guntur and Doctor of Philosophy 
(Physics) from Jawaharlal Nehru Technological University Anantapuramu. He is a life member of Indian science 
congress. Dr.Reddy has 17 years of teaching experience to Engineering students and published 10 research articles 
in reputed national and international journals. 
  
Kiran Kumar T is an Assistant Professor in BRILLIANT INSTITUTE OF ENGINEERING AND 
TECHNOLOGY, Abdullapurmet, Telangana. He received his Ph.D in Physics from Osmania University 2017. He 
received his M.Sc. from Osmania University in 2005 and B.Sc. from Kakatiya University in 2003. He has served in 
academics for more than 14 years. He as published 32 research papers in National and International journals. He was 
guiding 2 research scholars in collaboration with Bharatiya Engineering Science and Technology Innovation 
University, Gownivaripaill, Gorantla in Andhra Pradesh for their Ph.D. He conducted various Seminars, Workshops 

239



Proceedings of the International Conference on Industrial Engineering and Operations Management 

© IEOM Society International 

and has participated several National and International Conferences. His areas of interest are Physics-Optics. He has 
the membership in IAENG [International Association of Engineers]-229904 & SDIWC [Society of Digital 
Information and Wireless Communications]-23036.  Editorial Board Member in International Journal of Recent 
Research in Thesis and Dissertation (IJRRTD), Editorial Board Member in International Journal of Recent Research 
in Physics and Chemical Sciences (IJRRPCS) He was awarded Best Research Paper by in IJARTET, Volume 4, 
Issue 8, August 2017. He has got Young Scientist Award by IARDO on 10th February 2019. 

240




