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was in electrical engineering, communications and temporal signal processing. In this 

study, the research utilized the biconvex lens’ diffractive characteristics in a comparative 

study of Fourier transform in two-dimensional spatial domain. The study is inclusive of 

theoretical calculations performed for 2-D Fourier transform towards certain geometrical 

object functions in the spatial domain and experimental work on similar physical apertures 

in the form of transparencies used as object functions in 2F- and 4F- set up systems. The 

authors used MATLAB® software to compute the theoretical calculations for creating 

aperture geometry and then to determine its Fourier transform. The study leveraged two 

kinds of digital cameras for recording the experimental results. One of the cameras was an 

ordinary HD camera with 12-megapixel resolution while the other one was a CCD camera 

that captures the power distribution of Fourier transform in spatial frequency domain. 
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1. Introduction
Diffraction effect is a common feature 

present in wave phenomenon. This 

phenomenon occurs as a result of wave front 

getting obstructed by light, a matter wave or 

which propagate beyond the obstruction and 

cause an interference. This pattern causes a 

often referred to diffraction pattern [1-4]. 

The aim of the current study is to 

tool MATLAB® to execute challenging 

mathematic calculations with experimental 

implementation as well as Fraunhofer 

diffraction. In Fraunhofer diffraction, only a 

this phenomenon, the light that approaches 

the diffracting object is said to be parallel and 

monochromatic. Further, the image place is 

kept at a large distance in comparison with the 

size of the diffracting object [5].

 Linear transforms, especially Fourier 

and Laplace transforms are used in a wide 

engineering problems. Various applications 

of Fourier transform are random process 

modelling, antenna studies, boundary-value 

problems, probability theory, optics, linear 

system analysis, and quantum physics [6-7] 

Further, Fourier transform has been applied to 

restore the astronomical data successfully [8].

2. Theory
Fraunhofer diffraction is nothing but the 

theory of light transmission via apertures as 

per the assumption that the aperture function 

multiplies the incident wave. It is known as a 

pattern seems to have located at focal plane of 

a lens, usually called a Fourier plane [5]. The 

 [9]. 

[9] 

positive, directionz

arbitrary plane at   can be calculated from the 

Huygens’s construction, as illustrated in the 

approximation [10].
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assuming monochromatic, coherent light 

that only one polarization component 

is considered and light propagation is 

0
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0

0

Here:

assumption that

i.e., the so-called paraxial approximation 

to: 

successive events or operations:
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• In case of this product, a two-

dimensional Fourier transform is found to be 

satisfactory. 

the result are then multiplied.

be made, this is called Fresnel diffraction or 

the Fresnel approximation. If it is additionally 

0
, y

0

0

rewritten as: 

0
, y

0

a multiplicative phase factor that shows no 

impact on the light intensity. This regime is 

termed to be Fraunhofer diffraction or the 

Fraunhofer approximation [1-7].

3. Theoretical Results

or a lens is used to focus the diffraction pattern 

onto the image plane, then the diffraction 

pattern becomes a Fourier transform, as given 

by [1].

   

distribution

C:   is the phase factor

x
 and  

y
 are spatial frequencies

 is the wave length
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in T

(x)}

[2].

2-D Fourier transform of the bitmap image.
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4. Experimental results
The experimental work includes 

investigation of a convex lens’ Fourier 

transform characteristics. Different diffraction 

objects in a 2F setup system have been used. 

               The diffraction pattern of stars 

using a digital camera and a CCD camera are 
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Lens is generally considered as a low-pass 

source that is placed on the axis in the lens’ 

objective plane, it is assumed that the source 

a spherical wave which is modulated by the 

Fourier transform of the source distribution. 

Then the lens passes through the object plane 

above the image plane at a portion of the 

radiated spherical wave that lies within the 

radiated spherical wave getting truncated is 

similar to that of the plane wave spectrum 

of the small source getting truncated. So, 

spherical wave which lie beyond the edge 

angle of the lens are not captured by the lens 

and are not transferred over to the image plane 

[3-6].

In this case, a photographic slide of 

Emperor Maximilian was used as a diffracting 
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The slide of Emperor Maximilian and the 

The Fourier transform has an inverse, 

which maps a transformed function back 

to its initial value [6]. That is, if:- 

Then, we apply a Fourier transform 

to the diffraction pattern to obtain the 

function which is the arrow function to 

investigate the inverse Fourier transform, 
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5. Conclusions
The current study concludes that the 

diffraction pattern determined based on fft2 

method is completely reliable on the size of 

the aperture or element size, as illustrated in 

were found between the experimental as well 

as the theoretical results which are illustrated 

a digital camera, and the intensity pattern 

observed varies with the distance from the 

aperture and hence that Fresnel diffraction 

has been obtained. The reasoned is whenever 

increased the aperture obtained to Fresnel 

captured using a CCD camera, the Fourier 

transform intensity was recorded, where this 

negate the disturbances to the wavefront 

which result from soiling of the lenses, and 

we notice that the diffraction pattern relies on 

the aperture diameter. 
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