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 Abstract 
          The present work is a theoretical and experimental study of a biconvex lens as an optical 

processor .The MATLAB software concerning the Fourier optics  is used as the basic numerical tool 

for these work. In addition to providing functions for calculating  Fraunhofer  diffraction .  The  FFT  

command  enables  the calculation  of  the  diffraction  pattern  of  an  arbitrary  aperture . Relatively 

simple MATLAB ®  scripts are constructed to calculate the diffraction patterns of arbitrary graphics 

such as geometry shapes, pictures of faces, letters .This paper also describes a few demonstrations that 

can be used to reinforce what is covered on the work . The demonstrations are based on a simple (2F 

set-up )  system. Diffractive imaging relies on many other technological innovations , including : a 

CCD camera ,digital  camera HD (12 Mega Pixels) with a lens  (f=7.23mm). The experimental results  

agree with the theoretical calculations . 

 الخلاصة
 ث ممم عثستممف  مما اممحث ثر ممم  سصمم       إشممتي وعمليمم  ست ممم عثس عع مم  اسعسمم  ثرمملج     م ممتر  تممف  مما اممحث ثراسممن ريث مم      مم         

تممل    ثرممعوث   إرم  ستلإضممت      وأ متطمم ثرسسممتست  ثرر   مم  ثر تحم  سسسممتست  روث   مسممت  ثرس ملر  لإجم ث  ممارث   MATLAB ب ثاجيمت  
ب رسسمت  ® MATLABبمر  سسميم اكمملب بل م  ثرس ملر رتمسم  ثعماتطيم     أ ممت ام  حسمتب  FFTتمكررمت    رسستب ح لر   ث  ل   ,

 مكمم  ث ممم عثا ت  إثاتتممت  عممع   أ ضمتاممحث ثراسممن  صمم   أحم     , حمملي وجممل  ارع ممي  , أشممكت تطيمم  ا م  ثعما لإشممكت  أ ممت  ثرس مملر 
ت مممع علم  عمع  طم ن تورلرلجيم  , ام  ضممر ت  حلي ثرس لر   2Fث م عثس ار لا   أ تستسمرع عل   ثلإثاتتت رععف احث ثر م    اح  

  وثررممتج  ثر مليم  امبتس م  امن ثررممتج  (f=7.23mm) س معات ثرؤميي   س ع م   كسم   سايكمت HD  ( 12 ميم يق   متا  ث,  CCD:  متا  ث
 ثرر      

 

1- Introduction      
 

     Diffraction theory is often taught as a purely mathematical treatment or used to 

analyze very simplistic apertures such as slits and holes. The effect is a general 

characteristic of wave phenomena occurring whenever a portion of a wavefront, be it 

sound, a matter wave, or light, is obstructed in some way. The various segments of the 

Wavefront that propagate beyond the obstacle interfere, causing the particular energy-

density distribution referred to as the diffraction pattern. There is no significant 

physical distinction between interference and diffraction (Eugene Hecht , 2002).                      

As shown in figure (1) . 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       

       The goal of this paper is to describe how the scientific analysis tool MATLAB® 

can be used to perform complex mathematical calculations with  Fraunhofer 

diffraction domains and experimental implementation . Fraunhofer diffraction deals 

with the limiting cases where the light appoaching the diffracting object is parallel and 

monochromatic, and where the image plane is at a distance large compared to the size 

of the diffracting object (Okan K. Ersoy , 2007) .  Fraunhofer diffracton is  far field 

approximation, where the observe pattern in the focal plane of a lens  . The far field 

diffraction, or Fraunhofer diffraction of the Kirchhoff–Fresnel integral have the same 

mathematical appearance . The only difference is that in far field approximation the 

diffraction pattern is observed on a faraway screen, whereas in Fraunhofer diffraction 

the observation screen is placed at the focal plane of a lens and that may be closer to 

the aperture (K.D. Moller   et al. , 2003).  Linear transforms , especially Fourier and 

Laplace transforms, are widely used in solving problems in science and engineering. 

The Fourier transform is used in linear systems analysis, antenna studies, optics, 

random process modeling, probability theory, quantum physics,  and  boundary-value 

problems (Brigham , E.Oren ,1988) and has been very successfully applied to 

restoration of astronomical data (Brault,J.W.andWhite,O.R , 1971) .                                                                     

 

2- Theory 
        Fraunhofer diffraction is the theory of transmission of light through apertures 

under the assumption that the incident  wave is multiplied by the  aperture function . 

Fraunhofer diffracton is  far field approximation , where the observed  pattern is 

located at  the focal plane of a lens  (Okan K. Ersoy , 2007) , which usually called 

Fourier plane . So , we will use  the fraunhofer approximation to determine the 

propacation of light in the free space beyond the aperture . As shown  in figure (2)  , 

in this figure which showing  position of   Fraunhofer (far field) region               

(Keigo Iizuka , 2008) .  

 

 

 

 

 

Fig . 1 : Arrangement  used  for  observing diffraction of  light  (Joseph W. Goodman , 1996). 
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In fig ( 3 ) where the  observed  plane wave which is diffracted in one plane . For this 

wave in the )( yx  plane directly behind the plane )0( z  with the following 

transmission distribution ),( yx (David Voelz , 2011) : - 

  

)1(),(),(),( yxEyxyxE
e

  

 

Where  ),( yxE
e

 : electric field distribution of the incident wave. The  further  

expansion  can  be  described  by  the  assumption that a spherical wave emanates 

from each point )0,,( yx  behind the  diffracting  structure  (Huygens’  principle).  

This  lead  to Kirchhoff’s diffraction integral (David Voelz , 2011) : - 

 

Fig . 2 :  Diagram showing the relative positions  of  the Fresnel  (near  field)  and 

Fraunhofer (far field) regions (Keigo Iizuka , 2008) . 

 

Fig . 3 :  A  plane  wave  ),( yxE
e

 is  diffracted  in  the  plane  with 

),( yx  for 0z  (David Voelz , 2011). 
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    Equation  (2)  corresponds  to  a  accumulation  of  spherical waves, where the 

factor  )
1

(
i

  is a phase and amplitude factor and ),(cos rn


 a directional factor 

which results from the Maxwell field equations. The Fresnel approximation 

(observations in a remote radiation field) considers only rays which occupy a small 

angle to the optical axis )( axisz   . In this case, the  directional  factor  can  be  

neglected  and  the )
1

(
r

  dependence  becomes :  )
11

(
zr

  . In  the  exponential  

function ,  this cannot be performed as easily since even small changes in )(r  result 

in large phase changes. This results in the Fresnel approximation of the diffraction 

integral . 
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For long distances from the diffracting plane with concurrent finite  expansion  of  the 

diffracting  structure , will  obtain  the Fraunhofer approximation  as given by eq. (4).  
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Where  ),,( zyxC    is the phase factor and ),,( zyxE  is the electric field 

distribution in the plane ),( yx     for )( constz   (David Voelz , 2011) .  

 

 

3- Theoretical Results   
 

   When the distance away from the grating is large or a lens is used to focus the 

diffraction pattern to the image plane then the diffraction pattern becomes a Fourier 

transform as given by (Joseph W. Goodman , 1996) . 
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:  is the electric field distribution .                                           

                                                        

C   :  is the phase factor . 

  
x

    and  
y

  are spatial frequencies. 

=  wave length . 

  

3-1  Fourier Transform using Matlab  for  rect-function 
The  one-dimensional  (1-D)  rectangular  function   is given by : - 
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Where ( a ) is the domain of the function (or the width of the  aperture) .The two-

dimensional of the rectangular function is given by : - 

 

)7()()(),( byrectbxctrebyaxrect   

 

The  Fourier  transform  of  the  (2-D)  rectangular  function is given by (Ting  Chung 

Poon , 2007 ) : -  
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The aperture  function , { rect ),( yx }  and its Fourier transform is shown in fig. (4). 
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Fig . 4 : a -  rect- function: 

gray-scale plot . 
 

Fig . 4 : b - Square-absolute value of Fourier 

transform of the rect- function: gray-scale plot . 
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3-2 The Triangle Function 

 
     The triangle function is a shape  like a triangle, as its name indicates. Figure (5: a) 

illustrates the wave form. The function can be obtained by the convolution of  )(x  

with itself  as shown (Keigo Iizuka , 2008) .  

 

)9()(*)()(   xxx  

Using the fact : - 

  

)10(})({})({})(*)({    xxxx   

the Fourier transform of eq. (9) is found to be in  (Fig. 5: b) 
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Fig . 4 : c- Square-absolute value of 

Fourier transform of a rect- function: 

cross-section plot. 
 

Fig . 4 : d-  The  power distribution of a 

rect- function  by 3-D . 

Fig . 4 :  Rect- function and its Fourier transform . 

 

Fig . 5:  (a) Triangle function )(x  and (b) its Fourier transform 

fc 2sin  (Eugene Hecht , 2002)  . 
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3-2-1  Fourier Transform of Bitmap Images 

 
       When the (2-D) function or image is given with a bitmap file, we can use the     

m-file  given  in  algorithm ( 1)  to  find  its  Fourier  transform.  Figure ( 6 : a)  is  the 

bitmap image used when the image file of the size is (256256) . It is easily 

generated with Microsoft® Paint. Figure (6:b) is the diffraction pattern (or the Fourier 

transform) of the tri-function (Ting  Chung Poon , 2007 ) .  

 

Algorithm 1: fft2D bitmap_image.m : m-file for 2-D Fourier transform 

of  bitmap image. 

---------------------------------------------------------- 
%fft2Dbitmap_image.m 

%Simulation of Fourier transformation of bitmap images 

clear 

I=imread('triangle.bmp','bmp'); %Input bitmap image 

I=I(:,:,1); 

figure(1)  %displaying input 

colormap(gray(255)); 

image(I) 

axis off 

FI=fft2(I); 

FI=fftshift(FI); 

max1=max(FI); 

max2=max(max1); 

scale=1.0/max2; 

FI=FI.*scale; 

figure(2)  %Gray scale image of the absolute value of transform    

colormap(gray(255)); 

image(10*(abs(256*FI))); 

axis off 

------------------------------------------------------- 
 

 

 

 

 

 

 

 

 

 

 

Fig . 6 : a- Bitmap image of a triangular  

aperture  function. 

Fig . 6 : b- The diffraction pattern (or the 

Fourier transform) of the tri-function . 
  

F.T.  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3-3  Element Size 
 

    The extent of the diffraction pattern is complementary to the size of the single 

diffracting elements . Figure  (8) shows this reciprocal behavior using  elliptical     

apertures of different size (Cetin, A.E. , et al. , 2004) . 

 

 

 

 

 

 

 

 

Fig . 6 :  Bitmap image and its transform generated using the m-file in Matlab software .    

Fig . 7: a- Bitmap image of a face. 

 
Fig . 7: b- Displaying the absolute 

value of the transform of a . 

 
 

Fig . 7 :  Bitmap image and its transform generated using the m-file in 

Matlab software  . 

                                                 

F.T.  

 

http://libhub.sempertool.dk.tiger.sempertool.dk/libhub?func=search&query=au:%22Cetin,%20A.E.%22&language=en
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Fig . 8: Bitmap images and its transform generated by the m-file in the Matlab 

software for different size elliptical  apertures. 

F.T.  
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Fig . 9: Diffraction pattern  of the letter(T- aperture) made with times new roman fonts . 
 

 

Fig . 10: Diffraction pattern  of the letter (T- aperture) made with  an arial font . 

 

Fig . 11: Diffraction pattern of an aperture constructed with (QTR) letters. 
 

F.T.  
 

F.T.  
 

F.T.  
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4- Experimental Results 

 
  The experimental results include  investigation of the Fourier transform by a convex 

lens for different diffraction objects in a ( 2F set-up) system . As shown in  figure (12). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
    

 

 

 The diffraction pattern of a rectangular aperture by using a digital camera  and CCD 

camera as shown in figures (13,14,15,16) .   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig . 13 : Rectangular aperture 

recorded with a digital camera . 

  

Fig . 12 :  Experimental (2F set-up) system . 

 

 

 

 

 

Fig . 14 :   Diffraction pattern 

of rectangular recorded with a 

digital camera . 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
   

The diffraction pattern of a triangular  aperture by using a digital camera  and CCD 

camera as shown in figures (17,18,19,20) .   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig . 15 : Power distribution in 

rectangular aperture  recorded with 

a CCD  camera . 

 

 

Fig . 16 :   Diffraction pattern of 

rectangular recorded  with a 

CCD  camera . 
 

 

Fig .  17 :  The  power distribution 

in the  triangle aperture as shown by 

a digital  camera HD. 

Fig . 18 :  Diffraction pattern of 

triangle aperture  as shown by a 

digital camera HD. 

Fig .  19 :  The  power distribution in 

the  triangle aperture as shown by a 

CCD    camera . 

Fig . 20 :  Diffraction pattern of 

triangle aperture  as shown by a 

CCD  camera . 
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5- Conclusions: 

       We conclude the  diffraction  pattern  which we  calculated  with fft2  method, the 

number of pixels in the diffraction pattern is equal to the number of pixels in the 

initial image , as shown in figures ( 4,6,8,9,10,11 ) . obviously , the total extent of the 

image is increased without changing the slit or hole width by adding space around  the  

image,  which  is  called  zero  padding. In figures ( 13,14,17,18) these figures taken   

with spatial filter , recorded by a digital  camera , from this figures we notice that 

the intensity pattern observed varies with the distance from the aperture . In figures 

(5,16,19,20) , recorded by a CCD  camera ,  as seen the  diffraction  pattern  depends 

on the size of aperture or element size . So, the experimental results  agree with the 

theoretical calculations . 

References 
Brault , J. W.and  White, O. R , (1971) " The analysis and restoration of astronomical  

           data via the fast Fourier transform", Astron. & Astrophys .     

Brigham , E . Oren , (1988) " The Fast Fourier Transform and Its  Applications " , 

          Prentice-Hall, Inc. . 

Cetin, A.E. , et al. , (2004  ) " Signal recovery  from  partial  fractional  Fourier 

transform  information " , IEEE , PP : 217-220  .       

David Voelz  , (2011) "Computational Fourier Optics " ,  A Matlab® Tutorial , Spie  

          Press .  

Eugene Hecht , (2002) "Optics", 4th  ed , Addison Wesley .  

 

Joseph W. Goodman , (1996) " Introduction to Fourier Optics " , 2nd ed , Mc Graw 

       –Hill .  

Keigo Iizuka , (2008) " Engineering Optics " , 3rd  ed ,  Springer  . 

K.D. Moller , et al. , (2003)  ," Optics : Learning by Computing , with Examples 

Using Mathcad® " , Springer .  

Okan K. Ersoy, (2007) , " Diffraction,  Furrier Optics and Imaging " , Wiley .  

Ting  Chung Poon , (2007) "Optical Scanning Holography With Matlab®", Springer .  

 

  

 

http://libhub.sempertool.dk.tiger.sempertool.dk/libhub?func=search&query=au:%22Cetin,%20A.E.%22&language=en

