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Abstract: The main objective of this project is to study the degree of light coherence recreating a Thompson and 

Wolf experiment. For this purpose, a CCD and a measurement method based on the fast Fourier transform were 

used. Later, the laboratory setup was upgraded to broaden the analysis. This allowed us to control more parameters 

of the experiment and study the behaviour of the degree of light coherence with them. The project was carried out in 

two parts. First, the relation of the degree of light coherence with the experimental parameters was observed in 

simulations deployed in Octave and secondly the experiment was conducted with the old and the new laboratory 

equipment, which improved considerably the results. 

  

I. INTRODUCTION 

Thomson and Wolf [1] experiment quantify the spatial 

coherence of a light source from the measurement of 

visibility of Young's interference fringes by means of a 

partially coherent extended source. The idea is to perform a 

high-precision automated quantitative recreation of the 

experiment using a CCD camera and a spatially incoherent 

source generated from a laser beam, adding some 

improvements. 

 Van Cittert-Zernike [2][3] theorem states that, if we have 

two point illuminated by an incoherent extended source, the 

degree of complex coherence between the two points 

corresponds to the Fourier transform of the intensity 

distribution over the source. The theorem is only valid under 

the limitation of the Fraunhofer diffraction i.e. the dimension 

of the extensive source and the separation between the points 

has to be smaller than the distance between the source and the 

points. 

 
 

FIG. 1: Illustrating the van Cittert-Zernike theorem and the 

interference of two partially coherent beams.  
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If these points are used to generate Young's interference 

can be demonstrated that the intensity obtained is: 
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Equation (2) is the basic law of interference of partially 

coherent light beams and it is essential to understand the 

theoretical relation about those two concepts. 

The factor 𝑔12 is the correlation factor of van Cittert and 

the degree of coherence of Zernike. The formula is implicit in 

the paper by Zernike and Hopkins
 
[4]. 

If the conditions 𝐼1 =  𝐼2 = 𝐼 are applied on the basic law, 

the contrast (visibility) of the fringes is equal to the 

mentioned degree of coherence: 
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If the source is circular, the visibility is given by the 

Fourier transform of the circle. 

Where u is equal to  
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4𝜋𝑑𝑅

𝜆𝑓
 (4) 

 

R is the pinhole radius, f the focal length and d the 

separation of the circular apertures. 

 

On the other hand, there is the expression for intensity at 

a point specified by the angle of diffraction ϕ. That angle 

describes a concrete point P located in the focal plane. All 

this considering that each aperture is at distance h from the 

axes (i.e., total separation between the apertures is 2h = d): 
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Where 𝐽1(𝑣) describes the Bessel function of first order 

and, 
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𝑎 is the radius of the circles apertures of the diffraction 

holder. 

 

The main objective of this experiment is to show the 

changes in the visibility of the fringes with the degree of 

coherence. The experimental results are compared with the 
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predictions of the theory. Finally, the laboratory equipment 

will be upgraded. This will allow us, not only to study the 

dependency of the degree of coherence with the distance 

between of the diffraction apertures, but also with the 

diameter of pinholes. 

II. SIMULATIONS  

The theoretical equations have been evaluated with a 

program deployed in Octave where all parameters are 

controlled as variables. 

From equation (5) can be extracted the maximums and the 

minimums of the intensity and then plot them to the involve 

curves of the fringes. The main graphs and simulation used 

are leaded, a part of the degree of coherence equation 3, by 

the intensities: 

 

 

I𝑀𝐴𝑋(ϕ, h)  = 2 (
2 𝐽1(𝑣)

𝑣
)

2

{1 + |
2 𝐽1(𝑢)

𝑢
|} 

 

I𝑀𝐼𝑁(ϕ, h)  = 2 (
2 𝐽1(𝑣)

𝑣
)

2

{1 − |
2 𝐽1(𝑢)

𝑢
|} 

 

(8) 

 

 

(9) 

 

All the parameters are defined at the start of the program. 

First of all, there are Thompson values. And below, the 

parameters we have used to reproduce the experiment. They 

will be listed on the experimental setup.  

The most relevant variable parameters that we have 

focused are: 

 

 Diameter of the pinhole  

 Distance between the circular apertures of the mask 

diffraction  

 Diameter of the circular apertures  

 

A loop runs the different values and plots them into two 

different graphs One showing the dependence of the 

coherence with the distance of the apertures. And another, 

showing the intensity curves. 

Apart of the main simulation described, the program can 

reads an experimental image given of the observed patterns 

and plots a line of intensity values. The values obtained allow 

us to compare with the theoretical values. If the image has 

considerable noise, it will have to be applied must some 

filters to correct.  
 

III. EXPERIMENTAL RESULTS 

The experimental results have been done in Optics 

Laboratory, where there are all the necessary materials for the 

diffraction experiment [5][6]. In the laboratory, there already 

were different holders and pinholes but they were a bit 

degraded.  

The main experimental goal for this project was to repair 

the old equipment and to find another ways to improve the 

experiment.  

Each experiment has a specific set of configuration and 

different parameters have been studied. In the first place, an 

aluminium plate have been drilled by some thin drill bits, 

about 0.5 and 0.8 mm. Second part consists in use 

photolithography lift-off to make micrometric pinholes the 

order of 100 µm. As we will see, both methods have his 

advantages and his objections. 

 

 

 
 

FIG. 2: Photography of the experimental equipment used in the 

Optics Laboratory. 

 

 

Experimental Setup: 

 

 
 

- Laser He-Ne (λ=632.8 nm).  

- Holder with neutral density attenuators.  

- Rotating ground glass. To break the coherence. 

- Holder with 125-200 microns pinhole (extended 

source), 20x microscope objective.  

- Two holders with 350 mm focal lens (L1 and L2).  

- Different diffraction holders with the objects: 

two circular apertures with different separations 

(d) and different radius (R).  

- Holder with a CCD camera without objective for 

capturing diffraction patterns. 

- PC with software (difraccio.exe) for captures and 

measurements. 

 

 

 
 

FIG. 3: Diffraction holder with the two circular apertures. 

A. Old equipment 

Optics laboratory was equipped with different diffraction 

holders and pinholes. All the holders had the same circle 

diameter. The pinholes range went from 100 to 175 
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micrometres. The material was degraded. To fix it, we used 

an air compressed spray and drops of acetate towards the 

holes.   

What follows is an example of the experimental results 

obtained with the old pinholes and holders after being 

repaired. For conducting such example we used a 100 µm 

pinhole and 0.3 mm of diameter for the circular apertures. 

The separation between them was 1.1 mm.  

 

   
 
FIG. 4: Observed patterns. Left image is experimental result and 

on the right hand the simulation one.  

 

 

 
 

FIG. 5: Theoretical intensity curves computed from formula (4). 

The chain lines represent the curves Imax and Imin for 2h=1.1 

mm.  

 

 

 
 

FIG. 6: The degree of coherence, as function of the separation 

2h=1.1 mm of the apertures. 

 

As can be seen from the results, the observed patterns are 

very similar to each other.  

Intensity curves graphs derived from the equations (8) 

and (9) and also fit properly.  

Furthermore, figure (6) shows the dependence of the 

degree of coherence with the distance of the apertures. 

Conserving fixed values as the diameter of the circle 

apertures and pinhole. Experimental degree of coherence has 

been calculated with the maximum and minimum of the 

intensities from figure (5). This contrast intensity is related 

with the first part of equation (3). The results are correct but 

with certain inaccuracies. These are probably due to the small 

error caused by imperfections of the materials used and some 

wrong approaches to the calculation of the experimental 

intensities. 

 

B. Aluminum plate - Micrometric drill bits 

In this part were designed different diffraction holders in 

an aluminum plate. Electronic Department let us use an 

automatic drill with a sensibility of 0.5 and 0.8 µm. It was 

designed with a range of 1 to 4 mm of separation between the 

apertures.  

 

 
 

FIG. 7: Aluminum plate perforated with micrometric drill bits. 
 

The goal was to observe that changing the diameter of the 

circle apertures of the holders didn’t affect the degree of 

coherence. Change that diameter only affects to the 

parameter 𝑣. And that parameter is just correlated with the 

light that arrives to the detector but not with the intensity 

contrast of maximums and minimums.   
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FIG. 8: Observed patterns for 2h=1 mm. Top results correspond to 

0.5 mm diameter holes and bottom ones to 0.8 mm left-hand 

experimental and on the right-hand the simulation one.  
 

       
FIG. 9: Intensity curves of experimental results and theoretical 

expected. Using a 125 µm pinhole, 0.5 mm circle diameter for 

apertures and 1 mm separation between them. 

 

 
 

FIG. 10: Intensity curves of experimental results and theoretical 

expected. Using a 125 µm pinhole, 0.8 mm circle diameter for 

apertures and 1 mm separation between them. 
 

The results are as expected. Both holders have a degree of 

coherence of 0.66 independently of the diameter of the 

apertures. The difference between the envelope curves is 

preserved. Experimental results are correct according to the 

theory. The difference of the intensity curves are mostly in 

the amplitude of the maximums and it’s related to the first 

factors of equations (8) and (9).  

In this method was not possible to design pinholes. The 

drill bits sensibility was at most 0.5 mm so the order was too 

high for the purpose. 

C. Photolithography – Pinhole Mask 

This part is more accurate but time constraints 

haven’t allowed us to get the expected results. The idea 

was to make use of photolithography to create the new 

diffraction apertures and pinholes. Photolithography 

usually works with dimensions of the nm order; therefore 

the design of micrometric pinholes wasn’t a problem 

itself. The process consisted in a subtractive method 

based on negative photoresist. To carry out his process is 

necessary impinging UV rays through a mask. 

The masks were designed using Cwin software. 

Afterwards we send it to company able to print it in high 

resolution.  
 

 
 
FIG. 11: Diffraction masks for the holders and pinholes in 

photolithography improvement. 

 

      As mentioned, there was no time to do the whole 

procedure so it was considered the possibility that the 

high resolution of the mask would work as a diffraction 

holder. This part has a problem due to the fact that masks 

are made of acetone. This may have an effect on the lights 

beam properties and can force us to use liquids for 

equalize the refraction indexes. However, the results were 

better using acetone mask than expected. 

 

     
 

FIG. 12: Observed patterns for 2h=1.7 mm and 75 µm pinhole 

diameter. First figure is experimental result and on the right hand the 

simulation.  
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FIG. 13: The degree of coherence, as function of the separation. 

The distance was 2h=1.7 mm and 75 µm pinhole diameter. 
 

     
 
FIG. 14: Observed patterns of same distance 1.7 mm but using a 

175 µm pinhole. 

 

 
FIG. 15: The degree of coherence, as function of the separation 

2h=1.7 using the 175 µm pinhole. 

Both results are too high compared to the expected. It has 

probably been overlooked some approximations in the 

calculation of contrast intensities. Despite of the results, 

they conform closely to the theoretical. 

     Regardless, it has not been observed any problem with 

the phase shift that would have been induced by the 

acetone mask. 

IV. CONCLUSIONS 

 

 Now it’s possible to analyse more parameters apart 

from the distance of the apertures. The pinhole 

diameter also allows us to see the variance of 

degree of coherence. And apertures diameter only 

affects the amplitude of intensities but not the 

difference of envelopes.  

  

 Drill bits should be smaller to correct the problems 

of light saturation. They had also worked as 

pinholes.  

 

 It would have been perfect to continue with 

photolithography process. The goal was to deposit 

aluminium on a glass plate. Probably we would 

have had problems with the phase shift of the glass 

with the Gaussian distribution of the light. Some 

interference would be observed. We could fix it 

applying liquids that would reduce the differences 

of refractive indexes. 

 

 An alternative to achieve the required pinhole size 

and simultaneously adjustable is to buy it in webs 

like Thorn Lab. The drawback is that they are too 

expensive. 
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