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Abstract  
The final distribution of light intensity plays an important role in the laboratory practices carried out by 
the students of the Degrees in Physics and in Optics and Optometry. One of the main contents of that 
degree is the analysis of such distribution. This knowledge allows students to understand some 
theoretical aspects of the subject Optics II, which are often very abstract. Furthermore, our students 
acquire the necessary competence to link this knowledge with experimental verification. Therefore, it is 
essential that students visualize in detail the studied optical phenomenon considering that, in most 
cases, the value of relevant magnitudes is obtained from the treatment of those images. Traditionally, 
these intensity distributions are observed in real time, either on a screen or through a microscope when 
the image size requires it. The use of CCD cameras or the use of mobile devices in the teaching 
practices of the Optics II laboratory as a means of obtaining the final images is an advance in their 
development, since they can be stored and manipulated in a simple manner, facilitating their subsequent 
analysis and study. This work focuses on the design and use of a basic interferential device, the Fresnel 
Bi-prism, for the obtaining and subsequent analysis of Young's interferential fringes, with a CCD camera 
coupled to a microscope and with a smart phone’s camera. Traditionally, in the laboratory practices of 
Optics II of the University of Alicante (and in most of the teaching laboratories) the laser is used as a 
source of illumination. This is due to its high coherence greatly facilitates the obtaining of the 
corresponding interferential figure. This study includes other types of sources such as an extensive 
source of white light (halogen lamp), a spectral lamp of Hg and a lamp of Na (quasi-monochromatic). 
This shows how, with the use of a series of colour filters and a slit of variable width as the primary 
source, the spatial and temporal coherence of the source can be improved to achieve a visible 
interferential pattern. In this way, even though the concept of coherence of the source presents an 
indisputable mathematical complexity, a simple introduction is obtained in a way that can be useful to 
the students of the Degree in Optics and Optometry and the Degree in Physics of the University of 
Alicante. 
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1 INTRODUCTION 
The phenomenon of interferences is a very powerful tool for the study of the properties of light and from 
the historical point of view, it allowed to establish the undulatory character of light. In 1801, Thomas 
Young conducted a fundamental experiment [1,2] to demonstrate the interference and wave nature of 
light. The same physical and mathematical consideration applied to Young´s Experiment relate directly 
to a number of other wave-front-splitting interferometers. Most common among these are Fresnel´s 
double mirror, Fresnel´s double prism and Lloyd´s mirror. 

This work focuses on the design and use of the Fresnel´s biprism for the obtaining and later analysis of 
Young's interferential fringes, with the objective of obtaining the wavelength of different light sources. 
Coherent light sources (three lasers) and non coherent sources have been used: a white light halogen 
lamp, an Hg lamp and a Na lamp (quasi-monochromatic). The use of a series of colour filters and 
variable width slits improves the spatial and temporal coherence of these sources and a visible 
interference pattern has been achieved. 

2 METHODOLOGY 
The Fresnel double prism or Biprism [3] consists of two prims joined at their bases as shown in Figure 
1. This interferometer refracts light from a small source in such a way that it appears to come from two 
coherent virtual sources (S1' y S2'). In the region of superposition, interference occurs. In practice, the 
prism angle a is very small, of the order of a degree.  
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Figure 1. Fresnel´s Biprism 

2.1 Coherent light source (Laser) 
The diagram of the device used to obtain the interferential figure corresponding to the Fresnel Biprism, 
when the source used is a laser is schematized in Figure 2. The different lasers we use are: a diode 
laser of 635 nm, a YVO4 laser of 532 nm and a blue laser pointer of 405 nm. 

 
Figure 2.  Diagram of the mounting of the Biprism when the light source used is a laser 

 
Figure 3. Photograph of the mounting of the Biprism when the light source used is a laser. 

In Figure 3, we observe the following elements: a laser, then a microscope lens to focus the laser beam 
at a point, a Fresnel´s Biprism, a gray filter to decrease the amount of light that reaches the microscope. 
We now replace the microscope eyepiece with a BRESSER CCD camera [4] specifically designed for 
use in microscopes and telescopes, which can be fitted directly to the eyepiece tube. Its use is intended 
to improve the process of measurement and study since the digitization of images allows storage and 
further processing. In general, the positioning of the camera is very simple and only requires a slight 
reorientation to be able to see a clear image in the computer. The camera always shows a smaller field 
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of view so it is necessary to try with different magnifications in the microscope to adjust this field. In 
Figure 4, we can see the interference pattern obtained through the microscope for three different lasers. 

 

Figure 4. Photograph of the interference fringes produced by a Fresnel´s Biprism obtained 
 for three different laser. 

2.2 Extensive source of white light (halogen lamp) 
In the experimental setup, we replaced the laser by the white light lamp. At the exit, we placed a 
condensing lens and we placed a vertical slit of variable width, that acted as primary source, since by 
itself it does not have spatial coherence. We selected a suitable slit size that provides good visibility. As 
we have increased spatial coherence, we can use different filters to increase its monochromaticity. We 
will also analyse the intensity profiles. In Figure 5, we can see the interference profiles through the 
microscope. 

       
Figure 5. Photograph of the interference fringes through the microscope eyepiece when the light 

source is a white light lamp. 

2.3 Spectral Hg lamp 
The experimental setup is similar to the one previously used, where we replace the lamp. We maintain 
the size of the slit and as the luminous efficiency is lower, we bring the observation plane closer. In 
figure 6, we observe the fringes through the microscope. 

 
Figure 6. Photograph of the interference fringes observed through the eyepiece of the microscope when the 

light source is an Hg lamp 

2.4 Spectral Na lamp 
For the experimental setup, we will change the Hg lamp for that of Na lamp, which is a 
quasimonochromatic source, since it emits in two very close wavelengths. We will use the same slit size 
as the previous section. In Figure 7 we can see the interferential fringes through the microscope. 
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Figure 7. Fringes obtained with the Na lamp 

2.5 Image processing  
In this work, the public domain program ImageJ [5], has been used to analyze and study the images 
corresponding to the intensity distributions of the interferential figures, corresponding to the Fresnel 
biprism, when different sources of illumination are used. These images have been obtained with a CCD 
camera and will allow us to obtain the wavelength used in each case. The program allows very simple 
operations on images (such as adjusting the contrast or transforming a color image to black and white), 
as well as more sophisticated image processing operations. The process used is as follows, first we 
select the best image of all those captured by the CCD camera. This RGB image is processed into an 
8-bit gray level image. In order to obtain the distribution of intensities in grey levels, we choose the area 
we want to value by means of a rectangle and we use the "plot profile" tool. The program allows to 
visualize the graph and also to obtain the list with all the values. All this is shown in Figure 8. 

 
Figure 8. Process for obtaining intensity values 

The obtained data are exported to an Excel spreadsheet where they are represented and adjusted to 
the theoretical curve corresponding to the interference bands corresponding to two coherent sources 
(point and monochromatic) under the same experimental conditions [6]. For this, the Solver Excel 
complement has been used, using the GRG (Generalized Reduced Gradient Nonlinear) resolution 
algorithm and imposing as an objective to find the minimum value of the sum of the squares of the 
deviations between the obtained experimental value and the calculated theoretical value. This 
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adjustment provides an optimal local solution that, taking into account the rest of the necessary 
variables, gives us the different wavelengths searched. 

3 RESULTS 
The interference fringes captured by the CCD camera and the intensity theoretical profiles 
corresponding to the different light sources of the interferential device are shown in Figures 9, 10, 11 
and 12. 

 

 
Figure 9. Theoretical and experimental Irradiance profile obtained for three different laser. 

 

 
Figure 10. Theoretical and experimental Irradiance profile obtained for white light lamp with different filters. 
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Figure 11. Theoretical and experimental Irradiance profile obtained for Hg lamp with different filters. 

 
Figure 12. Theoretical and experimental Irradiance profile obtained for Na lamp. 
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Table 1 shows the values obtained experimentally from the fringe separation (i) which provides the value 
of the different wavelengths used and their relative change. 

Table 1. Fringe separation and wavelength 

  𝑖	(𝑚𝑚) 𝜆(𝑛𝑚) 𝜀	(%) 

Laser green 0,165 ± 0,003 555 ± 10 4 

Laser red 0,198 ± 0,003 667 ± 10 5 

Laser blue 0,123 ± 0,003 416 ± 10 3 

LB F. green 0,379 ± 0,003 522 ± 5 0 

LB F. red 0,480 ± 0,003 622 ± 5 8 

LB F. yelow 0,429 ± 0,003 590 ± 4 2 

Hg F. green 0,052 ± 0,003 533 ± 30 0 

Hg F. red 0,063 ± 0,003 636 ± 30 2 

Hg F. yelow 0,056 ± 0,003 573 ± 30 1 

Hg F. blue 0,042 ± 0,003 425 ± 30 6 

Na 0,056 ± 0,003 556 ± 30 6 

4 CONCLUSIONS 
After a detailed study of the functioning of the Fresnel Biprism system, it has been possible to calculate 
the wavelengths of different light sources such as three lasers, a white light lamp, an Hg lamp and a Na 
lamp with great precision and obtaining values very close to the theoretical ones. In addition, it has been 
verified how it is possible to obtain interferential fringes with non coherent sources. The use of a CCD 
camera to capture the images allows to increase the precision of the measurements compared to 
conventional systems and also allows their subsequent treatment to improve the results obtained. 
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