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Abstract 

The double-slit experiment has been a cornerstone in understanding modern-day 
physics. From interference of photons, and electrons to Bose-Einstein condensates, 
it has been the most fundamental measure of the quantum nature of a particle. In 
this work, it has been tried to make this experiment more accessible by using a 
phone camera and readily available apparatus. A smartphone camera uses a 
CMOS sensor. This is a sensitive sensor and in principle can also be used to 
observe ionized electrons produced by gamma rays. If a double slit is placed over a 
smartphone camera, an interference pattern can be observed by using the proper 
thresholding and image processing algorithms. In this work, an experiment has 
been designed that shows this most fundamental quantum phenomenon through a 
normal phone camera. 

 

Introduction 

The double slit experiment is believed to have been first performed by Thomas 
Young in 1801, as proof of the wave nature of visible light. It was pivotal in 
displacing Newton's corpuscular theory in the favour of Huygens’ wave theory, for 
the propagation of light [1]. In a simple setup, a beam of light is sent towards two slits 
placed close to each other, since both slits receive light from the same beam, they 
act as two independent coherent sources and cause the formation of an interference 
pattern on a screen. According to Feynman, the experiment contains, “...the heart of 
quantum mechanics. In reality, it contains the only mystery. We cannot make the 
mystery go away by explaining how it works…”[2] 
The traditional setup includes sending coherent light toward two slits placed very 
close to each other and observing a pattern on the screen. In this paper, this classic 
experiment has been recreated by using a simple phone camera, with an aim to 
make the understanding of this experiment accessible even for a handheld device. 

Setup 

For the purpose of this experiment, an iPhone X (2017) was used. The iPhone X has 
camera two lenses, a “wide angle” lens which is normally used for taking 
photographs, and a special long-range telephoto lens. For the purpose of this paper, 
the “wide angle” lens shall be used. 
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Two small holes were punched into a plastic piece with separation d = 0.4mm. The 
piece with slits was placed on the top of the “wide-angle” lens of the phone. The 
entire setup was covered with black electrical tape from all sides to prevent the entry 
of photons indirectly into  the setup. 

Experiment 

The setup was held in front of three different monochromatic sources of light, 
namely- red, blue, and green. The shutter speed was reduced to one-thousandth of 
a second and ISO was changed to 100. A “raw” image was taken from the phone 
camera, to prevent any on-phone processing to hamper the results. Such methods 
have been used for building radiation detectors using CMOS sensors [3]. These 
images were obtained in the .png format. 

 
 
Processing algorithm 

To increase the efficiency and reduce the time taken for execution, the images were 
put through a lossy jpeg conversion which compressed the images by about 99%. 
Because of the black tape on the phone camera, only a limited number of photons 
entered the setup. To account for this, an extreme thresholding algorithm was 
implemented using Python’s OpenCV library, wherein any pixel that corresponded 
to black, (#000000) was converted to black. In contrast, any other pixel color was 
converted to white (#ffffff) for easy identification of interference patterns. 

 

Calculation of fringe width 

Owing to the fact that the experiment was carried out under non-laboratory 
conditions, which is consequently the aim of this paper, the circular fringes obtained 
had jagged and grainy edges. In order to calculate the fringe width with some degree 
of accuracy, a thin slice of a width of 10px was taken from the center of the image. A 
width calculation algorithm was developed, wherein an entire row of 10 pixels was 
set as white or black depending on whether the average value of all pixels in that 
row was closer to black (#000000 or RGB(0,0,0)) or white (#ffffff, or 
RGB(255,255,255)). This was a reliable measure since there were only two colors in 
the processed and thresholded image i.e. black and white. From the list of average 
row values, fringe widths were calculated in pixels by looping through all the rows 
until a row of a different color was encountered. 
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Figure A: Flowchart for width calculation algorithm 

Trends observed in fringe width 

The fringe width was taken as the width of the first dark fringe, between the central 
bright and the second bright. The width of the fringes was calculated in pixels. The 
widths of the fringes in pixels along with their corresponding wavelengths can be 
seen in Table 1. 

 

Color Fringe Width in 
pixels 

Wavelength in 
nm 

Red 294 620-750 

Gree
n 

267 495 -700 

Blue 259 450-495 

Table A: Fringe widths and corresponding wavelengths 
 
From the table, there is a clear correlation (directly proportional) between the fringe 
width and the wavelength of the color of light. This correlation is in accordance with 
the formula for fringe width. 

 
 

𝛽 =
𝐷λ 

𝑑
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Therefore, 𝛽 𝛼 λ  
 

Where 𝛽 is the fringe width, λ is the wavelength, D is the distance between the screen and 
the slits, and, d is the distance between the slits. 
The processed images after thresholding can be seen in Figure 2. 
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Figure B: Processed images exhibiting interference patterns 
 

Discussion 

The double-slit experiment is the foundation of wave theory and quantum physics. It 
is the most elementary yet elegant experiment which can be performed to understand 
the wave nature of very small particles. Not just light, but even particles like electrons 
[4], neutrons [5], and Bose-Einstein [6] condensates also show such interference 
patterns. In this paper, I have been able to recreate this experiment using readily 
available instruments and objects. This has not only demonstrated the beautiful 
experiment of double-slit interference but according to me has also opened an avenue 
to observe quantum mechanical phenomena using everyday handheld devices 
 

Conclusion 

Interference fringes were observed as expected in the double-slit experiment. The 
change of fringe width with the frequency of incident light, could thus be studied easily. 
To implement the experiment, it had to be ensured that the slit was covered with a 
black filter to limit the number of photons entering the system. The advanced image 
processing algorithms assisted in recognizing the limited exposure of photons on the 
camera sensor, thus revealing the underlying photon interference pattern. Due to the 
non-laboratory conditions in which the experiment was carried out, the back-
calculation of wavelength from fringe width yielded very inaccurate results. An exact 
formula for the back-calculation of wavelength is a potential topic for further research.
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