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Abstract -  

“All my attempts to adapt the theoretical foundation of physics to this new type of knowledge 

(Quantum Theory) failed completely. It was as if the ground had been pulled out from under one, with 

no firm foundation to be seen anywhere, upon which one could have built.” 

(P. A Schlipp, Albert Einstein: Philosopher – Scientist, On Quantum Theory, 1949) 

 

In this project, by performing certain experiments we simultaneously demonstrate complementary wave 

and particle aspects of light. Traditionally the wave and particle aspects of light are demonstrated in 

separate experiments which makes it difficult for students to understand their complementary nature. In 

First experiment, we show double-slit experiment with the help of Laser light. The interference pattern 

confirms the wave nature of light. In next experiment we demonstrate photoelectric effect by using 

“Glow in the dark” material, which absorb a specific wavelength of light and emits the same light which 

is clearly visible in the dark. This tells us that light should also be a particle. Lastly, both of the 

experiments are performed simultaneously and interference pattern and photoelectric effect are seen 

simultaneously, this gives us a brief insight of wave-particle duality and how measurement changes the 

nature of the light. 
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I. INTRODUCTION 

 

Light is electromagnetic radiation within a certain portion of electromagnetic spectrum. The word usually 

refers to visible light, which is the spectrum that is visible to the human eye and is responsible to the for 

the sense of light, the wavelength of visible light falls in the range of approximately 4000 to 7000 Å. Like 

all types of EM Radiation, visible light propagates as waves. However, the energy imparted by the waves 

is absorbed at single locations the way particles are absorbed. The absorbed energy of the EM waves is 

called a photon and represents a quanta of light. When a wave of light is transformed and absorbed as a 

photon, the energy of the wave instantly collapses to a single location, and this is the location where the 

photon ‘arrives’. This is what is called as the wave function collapse. This dual wave-like and particle-

like nature of light is known as the wave particle duality. Now coming to the highlights of our experiment, 

introduction of two phenomenon of light viz. interference and photoelectric effect, is important. When 

two light waves from different coherent sources meet together, then the distribution of energy due to one 

wave is disturbed by the other. This modification in the distribution of light energy due to super- position 

of two light waves is called "Interference of light". Light behaves mainly like a wave but it can also be 

considered to consist of tiny packages of energy called photons. Photons carry a fixed amount of energy 

but have no mass. The energy of a photon depends on its wavelength: Longer wavelength photons have 
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less energy and shorter wavelength photons have more. Red photons, for example, have less energy than 

blue ones. Also, we come to the conclusion that the nature of light that is if light, a wave or a particle is 

determined by how light behaves in certain situations. 

 

II. LITERATURE REVIEW 

 

Light’s split personality was first theorized back in the early 1900s, we’ve been growing more adept at 

detecting different aspects of wave-particle duality. Physicists have captured light acting as both a wave 

and a particle in the same snapshot [1]. 

 

 
 

Researchers demonstrated the ability of ultrafast transmission electron microscopy to simultaneously 

image both the spatial interference [2]. 

 

III. METHODOLOGY AND TESTING 

 

A. Materials 

i. Green Laser 

ii. Thin wire 

iii. Radium sheet 
 

B. Synthesis/Algorithm/Design/Method  

 

i. Diffraction: 

To show the wave nature, we have set up a double slit experiment to demonstrate interference of light. 

Laser light is used as a coherent source. The slits are made by dividing the aperture of laser pointer using 

a wire. Along both sides of wire, dark tapes are attached leaving a minute gap on either side which make 

the slits thinner, leaving us with two slits. Hence when we shine the laser light from a sufficient long 

distance from screen, an interference pattern is observed. 
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ii. Photoelectric effect: 

Using radium sheet, we demonstrated photoelectric effect. We shined a green laser on the radium sheet. 

The atoms of the sheet absorb the wavelength of green light and get excited. The excited atoms emit same 

light which is then visible in dark. 
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iii. Simultaneous Diffraction and Photoelectric effect: 

In the end, we show diffraction of laser on the radium sheet. In this case diffraction is observed on the 

radium sheet. Having the laser with wavelength that is suitable to excite atoms of a given Radium sheet 

we can observe Diffraction pattern as well as photoelectric effect associated with it. This simple 

experiment gives an intuition to most students about the nature of light itself. 

 

IV. RESULTS AND DISCUSSION 
 

In accordance to the last experiment, Simultaneous Diffraction and Photoelectric effect, at first, we fix our 

beliefs that light acts as a particle or a wave at a time and not simultaneously both. Initially, in order to 

have diffraction we consider light to be a wave. This diffraction pattern of light falls on radium sheet and 

photoelectric effect takes place. But, we had considered light as a wave, hence photoelectric effect 

shouldn’t be observed. This anomaly questions our basic assumptions of light being a wave or a particle 

at a time. This experiment gives an overview of the nature of quantum particles. 

 

Also, we can also observe that how measurement affects states of quantum particle, in this example light. 

Initially, when diffraction was observed light appeared to be wave to us. Later when we changed the 

experiment, (that is, the way we measured the light) In photoelectric effect it appeared to be a particle. 

This also gives us an idea about how measurement changes the nature of quantum particles 

 

After performing this experiment, it was seen that the light underwent diffraction and photoelectric effect 

was also seen at the same time, which are two phenomena in which light acts as wave and particle 

respectively. If light were a particle, it wouldn’t have undergone diffraction, and if at all it was a wave, it 

wouldn’t have shown photoelectric effect simultaneously. This helped to visualize the dual nature of light.  

 

V. LIMITATIONS 

 

While performing simultaneous Diffraction and Photoelectric effect we have to find a laser light whose 

wavelength exactly matches to the wavelength required for exciting electron of radium atoms in order to 

observe photoelectric effect else if we perform simultaneous Diffraction and Photoelectric effect with 

laser light any other wavelength only diffraction will be observed. 

 

 

VI. FUTURE SCOPE 

 

Such visualizations help us to get a feel of what reality is. It helps us to study the nature of reality. 

As quantum mechanics theories are evolving they are becoming purely mathematical. Such experiment 

helps us know what this math truly represents.  

 

 

VII. CONCLUSION 

 

Although our experiment demonstrates dual nature of light. Many questions arise such as when and how 

light changes its nature. Our simple experiment helps to grow intuitions for students learning early 

quantum mechanics and give them an overview of the essence of quantum mechanics. Also, this 

experiment is easy to setup and is less expensive. 
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