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           Birth of Quantum Mechanics  … Wave or Particle? 

Quantum Level Interference Effect 

   The double-slit interference experiment has been famously described by Richard Feynman as containing the\only 

mystery of quantum mechanics”. 

Interference phenomena can be observed throughout nature and often in everyday events. 
 

The myriad of colors on the surface of an oil slick, the brilliant patterns on peacock feathers-- these 

both result from two or more light waves interfering to form a total wave that is different from both 

of the original waves. In these particular cases, the interference is called thin-film interference. 

The indistinguishability of identical quantum particles can lead to quantum 

interferences that profoundly affect their scattering. If two particles collide and 

scatter, the process that results in the detection of the first particle in one direction 

and the second particle in another direction interferes quantum mechanically with 

the physically indistinguishable process where the roles of the particles are reversed. 

The birth of quantum mechanics is intimately linked with discoveries relating to the 

nature of light. The wave theory became the dominant and accepted theory of the 

nature of light in the 19th century . 
 

Two parallel mysteries of quantum mechanics are  so-called wave-particle duality 

and the Heisenberg uncertainty principle. 
 

Wave-particle duality refers to the requirement that particles act like points, discrete 

packages located in one place at one time, and waves simultaneously. Young's 

experiment in the context of wave particle duality is often regarded as a paradigm for 

quantum phenomena. To some it “has in it the heart of quantum mechanics”.  

Uncertainty says, meanwhile, that we can’t know both the position and velocity of a 

given particle at the same time. There is a fundamental limit to this knowledge.  

The wave nature of electrons is fundamental to understanding of 

basic of quantum physics phenomena.  

The double-slit experiment is a demonstration that light and matter can display 

characteristics of both classically defined waves and particles; moreover, it displays 

the fundamentally probabilistic nature of quantum mechanical phenomena.  
 

In order to form an interference pattern, the incident light must satisfy two 

conditions: 
 

1- The light sources must be coherent. This means that the plane waves from the 

sources must maintain a constant phase relation.  

2- The light must be monochromatic. This means that the light consists of just one 

wavelength. 
 

Slit interval (d) of the light wavelength (λ) and is comparable in size (about the 

wavelength range of the order of slot) need. 

Young Double Slit Experiment 

Thomas Young 
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While the double-slit experiment for light is easily understood in 

terms of its wave nature, the very same experiment for particles 

like the electron is somewhat more difficult to comprehend.  
 

It has taken almost six decades after the establishment of its wave 

nature to carry  out a `double-slit interference' experiment for 

electrons. 

Single electron events build up from an interference pattern in 

the double-slit experiments. 

Can an electron interact with itself to create interference? 

Quantum interference in electron collision with diatomic molecules 

After many electrons have passed through the slits, the marks on the screen will comprise a 

diffraction pattern – illustrating the wave-like behavior of each electron. But if one were to cover 

up one of the slits so that each electron could only pass through the other slit, the diffraction 

pattern would not appear – showing that each electron does indeed travel through both slits. 

The interference effects for quantum particles can be seen in triple differential cross 

sections (TDCSs) for electron impact ionization of diatomic molecules. Observation of 

such effects helps provide a detailed understanding of collision-induced reactions. 

We have reported a study looking for evidence of Young’s double–slit 

interference in (e,2e) ionization of N2 and H2 by looking at the I-factor which, is 

the ratio of the molecular cross sections divided by the atomic cross sections. 
We have found experimentally and confirmed theoretically that, in the angular scan 

for ejected electrons, Young’s type interference effects can be seen in the TDCS for 

the diatomic molecules H2 and N2 at intermediate energies.  
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Double slit experiments with light depict the 

fundamentally probabilistic nature of 

quantum mechanical phenomena. 
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