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INTRODUCTION
Double-slit experiment is one of the basic experiments of quantum mechanics that proves wave-particle duality.  We would like to demonstrate that massive particles such as electrons behave as waves too.

Electron scattering on a double-slit results in an interference pattern on the screen analogous to interference pattern of light. The detector has to fulfil some basic requirements to create an observable pattern.

Main goal of this experiment is to develop and test the electron source for double-slit experiment. 
We have gained experience in basics of quantum physics and we've learnt how to design and test electron gun and also how to work with software simulating electro-magnetic fields.
This experiment closely relates to another experiment, "Detector for double-slit experiment".

HISTORY OF DOUBLE-SLIT EXPERIMENT
In 1801 Thomas Young proved that the light is an electromagnetic wave using his double-slit experiment. In 1887 Heinrich Hertz observed the photoelectric effect. Electrons are emitted from metal when irradiated by an electromagnetic wave.

In 1905 Albert Einstein came with his explanation of the photoelectric effect by describing light being composed of discrete quanta called photons. The light was supposed to be both a particle and a wave. This discovery led to the revolution in physics and earned Einstein the Nobel Prize in Physics in 1921 [1].

In the following years scientists discovered that all other particles have not only corpuscular but wave properties as well.

Preceding Einstein's explanation of photoelectric effect, Max Planck presented the idea that electromagnetic radiation is not a continuous wave. He put together a theory saying that the electromagnetic waves actually consist of small clusters of energy - quanta – already mentioned photons. This became one of the postulates of the quantum theory.

THEORY
Let us imagine an electron passing through a double-slit and being detected right behind it on a screen. 
If the electron is a particle it would pass through either of the slits and after repeating the experiment multiple times, there would be only two stripes on the screen reflecting the shape of the double-slit. 
If, however, electron is a wave, after passing through the double-slit it would interfere and create an interference pattern on the screen.
 According to quantum mechanics, if we detect the passage of a particle through either of the slits, its wave function collapses and it passes through only one of the slits as a classical particle. 
As opposed to our case when we detect the resulting pattern on the screen letting the particle interfere with itself after passing through both slits at the same time.


Let us consider a double-slit as two point sources of spherical waves separated by a distance d. 
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Fig. 1 Layout of double-slit and screen
Our goal is to create a constructive interference at an angle φ (i.e. at height h) on a screen placed at a distance L. In order to create such interference, we require the path difference is an integer multiple of wavelength nλ. Assuming that the distance 
L >> nλ for small n, we see that
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We can relate the angle φ with the distance of the double-slit d via
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Putting together equations (1) and (2) give us a relation between d and L.
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We will use this to calculate the distance of the interference maxima h. 


The energy of an electromagnetic wave can is defined as
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Where h is Planck's constant, f the frequency of the incident wave and c is the speed of light. Using the relativistic invariant
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to calculate the momentum of a photon (m=0), and considering eq. (4), we can assign a wavelength λ to any particle with momentum p.
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This is also called de Broglie wavelength.

EXPERIMENTAL SETUP
The experimental setup for whole experiment consists of three parts: electron cannon, double-slit and detector. This project contains only electron cannon.
As a source of electrons we use a wolfram filament heated by electric current, similar to the one in a light bulb. At high temperature, valence electrons have enough energy to leave the material and create an electron cloud around the filament.

In order to drag the free electrons from the filament, we use a system of electrodes from a cathode ray tube. 

We used a computer program SIMION 8 to design and simulate our experiment and to find optimal voltage for each of the electrodes in the system.
The electrons are accelerated to approximately 2 keV and focused on the screen, while the beam passes an electrostatic double-slit.
We had been finding optimal voltage for each electrode because we needed them to focus electrons exactly before double-slit and then, after refocusing during passing double-slit, focus electrons again and find the point of maximal focus where we placed the screen.
Electrons would react with other particles on air so we use vacuum chamber to limit amount of particles that could possibly react with electrons. We used vacuum about 10-5 Pa but the chamber was able to reach more powerful vacuum (around 10-7 Pa).

We could not make a microscopic size of double-slit. We needed use three electrodes which work same way. We made same properties as with classical double-slit by using electro-magnetic field.
Interference pattern was detected on phosphorous screen by camera. The results displayed on computer.
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CONCLUSIONS
In this experiment we were trying to prove the theory of wave-particle duality using Young’s double-slit experiment.
The beam of electrons should make circle pattern on the screen. With presence of a slit or double-slit and with condition that electron is particle, the pattern should be higher than lower.
Pic.1 Interference pattern on the screen
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Pic.1 Interference pattern on the screen

Due to shape of pattern we thought that electron is not only classical particle but it is wave particle, because pattern got smaller and wide. The pattern expanded in horizontal plane. It signifies interference. We did not measure wavelength of electron because of decreasing intensity from the centre of pattern.
We would need better equipment - bigger vacuum chamber, thinner double-slit and better detection equipment - to measure it. Unfortunately we were limited by equipment of our laboratory which was not good enough, and by budget.
Because we were limited by bad resolution of a camera we need bigger distances between interference maxima to approve wave properties of electron due to interference pattern. That would need double-slit of microscopic size. As we can see on the figure (3) below - the thinner double-slit the bigger distances between maxima. With our equipment it was not possible.
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The result of experiment was not good as we expected. Pattern on the screen was not distinct because of bad quality of our detection equipment.

Based on current scientific knowledge and on the shape of pattern we believe that our effort to approve wave behaviour of massive particles (such as electron in our case) has succeeded.
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