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Electrons in single-slit experiments [Mullenstedt and Jonsson, Z. Physik 155 (1959) 472] 

Experimental results (1959) 

Schematic 

Intensity pattern 
generated by passing 
through many electrons 
is exactly what is 
expected of waves 
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Electrons in two-slit and multiple slits experiments [Jonsson, Z. Physik 161 (1961) 452] 

[English translation: American Journal of Physics 42 (1974) 4] 

Link to Jonsson’s paper: http://aapt.scitation.org/doi/abs/10.1119/1.1987592 

http://aapt.scitation.org/doi/abs/10.1119/1.1987592
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• Electrons exhibit wave properties 
and 
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More on two-slit experiments with electrons 

Picture taken from 
IOPScience, Institute of 
Physics, UK 

(c) When two slits are open, 
observed P12. 

(b) When only slit 1 
is open, observed P1. 
When only slit 2 is 
open, observed P2.  

 

𝑃12 ≠ 𝑃1 +  𝑃2 
Analogous to light  
(interference in action 
and something is waving) 

Need to use waves to describe an electron and a wave theory 

When you know which slit the electron goes 
through (e.g. by closing one slit), the interference 
pattern P12 is destroyed. 
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Two-slit experiments with electrons (dim source) [one electron at a time] 

Schematic: Sending one electron into the apparatus at a time until it is detected on 
the screen 

• Electron is detected as a 
particle  

• Can’t predict where one 
electron lands 

• Interference pattern shows 
up after repeating the one-
electron-in-apparatus 
experiment for many times 

[Analogous to photons] 

Are these real? 
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Am. J. Phys. 44 (1976) 306 

(a) To (f): more electrons hit screen 

Link to paper: http://aapt.scitation.org/doi/abs/10.1119/1.10184 

• Electron is detected as a 
particle  

• Can’t predict where one 
electron lands 

• Interference pattern shows 
up after repeating the one-
electron-in-apparatus 
experiment for many times 

It is real stuff! 

http://aapt.scitation.org/doi/abs/10.1119/1.10184


10 

Am. J. Phys. 57 (1989) 117 

[Use a design of transmission electron microscope to do the job] 

Link: http://aapt.scitation.org/doi/abs/10.1119/1.16104 
 

http://aapt.scitation.org/doi/abs/10.1119/1.16104
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10 electrons 

100 electrons 

3000 electrons (started to see some pattern) 

20000 electrons 

70000 electrons 
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Electrons are no ordinary particles (they show wave nature) 

Electron is detected at a location on the screen one at a time 

Cannot predict where an electron lands 

Two open slits required for seeing interference pattern (even 
one electron in apparatus at a time) 
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Implications for Quantum Theory 
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Probabilistic role of Wave Theory 

Question:  What are the units of  and ? 
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Quantum States are unusual (in classical thinking) 
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Measurements play a special role 
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This completes the discussion on how experiments using 
electrons reveal the wave nature of particle, and how the 
experimental facts had led us to  
• The need of using a wave description for particles 
• Introduce wavefunction as the quantity that describes a 

state of a system 
• An interpretation of the wavefunction as a probability 

amplitude (wavefunction squared as probability density) 
• Unusual meaning (c.f. classical physics) embedded in 

wavefunction 
• Special role of measurement  

But something is missing?  

This is a large part of Quantum Mechanics.  Take this with you as we move on. 

What is the underlying wave theory?  What is the wave equation in quantum mechanics? 
Only when we have the wave equation, we can calculate the wavefunction and then 
make use of the interpretation!  That’s the rest of the course! 
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Extension: More on 2-slit and multiple-slit experiments 
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Later developments in experiments:  Throwing bigger “particles” in 2-slit experiments  

Nature 401 (1999) 680 

Position on detector 

Throw this at double-slit apparatus 

Still see 2-slit pattern 
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Use phthalocyanine (PcH2) 
molecules of mass 515 atomic 
mass unit (big object) 

Science Advances 3 (11 Aug 2017) e1602478 

Results are all 
consistent with 
what we found 
in past 100 
years! 
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Wave nature of electrons has led to the development of useful tools in research 

An example is TEM 
(Transmission electron 
microscope) – can’t do sample 
characterization without it! 

Wave nature of particles is real and useful 
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