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Essay 1: “Two Further Experiments on Electron Interference” 

Note: Prior to this class, I have little background in physics itself (although I do have 

background in mathematics), and anything I do know about physics is self-taught out of interest.  

As such, I will do my best to understand the technical analysis presented in these papers, 

articles, and books to provide an accurate summary of the experiment, its technology, and the 

implications and interpretations in relation to quantum mechanics.  

 

This paper is based on the paper “Two Further Experiments on Electron Interference” by 

G. Matteucci and G. Pozzi with supplementary information provided by the Stanford 

encyclopedia of Philosophy and the book The Quantum Challenge by George Greenstein and 

Arthur Zajone.  Throughout this paper, I will focus on the first experiment by Gedanken and the 

modifications regarding magnetism in the secondary experiment, as well as its implications and 

potential in quantum mechanics. 

Quantum mechanics accounts for the phenomenon known as interference patterns and 

represents the motion of particles participating in these patterns in the Schrodinger equation 

(Greenstein 13).  In experiments pertaining to electron interference, specifically in this double-

slit experiment, each slit can act as a source of waves which then directs the particles toward the 

detecting screen (Greenstein 13).  This screen will display the interference pattern in and through 

this pattern, the results of the experiment can be determined (Greenstein 13).  

 In this experiment, the primary piece of technology used was a conventional electron 

microscope which was used as an electron-optical bench (Matteucci 619).  Modifications were 



made to the microscope, including an interferometric device inserted into the cartridge and 

interference and diffraction fringes which could be seen on either a photographic plate or a TV 

monitor screen depending on the model of microscope used (Matteucci 619).  It is also noted in 

the article that if the microscope was advanced enough to use a TV monitor screen, then it is also 

possible to observe the image as “built up from the statistically distributed light flashes due to the 

individual electrons” (Matteucci 619).  It is important to shield the setup when performing the 

experiment, however, to avoid contamination by magnetic material that may magnetize or 

reverse the magnetization of the film and make it hard to observe a temporal flux variation 

(Matteucci 621).  While more sophisticated technology has been built to monitor electron 

interference since the original experiment to better measure the results, conventional 

microscopes can still be used to perform basic observations and experiments.  

 The experiment begins by weakly exciting the microscope lens so “that the image of the 

two virtual sources of the electron biprism is formed in the plane of the apertures of the 

intermediate lens” (Matteucci 619).  From here, two different results can be obtained depending 

on the energy applied by the biprism wire and whether it is off or on.   

The first is the Fraunhofer image.  A Fraunhofer image will often appear as a singular 

bright spot.  When a voltage of 0 is applied, the low angle electron diffraction pattern of the 

biprism wire will follow the Babinet principle, showing a “complementary image of a narrow 

single slit” (Matteucci 620).  When a voltage of -4.5 is applied, the low-angle electron diffraction 

image of the biprism wire will show two different principal spots, which makes it possible to 

intercept one but not the other (Matteucci 620).  

The second is the Fresnel image.  This image of the wire is obtained by switching off the 

intermediate lens of the microscope and printing the two different exposure times to evaluate the 



bright region and the shadowed region (Matteucci 620).  If one of the two bright spots is 

obstructed or stopped by the intermediate lens aperture, it will show an opaque half-plane in the 

bright region as compared to the small differences that can be seen in the shadowed region due to 

the decreasing intensity (Matteucci 620).  

When the aperture of the intermediate lens is entirely removed from the microscope, all 

electrons are able to reach the image plane (Matteucci 620).  The resulting image has brighter 

interference fringes in the center which are easily distinguished from the alternative diffraction 

fringes (Matteucci 620).  It is important to note that throughout the experiment, both condensers 

are at maximum excitation in order to have a coherence and intensity that is high enough to 

register any of the patterns of the results (Matteucci 620).  

After these experiments are completed, the Aharonov-Bohm effect can be observed by 

“studying the concept of the electron-optical refraction index in the analogy between light rays 

and particle motion” (Matteucci 621).   This idea led to the idea of the significance of the 

electromagnetic potentials in quantum theory and additionally led to the creation of several other 

experiments or offshoots of this experiment regarding flux sources, exposure times, and phase 

shifts (Matteucci 621).  

 Ultimately, this experiment has several implications or interpretations in regards to 

quantum mechanics, due to the fact that it demonstrates the limitations of any observer or 

observation tool to accurately predict the results of the experiment.  One of the most important 

things that this experiment demonstrates overall, however, is the principle of wave-particle 

duality.  

The first is the Copenhagen interpretation, which bases its interpretation around the 

probability wave and its mathematical formula (Faye).  The probability wave indicates the levels 



of probability during the occurrence of certain phenomena, showing higher probability results 

during some times of the experiment, and lower probability results during other times.  This 

interpretation suggests that the experiment can help calculate and predict the outcomes of other 

experiments which relate to the behavior of other atomic objects (Faye). 

 Secondly, this experiment can be defined or explained by the path-integral formulation 

by Feynman, a mathematic formula used to calculate probability (“Double-Slit Experiment”).  

This theory takes the experiment and uses it to prove that there is not one trajectory for the 

system, but rather the probability that is produced is the sum of all possible trajectories 

(“Double-Slit Experiment”).  Each path in the sum is equally likely to occur, and thus impacts 

the overall trajectory by the same amount, but the point at which the interaction occurs can 

ultimately determine the actions of the electrons later down the line (“Double-Slit Experiment”).  

Overall, the “differences in the cumulative action along the different paths produces the 

interference patterns” that we can see (“Double-Slit Experiment”).  

 Another interpretation of this experiment is the relational interpretation.  This is one of 

the most popular or widely known interpretations of the Double-Slit Experiment and is still 

popular among physicists today.  It presents the idea that the results from the experiment are 

directly related to the interaction of the observer or device used to measure the results of the 

experiment, and the objects in the experiment itself (Laudisa).  In this experiment, if the particle 

is observed at one slit, the information about the location of the particle is then constrained to its 

eventual location in theory (Laudisa).  If it is observed on the experimental but not at a particular 

slit by the observer, there is no specific information about the location of the particle but the 

particle is still constrained by its probability function, making the information gathered from the 

experiment the same regardless of which hole the particle passed through (Laudisa).  New 



research suggests that there may additionally be a relationship between the space in which the 

electron occupies and the distance that it travels that ultimately affects the results of this 

experiment (Laudisa).  This idea indicates that the spatial relations between the electron and its 

intended location will appear identical as if from both slits.  

 More recently, this experiment is being reexamined in the context of the many-worlds 

interpretation or theory.  This theory suggests that there are many worlds which exist in the same 

space and the same time as we currently do, only parallel to us (Vaidman).  Should this theory be 

true, it would open the possibility to remove the idea of randomness and free will from physics 

and more specifically, quantum theory (Vaidman).  Physicist David Deutsch uses the double-slit 

experiment as evidence for the many worlds interpretation in quantum physics, which he calls 

one of the important of the four strands in his book The Fabric of Reality (Deutsch).  This idea, 

however, has yet to be fully explored.   
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