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Abstract
The study of the dual nature of the electron is proposed, with alterations in initial double-slit experiment. We are 
aware of mysterious nature of the quantum particles, particularly electrons. The particle behaves as wave, but upon 
observation, the wave-function of the electron is collapsed. No longer is an interference pattern observed, which 
in a sense, limits us and binds us to what we can measure and what we cannot, with current detection methods. In 
the double slit experiment, a source of high-intensity light is used to measure the position of the electrons, which 
leads to the collapse of the wave-function. An investigation is proposed to observe the effects of the low-intensity 
electric field on the duality of electron. 

Introduction

The infamous double slit experiment [1] is the heart of quan-
tum mechanics (Feynman). The experiment produces variable 
results, depending on the measurements to be taken. If we let 
the beam of electrons pass through the two slits, interference 
pattern is detected [2, 4] which is a fundamental property of 
the waves. But a riveting phenomenon occurs when we try to 
measure the position of the electron to authenticate from which 
slit the electron went through; interference pattern collapses [5 
7]. The very act of measuring can change the state of the free 
electron. In the double slit experiment, a high-intensity light 
source is used as a detector, which interferes with the state of 
electron [10]. The duality of electron is also linked to De Brog-
lie hypothesis [8]. There is another phenomena involved, such 
as Compton Effect [9] which transpires while measuring the 
position of the electron.

A recent mechanism was proposed to explain the interaction 
of the detector’s photons with the free electron, [10] and to 
elucidate the role of observer. From all the arguments, it be-
comes distinct that we cannot use light to measure the position 
of free electrons [11]. Thus, a new approach is postulated, with 
slight modifications to the apparatus of the double slit experi-
ment. With this modification, we might be able to measure the 
position of the free electron, without interfering with the dual 
nature of the electron. We intend to use electric field, instead 
of photons, to measure the position of the free electrons. This 
will confirm whether detector (electrical field) collapses the 
wave-function of electron, like the photons do, or not.
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Hypothesis
We know that measurement causes the wave function of the 
electron to collapse, as the photons are used as detector. We 
also understand that Photons are packets of energy [12, 13]. 
This quantized packet of energy can and will interact with oth-
er quantum particles, in this case, the free electrons. Thus, the 
detection of the path of the electron factors the wave function 
to collapse. The goal is to possibly create such detectors that 
can measure the position of the free electron, without collaps-
ing the wave function [14, 15] of the electrons. So, we propose 
a prototype to investigate the effects of low-intensity electric 
fields on the wave-function of the electrons.

Theoretical and practical framework
We can produce free electrons by using Cathode ray tube 
(CRT’s) [16, 17] and electron gun [18, 19] to accelerate the 
electrons, and confine them into a beam. Whenever a charged 
particle approaches an electrical field, it experiences a drag 
force that propels it towards and away from the positive to neg-
ative plates, respectively. The force is calculated by formula:

   
Where “F” is the force experienced by the particle, 
“q” is the charge of the particle and 
“E” is electrical field intensity. 

Figure (1) shows CRT and accelerating mechanism of an elec-
tron gun
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Figure (1) shows CRT and accelerating mechanism of an elec-
tron gun

Figure 1

When potential difference is applied to CRT, the electrons are 
kicked out of atoms. These free electrons are then subjected to 
a electrical field. This electrical field is just for acceleration. 
The key to the experiment is to introduce a non-parallel elec-
trical field. The applied field must be perpendicular to the path 
of the beam, so that the path of the beam is curved.

The velocity of the electron leaving the electron gun can be 
calculated

As the kinetic energy is gained by the action of potential dif-
ference

 
 
By comparing equation (2) with equation (2.1),

 

 

 

The equation (3) represents the velocity of the electrons leav-
ing the electron gun.
Where “e” is the charge of electron [20 22], 
“V” is the applied voltage and 
“me” is the mass of the electron [23 25].

As the electrons are accelerated, we now need to introduce an 
electrical field to bend the beam of the electron, so that we 
can conform the interaction between the particle and the intro-
duced field. A uniform electric field is introduced, perpendicu-
lar to the motion of the beam of electrons. Figure (2) illustrates 
the phenomena:

Figure 2
The field strength is given as:

 
As the electric field is constant, we can use equation:

 

Figure 3
By using kinematics and new 2nd equation of motion, we can 
calculate the deviation of the path of electron, due to the in-
duced electric field:

 
As the induced electric field is perpendicular to the path of 
electron:

 

Now, we modify the apparatus and swap the screen with the 
slits and at a distance, then we utilize a screen.

Figure 4
As the study involves low-intensity electric fields, we are re-
stricted to low voltages only
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Conclusion

From the above apparatus design, we can investigate the ef-
fects of Low-intensity electric fields on the nature of the elec-
tron. If the interference pattern disappears, we will conclude 
that electric field may not be utilized to measure the position of 
the electron. But, if the interference pattern is consistent, then 
the only conclusion is that the low-intensity electric field does 
not interfere with the nature of the electron. Hence we might be 
able to theorize a special class of detectors to measure the posi-
tion without interfering the nature of particular quantum entity.

Discussions

The proposed design of the double slit experiment is a unique 
approach. If we succeed in the preservation of the wave func-
tion of the free electrons, it could open a whole new chapter for 
us to discover and the way we measure physical entities, such 
as quantum particles.
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