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Abstract

The present investigation is based on a simple quantum mechanical model of 
elementary particles used to unveil the size the electron. The formulation uses the 
Special Universal Uncertainty Principle (SUUP) also developed by the author. This 
principle is a generalization of the Heisenberg Uncertainty Principle. The result of 
this research indicates that the diameter of the electron is smaller or equal than 10 
times the Planck length, approximately.
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1. Introduction

The electron is one of the basic building blocks of matter, a particle that seems to 
have no internal parts or structure. This means that the electron is a fundamental (or 
elementary) particle. 

The story I will describe goes back to 1928, at time when Dirac wrote his famous 
paper entitled “The Quantum Theory of the Electron” [1]. This paper assumes the 
electron is a point with no volume. On the other hand we have the so called classical 
electron radius which according to CODATA 2010 is 2.817 940 326 7 x 10-15 m. 
Before all the experimental evidence and theoretical suggestions is hard to believe 
that the size of the electron could be so big. The size of the electron is more likely to 
be much smaller than that. Most recent theories, such as the string theory, strongly 
suggest that the electron is a very small particle. As mentioned by Leonard Susskind 
[2]: “we all expect that electrons, photons and other elementary particles to be at 
least as big as the Plank length, and possibly bigger”. Furthermore, since electrons 
are particles with all kind of properties such as mass, electric charge, spin, etc., it is 
hard to think of them as dimensionless objects. It is therefore reasonable to assume 
that the size of this particle to be dependant on the properties of space itself. 
Assuming space is quantized and starting from the Universal Uncertainty Principle 
(UUP) that I developed in 2012 and that I published online this year [3], I shall show 
that the electron is not a point charge but either an extremely small sphere or an 
extremely small string. However, recent experimental evidence seems to indicate that 
the electron is an almost a perfect sphere [4]. Therefore I shall assume that the 
electron is a small sphere and I shall calculate its diameter from the basic solution to 
the Schrödinger equation for a particle confined to a box of width L and infinite 
potential well.

The Size of Fundamental Particles - v2. Copyright 2012-2015 © Rodolfo A. Frino. All rights reserved.
1



2. Theory

We shall start with the universal uncertainty principle (UUP) [5] which is a 
generalization of the Heisenberg uncertainty principle. The form of the UUP is

ZpL
hh

xp ∆−




≥∆∆

ππ 44

2

(1)

Where

=∆ p Uncertainty in the momentum of a particle due to its wave nature (wave packet 
representing the particle). This uncertainty does not include the uncertainty in the zero
point momentum, ZPMZ PP = , due to the quantum fluctuations of space-time.

=∆ x Uncertainty in the position of the particle due to the wave packet representing 
the particle. This uncertainty does not include the uncertainty in the position, ZL , due 
to the granularity of space.

== ZPMZ PP Uncertainty in the momentum of the particle in the direction of the 
movement of the wave packet representing the particle (the direction could be either 
the x-axis, the y-axis or the z-axis). This momentum uncertainty is due to the quantum
fluctuations of space-time and does not include any of the uncertainties in the 
momentum: p∆ , defined above. This momentum is also know as zero point 
momentum.

=ZL  Uncertainty in the position of the particle due to the granularity of space. This 
uncertainty does not include the uncertainty in the position along any of the three 
Cartesian coordinate axes (this means that it does not include neither Δ x , nor
Δ y nor Δ z ).  It seems logical to assume that LZ  is identical to the Planck 

length, PL . However, these two lengths could be slightly different. We assume that 
the Planck length is the minimum length with physical meaning. It is worthy to 
remark that the minimum value of this length uncertainty cannot be measured 
experimentally with the present technology.

We assume that the distance the electron move due to the zero point energy is the 
Planck length. This is the minimum distance with physical meaning. Thus in equation 
(1) we substitute both x∆  and ZL  with PL

PLx =∆ (2)

PZ LL = (3)

32 c

Gh
LP π

= (4)
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This yields

PP pL
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Now we square both sides
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This is a quadratic inequation with coefficients A, B and C defined by
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The solution to this inequation is 
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Taking the positive square root and doing some mathematical work we obtain the
solution 
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The uncertainty in the momentum of the electron due to the zero point energy is

vmp e∆=∆            (17)

Where

em =  electron rest mass
v∆ = uncertainty in the speed of the electron due to the quantum fluctuations of the

         vacuum

Substituting  p∆ in  equation (17) with the second side of inequation  (17) and then
solving for v∆  yields
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On the other hand the uncertainty in the kinetic energy (due to the zero point energy
of the vacuum) of the electron is
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Substituting v∆ in inequation (19) with the second side of inequation (18) gives
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Now we shall introduce a quantum model of the electron based on the solution of the
Schrödinger equation for a particle in a rectangular box of width  L with an infinite
potential well. The infinite potential well means that the electron is confined to an
imaginary region of length L (in fact the electron will be confined to a cube of size L).
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This model is used to calculate the size of the electron and it does not mean that the
electron is not able to move through space. To illustrate this point we can imagine the
box representing the electron as a box that will accelerate when a force is applied to it.
Thus the box will respond to both electrical and gravitational forces as the electron
does.
The allowed energy levels for an electron confined to this imaginary box is

2
2

22

2
n

Lm
E

e
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


= π

           (22)

This result could be found in any good book on quantum mechanics for university
students.

Where

nE = permitted energy levels

 = reduced Planck constant )2/( πh
L = width of the box
n = quantum number (1, 2, 3, 4, 5, …)

The fundamental energy level is the minimum energy of the electron and corresponds 
to n=1. Thus substituting n in equation (22) with 1 yields
  

2

22

1 2 Lm
E

e

π=          (23)

Taking into account that

π2

h=        (24)

and after doing some work we re-write equation (23) as follows

2
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h
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e
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Now we assume that  when the  width  L of  the box is  reduced until  it  equals  the
diameter ed of the electron, the minimum energy 1E  of the electron in the box must be

identical to the energy of the electron at the zero point energy ZE , thus

 == ZEE1 ZE∆           (26)

The reason of using the infinite potential well model is that the box represents the
“physical boundary” of the electron itself, a boundary the electron cannot penetrate. 

If we substitute 1E in equation (25) with ZE∆ , we must also substitute the width of the
box with the diameter of the electron, this gives
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Where 

er = radius of the electron

Solving for er

Ze

e
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24
=           (28)

Remembering  that  ZE  is  identical  to  ZE∆ we substitute  ZE in  equation  (28)  with
inequation (21) thus we get the following inequation for the radius of the electron
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And after doing some mathematical work inequation (29) transforms into

(radius of the electron – form 1)

Pe Lr π
2

)51( +≤            (30)

(radius of the electron – form 2)

Pe Lr πϕ≤            (31)

Where

2

51 +=ϕ            (32)

= divine ratio = 1.618 033 989

mre
3510616199255.1141592654.3618033989.1 −×××≤

mre
3510215470024.8 −×≤

Pe Lr 083.5≤

And the diameter ed of the electron is given by the following  inequation
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(Diameter of the electron – form 1)

Pe Ld π)51( +≤            (33)

(Diameter of the electron – form 2)

d e≤ 2ϕ π LP            (34)

Where 
=ed  diameter of the electron

Or approximately

Pe Ld 166.10≤           (35)

Thus the diameter of the electron is smaller or equal than 10 times the Planck length, 
approximately. Inequations (33, 34) shows that the diameter of the electron does not 
depend on its rest mass. 

When I first saw this result I thought that something was wrong. But I could not find 
anything wrong and after thinking it over, I realized that the reason the electron size is
independent of the mass is because the electron is a fundamental particle. But then 
what would be the size of the other fundamental particles such as quarks (assuming 
they are fundamental)? Apparently, and despite the confinement they live in it seems 
that quarks and electrons should have the same size (unless there are other variables I 
did not take into account).

3. Conclusions

The formulation presented here assumes that the electron can be represented by an 
infinite potential well of width L. This well simulates the interface of the electron with
the external world. In other words it simulates the electron itself. When the 
fundamental energy level of this electronic model equals the electron’s zero point 
energy, then we assume that the size of the box equals the size of the electron. The 
result of this model yields an electron diameter not bigger than 10 times the Planck 
length. This result is qualitatively in agreement with the string theory. However the 
above mentioned experiment [4] suggests the electron is almost a perfect sphere. 

When this research is viewed in conjunction with the study that I developed to explain
the thermodynamics properties of black holes [3], it becomes clear that the Universal 
Uncertainty Principle is a correct description of Nature.

REFERENCES
[1]  P. A. M. Dirac, The Quantum Theory of the Electron. Proc. Royal Society. 
London 
      A., (1928). 
[2]  L. Susskind, The Black Hole War, Spanish Edition, Critica, Editorial Planeta.

The Size of Fundamental Particles - v2. Copyright 2012-2015 © Rodolfo A. Frino. All rights reserved.
7



       Chapter 18, The World as a Hologram, p. 300.,  (2013)
[3] R. A. Frino, The original name of this article was: The Quantum Theory of Black 
     Holes (Version 1), The new name of this article is: The Special Quantum
     Gravitational Theory of Black Holes (Wormholes and Cosmic Time Machines),
     viXra: 1406.0036, (2014). 
[4]  PhysOrg.com™. Electron is surprisingly round, say scientists following 10 year
       study. 2003-2012. URL: ttp://phys.org/news/2011-05-electron-surprisingly-
       scientists-year.html. Last retrieved 2012., (2011)
[5] R. A. Frino, The Universal Uncertainty Principle, viXra: 1408.0037, (2014). 

The Size of Fundamental Particles - v2. Copyright 2012-2015 © Rodolfo A. Frino. All rights reserved.
8

http://vixra.org/abs/1406.0036

