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Abstract

The so-called Coulomb force, repulsive between protons,
discovered by Rutherford, is the only electromagnetic in-
teraction recognized in nuclear physics for scattering and
energy. A singularity was observed, falsely attributed to an
attractive phenomenological strong interaction. In contrast,
at high kinetic energy, it needs only to replace, above the
singularity, in the Rutherford formula, the electrostatic -2
by -6, magnetic. In log-log coordinates, one obtains two
straight lines with slopes -2, and -6, going through the ex-
perimental points, crossing at the singularity. At kinetic en-
ergies higher than 28 MeV, the -28 MeV binding energy
of the alpha particle is annihilated, freeing the magnetic
moments of the nucleons. The nuclear binding energy is
also electromagnetic. Indeed, the electrostatic attraction be-
tween a proton and a not so neutral neutron, as between am-
ber and dust, equilibrates statically the magnetic repulsion.
The precision of the calculation is of a few percent for the
simplest bound nucleus, the deuteron. In contrast with the
electromagnetic theory, the hypothetical strong force can-
not be used to calculate nuclear scattering and binding en-
ergy. With protons and not so neutral neutrons fundamental
constants, it is easy to calculate electromagnetically normal
and not so anomalous Rutherford scattering and also bind-
ing energy, at least for light nuclei.

1. Introduction

According to conventional nuclear physics, a hypothetical
strong force is assumed to hold the nucleons against the
repulsive “Coulomb force” due to the positive charges of
the protons. To publish a paper in nuclear physics jour-
nals, the belief that the “strong force” exists is mandatory.
In contrast, it will be shown in this paper that the nuclear
interaction is entirely and only electromagnetic:

1 - Rutherford scattering is well known to be electro-

static at low kinetic energy, with a �2 slope in log-log co-
ordinates. At high kinetic energies, the slope has been dis-
covered to be �6, magnetic.

2 - The binding energy of a nucleus has never been
calculated successfully, the fundamental laws of the strong
force being unknown. In contrast, electromagnetically, one
is able to calculate the binding energy of at least light nu-
clei, without fit, with a precision of a few percent for the
deuteron. Indeed, there is an electrostatic attraction be-
tween a proton and a not so neutral neutron as amber at-

tracts light bodies, ignored in nuclear physics. The mag-
netic repulsion equilibrates the electrostatic attraction.

Figure 1: Geiger-Marsden Experiment - The � particles are
emitted by radium, impacting thin gold, lead or other metal
foils. The number of deflected � particles depends upon
the scattering angle and the metal foils determining their
velocity. The experiment consists to count the number of
flashes viewed through the microscope during a given time
and for a fixed solid angle. The � particles are scattered all
around, even backwards, astonishing Rutherford [1, 2, 3, 4].

The purpose of this paper is to solve electromagneti-
cally the “anomalous” � particle scattering problem and, in
a second part, the nuclear binding energy problem. Up to
know these two problems were only described empirically,
without fundamental laws.

2. Scattering Theories

2.1. Rutherford Scattering

Rutherford discovered that an impacting electrostatically

charged � particle is deviated by the repulsive electrostatic

“Coulomb force” of an impacted nucleus. The origin of the
concept of strong force comes from the observation of the
discrepancy between Rutherford theory and experiment at
high kinetic energies.

Alpha particles, from a radioactive source, are deviated
by thin gold foils, producing a tiny, but visible flash of light
when they strike a fluorescent screen (Fig. 1). Surprisingly,
� particles were found at large angles of deflexion and, un-
expectedly, some of the particles are scattered back in the
direction of the incidence. They back penetrate so close to
the central charge, that the field due to the uniform distri-
bution of negative electricity may be neglected [1, 2], dis-
proving the J. J. Thomson plum-pudding model.

Rutherford developed the electrostatic scattering for-
mula relating the cross-section and the kinetic energy of
the � particles. He explained why some alpha particles pro-
jected on an atom were reflected by a small nucleus: “As-



suming classical trajectories for the scattered alpha parti-

cles, Coulomb’s law was found to hold for encounters be-

tween alpha particles and nuclei” [2]. The first evidence
of departures from Coulomb’s law other than those in alpha
scattering by H and He was observed by Bieler [4].

The discontinuity appearing near to the total absolute
value of the � particle binding energy, 28 MeV , is called
Rutherford singularity. For kinetic energies larger than
23MeV [3, 5], the relative cross section decreases anoma-
lously faster than predicted by the electrostatic Ruther-
ford formula (Fig. 2). Magnetic interpretations have been
tempted without success [4, 6], due to the wrong assump-
tion of an attractive, negative magnetic moment.

2.2. Strong Force Potential (Chadwick)

Geiger [1] observed that, at high kinetic energies,“the devi-
ation was larger than predicted by the electrostatic force”.
Chadwick and Bieler [3, 7] determined that forces of very
great intensity hold the nucleus together, a force distinct
from the electromagnetism [3, 8, 9]. The electrostatic po-
tential is repulsive as discovered by Rutherford. The hy-
pothetical “strong force”, was assumed to be negative, thus
attractive [3, 10]:

V (r) = +

2Ze2
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The first term of equation (1) corresponds to the “nor-
mal”electrostatic Rutherford scattering and the second term
to the “anomalous”scattering, magnetic if n = 3. The sign
of B, not specified, seems to be positive [10]. Many empiri-
cal theories have been developed. The first one is Yukawa’s
with two empirical parameters [11]. Up to now, the funda-
mental laws of the “strong force”remained unknown.

2.3. Electromagnetic Potential (Bieler)

Using formula (1) Bieler hypothesized the existence of at-

tractive magnetic moments combined with the electrostatic

repulsion, thus with n = 3 for the potential [3, 4]:

V (r) = +

2Ze2
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Nuclear scattering became entirely and only electromag-
netic. Unfortunately, with the attractive negative sign of
the magnetic potential and a combined electromagnetic for-
mula, Bieler was unable to solve the problem.

2.4. Electrostatic and Magnetic Potentials Separated

At low kinetic energies, r being large, the interaction is gov-
erned by the Rutherford electrostatic formula with a 1/r
potential. In log-log coordinates, the experimental points
are aligned on straight lines with slopes �2 and �6 (fig.
2). The intersection of these two straight lines, at 23MeV ,
coincides approximately with the binding energy of the �
particles �28 MeV , except for the sign. At kinetic ener-
gies higher than 28 MeV , the � particles are thus broken
into protons and neutrons.

Figure 2: Applying Coulomb [12] and Poisson [13] poten-
tials - The relative differential cross section d�

d� is a tar-
geted area per solid angle per unit time. In other words,
it is the differential ratio between the geometrical area di-
vided by the corresponding solid angle, multiplied by the
ratio between potential and kinetic energies. The � par-
ticles are projected on Ta foils at a fixed scattering angle
� = 60

0 with initial kinetic energies varying between 13

and 42 MeV [6]. The � particles are repulsed and de-
viated by the Ta nucleus electrostatic force in the direc-
tion of the particle exit trajectory (Fig. 1). The Ruther-
ford singularity appears for a kinetic energy near 23 MeV .
At higher kinetic energies, the curve deviates, wrongly as-
sumed to be due to an attractive strong force [3]. Bieler
assumed, also wrongly, an attractive magnetic force [4].
In contrast, with a repulsive magnetic force one obtains a
straight line with a �6 slope going through the experimen-
tal points. The Rutherford formula works fine, even for the
so called anomalous scattering, provided that the electric

�2 shall be replaced by the magnetic �6 at kinetic energy
able to annihilate the � particle around its total binding en-
ergy �28MeV .
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The separation distance r between impacting � parti-
cles and impacted heavy nuclei decreases with increasing
kinetic energy. The electrostatic interaction between the
protons of the impacting � particles and of the impacted Z
nuclei is given by the Coulomb potential formula:

V (re) = +

2Ze2

4��0r
(3)

At high kinetic energy, e.g. near or above 28MeV , the total
nuclear binding energy of the � particles, �28 MeV , is
annihilated, freeing the magnetic moments of the nucleons.
The Poisson potential in 1/r3 [13] replaces the Coulomb
potential in 1/r [12], due to the small separation distance
r between nucleons. Thus, the magnetic moments of the
nucleons interact with those of the impacted nuclei. The �3

magnetic potential replaces the �1 electrostatic potential:

V (rm) = +

2Z|µ0µnµp|
4�r3

(4)

2.5. Differential cross-section

The differential cross-section d�
d� is defined as the ratio of

the number of particles scattered into a constant direction
�, per unit time and per unit solid angle d�. Squaring the
initial kinetic energy of the � particle, 1

2m�v
2
0 , gives the so-

called differential cross-section d�
d� , only relatively known.

The complete Rutherford formula [2],

d�

d�
=

 
1

4 sin

2 �
2

� zZe2

4��0
� 1

1
2m�v20

!2

(5)

may be simplified for constant m�, �, z and Z:
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The exponent �2, due to the electrostatic interaction cross-
section, becomes, logarithmically, the coefficient �2:
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where Ce, only relatively known, is adjusted to the singu-
larity. The log-log graph shows two straight lines on Fig.
2, Coulomb electrostatic, slope �2, and Poisson magnetic,
with slope �6 [13, 14].
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The variables are the differential cross section d�
d� and the

initial � particle velocity v0. Ce and Cm are adjusted to
make coincide the intersection between the electrostatic

and magnetic straight lines (in log-log coordinates) with
the Rutherford singularity. At the singularity, experimen-
tally, the initial kinetic energy, | � 23| MeV , coincides
nearly with the absolute value of the � particle total bind-
ing energy, | � 28| MeV (Fig. 2). We have now one for-
mula for electrostatic scattering (eq. 7) and another one

for magnetic scattering (eq. 8). The difference between
“normal”and “anomalous”scattering is the potential expo-
nent, �3, magnetic, instead of �1, electrostatic. The slopes
are �6, magnetic, and �2, electrostatic, due to the cross
sections in a log-log graph. The constant is defined at the
Rutherford singularity, 23 MeV on Fig. 2, experimentally
smaller than the 4He binding energy, 28MeV , taken posi-
tive, probably not significant.

The kinetic energy at the Rutherford singularity is
somewhat less than the experimental value of the total bind-
ing energy of the � particle, in absolute value, |�28|MeV
(Fig. 2).

2.6. Conclusion on Nuclear scattering

Rutherford discovered the electrostatic part of the nuclear
interaction. The repulsion between protons was improp-
erly called “Coulomb force”.

Indeed, the Coulomb force may be attractive or repul-

sive. Chadwick [3] choose an attractive strong force inter-
acting indistinctly between nucleons (NN). Instead of being
repulsive (equation 3), as for Rutherford’s electric scatter-
ing, Bieler assumed the interaction to be electromagnetic

with a magnetic part (equation 2) , falsely attractive[4]:

V (r) = �2Z|µ0µnµp|
4�r3

(9)

Bieler was thus unable to solve the problem of the high en-
ergy scattering. As far as I know, nobody tried a magnetic

repulsive force.
At short r, at high kinetic energy, the repulsive mag-

netic potential in r�3 replaces the Rutherford also re-

pulsive electrostatic potential in r�1. As the Rutherford
model overturned Thomson’s model, the magnetic interac-
tion overturns Chadwick’s attractive strong force hypothe-
sis [3, 7]. Bieler had almost solved the problem magneti-

cally: unfortunately, the sign was wrong, falsely assumed
to be negative, attractive. In log-log coordinates, it suffices
to replace the �2 of the Rutherford electrostatic formula
by the �6, magnetic, to obtain two straight lines coinciding
respectively with the electrostatic and magnetic scattering
curves (figure 2) crossing at the singularity. Except for the
position of the singularity, slightly adjusted near to the to-
tal � particle binding energy, there is no adjustment, only
fundamental laws and constants.

No need of relativity and/or quantum mechanics, both
unable to explain the not so anomalous scattering. Electric

and magnetic interactions explain nuclear scattering, both
original Rutherford, electric and so anomalous anomalous
scattering, magnetic. We may say that there is an extended
Rutherford scattering theory, electric at low kinetic energy
and not so anomalous magnetic scattering at high kinetic
energy, both repulsive.
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3. Nuclear Binding Energy

The neutron, discovered in 1931 by Chadwick, seeming to
be uncharged, the electromagnetic hypothesis for the nu-
clear interaction was unfortunately abandoned. The mag-

netic moments of the proton and of the deuteron were dis-
covered in 1932 by Stern and the magnetic moment of the
neutron in 1938 by Bloch. Except for the proton-proton re-
pulsion, in spite of the discovery of the neutron magnetic

moment and its electrostatic charges with no net charge,
electrostatic and magnetic interactions between nucleons
are generally ignored in nuclear physics.

Thales discovered, two millenaries ago that amber
(��������) attracts light objects. Similarly, a proton at-

tracts a not so neutral neutron. In other words, an electric
dipole is induced into a not so neutral neutron by a nearby
proton. The principle can be found in the book by Feynman
[15].

Greeks also discovered the magnetic properties of mag-

netite from mount Magnetos that may be attractive or re-

pulsive. Coulomb [12] and Poisson [13] discovered the for-
mulas of the electrostatic and magnetic fundamental laws,
ignored in nuclear physics except the so-called “Coulomb
force”, between protons, only repulsive.

In the deuteron, the Coulomb electrostatic attraction

between a proton and a not so neutral neutron can be
equilibrated statically by the repulsive Poisson magnetic

moments of the proton and of the neutron. First re-
sults have been obtained for hydrogen and helium isotopes
[16, 17, 18].

3.1. Calculation of Electromagnetic Potential Energies

In contrast with scattering, the electrostatic Coulomb [12]
and magnetic Poisson [13] potential energies between nu-
cleons may be united into a single formula [19, 20, 21]:

Uem =

X
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i 6=j
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4�r3ij

"
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3 (�µi • �rij) (�µj • �rij)
r2ij

#
(10)

The first term is the sum of Coulomb’s electrostatic inter-
action energy potential between electrostatic charges qi and
qj separated by rij (no need of hypothetical quarks). The
second term is Poisson’s magnetic interaction energy po-
tential between nucleons with magnetic moments �µi and
�µj , separated by �rij .

3.1.1. Total Deuteron Electrostatic Energy Potential

(Coulomb)

The electrostatic potential energy Ue of this system of three
point charges is, from formula (10):

Ue =
1

4��0

✓
q1q2
r12

+

q2q3
r23

+

q3q1
r31

◆
(11)

where q1, q2, and q3 are the three electrostatic charges. r12,
r23, and r31 are their separation distances along their com-

Figure 3: Schematic deuteron structure. - The elementary
charges are assumed to be punctual. The proton contains an
elementary charge +e in the proton. The neutron contains
electrostatic charges with no net charge, assumed to be +e
and �e. The electrostatic field of the proton produces a
separation distance of 2a between the electrostatic charges
of the neutron, distant by rnp from the proton. The proton
attracts electrically the neutron as a rubbed plastic pen at-
tracts small pieces of paper. The magnetic moments of the
proton and the neutron are collinear and opposite, North
against North (or South against South). Their magnetic in-
teraction equilibrates the electrostatic attraction.

Figure 4: Calculated deuteron (2H or heavy hydrogen, with
one proton-neutron bond) and helium (4He or � particles).
- The electrostatic interaction between a proton and a not so
neutral neutron is not negligible. Calculated helium (4He
or � particles) On helium, one has 6 bonds, 4 neutron-
proton bonds, one neutron-neutron bond and one proton-
proton bond. The proton-proton and neutron-neutron bonds
may be neglected in a first approximation.
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mon axis. The electrostatic energy potential between the 3
electrostatic charges of the deuteron (equation 11) becomes
(rnp and a are defined on figure 3):

Ue =
e2

4��0

✓
1

rnp + a
� 1

rnp � a
� 1

2a

◆
(12)

The usual dipole formula, 2a
r2np

for a << rnp doesn’t work
because a and rnp are of similar size. This can be solved by
changing 1

2a by 1
rnp+a � 1

rnp�a . Although hypothesized,
this gives the most precise result for the electrostatic dipole
formula [15, 16], used instead of the usual approximate for-
mula, 2a

r2np
. With this change one obtains a formula giving a

zero dipole for both rnp = 0 and rnp = �:

Ue =
e2

4��0

✓
2

rnp + a
� 2

rnp � a

◆
< 0 (13)

Although it is not rigorous, this attractive approximation
gives a good result for 2H and 4He (Fig. 4).

3.1.2. Total Deuteron Magnetic Energy Potential (Poisson)

According to formula (10), the magnetic potential energy
of the deuteron is:

Um =

µ0

4�r3np


�µn • �µp �

3 (�µn • �rnp) (�µp • �rnp)
r2np

�
(14)

The magnetic potential is positive, repulsive, assuming that
the magnetic moments of the proton and of the neutron in
the deuteron are collinear and opposite (�µn • �µp < 0) as
shown on figure 3. The coefficient in the brackets is thus
equal to 2|µnµp|. The magnetic potential is thus:

Um =

µ0

4�

2|µnµp|
r3np

> 0 (15)

3.1.3. Total Deuteron Electrostatic and Magnetic Energy

Potentials Added

Adding the total attractive electrostatic (equation 13) and
repulsive magnetic (equation 15) components of the elec-

tromagnetic potential formula (10) becomes:

Uem =

e2
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(16)
or, numerically:

Uem = 1.442

✓
2
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� 2

rnp � a

◆
+

0.170

r3np
MeV (17)

There is one variable rnp and one parameter a in formula
(17). In order to find the binding energy it is necessary
to adjust the parameter a of the curve to obtain a poten-
tial minimum for both rnp and a. This is not to be con-
fused with fitting to adjust the binding energy. Due to the
Coulomb singularity, the potential has only one local min-
imum, a horizontal inflection point due to the point-like

assumption of the electric charges. A real minimum [22]
would be better, of course, but, needing an empirical pa-
rameter, would break the fundamental nature of the theory.
The curve of the electromagnetic potential is shown on fig-
ure 4, continuous dark line, calculated with formula (17).
The horizontal inflection part of the curve corresponds to
the deuteron binding energy. The result, obtained by ap-
plying electrostatic Coulomb’s law and magnetic Poisson’s
law with the corresponding fundamental constants, is in
accord with the experimental value of the deuteron bind-
ing energy �2.225 MeV for �2.13 MeV calculated (4%
weaker).

3.2. Conclusion on Nuclear Energy

The binding energy of the deuteron has been calculated
by applying the electrostatic and magnetic laws, knowing
that the deuteron contains the electrostatic charge +e of
the proton, plus the neutron electrostatic charges with no
net charge, assumed to be +e and �e (no need of hypo-
thetical quarks). The magnetic moments of the proton and
of the neutron being opposite in the deuteron (figure 3),
the electrostatic attraction (equation 13) between a pro-
ton and a neutron is equilibrated statically by their mag-

netic repulsion (equation 15). On the graph (figure 4), the
continuous dark curve shows the calculated nuclear poten-
tial of the deuteron where the horizontal inflection point
matches with the binding energy of 2H and 4He with less
than 5 % error. Although less precise, similar results have
been obtained for H and He isotopes and N = Z nuclei
[16, 17, 18, 23, 24, 26, 27]. Agreement between theory
and experiment proves the electromagnetic nature of the nu-
clear binding energy, contradicting the conventional theory,
based on a hypothetical strong force whose fundamental
laws and constants remain unknown even after one century
of nuclear physics.

4. Conclusion on Nuclear Interaction

Chadwick et Bieler have recognised in 1921: “The present
experiments do not seem to throw any light on the nature
of the law of variation of the forces at the seat of an elec-
trostatic charge, but merely show that the forces are of very
great intensity”[7]. Indeed, the radius of a nucleus being
one million times smaller than for an atom, according to
Coulomb’s potential energy, the nuclear binding energy is,
inversely, one million times stronger.

Bieler, assuming that the magnetic force is attractive,
missed the discovery [4]. To solve the not so anoma-
lous scattering problem, it needs only to reuse Rutherford
formula where the repulsive electrostatic �2 exponent is
replaced, at high kinetic energies, by the also repulsive

magnetic �6 exponent as shown on figure 2.
For the binding energy, the problem is different. Inside

the nucleus, at zero kinetic energy, the attractive electro-

static force between a not so neutral neutron and a proton
equilibrates statically the repulsive magnetic force, allow-
ing the calculation of the binding energy of nuclei, never
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obtained before with fundamental laws and constants only.
Strong Force, Strong Interaction and QCD are obsolete

as Plum pudding model, Aether, Hollow Earth, Phlogiston
theory, Flat Earth, Geocentric model. . .
In a few words, the main nuclear physics interactions are:

- Nuclear scattering: dynamic repulsion between nu-
cleons, electrostatic at low kinetic energy and magnetic at
high kinetic energy.

- Nuclear binding energy: electrostatic attraction be-
tween protons and neutrons equilibrated statically by their
magnetic repulsion.
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