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Abstract. With the Strong Law of Large Numbers, induced polarisation is
used to show that electromagnetic forces obey Newton’s Law of Gravitation;
and experimentally verified to suggest that it may be the only cause.
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1 Introduction

The problem of understanding the gravitational field in terms of nuclear forces has a
long history. Although Newton’s Law of Gravitation has been formulated in terms
of Einstein’s General Theory of Relativity, as for example explained by Landau and
Lifshitz [1], but this problem remained unanswered. The aim of this article is to
establish a relationship between Newton’s Law of Gravitation and the electromagnetic
forces of nuclear particles.

2 The Problem

Newton’s Law of Gravitation was obtained from Kepler’s Laws using macroscopic
phenomena.

Since the forces due to the mesonic charges of Yukawa are very weak when com-
pared to electromagnetic forces for large distances, they seem unlikely to contribute
to the gravitational attraction between bodies of matter.

The problem is therefore to decide, in the next sections, whether electromagnetic
forces can contribute to the gravitational field. Priestley suggested this.

It will be assumed that Einstein’s Special Relativity applies to atomic particles of
matter, but not his General Relativity. This is because atomic particles of matter such
as protons and electrons have not been observed to be subject to gravity (in the sense
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that it is only an interaction between masses and not their charges) when isolated.
Unlike the usual multipole expansion, atoms and molecules are not approximated as
points in space. This means that the net electromagnetic force due to electrically
neutral atoms or molecules is not zero, or confined to the dipole contribution (the
Coulombian term does not vanish). Nor is a deterministic atomic model used, to be
realistic.

As a first reading, it is possible to assume Assumptions 1 and 2, Theorems 3.1,
3.2, 3.3 of Section 3 and move on to Section 4.

3 Properties of Electromagnetic Fields

Suppose that, for each atom or molecule, the positive electric charges are equal in
magnitude to the negative electric charges so that the atom or molecule is electrically
neutral. Let the atomic charges obey the Maxwell equations, as for example described
by Tsakok [2]. Then the following can be established:

Theorem 3.1. At a point in space outside an atom or molecule, there are non-zero
probabilities P1(t), P2(t) and P3(t) that the charges of the atom or molecule will
respectively not exert any force, attract, or repel at a time t.

Necessarily, P1(t) + P2(t) + P3(t) = 1 at each time.

Proof: Let c(+)
i1 , . . . , c

(+)
in be the positions in space of the positive charges of the

atom or molecule i, and c
(−)
i1 , . . . , c

(−)
in be the positions in space of its negative

charges. Similarly, let v(+)
i1 , . . . , v

(+)
in be the velocities of the positive charges at posi-

tions c(+)
i1 , . . . , c

(+)
in respectively, and v(−)

i1 , . . . , v
(−)
in be the velocities of the negative

charges at positions c(−)
i1 , . . . , c

(−)
in respectively.

Suppose first that electrostatic forces only operate between the charges. The elec-
tric field at a point P in space outside the atom or molecule i is, when P is sufficiently
far so that the lines c(+)

i1 P, . . . , c
(+)
in P , c(−)

i1 P, . . . , c
(−)
in P can be considered approxi-

mately parallel to each other:

Ei =
n∑
k1

q|c(+)
ik P |−2 − q|c(−)

ik P |−2,

to a given accuracy, where for each k, q is the absolute value of the basic unit of charge
at cik(±).

Since the distances |c(+)
ik P | and |c(−)

ik P | are not equal in general,Ei is non-zero in
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general. Ei > 0 or Ei < 0 respectively

if
n∑

k=1

q|c(+)
ik P |−2 >

n∑
k=1

q|c(−)
ik P |−2; or

if
n∑

k=1

q|c(+)
ik P |−2 <

n∑
k=1

q|c(−)
ik P |−2; and

Ei = 0 otherwise

to a given accuracy.
The variations ofEi described above occur as the lengths of c(+)

ik P and c(−)
ik P vary

relative to each other. If the atomic charges of i are in the bound state, the negative
charges oscillate about the positive charges, so that the events

|c(+)
ik P | > |c(−)

ik P |, |c(+)
ik P | = |c(−)

ik P |, and |c(+)
ik P | < |c(−)

ik P |
occur. These in turn result in the above variations of Ei.

Alternatively, if the atomic charges of i are in the free states, the positions spheri-
cally symmetrical about the positive charges at the nuclei are occupied by the negative
charges, as these move freely in space. Hence again the above events occur, causing
Ei to vary.

From the principle that like charges repel, while unlike charges attract, the sign
variations of Ei may result in either attraction or repulsion.

Let Ej be the electric field due to an atom or molecule j. As with Ei, Ej = 0,
Ej > 0, and Ej < 0 respectively with probabilities pja, pjb and pjc. Similarly, let
Ei = 0, Ei > 0 and Ei < 0 respectively with probabilities pia, pib, and pic. Then

P1 = pjapia + pia(pjb + pjc + pja(pib + pic),
P2 = picpjb + pibpjc,

P3 = picpjc + pibpjb.

By inspection, P1 + P2 + P3.
It may be worth noting that in the above derivation of P1, there is no electric force

between i and j when Ei = 0 or Ej = 0 because then the positive charges are at
the same distance away from the point under consideration as the negative charges of
the same atom or molecule. Hence the electric forces from the positive charges are
cancelled out by those from the negative charges of the same atom or molecule.

Similar results are obtained if the magnetic induction due to the charges is consid-
ered, when it exists. For k = 1 to n, let B(+)

ik and B(−)
ik be respectively the magnetic

inductions due to the atomic charges at c(+)
ik and c(−)

ik of i. Then from Biot-Savart-
Ampere’s Law:

1. B(+)
ik and B(−)

ik are respectively directly proportional to +q and −q at c(+)
ik and

c
(−)
ik ;
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2. B(+)
ik and B(−)

ik are respectively directly proportional to v(+)
ik and v(−)

ik ; and

3. B(+)
ik and B

(−)
ik are respectively inversely proportional to the squares of the

distances (c(+)
ik P ) and (c(−)

ik P ), where P is a point in space.

The case where B
(+)
ik and B

(−)
ik act along c

(+)
ik P and c

(−)
ik P respectively is

considered. It is again being assumed that P is far enough from i for the lines
c
(+)
i1 P, . . . , c

(+)
in P, c

(−)
i1 P, . . . , c

(−)
in P to be considered parallel to each other, through-

out.
The resultant magnetic induction due to the charges of i is therefore Bi =∑

k B
(+)
ik + B

(−)
ik , to a given accuracy, where Bik(±) = 0 if there is no magnetic

field from the charge at cik(±).
Accepting that atomic charges generate magnetic fields in the transitory or free

atomic states, suppose that B(+)
ik > 0 while the positive charge at c(+)

ik is moving with

velocity v(+)
ik in one direction. Then B(+)

ik < 0 if the charge at c(+)
ik is moving with

velocity −v(+)
ik in the opposite direction. Now, if a transition from one atomic state

to another is possible, then this transition process is known to be reversible. This is
interpreted here to mean that at c(+)

ik , both v(+)
ik and −v(+)

ik can occur during transitions
between bound or free states.

Alternatively, if the charge at c(+)
ik is in a free state, then this is interpreted to mean

that the v(+)
ik and −v(+)

ik can both occur. Hence both B(+)
ik > 0 and B(+)

ik < 0 are
possible.

Similarly,B(−)
ik can be positive or negative when the charge at c(−)

ik is either in the
transitory or free atomic states.

Since |Bik(±)| varies with the three above properties,

Bi > 0 if |
∑

k

B
(+)
ik | > |

∑
k

B
(−)
ik | and

∑
k

B
(+)
ik > 0, or

if |
∑

k

B
(−)
ik | > |

∑
k

B
(+)
ik | and

∑
k

B
(−)
ik > 0;

Bi < 0 if |
∑

k

B
(+)
ik | < |

∑
k

B
(−)
ik | and

∑
k

B
(−)
ik < 0, or

if |
∑

k

B
(−)
ik | < |

∑
k

B
(+)
ik | and

∑
k

B
(+)
ik < 0;

and Bi = 0 otherwise;

to a given accuracy.
In the nuclear structure used in considering Ei, and with the properties assigned

to vik(±) above, it is further assumed that transitions can occur between two atomic
states at any cik(±). Then by inspection, the events Bi > 0, Bi = 0, and Bi < 0 can
occur for the atom or molecule i.

Let j be another atom or molecule, and let Bj be the magnetic induction due to
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the electromagnetic charges of j. Then from the argument above, it is seen that the
cases Bj > 0, Bj = 0, and Bj < 0 can occur.

As with electric fields, magnetic fields are known to obey the rule that like charges
repel, while unlike charges attract. Hence using an argument similar to that employed
in the case of electric fields, it is seen that there are non-zero probabilities p1m, p2m,
and p3m that there will be respectively no force between i and j caused by their mag-
netic fields, attraction, and repulsion between i and j due to their magnetic fields.
Moreover, p1m + p2m + p3m = 1.

Magnetic fields, when they do exist, are known to operate simultaneously with
electric fields. Let p1e, p2e and p3e be respectively the probabilities that there is no
force between i and j due to their electric fields, attraction, and repulsion between i
and j caused by their electric fields.

When electric and magnetic fields act in opposite directions on the particles i and
j (with one causing attraction and the other causing repulsion of the particles), the
stronger field will dominate. Let F (Bi, Bj) be the force between i and j due to Bi

andBj ; and F (Ei, Ej) be the force between i and j due to Ei and Ej . F (Bi, Bj) and
F (Ei, Ej) are both along i and j, causing either attraction or repulsion. Define

p1me = Prob.(|F (Bi, Bj)| = |F (Ei, Ej)|
when F (Bi, Bj) = −F (Ei, Ej) 	= 0);

p2me = Prob.(|F (Bi, Bj)| > |F (Ei, Ej)|
when F (Bi, Bj) and F (Ei, Ej) are both non-zero and act in opposite directions); and

p3me = Prob.(|F (Bi, Bj)| < |F (Ei, Ej)|
when F (Bi, Bj) and F (Ei, Ej) are both non-zero and act in opposite directions).

Then p1me+p2me+p3me = 1, given thatF (Ei, Ej) andF (Bi, Bj) act in opposite
directions.

In the above notations,

P1 = p1ep1m + p2mp3ep1me,

P2 = p2ep2m + p2ep3mp3me + p1mp2e + p2mp3ep2me + p1ep2m,

P3 = p3mp3e + p3mp2ep2me + p1mp3e + p3ep2mp3me + p1ep3m.

By inspection, P1 + P2 + P3 = 1. This completes the proof.

Note: In the statement of the theorem, the atom or molecule is assumed to possess
bound, transitory or free atomic states in the sense specified in the proof. This does
not contradict the conventional definitions of bound and free atomic states.

It may be possible to determine these probabilities with the test of fit by Tsakok
[3], and reprinted by Tsakok [2].

As explained by Tsakok [2], an atomic charge is in a transitory state when it is
undergoing a transition from a bound or free atomic state to another bound or free
atomic state. This includes the transition processes described in the above proof.

Let Fij(t) be the electromagnetic force between 2 electrically neutral atoms or
molecules i and j, at the time t. The following assumption is now made:
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Assumption 1. For each x > 0, Prob.(Fij(t) = x = Prob.(Fij(t) = −x) when
there is no induced polarisation between i and j. Values of x are countable.

Particles that do not satisfy Assumption 1 are more likely to be charged at some
points on their surfaces, with each point being charged in one preferred direction at
some time.

Let

p2(t) = Prob.(Fij(t) = −x) and p3(t) = Prob.(Fij(t) = x),

where x > 0. Then p2(t) = p3(t) under Assumption 1.
If x1, x2, . . . are possible values of x in (0,∞), then

P2(t) = Prob.(Fij(t) < 0) =
∞∑

k=1

Prob.(Fij(t) = −xk)

=
∞∑

k=1

Prob.(Fij(t) = xk) = Prob.(Fij(t) > 0) = P3(t).

So by Assumption 1, P2(t) = P3(t).
The effect of induced polarisation is now considered. Let Fij be decomposed into:

Fij(t) = Fija(t) + Fijr(t), where Fija(t) < 0 and Fijr(t) > 0. These can in turn be
written as:

Fija(t) = fija(t) + eija(t) and Fijr(t) = fijr(t) + eijr(t),

where fija(t) < 0 and fijr(t) > 0 at the time t. Both fija(t) and fijr(t) obey
Assumption 1, and exclude the effects of induced polarisation, even if it is present.
Any error thus incurred is corrected by eija and eijr for fija and fijr respectively. In
this way, the true value of Fij is obtained, when there is induced polarisation between
i and j.

Assumption 2. The event Fij(t) < 0 or Fij(t) > 0 occurs during a finite time
interval t1 ≤ t < t2. eija(t1) = eijr(t1) = 0.

This assumption is justified when i and j are atoms or molecules because, having
assumed a distribution of positions and velocities of charges where either Fij(t1) < 0
or Fij(t1) > 0, the charges transform into another distribution of positions and veloci-
ties only after an interval of time. An instantaneous change of positions and velocities,
with which Fij varies continuously, contradicts Einstein’s Special Relativity Theory.

It is noteworthy that if Fij(t1) < 0, then according to Assumption 2, Fij(t) < 0
whenever t1 ≤ t < t2, for some t2.

Similarly, if Fij(t1) > 0, then Fij(t) > 0 for the time period t1 ≤ t < t2, for
some t2.

The requirement that eija(t1) = eijr(t1) = 0 is then justified when eija and eijr

are too weak to initiate the occurrence of the event Fij(t1) < 0 or Fij(t1) > 0.
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Theorem 3.2. Let i and j be two electrically neutral atoms or molecules, which obey
Assumptions 1 and 2. Suppose that in addition, the induced polarisation between i and
j is considered.

For each possible Fij(t) = Fij2(t) < 0, there is one Fij(t) = Fij3(t) > 0 with
the following properties:

(i) The events (Fij(t) = Fij2(t)) and (Fij(t) = Fij3(t)) are mutually exclusive;

(ii) |Fij2(t)| ≥ |Fij3(t)|, with the inequality being strict for some t satisfying t1 <
t < t2;

(iii) Prob.(Fij(t) = Fij2(t)) = Prob.(Fij(t) = Fij3(t)) when t1 ≤ t < t2 and if
P2(t) = Prob.(Fij(t) < 0), P3(t) = Prob.(Fij(t) > 0), then P2(t) = P3(t).

Proof: (i) This is a direct consequence of the fact that the force between i and j
cannot be attractive and repulsive simultaneously.

(ii) If fija(t1) + fijr(t1) 	= 0, one of the two possibilities holds:

1. fija(t1) + fijr(t1) = −x, x > 0 with probability p2(t1); or

2. fija(t1) + fijr(t1) = x, x > 0 with probability p3(t1).

In Case 1, the attraction between i and j decreases the distance between the spatial
centers of i and j. This means that eija(t) + eijr(t) acts so that Fij(t) < −x when
t1 < t < t2; since the the magnitude of |Fij(t)| increases as the distance ij decreases.

Similarly, in Case 2, x > Fij(t) > 0 when t1 < t < t2. This is because the
repulsion between i and j increases the distance ij, thereby decreasing the magnitude
|Fij(t)|.

Corresponding to each x > 0 for which fija(t) + fijr(t) = −x, let f ′
ija(t) < 0

and f ′
ijr(t) > 0, being the analogues of fija(t) and fijr(t) respectively for which

f ′
ija(t) + f ′

ijr(t) = x.
Given x, let Fij(t) = Fij2(t) when Fij(t) < 0, and Fij(t) = Fij3(t) when

Fij(t) > 0. Thus

Fij2(t) = fija(t) + fijr(t) + eija(t) + eijr(t) = −x+ eija(t) + eijr(t) < 0

where x > 0, and

Fij3(t) = f ′
ija(t) + f ′

ijr(t) + e′ija(t) + e′ijr(t) = x+ e′ija(t) + e′ijr(t)

with x > 0, e′ija(t) and e′ijr(t) being respectively the corrections to f ′
ija(t) and

f ′
ijr(t) due to induced polarisation between i and j. The electromagnetic forces

f ′
ija(t) and f ′

ijr(t), which act simultaneously for each t, ignore any induced polari-
sation between i and j.

In these notations, |Fij2(t)| > |Fij3(t)| for some t > t1, corresponding to each
x > 0.

13



A.D. Tsakok

(iii) Prob.(Fij(t) < 0, t2 > t > t1) =

= Prob.(fija(t) + fijr(t) + eija(t) + eijr(t) < 0, t2 > t > t1)
= Prob.(fija(t1) + fijr(t1) < 0), by Assumption 2

= Prob.(fija(t1) + fijr(t1) > 0), by Assumption 1

= Prob.(fija(t) + fijr(t) + eija(t) + eijr(t) > 0, t2 > t > t1), by Assumption 2

= Prob.(Fij(t) > 0, t2 > t > t1).

This completes the proof.
The above theorem is now applied to the case of two bodies of matter I and J

containing i and j respectively.

Theorem 3.3. Let I and J be two bodies of matter, containing NIy atoms or
molecules of type y, and NJz atoms or molecules of type z respectively, which sat-
isfy Assumptions 1 and 2.

Let Fijyz(t) be the electromagnetic force between particle i of type y in I and
particle j of type z in J at the time t, which includes the effect of induced polarisation
between i and j.

If nIayz and nIryz are respectively the numbers of particles of type y in I which
are attracted to, and repelled from, one z particle in J , then nIayz ≈ nIryz with
probability one when NIy is sufficiently large, and |nIayz − nIryz| tends to zero a.s.
as NIy tends to infinity.

Similarly, if nJayz and nJryz are respectively the numbers of z particles of J that
are attracted to and repelled from one y particle of I , then |nJayz − nJryz| tends to
zero a.s. as NJz tends to infinity.

Under these conditions where NIy and NJz are sufficiently large, there is, for
each Fijyz(t) = Fij2yz(t) < 0, one y particle k of I and one z particle l of J , both
chosen without replacement, such that Fkjyz(t) = Fkj3yz(t) > 0 with |Fij2yz(t)| ≥
|Fkj3yz(t)| a.s., and Filyz(t) = Fil3yz(t) > 0 with |Fij2yz(t)| ≥ |Fil3yz(t)| a.s., with
the inequalities being strict for some t.

Proof: Let NI and NJ be respectively the number of particles of of matter of I and
J which obey Assumptions 1 and 2.

NI and NJ are assumed to be large. This means that for each x = |fija(t1) +
fijr(t1)|, there are large numbers of particles of I and J which can cause an occur-
rence of x.

The case where I and J each contains atoms or molecules of a particular type is
now considered. Thus if i and k are two atoms or molecules of I , then i and k have
the same nuclear structure.

Similarly, if j and l are two atoms or molecules of J , then j and l have the same
nuclear structure.

For each x, p2 and p3 are both functions of the nuclear structures of i and j only,
and therefore are the same for each (i, j). So P2 and P3 do not vary with (i, j), being
functions of p2 and p3 respectively.
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Let nIa and nIr be respectively atoms or molecules of I that are attracted to and
repelled from one j. Then by the Strong Law of Large Numbers, nIa ≈ NIP2(t) and
nIr ≈ NIP3(t) with probability 1.

Similarly, if nJa and nJr are respectively the numbers of atoms or molecules of J
that are attracted to and repelled from one i, then the Strong Law of Large Numbers
requires that nJa ≈ NJP2(t) and nJr ≈ NJP3(t) with probability one.

By Theorem 3.2, P2(t) = P3(t). Hence nIa ≈ nIr and nJa ≈ nJr with
probability one, where the approximation may be made to approach an equality to
any desired degree by increasing NI and NJ . This means that, as another conse-
quence of Theorem 3.2, it is possible to choose, for each Fij(t) = Fij2(t) < 0, one
Fil(t) = Fil3(t) > 0 such that |Fij2(t)| ≥ |Fil3(t)| a.s., with the inequality being
strict for some t, and where l of J is chosen without replacement.

Similarly, it is possible to choose without replacement, one k of I such that
Fkj(t) = Fkj3(t) > 0 and |Fij2(t)| > |Fkj3(t)| a.s. for some t.

This result extends readily to the case where I and J both contain atoms or
molecules of different nuclear structures. Let NIy and NJz be respectively the num-
bers of atoms or molecules of type y in I and of type z in J . For each y of I , let
nIayz and nIryz be respectively the numbers of y particles of I that are attracted to
and repelled from one j of J of type z.

Similarly, for each z of J , let nJayz and nJryz be respectively the numbers of z
particles of J that are attracted to and repelled from one i of I of type y.

In these notations, the above argument shows that nIayz ≈ nIryz and nJayz ≈
nJryz with probability one when NIy and NJz are sufficiently large. This fol-
lows from the Strong Law of Large Numbers, which also shows that the differences
|nIayz − nIryz| and |nJayz − nJryz| can decrease arbitrarily by increasing NIy and
NJz .

Similar considerations apply to the forces between the y particles of I and the z
particles of J .

Let Fij(t) = Fijyz(t) when the atom or molecule i is a particle of type y in I , and
j is a z particle in J .

At the time t, Fijyz(t) = Fij2yz(t) if Fijyz(t) < 0, and Fijyz(t) = Fij3yz(t) if
Fijyz(t) > 0.

Then when NIy and NJz are sufficiently large, there is for each Fij2yz(t), one
Fil3yz(t) such that |Fij2yz(t)| ≥ |Fil3yz(t)| a.s., with the inequality being strict for
some t.

Moreover, given j, then k of I can be chosen without replacement such that
|Fij2yz(t)| ≥ |Fkj3yz(t)| a.s., with the inequality being strict for some t. This com-
pletes the proof.

4 Derivation of Newton’s Law of Gravitation

In the notations previously introduced, suppose that particle i of type y in I has an
attractive component of force with type z particles in J . For each such particle i of
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type y, there are nJayz particles of J of type z which are attracted to this i, and for
each of the nJayz particles of J , there are nIayz particles of type y which are attracted
to z particles of J . Hence the total attractive force between the y particles of I and the
z particles of J is

nIayz∑
i=1

nJayz∑
j=1

Fij2yz(t)

at time t.
Since the types of atoms or molecules y and z that exist are countable, the attractive

force between I and J is

FIJa(t) =
∑

y

∑
z

nIayz∑
i=1

nJayz∑
j=1

Fij2yz(t)

at the time t.
Similarly, for each y particle of I that has a repulsive component of force with a z

particle of J , there are nJryz particles of J which each has a repulsive force with this
y particle; and for each such z particle, there are nIryz y particles of I which repel
this z particle of J . From this it follows that the total repulsive force between I and J
is:

FIJr(t) =
∑

y

∑
z

nIryz∑
k=1

nJryz∑
l=1

Fkl3yz(t)

at the time t.
By Theorem 3.3, it is possible to choose without replacement, a Fij2yz(t) for each

Fkl3yz(t) such that |Fij2yz(t)| ≥ |Fkl3yz(t)|, with the inequality being strict for some
t for each set (i, j, k, l, y, z). Hence

FIJ = FIJa + FIJr ≤ 0,

with the inequality being strict for some t, irrespective of the distance between I and
J .

It is being assumed here that NIy and NJz are large for each y and z, so that
nIayz ≈ nIryz and nJayz ≈ nJryz with probability one, to any degree of approxima-
tion.

The case where FIJ = 0, should it occur, can only do so during finite intervals
of time. Depending on the experimental observations under consideration, it may be
assigned a low probability of occurrence, compared with the case where FIJ < 0.

Let R be the distance between the centers of I and J . For each pair of atoms or
molecules i and j, let eiujs be such that R/

√
eiujs is the distance between charge u

of i and charge s of j. Thus as R increases, the 1/
√
eiujs’s are almost parallel for all

(i, u, j, s) given fixed dimensions of I and J ; and this is the assumption.
If the force between i and j is magnetic, let miuy and mjsz be given by:

miuy = Iiuy

∮
u

√
eiujsdxiu and mjsz = Ijsz

∮
s

√
eiujsdxjs,
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where Iiuy is the current from charge u of i of type y; Ijsz is the current from charge

s of j of type z;
∮

u

(·)dxiu is the integral over the closed path Ou of charge u of

i of type y, with dxiu as the differential of an element of distance of the path; and∮
s

(·.)dxjs is the integral over the closed path Os of charge s of j of type z, with dxjs

as the differential of an element of distance of the path.
Assuming steady state magnetic fields, miuy and mjsz are constants in time,

within the experimental limits on which the theory of magnetostatics is based. The
components of FIJa and FIJr can then be written explicitly as, with the 1/

√
eiujs’s

assumed parallel for all (i, u, j, s) to a given accuracy:

∑
y

∑
z

nIayz∑
i=1

nJayz∑
j=1

Fij2yz(t)

=
∑

y

∑
z

nIayz∑
i=1

nJayz∑
j=1

∑
u

∑
s

−(fiujsq
2eiujsR

−2 + giujsmiuymjszR
−2),

∑
y

∑
z

nIryz∑
k=1

nJryz∑
l=1

Fkl3yz(t)

=
∑

y

∑
z

nIryz∑
k=1

nJryz∑
l=1

∑
u

∑
s

(fkulsq
2ekulsR

−2 + gkulsmkuymlszR
−2),

where for each set (i, u, j, s), fiujs = 0 or 1, and giujs = 0 or 1, so as to agree with
Fij2yz , and for each (k, u, l, s), fkuls = 0 or 1, and gkuls = 0 or 1, to agree with
Fkl3yz .

nIayz and nJayz are each directly proportional to the masses mI and mJ of I and
J respectively, and so are jointly proportional to mImJ . So considered as a function
of nIayz and nJayz only,

∑
y

∑
z

nIayz∑
i=1

nJayz∑
j=1

∑
u

∑
s

fiujsq
2eiujs = keIJamImJ

and ∑
y

∑
z

nIayz∑
i=1

nJayz∑
j=1

∑
u

∑
s

giujsmiuymjsz = kmIJamImJ .

Similarly, ∑
y

∑
z

nIryz∑
i=1

nJryz∑
j=1

∑
u

∑
s

fkulsq
2ekuls = keIJrmImJ
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and ∑
y

∑
z

nIryz∑
i=1

nJryz∑
j=1

∑
u

∑
s

gkulsmkuymlsz = kmIJamImJ ,

where keIJa, kmIJa, keIJr , kmIJr are all non-zero.
One reason why they are almost constants givenmiuy ,mjsz , mkuy , mlsz , q is that

the eiujs’s are almost constants. The latter is true because as R increases, each eiujs

tends to 1 in magnitude, while FIJ ≤ 0 for all R.
The probabilities that fiujs and giujs are each 0 or 1 are assumed to be functions of

the types of particles y and z. Since NIy and NJz are large, the expected numbers of
fiujs and giujs which are zeros or ones are approximately constants, with probability
one, by the Strong Law of Large Numbers, given mI and mJ . For example if pf0 is
the probability that fiujs = 0, the expected number of y particles where fiujs = 0 is
NIypf0 in I .

Similar remarks apply to fkuls and gkuls. So they do not contribute to variations
in the above formulae.

Thus if G = keIJa + kmIJa − keIJr − kmIJr, then G is almost a constant.
FIJ can now be expressed as:

FIJ = −keIJamImJR
−2 − kmIJamImJR

−2

+ keIJrmImJR
−2 + kmIJrmImJR

−2

= −GmImJR
−2. (1)

Being a function of quantities that can vary slowly with time, G may appear to be
a constant, if observed experimentally.

Similarly, experimental observations determine the times when FIJ is attractive.
This has considered the composition of matter.

The relation (1) for FIJ thus shows that the electromagnetic force between two
bodies of matter can obey Newton’s Law of Gravitation.

5 Experimental Verification

One of the key principles on which the above theory is based is the requirement that
when electrically neutral particles of matter are placed in each other’s vicinity, there
is a tendency for the electromagnetic atomic charges of each particle to make micro-
scopic alignments so as to produce electromagnetic attraction between the particles.
This is a cause of gravity. The principle can be observed on a macroscopic scale in
the case of dipoles: Suppose that two or more electric dipoles are each suspended hor-
izontally, and placed sufficiently near each other. Then the dipoles are seen to align
themselves with respect to each other so as to result in attraction between each other.

The partial screening between the dipoles weakens the attraction, and explains
why gravity is weak. Thus to observe the attraction it may be necessary to avoid too
many dipoles initially. 4 dipoles are normally easily accommodated. The field of in-
terest is realistically a multipole field, of which the dipole is a special case. Thus apart
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from the ability of dipoles to align themselves to attract each other as in multipoles,
the actual values of the dipole fields are not of interest; since the previous section
shows that they differ from that of multipoles.

According to the Rutherford model, particles of matter consist of a massive pos-
itive nucleus, surrounded by negative electrons, generating a multipole field. For the
hydrogen atom, the atomic structure consists of one positive nucleus and one negative
electron. Thus the above experiment serves as an illustration for hydrogen atoms.

Hence the above principle is verified, as each dipole consists of two equal and
opposite charges separated by an arbitrarily short distance apart; and so is electrically
neutral. In fact, it is already well observed that there is a weak attraction between
hydrogen molecules. This is the van der Waals attraction, and is also observed for
other gases, liquids and solids. Debye has already established a connection between
electromagnetic forces and van der Waals attraction. The claim here is that this type
of attraction involving multipole fields is also present at much larger distances in all
particles of matter, be it solids, liquids or gases, and causes gravity. One main reason
for this is that electromagnetic forces can operate at large distances.

An important aspect when considering two arbitrary particles of matter is that an
n-body problem with multipole fields is in fact being considered, since each particle
consists of numerous atoms or molecules, each in turn comprising of positive and
negative charges. This is why Kolmogoverian probability theory, and in particular the
Strong Law of Large Numbers, is used above to describe their behaviour.

6 Limitations and Consequences

It is noteworthy that all the above verifications refer to macroscopic phenomena. This
is because Newton’s Law of Gravitation is derived from macroscopic observations.
In contrast with Hawking [4] and Karim [5], it is not claimed that atomic particles,
such as isolated protons, electrons and neutrons, obey Newton’s Law of Gravitation
between them, although they have mass; if that is only an interaction between their
masses. Einstein’s Special Relativity has been observed to apply to atomic particles,
but not his General Relativity. The electrons and protons in particles of matter only
cause gravity, in the classical sense; by microscopic alignments that result in electro-
magnetic attraction between atoms and molecules. To obtain Newton’s Law of Grav-
itation, these must be large enough in number for the Strong Law of Large Numbers
to apply.

Another consequence of the electromagnetic theory of gravitation is that gravity
should travel at the speed of light, and not move instantaneously from one point to
another, since it is electromagnetic in nature. Thus it is in agreement with Einstein’s
Theory of Relativity, where this assumption is made, but not proven theoretically.

Since photons have no mass, and have never been experimentally established to
have any, interactions between light and gravity, as in the red shift, do not involve
Newton’s Law of Gravitation between two bodies of matter. Thus these interactions
cannot be used to test Newton’s Law of Gravitation.
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Finally, there is no claim that electromagnetism is uniquely responsible for gravity.
Electromagnetism has been considered because it seemed a likely cause for gravity.
This does not exclude the possibility that there may be some other causes for gravity.

7 Implications for G

The above expression for G assumes that the Strong Law of Large Numbers (SLLN)
applies. So without it G = 0 even if there is matter. If G were non-zero when SLLN
is inapplicable, it would mean that there are other factors also causing gravitation.
Initial observations of isolated atomic particles of matter such as protons, neutrons
and electrons support the result derived from the above theory thatG = 0 when SLLN
is inapplicable. Thus electromagnetism may be the only cause of gravity.

When SLLN can be invoked, the expression for G suggests that it is a function
of time and of the atomic structure of matter. This means that it is possible for G
to fluctuate with different atomic structures and with time, however small. For the
extreme case of a collection of neutrons, first impressions support the conclusion of
the above theory that G = 0 when the atomic structure excludes charges.
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