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Since distance = velocity � time, the time to complete a period is:

2�R =(GM=R)P

4�2R2 = GMP 2=R

4�2R3 = GMP 2

P 2 =
�
4�2=GM

�
R3

Apply this result to the earth's rotation around the sun, where R =
1:5� 108km:
From the earth's orbital speed v = 30km/sec, we deduce the sun's

mass:
Msun =Ms = 2� 1023grams (�350,000 earth masses)

Mass of a galaxy = v2R=G within a radius R from its center.
R = distance of sun from its center = 27,000 light years, v = 200

km/sec

From the experimental rotation curve, R = 27; 000 light years, thus
mass within sun's orbit is

m = (200km= sec)
2�(103cm=km2)�(27; 000 lt yr)� 9:5� 1027cm=lt yr

6:673� 10�8cm3=gm= sec2

The mass of the sun = 2� 1033gm, thus the mass of the galaxy is 7:4�
1010solar masses = 7.56�1044gm or w 1011solar masses. Sampling the
density of galaxies, it is found that there are approximately 1011galaxies
in the Universe.

3 Overview

In the following, we list a few ideas employed in the text and the re-
sults therefrom that lead to the quantization of gravity and also explain
why the Universe of galaxies has been, and is, expanding at a constant
acceleration and why the stars in their galaxies have been and are accu-
mulating in the outer fringes of the galaxies at a constant acceleration.
We begin by accounting for the 43 seconds of arc advance per century

of the perihelion of Mercury not included in the observed 5600 seconds
of arc per century, by changing the Newtonian G to G(1 + 5v2=c2) and
a relativity correction of G(1 + v2=c2) . We show that the larger correc-
tion follows from classical physics plus a contribution from space-time
algebra, de�ned herein.
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The contributions of the various sources needed to obtain an effective
G of G(1 + 5v2=c2) are summarized
in Section 2.4. To obtain the force between two moving charges, we use
the Biot-Savart Law, Section 8.1, and Faraday's Law, Section 8.2.
Another important idea is that two algebras are necessary to describe

the interaction between two moving entities. One algebra describes the
motion of the entities and a second algebra describes the particular entity
being transported. The algebras are independent of one another and,
therefore, commute. This formalism is described in Section 8.3. We also
distinguish between two types of forces: a one on one, or direct force,
and the others implemented by a �eld, an electromagnetic �eld in the
case of electromagnetism. Gravity interactions will have a gravitational
�eld with the same structure as electromagnetism. It is at this stage that
we derive Eq. 8.16 where a �source� particle, designated by subscript
s; is acting on a �test� particle, designated by subscript t. However, the
equation also contains a contribution from a trivector with a bivector
charge. This is not a vector and must be converted to a vector. We call
the procedure for doing this contraction and it is described in Section
8.5. It is also shown at this stage how property charges qs, qt, whatever
they may represent, enter the formalism.
Gravity is described in Section 8.8. It has both a vector and a trivector

component. All of the material discussed in the text is important. For de-
tails, we refer the reader to the text. The problem of properly describing
gravity is inherently complicated.
Chapter 14 is a partial summary and describes again how a new grav-

itational force appears in the form of a trivector. It is veri�ed in detail
that the trivector force is independent of Newtonian Gravity. It exerts
a negative force between gravitational masses and is responsible for the
accelerated expansion of the Universe and the accelerated accumulation
of stars at the outer fringes of the galaxies. It is a real force. The idea of
introducing dark matter and energy to explain the accelerated expansion
phenomena is dismissed as ad hoc and unnecessary to account for the
observed expansion
Fermat's Last Theorem plays a critical role in this work. Fermat's

Last Theorem states that the equation zn = xn + yn has no integer solu-
tion for n > 2. Fermat (1601-1665) claimed he had a simple proof but
that it was too long to write in the margin of his book. His proof, right or
wrong, has never been found. The theorem was �nally proven by Andre
Wiles in 1994, utilizing a long complicated proof.
Fermat's Theorem is our starting point, namely that distances add

quadratically. It is an intrinsic property of space, that is, of space-time
where we introduce time as an ordering parameter.
Fermat's Theorem leads to Clifford Algebra, an important formalism

for the present work. In Chapter 1, it is shown that the Pythagorean The-
orem may be expressed in terms of anti-commuting unit vectors, e1and
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e2, to which we later add e3 for a third dimension, plus an ordering pa-
rameter e0. This leads to an algebra, which we call space-time algebra,
consisting of �ve types of multi-vectors:

scalar: S
vectors: e0, e1; e2; e3
bivectors: e0e1, e0e2, e0e3, e1e2, e3e1, e2e3
trivectors: e0e1e2, e0e3e1, e0e2e3, e1e2e3,
quadvector: e0e1e2e3

An i =
p
�1 may be selectively inserted for conservation, see Section 6.11

Since the above entities follow uniquely from the Pythagorean Theo-
rem and since the Pythagorean Theorem is a unique property of space-
time, we assert that all properties of nature must be described by space-
time algebra.
An important fact is that a conserved current has an associated �eld.

For example, a moving charged mass, such as an electron, has an associ-
ated electromagnetic �eld described by Maxwell's equations, (see Eqs.
(5.11-5.14) of the text.) This statement follows from the �rst Bianci
identity given by Equation (5.37), text, where the identity is used but not
speci�ed by name. There are two Bianci identities:

� �� � F = 0

� ^� ^ F = 0

where
� = e0

@

c@t
+ e1

@

@x
+ e2

@

@y
+ e3

@

@z

The de�nition of the dot, (inner), product of two multivectors a, b is

a � b = (ab+ ba) =2

The wedge, (outer), product is de�ned as

a ^ b = (ab� ba) =2

Of the two Bianci identities, we use only the �rst.
Our immediate goal is to properly describe gravity, a vector quantity.

The only viable candidate of the �ve multivectors for this role is the
4-velocity vector:

Vs = e0c+ e1vsx + e2vsy + e3vsz

multiplied by �charge� ms. It exerts an attractive force on another 4-
velocity vector

Vt = e0c+ e1vtx + e2vty + e3vtz
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multiplied by charge mt.
The product in turn is multiplied by an inverse r2 factor, the distance

between the two masses. The same observation applies to the force be-
tween two electrical charges but with opposite sign. The fact that the
separation distance r must enter as 1=r2 is shown in the text. In de-
scribing interactions, we will often omit writing the 1=r2 factor, but it is
understood to be present.
Another critical observation is that a conserved current implies the ex-

istence of an associated �eld. All multivectors form conserved currents
and, therefore, in principle, have �elds. The form of the �elds that result
by virtue of conserved currents follow from the Bianci identities given
above where F is any multivector or linear combination of multivectors
in space-time algebra.
When dealing with vectors, as opposed to multivectors, either the in-

ner product, �, or the Gibb's dot product, �, may be used. For our pur-
poses, we choose to use the inner product. � is the space-time gradient
operator.
Referring to

� �� � F = 0;
if

� � F = j
then

� � j = 0
and current is conserved.
The only viable candidate for F out of the �ve space-time vectors is

the electromagnetic �eld bivector

F = (e0e1Ex + e0e2Ey + e0e3Ez) =c+ e1e2Bz + e3e1By + e2e3Bx

In conventional language, F is the antisymmetric electromagnetic
�eld tensor. We are talking about gravity, but we use the same termi-
nology as electromagnetism.

Electromagnetism and gravity have the same form. Only the
charge differs. For gravity, the charge is mass. For electromagnetism, it
is electric charge, where the charge, of course, has a mass.

The 4-current in the above equation is

J = e0�0c
2�+ �0j = e0

�

"0
+ �0j

Thus, gravity can be quantized since it has the same structure as elec-
tromagnetism.

In the text, Newton's 3rd law that action and reaction are equal and
opposite is veri�ed to an accuracy of v2=c2 all that is necessary in the
present work. The expansion can be readily extended to higher orders.
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A few facts: the Milky Way is 90,000 light years in diameter. The sun
is about 26,000 light years from the cener. According to the Big Bang
Theory, its age is 13.73 billion years. The Milky Way formed 5 billion
years after the Big Bang. Three solar masses are required to form a
mini black hole. There are roughly 2.5 million solar masses forming the
black hole at the center of the Milky Way.

4 Structure of Gravity

In this work we present an introduction to space-time algebra and explain
its role in quantizing the gravitational �eld. It is also shown how a real
trivector force gives rise to negative gravity and eliminates the need for
�ctitious dark matter and energy to account for the observation that stars
in the Milky Way and other galaxies have been and are accumulating
in their outer fringes at a constant, but very small acceleration within
the galaxies. Likewise the universe of galaxies are collectively receding
from their point of origin at a constant acceleration and are also repelling
one-another with a constant acceleration of the same numerical value as
that of the stars within the galaxies.
We argue that gravity satis�es equations identical to electromagnetism

on a microscopic scale. However, the microscopic currents effectively
add to zero in a macroscopic particle of mass so that only the charge,
that is, the mass itself remains. One must keep in mind that when we use
the phrase Maxwell's Equations when referring to gravity, we mean that
gravity has the same structure, that is, the same form as Maxwell's Equa-
tions. The elements of mass ms and mt are effectively charges. Current
is the velocity of the charges.
The acceleration referred to above is very small but has been in effect

since the formation of the galaxies. It may be calculated as follows. The
Milky Way, for example, was formed 5 billion years after the Big Bang.
The Universe is now 13.73 billion years. Therefore, the accumula-

tion of the stars at the fringes has been going on for 8.73 billion years.
Velocity is acceleration times time. By direct measurement, the current
speed reached at the fringes of the Milky Way is 200 km/sec. There-
fore, acceleration in km/sec is 200 km/sec divided by 8.73 billion years
expressed in seconds. The number of seconds in 8.73 � 106 years is
2:876 � 1014sec: Thus the acceleration has been and is a = 7 � 10�13
km/sec2.
The present work began with the goal of accounting for the 43 miss-

ing seconds of arc per century when Newtonian Gravity is used to calcu-
late the advance of the perihelion of Mercury. These sources of are listed
in Section 2.14. In the course of that effort, which occupies approxi-
mately three quarters of the text, a negative real non-radiating trivector
force appeared. We identify this force as the force responsible for the
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anomalous behavior of the Milky-Way and the other galaxies, behavior
that people attribute to mysterious dark matter and energy. We conclude
the latter does not exist. The true force is described in more detail in the
latter portion of the text.
Up to the mid-nineties, the only tools and materials available for de-

scribing nature were vectors and scalars. In order to satisfy a conserva-
tion equation, the scalar must be multiplied by the pre�x i = p�1. With
the advent of Clifford Algebra, it is shown that other entities must be
added to vectors and scalars. The entities are given by the 16 elements
of space-time algebra:

L = iS + v0e0 + v1e1 + v2e2 + v3e3

+
Ex

B01e0e1 +
Ey

B02e0e2 +
Ez

B03e0e3 +
Bz

B12e1e2 +
By

B31e3e1 +
Bx

B23e2e3

+i[T123e1e2e3 + T023e0e2e3 + T031e0e3e1 + T012e0e1e2]

+ i e0e1e2e3S
0

that is;

L = i scalar
imaginary

+ vector
real

+ bivector
real

+ i trivector
imaginary

+ i quadvector
imaginary

The coef�cients of the scalar element, the trivector elements, and the
quadvector elements are pure imaginary (must be multiplied by p�1).
The coef�cients of the vector elements and the bivector elements are
real. These modi�cations are necessary in order that each element in
the algebra satis�es a continuity equation.

@

@x�
eLe�1u L = 0

In order that these results describe nature, Fermat's Last Theorem
must be unequivocally true. The theorem was only proven as recently
as 1994 by Andrew Wiles. With these results one can state that the
Pythagorean Theorem describes an intrinsic property of, or constraint
on, space itself. We are interested in gravity which is conventionally
described by Newton's Law of Gravitation. It states that the masses
mt, ms of any size attract one another with a force Fts =

�Gmtms

r2
It is

shown that several sources of correction are required to obtain Fmtms =
�Gmtms

r2

�
1 + 6

v2

c2

�
which agrees with experimental data (see section 2.4).
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