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1. Introduction

Newton’s Principia [1] published in a philosophically very tumultuous time marked a rad-
ical transformation of the scientific methodological approach from studying texts (i.e. com-
mentaries on Aristotle and other authors) to observations or conducting experiments. In his
Principia, Newton derived the law of universal gravitation by inductive reasoning, a gen-
eral physical law meanwhile superseded by Albert Einstein's theory of general relativity

but still used as an excellent approximation of the effects of gravity as

“vis attractiva puncti cujusqe decrescit in duplicata ratione distantiae corporis attracti: dico quod vis
tota qua hujusmodi Sphaera una attrahit aliam sit reciproce proportionalis quadrato distantiae

centrorum.” [1]

Figure 1. Philosophiae Naturalis Principia Mathematica, Prop. LXXVI. Theor. XXXVI, page 178.

Translated from the Latin into English.

“The attractive force of every point decreases in the duplicate ratio of the distance of the
body attracted; I say, that the whole force with which one of these spheres attracts the other

will be reciprocally proportional to the square of the distance of the centers.”

Newton’s key statement of proportionality is the source of Newton’s gravitational constant
G. Newton’s gravitational constant big G along with some other physical constants (the
speed of light ¢, Planck’s constant h et cetera), belongs to one of the most universal and
fundamental constants in nature. Approximately 71 years after Newton’s death Cavendish
[2] measured as one of the first the value of Newton’s gravitational constant G. In contrast
to the most other physical constants and about 220 years later, the value of G is extremely
difficult to measure and still not precisely known. Meanwhile, the determination of the
numerical value of Newton's gravitational constant G carried out by so many experimental
groups vary so much bringing the constancy of this constant into question. In the period
between 1983 and 2000, the lowest (1983) average value of Newton's constant big G was
measured by Faller et al. [3] as 6.575, while the highest (2000) average value of Newton's
gravitational constant G was published by Jens et al. [4] as 6.674215, a difference of about
1.5 percent and too much for a constant. Leaving aside that the constancy of Newton’s
gravitational constant G is under dispute [5], [6], [7] Newton's gravitational constant G is

still treated as a constant and even part even of Einstein's general relativity theory [8] too.
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2. Material and methods
2.1. Definitions

Definition 1. Newton’s Law of Gravitation from the Standpoint of a stationary ob-
server R

Newton’s masterpiece Philosophiae naturalis principia mathematica has influenced the
development of modern physics like no other scientific work and is because of this still at
least of historical importance. Isaac Newton (1642-1727) published on 5 July 1686 in his
book Philosophiae Naturalis Principia Mathematica on page 178 (Prop. LXXVI. Theor.
XXXVI) his well known universal law of gravitation. Newton defines the force of gravity
as
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where

rF is the force between the masses as measured by the stationary observer R, rY is the
gravitational constant as measured by the stationary observer R, rm; is the first mass as
measured by the stationary observer R, rmy is the second mass as measured by the station-
ary observer R, rd is the distance between the centers of the masses as measured by the
stationary observer R, c is the speed of the light as measured by the stationary observer R,

rt is the time as measured by the stationary observer R.

Based on this definition, the value of Newton’s gravitational constant G is calculated as
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Under conditions of the special theory of relativity, the net force rF is equal to zero.

Definition 2. Einstein's equivalence of gravitational and inertial mass
In general, gravitation appears to be independent of the amount of mass being accelerated.

Einstein introduced the equivalence principle in 1907.

“Wir haben daher Anlaf} ... die vollige physikalische Gleichwertigkeit von Gravitationsfeld und
entsprechender Beschleunigung des Bezugssysteme annehmen.” [9]

Figure 2. Einstein, A. (1907) Uber das Relativititsprinzip und die aus demselben gezogene
Folgerungen. Jahrbuch der Radioaktivitaet und Elektronik, 4, 454.

Einstein's equivalence principle is distinguished as the weak equivalence principle (the uni-

versality of free fall) and as the strong equivalence principle (gravitation as independent of
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velocity and location). Einstein’s path of though concerning the equivalence principle.

“A little reflection will show that the theorem of the equality of the inert and the gravitational mass
is equivalent to the theorem that the acceleration imparted to a body by a gravitational field is independent of
the nature of the body. For Newton’s equation of motion in a gravitational field, written out in full, is

(Inert mass) - (Acceleration) = (Intensity of the gravitational field) - (Gravitational mass).

It is only when there is numerical equality between the inert and gravitational mass that the acceleration
is independent of the nature of the body ...

the ‘principle of equivalence’ ... is evidently intimately connected with the theorem of the equality be-
tween the inert and the gravitational mass” [10]

Figure 3. Einstein, A. (1923).The Meaning of Relativity. Princeton University Press, pp.60/61.

Einstein's strong equivalence principle can be tested especially by searching for a variation
of Newton's gravitational constant rY. Meanwhile, there is not only a theoretical [5], [6],
[7] evidence but already some experimental [11] evidence that Newton's gravitational con-

stant rY varies with time.

Definition 3. Einstein's field equations
Einstein’s field equation is defined as
4x2x7mT
Gyv +(/\ng) ERS —C4 X];w 3)
where
G, is the Einstein tensor, g, is the metric tensor, T,y is the stress—energy tensor, A is the
cosmological constant, c is the speed of light in vacuum, Tt is the mathematical constant,

the ratio of a circle's circumference to its diameter, rY is Newton’s gravitational constant.

Remark.

Newton's gravitational constant ry determined a being a constant expect us to accept a re-
lationship between space-time curvature (expressed by the Einstein tensor and the cosmo-
logical constant term) and the energy and momentum within that space-time (expressed by
the stress—energy tensor) as being constant. In last consequence, Newton's gravitational
constant rY implies to some extent of a space of a constant curvature too and leads to an
overestimation of euclidean geometry. The existence of non-euclidean geometries reduces

the importance of the necessity of the constancy of Newton's gravitational constant rY.

2.1. Axioms

Axiom I.

+1=+1 “)
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3. Results

The validity of Newton law of gravitation has been tested many times at short range dis-
tances in laboratory experiments [12] and equally by long range tests [13] performed by
observations of the motions of planets (in the solar system). The accuracy of experiments
has shown impressive progress and the agreement between experiment and theory is good.

Still, the general validity of Newton’s law of gravitation is in question.

3.1. Theorem. Newton’s constant yis not a constant

Claim.
Newton’s gravitational constant Y is not a constant. If you accept that Newton’s gravita-

tional constant Yy is a constant, then you must accept to that

+1=+0 4)
Proof.
In general it is

+1=+1 (6)

Multiplying by Newton’s gravitational constant rY, we obtain

RV =RV )

Changing this equation it is
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We define the mathematical identity rF as

kF =,y X&dﬁmz ©)
R

In other words, the mathematical formula of Newton’s law of gravitation is correct and
without a technical error. To proof the validity of the assumption of the constancy of New-
ton’s gravitational constant rY, we do perform the following thought experiment. Accord-
ing to Newton’s law of gravitation, two masses kmi and rm: are accelerated (non-inertial
frames of reference) while the distance between these two masses is measured as rd. The
net force rF is different from zero (non-inertial frames of reference). The acceleration of
the mass rm; (i.e. a rocket in deep space) according to Newton's second law of motion is

calculated as ra;

2017

5 Vixra



© Ilija Baruk¢i¢, Jever, Germany. Tuesday, August 15, 2017. All rights reserverd.

ﬂh=Rnh=R XRdz (10)
The inertial frame chosen is undergoing acceleration (with respect to an inertial frame) with
the consequence that we are as desired within a non-inertial frame of reference. In contrast
to a non-inertial frame of reference, an inertial frame of reference is a frame of reference
in which the two masses rm; and rm; are not accelerated (a=0), where the net force rF
acting upon the two masses rm; and rm; is zero or RF=0. That is to say, under conditions
of inertial frames of reference, where Newton’s law of motion are unrestrictedly valid,
the two masses rm; and rm; are at rest or they move at a constant velocity in a straight line.
In other words, after a certain period of time, the acceleration of the two masses (i. e. rock-
ets in deep space) rm; and rmy is stopped. The acceleration and the net force becomes
zero. We are no longer inside a non-inertial frame of reference. The experimental condi-
tions before changes from a non-inertial frame of reference to an inertial frame of reference

and the equation before changes to

— 0 m
a =E——= yx£& ;:()
d
rMYy R

R

(1)

while the mass rm; is zero. Newtown’s constant rY may be a constant or not, Newtown’s
constant ry may be of use within inertial frames of reference or not, the same cannot lead

to any logical contradictions. Rearranging equation above, we obtain

0x .d’
y=——7—
R
Ry X g1, (12)
or
/=0 (13)

In general, it is claimed that Newton’s gravitational constant ry is a constant, while the

same is equally different from zero. Thus far, we obtain

+ﬂ = +£ (14)
194 14
or
+1=+0 (15)
Quod erat demonstrandum.
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4. Discussion

The experiment before is properly constructed. Two masses in deep space (i.e. rockets) are
properly accelerated thus that we are under experimental conditions of non-inertial frames
of references where Newton’s law of universal gravitation is valid in principal. Under these
conditions Newton’s gravitational constant Y is calculated.

After a certain period of time the acceleration stops. Such an experiment is a real world
experiment too. In this case the experimental conditions are changing from non-inertial
frames of reference to inertial frames of reference and the net force becomes zero. Under
these conditions we obtain a logical contradiction if we accept too that Newton’s gravita-
tional constant Y is a constant.

Thus far, either a non-inertial frame of reference cannot change to an inertial frame of

reference or Newton’s gravitational constant rY is not a constant and must change too.

5. Conclusion

Newton’s gravitational constant rY is not a constant. This can have consequences for Ein-

stein’s theory of general relativity and Einstein’s field equations too.
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