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PREFACE

Galileo’s 1590 A.D. Leaning Tower of Pisa experiment appeared to demonstrate that 

unequal cannonballs gravitationally fall equally in tandem toward the Earth in equal times.  

Newton then incorporated this paradoxical absolute result into his 1687 theory of the force of 

gravity.   

However, Galileo evidently forgot that there was a third much larger ball in his Leaning 

Tower experiment.  That is, the relatively gigantic mass of the Earth which did not noticeably 

move or gravitate toward either cannonball. 

When we now compare Galileo’s Leaning Tower result to other unequally gravitating 

bodies in the Solar System on a much larger scale (by analogy and extrapolation), we must 

realize that Galileo’s Leaning Tower result was merely an illusion.  It occurred because the two 

relatively tiny cannonballs (which fell toward the enormous Earth) were so nearly alike, as 

compared to the huge mass of the Earth.   

Let us now adapt and apply Galileo’s Leaning Tower experiment to a much larger scale.  

For example, it is obvious that the much larger unequal bodies of the two-body Earth-Moon 

gravitational system do not fall equally towards each other.  In fact, the relatively small Moon is 

observed to fall around the much larger Earth over an orbital distance of about 2.5 million 

kilometers during each calendar month, whereas the much larger Earth hardly even moves or 

gravitates toward the Moon.   

Likewise, it is also obvious that the unequal bodies of the two-body Sun-Earth 

gravitational system do not fall equally towards each other.  The relatively small Earth is 
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observed to fall around the enormous mass of the Sun over an orbital distance of about 470 

million kilometers once each calendar year, while the enormous mass of the Sun hardly even 

moves or gravitates toward the Earth.   

Because of these obvious gravitational examples, we must conclude (by extrapolation) 

that all smaller bodies must gravitationally fall faster and farther toward or around all larger 

bodies.  The extremely unequal gravitational motions of these much larger unequally 

gravitating bodies can easily be detected or observed because of their much larger scale. 

Therefore, these much larger unequally falling bodies empirically demonstrate (also by 

analogy and extrapolation) that the smaller cannonball in Galileo’s Leaning Tower experiment 

must have fallen slightly faster and farther toward the enormous mass of the Earth than did the 

slightly bigger mass of the larger cannonball.  But because the scale of such Leaning Tower 

experiment was so small, such minute difference in time and distance could not be observed or 

detected by Galileo, Newton or anyone else.  In other words, everyone was fooled by an illusion 

of scale. 

Based on the above, and numerous other convincing empirical demonstrations, we 

must now conclude that all unequal bodies in the universe gravitationally accelerate (or fall) 

toward each other unequally.  More generally, we must also conclude that the gravitational 

interactions of all bodies in the universe are completely relative (and not absolutely the same). 

We will call these concepts, and these laws of nature:  the “Relativity of Gravity.” 

So is this the end of our story about gravity?  Hardly!  In 1915, Albert Einstein based and 

premised his entire General Theory of Relativity (i.e., his theory of gravity not based on force) 

upon the empirical validity and absolute equality of Galileo’s Leaning Tower experiment.  But if 

we now must realize that Galileo’s paradoxical Leaning Tower of Pisa result was neither valid 

2 Preface



nor equal, then we must ask the question:  where does this leave Einstein’s General Theory of 

Relativity?  The answer is obvious:  nowhere! 
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SUMMARY

Every grammar school student knows that Galileo simultaneously dropped two 

unequally sized cannonballs from the top of the Leaning Tower of Pisa, and that they appeared 

to free-fall to the Earth at the same time.  Similar experiments have been performed many 

times, all with similar absolute results.  It is thus common knowledge that gravity causes all 

bodies to free-fall (accelerate) equally, regardless of their mass.  

But, what would happen if it now turned out that Galileo's simple law of the equal 

gravitational fall of all unequal masses…was not valid?  What if the apparent equal fall of two 

unequally sized cannonballs toward the Earth was just a very close approximation: in effect, an 

illusion?  What if it could be demonstrated that the smaller cannonball actually fell faster than 

the larger cannonball?  What if, on a much larger scale, the very different gravitational 

accelerations of various sized opposing masses can actually be observed?  In other words, what 

if Galileo's simple “law” of equal gravitational acceleration of all unequal masses was just an 

explainable paradox?  Might the entire theoretical house of cards, which is built upon Galileo's 

“simple law” of equal gravitational acceleration of all unequal bodies, also fall?  
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PART I  EARLY CONCEPTS OF GRAVITY

A. Introduction:  Unsolved Paradoxes Concerning Gravity

Every grammar school student knows that Galileo simultaneously dropped two 

unequally sized cannonballs from the top of the Leaning Tower of Pisa, and that they appeared 

to free-fall to the Earth at the same time.1  Similar experiments have been performed many 

times, all with similar absolute results.  It is thus common knowledge that gravity causes all 

bodies to free-fall (accelerate) equally, regardless of their mass.2 

This simple, visibly convincing and seemingly innocuous empirical law convinced Isaac 

Newton to include it in his law of universal Gravitational Attraction.  Based on Galileo’s law of 

equal gravitational acceleration, Newton concluded that all of the planets fall equally toward 

the Sun, regardless of their very different masses.3  Newton even attempted to explain 

Galileo’s paradoxical law with his own pendulum experiments,4 with his proposition that “the 

weight of any body is proportional to its own mass,”5 and with the concept that gravitational 

mass is equal to inertial mass.  But, as we shall later demonstrate in other sections of this 

treatise, he failed.  Many other scientists have also asserted various different explanations for 

Galileo’s mysterious law, but likewise to no avail.6 

In the early part of the 20th century, Albert Einstein attempted to explain and 

1 The term “free-fall” means an acceleration caused only by gravity. 
2 Throughout this treatise we shall refer to these experiments, results, and conclusions as Galileo’s paradox, or 
Galileo’s law of “equal gravitational acceleration.” 
3 Newton, Principia [Cohen, p. 807]. 
4 Section P, infra. 
5 Newton, Principia, Proposition 6, Vol. 3 [Cohen, p. 806].  By the term “weight” Newton meant “heaviness” or 
gravitational acceleration that is retrained by air or terminated by a solid surface.  However, as we shall soon 
discover the gravitational acceleration, weight or heaviness of any body is really proportional to the mass of the 
opposing gravitating body (i.e. the Earth), and inversely proportional to its own mass. 
6 Sections E, P, Q, V, and W, infra. 
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completely redefine the phenomena of gravity in a treatise which he called the General Theory 

of Relativity.  Einstein premised his entire theory of gravity upon the validity of Galileo’s simple 

absolute law: all unequal bodies (masses) gravitationally fall equally.  Based on Galileo’s and 

Newton’s gravitational acceleration experiments and conclusions, Einstein also postulated that 

“[T]he gravitational mass [weight or heaviness] of a body is equal to its inertial mass.”7   

In due course, most of the scientific community accepted Einstein’s General Theory of 

Gravity as valid.  Thereafter, Einstein and his followers attempted to apply his General Theory 

of Relativity in order to explain many other mysterious phenomena of nature, and especially 

the creation, structure, age, operation, and expansion of the universe in which we live. 

But, what would happen if it now turned out that Galileo’s simple law of the equal 

gravitational fall of all unequal masses…was not valid?  What if the apparent equal fall of two 

unequally sized cannonballs toward the Earth was just a very close approximation:  in effect, an 

illusion?  What if it could be demonstrated that the smaller cannonball actually fell faster than 

the larger cannonball?  What if, on a much larger scale, the very different gravitational 

accelerations of various sized opposing masses can actually be observed?  In other words, what 

if Galileo’s simple “law” of equal gravitational acceleration of all unequal masses was just an 

explainable paradox?  Might the entire theoretical house of cards, which is built upon Galileo’s 

“simple law” of equal gravitational acceleration of all unequal bodies, also fall  (Figure 1)? 

It shall be a major purpose of this treatise to demonstrate that Galileo’s and Newton’s 

simple absolute law of gravitational acceleration was not correct, and thus the foundations and 

7 Einstein, Relativity, p. 73.  In another treatise to follow this one we will demonstrate why Einstein was not 
correct. 
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fundamental premises upon which Einstein built his bizarre and elaborate General Theory of 

Relativity, were also not correct.  In the process, we shall discuss why Galileo’s and Newton’s 

empirical law of equal gravitational fall (acceleration) of unequal masses was just an illusion—

an explainable paradox.  We will then explain the reasons for this paradox and discuss the 

correct phenomena of nature, which we shall call:  “Relative Gravitational Acceleration.” 

Rarely in the history of science has a major physical genre of nature produced such 

lasting confusion with such widespread impact, as the phenomenon of gravity.  Galileo and 

Newton were two of our greatest scientists, and it is completely understandable why they and 

the many other great physicists and mathematicians who followed them were fooled by such 

paradoxical observations and illusions of nature.  Nevertheless, this simple empirical paradox, 

the equal gravitational acceleration of all unequal masses, has caused enough mischief in 

physics during the past four centuries.   

It is now time to expose this absolute paradoxical law and its theoretical progeny, to 

reality.  Galileo would understand this necessity, for it was he who authored the phrase:  

“Never…assume as true that which requires proof.”8 

In this age of rocketry, artificial satellites, and interplanetary voyages, correct concepts 

of mass, force, resistance, motion, and gravitational acceleration are vital to protect the lives of 

space travelers, and to enhance the success of costly space explorations.  In a very real sense, 

we are all space travelers, and we all need to know and understand the realities of the universe 

(past, present, and future) in which we live. 

8 Reston, p. 33. 

7 Part 1-A



Curved Spacetime &
Spherical Space

The Expanding 
Universe TheoryRelativistic Cosmology

Einstein’s Finite
Universe Theories

Super String Theory

Einstein’s Principle
of Equivalence

Unified Field Theories 

Einstein’s General
Theory of Relativity

The Big Bang Theory

Einstein’s Equality of
Inertial & Gravitational Mass

Galileo’s Leaning Tower of
Pisa Experiment

Newton’s Pendulum
Experiments & Postulates

..

Inflationary
Cosmology

Particle Physics

Dark Matter &
Dark Energy

Background Uniform
Microwave Radiation

Black Holes

The Proofs of Bessel
Eotvos, Dickie & others.. ..

Figure 1  The Gravitational House of Cards



B. Aristotle’s Theory of Free-Fall

During the fourth century B.C., Aristotle (384 – 322 B.C.) reasoned that heavier objects 

fall toward the Earth faster than lighter ones.  He conjectured that:  “The downward 

movement of a mass of gold or lead, or of any other body endowed with weight, is quicker in 

proportion it its size.”1 

In effect, Aristotle asserted and postulated that the magnitude of acceleration of a 

body’s fall toward the Earth is determined by, and is exactly proportional to, its mass or 

weight.2  Thus, according to Aristotle, a 100 kg cannonball should fall 100 times faster toward 

Earth than a 1 kg cannonball.  Aristotle did not reach this conclusion by experiments and 

observations, but rather only by reason and logic.3  Nevertheless, his conjecture seemed quite 

logical and it was generally accepted for almost two millennia.4 

There was isolated dissent to Aristotle’s postulate during this period.  For example, 

Roman philosopher Titus Lucretius Cerus (96 – 55 B.C.) conjectured in his work, On the Nature 

of Things, that:  “[T]hrough undisturbed vacuum all bodies must travel at equal speed though 

impelled by unequal weights.”5 

In his 517 A.D. work, Physica, John Philoponus of Alexandria wrote: 

1 Schwinger, p. 121. 
2 Reston, p. 32.  Strangely enough, as we shall later discover, Aristotle was partially right.  The magnitude of an 
object’s gravitational acceleration is partially determined by such object’s own mass, but only relative to another 
opposing object’s mass. 
3 Gamow, 1962, p. 22. 
4  Goldberg, pp. 17 – 18. 
5 Schwinger, p. 123.  Evidently the work of Lucretius Cerus had some influence on Isaac Newton and other 17th 
century scientists  (Ibid). 
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“If one lets fall simultaneously from the same height two bodies differing greatly in 
weight, one will find that the ratio of their times of motion does not correspond to the 
ratio of their weights, but that the difference in time is a very small one.” 6  

Very importantly, notice that Philoponus compared the weight or mass of each falling body to 

the mass of the other falling body, rather than comparing the ratio of the weight or mass of 

each falling body to the enormous mass of the Earth.  Down throughout history, everyone else, 

including Galileo, Newton, and Einstein, has also made this same critical mistake. 

In 1554 A.D., Italian scientist Giovanni Benedetti demonstrated by experiment that 

bodies of different weight apparently free-fall with the same speed.7  But, by in large, the rigid 

classical dogma of Aristotle prevailed. 

6 Wheeler, p. 25.   
7 Gondhalekar, pp. 53 – 54; Jammer, p. 98. 
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C. Galileo’s Paradoxes of a Swinging Chandelier

Sometime during the early 1580’s, a young Italian medical student by the name of 

Galileo Galilei (1564 – 1642) was attending Mass at the Cathedral of Pisa, when (according to 

legend) he noticed an attendant pulling a chandelier to the side in order to light its candles.8  

When the attendant let go of the chandelier, it began swinging to and fro.  Gradually the swings 

became shorter and shorter in distance, but the duration of the time of each progressively 

shorter swing seemed to remain constant  (Figure 2A).  This puzzled Galileo because one might 

assume that, as the swings become shorter in distance, the duration of the time of each shorter 

swing would also become shorter.9 

Galileo then went home and simulated what he had witnessed at church by tying a large 

stone to the end of a rope and suspending it from the ceiling.  He then measured the duration 

in time of each swing of the stone to and fro by counting the beats of his heart, and sure 

enough, the time period of each swing appeared to remain constant even when each swing 

became very short..  

When Galileo lengthened the rope, the duration of each swing became longer, but the 

longer duration remained constant as the distance of each swing became shorter  (Figure 2B). 

When he shortened the length of the rope, the duration of each swing became shorter, but 

again the shorter duration remained constant in time  (Figure 2C).  When Galileo replaced the 

original stone with a heavier one and then with a lighter one, there was no apparent difference 

in the above results  (Figure 2D).  

 8 Gondhalekar, p. 61. 
9 Gamow, 1962, p. 22. 
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Galileo concluded that the duration in time of each constant swing depends only upon the 

length (distance) of the rope, and that the weight or mass of the suspended stone was of no 

consequence to the duration of the swing.10  Several decades later, Newton would employ 

another accelerating pendulum experiment in an attempt to test Galileo’s conclusions.  

Newton experienced the same results and was just as bewildered as Galileo. 

10 Gamow, 1962, pp. 22 – 24. 
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D. Galileo’s Leaning Tower of Pisa Experiment

By 1589, Galileo (now an instructor at the University of Pisa) had deduced that if light 

and heavy stones are suspended from ropes of equal length and they appear to take an equal 

time to fall back and forth in an arc, then they should also take an equal time to fall straight 

down if they were dropped simultaneously from the same height.11  However, this deduction 

was contrary to Aristotle’s conjecture that heavy objects fall proportionally faster than lighter 

ones.  So it was generally not believed. 

To prove his point, Galileo is said to have assembled numerous students and scholars 

from the University of Pisa in the courtyard below the famous Leaning Tower.  He chose two 

cannonballs, one small and one large, and climbed the 294 steps to the top of the Tower.  Then, 

at the same instant, he dropped both unequal cannonballs over the edge.  They fell straight 

down and, much to the amazement of his assembled colleagues, they appeared to strike the 

Earth at the same time12  (Figure 3A).  

Ever since his Leaning Tower experiment, Galileo has generally been credited with the 

empirical discovery that “[T]he velocity of free-fall does not depend upon the mass of the falling 

body”13 even though others before him had conjectured a similar result.14 Galileo later 

11 Reston, p. 29.  This deduction was consistent with the philosophy and assertions of Galileo’s university 
colleague, Jacapo Mazzoni  (Ibid). 
12 Reston, pp. 30 – 31.  Galileo never specifically described his Leaning Tower experiment in writing, although his 
later written works repeatedly refer to objects dropped from towers.  It was left to Galileo’s biographer, Viviani, to 
describe the Leaning Tower experiment based on his conversations with an aging Galileo  (Reston, p. 31; Cohen, 
1960, p. 86). 
13 Gamow, 1962, p. 24. 
14 In addition to Lucretius Cerus, Philoponus, Benedetti, and Mazzoni, there were others who previously 
conjectured a similar result.  For example, in 1586, Dutch mathematician Simon Stevinus (1548 – 1620) 
experimentally dropped objects of unequal weight from a building in apparently equal time and published his 
results (Harrison, pp. 125, 126; Will, p. 28). 
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repeated his Leaning Tower experiment in slow motion by  

“diluting gravity;” that is, by rolling balls of different weight down an inclined plane in 

apparently equal times15  (Figure 3B).   

In 1638, Galileo wrote in his great book entitled, Dialogues Concerning Two New 

Sciences: 

“Aristotle says that an iron ball of one hundred pounds falling from a height of one 
hundred cubits reaches the ground before a one-pound ball has fallen a single cubit.  I 
say that they arrive at the same time.” 

“Having observed this I came to the conclusion that in a medium totally devoid of 
resistance all bodies would fall with the same speed.”16 

Thus, according to Galileo, gravitational acceleration is an absolute concept:  two objects of 

unequal mass, such as an apple and a cannonball, both appear to free-fall at absolutely the 

same rate toward the Earth.   

15 Gondhalekar, p. 62; Cohen, 1960, p. 96. 
16 Schwinger, pp. 121, 122.  Thirteen years after Galileo’s death in 1642, his pupil Evangelista Torricelli created a 
crude vacuum and demonstrated “by direct experiment that light bodies and heavy ones do fall together in a 
vacuum”  (Schwinger, p. 122).  English scientist Robert Boyle performed a similar experiment a few years later  
(Cohen, 1960, p. 100). 
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E. Early Attempted Confirmations of Galileo’s Leaning Tower Experiment

In 1685, Newton conducted pendulum experiments of his own to try to replicate and 

confirm the apparently equal times of Galileo’s Leaning Tower experiments.17  Newton decided 

to swing two identical pendulums together, each with a hallow bob that could be filled with 

different substances. Newton filled one bob with one substance (i.e. gold, silver, lead or sand), 

and filled the other bob with an equal weight of a different substance (i.e. salt, wood, water or 

wheat).  Each bob was suspended from an 11-foot cord.  He then caused the two bobs to swing 

back and forth together, and Newton stated that they swung in unison “for a very long time.”18  

Based on these pendulum experiments, Newton concluded that there was the same 

amount of matter (vis. inertial mass) in each substance, that each equal amount of matter 

acted with the same “motive force,” and that these facts were the reasons why all heavy bodies 

fall toward the Earth in equal times.19  Newton then postulated that “the weight of any body 

[toward planet Earth] is proportional to the quantity of matter [inertial mass] which the body 

contains.”20  Newton’s experiments supposedly determined that the quantity of matter (i.e. 

inertial mass) contained in different substances of the same weight was equal to within one 

part in 1,000.21   

In effect, Newton asserted that the equal mass of each different atomic substance is 

proportional to its own weight.  This is like saying that the mass or weight of a body is equal to 

itself.  It is difficult to comprehend how this meaningless undisputed fact can explain why two 

17 Cohen (1960), p. 231. 
18 Newton, Principia [Cohen, 1999, Vol. 3, pp. 806 – 807]; Cohen (1960), pp. 231 – 232. 
19 Ibid, p. 807; Cohen (1960), p. 232. 
20 Newton, Principia [Cohen, 1999, Vol. 3, p. 806]. 
21 Gondhalekar, p. 225. 
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cannonballs of unequal mass or weight dropped from the same height should fall to Earth in 

apparently equal times.  On the other hand, it is obvious that if such cannonballs had equal 

masses or weights, they should fall to Earth in equal times.   

Around 1830, German astronomer Friedrick Bessel (1784 – 1846) repeated Newton’s 

experiments and supposedly improved their accuracy to one part in 100 thousand.22  Today, 

Galileo’s and Newton’s law of equal gravitational acceleration of unequal masses is universally 

accepted by scholars everywhere,23 in spite of the fact that “this phenomenon…has puzzled 

physicists ever since” Galileo’s time.24  

So, is that the end of the story?  Hardly!  We must take Galileo’s advice:  

“Never…assume as true that which requires proof.”25  If Galileo’s and Newton’s gravitational 

principle of equivalence was correct, then a priori 26 the unequal masses of an apple, a 

cannonball, a giant asteroid, the Moon, Venus, Jupiter, and the Sun should all free-fall in the 

gravitational field of the Solar System, at absolutely the same rate toward the Earth.  But we 

now know that this is not true.  Therefore, we must re-examine Galileo’s absolute law of equal 

gravitational acceleration in light of current knowledge and current observations.  But, for the 

moment, let us briefly continue with Galileo’s contributions to the laws of motion. 

22 De Sitter, Kosmos, pp. 107 – 108; Gondhalekar, p. 225; Spolter, pp. 143 – 144. 
23 For example, see Max Born, p. 313; George Gamow, 1962, pp. 22 – 24, 43; Richard Feynman, 1965, p. 23; Cohen, 
1960, pp. 100 – 101; Stephen Hawking, 1988, pp. 17 - 18; 1997, p. 40. 
24 Gondhalekar, p. 55. 
25 Reston, p. 33. 
26 “A priori” means “according to theory,” or “reasoning from cause to effect.” 

15 Part 1-E



F. Other Relevant Laws Which Galileo Discovered

During his continued experiments with balls rolling relatively slowly down an inclined 

plane, Galileo discovered a mathematical ratio between the distance (d) traversed by a falling 

(uniformly accelerating) ball near the surface of the Earth, and the square of the elapsed time 

period of such acceleration (t2).27  After years of trial and error experimentation, observation, 

and computation, Galileo was able to assert that the exact rate of free-fall (gravitational 

acceleration) near the surface of the Earth is as follows:  every object (regardless of its mass) 

uniformly increases in speed (accelerates) 9.8 meters per second for every second it free-falls28  

(Figure 4A).   

During the early 17th century, Galileo turned his attention to the motions of projectiles 

(i.e. cannonballs and arrows in flight).  Aristotle had divided the motion of objects into two 

categories:  natural and forced.  According to Aristotle, natural motion occurred spontaneously 

without forces, such as an apple falling from a tree.  Aristotle further conjectured that forced 

(horizontal) motion required a “mover” or force being imposed on the object, such as a man 

shooting an arrow or pushing a cart.  But when the force was withdrawn, the object would 

return to its natural state:  rest on the surface of the Earth.29 

27 It turns out that this ratio was first discovered during the 14th century at Merton College, Oxford.  Gondhalekar, 
p. 53.  Galileo defined “uniform accelerating motion” as when “a body acquires equal increments of speed during
any equal intervals of time”  (Ibid, p. 64).
28 Zeilik, p. 64; Seeds, p. 89; Cohen,, 1960, pp. 90, 95, 110.  The magnitude of acceleration due to gravity is now
denoted with the letter, small “g”  (Young, p. 46).  The more precise distances of free-fall at sea level, are:  981
cm/s2, or 32.2 ft/s2.  These magnitudes also vary slightly with latitude, and altitude near the Earth’s surface
(Gamow, 1962, p. 33), because in these cases the distance of the accelerating objects from the center of the Earth
increases or decreases somewhat.
29 Goldberg, pp. 14 – 17.  Aristotle never subjected any of these ideas to the scrutiny of experiment.  They were
merely his conjecture based on reason and his abstract theories.
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During his experiments with projectiles, Galileo reversed Aristotle’s concepts of natural 

and forced motions.  He demonstrated that the tendency for projectiles (i.e. arrows and 

cannonballs) to continue at a uniform motion 30 or speed through the air even after the force is 

withdrawn was actually the natural motion (Figure 4B), and he referred to this tendency as 

inertia or inertial motion.31     

Galileo also demonstrated that, except for the initial lateral force, projectiles are really 

just objects in free-fall, and that the vertical or downward accelerated motion of objects toward 

the Earth is actually a forced motion32  (Figure 4A).  Finally, Galileo concluded that this 

combination of independent motions of a projectile near the surface of the Earth (lateral and 

vertical) form the geometrical shape of a parabola 33  (Figure 4C). 

Despite their many differences, there was one thing upon which both Aristotle and 

Galileo did agree:  that was the ancient maxim that “ignorance of motion is ignorance of 

nature.”34 

30 Galileo described “uniform motion” as “one in which the distances traversed by a moving body during any equal 
interval of time, are themselves equal.”  In other words, s = d/t  (Gondhalekar, p. 64).  But the first person to 
correctly describe “uniform motion” appears to be John of Holland in the 14th century  (Cohen, 1960, p. 102). 
31 French scientist René Descartes (1596 – 1650) was the first to correctly describe this principle, as the tendency 
of inert matter “to do nothing until it had suffered an impact (force)  (Gondhalekar, p. 59; Goldberg, pp. 16, 17).  
The greater the horizontal (lateral) force applied, the proportionally greater the inertial motion of the object  
(Rohrlick, pp. 36, 37). 
32 Zeilik, p. 64.   
33 Gondhalekar,  p. 63.  This combining of two distinct motions in different directions (i.e. horizontally and 
vertically) is called “superposition of motions”  (Gamow, 1962, pp. 29 – 30).  Likewise, the combining of two 
distinct forces in different directions (i.e. horizontally and vertically) is known as the “superposition of forces”  
(Young, p. 94). 
34 Reston, p. 30. 
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G. The Planetary Motions of Kepler

Inspired by the heliocentric (sun-centered) theory of Nicholas Copernicus (1473 – 1543), 

Swedish-Danish astronomer Tycho Brahe (1546 – 1601) devoted much of his adult life to daily 

observations and systematic measurements of the motions of Mars and the other known 

planets.  Upon his death, most of Brahe’s observational data was inherited by his German 

assistant, Johannes Kepler (1571 – 1630), who carried on Brahe’s work. 35   

During the early 17th century, Kepler painstakingly developed his three laws of planetary 

motion, largely by trial and error.  At first he attempted to describe Brahe’s observations with 

circles, but to no avail.  He then tried oval shapes, and finally ellipses which seemed to work.36  

Kepler’s three empirical laws of planetary motion describe the observed elliptical motions, 

velocities, and orbital periods of the then known six planetary orbits around the Sun.37 

Kepler’s first law (the “Law of Ellipses”) was published in 1609 and states that the 

planets move around the Sun in elliptical orbits (rather than circular ones), with the Sun at one 

focus of each ellipse  (Figure 5).  This empirical law contradicted both the conjectures of the 

Greeks and of Copernicus, that such orbits are circular. 

Kepler’s second law (the “Law of Equal Areas in Equal Times”) was also published in 

1609 and states that each planet moves around equal areas of its elliptical orbit during equal 

time periods  (Figure 6).  For example, on Figure 6 the shaded area between points A, B, and the 

Sun is equal in size to the shaded area between points C, D, and the Sun…and each planet 

35 Cohen, 1960, pp. 134 – 136.  All of Brahe’s observations, and Kepler’s early observations, were of course 
unaided, because the telescope was not invented or popularized by Galileo until 1610. 
36 Cohen, 1960, pp. 136 – 137. 
37 Goldberg, pp. 49, 50; Feynman, 1965, pp. 5 – 8. 
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traverses the arc from A to B in the same time period as it traverses the arc from C to D. 

Kepler’s third law (the “Law of Harmony”) was published in 1619 and states that the 

square of each planet’s orbital period (P) is equal to the cube of its average distance (D) from 

the Sun  (Chart 7).  This empirical law has been called a “law of necessity” for any satellite 

system.38  Why?  Because the equilibrium of orbital motion is not an arbitrary occurrence, but 

rather is a mathematical consequence of the mass and orbital velocity of each opposing 

orbiting body, and their distances apart.39  

Kepler’s three laws of planetary motion gave the Copernican heliocentric hypothesis the 

firm empirical and geometrical foundation which it needed.  But Kepler had no idea what 

caused the motions which he described, nor why his laws worked.  He even suggested that the 

motions of the planets were caused by the wings of angels.40  It remained for Newton a few 

decades later to explain (mathematically and physically) how and why Kepler’s laws actually 

worked. 

38 Cohen, 1960, p. 141. 
39 These mathematical consequences of the mass of each opposing orbital body should have been an obvious clue 
that the gravitational acceleration of all bodies is a relative concept which depends upon the opposing masses 
involved. 
40 Seeds, p. 87; Feynman, 1965, p. 8. 
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Figure 2  Galileo’s Paradoxical Pendulum Experiments

2C. If the pendulum is 
shorter it will have a shorter 
period of swing, but again 
the period appears to 
remain constant no matter 
what the weight of the bob.

11
3

2B. If the rope is longer the 
pendulum will have a longer 
period of swing, but the period 
of each swing appears to 
remain constant no matter 
what the weight of the bob.

1

3

2A. The swing of a chandelier or pendulum (no 
matter what its distance traveled) always 
appears to take a constant period of time...

12

3

the rope

the “bob” of 
a pendulum

12

3

2D. And no matter whether the bob is lighter or 
heavier.



3A.  Galileo’s Leaning Tower of Pisa Experiment

3B.  Galileo’s Inclined Plane 
Experiments

Figure 3  Galileo’s Empirical Experiments Which Appeared to 
Demonstrate the Equal Gravitational Acceleration of 
Unequal Masses
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Figure 4  The Results of Galileo’s Gravitational and Projectile Experiments
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Partial Sources:  Goldberg, pp. 26, 33, 34; Gamow, 1961, p. 42; Cohen, 1960, p. 110
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(farthest from the Sun)
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Fig. 5   Kepler's Law of Ellipses
(not to actual scale)

Partial source:  Zeilik, p. 52
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The significance of this law is summarized as follows:

1. The planetary orbits are not circular, as Aristotle and Ptolemy had conjectured.
2. The orbits of all celestial bodies take a certain elliptical geometric shape.
3. A planet’s distance from the Sun varies precisely during its orbit, and the Sun

does not lie at the exact center of the orbit.
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Fig. 6   Kepler's Law of Equal Areas in Equal Times
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The significance of this law is summarized as follows:

1. The velocity of each planet varies during its orbit in a precise way.
2. The farther a planet is from the Sun, the slower it moves; the closer

it is to the Sun, the faster it moves.
3. This law implies that the planet’s motion is controlled by a force

emanating from the Sun.

Perihelion

Aphelion



PLANET ORBITAL PERIOD 
(P) (in Earth years)

    P2 AVERAGE DISTANCE 
(D) FROM SUN, (in AU*)

     D3 RATIO 
P2/D3 

Mercury   0.24     0.058 0.39     0.059 0.98 

Venus   0.62     0.38 0.72     0.37 1.03 

Earth   1.0     1.0 1.0     1.0 1.0 

Mars   1.9     3.6 1.5     3.4 1.05 

Jupiter 12.0 144.0 5.2 141.0 1.02 

Saturn 29.0 867.0 9.5 863.0 1.01 

* One AU (Astronomical Unit) equals 1 Earth-Sun distance of approximately 93
million miles (150 million km).

The significance of this law is summarized as follows: 

1. The larger a planet’s orbit is, the slower is its average orbital motion.
2. The approximate unity of such ratio (P2/D3) for all planets implies a

common physical cause.
3. This law also implies an inverse square law of decreasing force from

the Sun to each planet, proportional to each planet’s increased
distance from the Sun.

From this law, the approximate average distance from each planet to the 
Sun can be found if the orbital period is known; and vice versa. 

Chart 7  Kepler’s Law of Harmony 
 (all numbers approximate) 

Sources:  Zeilik, pp. 52, 53, A-4; Collins, p. 358 



PART II   NEWTON'S LAWS OF MOTION AND CONCEPTS OF UNIVERSAL GRAVITATION 

H. Newton’s First Law of Motion

Isaac Newton (1643-1727), professor of mathematics at Cambridge University, 

pondered the theories and observations of Copernicus, Brahe, Galileo, Kepler, Descartes, 

Huygens, Hooke, and others for over 20 years. Then he composed his masterpiece, the 

Principia, in Latin in just two years.  This monumental three-volume work, filled with text and 

geometric illustrations, was published in 1687 by Newton’s benefactor, English astronomer 

Edmund Halley.1  Early in the Principia, Newton set forth three postulates which are 

commonly referred to as “Newton’s Laws of Motion.”2 

Newton’s First Law of Motion (the law of ‘inertia’) states:  

“Every body continues in its state of rest, or of uniform motion in a right [straight] line, 
unless it is compelled to change that state by [net external] forces impressed upon it”3  
(Figure 8). 

Newton defined inertia as the “innate force of matter…[its] power of resisting…”4  In this 

regard, it can be asserted that the inertia of a body (its power or tendency to resist change in its 

state of motion or of relative rest) is proportional to its mass.5  This concept is now generally 

1 Aughton, pp. 147 – 149.  In the process, Newton synthesized the theories of motion for objects near the surface 
of the Earth and for heavenly bodies into one unified theory  (Goldberg, p. 60).  
2 They explain both the kinematics (the abstract description of motions) and the dynamics (the relationship of 
kinematic motions to the forces and masses which cause them) of terrestrial and celestial motions. 
3 Newton, Principia [Motte, Vol. 1, p. 13].  Newton did not invent the concept of inertia, but he did refine it into its 
current form.  It had been thought about and discussed by Galileo, Kepler, Descartes, and other scholars for many 
years  (Goldberg, p. 53).  Restated in modern terms:  when the net external force on a body is zero, its state of 
motion does not change, and it is described as being in equilibrium  (Young, p. 97). 
4 Newton, Principia [Motte, Vol. 1, p. 2]) 
5 Cohen, 1960, p. 156.  It also follows that bodies with the same quantity of matter (mass) have the same inertia 
(Ibid, p. 157). 
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called “inertial mass.”6 

Unlike Galileo, who described the orbital motions of the planets as inertial, Newton 

asserted that inertial motion must have constant direction of motion in a straight line as well as 

a constant magnitude (speed).  In other words, inertial motion must maintain constant velocity, 

because “velocity” is defined as the speed (constant rate of motion) of an object in a particular 

direction7  (Figure 8). 

Newton’s first law also tells us whether or not a net external force is acting upon a body. 

The reason is because:  a)  by Newton’s definition, “inertial” means “uniform motion in a 

straight-line;” therefore  b)  if a body (i.e. a planet) moves in a curved path, then according to 

Newton’s first law of motion, there must be net external “forces impressed upon it.”8     

Kepler introduced the Latin word “inertia” (meaning “laziness”) to physics.9  Galileo 

described uniform motion as where the increments of distance, time and speed “repeat itself 

always in the same manner.”10  French philosopher Rene Descartes (1596 – 1650) first clearly 

described the phenomenon of inertia and described it as a “state” in his unpublished book, “Le 

6 De Sitter, Kosmos, p. 107. 
7 Goldberg, p. 33.  Although orbital motion is not inertial motion under Newton’s definition, the continuous almost 
uniform straight-line motion of certain heavenly bodies (such as the Sun and our Milky Way galaxy) can be 
described a priori as an inertial motion.   
    Is the motion of celestial bodies ever rigorously uniform straight-line inertial motion?  The answer is probably 
no; but then again, it’s all relative.  A galaxy’s motion through space is about as close as one can get to idealized 
inertial motion, because its motion appears to be uniform and random, and it doesn’t appear to orbit anything. 
The Sun’s combined galactic motion and slightly orbital motion is also close to straight-line inertial motion, and yet 
it is ever so slightly curved, because each 225 million years or so the Sun circumnavigates the Milky Way Galaxy.  
The Earth shares the Sun’s almost uniform straight-line motion at about 300 km/s relative to the core of the 
galaxy, but because of the Earth’s close proximity to the Sun, the Earth also orbits the Sun at 30 km/s every 365 
Earth days.  A priori, there can be no perfectly uniform and straight line inertial motion, because the trajectories of 
all objects are affected, more or less, by the gravitational attraction of other objects in the universe  (Section N). 
8 Goldberg, pp. 52 – 53; Young, pp. 95 – 97. 
9 Cohen, 1960, p. 210. 
10 Ibid, pp. 88 – 89. 
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Monde.”11  French scientist Pierre Gassendi (1592 – 1655) first published the law of inertia and 

tested it with experiments.12  Thus, Newton’s fully developed law of inertia was really a group 

effort. 

11 Cohen, 1960, p. 210; Goldberg, p. 53. 
12 Cohen, 1960, p. 211; Harrison, pp. 125 – 126.  Gassendi dropped rocks from the mast of a moving ship, and 
because of their inertia the rocks landed near the base of the mast, rather than toward the stern.  Harrison, pp. 
125 – 126. 
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I. Newton’s Second Law of Motion

Newton’s Second Law of Motion (the law of “force and acceleration”) states:

“The change of motion [acceleration] is proportional to the motive force impressed; and 
is made in the direction of the right [straight] line in which that force is impressed.”13 

Unlike inertial motion, this law describes the motion of a body which is not in equilibrium, vis., 

where a force is acting on the body and is not counterbalanced by another force.  Newton 

defined “impressed force” as “an action exerted upon a body, in order to change its state…”14 

Newton intended the term “change of motion” to mean “change in velocity” or, in 

modern terminology, “acceleration.”15  Newton’s second law, in effect, states that the 

acceleration (a) of a mass (m) is in the direction of the continuous net force (F) applied to it 

and is proportional to such force16  (Figure 9).  Therefore, in empty or free space:  F = ma .17   

Newton defined the “mass” (m) of an object to mean its “quantity of matter…its density 

and bulk [volume] conjointly.”18  The greater a body’s mass, the more a body ”resists” being 

13 Newton, Principia [Motte, Vol. 1, p. 13]. 
14 Newton, Principia [Motte, Vol. 1, p. 2].  Galileo mainly talked about accelerations, not forces.  On the other hand, 
Newton stated and demonstrated that forces cause accelerations, and in which direction.  Thus Newton explained 
why Galileo’s accelerations occur.   
15 Goldberg, p. 54. 
16 The standard unit of measure for any force is now called a “Newton.”  One Newton is the magnitude of net force 
necessary to accelerate 1 kilogram (kg) of mass 1 meter per second per second in free space (Young, pp. 100 – 
101).  The standard unit of measure for any mass is now the “kilogram.”  (Young, p. 100).   

     Newton also stated another form of his second law which involved an impact or instantaneous (but not 
continuous) force, such as when a bat strikes a ball.  Upon impact, the ball or other projectile is initially accelerated 
in proportion to the motive force applied, and it gains momentum.  In space, far away from the Earth, the 
projectile will maintain a constant uniform velocity (Figure 8), whereas near the surface of the Earth it soon 
succumbs to air resistance and the downward force of gravity, and it decelerates  (Figure 4C).  According to 
Newton, his law of continuous force was derived from this impact law of force and is its limiting case  (Cohen, 
1960, p. 184). 
17 Young, p. 100.  This modern algebraic form of Newton’s second law was created in 1750 by Swiss mathematician 
Leonhard Euler  (Gondhalekar, p. 94).  But it is only rigorously valid in the vacuum of empty space, where there is 
no resistance (R) of friction.  On Earth, Newton’s second law is more correctly described as F = m(a – R). 
18 Newton, Principia [Motte, Vol. 1, p. 1].   
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accelerated (having its state or direction of motion changed). 

Empirically, it is observed that:  “If a force causes a large acceleration, the mass of the 

[accelerated] body is small; if the same force causes only a small acceleration, the mass of the 

[accelerated] body is large”19  (Figure 9).  Thus, very importantly, the mass of a body is the 

quantitative measure of its power or force of inertial resistance, and the magnitude of mass is 

inversely proportional to the acceleration caused by a continuously applied force:   m = F/a .20  

Since “mass” is the quantitative measure of matter’s inertial power of resistance, the 

magnitude of a body’s mass is often referred to as “inertial mass.”  On Earth, inertial mass (m) 

is more correctly described as m=F/(a-R) . 

Reciprocally, and very importantly, Newton’s second law also asserts that the 

magnitude of acceleration of a body is also inversely proportional to the mass of the 

accelerated body.21  Feynman agreed:  “[A] body reacts to a force by accelerating, or by 

changing its velocity every second to an extent inversely to its mass.”22  Thus, in free space a = 

F/m, or on Earth (a – R) = F/m .   

How do we know that this formula is correct?  Because empirically if you apply the same 

continuous force to two barrels (m1 and m2) and one barrel (m1) accelerates only one-fifth as 

fast as the other barrel (m2) , then the slower barrel (m1) must have 5 times as much mass as 

the faster barrel (m2) , and the magnitude of acceleration (a) of each barrel is inversely 

proportional to the magnitude of its own mass.23  Also, in this terrestrial example, each barrel 

19 Young, p. 100.   
20 Ibid.   
21 Zeilik, p. 68; Young, pp. 100 – 101. 
22 Feynman, 1965, pp. 4 – 5. 
23 Ibid; see Figure 9. 
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with a different mass receives the same quantity of applied force.24 

The above terrestrial example can also be described in another way.  The greater 

(motion) magnitude of acceleration (a2) of the lesser mass (m2) is proportional and equivalent 

to the greater inertial resistance of the greater mass (m1)…and the lesser (motion) magnitude 

of acceleration (a1) of the greater mass (m1) is proportional and equivalent to the lesser 

inertial resistance of the lesser mass (m2) .  Thus, “the ratio of masses [their inertial 

resistances] is the inverse of the ratio of the accelerations [their motions]:” m2/m1 = a1/a2.25 

These concepts and ratios become critical when we discuss relative gravitational accelerations: 

of opposing gravitating bodies in later sections of this treatise26  (bottom of Figure 9). 

At the beginning of the Principia, Newton defined the “quantity of motion [as] the 

measure of the…velocity and quantity of matter conjointly.”27  In other words, the term 

“quantity of motion” (as defined by Newton) means the “mass (m) times the velocity (v)” of a 

body.  Since the time of Newton this concept has been referred to as “momentum,” or p .28  

Thus p = mv.  The more mass and/or velocity that an object has, the more momentum it has, 

and therefore the more force which must be applied to slow it down or change its direction of 

motion.29 

24 This is also the case with opposing unequal masses in space.  They each receive the same quantity of 
gravitational force from the other.  More about this paradoxical fact in later sections. 
25 Young, p. 101.  These examples also demonstrate that Newton’s second law provides an empirical method to 
determine the relative accelerations and the relative masses of two opposing gravitating bodies  (Young, pp. 100 – 
101). 
26 These concepts will continue to be very important throughout this entire treatise.  They should be studied and 
fully understood before the reader proceeds further. 
27 Newton, Principia [Motte, Vol. 1, p. 1]. 
28 Goldberg, p. 52. 
29 Ibid. 
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J. Newton’s Third Law of Motion

Newton’s Third Law of Motion (the law of “action and reaction”) states: 

“To every action there is always opposed an equal reaction; or, the mutual actions of 
two bodies upon each other are always equal and directed to contrary parts.”30 

Newton’s third law asserts that action and reaction motions (caused by a force) occur in 

equal (or equivalent) and simultaneous pairs, and in opposite directions.  When an impressed 

(applied) force accelerates a body in one direction (the action motion), an equivalent motion of 

reaction occurs in the opposite direction.  This equivalent motion or force of reaction is 

exemplified by the backward “g force” that a passenger experiences during the acceleration 

and take-off of an airplane, the recoil when one fires a rifle bullet, or the lurch of one’s body 

toward a wagon when one sharply pulls on a heavy wagon with a rope.   

The impact force and acceleration motion of the relatively small mass of a bullet out the 

barrel of a rifle in one direction is equivalent to the force and acceleration motion of the more 

massive rifle in the opposite direction.  As Young puts it:  “the ratio of bullet speed to recoil 

speed is the inverse of the ratio of bullet mass to rifle mass.”31  In other words, m2/m1 is 

equivalent to a1/a2.  Likewise, when a bazooka is fired, the explosion (force in the barrel) 

causes the action motion of the projectile out the front of the barrel and the equivalent 

reaction motion and force of the exhaust out the rear of the barrel. 

Newton’s third law also empirically implies that the equivalent action and reaction 

motions of two bodies pulling against one another are inversely proportional to their masses. 

30 Newton, Principia [Motte, Vol. 1, p. 13]. 
31 Young, p. 236.  
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In Newton’s words:  “[T]he changes of the velocities [acceleration motions] made toward 

contrary parts are inversely proportional to the [masses of the] bodies”32  (Figure 9). 

For example, when a 100 kg astronaut applies a continuous or impact pulling force 

(action) with respect to a 500 kg barrel in empty space, the 100 kg man will (react) accelerate 

forward toward the barrel five times as fast and as far as the 500 kg barrel (acts) accelerates in 

the opposite direction toward the astronaut (during the same time period)  (Figure 10).  The 

500 kg barrel itself does not exert an energy related force or pull with respect to the 100 kg 

astronaut, but the innate inertial “power” or force of resistance of the barrel’s mass to any 

change in its state of motion or rest is equivalent to an energy force applied against the 

astronaut.33   

The magnitude of relative intensity of the inertial force imposed by the 500 kg barrel is 5 

times as great as the intensity of the reciprocal energy force applied by the 100 kg. astronaut, 

and the reciprocal inertial resistance of the astronaut is only 1/5th that of the barrel.  The 

combination of these reciprocal factors is the reason for the different reciprocal accelerations 

of each body.  Thus, such accelerations depend upon the ratio of the masses involved, vis. 5:1.34 

Newton’s first and second laws describe the state and motion of a body and an applied 

energy related force, but they do not completely describe the relationship between the source 

32 Newton, Principia [Motte, Vol. 1, p. 14]. 
33 Newton, Principia [Motte, Vol. 1, p. 2].  This example empirically demonstrates that the “force” of inertial 
resistance is equivalent to an energy related force. 
    What happens if a 100 lb. astronaut and a 500 lb. astronaut simultaneously apply energy related pulling forces 
on each other in empty space?  Because of the opposing forces and the opposing inertial resistances involved, all 
of the same motions, accelerations, actions, and reactions will simultaneously and reciprocally occur with respect 
to each energy-related pulling force.  In other words, the empirical result is the same as with Figure 10.   
34 But it is also obvious that at least one of the opposing masses must exert an energy related force on the other 
mass.  The inertial masses of a 100 kg barrel and a 500 kg barrel joined by a long rope (and their inertial 
resistances) will obviously not accelerate toward each other without the application or exertion of an energy force. 
In this regard, Newton defined “impressed force” as “an action exerted upon a body…”  (Gondhalekar, p. 93). 
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of the energy related force and the motions which it creates.  Newton’s third law, which he 

deduced completely by himself, describes or implies these missing relationships:  the reciprocal 

and equivalent motions, actions, and reactions of the forces, masses and accelerations 

involved. 
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K. What Happens When all Three Laws of Motion Are Combined?

Newton’s third law may be thought of, not as a separate and independent law, but 

rather as an extension of Newton’s first two laws to the actions and motions that result when 

all three laws are applied together.  For example, let us again take three situations that 

exemplify all three laws of motion. 

When a rifle at rest is fired, an explosive force occurs in the chamber, the small mass of 

a bullet acts and accelerates out of the muzzle at great speed in one direction, and the much 

larger mass of the rifle, its stock and the shoulder of the rifleman, accelerate, recoil and react at 

a much lesser speed in the opposite direction.  The firing of a bazooka is somewhat similar. 

When a stationary jet airplane takes off, the sustained forceful explosions in its turbo jet 

engines cause a continuous mass of air molecules to act and accelerate out of the rear of the 

engines at great speed in one direction, and the much greater mass of the airplane slowly 

accelerates and reacts in the other direction as it lifts into the sky. 

Likewise, when a stationary 100 kg astronaut (M2) in space pulls with a force on a rope 

attached to a 500 kg barrel (M1) relatively at rest in space, the barrel acts and is slowly 

accelerated (a1) toward the astronaut, and the astronaut lurches, reacts and is accelerated (a2) 

toward the barrel at five times the speed of the barrel35  (Figure 10).  All of the above 

relationships are completely relative (not absolute). 

35 When mass M2 (i.e. the astronaut) applies a pulling force on mass M1 (i.e. the 500 kg barrel), this creates an 
action (acceleration motion) of mass M1 which is proportional to, and in the direction of, the pulling energy force 
applied by mass M2.  But the magnitude of such action & acceleration (A1) of mass M1 is inversely proportional to 
the magnitude of its own mass.  Such pulling force by mass M2 also creates an equivalent reaction (large 
acceleration motion) by mass M2  that is proportional to and in the opposite direction of the inertial resistance 
force of mass M1, but the magnitude of such reaction & acceleration (A2) of mass M2 is also inversely proportional 
to the magnitude of its own mass  (Figure 10). 
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Except for the resistance of friction and the force of the Earth’s gravity, all three of 

Newton’s laws apply in substantially the same way in empty space as on the Earth, and whether 

the force applied is pushing or pulling, or is gravitational, mechanical, chemical, 

electromagnetic or inertial.  All of the aforementioned empirical laws of motion will become 

very important for our later discussions concerning “relative gravitational accelerations.” 
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L. Newton’s Early Deductions and Hooke’s Ideas Which Led to Gravity

As the story goes, when Newton was a young man in the mid-1660’s, he began to think 

about orbital motion and its forces, masses and accelerations.36  By 1665, Newton was 

theorizing about the uniform circular motion of a mass (m) moving at velocity (v) around a 

circle of radius (r).  Based on Kepler’s laws, Newton deduced and calculated that there must be 

an acceleration of such orbiting mass of magnitude v2/r away from the center of such circle, 

with a centrifugal (outward) force of 1/r2.37 

Based on his analysis of Kepler’s Third Law of Harmony, Newton also deduced during 

this early period that the forces which kept the planets in orbit around the Sun must vary as the 

inverse square of their distances from the Sun38  (Figures 11 and 12).  One dramatic illustration 

of this phenomenon of  “weakening of force with distance,” is that the Sun at a distance of 93 

million miles only exerts about one-third as much gravitational force on the Moon as does the 

Earth from about 240,000 miles, even though the Sun has 330,000 times the mass (gravitational 

force) of the Earth. 

As a young man, Newton also began to think of the force that caused the apple to fall to 

the ground as “extending to the orb of the Moon.”  In an attempt to check this hypothesis, he 

“compared the force required to keep the Moon in her orb with the force of gravity at the 

surface of the earth, and found them [to agree] pretty nearly.”39   

36 Cohen (1960), p. 165. 
37 Cohen (1960), pp. 165, 227 – 228.  Newton did not publish his conclusions, but eight years later (in 1673) 
Huygens deduced and published the same conclusions  (Ibid).  
38 Cohen (1960), p. 165.  This sounded reasonable because Newton knew from his work in optics that the intensity 
of light diminished in proportion to the inverse square of the distance from its source  (Figure 11).  It turns out that 
Kepler was probably the first person to discover this inverse square law of light  (Cohen (1960), p. 144). 
39 Cohen (1960), p. 165; Zeilik, p. 72.  We shall scrutinize this comparison by Newton in detail later in this treatise. 
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By the mid-1670s, Dutch scientist Christian Huygens (1629 – 1695), English scientist 

Robert Hooke (1635 – 1703), and others, had also deduced from Kepler’s laws that when 

heavenly bodies (such as the planets) move in an elliptical orbiting motion, the orbiting body is 

being “attracted” towards the center of another gravitating body (i.e. the Sun) by a force.40 For 

example, Hooke wrote: 

“All celestial bodies have an attraction or gravitating power towards their own centers, 
whereby they attract not only their own parts…[but also] all other celestial bodies that 
are within the sphere of their activity.”41 

In 1679, Hooke wrote a letter to Newton and referred to his hypothesis that the orbital 

motions of the planets were actually compound motions comprised “of a direct [straight] 

motion by the tangent and [an] attractive motion towards the central body.”  In January 1680 

Hooke again wrote to Newton, this time referring to his “supposition” concerning the force of 

attraction that keeps planets in their orbits.”42  Newton later acknowledged that the seminal 

ideas in Hooke’s letters were the key to his correct analysis of curvilinear orbital motion.43   

Newton had previously been thinking that the critical force in orbital motion was 

centrifugal (away from the central body), but after reading Hooke’s letters he realized that the 

critical force was actually toward the central body, which he later called “centripetal force”’44  

Newton also realized from Hooke’s letters that orbital motion is really a compounding of two 

separate motions:  the straight inertial motion of the orbiting body which is tangent 

(transverse) to the central body, and the motion of attraction of the orbiting body towards the 

40 Kepler himself suggested this possibility to Galileo, but Galileo rejected it.  Cohen, 1960, pp. 144 – 145. 
41 Aughton, p. 136. 
42 Cohen, 1960, p. 218.   
43 Ibid, p. 219.  
44 Ibid.  Centripetal means:  “center seeking.” 
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central body 45 (Figure 13).  As a result, Newton reversed his prior calculations:  v2/r now 

became the magnitude of the acceleration of the orbiting body toward the central body, and 

1/r2 became the magnitude of the central body’s centripetal force which pulled the orbiting 

body toward the center  (Figure 14). 

By January of 1684, English astronomer Edmund Halley (1656 – 1742), English architect 

Christopher Wren (1632 – 1723), and Hooke had deduced the inverse square law of gravity, but 

over the next six months they could not derive Kepler’s elliptical orbits from this hypothesis.  

So, in August of 1684, Halley traveled to Cambridge for a meeting with Newton.  Newton 

informed Halley that, years before, he had deduced the inverse square law of gravity from 

Kepler’s third law.46 

Halley’s visit undoubtedly inspired Newton to continue and complete his work on 

gravity.  Relying heavily on Kepler’s laws, Hooke’s suggestions, and Galileo’s experiments, 

Newton thereafter demonstrated mathematically that:  1) if a body exhibiting inertial motion 

constantly accelerates toward a center, the body must move in this orbit around equal areas in 

equal times; and  2) if this occurs, it must result from a centripetal force which results in an 

elliptical orbit.47 

45 This compounded orbital motion is of course similar to Galileo’s compounded parabolic motion of falling 
projectiles  (Figure 4). 
46 Cohen, 1960, pp.  150 – 151.  Newton promised to send Halley his written proof of such deduction, which he did  
(Ibid).  It turns out that Newton had already explored in depth the application of this inverse square law to 
gravitation by the time Halley suggested it to him in 1684.  Aughton, pp. 129 – 130. 
47 Cohen, 1960, p. 163.   
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M. Newton’s Great Generalization:  Universal Gravitational Attraction

At some point Newton also realized that the orbital motion of celestial bodies was very 

similar to the continuous and compounded falling motion of a projectile near the surface of the 

Earth.  The greater the lateral force applied to the projectile, the greater its inertial motion, and 

the longer it takes for the projectile to fall toward Earth.  If the initial lateral force was great 

enough, if there was no resistance of the air, and if the distance of the projectile from Earth was 

just right, then a priori the projectile should inertially fall around the curved Earth forever.48  

Voilà!  Newton finally realized that the Moon was perpetually falling around the curved Earth at 

velocity v (Figure 15). 

Toward the end of 1684, Newton prepared a paper known as Du Moto (on motion), and 

he lectured on all of the above subjects at Cambridge.  In early 1685, Halley encouraged 

Newton to expand Du Moto and his lectures into a book.  The result was Newton’s three 

volume Principia, written entirely in Latin, which Halley had published in 1687 at his own 

expense. 

During the writing of the Principia, Newton extrapolated his great discoveries to the 

universe as a whole.  In Book 3 of the Principia, entitled The System of the World, Newton 

described four axioms of logic that should guide a philosopher in the study of natural 

phenomena, such as gravity.49  We shall describe these axioms in detail in the next section. 

48 Gamow, 1962, pp. 37 – 39.  This, of course, is basically the concept of how and why artificial satellites orbit the 
Earth.  It is also a major reason why the Moon orbits the Earth, the planets orbit the Sun, and binary stars orbit 
each other  (Feynman, 1965, p. 9). 
49 Newton, Principia [Cohen, 1999, Vol. 3, pp. 794 – 796].  By the way, Newton called Book 3 of the Principia, The 
System of the World, because in 1687 he believed that the Sun and the Solar System were at the center of the 
Universe  (Newton, Principia, Book 3, Proposition 12 [Cohen (1999), p. 817]). 
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Newton then used these axioms in Book 3 of the Principia to logically demonstrate that the 

same centripetal force which exists in all bodies and masses: 

1. causes all of the planets to orbit around the Sun,

2. causes the planetary moons to orbit around their planets,

3. causes the Moon to orbit around the Earth,50

4. causes the moon and the apple to fall toward Earth,

5. holds objects on the surface of the Earth,

6. holds all of the parts of the Earth together,

7. causes the tides on Earth to rise and fall twice each day, and

8. causes pendulum clocks to run slower or faster at different places on Earth.51

If all of these things occur, then logically every body in the heavens must mutually 

attract and be attracted by every other body.52  From all of the above, Newton ultimately 

generalized these concepts into his law of Universal Gravitational Attraction.  Feynman referred 

to Newton’s law of Universal Gravitational Attraction as “the greatest generalization achieved 

by the human mind.”53  

50 In Newton’s words, the “force by which the moon is kept in its orbit is the very one that we generally call 
gravity”  (Newton, Principia, [Cohen, Vol. 3. p. 805]). 
51 Newton, Principia, Book 3. 
52 Feynman, 1965, p. 10.   
53 Feynman, 1965, p. 4.  The Principia unified the motions of the heavenly bodies (“celestial mechanics”) with the 
motions of objects near the surface of the Earth (“classical mechanics”), and for well over 300 years.  Newton’s 
laws of gravitational attraction never appeared to fail, except possibly with respect to slight unexplained and 
paradoxical perturbations (wobbles) in the orbit of Mercury.  As Hawking points out:  “Newton’s laws…have 
proved so accurate that they are still used to predict the speed and trajectory needed to put satellites in orbit 
around the Earth”  (Hawking, 1997, p. 52). 
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N. Newton’s Axioms for Gravity

Before Newton began to describe and explain his concepts of universal gravitation in 

Book Three of the Principia (entitled the System of the World) he strongly advised his readers 

that his Definitions, his Laws of Motion, and the first three sections of Book One must first be 

carefully read and understood, before any reader attempts to read Book Three.54  The first 

three sections of Book One dealt with (in order):  1) the Ratios of Quantities;  2) the 

Determination of Centripetal Forces; and  3) the Motions of Bodies in Eccentric Conic Sections 

(i.e. ellipses).55 

Newton then described four axioms which would guide him throughout Book Three. 

These axioms are stated as follows: 

Rule 1.   “No more causes of natural things should be admitted than are both true and 

sufficient to explain their phenomena.”56 

Rule 2.  “Therefore, the causes assigned to natural effects of the same kind must be, so 

far as possible, the same.”57 

Rule 3.  “Those qualities of bodies that cannot be [changed] and that belong to all bodies 

on which experiments can be made should be taken as qualities of all bodies 

universally…[Thus], if it is universally established by experiments and astronomical 

observations that all bodies on or near the earth gravitate toward the earth, and do so 

54 Newton, Principia [Cohen (1999), p. 793].  Newton called Book 3 the System of the World because he believed 
that the solar system was the center of the universe (Newton, Principia, Vol. 3, Proposition 12 [Cohen (1999), p. 
817]. 
55 Newton, Principia [Motte (1729), pp. 29, 40 and 56]. 
56 Newton, Principia [Cohen (1999), p. 794]. 
57 Ibid, p. 795. 
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in proportion to the quantity of matter in each body, and that the moon gravitates 

toward the earth in proportion to the quantity of its matter, and that our sea in turn 

gravitates toward the moon, and that all planets gravitate toward one another, and that 

there is a similar gravity of comets toward the sun, it will have to be concluded by this 

third rule that all bodies gravitate toward one another.”58 

Rule 4.  “In experimental philosophy, propositions gathered from phenomena by  

induction should be considered either exactly or very nearly true notwithstanding any 

contrary hypotheses, until yet other phenomena make such propositions either more 

exact or liable to exceptions.  This rule should be followed so that arguments based on 

induction may not be nullified by hypotheses.”59 

58 Ibid, pp. 795, 796. 
59 Ibid, p. 796.  
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Figure 4  The Results of Galileo’s Gravitational and Projectile Experiments
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Partial Sources:  Goldberg, pp. 26, 33, 34; Gamow, 1961, p. 42; Cohen, 1960, p. 110

s=time in seconds
a=acceleration=9.8m/s/s
d=distance in meters
v=velocity in m/s
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Figure 8  Newton’s First Law of Motion (“Inertia”) Illustrated
    

throw

after 1 second

after 2 seconds

after 3 seconds

after 4 seconds

after 5 seconds

The astronaut basically continues in his state of rest (in empty 
space) relative to the ball, while the ball continues its uniform 
inertial motion in a straight line through empty space relative to 
the astronaut.



m2
(1 kg)

m1
(5 kg)

C
astronaut pulling with 

equal continuous force*

If an astronaut in empty space is equidistant between two 
unequal masses (m1 & m2) and simultaneously pulls m1 & m2 each 

with 5 Newtons** of continuous force toward the center (C)

...then empirically the lesser mass m2 will accelerate five times as fast 
and as far (in the same time period) as the greater mass m1 accelerates toward 

the astronaut in the center (C).

**Note:  1 Newton is the magnitude of continuous net force necessary 
to move 1 kilogram (kg) 1 meter per second per second.

Figure 9  Newton’s Second Law of Motion (“Force and 
Acceleration”) Illustrated 

a1

a2

one
meter

Thus, “the ratio of masses [their inertial resistances] is the inverse of the 
ratio of their accelerations [their motions]” (Young, p. 101).

m2
m1

a1
a2

Partial source:  Young, p. 101

*Note:  Assume that the astronaut is affixed to a very large spaceship.



Figure 10  Newton’s Third Law of Motion (“Action-Reaction”) 

Note:  These drawings also illustrate Newton’s 1st law of inertial resistance and his 2nd law of force and acceleration.

lesser mass
greater acceleration

greater mass
lesser acceleration

100 kg. 500 kg.

stationary space marker

m1

Figure 10B  After the astronaut’s pulling force is applied, the 100 kg. man (m2) accelerates 
(reacts) 5 times as fast and as far toward the 500 kg. barrel (m1), as the barrel (m1) 
accelerates (acts) toward the man (m2).

500 kg.

500 kg.

stationary space marker

B 500 kg.

m1

100 kg.

m2

Figure 10A  Objects at rest in space relative to each other before the 100 kg man (m2) 
applies the pulling force with the rope.

m2

Relative Accelerations of Masses
a2 a1

5 units of distance 1 unit of distance

Illustrated in Empty Space
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distance from the light source

the intensity of light diminishes as 
the inverse  square of the distance

Figure 11  The Inverse Square Law of Light

12  = 1

22  = 4

32  = 9

As a light ray propagates outward from its source, 
it covers larger and larger areas, but its magnitude 
of intensity (brightness) diminishes proportionally 
to the inverse  square of the distance away from 
its source. Newton deduced that this same law 
must apply to the force of gravity.

Source:  Hartmann, p. 78; Seeds, p. 92
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Figure 12  Newton’s Inverse Square Law of Gravitation 

decreasing gravitational force

1/4th as strong
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beginning gravitational force
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Gravitational force decreases proportionally to the inverse 
square of the distance between the centers of attracting 
objects.

(NOT EXACTLY TO SCALE)

Partial Sources:  Zeilik, p. 71; Gamow, 1962, p. 64 



Figure 13  The Forces, Motions and Masses Involved in 
Orbital Motion

Sun or Earth
(larger mass)

direction of the
centripetal (gravitational) pulling 
force applied by the larger mass

constant fall or acceleration of the 
orbiting mass toward the larger 

mass caused by centripetal force

direction of the tangent or 
transverse inertial motion 

of the orbiting mass

planet, moon 
or satellite

(smaller mass)

Note:  For purposes of this illustration, the lesser force applied by the smaller mass (i.e. Moon)
           which results in a lesser orbital motion of the larger mass (i.e. Earth) is not shown. 
           See Figure 28 instead.

resulting orbital motion and constant angular velocity

of the smaller mass

Partial Sources:  Feynman, 1965, p. 9; Cohen (1960), pp. 162, 168, 218 - 221



Figure 14  Newton’s Formulas for Centripetal Force 
and Resulting Orbital Acceleration
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The formula 1/r2 theoretically describes the inverse square of the centripetal force of the 
central body (i.e. the Sun) which is continuously applied to an orbiting body (i.e. a planet) 
orbiting it in a circle at velocity v. The formula v2/r theoretically describes the resulting 
acceleration of the orbiting body toward the center. 

But the formula v2/r does not even consider the mass of the orbiting body, its reciprocal 
force on the central body, or the real orbital motion of an ellipse. Thus, at best, it is a 
rough estimate and a first approximation which assumes that the orbiting body is a 
massless point.

It is obviously a better estimate if the orbiting body is relatively small like the Earth 
(relative to the Sun), rather than if the orbiting body is relatively larger like Jupiter, with 
a mass 318 times the Earth. What if the orbiting body had the same mass as the Sun, 
like two binary stars with equal mass? What would v2/r and 1/r2 then describe?  The 
answer is a Relative Gravitational Acceleration.

In any event v2/r is obviously not a rigorously universal constant for orbital gravitational 
accelerations.

Partial Source:  Cohen, 1960, pp. 162, 168, 218 - 221
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2

3
A. Newton reasoned that if a projectile (i.e. a cannonball) was fired from a mountain top, it
would normally fall to Earth at position 1 or 2 depending upon the magnitude of the initial
lateral force. But if it was fired with just enough initial lateral force, then theoretically it could
inertially fall around the curved Earth forever  (see trajectory 3 above).

Earth

Moon

continuous lateral inertial motion

continuous falling acceleration

Moon’s orbital motion

B. The Moon’s mass is just far enough away from the Earth’s mass and is moving inertially
and  transversely relative to the Earth just fast enough in order to continuously fall (orbit)
around the Earth.

Figure 15  Newton’s Great Realization That the Moon’s 

Earth

Orbital Motion is Similar to the Continuous 
Falling Motion of a Projectile

Partial Source:  Gamow, 1962, pp. 39, 40



Part III  PROBLEMS WITH GALILEO'S AND NEWTON'S CONCEPTS OF GRAVITY 

O. Newton’s Artificial and Confusing Concepts of Gravity

In his first two laws of motion, Newton was merely dealing with the inertial mass of a 

material body which only had one primary role:  to resist any change in its state of rest or its 

state of uniform motion in a straight line.  Newton was also merely dealing with an external 

force which acted upon that inertial mass (resistance) and accelerated it in one certain 

direction.  Newton’s third law of action and reaction was merely a consequence of his first two 

laws.  All three of these laws were simple and easy to explain and each could be dealt with 

separately and independently. 

On the other hand, the gravitational interactions of two or more material bodies are 

completely interdependent and each body appears to play several different roles:  i.e. of an 

energy force, of a mass of inertial resistance, of an acceleration and/or a weight.  These 

interdependent and contemporaneous interactions are much more complicated, confusing and 

much more difficult to describe and explain.  Not only that, but (very importantly) such 

gravitational interactions had to be described and explained by Newton so as to be consistent 

with the paradoxical results of Galileo’s Leaning Tower of Pisa experiment. 

Newton’s attempted descriptions and explanations of these gravitational interactions 

were both a monumental achievement and series of confusing gravitational concepts, which 

were often described and explained with ambiguous terminologies.  Some of these 

gravitational concepts were correct, some were partially correct, some were not correct, and 

some were meaningless.  Some of the necessary concepts that should have been included were 
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left out.  Other concepts that should have been left out were included.  No wonder that there 

has been so much confusion with Newton’s and Galileo’s concepts of gravity. 

Newton’s first five Propositions in Book 3 of the Principia were primarily devoted to 

describing the force of gravity that causes all bodies to gravitate toward each other, often in 

orbital motions.  In effect, Newton was logically constructing his argument that gravitational 

attractive force is universal.  It was not until Propositions 6 and 7 of Book 3 that Newton 

attempted to explain the details of how and why such gravitational interactions and 

accelerations occur. 

At the beginning of Proposition 6 of Book 3 of the Principia, Newton stated the following 

theorem: 

“All bodies gravitate toward each of the planets, and at any given distance from the 
center of any one planet the weight of any body whatever toward that planet is 
proportional to the quantity of matter which the body contains.” 

In this theorem, Newton was attempting to describe the weight of the unequal cannonballs 

which accelerated toward the Earth in Galileo’s Leaning Tower experiment. 

One might ask:  What did Newton mean by the word “gravitate”?  Newton states that 

he meant “accelerative gravities” or “accelerations,” and he used all three of the above words 

to describe the same phenomenon of “mutual gravitational accelerations of bodies” 

throughout Proposition 6 of Book 3. 

What did Newton mean by the word “weight” of a body?  Newton states that he meant 

“heaviness,” “heaviness toward,” “gravitate toward,” “falling toward,” “accelerative gravities 

toward,” and “weight toward another gravitating body or mass.”  And he also used all of these 

different words and phrases to describe the same phenomenon of “mutual gravitational 
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accelerations” of bodies in Proposition 6 of Book 3. 

Actually, the concept of “mutual gravitational accelerations” only occurs when the 

forces exerted by two opposing inertial masses in space mutually pull on each other, and the 

concept of weight (the sensation of heaviness) only occurs when a pulled body’s gravitational 

acceleration is restrained by an atmosphere or is terminated by a solid surface.  The fact that 

both of these concepts are proportional to the inertial mass of the pulling body and are 

inversely proportional to the inertial mass of the pulled body (as we shall soon discover), only 

serves to illustrate the validity of Newton’s three laws of motion gravitationally interacting 

together.  But Newton only rarely mentioned any of his three laws of motion in Book 3. 

Instead, Newton deferred to Galileo’s Leaning Tower of Pisa experiments in Proposition 

6 of Book 3, with the following statement: 

“Others have long since observed that the falling of all heavy bodies toward the 
earth…takes place in equal times, and it is possible to discern that equality of the times, 
to a very high degree of accuracy, by using pendulums.” 

Why was Newton so reluctant to describe the mutual gravitational interactions of gravitating 

bodies in space by using his three laws of motion?  The answer to this question is obvious to the 

author. 

Newton was completely fooled by the paradoxical equal results of Galileo’s Leaning 

Tower of Pisa experiment, where the unequal masses of two non-identical cannonballs 

appeared to fall to Earth in apparently equal times.  For this reason, Newton decided not use 

his three laws of motion in conjunction with his universal law of gravitational attraction to 

describe the gravitational interactions, motions, gravitational accelerations and weight of 

inertial masses in space, because the application of such laws would contradict the equal 
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results of Galileo’s Leaning Tower of Pisa experiment. 

Therefore, Newton was forced to imagine new concepts that would appear to be 

compatible with Galileo’s paradoxical equal result, and which he could use to rationalize such 

equal result.  To achieve this goal, Newton invented two new concepts of mass for a gravitating 

body.  This endeavor actually resulted in an independent trichotomy of masses. 

First, there was the mass of a body which contains and exerts centripetal force in order 

to attract or induce another body to gravitate.  Newton described this category of mass in 

Proposition 7 of Book 3, and he stated that it was proportional to the quantity of matter (or 

“inertial mass”) contained in each body.  Much later, this energy mass concept (which results in 

centripetal force) was given a name:  “active gravitational mass.”1 

Secondly, there was the weight or heaviness of a body toward another body which 

Newton described in Proposition 6 of Book 3 as proportional to quantity of matter or “inertial 

mass” contained in each heavy body.  Newton then empirically determined this proportionality 

to be equal when he compared the motions of two identical pendulums (with equal weights) to 

be exactly the same.2  Much later, this equality of weight and inertial mass of the same body 

was referred to as the susceptibility of the mass of a body to receive gravitation, and it was 

given a name:  “passive gravitational mass.”3 

Thirdly, there was our old friend, inertial mass:  the resistance of a body to being 

moved.  But, strangely enough, Newton never referred to the inertial resistance of the pulled 

mass as being inversely proportional to the force exerted by the pulling mass.   

1 De Sitter, Kosmos, p. 107; Jammer (1961), p. 125. 
2 Section R, infra. 
3 De Sitter, Kosmos, p. 107; Jammer (1961), p. 125. 
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The concept of Newton’s three laws of motion interacting together was completely 

missing in the gravitational context.4 

There were good reasons why Newton used the ambiguous word “proportional” to refer 

to the gravitational concepts and gravitational interactions of force, inertial mass (resistance), 

gravitational accelerations, and weight.  All of these concepts and interactions are proportional 

or inversely proportional with respect to any opposing gravitating inertial masses, but only 

some of them are equal (or equivalent) as we shall soon discover when we describe Newton’s 

laws of gravitation the way that they should have been described:  as ratios of quantities.5  

4 It should also be noted that de Sitter and Jammer could even agree as to what they were talking about. 
5 Part V, infra.  In fact, Newton did describe certain aspects of his ideas about gravity in terms of ratios. 
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P. What Does Universal Gravitational Attraction Really Mean?

What did Newton mean by the word “gravity”?  In the Scholium to Proposition 5 of Book 

3, Newton stated: 

“Hitherto we have called ‘centripetal’ that force by which celestial bodies are kept in 
their orbits.  It is now established that this force is gravity, and therefore we shall call it 
gravity from now on.” 6 

At the beginning of Proposition 7 of Book 3, Newton then stated that: 

“Gravity [centripetal force] exists in all bodies universally and is proportional to the 
quantity of matter [inertial mass] in each [body]…inversely as the square of the 
distance…And it follows…that the [sun’s] gravity [centripetal force] toward all of the 
planets is proportional to the matter [inertial mass in each].”7   

It also follows from the above statements in Proposition 7 that the centripetal force 

exerted by and between any two opposing masses depends upon the ratio of the two opposing 

masses.  Please refer to  Figure 16 to understand the ratios of the different masses in the Solar 

System.  Briefly, the mass ratio between the Earth and the Moon is approximately:  Earth = 82 

and Moon = 1. 

Proposition 7 of Book 3 has been universally interpreted to mean that:  “Each body 

attracts the other [opposing body] with a force of equal magnitude…even if their masses are 

quite different.”8   

But how can this be?  How can the centripetal force originating or emanating 

from each pulling body be proportional to both the mass of the pulling body (i.e. Earth) and to 

6 Thus, Newton defined “gravity” to mean “centripetal force,” the gravitational force of attraction toward a body’s 
center  Newton, Principia, Book 3 [Cohen, (1999), p. 806].  Later in the Principia Newton also used the word 
“gravity” to describe the motions of gravitating bodies toward each other.  In other words, he also used the word 
“gravity” to describe “gravitational acceleration.” 
7 Newton, Principia, Book 3 [Cohen (1999), p. 810].   
8 Cohen, 1960, p. 165; Young, p. 359.   
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the very different mass of the opposing pulled body (i.e. the Moon), and vice-versa?9  

The reason is because with gravitational force, we are dealing with two separate 

concepts of magnitude of force:  the intensity or strength of the force emanating from the 

pulling body in all possible directions, and the quantity of such force received by and acting 

upon each opposing pulled body.  In Proposition 7 of Book 3, Newton inferred that the intensity 

of the centripetal force emanating from a pulling body in all directions is proportional to its own 

inertial mass, and that the quantity of such centripetal force received by and acting upon a 

pulled body is proportional to its own inertial mass.  Please read the above quote from 

Proposition 7 again with this interpretation in mind. 

Thus, each opposing body pulls the mass of the other body (its inertial resistance) with a 

centripetal force, the intensity of which is proportional to the mass of each pulling body.  The 

quantity of such intensity of centripetal force which is received by and acting upon the pulled 

body (its inertial resistance) is proportional to the mass of each pulled body  (Figure 17.1).   

Implicit in Newton’s Proposition 7 of Book 3 concerning gravitational attraction (and in 

Newton’s discussion of the “center of mass” of gravitating bodies contained in Book 3, 

Propositions 12 and 13), is the fact that the smaller a pulled gravitating mass is, the 

proportionally less will be the quantity of intensity of centripetal force which it will receive from 

a pulling mass; and the larger a pulled gravitating mass is, the proportionally greater will be the 

quantity of intensity of centripetal force which it will receive from a pulling mass…all diminished 

of course by the inverse square of the distance of such masses apart  (Figure 16). 

9 Throughout this treatise we shall use the words “originates,” “emanates,” “emits,” and “exerts” to mean the 
same thing. 
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Empirically, the opposing smaller mass (i.e. the Moon) receives a proportionally smaller 

quantity of more intense force emanating from the larger mass (i.e. the Earth), which is 

equivalent to the greater quantity of less intense force emanating from such smaller mass (the 

Moon) and received by such proportionally larger mass (the Earth).10  Thus, the quantity of 

different intensities of force of attraction reciprocally received by and acting upon any two 

opposing gravitating bodies are of equivalent or equal magnitude.  Cohen describes this 

phenomenon as follows: 

“…between any two bodies…there is a force of attraction that is mutual, and each body 
attracts the other with a force of identical magnitude…”11 

We shall call this mutual and reciprocal phenomenon:  the “Equivalence of Gravitational Forces 

Received.” 12  However, as exemplified by Figure 17.2 and Figure 21, this equivalent magnitude 

of gravitational forced received is always proportional to the mass of the smaller gravitating 

body.  

Also implicit in Newton’s Propositions 7, 12 and 13 of Book 3, is the fact that the relative 

intensity of the forces emitted, and the equivalence of the gravitational forces received by each 

body, is dependent upon the mass ratio of the opposing bodies, diminished by the inverse 

square of the distance between them.  All of these concepts concerning the gravitational forces 

10 Likewise, the relatively enormous mass of the Sun emits very intense gravitational force in all directions.  Each 
relatively tiny planet only receives that portion or quantity of the Sun’s total emitted force that is proportional to 
the mass of such planet, diminished by the inverse square of the distance.  Thus, discounting distance, Jupiter 
being 318 times as massive as the Earth it receives 318 times as much of the Sun’s total emitted force as the Earth  
(Figure 16). 
11 Cohen, 1960, p. 165. 
12 But the phenomenon of the “Equivalence of Gravitational Forces Received” does not imply any equivalence of 
the relative intensity of gravitational forces emitted, nor the equivalence of opposing inertial resistances, nor the 
equivalence of gravitational accelerations of the opposing bodies.  All of these phenomena are very different and 
are not of equal magnitude; but they are completely consistent with Newton’s three laws of motion. 
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of attraction received are completely relative and reciprocal concepts. 
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Q. Newton’s Missing Propositions for Relative Inertial Resistances and Relative
Accelerations of Gravitating Bodies

It is true that Newton, in general terms, correctly described the intensity of the 

attractive force of gravitating bodies as proportional to the inertial mass of the emitting body, 

and that reciprocal gravitational forces of attraction are mutually received by each opposing 

mass in equivalent magnitudes.  However, there are two major phenomena totally missing from 

Newton’s theory of gravitation.  Newton completely failed to correctly describe and explain the 

different relative motions and reciprocal accelerations, actions and reactions between two 

unequal opposing masses as a result of their equivalent opposing forces received and acting 

upon their different inertial resistances.  

Instead, near the beginning of Proposition 6 of Book 3 of the Principia, Newton stated: 

“Others have long since observed that the falling of all heavy bodies toward the 
earth…takes place in equal times, and it is possible to discern that equality of the times, 
to a very high degree of accuracy, by using pendulums.”13 

Newton made these totally incorrect statements, because he had become completely confused 

by Galileo’s paradoxical Leaning Tower equal results, and by Galileo’s descriptions of the 

motions of pendulums. 

By way of example, Newton then conjectured in Proposition 6 of Book 3 that a 

hypothetically stationary Moon and a hypothetically stationary apple, if released 

simultaneously from the same height, would fall to Earth in equal times…despite their vastly 

unequal masses.14  Likewise, Newton conjectured that hypothetically stationary Jovian moons, 

13 Newton, Principia, Book 3 [Cohen (1999), pp. 806 – 807]. 
14 Newton, Principia, Book 3 [Cohen (1999), p. 807]. 
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all with different masses, would fall toward Jupiter in equal times from equal heights, to-wit: 

 “…the satellites of Jupiter…in equal times in falling from equal heights [toward 
Jupiter]…would describe equal spaces, just as happens with heavy bodies on this earth 
of ours.”15 

Why did Newton not describe the motion, action and acceleration of the pulled body 

(i.e. the apple, the Moon or a planet) as inversely proportional to its own mass?  This result 

should automatically follow from Newton’s three laws of motion.  Instead, Newton described 

the gravitational acceleration of all unequal masses as being equal.  What is the answer to this 

self-contradiction, this paradox? 

The obvious answer is that Galileo’s “equal acceleration of unequal falling masses” 

experiment at the Leaning Tower of Pisa and his experiments with swinging chandeliers had 

convinced Newton that the very different masses of the Moon, the cannonball and the apple all 

accelerate toward the Earth at exactly the same rate, diminished by the inverse square of the 

distance.16  Newton’s conviction in this regard is specifically evidenced by the above statement 

in his Proposition 6 of Book 3, that:  “others have long since observed that the falling of all 

heavy bodies toward the earth…takes place in equal times…”   

Galileo’s gravitational experiments also convinced Newton that the unequal masses of 

the planets (Figure 16) must accelerate toward the Sun at exactly the same rate, diminished by 

the inverse square of the distance;17 so that “[T]he accelerations of these bodies do not depend 

upon their masses.” 18  In Newton’s own words, all of the unequal masses of the hypothetically 

15 Ibid. 
16 Zeilik, p. 72; Hawking, 1997, p. 40.   
17 In Newton’s exact words:  “the…planets, let fall from equal distances from the Sun, would describe equal spaces 
in equal times in their descent to the Sun”  (Newton, Principia, Book 3 [Cohen (1999), p. 807]). 
18 Zeilik, p. 72. 
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stationary solar planets “let fall from equal distances from the sun, would describe equal spaces 

in equal times in their descent to the sun.”19  Thus, according to the conjectures of Galileo, 

Newton, Einstein, Zeilik, and everyone else, all gravitational accelerations exemplify an absolute 

concept.20 

19 Newton, Principia, Book 3 [Cohen (1999), p. 807]. 
20 We will soon demonstrate in many ways that this so-called absolute concept is really a relative concept. 
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R. Why Galileo’s and Newton’s Pendulum Experiments Were Meaningless

Galileo and Newton were both mystified by the forces and motions that occurred in 

pendulums.  But only Newton spent a significant amount of time attempting to analyze what 

was happening with a pendulum.   

Newton assumed that the force acting on the bob which pulled it down toward Earth 

was the gravitational force exerted by the Earth in attracting the bob, and that the Earth’s 

centripetal force exerted upon the bob was proportional to the inertial mass of the bob.  

Newton also assumed that the upward motion or momentum of the bob was proportional to 

the bob’s inertia (i.e. the inertial resistance offered by the bob to the gravitational force trying 

to alter its state of motion).21   

Evidently, Newton then decided that the period of the bob’s swing to and fro must 

depend upon the ratio between these two different phenomena exhibited by the bob’s mass.  

The fact that these two different phenomena were measured by the same number (the mass) 

was to Newton “a most remarkable accidental coincidence, something like a miracle.”  Why?   

Because gravitational force and inertial resistance were assumed to be very different 

phenomena of nature.  So how could they be measured by the same number:  the same mass 

of the same body? 22 

Thereafter, a bewildered Newton conducted pendulum experiments to determine the 

ratio between these two qualities or phenomena of the same mass, and to try to confirm the 

21 De Sitter, Kosmos, p. 107. 
22 De Sitter, Kosmos, p. 107.  It turns out that this so-called coincidence was not a miracle…it was just a fact of 
nature.  The inertial mass of a body plays three gravitational roles which emanate from the same quantity of 
matter:  it provides centripetal force, inertial resistance and acceleration (or weight). 
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apparently equal results of Galileo’s Leaning Tower experiments.  Newton decided to swing two 

identical pendulums together, each with a hallow bob that could be filled with different 

materials. Newton filled one bob with one substance (i.e. gold, silver, lead or sand), and filled 

the other bob with an equal weight of a different substance (i.e. salt, wood, water or wheat).  

Each bob was suspended from an 11-foot cord.  He then caused the two bobs to swing back and 

forth together, and they swung in unison “for a very long time.” 23   

Based on these pendulum experiments, Newton concluded that there was the same 

amount of matter in each substance, and that this was the reason why all heavy bodies fall 

toward the Earth in equal times.24  The fact that the period of the swing always has the same 

time interval regardless of the material substance in the bob for some reason convinced 

Newton that the mass which caused the bob’s weight and the mass that caused the bob’s 

inertial resistance were equal.25 

Newton then postulated in Proposition 6 of Book 3 of his Principia, that: 

“[T]he weight of anybody whatever toward [a] planet is proportional to the quantity of 
matter which the body contains.”26 

As an example of this postulate, Newton went on to state, that: 

“Others have long since observed that the falling of heavy bodies toward the 
earth…takes place in equal times, and it is possible to discern that equality of the times, 
to a very high degree of accuracy, by using pendulums.”27 

By “the falling of heavy bodies,” Newton meant the “gravitational acceleration” of the mass of 

23 Newton, Principia, Book 3 [Cohen (1999), pp. 806 – 807]. 
24 Ibid, p. 807. 
25 De Sitter, Kosmos, p. 107.  The mass that caused the bob’s weight is the quantity of centripetal force received by 
the bob’s inertial mass. 
26 Ibid, p. 806. 
27 Newton, Principia, Book 3 [Cohen (1999), pp. 806 – 807]. 
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such bodies toward the relatively enormous mass of the Earth.28  

What was wrong with Newton’s analysis of pendulum experiments, and his Proposition 

6 of Book 3?  The answer is:  just about everything.  One should begin by asking:  What did 

identically swinging pendulums of equal weight, or with the same amount of matter, have to do 

with Galileo’s experiment where he dropped unequally weighted cannonballs with different 

amounts of matter from the Leaning Tower in apparently the same time?  The answer, of 

course, is nothing.   

What was the validity of anyone characterizing the one and only mass of the bob as 

having two or three different types of mass (i.e. inertial mass, gravitational accelerating mass 

and energy mass), and then deciding that the ratio between these theoretical swinging masses 

was equal because different substances of the same weight swing back and forth in equal 

times?  The answer, again, is:  nothing.  The only way to rationalize Newton’s pendulum 

experiments, and his deductions from them, is to conclude that:  Newton was very confused by 

the equal result of Galileo’s Leaning Tower experiment. 

Newton’s Proposition 6 of Book 3 should have stated, as follows:  The gravitational force 

emitted by any body is proportional to its inertial mass, and the gravitational accelerations of 

any body receiving the appropriate quantity of such force are inversely proportional to the 

inertial mass of such receiving body.  These concepts would have been consistent with 

Newton’s three laws of motion, but they also would have contradicted Galileo’s Leaning Tower 

of Pisa result:  that unequal masses accelerate equally toward the Earth. 

28 Again, the sensation of “heaviness” only occurs when such gravitational acceleration is restrained by an 
atmosphere or is terminated by the solid surface of a planet, i.e. Earth. 
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If the correct wording of Proposition 6 of Book 3 was applied to the motions of a 

pendulum, the correct explanation of its forces, resistances and motions would be as follows.  

The gravitational acceleration of the bob toward the Earth (caused by the equivalent centripetal 

force of the Earth applied to the bob) is restrained by the resistance of the rope and causes the 

bob to angularly accelerate in an arc from position A to position C  (Figure 18).  These forces, 

resistances, actions, reactions, accelerations and motions are the result of Newton’s law of 

mutual gravitational attraction in conjunction with his three laws of motion. 

At position C the restraining rope caused the angular acceleration of the bob to 

terminate and, in conjunction with the Earth’s centripetal force, the bob’s angular inertial 

momentum begins to decelerate in an arc from position C to position B where it terminates.  At 

position B the aforementioned process repeats itself in the opposite direction.  During all of 

these back and forth motions the velocity of the bob gradually decreases because of the friction 

and resistance of the restraining rope and the air through which the bob and rope of the 

pendulum moves.  The dubious and artificial concept of the equality of inertial and gravitational 

mass has nothing to do with this process. 

What were the real explanations for the paradoxes which Galileo and Newton attributed 

to pendulums?  The primary reason that a light bob and a heavy bob appear to swing back and 

forth during the same time interval, is the same reason that Galileo’s two unequal masses 

appeared to free-fall from the Leaning Tower of Pisa to Earth during the same time interval.  

The ratio of the slightly different masses between each tiny bob (or each relatively tiny 

cannonball) was almost identical when compared to the enormous mass of the Earth which was 
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pulling both of them toward it with almost the same force.29 

The reason why Newton’s and Galileo’s pendulums always appeared to swing to and fro 

during the same equal time regardless of the distance of the swing, was primarily due to the 

simple fact that as the distance of the swing gets progressively shorter as the fall of the bob 

becomes less steep, and the speed of the bob becomes progressively slower over a 

progressively shorter distance.   

The reason why such equal times had a longer or shorter duration (or period) depending 

upon the length of the rope was because each bob had a longer or shorter distance to swing 

depending upon the length of the rope.  In other words, if the rope was shortened the bob 

would have a shorter distance to travel in less time.  If the rope was lengthened the bob would 

have a longer distance to travel, and this would take more time.  It is just that simple. 

The reason why pendulums slowed down slightly at the Earth’s equator or at higher 

altitudes was because the Earth’s centripetal force decreased slightly (due to the greater 

distance from the pendulum to the center of the Earth) at such more distant locations, so that 

the downward force and action on the bob was not as great at such more distant locations.  

Thus the distance and period of such back and forth motion was never quite as long at a 

location closer to the center of the Earth.30 

The real reason why the two different qualities or phenomena of the same mass were 

equal was because in reality there was only one mass of any body which performed several 

29 With the equally weighted bobs in Newton’s pendulum experiments the ratio of the masses of each bob was 
exactly identical, as was the attraction force of the Earth with respect to each bob.  No wonder that they swing in 
unison for a very long time. 
30 Newton, Principia, Book 3, Proposition 20 [Cohen (1999), pp. 826 – 832]. 
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different functions.  Any theory of two or three different masses to explain the paradoxical 

motions and forces of a pendulum was false and irrelevant to the reality of the situation. 

Gradually, during the 18th and 19th centuries, physicists became so accustomed to 

Newton’s meaningless pendulum experiments that they forgot what such experiments were 

based upon and what they were supposed to mean.31  However, we now know that such 

equality of theoretical masses was a meaningless concept for yet another reason:  because 

Galileo’s conclusions concerning falling unequal masses were not correct.32   

Nevertheless, in Einstein’s 1915 General Theory of Relativity, the equality of 

gravitational mass and inertial mass was not just a miracle.  It became a necessity,33 because 

Einstein premised his entire General Theory upon the following invalid concepts: 

“The fundamental property of the gravitational field of giving all bodies the same 
acceleration, or, what comes to the same thing, on the law of the equality of inertial and 
gravitational mass.”34 

In Einstein’s General Theory of Gravity, gravitation and inertial were not just equal; they 

became identical.35  For all of these reasons, Einstein’s General Theory was also meaningless. 

31 De Sitter, Kosmos, p. 107. 
32 Part V and Part VI, infra. 
33 Ibid, p. 108. 
34 Einstein, Relativity, pp. 73, 77.  The gravitational mass that was of equal magnitude to inertial mass was the so-
called “active gravitational mass” which produced centripetal force.  But Einstein was referring to the so-called 
passive gravitational mass:  weight (heaviness) and gravitational acceleration which are not of equal magnitude 
with respect to inertial mass  (Einstein, Relativity, p. 74).  In other words, Einstein didn’t know what he was talking 
about. 
35 De Sitter, Kosmos, p. 108. 
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S. Why Newton’s Comparison of the Equal Fall of the Moon and the Apple Was Not
Empirically Valid

When Newton was a young man, he attempted to mathematically verify Galileo’s 

conclusions that the gravitational accelerations of all bodies are absolutely equal, regardless of 

their unequal masses.  Specifically, Newton attempted to directly compare the acceleration 

(fall) of the orbiting Moon to the acceleration (fall) of the apple on Earth.36  Newton believed 

that all he needed to know was the distance of the Moon from the surface of the Earth.  Why?  

Because, as stated by Zeilik, “Newton did not need to know the mass of the apple or the mass 

of the moon, because [Galileo’s Leaning Tower experiment had already proved to him that] the 

accelerations of these bodies do not depend on their masses.”37     

Newton knew from Galileo’s previous work that the apple accelerates toward the Earth 

at about 9.8 m/s/s.  He also knew that the approximate distance (radius) from the surface of 

the Earth to the Earth’s center was about 6,400 km.  Newton then estimated the distance from 

the center of the Earth to the center of the Moon to be about 60 Earth radii.  This turned out to 

be an extremely close estimate38  (Figure 19).  From this estimate Newton was able to calculate 

the approximate orbital velocity of the Moon during its orbital period of 27.3 days39  (Figure 

20).   

36 In this regard, Newton stated:  “Imagine our terrestrial bodies to be raised as far as the orbit of the moon and, 
together with the moon, deprived of all motion, to be released so as to fall to the earth simultaneously; and by 
what has already been shown, it is certain that in equal times these falling terrestrial bodies will describe the same 
spaces as the moon”  (Newton, Principia, Book 3 [Cohen (1999), p. 807]). 
37 Zeilik, pp. 71, 72.  Newton used one aspect of Galileo’s Leaning Tower result (the apparent equal gravitational 
acceleration of two unequal masses) to verify another aspect of Galileo’s result (the irrelevance of the masses 
involved for such equal result).  In effect, Newton was using the result that he was attempting to verify as part of 
the proof and verification process.  Circular reasoning is never very convincing. 
38 Newton, Principia, Book 3, Proposition 4 [Cohen (1999), pp. 803 – 805].  
39 Zeilik, p. 72. 
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Based on the above data, Newton arrived at the following calculation.  The acceleration 

of the apple on Earth (9.8 m/s/s) divided by the square of the distance 602 (3,600) told Newton 

that the Moon should accelerate toward the Earth at the rate of about 0.27 cm/s/s (9.8 m/s/s  

3,600 = 0.27 cm/s/s), or a constant distance of fall of about 0.14 cm each second40  (Figure 19).  

This calculation seemed to be approximately correct, and it appeared to validate Galileo’s law 

that the unequal masses of the Moon and the apple gravitationally accelerate toward Earth at 

the same rate.41  Was this really a valid direct confirmation of Galileo’s law of equal 

gravitational acceleration of all masses, and Newton’s conclusions based on it?  Strangely 

enough, the answer is a resounding, NO. 

Why are the above calculations not a valid direct comparison of the fall of the apple 

relative to the fall of the orbiting Moon (adjusted for distance), as Newton, Feynman, Zeilik, and 

others have suggested?  The primary reason is because Newton miss-assumed that the Moon 

and the apple would accelerate toward the Earth at the same rate, 9.8 m/s/s, and he based his 

calculations on this false assumption.  This false assumption was somewhat similar to assuming 

that the Sun and the apple should accelerate toward the Earth at the same rate.  It was yet 

another example of circular reasoning, because Newton assumed that Galileo’s Leaning Tower 

experiment was correct.   

On the contrary, beginning with the next Section T we shall empirically and conclusively 

40 Gamow, 1962, pp. 42, 43; Zeilik, p. 72.  In other words, by using 9.8 m/s/s for the Moon, Newton was also 
assuming that the Moon would accelerate toward the Earth at the same rate as the apple.  More circular 
reasoning.  Newton, of course, worked in feet and inches, but for the sake of simplicity and consistency we shall 
use the metric system throughout this treatise. 
41 One reason why it appeared to validate Galileo’s law was because Newton misassumed that the Moon would 
accelerate toward the Earth at the same known acceleration rate as the apple:  9.8 m/s/s, adjusted for distance. 
But Newton’s assumptions and calculations were empirically incorrect and meaningless. 
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demonstrate that the apple would fall toward the Earth at a much faster rate than the Moon 

from the same distance.  We shall also demonstrate over the next 20 sections that all bodies 

gravitationally accelerate relative to one another at different states of velocity, depending upon 

their very different relative mass-ratios.  For these reasons, Newton’s computations and 

conclusions concerning the equal gravitational acceleration of the apple and the Moon were 

totally incorrect.42 

Another reason for Newton’s false assumption was because Newton apparently 

assumed that the Earth would remain stationary relative to the Moon.  However, Newton’s 

third law of motion would require the Earth to move in a reciprocal orbit to that of the Moon.  

In other words, Newton’s third law of motion would cause the Earth to react and accelerate in a 

miniscule orbit relative to the Moon, whereas the miniscule force received from the apple 

would not cause the Earth to move naturally at all.43  We now empirically know that all of these 

reciprocal concepts are correct. 

Another reason for Newton’s false assumption was because Newton apparently forgot 

about his first law of inertial resistance.  Even assuming that each mass (the Moon and an 

apple) received the same quantity of intensive force from the Earth per unit of mass, the body 

with the least mass (the least inertial resistance), i.e. the apple, would act and accelerate 

toward the Earth much faster than the much greater inertial resistance of the Moon. 

Another reason for Newton’s false assumption was because Newton apparently also 

forgot his second law of motion.  When the same force is applied to two unequal masses, the 

42 Part V and Part VI, infra. 
43 Newton postulated that this would happen in Proposition 5 of Book 3, but he apparently forgot this postulate 
when he was discussing the equal fall of the Moon and the apple. 
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acceleration of the smaller mass (i.e. the apple) is inversely proportional to the acceleration of 

the larger mass (the Moon)  (Figure 9).  Another reason for Newton’s false assumption was 

because the mass of the Moon would also pull on the tiny mass of the apple, and this would 

distort the motion of the apple toward the Earth the closer the Moon and the apple were 

relative to the Earth.44   

A final reason for Newton’s false assumption was because the acceleration of the Moon 

was only calculated for one second through a vacuum, whereas the acceleration of the apple 

was calculated per second per second through air.  This is like comparing moving apples and 

stationary watermelons, for many obvious reasons. 

44 See the relative motions of three body gravitational systems described in Section KK. 
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T. What Is the Best Way to Compare and Compute the Relative Gravitational
Accelerations of Different Masses?

There is a much better, more correct and more precise way to compare the 

accelerations of the Moon and the apple than by Newton’s direct method.  It is the indirect 

empirical method of separately:  1) comparing the observed ratio of the relative motions of the 

Earth and the Moon, and  2) then comparing the observed ratio of the relative motions of the 

Earth and the apple.  Thereafter these two ratios are also compared. 

We observe the ratio of the Moon’s relatively large constant acceleration (orbital 

velocity) toward the relatively enormous mass of the Earth, and the Earth’s reciprocal and 

relatively small constant acceleration (orbital velocity) relative to the Moon, to be an 

acceleration ratio of approximately Moon (82):Earth (1)  (Figure 26).  We also observe the ratio 

of the apple’s relatively enormous acceleration (uniformly increasing rate of fall) toward the 

Earth at 9.8 m/s/s, and the Earth’s infinitesimally and immeasurably tiny reciprocal acceleration 

toward the apple which is approximately 1 x 10– 26 m/s/s, or zero.  We have approximated this 

second acceleration ratio of the apple and the Earth to be about apple (6 x 1026):Earth (1).  

When we compare these two empirical acceleration ratios (82:1 and 6 x 1026:1), it becomes 

obvious that the tiny mass of the apple accelerates at a much greater rate relative to the Earth 

than does the much larger mass of the Moon, starting at the same distance apart  (Chart 30, 

Column D, shaded areas D1 and D6). 

If all bodies had absolutely the same rate of gravitational acceleration regardless of their 

different masses this result would directly and visibly contradict Newton’s second law of motion  

(Figure 21).  Why?  Because the relatively large orbital acceleration of the Moon (as compared 
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to the Earth’s tiny orbital acceleration) should be inversely proportional to the relatively small 

mass of the accelerated Moon.45  In fact, this prediction and result of Newton’s second law is 

actually observed.  The Moon’s much greater orbital acceleration relative to the Earth is 

observed each month to be inversely proportional to the Moon’s much smaller mass, whereas 

the Earth’s relatively tiny orbital motion is difficult to even detect 46  (Figure 26).   

An equal gravitational acceleration of unequal masses result (Figure 21) would also 

directly contradict the prediction of Newton’s third law of motion, vis. that the action of the 

Sun’s pulling force on the Earth (the great orbital motion of the relatively tiny pulled mass of 

the Earth) is equivalent to the reaction to that force (the theoretical tiny orbital motion of the 

enormous pulling mass of the Sun), such mutual actions are directed to contrary parts; and 

vice-versa with respect to the Earth.  But observation belies such a contradiction.  The above 

predictions of Newton’s third law and its equivalent results are actually observed (or 

detectable) in the great orbital motion of the Earth’s relatively tiny mass as compared to the 

tiny orbital motion of the Sun’s relatively enormous mass. 

It will be further demonstrated and explained in the later sections of this treatise:  1) 

why Galileo’s first approximation of the equal gravitational acceleration of unequal masses was 

not valid as a second approximation, and  2) that the real natural law of Relative Gravitational 

Acceleration is completely consistent with Newton’s three laws of motion, and all current 

observations.47  In other words, the different masses of the apple and the cannonball do not 

45 Feynman, 1965, pp. 4 – 5.   
46 The only way that the magnitude of accelerations could be equal between the Moon and the Earth would be if 
their masses and inertial resistances were equal.  But observationally and empirically we know that this is not the 
case. 
47 Part V, infra. 

61 Part III-T



free-fall (accelerate) at the same rate near the surface of the Earth; the very different masses of 

the planets at equal distances would not accelerate equally toward the Sun; the very different 

masses of Jupiter’s 63 moons and Saturn’s 62 moons at equal distances would not accelerate in 

equal times toward such planets; and the vastly different masses of the apple, the Moon and 

the Sun at equal distances would not accelerate equally toward the Earth.  Contrary to 

ubiquitous conventional wisdom, all gravitational accelerations depend upon the relative 

magnitudes of the opposing masses (and their inertial resistances) involved. 
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m2
(1 kg)

m1
(5 kg)

C
astronaut pulling with 

equal continuous force*

If an astronaut in empty space is equidistant between two 
unequal masses (m1 & m2) and simultaneously pulls m1 & m2 each 

with 5 Newtons** of continuous force toward the center (C)

...then empirically the lesser mass m2 will accelerate five times as fast 
and as far (in the same time period) as the greater mass m1 accelerates toward 

the astronaut in the center (C).

**Note:  1 Newton is the magnitude of continuous net force necessary 
to move 1 kilogram (kg) 1 meter per second per second.

Figure 9  Newton’s Second Law of Motion (“Force and 
Acceleration”) Illustrated 

a1

a2

one
meter

Thus, “the ratio of masses [their inertial resistances] is the inverse of the 
ratio of their accelerations [their motions]” (Young, p. 101).

m2
m1

a1
a2

Partial source:  Young, p. 101

*Note:  Assume that the astronaut is affixed to a very large spaceship.



PLANETS
& SUN

MASS 
(Earth masses 

in KG)

Mercury 0.055

Venus 0.815

Earth 1.000

Mars 0.107

Pluto 0.002

Sun 330,000

Moon 0.012

scale:  1” = 100,000 km

SUN

AVERAGE
DIAMETER 
(in KM)

4,878

12,104

12,756

6,794

Jupiter 317.83 142,984

Saturn 95.16 120,536

Uranus 14.514 51,118

2,280

1,400,000

3,476

Neptune 17.15 50,536

DENSITY
(in KG/m3)

5,520

1,410

5,430

5,240

3,340

3,940

1,330

690

1,270

1,640

2,100

SURFACE
GRAVITY 
(Earth=1)

0.38

0.91

1

0.16

0.39

2.54

1.07

0.90

1.14

0.06

230

A B C D E

Figure 16  Comparison of Sun’s Mass and Planetary Masses
(all figures and illustrations approximate)

Sources:  Collins (NASA), p. 358; Zeilik, pp. A-5, 276



relative mass, relative quantity of
Earth’s more intense force received,

and relative intensity of force emitted in
all directions = 1

Earth (82)
relative mass, relative quantity

of Moon’s less intense force received,
and relative intensity of force emitted in 

all directions = 82

Rates of relative force received 
by and acting upon each body, 1:1

Each body attracts the other with an equivalent magnitude of relative 
gravitational force (1), but because the Moon’s inertial resistance is 
only 1/82nd the magnitude of the Earth’s inertial resistance, the 
Moon accelerates toward the Earth 82 times as fast and as far as 
the Earth accelerates toward the Moon.

Result:

A. The Earth emits its attractive force in all
directions with an intensity that is proportional to
the Earth’s mass. This intensity, relative to the
Moon, is 82. But the Moon only receives a
relatively small portion of such intense force,
which portion is proportional to the Moon’s mass
(1).

B. The Moon emits its attractive force in all
directions with an intensity that is proportional to
the Moon’s mass. This intensity, relative to the
Earth, is 1. The Earth receives a relatively large
portion of the Moon’s relatively small force, which
portion is proportional to the mass of the Earth
(82).

Forces Emitted and Received

Figure 17.1  The Equivalence of Gravitational Forces Received 
by and Applied Between the Earth and the Moon

Moon 
(1)

(NOT EXACTLY TO SCALE)



1 1

1

1

The Moon emits centripetal force of relative intensity 1 in all 
directions, which intensity is proportional to its own mass. A priori, 
a hypothetical body (x) of equal mass would receive 1 unit of such 
intense force which is proportional to the Moon’s  mass, and 
vice-versa.

82

Because the Earth has a mass which is 82 times as 
great as the Moon, Earth should receive 82 units of 
the Moon’s less intense centripetal force, which 
quantity is proportional to the Earth’s  larger mass.

The Earth emits a centripetal force of relative intensity 82 in all 
directions, which intensity is proportional to its own mass. The 
Moon, having a mass 82 times smaller than the Earth’s, should 
a priori receive about 82 times less quantity (units) of the Earth’s 
more intense force.

If the Moon also had a mass equal to the Earth 
(like the Earth’s hypothetical twin Z) such much 
larger Moon should a priori receive 82 times 
more quantity (units) of the Earth’s more intense 
force...than before.

Figure 17.2  The Equal Quantity of Centripetal Force Received by 
Different Opposing Bodies at the Same Distance

A.

B.

C.

D.

Let us use the Earth/Moon system as our example, where the mass 
ratio is  approximately Earth 82:Moon1.

X Moon

Earth
82

Earth
82

Earth
82 Z

Moon

Moon

(scale and all figures approximate)
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bob 

rope

Earth’s gravitational pulling force

Figure 18  Newton’s and Galileo’s Pendulum Experiments
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orbital period 27.3 days

Moon’s orbital velocity

Moon

Earth

The average monthly distance from 
the center of Earth to the center of 
Moon equals about 60 Earth radii, or 
384,000 km

The apple, let fall close to the 
surface of the Earth, accelerates 
vertically toward the surface of the 
Earth at 9.8 m/s/s

Earth’s radius: 6,400 km

Figure 19  Newton’s Data for His Calculation of the 
Moon’s Acceleration 

(NOT EXACTLY TO SCALE)

(about 1.043 km/s)

Partial Source:  Zeilik, p. 72

The rate of acceleration of the apple 
9.8 m/s/s ÷ 60 Earth radii squared 
(3600) = 0.27 cm/s/s



to Earth

to Earth

Moon
Direction of Moon’s inertial motion if there was no Earth

Figure 20  The Moon’s Combined Inertial Motion, Constant 
Angular Velocity, and Constant Distance of
Orbital Fall Toward the Earth

continuous centripetal pull
of the Earth’s gravity

Partial Source:  Zeilik, p. 73

(NOT TO SCALE)

Moon’s orbital path and velocity (1.043 km/s)
The Moon continuously 
accelerates a constant 
distance towards the Earth 
a distance of about 0.14 cm 
each second.

Earth



Earth Moon
acceleration

of Earth
acceleration

of Moon

mass = 82

mass = 1

Galileo’s equal acceleration of unequal masses result asserts that the Earth and the Moon (or 
Sun) accelerate equally toward each other, regardless of their unequal masses.

If this were true, the Earth and the Moon (or Sun) would a priori orbit around each other equally 
(Figure 24) just like two binary stars of equal mass (Figure 26).  But this does not occur and it is 
not what is observed.

Figure 21  The Application of Galileo’s Equal Acceleration Result 
to the Sun, the Earth, the Moon and the Apple

*Source of masses:  Collins (NASA), p. 358

SUN
mass = 
330,000

Earth

mass = 1

acceleration
of Sun

acceleration
of Earth

B. Hypothetical Equal Acceleration of the Sun and the Earth
(Similar conclusion to A above)

apple = 6 x 10-26

A. Hypothetical Equal Acceleration of the Earth, the Moon and the Apple



Figure 26

X
center of mass

m1

m2

0

fulcrum
(center of mass)

Two equal masses orbit equally around their combined center of 
mass similarly to two children of equal mass (weight) who counter 
balance each other at equal distances on a seesaw.

Source:  Zeilik, pp. 75, 317



Other Objects
(theoretically at rest 

near to Earth)

The Mass of Other 
Objects (m2) Relative 
to Earth’s Mass (m1)(Earth=6x1024 kg.)

Quantification of
m1      a2
m2          a1

=

Gravity Accelerations 
of Other Objects (a2) 

Relative to the 
Earth’s Acceleration (a1)

a2 : a1

Small Cannonball
   1
6x1025

   1
6x1024

   1
6x1012

.00002

.002

.012

.82

318

330,000

Cannonball

Asteroid

Small Planetary
Moonlet

Pluto

Earth’s Moon

Venus

Jupiter

Sun

6x1025

1
6x1025

1=

6x1024

1
6x1024

1=

6x1012

1
6x1012

1=

50,000
1

50,000
1=

500
1

500
1=

82
1

82
1=

1
.82

1
.82=

1
318

1
318=

1
330,000

1
   330,000=

6x1025 : 1

6x1024 : 1

6x1012 : 1

50,000 : 1

500 : 1

82 : 1

1 : .82

1 : 318

1 : 330,000

Chart 30  Comparison of Opposing Masses and Relative Motions 

(all numbers approximate)

A B C D

Chart 30 shows an enormous range of different masses, from an apple to the Sun 
(Column A and Column B), and an equally enormous range of acceleration ratios 
relative to the mass of the Earth (Column D).  The largest of such acceleration ratios 
is between the apple and the Earth. 

Chart 30 also shows a direct correlation between the mass (inertial resistance) of 
each opposing object and its acceleration relative to the mass of the Earth (Column 
B and Column D), and an inverse correlation between the masses (inertial 
resistances) and motions (actions, reactions  and accelerations) of two opposing 
masses (Column C).

Earth 1.0 1
1

1
1= 1 : 1

1

2

3

4

5

6

7

8

9

10

(Accelerations) Between Earth (m1 and a1) and Other 
Objects or Masses (m2 and a2)

Partial Sources:  Zeilik, pp. 75, 276 and A5; Collins, p. 358
[Note: The above range of magnitudes of relative masses and gravitational 
accelerations is so enormous that it is impractical to try to illustrate them 
graphically.]   



PART IV  MODERN ERRORS AND CONFUSION CONCERNING GRAVITY 

U. Is the Modern Equation for Gravitation Correct?

The “modern algebraic [equation for] Newton’s law of gravitation is 

𝐹 =
𝐺𝑚1 𝑚2

𝑅2

where F is the gravitational attraction [force] between two spherical bodies m1 and m2 in 

space, whose centers are separated by a distance R.”1  This equation was invented by French 

mathematician Pierre Laplace (1749 – 1827) during the late 18th century.2  The universal 

constant value for the gravitational force of attraction of any magnitudes of inertial mass can 

supposedly be determined from the value of “G,”3 which we will discuss in the next section. 

Feynman interpreted the above equation as follows:  “Two bodies exert a force upon 

each other which…varies directly as the product of their masses.”4  Gondhalekar interpreted 

such equation to mean that the total “force between two bodies is proportional to the product 

of their inertial masses.”5  Cohen’s interpretation is a bit more informative:  “Each body attracts 

the other with a force of equal magnitude which is directly proportional to the product of the 

two masses.”6  But even Cohen does not tell us how or why. 

One might be so bold as to ask the question:  Is the above modern equation for 

gravitation and its interpretations completely correct?  Is it even complete?  Strangely enough, 

1 Zeilik, p. 71.   
2 Gondhalekar, p. 99. 
3 Gondhalekar, p. 191; Young, p. 359.   
4 Feynman, 1965, p. 4.  The word “product” should be the word “ratio.” 
5 Gondhalekar, p. 191.  The word “proportional” should be “equivalent.”  Again, the word “product” should be the 
word “ratio.” 
6 Cohen, p. 165.  Same comments as the prior two footnotes. 
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the answer to both of such questions is No. 

First of all, the modern equation for gravitation only attempts to describe the total 

gravitational force (the product of the forces) emitted and received by two opposing masses 

[i.e. the Earth (82) and the Moon (1)] in any two-body gravitational system.  The total 

gravitational force emitted in all possible directions by two opposing masses is a meaningless 

number, unless one is trying to compute the value of a gravitational field of force, which is also 

a meaningless concept.7  The total quantity of gravitational force received by each opposing 

body is also a meaningless number, unless one also knows the inertial resistance of each mass: 

in other words, the ratio of the masses.  What can one learn from the modern equation for 

gravitation that is useful?  The answer is:  not much.  At best, the modern equation is very 

incomplete and misleading. 

The modern equation does not describe the intensity of the force emitted by each mass 

as a ratio.  Nor does it describe the quantity of such intense force received by, and acting upon, 

each opposing inertial mass.  Nor does it describe the different inertial resistances of each 

opposing inertial mass relative to such forces received and applied by each opposing mass.   

In other words, it does not describe the critically important ratios of the opposing 

masses, the forces received and applied to the different inertial resistances, nor the different 

resulting accelerations and motions of action and reaction which are described in Newton’s 

three laws of motion.8  The mathematician who devised this modern equation must not have 

7 Actually, the total gravitational force emitted in all directions by any two opposing masses is not the product of 
the masses (82), it is the sum of their masses (83). 
8 The reasons why these ratios are critical to our analysis may only become completely obvious when we explain 
them in detail in later sections of this treatise.   
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been considering Newton’s three laws of motion, and his law of gravitational attraction, 

conjointly. 

In the Earth-Moon system, for example, the proportion of the relative mass of the Moon 

is 1, whereas the proportion of the relative mass of the Earth is approximately 82  (Figure 16, 

Column C).  The product of these two masses, and the product of their gravitational attractive 

force emitted in all directions, is 1 x 82 = 82.  By itself, 82 is a meaningless number.   

In the previous Section P we learned that the less intense force which is emitted by the 

Moon in all directions is proportional to the mass of the Moon (or 1), but that the quantity of 

such less intense force which is received by the Earth is proportional to the inertial mass of the 

Earth (or 82).  We also learned that the more intense force which is emitted by the Earth in all 

directions is also proportional to the mass of the Earth, but that the quantity of such more 

intense force received by the less massive Moon is also proportional to the mass of the smaller 

body (the Moon), or 1  (Figure 17.1).  In other words, as Cohen states:  “Each body attracts the 

other with a force of equal magnitude…,”9  and our Section P will tell us how and why.  These 

forces of equivalent magnitude are proportionally 1:1.  This ratio does have some meaning.  

However, this is only part of the correct equation.  

The correct modern equation should also tell us what happens with the gravitational 

accelerations of the masses involved, because of Newton’s three laws of motion.  The best way 

to accomplish this feat is with ratios of the inertial masses and motions (accelerations) involved.  

As we learned in Sections I and J, when a force is applied to a body, its acceleration is inversely 

9 Cohen, 1960, p. 165.   
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proportional to its inertial mass.10  Therefore, the ratio of the inertial masses (inertial 

resistances) of two gravitating bodies in space is the inverse of the ratio of their accelerations 

(their actions, reactions and motions):11 

𝑚2

𝑚1
=

𝑎1

𝑎2

It follows, that if an equivalent magnitude of force is applied to two different gravitating 

masses, each with a different inertial resistance, then the relative gravitational accelerations of 

each different mass (its inertial resistance) relative to the other body must be inversely 

proportional to its own mass, as required by Newton’s three laws of motion working in 

conjunction with Newton’s law of gravitational attraction.  However, the modern equation for 

gravitation tells us nothing about these very natural results.  Why?  Because they would directly 

contradict Galileo’s Leaning Tower of Pisa results and Newton’s Proposition 6 in Book 3. 

Let us again illustrate and explain these conclusions by means of a confirmed 

observational example.  Since the relative attractive force received and acting on the Earth and 

the Moon is of equivalent magnitude, but the Moon’s inertial resistance is only 1/82 the 

magnitude of the Earth’s inertial resistance, the Moon accelerates toward the Earth about 82 

times as fast and as far as the Earth accelerates toward the Moon.  This is basically why the 

Moon is observed to orbit around the Earth, and not vice-versa  (Figures 17.1 and 28).   

Thus, it is the ratio between different opposing masses (the relative intensity of one 

body’s attractive force which is received and acts upon the relative inertial resistance of the 

other mass, and vice-versa) that determines their relative gravitational actions and motions 

10 Feynman (1965), pp. 4 – 5. 
11 Young, p. 101.  
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(accelerations) in any two-body gravitational system.12  We will discuss all of these concepts in 

much greater detail in later sections. 

So what are the correct modern Newtonian gravitational equations and formulae?  We 

shall describe these correct equations and ratios in detail later in Section JJ. 

Another reason why the modern equation is flawed and incomplete is because it 

doesn’t even begin to tell us what happens in a system where more than two masses are 

opposing each other.  For example, we need to know exactly what happens in the solar system 

of many planets orbiting around the Sun, or even in a three-body system like Galileo was 

dealing with at the Leaning Tower (two unequal cannonballs and the Earth).  We will 

demonstrate the answers to these questions later in Section KK. 

12 The product or total of such masses and forces emitted is irrelevant to such bodies’ relative gravitational 
accelerations. 
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V. What is the Assumed Value of G?

Let us now examine the Newtonian universal constant value of “G,” which is generally 

described in Newton’s postulate that the “centripetal or gravitational force of a body is 

proportional to its mass.”13  In order to determine the value of G, “[W]e have to measure the 

gravitational force between two bodies…”14  A priori the constant value of G should be able to 

be determined:  1) indirectly by comparing the forces received and applied by and between two 

opposing celestial bodies m1 & m2 in space, by empirically measuring and comparing their 

different reciprocal accelerations, a1 & a2; or similarly,  2) by measuring the miniscule forces 

between two tiny masses in the laboratory, and their resulting accelerations.   

By the first method, if the magnitude of continuous attractive relative force (1) received 

and applied by and between the Earth and the Moon is equivalent (Figure 17.1), then a priori 

the Earth’s much larger relative inertial resistance (82) should move (accelerate) only slightly 

relative to the Moon, whereas the Moon’s much smaller relative inertial resistance (1) should 

move (accelerate) a much greater distance relative to the Earth  (Figure 9).  This result should 

follow automatically from Newton’s three laws of motion. 

We observe the empirical confirmation of these laws in the comparative masses and 

motions (accelerations and orbits) of the Earth/Moon system  (Figure 26).  But Newton, Galileo, 

Einstein, Feynman, Zeilik, Cohen, Young, and everyone else appears to deny that such observed 

reciprocal accelerations have anything to do with the magnitude of the masses involved.  Why?  

Because Galileo’s Leaning Tower of Pisa experiment (and other terrestrial experiments) 

13 Newton, Principia, Scholium 5 and Proposition 7 [Cohen, Vol. 3, pp. 806, 810]. 
14 Young, p. 360.   
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appeared to demonstrate that all masses fall in equal times. 

So perhaps at this point in our discussion we should resort to the second method.  A 

magnitude of G was empirically determined by British scientist Henry Cavendish (1731 – 1810).  

In 1798, Cavendish attempted to directly measure the gravitational force (in Newton’s and 

kilograms) between two small opposing masses (m1 and m2) in a laboratory torsion balance 

experiment  (Figure 22A).  The larger masses (m1) were fixed and stationary while the smaller 

opposing masses (m2) were allowed to freely gravitate toward the larger mass.  The motions or 

twisting force of the smaller masses theoretically indicated the total force between the 

masses.15  This torque or twisting force was measured, and based on it the value for G was 

calculated to be:  G = 6.67 x 10-11 N.m2/kg2.      

In effect, Cavendish’s experiment to determine the magnitude of G constituted a 

miniscule gravitational system.  What Cavendish was really measuring was that portion of the 

intensity of the attractive force of the larger masses in all directions which was received by and 

acting upon the smaller masses, and the resulting action of their smaller inertial resistance with 

respect to the relatively stationary larger masses.16   

If instead, Cavendish had allowed both sets of opposing masses to move freely, a priori 

he could have indirectly measured the gravitational force of the larger masses received by and 

acting upon the smaller masses, by comparing and measuring their relative gravitational 

15 Cavendish’s experiment has been repeated many times during the intervening decades with even greater 
precision and accuracy (Gondhalekar, pp. 192 – 195).  Incidentally, Cavendish’s experiment also demonstrates that 
gravitational attraction is caused by a force, and that such force acts at a distance.  This demonstration directly 
contradicts Einstein and his General Theory of Relativity. 
16 One should ask:  Was Cavendish’s experiment rigorously correct, since it appears to ignore the friction of the air, 
the molecular resistance of the wire, and the gravitational forces of the Earth, the Sun and the Moon on the 
smaller masses? 
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accelerations.  This would have empirically established that the inertial resistances of the 

smaller masses accelerate proportionally faster and farther toward the larger masses, rather 

than equally.  The larger masses, because of its relatively larger inertial resistances, would have 

been observed to hardly move at all  (Figure 22B).  A priori this hypothetical experiment would 

also have empirically disproved Galileo’s Leaning Tower of Pisa experiment, by demonstrating 

that smaller gravitating masses accelerate proportionally faster and farther in a two-body 

gravitational field than larger gravitating masses accelerate.17 

17 It would also have empirically demonstrated that the gravitational acceleration of each pulled gravitating mass is 
inversely proportional to its own mass. 
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W. The Distortion of Weight as a Force

After Laplace attempted to describe Newton’s concepts of gravity with the formula 

𝐹 =
𝐺𝑚𝑀

𝑟2
 ,

the Newtonian mathematicians of the 19th century began to tinker with it.  They decided that 

the above formula was also a mathematical expression for the weight W of the apple.  

Therefore, they substituted W for F, and changed mi (inertial mass) to mg and called it 

“gravitational mass.”18 

The Newtonian mathematicians justified this change, by asserting that in Laplace’s 

incorrect formula “m has no obvious connection with the inertial resistance of the body to 

being accelerated…”19  The weight of the apple mg became the measure of the apple’s 

gravitational response to the Earth’s gravitational force of attraction, and “the force pulling it 

down [became] is its weight W.”20  For example, Cohen claimed that “[W]hen an apple falls 

from a tree, the force pulling it down is its weight.”21 The weight of the apple was even referred 

to as a “weight force.”22   

At this point, there were now two equations for the force (or weight) acting on the apple:  the 

dynamical or inertial equation m = F/a, and the gravitational equation    

𝑊 =
𝐺𝑚𝑔𝑀𝑒

𝑅𝑐
 2   , 

where Me is the gravitational mass of the Earth, and rc is the distance from the Earth’s center to 

18 Cohen (1960), pp. 169, 229 – 230. 
19 Ibid, p. 230. 
20 Cohen (1960), pp. 169, 230.  
21 Ibid, p. 169. 
22 Ibid, p. 229.  
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its surface.23  The mathematical justification for these two artificial equations was inter alia that 

Newton had described matter (or mass) both in terms of its weight and its quantity.24  The 

mathematical conclusion was that gravitational mass (mg) must be equal to inertial mass (mi).25 

In his 1917 popular book, Relativity, Einstein adopted these artificial and meaningless 

concepts, and introduced the idea of the absolute “equality of gravitational mass and inertial 

mass” as a foundational premise for his General Theory of Relativity (his new theory of gravity 

not based on force).  These meaningless concepts have distorted and confused physics and 

cosmology ever since. 

Describing the physical sensation of “weight” as a “force” is not merely an innocuous 

mistake that can be overlooked.  It and Einstein’s General Theory have completely distorted the 

concept of gravity. 

In reality, the physical sensation of weight or heaviness is nothing more than the 

gravitational acceleration of a body’s mass, if and when it becomes restrained by an 

atmosphere or if and when such acceleration is terminated by a solid surface.26  The 

phenomenon of a body’s gravitational acceleration and/or its weight only occurs when the 

mass of an opposing body mutually pulls on the body in question with the same force and both 

bodies resist such force with their inertial masses.  To call the weight of a body a force is a 

perversion of Newton’s concepts of gravity, and to mathematically invent two theoretically 

different masses for the same body is pseudo-science. 

23 Ibid, pp. 169, 229 – 230. 
24 Ibid, p. 232. 
25 Cohen (1960), pp. 169, 231. 
26 Section BB.  
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X. How Did Scientists Attempt to Experimentally Confirm Galileo’s Leaning Tower of Pisa
Result?

Conventional wisdom still concludes that Galileo’s Leaning Tower of Pisa experiment 

was correct:  that unequal masses free-fall equally.  Therefore it should be proper to begin the 

critique of Galileo’s Leaning Tower experiment by describing how all of the great minds of 

science down through the ages were understandably fooled by it.  And how they attempted to 

justify, confirm and rationalize such a bizarre, paradoxical, and contradictory result. 

Galileo was fooled by his own eyes when he observed two relatively tiny unequal 

masses fall in apparently equal times toward the relatively enormous mass of the Earth.  Galileo 

thought that he confirmed these early experiments when he determined by trial and error the 

distance to time ratio for any falling body to be 9.8 m/s/s  (Figure 4).  He was also fooled by his 

own eyes when he observed chandeliers and pendulums swing to and fro in apparently equal 

times, even though he increased or decreased the weights (masses) of the bobs.  Galileo merely 

accepted these paradoxical results as a mysterious law of nature and did not further attempt to 

scrutinize or explain them. 

Newton accepted Galileo’s Leaning Tower of Pisa experiment (and the similar results of 

others) on face value, in spite of the fact that they directly contradicted his own laws of 

motion.27   Thereafter, Newton attempted to analyze, explain and justify Galileo’s Leaning 

Tower experiment by his own empirical experiments with pendulums.  But, unfortunately, such 

analysis and experiments were ill-conceived and meaningless.28    

27 De Sitter, Kosmos, pp. 107 – 108. 
28 Section R and Figure 18.    
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Bessel about 1830, and Eötvös between 1890 and 1909, compared the gravitational 

accelerations of many small objects, and their masses, substances, compositions and shapes, 

one against another.  After years of such experiments, Bessel and Eötvös concluded from the 

results of their experiments that the gravitational accelerations (and thus the inertial mass and 

the passive gravitational mass, i.e. weight, of all these small objects near the Earth’s surface) 

were equal to a high degree of accuracy.29  In other words, the Earth’s “downward” pull and 

gravitational force of attraction acting on each small object (which results in the small object’s 

phenomenon of heaviness), “is exactly proportional to [the small object’s inertial] mass.”30  

More recently, American physicist Robert Dicke (1916 – 1997) increased the accuracy of these 

meaningless experiments to “one part in 10,000,000,000.”31   

By 1915, Einstein was also convinced by the above empirical experiments and 

statements of equality, and he concluded that gravitational acceleration was truly an absolute 

concept.  On face value, Einstein accepted the results of Galileo’s and Newton’s experiments as 

natural law: 

“…the fundamental property of the gravitational field of giving all bodies the same 
acceleration, or what comes to the same thing, on the law of equality of inertial and 
gravitational mass.”32 

Thereafter, Einstein premised his entire General Theory of Relativity upon the above invalid and 

29 De Sitter, Kosmos, p. 108; Gondhalekar, pp. 204 – 206; 225 – 227.   
30 Feynman, 1965, p. 23.  This conclusion is little more than a restatement of Newton’s somewhat irrelevant 
postulate that “the weight of any body…is proportional to the quantity of matter [mass] which the body contains”  
(Newton, Principia, Book 3, Proposition 6 [Cohen (1999), p. 806]). 
31 Gondhalekar, pp. 228 – 229. 
32 Einstein, Relativity, p. 77; also Einstein (1916), General Relativity [Dover, 1952, p. 114].  In another treatise to 
follow this one, we will demonstrate why this conclusion by Einstein is not correct.  Nevertheless, Max Born, 
Arthur Eddington, George Gamow, Richard Feynman, Stephen Hawking, and most other physicists and 
mathematicians have accepted Einstein’s General Theory of Relativity, as well as Galileo’s, Newton’s and Einstein’s 
“Principles of Equivalence,” as valid on their face. 
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meaningless concepts.33 

33 General Relativity included Einstein’s dubious concepts of gravity without force and a gravitational field 
composed of curved spacetime. 

75 Part IV-X



Y. How Did Modern Scientists Rationalize Galileo’s Equal Gravitational Acceleration
Paradox?

Please look at Figure 26 as we analyze and scrutinize each scientist’s rationale for 

Galileo’s concept of equal acceleration of unequal masses. 

Feynman referred to the result of “Galileo’s old experiment from the leaning tower of 

Pisa” as a “very interesting consequence” of the fact that the “force of attraction on an object is 

exactly proportional to…its [such object’s] mass.”34 

“If the pull is exactly proportional to the mass, and the reaction to the force, the 
motions induced by the forces, changes in velocity [acceleration],…are inversely 
proportional to the mass.  That means that two objects of different mass…will fall 
[accelerate] the same way to the Earth.”35 

What was wrong with this analysis?  First of all, the Moon’s force of attraction acting on 

the Earth is proportional to the mass of the Moon, but it is not “exactly proportional to [the 

Earth’s] mass.”  The fact that the Earth’s force of attraction acting on the Moon is proportional 

to the mass of the Moon does not correct the above mistake  (Figure17.1).  Secondly, these 

statements by Feynman are self-contradictory.  If the accelerations of two different masses are 

inversely proportional to their own different masses, then such accelerations must also be 

different…rather than the same, as Feynman asserted.  If Feynman’s attempted explanation 

was really true, then the very different masses of the Earth and the Moon would fall 

(accelerate) the same way toward each other (Figure 21), which obviously does not empirically 

happen  (Figure 26).  Feynman obviously did not know what he was talking about. 

Similarly, Gamow attempted to rationalize the validity of Galileo’s equal gravitational 

34 Feynman, 1965, pp. 23 – 24. 
35 Ibid, p. 23.  
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acceleration result based on the ad hoc idea that the magnitude of the gravitational force 

received by and acting upon a pulled mass is always proportional to the inertial resistance of 

the pulled mass.  As Gamow stated: 

“…[G]ravitational force might also be proportional to the mass of another body.”36  

It is true that the equivalence of the Gravitational Force Received by two opposing objects (i.e. 

the Earth and the Moon) is always proportional to the inertial mass and relative inertial 

resistance (1) of the smaller mass (i.e. the Moon).37  But such equivalent force is always 

inversely proportional to the inertial mass and relative inertial resistance (82) of the larger mass 

(i.e. the Earth)  (Figure 17.1).  For this reason, the Earth’s much greater inertial mass resists 

changing its inertial state with 82 times the force of resistance as the Moon, and its resulting 

motion (action and acceleration) is 82 times less than the Moon’s  (Newton’s three laws of 

motion).  Thus, contrary to Gamow’s assertion, the gravitational force emitted by the smaller 

body (i.e. the Moon) which is received by and acting upon the larger body (i.e. the Earth) is 

always inversely proportional to the mass of the larger body (i.e. the Earth).38 

If Gamow’s rationale was really true, then a priori both the Earth and the Moon would 

somehow orbit equally around each other like binary stars of equal mass (Figure 24B), and both 

should somehow accelerate equally towards one another (Figure 21A), which observationally 

does not happen.  The same results would occur with respect to the Sun and the Earth (Figure 

21B), which obviously does not happen.  Gamow also did not know what he was talking about.   

Many others have attempted to justify Galileo’s equal gravitational acceleration result 

36 Gamow, 1962, p. 43. 
37 Section P. 
38 Section P.  
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based on the equivalence of the Gravitational Forces Received by each opposing body.  For 

example, in a similar but somewhat different attempt to justify Galileo’s mystifying equal 

acceleration result, Stephen Hawking asserted that:  

“One can now see why all bodies fall at the same rate:  a body of twice the weight will 
have twice the force of gravity pulling it down, but it will also have twice the mass 
[inertial resistance].  According to Newton’s second law, these two effects will exactly 
cancel each other, so the acceleration will be the same in all cases.”39  

But, of course, Newton’s second law makes no such assertion.  Instead Newton’s second 

law states that “[T]he change of motion [acceleration] is proportional to the motive force 

impressed,” and it implicitly asserts that such acceleration will be inversely proportional to the 

mass (inertial resistance) of the accelerated object40  (Figure 9).  Newton’s third law results in 

the same inversely proportional accelerations (action and reaction) as his second law  (Figure 

10).  These relative phenomena are completely different than the ad hoc “cancelling and same 

acceleration” phenomena which Hawking was incorrectly asserting.   

Consider the following empirical example based on Hawking’s assertions.  If the Moon 

had twice its current mass (Figure 23), a priori it would receive twice the quantity of relative 

gravitational force from Earth, which would cause its new twice as large relative inertial 

resistance to accelerate somewhat slower toward the Earth, and at a new acceleration ratio of 

41:1.  Likewise, the Earth would receive twice the quantity of relative gravitational force from 

the Moon which would cause its new relative inertial resistance (41) to accelerate somewhat 

39 Hawking, 1988, p. 19.  Numerous others have made similar assertions:  “The extra force on the cannonball is 
exactly offset by its greater inertia to changes in motion”  (Zeilik, p. 73).  Zeilik’s attempted explanation was almost 
the same as Hawking’s, except he also circularly conjectured that “the acceleration of each [body] is the same 
because the two speed up at the same rate”  Ibid.  “A body which is more strongly attracted by gravity has to 
overcome a correspondingly greater inertia”  (Reichenbach, p. 225).     
40 Zeilik, p. 68; Feynman, 1965, pp. 4 – 5.   
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faster toward the Moon, and at a new acceleration ratio of 1:41. 

The net result would be a different ratio of the masses, a different magnitude of relative 

forces received and applied, a different ratio of inertial resistances, and somewhat different 

relative accelerations between the two opposing bodies  (compare Figure 17.1 to Figure 23).  

But the proportionally increased magnitude of force received by the Moon and its increased 

inertial resistance would certainly not “exactly cancel each other, so the acceleration will be the 

same in all cases.”41  This result is also reciprocally true with respect to the Earth. In other 

words, when Hawking doubled the mass of one opposing body he also changed the mass-ratio 

of the opposing gravitating bodies, and therefore changed the magnitude of their reciprocal 

gravitational forces received, and the ratio of their inertial resistances, accelerations, actions, 

and reactions, which he obviously failed to consider.  Thus, Hawking did not know what he was 

talking about either. 

Cohen claimed that “when an apple falls from a tree, the force pulling it down is its 

weight W.”42  Therefore, the equation  

𝐴 = 𝐺(
𝑀𝑐

𝑅𝑒
 2

) 

proves that the equal accelerations of all terrestrial objects toward the Earth are solely 

determined by the centripetal force exerted by the Earth, and that such equal accelerations do 

not in any way depend upon the mass of the falling body.43  This dubious claim is dismissed by 

41 If the gravitational force of a pulling body was always exactly cancelled by a pulled body’s inertial resistance, 
then a priori no body would ever gravitationally accelerate towards another body. 
42 Cohen (1960), p. 169. 
43 Cohen (1960), p. 170. 
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our prior Section W.  Cohen also claimed that Newton’s pendulum experiments proved that “all 

sorts of heavy bodies fall to the earth from equal heights in equal times.”44  But this claim is 

refuted by our prior Section R.  Cohen also did not know what he was talking about. 

Finally, D’Abro attempted to justify Galileo’s paradoxical result with the following fuzzy 

circular reasoning:  if the gravitational mass and the inertial mass of all bodies were not equal, 

then two balls with unequal masses “would not reach the earth’s surface simultaneously,” 

because the inertial resistance of the larger ball “would oppose the acceleration of the fall 

more strenuously.”45  D’Abro obviously had no clue what he was talking about. 

All of the above physicists and scholars were so mystified, so fooled, and so convinced 

by Galileo’s empirical illusion of equal gravitational acceleration of unequal masses, that they 

repeatedly contradicted fundamental laws of physics and obvious astronomical observations in 

futile and ad hoc attempts to explain, justify and confirm it.  In the next few sections we will 

continue to empirically explain the reasons for Galileo’s absolute gravitational acceleration 

paradox, and why it does not exemplify or constitute a law of nature. 

44 Ibid, p. 232. 
45 D’Abro, p. 238.  
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Distance traversed by an inertial body in space
(assuming no gravity or friction)

Figure 4  The Results of Galileo’s Gravitational and Projectile Experiments

v=9.8m/s
d=4.9m

v=19.6m/s
d=19.6m

v=29.4m/s
d=44.1m

v=39.2m/s
d=78.4m

Partial Sources:  Goldberg, pp. 26, 33, 34; Gamow, 1961, p. 42; Cohen, 1960, p. 110

s=time in seconds
a=acceleration=9.8m/s/s
d=distance in meters
v=velocity in m/s

(all figures approximate)
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m2
(1 kg)

m1
(5 kg)

C
astronaut pulling with 

equal continuous force*

If an astronaut in empty space is equidistant between two 
unequal masses (m1 & m2) and simultaneously pulls m1 & m2 each 

with 5 Newtons** of continuous force toward the center (C)

...then empirically the lesser mass m2 will accelerate five times as fast 
and as far (in the same time period) as the greater mass m1 accelerates toward 

the astronaut in the center (C).

**Note:  1 Newton is the magnitude of continuous net force necessary 
to move 1 kilogram (kg) 1 meter per second per second.

Figure 9  Newton’s Second Law of Motion (“Force and 
Acceleration”) Illustrated 

a1

a2

one
meter

Thus, “the ratio of masses [their inertial resistances] is the inverse of the 
ratio of their accelerations [their motions]” (Young, p. 101).

m2
m1

a1
a2

Partial source:  Young, p. 101

*Note:  Assume that the astronaut is affixed to a very large spaceship.



Figure 10  Newton’s Third Law of Motion (“Action-Reaction”) 

Note:  These drawings also illustrate Newton’s 1st law of inertial resistance and his 2nd law of force and acceleration.

lesser mass
greater acceleration

greater mass
lesser acceleration

100 kg. 500 kg.

stationary space marker

m1

Figure 10B  After the astronaut’s pulling force is applied, the 100 kg. man (m2) accelerates 
(reacts) 5 times as fast and as far toward the 500 kg. barrel (m1), as the barrel (m1) 
accelerates (acts) toward the man (m2).

500 kg.

500 kg.

stationary space marker

B 500 kg.

m1

100 kg.

m2

Figure 10A  Objects at rest in space relative to each other before the 100 kg man (m2) 
applies the pulling force with the rope.

m2

Relative Accelerations of Masses
a2 a1

5 units of distance 1 unit of distance

Illustrated in Empty Space



PLANETS
& SUN

MASS 
(Earth masses 

in KG)

Mercury 0.055

Venus 0.815

Earth 1.000

Mars 0.107

Pluto 0.002

Sun 330,000

Moon 0.012

scale:  1” = 100,000 km

SUN

AVERAGE
DIAMETER 
(in KM)

4,878

12,104

12,756

6,794

Jupiter 317.83 142,984

Saturn 95.16 120,536

Uranus 14.514 51,118

2,280

1,400,000

3,476

Neptune 17.15 50,536

DENSITY
(in KG/m3)

5,520

1,410

5,430

5,240

3,340

3,940

1,330

690

1,270

1,640

2,100

SURFACE
GRAVITY 
(Earth=1)

0.38

0.91

1

0.16

0.39

2.54

1.07

0.90

1.14

0.06

230

A B C D E

Figure 16  Comparison of Sun’s Mass and Planetary Masses
(all figures and illustrations approximate)

Sources:  Collins (NASA), p. 358; Zeilik, pp. A-5, 276



relative mass, relative quantity of
Earth’s more intense force received,

and relative intensity of force emitted in
all directions = 1

Earth (82)
relative mass, relative quantity

of Moon’s less intense force received,
and relative intensity of force emitted in 

all directions = 82

Rates of relative force received 
by and acting upon each body, 1:1

Each body attracts the other with an equivalent magnitude of relative 
gravitational force (1), but because the Moon’s inertial resistance is 
only 1/82nd the magnitude of the Earth’s inertial resistance, the 
Moon accelerates toward the Earth 82 times as fast and as far as 
the Earth accelerates toward the Moon.

Result:

A. The Earth emits its attractive force in all
directions with an intensity that is proportional to
the Earth’s mass. This intensity, relative to the
Moon, is 82. But the Moon only receives a
relatively small portion of such intense force,
which portion is proportional to the Moon’s mass
(1).

B. The Moon emits its attractive force in all
directions with an intensity that is proportional to
the Moon’s mass. This intensity, relative to the
Earth, is 1. The Earth receives a relatively large
portion of the Moon’s relatively small force, which
portion is proportional to the mass of the Earth
(82).

Forces Emitted and Received

Figure 17.1  The Equivalence of Gravitational Forces Received 
by and Applied Between the Earth and the Moon

Moon 
(1)

(NOT EXACTLY TO SCALE)
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Earth’s gravitational pulling force

Figure 18  Newton’s and Galileo’s Pendulum Experiments
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Earth Moon
acceleration

of Earth
acceleration

of Moon

mass = 82

mass = 1

Galileo’s equal acceleration of unequal masses result asserts that the Earth and the Moon (or 
Sun) accelerate equally toward each other, regardless of their unequal masses.

If this were true, the Earth and the Moon (or Sun) would a priori orbit around each other equally 
(Figure 24) just like two binary stars of equal mass (Figure 26).  But this does not occur and it is 
not what is observed.

Figure 21  The Application of Galileo’s Equal Acceleration Result 
to the Sun, the Earth, the Moon and the Apple

*Source of masses:  Collins (NASA), p. 358

SUN
mass = 
330,000

Earth

mass = 1

acceleration
of Sun

acceleration
of Earth

B. Hypothetical Equal Acceleration of the Sun and the Earth
(Similar conclusion to A above)

apple = 6 x 10-26

A. Hypothetical Equal Acceleration of the Earth, the Moon and the Apple



Figure 22  Cavendish’s Torsion Balance Experiment to 
Determine a Magnitude of “G;” the Theoretical
Universal Gravitational Pulling Force of any 
Magnitude of Inertial Mass

(NOT EXACTLY TO SCALE)

rigid wire

m1

m1

m2

m2

6 ft. 
rod

twisting force

A. Cavendish attached two small (2″ dia) lead spheres (m2) to each end of a 6 ft. rod, 
and suspended the rod from the ceiling by a rigid wire attached to its center.  He then 
suspended two large (8″ dia) lead spheres (m1) from the ceiling on opposite sides of the 
small spheres.

Cavendish then measured the torque or twisting force on the rigid wire as each m1 sphere 
was gravitationally pulled toward each m2 sphere. From this, Cavendish computed the 
magnitude of gravitational force applied by each large mass on each small mass.

B. A priori if Cavendish had allowed his sets of suspended balls to move freely so as to 
be able to measure the relative deflections of both sets of spheres, he could have 
calculated the magnitude of the relative gravitational accelerations of the two different 
masses, and a more precise magnitude for “G.” Little did Cavendish realize, this possible 
gravitational acceleration experiment might have falsified Galileo’s Leaning Tower of 
Pisa result.

Partial Sources:  Gondhalekar, pp. 193 - 194; Feynman, 1965, p. 22; Young, p. 360.



New relative mass, relative quantity
of the Earth’s more intense force received,

and relative intensity of force emitted in
all directions = 1

Earth (41)
New relative mass, relative quantity

of the Moon’s less intense force received,
and relative intensity of force emitted in 

all directions = 41

New relative force received by 
and acting upon each body, 1:1

Each body attracts the other with an equivalent magnitude of relative 
gravitational force (1), but because the Moon’s relative inertial 
resistance is now a new ratio of 1:41 with respect to the magnitude of 
the Earth’s new relative inertial resistance, the Moon now accelerates 
toward the Earth slightly slower than before, but still 41 times as fast 
and as far as the Earth accelerates toward the Moon.

Acceleration Result:

A. The Earth still emits its attractive force in all
directions but with a new relative intensity of 41
vis-a-vis the Moon, which intensity is proportional
to the Earth’s new relative mass (41). But the
Moon only receives a new relatively small portion
of such relatively intense force which portion is
proportional to the Moon’s new relative mass (1).

B. The Moon still emits its attractive force in all
directions with a new and larger relative intensity
of 1 vis-a-vis the Earth, which new intensity is
proportional to the Moon’s new relative mass (1).
The Earth receives a new relatively larger portion
of the Moon’s new relative intensity of force which
portion is proportional to the new relative mass
of the Earth (41).

Forces Emitted and Received

Figure 23  What Would Happen if the Mass of the Smaller Opposing
Body Was Doubled?

Moon 
(1)

new circumference 
of Moon
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Sun

Earth

Earth

Moon
A.

B.

Figure 24  Conventional Wisdom Leads to These Conclusions



Figure 26

X
center of mass

m1

m2

0

fulcrum
(center of mass)

Two equal masses orbit equally around their combined center of 
mass similarly to two children of equal mass (weight) who counter 
balance each other at equal distances on a seesaw.

Source:  Zeilik, pp. 75, 317
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Larger Mass
Earth

(1 Earth mass)
radius

6,400 km

Earth
accelerates about 
0.0015 cm/s
relative to 
the Moon

Earth’s angular 
orbital velocity 
relative to the 
Moon equals 
0.0129 km/s

Smaller Mass
Moon

(1/82 of the Earth’s mass)

82 x 4,683 km = 384,000 km (from C to Moon’s center)

C = The center of mass of the Earth/Moon system is measured 
       from the physical center of both bodies. It is located inside 
       the sphere of the Earth and about 4,683 km from its physical
       center, and 82 x 4,683 km (about 384,000 km) from the 
       physical center of the Moon.

Figure 28  Center of Mass of the Earth-Moon System
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Partial sources:  See Zeilik, p. 75; Seeds, pp. 94, 95
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PART V  CENTER OF MASS AND RELATIVE GRAVITATIONAL ACCELERATION 

Z. Does Gravity Really Cause All Masses to Free-Fall Equally?

In order to properly answer this question, let us begin with a few obvious empirical 

examples that are unquestionably observed.  We observe binary star systems where two stars 

orbit around their combined “center of mass.”1  If the orbits of the two binary stars are equal or 

the same, this phenomenon is much like two children of equal weight (mass) who balance each 

other at equal distances on a seesaw  (Figure 24).  Both this binary star system and the 

children’s seesaw system have an equidistant common center of mass. 

In this example, the two binary stars have equal masses, thus they attract each other’s 

mass (equal inertial resistance) with equal intensity and with an equal quantity of gravitational 

force of attraction, and each equal mass accelerates (falls) relative to the other mass in an 

equal manner.2  This is a perfect and obvious example of Newton’s three laws of motion at 

work, in combination with his law of gravitational attraction.  The gravitational forces (both 

intensity and quantity received), the inertial resistances, and the gravitational accelerations of 

the two binary stars are equal, and their motions of action and reaction are also equal.  But 

not every binary star system is so idyllic.3 

Let us now assume that one star mass m2 is situated 4.5 times further from the center of 

mass of the binary star system than is star mass m1  (Figure 25).  Empirically, as stated by 

1 Zeilik, p. 317.   
2 Zeilik, pp. 75, 317.   
3 In fact, no such idyllic system has ever been found or observed. 
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Professor Zeilik, “[T]hat means that m1 has 4.5 times the mass of m2.”4  How do astronomers 

know the relative magnitude of the above star masses?  Strangely enough, “We use the 

[relative] accelerations of two stars orbiting one another to find their masses,” stated Zeilik.5  In 

other words, if m2 accelerates 4.5 times faster and farther in t time than m1, we know that m1 

has 4.5 times the mass of m2.  “In a binary system each star orbits the center of mass at a 

distance inversely proportional to its mass,” concluded Zeilik.6 

This unequal binary star scenario is also a perfect example of Newton’s law of 

gravitational attraction at work, in combination with his three laws of motion.  The pulling force 

received by and acting upon each pulled binary star’s different inertial resistance is equivalent, 

thus the gravitational acceleration of each different pulled binary star is inversely proportional 

to its own mass.  The action (motion of acceleration) which the smaller binary star creates on 

the mass of the larger star (the larger star’s smaller orbit) is equivalent to the reaction (motion 

of acceleration) created on its own smaller mass (the smaller star’s larger orbit), and vice-versa. 

This result is similar to where a 45 kg boy sits 4.5 meters from the fulcrum of a seesaw and 

counter balances a 202.5 kg man who is sitting 1 meter from the fulcrum (their combined 

center of mass)  (Figure 25).  In both scenarios—unequal masses of binary stars and unequal 

masses of people on a seesaw i.e., the mass-ratio of the opposing bodies—is 4.5:1. 

Other obvious examples of this center of mass concept are also observed throughout 

our solar system; for example with the Sun-Earth gravitational system.  The Sun-Earth system 

4 Zeilik, p. 317.   
5 Ibid.  This statement acknowledges that the relative accelerations of stars depend upon their relative masses; in 
other words, upon their relative mass-ratios. 
6 Ibid. 
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exemplifies extremely unequal masses, where the Sun’s mass is 330,000 times larger than the 

Earth’s mass7  (Figure 16).  Similarly to the unequal binary star system, the center of mass 

between the relatively very massive Sun and the relatively tiny Earth is located 330,000 times 

closer to the Sun’s physical center than it is to the physical center of the Earth.  In fact, both 

theoretically and empirically, the center of mass of the Sun-Earth gravitational system is located 

at a point within the sphere of the Sun itself, and only about 455 km from the Sun’s physical 

center. 

Also like the unequal binary star system, both the Sun and the Earth orbit around this 

common center of mass.  But because of their vastly unequal masses, the Sun’s theoretical 

annual radial orbit of 455 km relative to the Earth is normally not even noticed.8 On the other 

hand, the Earth is observed to orbit this center of mass from a radial distance of approximately 

93 million miles (about 150,000,000 km), which radius is approximately 330,000 times greater 

than the theoretical 455 km radius of the Sun’s orbit relative to the Earth.  Each second the 

Earth accelerates (falls) in its elliptical solar orbit toward the Sun about 330,000 times faster 

and farther than the Sun falls in its tiny theoretical orbit relative to the Earth.  This, again, is a 

perfect example of Newton’s law of gravitational attraction at work, in combination with his 

three laws of motion, and for the reasons as previously stated. 

If Galileo’s equal gravitational acceleration of unequal masses result and conclusion was 

really correct, then we should expect the extremely unequal masses of the Earth and the Sun to 

7 Zeilik, p. 75. 
8 Because of the mix of all the other masses (including the planets, moons and comets) which are also pulling on 
the Sun from various different directions, the Earth’s relatively minor pulling effect on the Sun from only one 
specific direction is substantially offset by the pull of such other masses in many other different directions and is 
not normally discernable as a separate motion. 
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fall (accelerate) equally toward each other  (Figure 21B).  In other words, they would equally 

orbit around each other  (Figure 26B).  But this obviously does not happen.  In the Sun-Earth 

system, each vastly different pulled mass accelerates or falls toward the other pulling mass with 

a motion which is extremely inversely proportional to the mass of each pulled body, just as 

predicted by Newton’s second and third laws, and as stated by Feynman: 

“…a body reacts to a force by accelerating, or by changing its velocity every second to an 
extent inversely as its mass…”9 

9 Feynman, 1965, pp. 4 – 5.  Why could Feynman correctly describe Newton’s laws, yet he could not correctly 
describe Galileo’s equal acceleration of unequal masses result?  The answer is because Galileo’s equal acceleration 
of unequal masses result was not correct, but it fooled Feynman to the point that he arbitrarily tried to justify it. 
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AA. The Center of Mass Example of the Earth-Moon Gravitational System Described in 
Detail 

Another obvious example of this center of mass concept is observed in the Earth-Moon 

gravitational system.  The Earth-Moon system is also comprised of two bodies with quite 

different masses.  The Earth’s mass is about 82 times greater than the mass of the Moon10  

(Figure 16 and Figure 17.1).  Like the unequal binary star system, the center of mass between 

the Earth and the Moon is located about 82 times closer to the larger Earth’s physical center 

than it is to the physical center of the smaller Moon.  Like the Sun-Earth system, the Earth-

Moon center of mass is located at a point within the sphere of the larger mass (the Earth), and 

about 4,683 km from the Earth’s physical center  (Figure 27). 

As with the Sun-Earth system, the Earth and the Moon orbit around their common 

center of mass.11  The orbit of the Earth’s greater mass is relatively so small that it cannot 

normally be detected by the observer on Earth.  On the other hand, the Moon’s physical center 

orbits this common center of mass from a radial distance of approximately 384,000 km.  Each 

month we humans on Earth actually observe the Moon’s orbit around the Earth as it proceeds 

through its four lunar phases. 

The radius of the Moon’s orbit around the Earth is about 82 times greater than the 

radius of the Earth’s tiny orbit.  Thus, each second the Moon accelerates (falls) relative to the 

Earth about 82 times faster (1.043 km/s) and farther (0.14 cm/s) than the Earth accelerates 

(falls) relative to the Moon (about 0.0127 km/s and about 0.0017 cm/s respectively)  (Figure 20 

10 Zeilik, p. A-5. 
11 Feynman, 1965, p. 12.   
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and Figure 27).  Once more, this scenario is another perfect example of Newton’s law of 

gravitational attraction at work, in combination with his three laws of motion. 

If Galileo’s equal acceleration of unequal masses experiment was really correct, then the 

very unequal masses of the Moon and the Earth should somehow fall (accelerate) equally 

relative to each other (Figure 21B), and they should somehow equally orbit around each other  

(Figure 26B).  But, again, this obviously and empirically does not happen.  Every second, each 

very different opposing mass accelerates or falls relative to the other, a certain distance and 

with a certain motion which is inversely proportional to its mass; again just as predicted by 

Newton’s second and third laws, and as stated by Feynman.12 

With centers of mass and opposing masses in space, there are so many reciprocal forces 

(intensities and quantities received), accelerations, motions, inertial resistances, actions, 

reactions, directions, and magnitudes, not to mention masses again, that it can become very 

difficult to keep them all straight in one’s mind.  Nevertheless, both Newton and Einstein were 

very aware of this center of mass concept (or “center of gravity,” as Newton called it).13   

Newton correctly postulated in the Principia:  “[T]he causes assigned to natural effects 

of the same kind must be…the same.”14  In accord with this postulate, it becomes quite obvious 

from the above empirical examples that the reciprocal gravitational accelerations between any 

two opposing bodies in any two-body gravitational system must have the same cause as their 

reciprocal intensities of gravitational attraction and their reciprocal inertial resistances:  the 

masses of the bodies involved are this common cause.  All of these reciprocal natural effects 

12 Feynman, pp. 4 – 5. 
13 Newton, Principia Vol. 3, Propositions 11 and 12 [Cohen, pp. 816 and 817]; Einstein, Relativity, p. ___. 
14 Newton, Principia Vol. 3 [Cohen, p. 795].   
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(gravitational attractions, inertial resistances of masses, and gravitational accelerations) 

empirically and logically depend upon the unique mass-ratio of the two opposing masses 

involved.15 

This time, Gamow agreed: 

“According to one of the basic laws of mechanics formulated by Newton, a given force 
acting on a certain material body communicates to this body an acceleration which is 
proportional to the force and inversely proportional to the mass of the body.”16   

Again, Feynman also agreed: 

“[A] body reacts to a force by accelerating, or by changing its velocity each second to an 
extent inversely to its mass…”17   

Strangely enough, even Einstein ultimately came to a similar logical conclusion in 1927:  “[T]he 

only causes of the acceleration of masses of a system are these masses themselves.”18 

15 Zeilik, p. 75.   
16 Gamow, 1962, p. 43.  But when Gamow attempted to reconcile Newton’s laws of motion with Galileo’s law of 
equal gravitational accelerations, he incorrectly deferred to Galileo and asserted an invalid ad hoc rationale  
(Gamow, 1962, p. 43).  Was this a good example of scientists not wanting to rock the scientific boat? 
17 Feynman, 1965, pp. 4 – 5.  But Feynman (in the same treatise) refused to apply this law to Galileo’s concept of 
equal gravitational acceleration of unequal masses, Galileo’s Leaning Tower of Pisa experiment   (Feynman, 1965, 
p. 23).  Why?  For the same reasons as Gamow and everyone else:  they were all fooled by such result.
18 Einstein, 1927, p. 280.  Was this acknowledgement by Einstein not an implied contradiction to his General
Theory of Relativity?
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BB. The Surface Gravity of Any Celestial Body Also Exemplifies the Concept of Relative 
Gravitational Acceleration 

The surface gravity of any celestial body is the gravitational acceleration of any other 

gravitating material body which is being pulled from the center of such celestial body.19  It is 

measured at the point where this surface begins, and with a solid celestial body this is the point 

where its solid surface terminates such gravitational acceleration. 

This was the gravitational acceleration of any relatively small object (i.e. a cannonball) 

which Galileo measured during the early 17th century near the solid surface of the Earth to be 

9.8 m/s/s  (Figure 4).  The surface gravity of the mass of any small object is often described as 

its weight in kilograms. 

Surface gravity is normally expressed as a constant number (although it actually varies 

slightly depending upon the opposing masses involved) and such surface gravities of the major 

gravitating bodies in our solar system (i.e. the Sun, planets, moons, asteroids and comets) also 

vary widely  (Figure 16E).  However, these somewhat misleading relative surface gravities only 

assume that a relatively small object like a cannonball is accelerating towards the surface of 

these much larger gravitating masses20  (Figure 27).  The illusion created is that only the much 

larger body is not relatively accelerating toward the smaller object. 

19 The “specific gravity” of a substance is much different, because it is the ratio of its weight at sea level to the

weight of an equal volume of a standard reference substance (such as water) at the same latitude. 
20 For example, the surface gravity of the Earth’s moon is normally represented to be about one-sixth of the 
surface gravity of the Earth, and such surface gravity was confirmed by astronaut Dave Scott in 1971 when he 
dropped a hammer and a feather together which only accelerated toward the Moon at about 1.6 m/s/s.  On the 
surface of the Earth the hammer would have fallen at 9.8 m/s/s, and at the surface of Jupiter it would have fallen 
at about 25 m/s/s. 
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For example, if the planet Jupiter is gravitationally accelerating toward the center of the 

Sun (as is shown on Figure 16), then the surface gravity of Jupiter should be described as the 

ratio 318:330,000 (expressed in Earth masses).  On the other hand, the surface gravity of the 

Sun which is reciprocally slightly gravitationally accelerating toward Jupiter should be described 

by the ratio 330,000:318 (also expressed in Earth masses).  In other words, the concept of 

surface gravity (like most other concepts of gravitational interaction) is completely relative to 

the masses involved, and the distance of the surface from the center of each mass. 

As a final example of relative gravitational acceleration of unequal masses, let us 

describe the known surface gravity of any celestial body.  The magnitude of the surface gravity 

of any body in the solar system, as compared to the relative surface gravity of 1 for the Earth, 

ranges from 1/6th for the Moon, to 2.5 for Jupiter, to 230 for the Sun  (Figure 16 again).  It is an 

undisputed fact that surface gravity for any body depends upon its mass and the distance from 

its surface to its center:  in other words, its centripetal force diminished by the inverse square 

of such radial distance. 

The relative weight (heaviness) of an astronaut on each different surface is a result of 

such relative magnitude of surface gravity.  As we shall discover in another treatise to follow 

this one, the phenomenon of weight or heaviness (sometimes called “gravitational mass”) is 

actually the same phenomenon as gravitational acceleration, except that (with weight or 

heaviness) such acceleration (free-fall) has been totally restrained by a solid surface.  For 

example, a parachutist who does not sense his own weight when he is free-falling toward Earth 

regains his sense of heaviness when he lands on the surface of the Earth.  In this scenario, the 

parachutist’s gravitational acceleration and sensation of heaviness is primarily produced by the 
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quantity of relative intensity of centripetal force of each gravitating body in all directions, which 

is received by and acting upon both the parachutist and the Earth, and the relative inertial 

resistances of the two opposing bodies  (Figure 28). 

This means that the same mass of a parachutist will fall (gravitationally accelerate) 

differently on or near the surface of each different celestial body or mass.  Also, the magnitude 

of each such different acceleration will be proportional to each different surface gravity, and 

therefore to the mass of each different opposing celestial body.  We empirically know this, 

because we have experienced and measured such different accelerations of the same mass on 

the Earth, on the Moon, and more recently on the planet Mars, the moons of Saturn, and other 

planetary bodies. 
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CC. The Concept of Relative Gravitational Acceleration:  All Opposing Unequal Masses
Must Gravitationally Accelerate Unequally

For all of the foregoing reasons, we must conclude that all opposing unequal masses 

gravitationally accelerate unequally.  These conclusions are obviously demonstrated by binary 

star systems involving differently gravitating opposing masses; the Sun-Earth system involving 

extremely different opposing masses; and the Earth-Moon system involving very different 

opposing masses.  As we see in Figure 29, the relatively smaller an opposing mass is, the 

proportionally closer the common center of mass comes to the physical center of the larger 

mass.   

When the opposing masses become the tiny apple or cannonball relative to the 

enormous mass of the Earth, for all practical purposes, the center of mass of this two body 

system and the physical center of the Earth become unity  (Figure 29E).  This enormous mass-

ratio with respect to such center of mass produces a huge relative acceleration ratio of the 

apple/cannonball (approximately 6 x 1025) as compared to the Earth (1).  Galileo unknowingly 

witnessed this huge relative acceleration ratio at the Leaning Tower of Pisa, but he was totally 

distracted and blinded by the illusion of apparently equal accelerations of two relatively tiny 

falling cannonballs of different yet similar mass relative to the apparently stationary Earth.   

We must now postulate that the Relative Gravitational Acceleration of any two 

opposing masses depends upon the mass-ratio involved, be it an apple, a cannonball, an 

astronaut, the Moon, Mars, the Earth, Jupiter, the Sun, or two binary stars. 

There can be no controversy that the above observations and conclusions represent a 

universal law of nature.  Assuming the validity of this natural law, vis. the Law of Relative 
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Gravitational Acceleration, then to quote and paraphrase Feynman on a similar subject:  

“Everything…[concerning the Relativity of Gravity and Relative Gravitational Acceleration] is a 

mathematical consequence of those [natural laws].”  Feynman, 1965, p. 5.  As even Einstein 

concluded in 1927:  “The only causes of the acceleration of masses of a system are these 

masses themselves.”21 

If the above postulate of causation holds true for all of the above described unequal 

opposing masses, it must also hold true for all of the unequal opposing masses of the planets 

relative to the Sun and relative to each other, and for all of the other unequal opposing masses 

in the universe no matter how large or how small their respective masses or motions may be.  

This includes the very unequal opposing masses (and mass-ratios) of the apple, the cannonball, 

the Moon, and the Sun, relative to the Earth and relative to each other  (Chart 30).  Remember 

Newton’s postulate:  “[T]he causes assigned to natural effects of the same kind must be…the 

same.” 

Confronted with the above demonstrations and empirical observations involving a wide 

range of mass-ratios, how can we suddenly change philosophies and the laws of nature in 

midstream and conclude that opposing unequal masses must fall (accelerate) equally?  Can we 

justify changing these laws of nature just because the opposing mass-ratios involve the very 

tiny masses of apples and cannonballs as compared to the relatively enormous masses of the 

Moon, the Earth, and the Sun, or because the subtle differences between the accelerations of 

similar free-falling masses are not obvious to the observer?  Of course not! 

21 Einstein, 1927, p. 280.  
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DD. The Generalization of Newton’s Four Fundamental Axioms

With the observed gravitational interactions of binary stars, of the Earth-Moon 

gravitation system, and of the Sun-Earth gravitational system as our models and guides, we can 

now modify, generalize, and paraphrase Newton’s four fundamental axioms (which we found at 

the beginning of Volume 3 of the Principia), as follows: 

1. No more causes of the above gravitational interactions should be necessary than are

both true and sufficient to explain such phenomena;

2. Causes assigned to gravitational interactions of the same kind must be the same;

3. Those gravitational qualities and interactions of bodies that belong to all bodies on

which experiments can be made, should be accepted as qualities and phenomena of all

bodies universally; and

4. Laws of nature inferred from such phenomena by inductive reasoning should be

considered to be true notwithstanding any contrary hypothesis, until the discovery of

other phenomena make such laws either more exact or liable to exception.

All observations and measurements of our gravitating models guide us to the conclusion

that the relative gravitational forces and inertial resistances applied by and between any two 

opposing unequal masses in space is always a ratio of their masses (m), which ratio of masses is 

inversely equivalent to the ratio of their gravitational accelerations (a), but the relative 

gravitational forces applied are always diminished by the inverse square of the distance 

between their mass centers (
1

𝑑2).  Therefore, the equivalence that always applies to such two-

body gravitational interactions, is: 
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𝑚1

𝑚2

𝑎2

𝑎1

where m1 is the force and inertial resistance of the larger mass, a2 is the acceleration of the 

smaller mass, m2 and a1 are always 1, but the relative forces applied are always diminished by 

the inverse square of the distance between their mass center (
1

𝑑2).  The expression 
1

𝑑2 is the

inverse square of the distance between their centers. 
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EE. The Relativity of Gravity 

The above conclusions are more clearly exemplified as follows:  by theoretically 

substituting much larger masses for the apple and the cannonball. 

First, let us hypothetically substitute the Earth’s stationary Moon for the apple or the 

cannonball near the surface of the stationary Earth22  (Chart 30, line 6).  The Moon obviously 

has much more mass than the apple or the cannonball, but still the Earth has about 82 times 

more mass than the Moon  (Figure 16).  Empirically, the Moon in its relatively huge lunar orbit 

is actually observed to move and accelerate toward the Earth about 82 times faster and farther 

in t time than the Earth in its relatively tiny orbit moves and accelerates toward the Moon  

(Figures 27 and 31C).  The inverse correlation between the masses (forces applied and inertial 

resistances) and the motions (accelerations, actions and reactions) of the Earth and the Moon 

are shown and described in detail on Chart 30, Line 6.  Does any reader believe that the 

stationary Moon would fall toward the Earth at the same rate as the apple (9.8 m/s/s), while 

the stationary Earth would not noticeably accelerate toward the Moon? 

Second, let us next consider a mass almost the size of the Earth, such as the planet 

Venus, which has about 82% of the mass of the Earth  (Figure 16 and Chart 30, Line 7).  If the 

stationary planet Venus was hypothetically substituted for the stationary Moon near the 

surface of the stationary Earth, a priori each similar planetary mass would accelerate toward 

the other at an approximately equal observable rate (albeit Venus being slightly smaller would 

accelerate slightly faster toward the Earth).  Does any reader believe that the stationary planet 

22 Newton performed a similar thought experiment where terrestrial objects were theoretically brought together 
with the Moon and “deprived of all motion”  (Newton, Principia, Book 3 [Cohen, p. 807]).  
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Venus would fall (accelerate) toward the Earth at the same rate as the apple (9.8m/s/s), while 

the stationary Earth would not noticeably accelerate toward Venus?  A similar result would 

occur a priori if a twin of the Earth was hypothetically substituted for the stationary planet 

Venus  (Figure 31B). 

Third, let us next consider a mass the size of the planet Jupiter, which is about 318 times 

the mass of the Earth  (Figure 16 and Chart 30, Line 9).  If the stationary planet Jupiter were 

hypothetically substituted for the stationary planet Venus near the surface of the stationary 

Earth, then a priori the Earth (having a relatively 318 times smaller mass) would accelerate 

toward Jupiter about 318 times as fast and as far during t time as Jupiter would accelerate 

toward the Earth  (Newton’s three laws of motion).  Is there any reader who would be willing to 

assert that the stationary planet Jupiter near the surface of the stationary Earth would 

accelerate toward the Earth at the same rate as an apple (9.8 m/s/s), while the Earth would not 

noticeably accelerate toward Jupiter? 

Finally, let us consider the ultimate analogy.  If a stationary mass the size of the Sun, 

which has 330,000 times as much mass as the Earth (Figure 16), was hypothetically substituted 

for the stationary planet Jupiter near the surface of the stationary Earth, then a priori the vastly 

smaller Earth would accelerate toward the Sun about 330,000 times as fast and as far during t 

time as the Sun would accelerate towards Earth  (Chart 30, line 10, and Figure 31A).  This 

enormous relative gravitational acceleration ratio is actually observed between the Earth and 

the Sun, and it is similar to the enormous gravitational acceleration ratio between the apple 

and the relatively much larger Earth  (Chart 30, line 1, and Figure 31D).   

In both cases, the relative acceleration of the much larger opposing mass remains 

96 Part V-EE



largely unperceived and undetectable.  Is there any reckless reader who would be willing to 

claim that the stationary Sun would accelerate toward the nearby stationary Earth at the same 

terrestrial rate as the apple or the cannonball (9.8 m/s/s), while the Earth remains empirically 

relatively at rest (or stationary)?  

Based on the foregoing examples, it should become patently obvious to even the most 

ardent skeptic, that the smaller the opposing mass of an object relative to the larger mass of 

the Earth (vis. the greater the unique mass-ratio) the faster will be its relative gravitational 

acceleration relative to the Earth.  Likewise, the larger the opposing mass of an object relative 

to the mass of the Earth, the slower will be its relative gravitational acceleration relative to the 

Earth.   

The fact that the miniscule difference in accelerations between the apple and the 

cannonball relative to the enormous mass of the Earth cannot be perceived or measured, or the 

fact that the different, subtle, and miniscule accelerations of the Earth relative to the two tiny 

slightly unequal masses also cannot be perceived or measured, does not effect the reality of the 

above examples.   

Based upon all of the above examples, we must now postulate a much more general law 

of nature:  All gravitational interactions of any masses in the universe are completely relative.  

We shall call this law of nature:  “the Relativity of Gravity.” 
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Figure 4  The Results of Galileo’s Gravitational and Projectile Experiments
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Partial Sources:  Goldberg, pp. 26, 33, 34; Gamow, 1961, p. 42; Cohen, 1960, p. 110
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MASS 
(Earth masses 

in KG)

Mercury 0.055

Venus 0.815

Earth 1.000

Mars 0.107

Pluto 0.002

Sun 330,000

Moon 0.012

scale:  1” = 100,000 km

SUN

AVERAGE
DIAMETER 
(in KM)

4,878

12,104

12,756

6,794

Jupiter 317.83 142,984

Saturn 95.16 120,536

Uranus 14.514 51,118

2,280

1,400,000

3,476

Neptune 17.15 50,536
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(in KG/m3)
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SURFACE
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(Earth=1)
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Figure 16  Comparison of Sun’s Mass and Planetary Masses
(all figures and illustrations approximate)

Sources:  Collins (NASA), p. 358; Zeilik, pp. A-5, 276
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Earth (82)
relative mass, relative quantity

of Moon’s less intense force received,
and relative intensity of force emitted in 

all directions = 82

Rates of relative force received 
by and acting upon each body, 1:1

Each body attracts the other with an equivalent magnitude of relative 
gravitational force (1), but because the Moon’s inertial resistance is 
only 1/82nd the magnitude of the Earth’s inertial resistance, the 
Moon accelerates toward the Earth 82 times as fast and as far as 
the Earth accelerates toward the Moon.

Result:

A. The Earth emits its attractive force in all
directions with an intensity that is proportional to
the Earth’s mass. This intensity, relative to the
Moon, is 82. But the Moon only receives a
relatively small portion of such intense force,
which portion is proportional to the Moon’s mass
(1).

B. The Moon emits its attractive force in all
directions with an intensity that is proportional to
the Moon’s mass. This intensity, relative to the
Earth, is 1. The Earth receives a relatively large
portion of the Moon’s relatively small force, which
portion is proportional to the mass of the Earth
(82).

Forces Emitted and Received

Figure 17.1  The Equivalence of Gravitational Forces Received 
by and Applied Between the Earth and the Moon
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Figure 20  The Moon’s Combined Inertial Motion, Constant 
Angular Velocity, and Constant Distance of
Orbital Fall Toward the Earth
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Partial Source:  Zeilik, p. 73
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Galileo’s equal acceleration of unequal masses result asserts that the Earth and the Moon (or 
Sun) accelerate equally toward each other, regardless of their unequal masses.

If this were true, the Earth and the Moon (or Sun) would a priori orbit around each other equally 
(Figure 24) just like two binary stars of equal mass (Figure 26).  But this does not occur and it is 
not what is observed.

Figure 21  The Application of Galileo’s Equal Acceleration Result 
to the Sun, the Earth, the Moon and the Apple

*Source of masses:  Collins (NASA), p. 358
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B. Hypothetical Equal Acceleration of the Sun and the Earth
(Similar conclusion to A above)

apple = 6 x 10-26

A. Hypothetical Equal Acceleration of the Earth, the Moon and the Apple
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Figure 24  Conventional Wisdom Leads to These Conclusions
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Figure 25  The Counter Balancing of Weight (Mass)
Relative to the Center of Mass
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45 kg. child

1

(NOT EXACTLY TO SCALE)

As Zeilik states: “m2 lies 4.5 times farther from the center of mass than does m1.  
That means that m1 has 4.5 times the mass of m2...[Also] we use the 
accelerations of two stars orbiting one another to find their masses”  (Zeilik, p. 
317).  Similarly a 202.5 kg. man sitting one meter from the fulcrum of a seesaw 
counter balances a 45 kg child on the seesaw when the child is sitting 4.5 meters 
from the fulcrum (center of mass).



Figure 26

X
center of mass
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Two equal masses orbit equally around their combined center of 
mass similarly to two children of equal mass (weight) who counter 
balance each other at equal distances on a seesaw.

Source:  Zeilik, pp. 75, 317
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Chart 30  Comparison of Opposing Masses and Relative Motions 

(all numbers approximate)
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Chart 30 shows an enormous range of different masses, from an apple to the Sun 
(Column A and Column B), and an equally enormous range of acceleration ratios 
relative to the mass of the Earth (Column D).  The largest of such acceleration ratios 
is between the apple and the Earth. 

Chart 30 also shows a direct correlation between the mass (inertial resistance) of 
each opposing object and its acceleration relative to the mass of the Earth (Column 
B and Column D), and an inverse correlation between the masses (inertial 
resistances) and motions (actions, reactions  and accelerations) of two opposing 
masses (Column C).

Earth 1.0 1
1

1
1= 1 : 1

1
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9

10

(Accelerations) Between Earth (m1 and a1) and Other 
Objects or Masses (m2 and a2)

Partial Sources:  Zeilik, pp. 75, 276 and A5; Collins, p. 358
[Note: The above range of magnitudes of relative masses and gravitational 
accelerations is so enormous that it is impractical to try to illustrate them 
graphically.]   
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Illustrated
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PART VI  WHY IS THE RELATIVITY OF GRAVITY CORRECT? 

FF. Why Do Smaller Masses Free-Fall Faster Than Larger Masses? 

If two equal opposing masses are attracting each other in space, be they binary stars or 

any other bodies then a priori the inertial resistance of each equal opposing mass will also be 

equal, as will the quantity of attracting force received by and acting upon each opposing mass  

(Newton’s laws).  Does this mean that the equal attraction force and the equal inertial 

resistance of each opposing body’s mass will cancel each other out, as claimed by Hawking and 

others?  Does this mean that the two equal masses will not move or will not accelerate 

relatively toward each other?   

Of course not.  It only means that each equal opposing mass will accelerate equal 

distances in equal times relative to one another, and (if orbiting each other) will circumnavigate 

each other in equal orbits during equal periods  (Figure 26).  Thus, this equality of mass, force 

and inertial resistance means that the reciprocal motions, accelerations, actions, and reactions 

of the two equal opposing masses will also be equal.  We know this empirically from observing 

the mutual motions, accelerations, orbits, orbital distances and orbital periods of binary stars 

with substantially equal or substantially similar masses.5  In fact, the only way that two nearby 

gravitating bodies could theoretically have relative equal accelerations would be if they have 

equal masses and are gravitationally opposing and attracting one another as described above; 

or if they have equal masses and are being attracted and accelerated by a third mass from 

equal distances.   

5 Zeilik, p. 317.    
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On the other hand, if the two opposing masses are not equal, then the reciprocal 

motions, accelerations, actions, and reactions of the two opposing masses will also be unequal. 

We know this empirically from observing the reciprocal unequal motions, accelerations, orbits, 

orbital distances, and orbital periods of the opposing unequal masses of the Moon and the 

Earth, and of the Earth and the Sun. 

Specifically, why does an unequal mass-ratio result in unequal reciprocal gravitational 

accelerations?  The answer is:  because the greater the force-resistance ratio between two 

opposing gravitating masses…the proportionally greater is the same force acting upon the 

lesser inertial resistance of the smaller mass.  For example, the equivalent relative force 

received by and acting upon both the Earth and the Moon is 1  (Figure 21).  This equivalent 

force of 1 acting on the inertial resistance of the Earth (82) results in a force-resistance ratio of 

1:82.  But such equivalent force of 1 when acting on the inertial resistance of the Moon (1) 

results in a force-resistance ratio of 1:1.  Thus, the Moon’s mass (lesser resistance) will 

accelerate 82 times faster and farther in t time than the mass (greater resistance) of the Earth. 

Restated in a somewhat different way, the equivalent force of attraction received by 

each body causes the relatively smaller inertial resistance of the smaller mass (the Moon) to 

accelerate proportionally faster and farther during the same time interval than the relatively 

larger inertial resistance of the larger mass (the Earth). 

 All of these above concepts must hold true regardless of whether the two unequal 

opposing masses are galaxies, binary stars, planets, moons, asteroids, cannonballs, or apples. 

Thus, a priori, Galileo’s two unequal cannonballs could not have accelerated equally 

relative to the much greater third mass of the Earth.  It only appeared that they were 
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accelerating equally because two similar and relatively tiny unequal masses were gravitating 

together and being attracted relative to the enormous mass (inertial resistance) of the Earth.  In 

this particular case, the force-resistance ratio between the two unequal cannonballs was 

substantially the same, vis. approximately 1:6x1025as compared to 1:6x1024.  But between each 

relatively tiny unequal cannonball on the one hand (Chart 30, B1 and B2), and the relatively 

enormous Earth, the force-resistance ratio was also enormous:  6x1025: 1 or 6x1024:1. (Chart 30, 

D1 and D2).  The minute difference in acceleration of these two very similar tiny masses relative 

to the enormous and relatively stationary mass of the Earth (vis. 1:6x1025 as compared to 

1:6x1024) could not be observed nor detected6  (Chart 30, D1 and D2).  The observed illusion 

was an equal rate of acceleration.  

These are essentially the reasons why Galileo, Newton, Bessel, Eötvös, Einstein, De 

Sitter, Born, Gamow, Feynman, Dicke, Schwinger, Hawking, and everyone else has been fooled 

and convinced into believing that unequal masses accelerate (fall) equally relative to the Earth.  

They were all comparing the mass-ratio and the resulting forces, inertial resistances, motions, 

and accelerations of the smaller cannonball relative to the larger cannonball, which motions 

and accelerations appear to be very similar because their relatively tiny masses are really quite 

similar when compared to the enormous mass of the Earth.7  The minute difference in the large 

accelerations of the two unequal cannonballs relative to the reciprocal but infinitesimal 

acceleration of the Earth was not perceivable, detectible, or measurable; nor was it even 

6 The mass-ratio of either cannonball was astronomical when compared to the relatively enormous Earth, but was 
substantially the same when compared to each other. 
7 Relative to one another (the smaller cannonball compared to the larger cannonball), the opposing ratio of 
masses, forces, and inertial resistances was nominal (6x1025 :6x1024).  All of these brilliant scientists forgot about 
the third ball:  the Earth. 
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considered.  Thus, both tiny objects are empirically perceived to accelerate toward the Earth at 

the same rate.  But this is only a paradoxical illusion. 
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GG. The Illusions of Scale 

Of course, Galileo and everyone else should have compared the masses, and the 

reciprocal variables of forces, inertial resistances, motions, accelerations, actions, and 

reactions, of each tiny mass relative to the enormous mass of the Earth.  It is these slightly 

different huge ratios which determine the slightly different motions and accelerations of the 

smaller cannonball and the larger cannonball relative to the enormous mass of the Earth  (Chart 

30, D1 and D2).  But at the minute scale that Galileo observed these interactions, the relative 

accelerations caused by these slightly unequal ratios was not apparent or perceived.   

However, as the scale of these observations increases in size, the relative accelerations 

of two unequal opposing masses become more and more obvious to the observer  (Chart 30, 

Column D).  By the time the scale reaches the mass of the Earth as compared to the mass of the 

Moon, or as compared to the mass of the Sun, the Relative Gravitational Acceleration of such 

masses becomes obvious  (Chart 30, D6, D8 and D10).  Thus it can be said that Galileo and 

everyone else was fooled by an illusion of scale. 

Every gravitational motion and acceleration must be analyzed as a reciprocal and 

comparative relationship between two opposing masses  (Chart 30, Columns A, B, and D).  Each 

comparison involves a unique mass-ratio between every pair of opposing unequal masses 

(Chart 30, Column B), a unique relative distance between their centers, their unique relative 

angular momentums (if any), and unique relationships between their reciprocal mass variables, 

such as their relative forces, relative inertial resistances, and their relative motions 

(accelerations, actions and reactions)  (Chart 30, Column D).  The inverse correlation and 

equivalence between opposing masses (forces and inertial resistances) on the one hand, and 
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their resulting relative gravitational motions (accelerations, actions, and reactions) on the other 

hand,  

𝑚1

𝑚2
=
𝑎2
𝑎1

is shown on Chart 30, Column C.  With so many reciprocal variables it can be very difficult to 

keep them all straight. 

Nevertheless, the correct and critical comparison is the unique mass-ratio of each tiny 

object relative to the enormous mass of the Earth, rather than the unique mass-ratio of the 

small cannonball relative to the large cannonball.  Again, the failure to recognize this critical 

comparison is the major reason why the great minds of Galileo, Newton, Einstein, and all the 

others became confused and made their mistakes. 

103 Part VI-GG



HH. Comparisons of very different gravitating bodies (in progress) 

II. How and Why Do the Planets Fall Unequally Toward the Sun?

The same is true with the different accelerations of the very different masses of the 

planets relative to the Sun.  The masses of the planets look very different when compared to 

each other on a planetary scale (Figure 32), just like the mass of the apple looks very different 

to observers on Earth when compared to the cannonball on a terrestrial scale.  But if the 

masses of the planets are all compared to the enormous mass of the Sun on a solar system 

scale they can appear to be almost identical  (Figure 33, at the bottom of the graph opposite 

the arrows).  In addition, there are many other variables for each of the planets, including its 

distance from the Sun, its orbital velocity, its orbital period, the quantity of the Sun’s centripetal 

force received by each planet, each planet’s gravitational force received by the Sun, and the like 

(Figure 33).  No wonder that Newton and everyone else was fooled into believing that these 

unequal planetary masses also gravitationally accelerate equally toward the Sun.8   

But Newton was mistaken.  Based upon the foregoing analysis and evidence, the 

unequal masses of the planets must fall unequally relative to the sun.  Likewise, the different 

masses of the Moons of each planet must fall unequally with respect to each planet.  

Remember Newton’s postulate:  “The causes assigned to natural effects of the same kind must 

be…the same.” 

8 In the Principia, Newton concluded:  “the…planets, let fall from equal distances from the sun, would describe 
equal spaces in equal times in their descent to the sun”  (Newton, Principia [Cohen, Vol. 3, p. 807]). 

104 Part VI-II



JJ. What Should the New Formulae for Two-Body Systems Be?  

Let us now answer the question:  How does the natural law of the Relativity of Gravity 

change the current Newtonian algebraic equation for gravitation?  Since the modern 

Newtonian equation says nothing about mass ratios or about relative gravitational 

accelerations based on the relative mass-ratio of opposing masses, we must express these 

concepts as follows, with specific reference to the Earth/Moon system, as an example: 

1. 𝑚1 ∝
𝑎2/𝑎1

𝑑2
 or 𝑚1 ∝

𝐹1/𝐹2

𝑑2
 or 𝑚1 ∝

82/1

𝑑2

Where m1, a1 and F1 and are respectively the inertial mass (inertial resistance), the relative 

gravitational acceleration, and the relative intensity of gravitational force in all directions of the 

Earth; where m2, a2 and F2 are respectively the inertial mass (inertial resistance), the relative 

gravitational acceleration, and the relative intensity of gravitational force in all directions of the 

Moon; and where d2 is the square of the distance between their centers. 

Based on the above example, the remaining specific formulae are as follows: 

2.  𝑚2 ∝
𝑎1/𝑎2

𝑑2
 or 𝑚2 ∝

𝐹2/𝐹1

𝑑2
 or 𝑚2 ∝

1/82

𝑑2

3. 𝑎1 ∝
𝑚2/𝑚1

𝑑2
or 𝑎1 ∝

𝐹2/𝐹1

𝑑2
or 𝑎1 ∝

1/82

𝑑2

4. 𝑎2 ∝
𝑚1/𝑚2

𝑑2
or 𝑎2 ∝

𝐹1/𝐹2

𝑑2
or 𝑎2 ∝

82/1

𝑑2

5. 𝐹1 ∝
𝑚1/𝑚2

𝑑2
or 𝐹1 ∝

𝑎2/𝑎1

𝑑2
or 𝐹1 ∝

82/1

𝑑2

6. 𝐹2 ∝
𝑚2/𝑚1

𝑑2
or 𝐹2 ∝

𝑎1/𝑎2

𝑑2
or 𝐹2 ∝

1/82

𝑑2

7. The equivalent attractive force received (Fr) by each opposing mass is, for

example:   
𝐹𝑟

𝑑2
∝

𝑚2

𝑑2
 or 

1

𝑑2
∝

1

𝑑2
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Thus, Galileo’s first approximation—the equality of gravitational accelerations of 

unequal masses—was not correct.  It only appeared that way because the relatively similar 

masses of two relatively tiny objects (unequal cannonballs), as compared to the enormous mass 

of the Earth, fell (accelerated) toward the Earth in what appeared to be equal times.  Based on 

the above postulates, observations, and similar causations, a priori it turns out that Galileo’s 

smaller cannonball actually fell (accelerated) relative to the Earth faster than his larger 

cannonball.  We shall explore the specific reasons for this conclusion in the next sections. 
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acceleration
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acceleration
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mass = 82

mass = 1

Galileo’s equal acceleration of unequal masses result asserts that the Earth and the Moon (or 
Sun) accelerate equally toward each other, regardless of their unequal masses.

If this were true, the Earth and the Moon (or Sun) would a priori orbit around each other equally 
(Figure 24) just like two binary stars of equal mass (Figure 26).  But this does not occur and it is 
not what is observed.

Figure 21  The Application of Galileo’s Equal Acceleration Result 
to the Sun, the Earth, the Moon and the Apple

*Source of masses:  Collins (NASA), p. 358

SUN
mass = 
330,000

Earth

mass = 1

acceleration
of Sun

acceleration
of Earth

B. Hypothetical Equal Acceleration of the Sun and the Earth
(Similar conclusion to A above)

apple = 6 x 10-26

A. Hypothetical Equal Acceleration of the Earth, the Moon and the Apple



Figure 26

X
center of mass

m1

m2

0

fulcrum
(center of mass)

Two equal masses orbit equally around their combined center of 
mass similarly to two children of equal mass (weight) who counter 
balance each other at equal distances on a seesaw.

Source:  Zeilik, pp. 75, 317
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Quantification of
m1      a2
m2           a1

=

Gravity Accelerations 
of Other Objects (a2) 

Relative to the 
Earth’s Acceleration (a1)

a2 : a1

Small Cannonball
   1
6x1025

   1
6x1024

   1
6x1012

.00002

.002

.012

.82

318

330,000

Cannonball

Asteroid

Small Planetary
Moonlet

Pluto

Earth’s Moon

Venus

Jupiter

Sun

6x1025

1
6x1025

1=

6x1024

1
6x1024

1=

6x1012

1
6x1012

1=

50,000
1

50,000
1=

500
1

500
1=

82
1

82
1=

1
.82

1
.82=

1
318

1
318=

1
330,000

1
   330,000=

6x1025 : 1

6x1024 : 1

6x1012 : 1

50,000 : 1

500 : 1

82 : 1

1 : .82

1 : 318

1 : 330,000

Chart 30  Comparison of Opposing Masses and Relative Motions 

(all numbers approximate)

A B C D

Chart 30 shows an enormous range of different masses, from an apple to the Sun 
(Column A and Column B), and an equally enormous range of acceleration ratios 
relative to the mass of the Earth (Column D).  The largest of such acceleration ratios 
is between the apple and the Earth. 

Chart 30 also shows a direct correlation between the mass (inertial resistance) of 
each opposing object and its acceleration relative to the mass of the Earth (Column 
B and Column D), and an inverse correlation between the masses (inertial 
resistances) and motions (actions, reactions  and accelerations) of two opposing 
masses (Column C).

Earth 1.0 1
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(Accelerations) Between Earth (m1 and a1) and Other 
Objects or Masses (m2 and a2)

Partial Sources:  Zeilik, pp. 75, 276 and A5; Collins, p. 358
[Note: The above range of magnitudes of relative masses and gravitational 
accelerations is so enormous that it is impractical to try to illustrate them 
graphically.]   
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Figure 32  Planetary Masses as Compared to Each Other with 
Earth Masses as the Standard of Comparison

(Earth = 1 Earth mass)

Source:  Collins (NASA), p. 358



Figure 33
Planetary masses compared to the Sun’s mass (in Earth masses); 

also comparison of other planetary data relative to each planet.
(all figures approximate)

(1) The Sun has about 1,000 times more mass than the planet Jupiter.
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PART VII  OTHER MYSTERIES OF GRAVITY AND PROPOSED SOLUTIONS 

KK. How Do Masses Really Fall in a Three-Body or Multi-Body System? 

Galileo’s Leaning Tower of Pisa experiment involved a three-body gravitational system 

(a small cannonball, a large cannonball, and the Earth).  Therefore, it would be very informative 

to test such a system under controlled conditions, to see what happens in different situations. 

Even the simplest three body system is more complicated than the most complicated 

two-body system.  Even if the three bodies are identical in mass and are placed at the points of 

an equilateral triangle at the same instant, the reciprocal emitted and received forces of 

attraction, inertial resistances, gravitational accelerations, actions, and reactions can be quite 

confusing. 

Now if the three bodies vary widely in mass and are placed at arbitrary points around a 

circle, the precise prediction of what will gravitationally happen is almost impossible without a 

computer and a computer program to do the necessary instantaneous calculations. 

There are very few three-body systems in nature (such as trinary stars), and there are 

none that are as controllable and precise as a three-body computer program. 

For these reasons, we will simulate a three-body gravitational system on the computer 

and describe what happens in our three-body gravitational computer system when we 

arbitrarily vary the masses of the three bodies, and their positions at various points around a 

circle.  Only the inertial distance of such three bodies from the center of the circle and the 

instant of commencement of the tests will remain constant. 
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LL. What Are the Remaining Mysteries of Gravity?

Neither Einstein nor Newton explained or proved how masses cause the observed 

motions of the phenomenon we call gravity.  Are such motions caused by gravitational waves or 

particles?  None have ever been observed.1  Are they caused by gravitational lines of force 

similar to those of a magnetic field?  None have ever been observed.  Is gravity the result of the 

energy content of matter; an undetectable source or field of energy that pulls and propagates 

at a distance?  Is it caused by something else?  No one really knows. 

The closest Einstein came to answering these basic questions was his generalizations of 

a “Newtonian field of attraction,” the “geometrical modification (‘curvature’) of space,” and his 

analogy to magnetic fields.2  Newton never really made an attempt to explain gravitational 

attraction, other than his conclusion that:  “the force of gravity is of a different kind from the 

magnetic force.”3  Thus, De Sitter was led to conclude:  “In the course of history a great number 

of hypotheses have been proposed in order to “explain” gravitation, but not one of these has 

ever had the least chance, they have all been failures.”4 

In prior sections of this treatise we have already empirically explained how and why the 

accelerating motions of opposing gravitational masses occur.  These concepts are referred to as 

Relative Gravitational Acceleration and the Relativity of Gravity.  But there are still at least 

three fundamental questions about gravity remaining to explore, and (by deduction and 

speculation) to attempt to answer: 

1 Wheeler, p. 187. 
2 Einstein’s gravitational theories and conclusions were also based on completely false premises, i.e. that all bodies 
gravitationally accelerate at the same rate, regardless of their mass [Galileo’s gravitational paradox]. 
3 Newton, Principia [Cohen, Vol. 3, p. 810]. 
4 De Sitter, Kosmos, 1932, p. 106. 
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1. Is the gravitational attraction phenomenon of a mass really caused by a force?

2. What is the root cause of the force of gravitational attraction?

3. How is gravitational force transmitted or activated?

Let us now explore and discuss these fundamental questions in the reverse order of their 

difficulty. 
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MM. Is Gravity Caused by a Force?

First, “Is the observed attraction phenomenon of a mass really caused by a force?”  The 

short answer might be:  yes.  All of the observed motions, actions and reactions of opposing 

gravitational masses are empirically consistent with Newton’s three laws of motion.  This, of 

course, includes his first law of inertia and resistance; his second law of force and acceleration; 

and his third law of action and reaction motions  (Sections H, I and J). 

Such gravitational motions, actions, and reactions are also substantially consistent with 

his law of Universal Gravitational Attraction: 

“[E]very body in the universe attracts every other body toward its center with a force 
that is proportional to the mass of each body and is inversely proportional to the square 
of their distance apart.”   

Such motions are also consistent with the empirical natural law of Relative Gravitational 

Acceleration, which is nothing more than an application of Newton’s laws to the observed and 

theoretical gravitational accelerations of all opposing masses.  On the other hand, the natural 

law of Relative Gravitational Acceleration completely contradicts Einstein’s theories of 

gravitation, vis. equal gravitational acceleration regardless of mass, gravity without force, his 

Principle of Equivalence, and curved spacetime.   

Gravity acts exactly the way a force caused by energy should act.  It holds masses in 

reciprocal orbits in the same way that an Olympic hammer thrower and his weight at the end of 

a chain move in reciprocal orbits, or a bandleader twirls a weighted baton around its center of 

mass.  It causes masses to reciprocally move toward each other, often to impact, like the 

Shoemaker-Levy comet and Jupiter, or a bullet and an approaching terrestrial target.  The 

Cassini-Huygens planetary spacecraft dramatically picked up speed like a magnet, as it 
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approached its rendezvous with the planet Saturn.  The oceans are pulled by the Moon, 

stronger on the side of the Earth facing the Moon, and to a lesser extent on the other side; 

which demonstrates the inverse square law of attraction relative to distance.  The result is 

simultaneous higher tides on both sides of the Earth.  When Galileo’s cannonballs were 

released at the top of the Leaning Tower they immediately accelerated toward Earth.  When we 

try to pick up a heavy object, its weight (mutual attraction with respect to the Earth) greatly 

resists our attempt.  All of our massive buildings are held fixed to the Earth, despite the Earth’s 

rotational speed of 1,000 miles per hour.  The Moon remains in orbit despite its inertial straight 

line speed of about 3,750 km/hr.  How can there be any doubt? 

There is an old proverb of logic:  If something looks like a duck, and walks like a duck, 

and flies like a duck, and quacks like a duck, then most likely it is a duck.  Likewise, all of such 

gravitational motions, observations and natural laws are consistent with, and lead us directly 

to, the conclusion that gravitational attraction is caused by some kind of force.   

Thus, we have the following laws of nature: 

1. The attracting (pulling) phenomenon of a gravitating body is a force which is

proportional to the mass of such attracting (pulling) body. 

2. The inertial resistance of an attracted (pulled) gravitating mass is inversely

proportional to the applied force of the attracting (pulling) mass. 

3. The gravitational acceleration (motion) of an attracted (pulled) mass is proportional

to the applied force of the attracting (pulling) mass, and inversely proportional to its 

own pulled mass. 
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NN. What is the Root Cause of Gravitational Force? 

We begin this discussion with the axiom that all known forces are the result of some 

form of energy, be it chemical, mechanical, molecular, nuclear, electromagnetic, or otherwise.  

It is therefore consistent and logical to conclude that gravitational force also results from some 

form of energy. 

Many of the characteristics and effects of magnetic force are similar to the 

characteristics and effects of gravity.  Both phenomena emanate from matter (mass) and 

appear to be energy related.  Both forces are invisible to the eye and a priori extend to infinity. 

Both phenomena act at a distance through empty space, and both normally attract (pull) other 

matter rather than push it away.   

There are, of course, dissimilarities.  Magnetism only attracts certain types of matter, 

i.e. iron;5 whereas gravity attracts all types of matter, apparently equally.6  Magnetic attraction

is not necessarily proportional to the quantity of matter attracted, nor to the quantity of matter 

of its source, and magnetic force can be increased or decreased.7  One magnet may repulse or 

push away another magnet with the same charge.  Magnetic force appears to be much more 

intense than gravitational force, but “decreases almost as the cube of the distance,”8 rather 

than the square of the distance.  Nevertheless, the similarities of the two phenomena indicate 

5 “In magnetic and electric fields, the acceleration of objects depends on their physical state (what they are made 
of, how they are charged or magnetized)”  (Goldberg, p. 170). 
6 “In a gravitational field the acceleration of objects is independent of their physical state or what they are made 
of”  (Goldberg, pp. 170, 171). 
7  Newton, Principia [Cohen, Vol. 3, p. 810]. 
8 Ibid. 
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the possibility, or even the probability, of a common root cause.9 

In late 1905, Einstein reasoned that m=E/c2  (or E=mc2), and he concluded that “[T]he 

mass of a body is a measure of its energy content.”10  Then in 1911, Einstein also theorized that 

as energy is added to mass, both its inertial mass and its gravitational mass (its potential ability 

to attract other objects in space) are proportionally increased.11  If these two statements are 

true, then it follows that the energy content of mass must constitute its potential gravitational 

attracting capability or force.  This conclusion is consistent with Einstein’s equation:  E=mc2.   

However, Einstein did not reach this conclusion in his late 1905 paper nor in his 1911 

paper.  In fact, his General Theory of Relativity specifically denied and negated the possibility 

that gravity is caused by the energy content of mass: 

“[T]he concept of the [gravitational] force interaction, and with it the concept of energy 
[must be replaced by] a field theory of gravitation…the field takes the place of the 
force.”12 

This “field theory” then asserted that “gravity is nothing but the curvature of the four-

dimensional spacetime continuum.”13 

Nevertheless, and despite Einstein’s General Theory, we empirically know that the mass 

of a body not only determines such body’s magnitude of potential attraction relative to another 

body (a phenomenon called “gravitational attraction”); but such mass also determines such 

body’s magnitude of resistance relative to the attraction or applied force of another body (a 

phenomenon called “inertial resistance” or “inertia”).  The mass of a body also determines the 

9 “It is very probable that there is a hidden relation between gravity on the one hand and the electromagnetic field 
and material particles on the other…”  (Gamow, 1962, p. 13). 
10 Einstein, 1905e, p. 71. 
11 Einstein, 1911, [Dover, 1952, pp. 101-104]. 
12 Einstein, 1936, p. 339. 
13 Gamow, 1962, p. 13. 
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magnitude of relative motion of two opposing gravitating objects—a phenomenon we call 

Relative Gravitational Acceleration.  In other words, the mass of a body provides several, yet 

different, functions of equivalent magnitude:  attraction, resistance to attraction, and 

gravitational acceleration.   

The magnitude of attraction is equal to the energy content of the pulling mass.  The 

magnitude of resistance is equal to the matter component (or energy content) of the pulled 

mass.  And the magnitude of relative acceleration is determined by both of the above.  These 

results are also consistent with the equation:  E=mc2.  In addition, they should be consistent 

with the aforementioned conclusions contained in Einstein’s 1905 paper and his 1911 paper. 

Could it not be postulated from the above:  a) that gravitational force of attraction is 

caused by the total energy content of matter, and the magnitude of the relevant opposing 

masses;  b) that the energy content of one mass proportionally attracts the energy content of 

another mass, and vice versa;  c) that the propagation or action of gravitational energy at a 

distance is undetectable because its intensity relative to the magnitude of its propagating mass 

is so minute; and  d) that gravitational force is only a special case of the broader phenomenon 

of E=mc2?   

Since the attracting force of a body (its total energy content) is proportional to its mass 

(Newton’s law of gravitational attraction), it follows that the energy content of one mass must 

attract the energy content of the opposing mass, and vice-versa.  But, it must be left to future 

physicists and mathematicians to fill in the blanks as to specifically how the mechanism or 

process of these opposing energy contents and gravitational forces of attraction actually work. 
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OO. How Is Gravitational Force Transmitted or Activated? 

It is an established idea that magnetic force is propagated by electromagnetic waves 

(and/or atomic messenger particles) that physically transmit energy at the speed of light (c) 

and create a magnetic field of force.  Since magnetic force has so many similarities to 

gravitational attraction, it is logical to assume that gravitational energy is also transferred or 

propagated in a similar manner.  But why have not such gravitational waves or messenger 

particles (dubbed “gravitons”) ever been detected?   

Possibly each gravitational wave or particle transmits such a minute amount of energy 

that they cannot be detected with current technology and current methods  ( Gondhalekar, pp. 

238 – 239).  One thing seems certain:  However gravity propagates or is activated, its force 

must emanate at the atomic or sub-atomic level and must pass through all ponderable masses 

(like a theoretical neutrino), most likely at or near velocity c.  

On the other hand, is it possible that gravitational energy somehow attracts or activates 

without physical propagation, or any physical correspondence; that is, solely by its proximity to 

another mass of energy content?  Is the energy/mass of the Earth pulled toward its own center 

primarily because of its mutual proximity?  In other words, does the proximity of one mass of 

energy content merely activate or stimulate the energy content of another mass to attract one 

another?14  And if so, how? 

If the Earth propagates its energy/mass content in the form of gravitational force 

equally in all possible directions, 99.9% of this propagation could dissipate into empty space, 

14 By analogy a human sexual desire or energy can be mutually stimulated and activated at a distance without any 
physical correspondence. 
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and the Earth’s energy/mass could waste away over time.  Or, more likely, does the Earth 

receive and gain as much or more energy/mass (in the form of gravitational energy) from the 

Sun and other distant masses as it propagates?   

No one can currently demonstrate how the energy content of different masses interact, 

or how gravitational force is transferred, transmitted or mutually activated.  At present, we can 

only use our imagination and speculate.  The definitive resolution of these mysteries and 

paradoxes must also be left for future physicists, if at all. 
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PART VIII  CONCLUSIONS 

Appendix 1 

WHAT IS MATTER AND WHAT IS MASS? 

The Greek word “maza” originally meant an inferior quality of bread.1  Archimedes used 

the related word “masse” to mean a lump or block.  The Latin word of the early Christian 

Church, “massa,” expanded the meaning to include an “aggregation of bodies.”2  In the 

writings of Aristotle, the word “materia” originally meant timber.3  Then, in the 13th century, a 

disciple of Thomas Aquinas (Aegidius Romanus) conceived the idea of quantitas materiae 

(“quantity of matter”) “as a measure of mass or matter, independent of determinations of 

volume or weight.”4  Throughout most of recorded history, matter and mass were thought of 

as synonymous terms.   For example, Galileo considered “mass” as “another name for matter 

itself.”5 

Kepler, Galileo, Descartes, and Newton, working separately, created the concept of 

inertia, which in concert with Newton’s second law of motion would ultimately result in the 

concept of “inertial mass.”  Kepler described inertia (the resistance of a body to being moved) 

as “something similar to weight” which “matter must have.”  Kepler also stated that the 

“repugnance [resistance of] inertia or opposition to motion is a characteristic of matter; it is 

stronger, the greater the quantity of matter in a given volume.”6  Newton equated a body of 

1 Similar words in Hebrew and Egyptian meant substantially the same thing. 
2 Jammer, 1961, pp. 7 – 9, 29. 
3 Ibid, p. 19. 
4 Ibid, p. 45.  The 15th century concept of “impetus” required the concept of quantity of matter. 
5 Jammer, 1961, pp. 51 – 52. 
6 Ibid, pp. 55, 56 
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mass (corporis vel massae) with its quantity of matter (quantitas materiae), however Newton’s 

three laws of motion made no explicit mention of mass.  The concept of mass is only implied by 

the acceleration of a body in his second law.7  Thus, it was left for Euler in 1736 to explicitly 

state a formula for “inertial mass:”  “Force equals mass times acceleration.”8  Reciprocally, m = 

F/a.   

During the early part of the 18th century, German scientist Gottfried Leibniz (1646 – 

1716) invented complicated and confusing theories of mass and matter.  In the mid 18th 

century, Immanuel Kant criticized Newton’s concepts, but failed to advance the concept of 

mass.  The idea of the indestructibility and “conservation” of matter or mass was implicit in 

Newton’s theories, and French physicist Antoine Lavoisier (in 1789) extended this notion of 

conservation to chemical reactions,9 but he failed to define either matter or mass.10  During the 

19th century, French physicist Bané de Saint-Venont, Maxwell, Ernst Mach and Hertz all 

attempted to invent new definitions of mass.  Mach and Saint-Venont each rejected quantitas 

materiae, but failed to come up with an improved alternative, although Mach did arrive at a 

theoretical construct.11  Maxwell’s theory assigned a priority of force over mass, and Hertz’s 

definition essentially redefined mass by its weight.12 

During the early 20th century, Italian scientists contrived numerous definitions of mass 

7 Ibid, p. 65.  Newton referred to the words “body,” “mass” and “matter” as meaning the same thing, and he 
defined its quantity as “arising from its density and bulk conjointly.”  (Newton, Principia [Motte, Vol. 1, p. 1]). 
8 Jammer, 1961, p. 89.  Inertial mass is sometimes also referred to as “mechanical mass”  (Feynman, 1964, p. 28-3). 
9 In other words, Lavoisier asserted that the same quantity of matter is present after a chemical reaction as was 
present before such reaction. 
10 Jammer, 1961, pp. 85 – 86. 
11 Ibid, p. 100.  Mach’s definition was equivalent to Newton’s third law of motion, but it did not really describe 
what mass is  (Jammer, 1961, p. 121). 
12 Ibid, pp. 103, 105. 
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but without much success.  Their attempts only resulted in several definitions of “gravitational 

mass.”13  Later, scientists Hans Herm (in 1938), Pendse (in 1939), Herbert Simon (in 1947), and 

Alfred Tarshi attempted to define the concept of mass as a “primitive” concept, without using 

other concepts to make it meaningful.14  Two of such attempts merely resulted in mass ratios 

that can be obtained by Euler’s formula, and the others attempted to define mass by statistical 

inference.  All involved the motion of bodies by reason of force.   

Jammer concluded that in general,  “no attempts to formalize Newtonian mechanics by 

a precise explicit definition of mass have been very successful,” and he gave as an example the 

following circular definitions: 

“We obtain our knowledge of forces by having some theory about masses, and our 
knowledge about masses by having some theory about forces.”15  

Thus, it may be impossible to devise a meaningful qualitative definition of mass without resort 

to an empirical and quantitative interaction between the variables of Euler’s formula:  m = F/a.  

As one sage writer concluded:  “Mass is a mess.” 

13 Ibid, p. 110. 
14 Jammer, 1961, pp. 112 – 119. 
15 Ibid, p. 120.  
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Appendix 2 

ATTEMPTS TO CHANGE NEWTON’S LAW OF UNIVERSAL GRAVITATION 

Based upon all of the foregoing, we can now state the following six new or modified 

postulates concerning gravity: 

1.  The reciprocal relationships of gravitational force emitted and received, of inertial

resistances, of gravitational accelerations, orbits, orbital distances, orbital periods,

and the like, of all opposing gravitating masses are mathematical consequences of

their specific mass-ratios.

2.  The mass-ratio between any two opposing gravitating bodies (their relative forces

received and their relative inertial resistances) is what determines their relative and

reciprocal gravitational accelerations.  The greater the mass-ratio between two

gravitating bodies, the proportionally less will be the relative gravitational

acceleration of the larger mass, and the proportionally greater will be the relative

gravitational acceleration of the lesser mass.

3.  The gravitational acceleration motion of a pulled mass is proportional to the

magnitude of the pulling mass, and such acceleration motion is inversely

proportional to the magnitude of its own pulled mass (its inertial resistance).

4.  The gravitational action of a pulled mass, which motion is caused by the applied

force of a pulling mass and the inertial resistance of the pulled mass, is equivalent to

the gravitational reaction of the pulling mass, which motion is caused by the applied

force of the pulled mass and the inertial resistance of the pulling mass, and vice-

versa.
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5.  The intensity of the attraction force emitted by a pulling body in all directions is

proportional to the mass of the pulling body, diminished by the inverse square of the

distance.  The quantity of such intensity of force received by and acting upon the

pulled body is proportional to the mass of the pulled body, diminished by the

inverse square of the distance.  The relative quantity of attractive force received by

and acting upon each body is equivalent, and such quantity is proportional to the

mass of the smaller body.

6.  When the ratio of the opposing masses changes, so does the relative quantity of the

opposing forces received, the relative magnitudes of the opposing inertial

resistances, and the relative quantity of such forces acting upon each pulled body.

These postulates are, of course, little more than the application of Newton’s laws of 

motion and gravitational attraction to the above scenarios.  We shall call the first four 

postulates together, “The Law of Relative Gravitational Acceleration,” and we shall call all six 

postulates together, “The Relativity of Gravity.”  The Relativity of Gravity applies to all opposing 

two-body mass systems, no matter how great or how small their relative mass-ratio.  Other 

laws apply to multi-body mass systems.16 

Let us now further apply these postulates to actual observations.  An equivalent 

magnitude of force is applied to two unequal gravitating masses (the Earth and the Moon).  The 

observed greater gravitational acceleration of the Moon’s smaller mass is inversely 

proportional to the lesser inertial resistance of the Moon’s lesser mass; and the observed lesser 

16 Section II, infra. 
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gravitational acceleration of the Earth’s greater mass is inversely proportional to the greater 

inertial resistance of the Earth’s greater mass.   

Likewise, the observed greater gravitational action (great orbital motion) of the Moon’s 

smaller mass (its inertial resistance) is equivalent to the observed lesser reaction (tiny orbital 

motion) of the Earth’s greater mass (its inertial resistance).  These observations exemplify 

nothing more than an application of Newton’s three laws of motion in combination with his law 

of gravitational attraction  (Figures 9 and 10). 

We have already discussed and compared the reciprocal and relative accelerations of 

various other sets of opposing masses that are confirmed by observation, i.e. the Sun-Earth 

mass system, and binary star systems.  All of the above empirical examples consistently 

demonstrate that the ratio of opposing gravitational accelerations are inversely equivalent to 

the ratio of the opposing masses (gravitational forces and inertial resistances) involved.  Thus, 

again:   

𝑚1

𝑚2
≈

𝑎2

𝑎1
 . 
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Appendix 3 

IS GRAVITATIONAL MASS REALLY EQUAL TO INERTIAL MASS? 

Galileo was primarily concerned with the phenomenon or sensation of a body’s weight 

(or heaviness).  Galileo dropped many different kinds and weights of bodies toward the Earth, 

and always found their free-fall to be 9.8 m/s/s.  However, he did not know what caused this 

phenomenon.  The correct answer is:  free-fall or weight of any body on Earth results because a 

second body (i.e. the Earth) is gravitationally attracting the first body’s mass and pulling it 

toward the center of the Earth, and vice-versa. 

If the first body is a parachutist who jumps from an airplane high above the Earth, his 

initial sensation will be a rapidly increasing gravitational acceleration as he free-falls through 

the air toward the Earth.  When he pulls the rip-cord and his parachute opens, his free-fall will 

be partially restrained by the open parachute which creates a much greater resistance through 

the air, and he will sense part of his normal weight.  When the parachutist lands on the Earth 

his free-fall or gravitational acceleration will be completely terminated by the solid surface of 

the Earth and he will then sense all of the normal weight or heaviness of his body’s mass. 

When the parachutist steps on a balance scale his “weight” in kilograms is the quantity 

of the Earth’s intensity of pulling force in all directions which is received by the mass of the 

parachutist, and this quantity of force continues to pull him toward the center of the Earth.  The 

parachutist’s sensation of “weight” or heaviness is the result of the Earth gravitational force 

pulling him down.  But his weight itself is not a force pulling or pushing the parachutist toward 

123 Part VIII Appendix 3



the Earth, as is frequently misasserted even by scientists.17  The phenomenon of “weight” is not 

a “force,” it is the result of a force, i.e. the Earth’s gravitational force of attraction acting on the 

parachutist.   

The quantity of the Earth’s equivalent and reciprocal pulling force which acts on the 

parachutist and pulls him toward the Earth (in other words, his “weight”) has been misnamed 

by Einstein and others, as the parachutist’s “gravitational mass.”18  These two false concepts 

(that weight is a force, or is a gravitational mass), which concepts are generally interpreted to 

mean the same thing, have caused much mischief in physics during the last few centuries. 

On the other hand, Newton in the Principia introduced the concept of a body’s “mass,” 

which he defined as the body’s “quantity of matter,” its “density and bulk” (volume) conjointly, 

or together.19  Mass was later given the algebraic symbol (m). 

In his second law of motion, Newton impliedly defined mass (m) as a measure of a 

body’s inertia; in other words, its inertial resistance to the body’s being accelerated or its state 

of motion or rest being changed:  m = F/a.20  This quantity is now generally referred to as 

“inertial mass.”  The concept of inertial mass is always rigidly correct in the vacuum of free 

space where there is no resistance (R) of friction.  Therefore, inertial mass is a universal 

constant quantity in free space,21 whereas gravitational acceleration, weight and heaviness are 

totally relative concepts. 

17 Cohen (1960), pp. 169, 229. 
18 Cohen (1960), pp. 230, 232; Oxford Dictionary of Physics, p. 290; Einstein, Relativity, pp. 73 – 74. 
19 Newton, Principia, Vol. 1, Definition 1 [Motte, Vol. 1, p. 1]. 
20 Section H and Section I, supra. 
21 Relativistic physics would disagree with this conclusion, because Einstein’s Special Relativity requires that any 
mass varies depending upon a body’s speed with respect to a frame of reference.  We will demonstrate in a 
treatise to follow this one, that Einstein’s Special Theory is meaningless for many reasons.  Nevertheless, for 
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To make matters somewhat more confusing, Newton also described the gravitational 

acceleration of inertial masses in terms of weight and heaviness toward other bodies (inertial 

masses), and he repeatedly confused the phenomena of gravitational acceleration with 

heaviness and weight, especially in Proposition 6 of Volume 3.  Newton also postulated in 

Proposition 6 (Vol. 3) that the weight or heaviness of any body is proportional to its mass, 

whereas it is actually proportional to the gravitational force of the Earth which is acting on the 

parachutist, and it is inversely proportional to the parachutist’s own inertial mass.   

The primary relevant question for this section is:  Does the quantity of gravitational 

mass (gravitational acceleration, weight and/or heaviness) of the parachutist always equal the 

quantity of the parachutist’s own inertial mass as Einstein asserted?  The short answer is a 

resounding:  No.  As we have already briefly described with respect to the Earth-Moon 

gravitational system in Section N, the so-called gravitational mass of any gravitating body (that 

is, its gravitational acceleration, weight and/or heaviness) is always inversely proportional to its 

inertial mass (its inertial resistance to being moved).  The fact that the so-called gravitational 

mass of the parachutist (his acceleration) is always proportional to the force of the inertial mass 

of the opposing gravitating body (the Earth) acting upon the parachutist, does not make 

gravitational mass of the parachutist (his acceleration) equal to inertial mass of the Earth.  

Proportionality and equality are entirely different concepts.  Equality, identity, and unity are all 

absolute concepts, whereas proportionality is a relative concept. 

ponderable bodies with speeds much less than the speed of light in a vacuum (like most gravitating bodies), Special 
Relativity (regardless of its velocity) does not really apply. 
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In addition, gravitational mass and inertial mass are not equal based upon the following 

empirical examples.  A body’s weight on Earth varies substantially depending upon its altitude; 

that is, its distance from the gravitational center of the Earth.  But at any altitude on Earth the 

inertial mass of such body remains the same.  A body in an orbiting space shuttle becomes 

weightless and floats endlessly about the cabin, but it still takes the same quantity of force to 

push its inertial mass in a different direction at any distance from the Earth.  A body on the 

Moon only weighs about 1/6th of its weight on the Earth because the surface gravity on the 

Moon is much less strong (see Section P and Figure 17.1), but it still takes the same force to

push or pull it from one place to another on the Moon as it does on Earth.  There are endless 

other examples of the inequality of any form of so-called gravitational mass of a body as 

compared to its constant inertial mass. 

There is no logical reason why the response of one body (i.e. the Moon) to another 

body’s gravitational force (i.e. the Earth) should be equal to the inertial mass of the first body 

(the Moon),22 but there are many empirical reasons why it is not.  All of the experiments that 

were designed or interpreted to confirm that gravitational mass and inertial mass are equal, 

were either based on false assumptions or were interpreted incorrectly. 

The false concept of the equality of gravitational mass and inertial mass was introduced 

into physics by Albert Einstein around 1916, because he needed the weight, heaviness, 

gravitational acceleration, and inertial of any mass to be equal or even identical in order to 

justify his ad hoc General Theory of Relativity;23 his new abstract mathematical theory of gravity 

22 Even Cohen flatly agreed with this conclusion. 
23 Einstein, Relativity, pp. 72 – 78; Einstein (1916), General Relativity [Dover, 1952, The Principle of Relativity, p. 
114]. 
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without force.  But if all bodies do not gravitationally accelerate equally, if their weight does not 

also remain the same, and if gravitational mass of a body is not always equal to inertial mass of 

such body, then were does this leave General Relativity?  
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Appendix 4 

CAN THE RELATIVITY OF GRAVITY BE DEMONSTRATED ON A MINUTE SCALE? 

Is there any possible terrestrial device or process that can empirically prove whether the 

above conclusions are correct on a minute scale?  Cavendish’s torsion bar experiment in 1798, 

if modified to allow each opposing mass to gravitate freely, should have demonstrated it  

(Figure 22B).   

In the year 2004, we have an even more precise device and process called, “Time of 

Flight Spectrometry.”  It is used in the United States of America F.B.I. crime lab to forensically 

determine whether the charged ion of an element of matter is present in a substance.  Every 

atomic element has a different atomic weight, so when different atomic elements are 

accelerated along a tube with a given beam of energy in the laboratory, this device and process 

measures the time of flight (motion) of each ion in nanoseconds.  And it turns out that the 

lighter the atomic element (ion), the faster its time of flight.24  Assuming that this device and/or 

process could be modified to detect the relative speed of small falling bodies with different 

masses, we should be able to detect whether such small bodies fall toward Earth at slightly 

different speeds.  Why?  Because the less the atomic weight of the falling mass, and thus the 

greater its mass-ratio vis-à-vis the mass of the Earth, the greater should be its Relative 

Gravitational Acceleration. 

In any event, it should now be quite obvious that the apple falls (accelerates) relative to 

24 F.B.I.’s Crime Lab, 2003. 
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the Earth proportionally faster than the cannonball, the Moon, Jupiter, or the Sun.  It should 

also be obvious that the Earth’s gravity does not “possess the remarkable property of imparting 

the same acceleration to all bodies,” as Einstein claimed in his General Theory of Relativity.25 

25 Einstein, 1916, Relativity: The Special and the General Theory, p.114.
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m2
(1 kg)

m1
(5 kg)

C
astronaut pulling with 

equal continuous force*

If an astronaut in empty space is equidistant between two 
unequal masses (m1 & m2) and simultaneously pulls m1 & m2 each 

with 5 Newtons** of continuous force toward the center (C)

...then empirically the lesser mass m2 will accelerate five times as fast 
and as far (in the same time period) as the greater mass m1 accelerates toward 

the astronaut in the center (C).

**Note:  1 Newton is the magnitude of continuous net force necessary 
to move 1 kilogram (kg) 1 meter per second per second.

Figure 9  Newton’s Second Law of Motion (“Force and 
Acceleration”) Illustrated 

a1

a2

one
meter

Thus, “the ratio of masses [their inertial resistances] is the inverse of the 
ratio of their accelerations [their motions]” (Young, p. 101).

m2
m1

a1
a2

Partial source:  Young, p. 101

*Note:  Assume that the astronaut is affixed to a very large spaceship.



Figure 10  Newton’s Third Law of Motion (“Action-Reaction”) 

Note:  These drawings also illustrate Newton’s 1st law of inertial resistance and his 2nd law of force and acceleration.

lesser mass
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greater mass
lesser acceleration
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stationary space marker
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Figure 10B  After the astronaut’s pulling force is applied, the 100 kg. man (m2) accelerates 
(reacts) 5 times as fast and as far toward the 500 kg. barrel (m1), as the barrel (m1) 
accelerates (acts) toward the man (m2).

500 kg.

500 kg.

stationary space marker

B 500 kg.

m1

100 kg.
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Figure 10A  Objects at rest in space relative to each other before the 100 kg man (m2) 
applies the pulling force with the rope.
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relative mass, relative quantity of
Earth’s more intense force received,

and relative intensity of force emitted in
all directions = 1

Earth (82)
relative mass, relative quantity

of Moon’s less intense force received,
and relative intensity of force emitted in 

all directions = 82

Rates of relative force received 
by and acting upon each body, 1:1

Each body attracts the other with an equivalent magnitude of relative 
gravitational force (1), but because the Moon’s inertial resistance is 
only 1/82nd the magnitude of the Earth’s inertial resistance, the 
Moon accelerates toward the Earth 82 times as fast and as far as 
the Earth accelerates toward the Moon.

Result:

A. The Earth emits its attractive force in all
directions with an intensity that is proportional to
the Earth’s mass. This intensity, relative to the
Moon, is 82. But the Moon only receives a
relatively small portion of such intense force,
which portion is proportional to the Moon’s mass
(1).

B. The Moon emits its attractive force in all
directions with an intensity that is proportional to
the Moon’s mass. This intensity, relative to the
Earth, is 1. The Earth receives a relatively large
portion of the Moon’s relatively small force, which
portion is proportional to the mass of the Earth
(82).

Forces Emitted and Received

Figure 17.1  The Equivalence of Gravitational Forces Received 
by and Applied Between the Earth and the Moon

Moon 
(1)

(NOT EXACTLY TO SCALE)



Figure 22  Cavendish’s Torsion Balance Experiment to 
Determine a Magnitude of “G;” the Theoretical
Universal Gravitational Pulling Force of any 
Magnitude of Inertial Mass

(NOT EXACTLY TO SCALE)

rigid wire

m1

m1

m2

m2

6 ft. 
rod

twisting force

A. Cavendish attached two small (2″ dia) lead spheres (m2) to each end of a 6 ft. rod,
and suspended the rod from the ceiling by a rigid wire attached to its center.  He then
suspended two large (8″ dia) lead spheres (m1) from the ceiling on opposite sides of the
small spheres.

Cavendish then measured the torque or twisting force on the rigid wire as each m1 sphere 
was gravitationally pulled toward each m2 sphere. From this, Cavendish computed the 
magnitude of gravitational force applied by each large mass on each small mass.

B. A priori if Cavendish had allowed his sets of suspended balls to move freely so as to
be able to measure the relative deflections of both sets of spheres, he could have
calculated the magnitude of the relative gravitational accelerations of the two different
masses, and a more precise magnitude for “G.” Little did Cavendish realize, this possible
gravitational acceleration experiment might have falsified Galileo’s Leaning Tower of
Pisa result.

Partial Sources:  Gondhalekar, pp. 193 - 194; Feynman, 1965, p. 22; Young, p. 360.
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