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PREFACE

The earlier chapters of this work are self-explanatory. The
later ones justify some discussion of point of view.

The writer is not a physicist. Educated and trained as an
engineer, his call to the teacher’s chair led him to arrange his
views as to natural principles with greater care than is common
with engineers. The ideas promulgated in the following pages
are in answer to questions received from bright-minded students
a dozen years ago—questions which were sensibly asked, but
which “stumped” the teacher for years for an adequate, equally
sensible reply.

His efforts at the comprehension of thermodynamic action
have led him to trespass, perhaps, upon the domain of the
physicist. For the discussion of matters so intricate as molecular
dynamics a thorough familiarity with experimental and mathe-
matical physics might seem indispensable. No one can regret
more than the writer his lack of this. His apologies for the conse-
quent shortcomings of this little book are profuse in proportion.

Yet, should this situation arouse criticism or doubt, the
answer is easy. Why have not the professional physicists long
ago done this same thing, that it might have been done far
better? The materials, opportunity and demand have long
existed. Whatever question may arise as to the significance, or
even the definition, of the more recent data of experimental
physics, there can be none as to the long established principles
of celestial mechanics. There is as little as to the only less
venerable data as to thermal processes. For nearly a century
there has been virtually no question as to the mechanical nature
of heat. Yet these things cannot be accepted by any teacher of
thermodynamics without enforcing conclusions substantially dif-
ferent from those now commonly taught. Therefore the writer
cannot regard the concepts set forth in this little book as aught
else than the indispensable premises for, rather than the remote
conclusions from, experimental and mathematical physics.

The writer would never wilfully question the doctrine that
accurate data are essential to progress. Scientific concepts cannot
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advance without them. But what has been forgotten is that they
are a means to an end, not an end in themselves; and that end is
the better understanding of nature’s ways. Science serves
humanity only as it substitutes scientific concepts for supersti-
tious guess-work. The accumulation of unending columns of
figures and physical constants, even with religious accuracy, is as
futile for the uplift of the race as is the accumulation of vast
hoards of dollars, however conscientiously accounted to the last
penny. Each may be turned to humanitarian ends. But until
it is, like a prostrate ladder, it constitutes a trap for the feet of
the unwary, rather than a pathway erected to higher things.

The book, therefore, is merely an attempt to fit together
(1) the Newtonian mechanics, (2) the doctrine that heat is
mode of motion, and (3) the dozen or so well known facts of
thermal action, into a consistent whole which may serve as an
engineer’s idea of heat and heat-action. It was originally pre-
pared for publication in the periodical press, and some of the
earlier portions appeared, in preliminary form, in the columns
of The Engineer (London). Some traces of this genesis may
be noticed in the pages of the book.

The writer wishes to acknowledge his indebtedness to the
Sheffield Scientific School, of Yale University, for hélpful
facilities for work.

New Haven, CoNN., July, 1909.

L




CHAPTER 1.
Caaprer 1I.
Cuapter II1.
CHAPTER IV.
CHAPTER V.
CraPTER VI.
CraprEr VIIL
CuaPTER VIIIL

CuarTER IX.

CuapTER X.

CraptER XI.

CuaprTer XII.

Cuarrer XIIIL
Cuaprer XIV.
Cuarter XV.
CaAPTER XVI.

TABLE OF CONTENTS

Pace
Mechanical Energy .........ciiiiiiiiiiiiiiininn, 7
Free and Vibratory Energies ..................... 18
The Mean Energetic Condition and the Energy-fund 32
The Two Factors or Dimensions of Energy....... 48
The Extreme or Critical Energetic Conditions..... 61
The General Nature of Mechanical Energy ...... 78
What is Heat? ..., 89
The Thermal Diagram .......................... 95
Mechanical Concepts of Thermal Phenomena .... 106

A. Pressure and Volume.

Mechanical Concepts of Pressure and Volume

(COML)  oetteien et e it e c e 117
The Two Basic Thermal Processes: Heat-transfer

and Work-performance ..........cccevvueinn.. 129
Mechanical Concepts of Thermal Phenomena .... 141

B. Temperature and Entropy.
The Energetic Cycle .........coiiiiiii ... 158
Reversed and Irregular Cycles ................... 175
Thermal Equilibrium ...........cocoooiiiiiiiaat. 182
Transformations and Conservations ............. 208






ENERGY

CHAPTER 1.
MECHANICAL ENERGY.

The muscular system of our modern body politic is its array
of energy-producing machines. Man has magnified his own tiny
energies with power borrowed from nature. His land-carriers
put to scorn the elephant; his ships make pygmies of the whales.
Take from mankind to-morrow this artificial multiplication of
its abilities to “overcome resistance,” and within a month its
ranks will be decimated by starvation. Within a decade it will
have become a mob of howling beasts, fighting for the insufficient
means of existence—slipped back centuries in growth of civiliza-
tion as well as of population.

Yet to-day, ‘in spite of this overwhelming importance of
energy in modern community-life, there exists no idea of its
nature more exact than the general one that it is an aid in the
overcoming of resistance. Force times space, or mass under-
going acceleration, equals energy. Thus far we appear to pro-
ceed coherently. But it is not far enough, when the chief
business of an increasing fraction of the human race is the
transformation and transportation of energy—mechanical, hy-
draulic, electrical, chemical, thermal, etc.; and even in going that
far we quite lack, it appears, a complete agreement between the
authorities.

Then, again, the bulk of all this current supply of energy to
the human race is obtained in the form of heat. Yet as to what
heat is we know virtually nothing. It is commonly described, in
an attempt to explain its nature, as a “mode of motion” be-
tween the particles of the hot body. But an explanation of an
obscure thing, in order to help rather than hinder the under-
standing, must speak in terms of familiar things; and when this
“explanation” of heat in terms of mass and motion is once
examined, it is found to contain two elements which are even
more unfamiliar and obscure than is heat itself.
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8 ENERGY

The first of these elements is that “perfect elasticity” which
must be attributed to the constantly rebounding particles upon
the molecular theory of heat. For, since heat continues indefi-
nitely in a hot body, so long as none is abstracted, each rebound
must occur millions of times per second, with perfect elasticity,
in order that the continuous existence of heat may be explained
mechanically.

Yet such a thing as a rebound, after collision, with perfect
clasticity, is unknown in nature. In fact, it is one of the
fundamental doctrines of thermal science that motion cannot
occur in nature without some loss of energy inelastically, in
either friction or impact. If there be in nature such a thing as
perfect elasticity, human observation has never yet discerned it.
Therefore, the “mode of motion” explanation of heat is an
explanation of one thing, namely, heat, which, albeit mystical
in its nature, is yet familiar to every schoolboy, in terms of
another thing, namely, perfect elasticity, which no one has ever
yet known to exist anywhere. The only thing plain about such
an explanation is that it doesn’t explain.

The other element of common sense which is wanting in this
alleged explanation of heat is an exact and familiar idea of
mechanical energy itself. It is of no use to explain heat as a
microscopic form of mechanical energy if we do not know what
mechanical energy is. The term mechanical energy, it is true, is
used most familiarly by engineers; yet, astounding as the fact
may seem, it is nevertheless true that there exists to-day no
agreement between the authorities as to just what mechanical
energy is. The statements concerning it which are rife among
the engineers, the teachers of engineering and their text-books,
can all be reduced quickly to either absurdities or approxima-
tions. To “explain,” therefore, that heat is a “mode of motion,”
when not one student of engineering in a thousand has ever
been taught what modes of motion are possible in nature and
what are impossible, is also a procedure of doubtful utility.

Nevertheless, there is no escape from the overwhelming and
rapidly accumulating evidence that heat is capable of a real and
true explanation, as an intricate form of mechanical energy.
But progress can be made in this idea only by a careful in-
vestigation, first, of what mechanical energy itself truly is, in
nature; and, secondly, of what conclusions should be pointed
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therefrom as to the nature of heat, in natural common sense.
Fortunately, every student of engineering science is equipped
for both of these tasks, although few may have been led to
perform them. A knowledge of Kepler’s and Newton’s laws of
motion and force, a little analytical geometry, and enough of the
concepts of the calculus to permit thinking of millions of mole-
cules at once, without becoming confused as to what they may
and may not do—this is all that is required.

Mechanical Energy. Mechanical force—that is to say,
force manifested in such a way that the human understanding
can follow its origin, dimensions and destination—is found in
nature, exerted through space, in only two elementary ways.
The first is when gravitation, which acts at all times between
each two portions of matter in the universe to hold them
together, finds chance to move them and to destroy their relative
separation. Such action is called a manifestation of “potential”
or “positional” or ‘“space” energy, visible most familiarly in the
falling of weights. The other instance occurs when either of the
forces which everywhere and at all times tend to hold each two
bodies in the universe both together and apart finds chance to
produce or destroy their relative motion. Such action is called a
manifestation of “kinetic” or “accelerative” or “motion” energy.
It is visible in pure mechanics -only in the action of centrifugal
force.

It is to be noted carefully—much more carefully than the
text-books require—that it is neither space nor motion alone
which constitutes energy, but change in space or motion. A
suspended weight possesses no energy if it never can fall. A
flying cannon-ball can overcome no resistance if nothing ever
interferes with it to stop it.

But there is another fact which is of even greater importance
in these definitions, and which the text-books quite omit alto-
gether. This is that in any energetic manifestation there are
always involved at least two bodies. No single body may ever
possess energy. When it is remembered that all of the com-
monly taught mathematical expressions for energy include but a
single symbol for mass, and that in general terms energy is uni-
versally described as an attribute of mass, this statement cannot
be too strongly emphasized. Indeed, the only proper way to
state this idea is to say that energy can exist only where mass
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is not—mnamely, between two mass-portions. It is just as broad
a truth to say that mass and énergy cannot occupy the same .
place at the same time as it is to say that two portions of matter
cannot do so.

To explain more in detail: A ton of water in a mill-pond,
‘we say, possesses energy. That is, it will overcome resistance in
its fall toward the tail-race But why will it fall, and whither?
What gives it its weight and energy?

Its separation from the earth gives it its energy. So soon as
it succeeds in reuniting itself with the earth its energy is gone.
The energy cannot be said to belong to the water, for without
the propinquity of the earth the water would have no energy. It
cannot be said to belong to the earth, for all the earth’s gigantic
mass would be inert and helpless to perform work were it a truly
solid unit, with no fragments split off, like the water, to help it
cmbody energy. And, finally, the energy cannot be said even to
belong to the carth and water together, because both earth and
water might be present—as is the case, indeed, in the great
oceans—without embodying any potential hydraulic energy, be-
cause there exists no scparation of earth and water, vertically;
that is, there is no licad. It is in the special relationship existent
between the earth and mill-pond water that the energy lies, and
not in cither one, nor in both together. Literally, it lies in both
apart.

The same statements hold true of kinetic energy. There is no
energy in a flying cannon-ball, for instance, unless there be
something to stop it. It is only in its stoppage that the projectile
can overcome resistance; and it is only a second mass-portion
which can do any stopping. No mere geometric point, nor co-
ordinate axis, can arrest a moving mass. To refer the motion
of any mass to such a geometric base, as a measure of its energy,
is an error so fundamental that it has adulterated our entire
seivnce of energetics.  There is only one base of reference for
the energy of any mass-pair, and that is its common center of
MAass,

Kinetic cnergy, therefore, also consists of a rclationship be-
trweeen two masses. It belongs to neither mass alone, nor even to
their aggregation alone, but to their aggregation when subdivided
into scparate portions by relative motion between them.

In mechanical engincering these facts have long been lost
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sight of (although long known), for two reasons. In the first
place, one of the two mass-portions, in engineering problems, is
always the earth; and the earth possesses so gigantic a mass, in
proportion to that of any body of engineering magnitude, that it
supplies an apparently fixed base of reference. Moreover, its
great mass remains always constant, so far as engineering instru-
ments can perceive, thus leaving the much smaller masses of our
cannon-balls, railroad trains, etc., as the only variables.

In molecular mechanics, however, it is not only quite possible,
it is altogether probable, that the various mass-portions are of
the same order of magnitude; or, at least, if there be all classes
of magnitudes, that there are many of each class. Under such
conditions it is of prime importance to remember that there are
two mass-members, at least, in each unit of energy, and that one
of them is just as likely to be a variable as the other.

The second way in which the special conditions prevailing in
engineering practice have warped its concepts of energy away
from the truth is seen in the common idea of potential energy as
synonymous with “up and down.” To a student of purely mun-
dane forces this is, of course, natural; but when one has studied
true mechanics long enough to get away from the special condi-
tions of the earth’s surface, it is appreciated that potential
energy refers only to ‘“together and apart.” There is no true
“up” nor “down” in nature. It were well, for instance, as we
stand by the brink of a Niagara, awed by the thunder of its
action and marveling at even that slight modicum of its energy
which the power-houses succeed in catching, to remember that
almost beneath our feet the even more stupendous falls of the
Zambesi, of more than twice the height and certainly equal
power of Niagara, are thundering their watery masses in ex-
actly the opposite direction from those before our eyes.

Yet in either case the action is the same. The energy lies not
in the water of either cataract; it lies in the relationship existent
between water and earth. And of this relationship no concept
can be had by speaking of “up and down.” It is the relative
separation of earth and water, above the falls of either river,
which constitutes the energy; and the only adverbs which will
cover this idea are “together” and ‘“apart.” All portions of
matter in the universe tend, by gravitation, to fall together, or to
consolidate. All of them also tend, by centrifugal action, to fall
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apart, or separate, or disintegrate. Sometimes, as on this earth’s
surface, the former tendency is overwhelmingly greater than the
latter, and the latter is therefore lost sight of. But in many
other places it is the centrifugal tendency which overwhelms
and obscures the centripetal, so that the latter is forgotten.
Such is usually the case in the so-called permanent gases, which
tend always to expand indefinitely.

But for our present purpose, viz.: A true statement of prin-
ciples such as may fit all cases, all that is necessary is to keep
both facts constantly in mind: that at all times and places in
nature both tendencies, the congregative and the disgregative,
are at work, in opposition to each other—sometimes one and
sometimes the other prevailing.

One of our national American humorists of a generation ago,
in promulgating the manifold attractions of his world-famed
‘“show,” advertised the exhibition of one of the Siamese twins—
“the only one which had ever been successfully separated.” Not
that the one had died, but that it had not yet been sepa-
rated. The absurd humor of the remark never needed an ex-
planation. And yet the two great twin forces of nature—the
centripetal, or gravitational, and the centrifugal; the congre-
gative and the disgregative—have ever been solemnly presented
to our students of engineering, at different and disconnected times
and places, as if each were the only one which had ever been
separated from the other. They are taught as if each were an
independent natural phenomenon.

As a matter of fact, the action of gravitation is always and
insistently to combine and unify mass; and if it had its way
unhindered the universe would soon become a single solid of
infinitesimal dimension and infinite density. Centrifugal force,
on the other hand, always and insistently tends to separate and
diffuse mass ; and if it had its way unhindered the universe would
soon become a gas of infinite volume and infinitesimal density.
But neither thing happens. So far as we can see, the mean
volume and the mean density of the universe both remain con-
stant. The simple explanation is that centripetal and centrifugal
forces are always paired, in counterbalance. Sometimes one pre-
vails, temporarily and locally, and sometimes the other. But
neither is ever absent. Neither is ever completely free to act.
The existence of either one alone is unknown in nature, is in-
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conceivable to the naturally taught mind, and should never be
mentioned to the student as a natural possibility.

Of these two fundamental mechanical tendencies let us con-
sider first the centripetal one.

It may be regarded as the prime fact of nature that, except
when an excess of motion disguises the fact, all things are obvi-
ously bonded together by a mutually attractive force. The “law”
—or, better, the fact—of gravitation is simply the sublime condi-
tion that each two bodies in the universe, of whatever sort, at
whatever places and at all times, are drawn toward each other
by a mutual tie of affection—an affection so true and unvarying
that to liken it to mere human affection, which is always partial
and fickle, were belittling it indeed. This tie can never be
broken, although it can be stretched indefinitely.

The old saw has it that it takes two to make a quarrel. Well,
it takes two to make a bond of affection, just as well; and it
takes two mass-portions to exert a gravitational attraction. As
Newton defined the law, more than two centuries ago, the force
between each pair of masses varies, first, directly as the product
of their masses, and, secondly, inversely as the square of their
distance. Stated mathematically this becomes

Force=c Mle—-Slz—, 1)
wherein the M’s represent the masses concerned, S their dis-
tance of separation and ¢ a constant. When the masses are
measured in units, each of which weighs 32.16 pounds, on the
earth’s surface, and when S is stated in feet, the value of ¢, in
order that the force shall also read in pounds, becomes about
0.000,000,0343, or one divided by about twenty-nine or thirty
millions.*

If, in this formula, M, should be stated as the mass of our
earth and S as its radius, ¢ M,+S? would reduce to 32.16
pounds; or the gravitational force exerted by any unit mass at
the earth’s surface would be 32.16 pounds. If M, and M, were
a pair of steel plates, one inch thick and about twenty-two feet
square, hung up vertically in chains in contact, face to face, it
would require a force of about one pound to overcome their
mutual gravitational attraction and pull them apart.

*These figures follow Professor Poynting, as quoted by Professor
J. J. Thomson in Engineering (London), March 19, 1909, page 397.
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This may seem like a very small force. But it is only because
either one of the mated plates, pulling upon its brother, is a very
small thing in comparison with the earth which is pulling upon
them both. It is also to be remembered that the force increases,
as the masses grow larger, by their product, and, as the distance
grows smaller, by the reciprocal of its square. Thus it becomes
plain how this force may become sufficient, upon occasion, to
hold in position the gigantic heavenly bodies, on the one hand, or
so to bind together the minute particles of steel, on the other,
that a stress of 100,000 pounds per square inch cannot pull them
apart.

But force without space does not constitute energy. It is
only as the separation alters that energy appears. Multiplying
the force, therefore, by a small change in distance (dS, in the
calculus) and integrating, there results

Potential Energy = E,=c M,M, (gl— - —Is—)=c M,M, (—S—S——Ssi) 2)
(¢ (o

wherein S, is any original distance of separation and S any
other. As in Equation 1, if S be measured in feet and M in
units weighing g pounds the result will be a value for E; in
foot-pounds.
If, further, the quantity S—S, be given the symbol », Equation
constant, and if S—S, be very small in proportion to S, then
cM,/SS, may be taken as a constant and given the symbol g.
If further, the quantity S—S, be given the symbol 4, Equation
2 becomes
E,=g M, (S—S,)=Wh 3)
which is the formula for potential energy more familiar to engi-
neers than the correct one, Equation 2. But Equation 3 now
appears in its proper light, viz: as a mere approximation which
suffices in accuracy under certain assumed special conditions only.
The same general aspect of the situation applies also to the
question of kinetic energy. If a moving body be accelerated,
either positively or negatively, force is manifested and energy
developed. But to this phenomenon the participation of at least
two bodies is essential. No moving body can be accelerated
except by reaction against a second body. We have Newton’s
own word for that. It is quite erroneous to say that any moving
body possesses energy by reason of, and to the extent of, its
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visible motion. Relative motion between two bodies can be per-
ceived visibly quite independently of their relative mass. We
can measure the motion of distant suns from a base of observa-
tion, to wit, the earth, so small that the sun in question would
never perceive it if it hit us and wiped us out of existence. But
the measure of the kinetic energy between two moving bodies
depends altogether upon the mass of the point of reference. For
a moving body possesses energy only to the extent that it can be
stopped. And that extent is settled, not by the original body
alone, but by the mass-relationship existing between motor and
arrestor.

If any mechanic doubts this statement, let him try to forge a
bolt upon an anvil made of wet clay, which cannot bring its
entire mass promptly to the job of arresting the hammer. Or
let him try it even with a steel anvil, but one having a mass only
equal to that of his hammer. He will find that his hammer, and
the muscles which yesterday drove it with effective energy, to-day
are powerless. The muscles are vigorous and the hammer-head
lively ; but action can be no greater than reaction. As the anvil
reacts, so only may the hammer act. Motion may be there, but
not necessarily kinetic energy.

These ideas may be reduced to mathematical expression by
starting with the empirical equation of motion,

Force=Mass x Acceleration. 4)

From this there results, by algebra which need not be reproduced
here, the following fundamental expression for the kinetic
energy of any mass-pair:

1 MM,

Ee=3 3,0

(V2=Vo?) (5)
wherein the M’s are the two mass-portions (measured in units
weighing 32.16 pounds at the earth’s surface), the V’s are the
original and final velocities, in feet per second, respectively, and
E, is the energy in foot-pounds.*

* The reader may be assisted to connect these fundamental formule
for energy with his more familiar engineering concepts by the following:

Let Fig. A represent two bodies, M; and M,, having a common center
of mass at C. Let the bodies possess a motion toward or away from C

Ny
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If M, be very large in comparison with M, the fraction
duces to approximately the value M,. If, further, V,=o0, t
expression becomes

Ek=—;—M V2 ' (

which is the special approximation which the engineering pr
fession generally regards as the true fundamental equation £
kinetic energy.

So long as the mind confines itself to engineering probler
this special approximation serves as well as the exact expressic
But the text-books certainly ought never to leave it to the mag
zine press to inform the student that it is a special approximatic
instead of the true article. And when this special approximatic
is carried into the problems of molecular energy, where it
applied as the sole available concept of kinetic energy, this I

of v, and v, respectively. Then, from the law of conservation of

mentums, )

M;v, = Mav, (
and Vit vy = (
wherein V is the relative velocity between the two bodies.

If this relative motion be opposed by a force of magnitu
M.a, (= M,a,), acting upon each mass and reacting upon the other,
will be destroyed at a rate of negative ‘‘acceleration” equal to

A =a2a,+a, (
wherein a, is the change in velocity per second measured between M, a:
C, a;is that measured between M; and C, and A is that measured betwe
M, and M,.

When the motion has been entirely overcome the opposing force w
have been overcome by the body M, through the distance 4 v,, and |

My
o .
A (o}
FIG. A.

the body M, through the distance % v;, or over a total distance of 3
The work performed will have been equal to the force times the distan
in the case of each body, or, together,

Work = M1V1 (i V1) +M:2Vz (& Vg) (
From Equations a and b, v = VM,
L M1 + Mz |
VM
d =t
an VS M,
The sabstitution of Equations e and f in Equation d gives
_ MM, 2
Work = } ME v (

for the special case where the relative motion is completely destroyed.
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of careless neglect becomes an egregious, fundamental error,
which has misled many an able mind which lacked the time
needed to dig out the straight of the matter.

The significance of the above, aside from some most im-
portant conclusions which will be drawn from it in later pages,
amounts to this:

1. Energy exists only beiween bodies, and never in them.
No single body, by any quality assignable to it as a unit, can
ever possess energy.

2. The energy frequently spoken of as internal to a “single”
body implies that the body in question is not a single unit, but a
swarm of tiny particles, each separate from its neighbors, yet
too small to be seen separately, between which exists the energy
said to be “internal” to the body.

3. The relationships between mass-portions which constitute
energy may be either of two sorts, viz: space-relationships and
motion-relationships, called potential and kinetic, respectively.

4. Neither relative space nor relative motion themselves con-
stitute energy, but only change in either space or motion. There-
fore, every true expression for energy must contain the differ-
ence between a greater and a lesser value for space or motion, as
the case may be. And it is a general fact of nature that nowhere
is the smaller measure of either space or motion ever known to
become zero.

5. Every true expression for energy must contain, for its
mass-factor, the arithmetical product of the two quantities of
mass concerned.

6. The elementary or unit mass factor in energy is not a
unit of mass, as is now universally taught, but the unit mass-raIr;
that is to say, a pair of mass-portions, each member of which is
one unit of mass.

7. The ability of different mass systems to embody energy
is proportional, not to the total mass of each, but to the square
of that aggregate mass. This is necessarily true of space-energy,
. but may or may not be true of kinetic energy, according to the
nature of the motions contemplated.



CHAPTER 1II.
FREE AND VIBRATORY ENERGIES.

In the preceding article energy was defined as a change in
either the space-relationship or the motion-relationship between
two or more bodies. It is necessary now to see what sorts of
space and motion relationships are possible in nature.

Let Fig. 1 represent an ordinary pendulum attached to two
A-frame supports on the earth’s surface. Here exists an energy-
system in which both space and motion relationships occur.
Moreover, assuming the pendulum to be in motion, there is a
constant change of both. Finally, there are present the two
separate mass-portions which were stated in the preceding paper
to be essential, between which the energy is embodied. One
mass-portion is the pendulum-bob M, and the other is the
earth M,.

If M, be held stationary at A the system exhibits space-
energy only. If it be released at A, however, the pendulum
swings toward C, speeding up as it goes. But at C it has reached
its maximum velocity, and beyond that point it slows down until
B is reached, where it stops, reverses and repeats the process in
reversed order. In this simple and familiar phenomenon is ex-
hibited one of the broadest and most impressive principles of
natural action, viz:

THE CONSERVATION OF ENERGY.

For if the space-energy lost between A and C be carefully meas-
ured, and also the motion-energy gained, the two will be found
to be equal. Expressed mathematically,
1

T M VT MM (- ) )
wherein the g-subscripts refer to conditions at either A or B, and
the c-subscripts to those at C. This is the fundamental equation
for energy-transformation.

Fig. 1, however, does not represent an ideal or perfect
system, because the connection between the two masses is estab-
lished by means of a nominally flexible cord or hinge, which in

18
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actuality always involves friction. Nor may it be inferred from
this that the words ideal and perfect refer, as they usually do
when used in connection with heat-engines, or gases, to some
imaginary and impossible conditions, never found in nature.
For in mechanics, while there is no known instance of force

FIG. I.

being transmitted from body to body by comtact without some
loss of energy in friction and impact, yet it is common for such
to occur by action at a distance. Indeed, there exist no two
bodies in the universe, according to Newton, between which force
is not thus perfectly transmitted, by gravitational attraction, and
between which motion cannot occur under forceful control, yet
without friction. This fact is the very foundation of our entire
science of mechanics.*

*This statement takes entire cognisance of the resistance to the motion
of celestial bodies through interstellar space which has been revealed by
modern astronomy. The fact of this resistance upholds all the positions
taken here and in later pages, as to our fundamental concepts of true
mechanics, celestial or molecular. The laws of Newton and Kepler, and
the fundamental mechanical principles which have been deduced therefrom,
are all based upon the assumption that the celestial bodies move through
matterless space. They hold true only in that case. Indeed, our only
‘idea of a “body” is a portion of matter separated from other portions of
matter by true space, in which exists no matter. Later in these pages it is
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The use of this gravitational action at a distance to link two
bodies together into an energetic system similar to Fig. 1 is shown
in Fig. 2, as a diagram of an energy-transforming system which
would remain in operation indefinitely, with its energy perfectly
conserved ; because it relies solely upon “action at a distance,” or
force transmitted without friction. In Fig. 2 one of the masses,
M2 (the earth, if you please), is shown pierced centrally with a
great well-hole—much as Captain Symmes imagined the earth
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FIG. 2.

to be from pole to pole, in his long-ago famous “Symmes Hole”
theory. Above the earth’s surface and in line with this hole, as
at A, is suspended the body M,. Upon its release it will vibrate,
quite as did the M, of Fig. 1, on either side of the point of
closest approach to M, at C.

To this system Equation 7 applies perfectly. In this case, too,
occurs good illustration of how the lesser distance of separation
S. never becomes zero, although at the point C the geometric
centers of the two spheres happen to coincide. But in energetics

stated, as a broad natural empiricism, that there is no such a thing as true
“space” devoid of matter—that some degree of mass, pressure, temperature,
etc., exists everywhere. This is upheld by the fact of resistance to celestial
motion showing that the celestial bodies move through, not space, but
attenuated matter, probably interspersed with small solid bodies. It will
also be pointed out that there exists in nature no such a thing as true
matter; that is, matter devoid of space.

All this does not affect the fact that we are now two centuries gone on
a course starting from the concept of true matter and true space, as con-
trasted absolutes. Every boy’s experience, every student’s training in
elementary mechanics and every engineer’s instinctive judgment are based
upon this same idea, which is also the foundation of the Newtonian
mechanics. The writer is merely insisting that, since the doctrine of all
mechanics as founded on the Newtonian concepts, and of heat as being
“a mode of motion,” is promulgated universally in all engineering schools,
its consequences must be faced with consistency.
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it is only mass which counts, not geometry. Although the geo-
metric centers may coincide at C, the two masses do not. After
M, enters the geometric boundaries of M, their real separation
decreases only gradually, until at C it is a minimum, but not zero.

It happens, however, that the case illustrated in Fig. 2 never
occurs in nature. It is not that the major mass-portions of the
universe neglect to possess convenient openings for the passage
of the minor mass-portions through them. The trouble is that in
nature the chances are infinitely against any pair’s ever possessing
a motion, when in the condition A, which is directly alined
with their mutual centers. The thing is conceivable geo-
metrically, but it is even less than probable. When the natural
causes of different forms of motion are investigated, it will
appear that such motion is impossible. Motion developed nat-
urally, rather than in the imagination, will be directed at some
appreciable angle with the mutual axis, as at A in Fig. 4.

In any natural case the mutual motion will be likely to assume
the form portrayed in Fig. 3—to consider the simplest case first.
Here the bodies are shown as revolving about each other, and
also about their common center of mass at C. Each body de-
scribes an elliptical orbit about its mate, and also about the
point C. For a moment’s consideration will show that, whatever
form of orbit one body follows around the other, the other must
likewise describe about the one; and if the mass-center C be
regarded as the fixed center, each body will describe about it
similar orbits, having radii inversely proportional to the mass in
question. ‘

The situation is much as if a boy fastened a large cannon-
ball on one end of a stick and a smaller one on the other. He
can then twirl the stick by holding either end in his hand, re-
garding that as fixed while the other end moves, or he can hold
the middle portion of the stick in his hand, at the center of
gravity, and twirl both ends at once about that. But in the case
of the boy and the stick, his hand is attached to the earth, and
may be regarded as fixed; whereas in the case of the two free
mass-portions, if we are to study their own interaction, inde-
pendently of all other masses, there is no fixed base to refer
anything to. Should the boy throw the stick into the air, how-
ever, for a brief period it would act freely as an independent.
free mass-system, and during that time the two cannon-balls
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would revolve, each about their common center of mass. For
that reason it is proper to consider the energetic action of the
members of a pair only in reference to their common center of
mass.

In any such an elliptic orbit the condition of greatest separa-
tion, as at ab, is called the apastron of the orbit, while that of
least separation, as at AB, is called the periaston. At apastron
the energy existent between the two is chiefly space-energy, but
there is also a little motion. - At periastron the energy is chiefly
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FIG. 3.

motion-energy, but there is also a little space present. The
equation which connects mathematically these maxima and
minima of space and motion is Equation 7; and in it, in all truly
natural cases, neither V, nor S, may ever be regarded as be-
coming equal to zero—as will be made plain as the argument
proceeds.

For Fig. 3—or, rather, its more general form, Fig. 4—repre-
sents the only true element of mechanical action. For any such
an element, in order to be an element, must be absolutely “free.”
That is to say, it must be considered independently of all other
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masses. Yet it must be capable of containing energy. There-
fore, it must be, not an ultimate or indivisible unit of mass, but a
mass-pair, an elementary mass-pair.

All action between solid bodies in contact, on the other hand,
such as is familiar to all engineers in their machines, is not
purely mechanical. It is always partly thermodynamic, in so far
as heat is being constantly developed by friction, and partly a
special case of pure mechanics, in that the body is “constrained”
rather than free; that is, it is handling energies which are
transient through it from without, which are independent of its
own mass, and which are ultra-complex in their nature.

Fig. 4, on the other hand, is entirely general. It displays
every possible form of pure and elementary mechanical action
between two bodies, supplied with any original store of relative
space and relative motion whatever, as at A; and it introduces
no foreign element of dependence upon any other mass-system
or form of energy whatever. Nor does it introduce any un-
natural assumptions. Without stopping now for the proofs, it
may be said that any such a case must resolve itself into the
mutual revolution of the bodies about each other in an orbit
which follows some of the plane conic sections—either the
hyperbola, the parabola, the ellipse, the circle or the straight line.

Further, it can be shown that if the original energetic condi-
tion of the pair at A M, be known, by knowledge of the dis-
tance d between the two, the velocity v of their relative motion,
the angle ¢ existent between d and v, and the two masses M, and
M,, then the nature of the orbit is known, and also its dimen-
sions. Both are best expressed in terms of the distance D be-
tween the two when separated by a radius normal to the major
axis XX’ of the orbit, the velocity U at that point, and the angle
o between D and U. The mathematical relationships between
all these quantities will be discussed later.

Of all these apparently varied forms of motion only two, the
hyperbola and ellipse, are probable forms. For between any two
‘masses, at any given initial distance, there may be an infinite
number of directions and magnitudes of velocity which would
result in hyperbolic motion, and another infinite number which
would result in elliptic motion. But there is only a single direc-
tion of motion which would result in a straight-line orbit, such
as that of Fig. 2; and there is only one other direction of motion,
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with a particular velocity into the bargain, which would result
in circular motion. A parabolic orbit could likewise result from
only a single direction of motion, coupled with its proper mag-
nitude. Therefore the mathematical chances are infinitely in
favor of all motion in the universe being either elliptic or hyper-
bolic in form. '
The possibilities, however, are not even so complex as even
this statement might indicate. Speaking mathematically, there is
for all of these forms of orbit but a single, basic equation. This
equation must involve some factor expressive of radial distance
between the two, and also some factor expressive of either the
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two quantities of mass or their periodic velocity of revolution.
These will define the general magnitude of the system. But
besides these factors there must also be present, as an indicator
of the form of orbit, another which is called the eccentricity.
And the eccentricity of orbit, it will be found, is a factor of
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fundamental importance in the determination of whether energy-
transformation is to occur or not.

Without attempting to enter into any discussion of the mathe-
matical definition of eccentricity, which is usually given the
symbol ¢, the following characteristic facts should be noted care-
fully, as indicating sufficiently for our purposes its general
nature:

1. If the eccentricity be zero the orbit is a circle;

2. If the eccentricity be greater than zero, but less than
unity, the orbit is an cllipse;

3. If the eccentricity be unity the orbit is a parabola;

4. If the eceentricity be greater than unity, but finite, the
orbit is an hyperbola;

5. 1f the cceentricity be infinite the orbit is a straight line,

Of all possible cases, therefore, the cirele constitutes one
extreme and the straight line the other.  Mathematically speak-
ing, they constitute mathematical limits, with the clinees inti-
nitely against their ever being attained in nature,  But, speaking
naturally, this means that they never occur. Doth zeros amd -
finitics are unimaginable, as natural phenomena,  They have
never been observed, and, so far as the human mund may
predict, they never will he observed, It is eme of the heaviest
indictments to be brought against our present methods of teach-
ing natural science that its text-books are so filled with reckless
use of zeros and infinities. It is not that zeros and infinities
should never be employed, but that they should always be speei-
fied, before using, as natural impossibilities—ax is always done,
for instance, in specifying the exclusion of friction, thermal con-
duction, etc.

As for the parabolic orbit, that plainly standx as the dividing
case between the ellipses helow and the hyperbolus above, Tt
itself, like the circle and the straight line, ix infinitely improbable
of occurrence, in any permanence of form. But whereas the
chances are infinite against truly circular or straight-line motion
ever being attained, even instantaneously, the condition of para-
bolic motion must he at least erossed, and therefore existent in-
stantancously, in transition from elliptic to hyperbolic motion.
For the parabolic condition is like a dividing line between two
areas: having no dimension, substance or reality itself, it must



But, it wiln naturally be asked, what have 2l these astronom-
ical illustrations of “free” bodies to do with engineering me-
chanics, when no engineer or mechanic ever say anything in his
work which acts i that way? The answer is that, in spite of the

Then their Paths are commonly said to he Parabolic. But thig js

tional force which radiate from the earth’s center are, for small
portions of ijtg surface, virtually parallel; and also because the
result is not far enough wrong to upset calculations,

all cannon-balls, base—balls, foundry~drops, etc., are in reality
following elongated elliptical orbjts passing closely around the

But even to get such a slight Peep as the above at pure me-

chanical action on the surface of the earth, we have had to
—_—

*The foundry-drop is ordinarily regarded ag falling toward the earth in
a straight verical line, Yet, in reality, as it leaves the latch it possesses
a tangentia] velocity, paralle] with the earth’s surface, of over fifteen hun-
dred feet ber second, due to the earth’s rotation. If e could imagine the
mass of the.eart.h as suddenly concentrated at jtg center, or within a Sphere
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-make the never true assumption that the friction of the atmos-
phere were absent. Yet in all the mechanical actions which are
even more familiar to the engineer, such as the interaction of
solid machine-parts, see what even more wholesale assumptions
have to be made, in order to weed out the non-mechanical
phenomena of friction and impact and get a glimpse of the pure
mechanics behind them! It is scarcely worth while to try. And
yet it is none the less true that there is never a hammer-head,
piston or shuttle started into motion that it does not try to
follow an elliptic orbit about the earth’s center; from which it
is constrained only by constant supplies of energy from without,
in the form of solid forces not dependent upon the masses trans-
mitting them, which forces and energies are called “transient.”

For taking the time to study and understand these free or
natural tendencies of mass, which get so little chance to display
themselves here upon the earth’s surface, there are two reasons.
One of these reasons is the fact that they constitute the only
true mechanics, from which all engineering happenings are but
special departures and for which only approximate statements
can be made. It is therefore the soul of true education to teach
these exact truths first, displaying their useful applications after-
ward in their proper aspect.

The other reason is that no concegt of heat as a mechanical
phenomenon can possibly be attained without them; for in the
mechanical interaction between the particles of a body, by which
we must now attempt to explain not only heat, but surely also
chemical action and probably also electrical and magnetic ener-
gies, there can enter no friction nor impact. The action must
be purely mechanical. There can be no dissipation or degrada-
tion of energy into heat, because it is heat itself which is being
considered. Nor, as stated in the last paper, is it any explanation
of the puzzle to specify that the particles shall be perfectly
elastic; because perfectly elastic matter is unknown in nature.
It is only space, devoid of solid contact, which is perfectly
elastic in nature; and the first task in the comprehension of
heat, therefore, is to comprehend thoroughly this “free” depart-
ment of natural action, in which friction and impact are unknown
and unimaginable.

The task of the theorist, in fact, is not so much to explain
-action at a distance in terms of action by contact, as is so often
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assumed, but fairly the reverse. The obscure and intricate hap-
penings, which, in our ignorance we lump togethef' under the
convenient blanket-term “contact,” involving always interchanges
of pressure and heat, and often mechanical, chemical and <‘3lec-
trical energy, none of which we understand, can be explained
simply and clearly only when they are reduced to terms of
action at a distance. For the latter demands no “explanation,” or
reduction to terms of something else. It is beautifully simple,
having been defined in an elementary algebraic formula Dby
Newton two centuries ago. It is complicated by no questions of
elastic pressure, thermal or electrical conduction, or chemical -
interaction, varying interminably with each new case of ‘“‘con-
tact.” Centripetal gravitation, like its mate, centrifugal force, is
one of the basic facts of the universe—more basic even than
matter, the existence of which we infer from its gravitational and
centrifugal action—and forms no proper food for further analysis
until it shall appear to us in much more intricate guise than that
which we inherit from Newton.

Our sole duty here is to recognize that “contact” is merely a
convenient name for impact and friction, when we are discussing
mechanics, for thermal conduction when we are discussing heat,
for electrical conduction when we are discussing electricity, etc.
“Action at a distance” implies merely the absence of any of these
energetic transformations.

These, then, are the elementary laws of motion, when viewed
from the standpoint of energetics rather than kinematics. Since
they appear to be quite different from the laws of motion of
Newton, with which every student is familiar, while apparently
of an elementary importance equal to those of Newton, it is
important to note that they are in reality the laws of Newton,
but stated in combination with each other and with the laws
discovered by Kepler some sixty years before Newton enunciated
his law of gravitation in 1680. Newton’s laws of motion, in
their familiar form, constitute one exceedingly simple form in
which the elements of mechanics may be expressed. The trouble
with their form is that, in order to get each statement into its
simplest possible form, a set of premises has been assumed
which is peculiar to that particular statement only, and which
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not only never occurs in nature, but which is directly incon-
sistent with some other of this same set of laws.

For instance, one of these laws of Newton asserts that “a
body once in motion will continue in unchanging straight-line
motion until interfered with by a force.” But Newton’s own
law of gravitation declares that no body in the universe may
ever dissociate itself so remotely from all others as to be free
from interference by forces, and by an infinite number of forces
at once. Therefore, unchanging or straight-line motion can
never occur in nature. For some special problems of mechanics
it has been useful to assume that it could. But the wholesale
manner in which this special and temporary assumption has been
permitted to usurp the place of a fundamentally correct and
permanent principle of nature has undermined our entire under-
standing of the problem of energetics. .

Again, for instance, “a body subject to a constant force will
experience constant acceleration.” - But again, Newton’s own
law of gravitation declares that force can remain constant only
so long as the separation between the bodies remains constant.
But this is impossible, motion being assumed at all, except when
the motion has the form of a circular orbit, at constant distance;
in which case the motion and force would be at right-angles with
each other, and mutually independent. In all other forms of
motion the force must always be varied by the motion which it
itself produces. Therefore, constancy of acceleration, whether
positive or negative, is unknown in nature.

To understand properly Newton’s laws of motion, therefore,
they must be coupled with each other and with the laws of
Kepler—upon which latter, indeed, they were founded. Kepler’s
laws are three in number, viz:

1. The natural path of free motion between two masses is
one of the plane conic sections.*

2. The area swept over by the radius-vector connecting the

*Kepler, working with the planetary orbits alone as his material, and
quite as a pioneer, stated this law originally as including only the ellipse.
It is later learning which has broadened the statement to include all of
the conic sections. A very simple and elegant proof of this law—depend-
ing, however, upon Kepler's Second Law—was published by Mr. Immo S.
Allen, of the London Institution (Finsbury Circus, London, E. C.), in the
Scientific American of July 1oth, 1900.



two is everywhere equal for equal periods of time; or the
velocity” is constant,

fundamenta] €rror has been Permitted to Creep into the standard
college text-book. Of all of the ordinary text-books in astronomy
which the writer has happened to enter—not o find fault, put
in a sincere effort to straighten out this tangled question of
“what is energy”—only one mentioned the sym of the masses at
all, as a factor in Kepler’s third law. AJ others omitteq it,
making of the €xpression for the third law 5 Special approx-
imation ag €rToneous as ig the formula BMV? for kinetic

them! Was ap that he thought he knew nonsense, or where

I. Everywhere is Space. No two bodijes may be conceived
as coincident, nor any one body as occupying zero space. The
“occupation of space” has always constituted the fundamenta]
definition of “matter,”
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cident as to raise it to infinity,

4- All force is relative. It exists only betiveen bodies, and
may never be imagined as exerted absolutely, independently of
mass.

5. Everywhere is motion.  Absolute rest, or fixity, is un-
known and inconceivable,

6. All motion is relative.  Motion is measurable and con-
ceivable only between the members of a related pair. No single
body, independently of all others, may possess motion. Absolute
motion is as inconceivable as is absolute rest.

7. Constancy of either space, force or motion is unknown in
1ature, Space varies force, force varies motion, and motion

ature. The only path of motion which is natural, rather than
naginary, hypothetical and superstitious, is either the ellipse or
1e hyperbola, with velocities varying as stated by Kepler and
)TCes varying as stated by Newton.

9. In any energetic system the Primary fact is the con-
ancy, or indestructibility and non-creatability, of its mass, The
rinciple of the Conservation of Mass, discovered first and
eded first, should certainly receive the title of First Law oF
NERGETICS.

10. In any such a natural, free system there occurs period-
Ily, at each revolution, a reversed tra



CHAPTER III.

THE MEAN ENERGETIC CoNpITION AND THE ENERGY-FUND.

In the last paper attention was called to the fact that all
“free,” or natural Systems of mechanical actiog might be repre-
sented by some one of the conic sections, such as were exhibited
in Figs. 3 and 4. Of these, for the present purposes of dis-
cussion, the elliptical orbit, as shown in Fig. 3, will suffice as an
illustration, -

In elliptical motion, as was pointed out in that paper, there

- occurs a periodic energy—transformation at each revolution of the
bodies about each other. At apastron space is a maximum and
motion a minimum ; at periastron the reverse is true. And at
every point between these extremes the conservation of energy
is maintained ; the amount of either form of energy lost, below
the maximum, is made good in the other form.

From these facts it ;g readily inferred that there must exist
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SS,

and D=2 ST, (11)

In the case of elliptical orbits it is usual to represent half the
major axis by @, half the minor axis by b and the eccentricity
by e. In that case

S=a (1+e) ‘ (12)
S,=a (1—e) (13)
_2a7(1-€) Db?
and D~ (14)

2
But_.b_ is one-half of the latus rectum of the ellipse, or the
2 :

diameter through either focus at right angles to the major axis.
That is to say, the mean energetic distance D is the vector or
radius joining the two bodies when they are situated directly
at right-angles to the axis joining apastron and periastron.

In short—and this seems to be most important—the energy-
transformation which is always a part of the revolution of two
bodies about their common center of mass, is a function of
angular, not linear, motion. No matter how eccentric the ellipse
may be, it is always true that in each quadrant of its motion the
energy is just one-half transformed—from extreme space or
extreme motion to the mean energetic condition, or back.

There is one case in our own solar system, for instance,
where one quadrant of the elliptic orbit, that from apastron to
the mean energetic condition, occupies about four hundred years
and covers a distance measurable in hundreds of millions of
miles. Yet the next quadrant, from the mean energetic condi-
tion to the extreme energetic condition nearest the sun, trans-
forming an equal quantity of energy, occupies only a little over
an hour and covers a distance measurable in thousandths of the
other. And there may be, of course, even more extreme illus-
trations of eccentricity of orbit than this.

In Fig. 3 this mean energetic position is shown at DD’, and
in Fig. 4 at BM,. In Fig. 4 the mean energetic velocity U is
shown as maintaining the -angle « with the vector, or latus
rectum, D. It will be convenient to note, concerning this angle «
for future purposes, that
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e=—§\/a2—b2 =cotan « (15)

These statements and arguments, although they are expressed
most simply in terms of the ellipse, could be established as apply-
ing equally to any of the conic sections, such as are shown in
Fig. 4. In the case of the parabola and hyperbola, which have
no apastron ends and no definite major axes, the case is compli-
cated (as will appear later) by the presence, within the pair of
mass-portions, of two funds of energy—the one which has just
been discussed and another. For the present it will be quite
sufficient to the student to accept on faith the statements that
the discussion is founded upon principles which are general in
their character, applying to all possible cases.

In general, then, if the original energetic relationship of any
pair of masses whatever, such as M, and M, of Fig. 4, be
known—by data as to their masses, their distance d, their ve-
locity @, and the angle ¢ which the latter makes with the vector d
—all the conditions of the orbit and the energy-fund embodied
by the pair are known. The all-important question as to the
amount of energy thus embodied, which is a very difficult one,
will be resumed at a later point. What is of more elementary
concern at present is the form of the energetic action; and this
depends primarily, it is obvious, upon the eccentricity of orbit.

It is worth while to repeat, in a briefer form and with in-
clusion of the angle «, the list of the different (mathematically)
possible types of orbit which was given in the preceding paper.

1. If e=0, a=90° and the orbit is a czrcle.

o
2. Ife<1,a : Zgo and the orbit is an ellipse.

3. If e=1, ®=45° and the orbit is a parabola.
4. Ife>1, a< 45° and the orbit is an hyperbola,
5. If e=a, «=0° and the orbit is a strasght line.

It is therefore most significant that, throughout all this wide
variation in values of ¢ and #, and in diversity of form of
orbit, the mean energetic condition should remain consistently
at the position normal to the orbital axis. Whatever may have
been the original distance of separation from which the two
bodies fell together, or whatever may have been the angle swept
over by the vector between the positions A and B, or whatever
may be the speed and propinquity at which the bodies pass each
other at periastron, it always holds true that, once the mean
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energetic condition is reached and one-half the energy-trans-
formation accomplished, at B, a further swing of just one quad-
rant is consumed in completing the other half of the energy-
transformation, to periastron at P. After that a second quadrant
is consumed in reversing this energy-transformation, to the mean
energetic condition again, at B’; after which the cycle ends with
a reversal of the angle AM,B, whatever it may have been—a
quadrant in circle or ellipse, or less than & quadrant in the
parabola or hyperbola.

Should the line BB’ of Fig. 4 be considered as representing a
plane normal to XX’, and 9o°—«a as the angle of incidence
thereto, the angle of reflection therefrom, at B’, will always be
its equal.

The Energy-fund: Radial and Tangential Energies. If
it be true that the original position and motion of the pair
at any original condition, such as A, Fig. 4, defines all the
conditions of the orbit, it should be possible to define in terms
of them the total fund of energy existent in the pair. Mathe-
matically speaking, this is possible—so far as it is possible to
define an energy-fund in terms of any premises at all. But the
equations which connect any original condition, such as A, with
the conditions B, P, etc., are so cumbrous in form, when com-
bined, that it is not practicable thus to define the energy-fund in
terms of any original point. It must suffice, instead, to know
that the connection between A and every other point in the
orbit is rigid and exact. It is quite sufficient for present pur-
poses to investigate the energy-fund in terms of the conditions
B and P only, as bases.

The kinetic energy visible at B in the velocity U is divisible
into two components, the radial and the tamgential, respectively.
To each of these must correspond a respective fund of energy,
radial anl tangential in its nature. Now, these two funds of
energy bear a marked contrast with each other, in many re-
spects; and as this contrast runs through the entire question of
energetics, it is worth while to discuss it somewhat carefully.

In the first place, space-energy can, of its very nature, exist
only radially. It is impossible to think of pure separation between
two bodies—which, if they be truly single bodies, must be
regarded as geometric points at their centers—in connection with
any idea of direction of separation. Moreover, it is not only
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that direction of separation is unthinkable in tilis connection; it
would have no effect if it were conceivable. For the force of
gravitation operates equally in all directions, and radially only;
and as space-energy is based directly upon this force, it too must
be regardless of angular direction.

Now this energetic force of gravitation works always in one
direction, of the two directions possible within each radius. It
always urges the two bodies together. Urging the two bodies
apart, at all times, is the centrifugal force; and this force is a
function of the tangential motion-energy. The two forms of
energy, spacial and kinetic, are therefore in energetic counter-
balance, just as much as their forces are in dynamic counter-
balance. When the space of separation becomes greater than
normal, it prevails over the motion-energy and forces the two
bodies into greater propinquity. When the motion becomes
greater than normal—and this is always the result of the action
just noted—it prevails over the gravitational attraction and
forces the bodies apart. Thus these two forms of energy vibrate
against each other, in stable equilibrium, about the mean ener-
getic condition as a center.

Now this centrifugal force, although itself radial in direction,
is developed only by tangential motion; and it is in permanent,
not vibratory, equilibrium that the tangential component of the
velocity U finds itself in counterbalance with the gravitational
force. To explain, let us consider first the case of purely cir-
cular motion.

In this case the radial motion-energy is zero, and the spacial
separation is constant; no energy-transformation whatever takes
place and no energy is manifested radially. All points in the
circle are equally mean energetic conditions. The balance be-
tween centripetal and centrifugal forces is perfect and perma-
nent. That is to say, speaking mathematically,

(centripetal) (centrifugal)
1 MM, U2

Radial Force=c MLMZ——D”:T = —Ml—_l:-lv[—z—.—ﬁ— (16)
c Uz
whence D= YW, (17)

Tn the second member of Equation 16 the reader may not imme-
diately recognize the more familiar expression for centrifugal
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force, MYRi The latter, like the other familiar mechanical

equations which have already been criticised, is a special approxi-
mation, omitting the sum of the masses; which is sufficiently
accurate when one of the masses is so large that variation in the
other does not appreciably affect their sum.

If, now, comparison be undertaken between two circular
motions of the same mass-pair, one at a radius 7 and velocity v
and the other at radius R and velocity V, the change in space-
energy which would be involved in a passage from one to the
other would be, from Equation 2,

1 1
E,=c MM, <T— ® )- (18)

The change in velocity, from #z to V, which must occur
simultaneously in order that, centripetal and centrifugal forces
may remain balanced and the orbit remain circular, will be given
by Equation 17; or

vi= (M, +1,) (19)
and 2= (M1+M2)%. (20)
Therefore the change in kinetic energy involved must be

1 MM, Ve
PR T A
But the last term of this equation is one-half of Equation 18,
the potential energy involved in passing from radius R to
radius 7. The energy absorbed in altering the velocity is there-
fore one-half the amount, and of opposite sign, from that re-
leased in increasing the propinquity (if the second radius be
considered smaller than the first). The net energy released,
therefore, is the algebraic sum of the two, and is itself equal to
the last term of Equation 21. In other words, when masses are
brought into greater propinquity at their mean energetic condi-
tion, or with circularity conserved, or in permanent equilibrium
between centrifugal and centripetal forces (for the argument
applies equally to circular motion or to the mean energetic point
of elliptical or hyperbolic motion), energy must be abstracted;
just as it must be when thev are allowed to fall directly together,
vertically, with no tangential motion. But in the former case the

1 1 1
Ek —Q*C M1M2 (—r—— -R—) (21)
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amount of energy thus to be abstracted is just one-half of that
requisite in the latter case.

The addition to the circular motion of a radial component,
producing elliptic or hyperbolic orbit, will not affect this universal
equilibrium between tangential motion and mean energetic
distance.

In the case of free, conic-section motion, on the other hand,
with energy, rather than circularity, conserved, no energy need
be abstracted at all, as the propinquity increases. Indeed, to
attain, under a fixed mean energetic distance, a greater pro-
pinquity at periastron, energy must be added, and in such a way
that it assumes the radial form. In other words, to produce a
permanent consolidation of matter, tending to continue in stable
equilibrium, energy must be abstracted. But to produce a tem-
porary consolidation, which will reconvert itself promptly into
separation or disgregation of matter, energy need not be ab-
stracted. It even needs to be added.

Further, it is evident from Equation 17 that, as the pro-
pinquity increases (or the distance of separation decreases) the
velocity must increase. Therefore, putting Equations 17 and 21
together, it becomes plain that when masses approach, with
circularity conserved, energy must be abstracted as the velocity
increases—which is just the opposite of what is ordinarily held
to be a universal law. But in the case stated, it is to be remem-
bered, it is not the radial, but purely the tangential, velocity
which increases as energy is abstracted. This is one of the many
ways in which the radial and tangential forms of energy are
markedly contrasted.

Thus, for instance, in the case of the moon and the earth,
which revolve in stable equilibrium and in an orbit which is
almost circular, a mean energetic distance of about 240,000 miles
is maintained permanently by a mean linear speed of about 3100
feet per second. But, if the earth were devoid of rotation rela-
tively to the sun, the friction of our oceanic tides would be tend-
ing steadily to slow down the moon. But as this happens the
decreasing centrifugal force between moon and earth becomes
no longer able to counterbalance the gravitational attraction be-
tween the two; and moon and earth tend to fall together. But
as this occurs, space-energy is released, sufficient not only to
make good the loss of energy to the tides, but more. The
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equilibrium remains stable, and the abstraction of tidal energy
has the apparently paradoxical effect of speeding up the moon.

As a matter of fact, the earth is revolving, relatively to the
sun, in the same direction as the moon moves about the earth,
and with a higher angular velocity. The result is that the fric-
tional resistance of the tides, instead of tending to abstract
energy from the moon for the speeding up of the earth, tends
to slow down the earth’s rotation, with the transfer of energy
to the moon. In this case the moon is simultaneously removed
from the earth and retarded in tangential linear velocity.

Either case illustrates the point, viz: that, whereas in radial
motion the energy increases directly with the linear velocity, in
tangential motion it increases inversely therewith. The mere
alteration in direction from radial to tangential, which has been
accomplished by gravitational reaction with the second mass-
portion, has constituted a reversal of algebraic sign of the
energy—algebraic signs, in energetics, being significant merely
of whether the energy be going into or coming out of a given
system, or of departure on one side or the other from the mean
energetic condition. Although it is universally taught, in the
engineering schools, that energy always enters matter as its
velocity increases, and wvice wersa, it now appears that this is
true of only one-half the energy of the universe—the radial, or
perceptible, half. With the other half—the tangential, or latent,
or imperceptible, half—velocities increase as energy departs from
matter, and wvice versa.

This innate tendency of all vibratory forms of energy period-
ically to alter the algebraic sign, with every transformation from
kinetic to potential, or from radial to tangential, or the reverse
—as visible first in the familiar pendulum, and now again in the
action of any free mass-pair—is a fundamental characteristic
of energy which is of the utmost importance. Nature knows
nothing of smooth, continuous progress. All goes by pendulum-
swings, reversals and transformations, as a ship tacks in beating
against the wind.

It is in such terms as these that the energy-fund of the pair
must be thought of, as consisting of tangential energy plus
radial energy. The amount of tangential energy within the pair
determines the mean energetic distance D, and the tangential
component of the mean energetic velocity U. It remains perma-
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nently fixed in form and quantity, so long as energy is neither
added nor abstracted from without. The amount of radial
energy within the pair determines the eccentricity of orbit and
the radial component of the mean energetic velocity. It vibrates
at each revolution from kinetic to potential form and back.

The Radial Energy-fund. The mathematical expression
for the fund of radial energy within the pair may be had from
Equation 7. By algebraic transformations which need not be
reproduced here, it may be stated in terms of either the mean
energetic or the periastron condition. It may also be expressed
in terms of either space or velocity, for the energy alternately
takes either form. It will also be of convenience for later
purposes if the kinetic expression be stated in three different
ways. Thus,

(potential) (kinetic)
Radial Energy=E,=2 ¢ MM, —%=2 MM, E%M:.—l—i—-e—z=
(kinetic) (kinetic)
—2 MM, Hliﬁ%zi %=2 e M‘MFU;IIS—E\}}' (22)

Of these three kinetic expressions the first and simplest will be
the most commonly used. Of the others, the last two will some-
times be convenient because, in the mean energetic condition,
U cos « is the radial, and U sin « the tangential, component of
the velocity U.

Stated in terms of the extreme energetic condition at perias-
tron, S, being the periastron or minimum distance of separation

and V the periastron or maximum velocity of motion, Equation
22 becomes

1 V2 e

E.= 2cMM2(1+) s 2MM2M1+M2 DR (23)
(It is to be noticed, in order to avoid confusion of thought, that
at periastron, although the motion is there purely tangential in
direction, radial energy nevertheless is present; because the tan-
gential velocity is there so great that the radial forces are un-
balanced. The radial energy takes this tangential form for an
instant only.)

Of all the expressions for the radial energy of a pair, that
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given in Equation 2, in potential form, is the first to get well in
mind. Equation 2 reads:

1 1
Ep=c MM, (x—— 5)- (2

As the greater distance of separation S becomes very great, its
influence upon the value of E, becomes very slight; until, at the
limit, when S has become of celestial dimensions between bodies
of earthly magnitude, its value may be neglected. Equation 2

then becomes proportional to Si only. The same is true of the
. 4 .
potential forms of Equations 22 and 23, wherein the space-factor

I I . . .
appears only as o or g For this reason it seems convenient

to assign to this reciproc?il of radial space of separation the term
propinguity; whereupon it may be said that, for all mass-pairs
not already in unusual propinquity, their potential energy given
out is proportional to their propinquity. And in any event it
is true that differences in potential energy are proportional to
differences in propinquity.

From this it becomes obvious that the amount of energy
which must be abstracted from any mass-pair before they can
be brought into coincidence, with S,=o0, is infinite. Of course,
no two bodies can ever be brought into coincidence. But since
the obstacles to the feat lie only in the solid dimensions and the
density of the two masses, which are variables to which no rule
can be applied, it still remains true that the amount of energy in
a pair which lies awaiting abstraction is indefinite in amount.
It is only the ability to abstract it which is limited.

The Tangential Energy-fund. When attempt is made to
give exact mathematical expression to the tangential fund of
energy, trouble arises. In tangential motion no force is over-
come by that motion, as is the case in radial energy. There is
no transformation of energy. Indeed, there is not even any
manifestation of energy. When careful thought is taken it
appears as one of the fundamental principles in nature that
only radial energy can be perceived by the human senses, or
by any other external mass-system. A revolving pair, unless
it be of such dimensions and velocity that its members can be
perceived separately, as they alternately approach and depart
from us, does not appear to us as a pair at all, but as two units.
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Thus, the heavenly bodies are all of such dimensions that they
can be perceived separately, and from them we get our first
exact ideas concerning tangential energies. Similarly, such re-
volving pairs as fly-ball governors, fly-wheels, etc., usually re-
volve at a slow enough speed so that we can perceive their com-
ponent parts; and so we learn to apply these exact ideas con-
cerning tangential energies. But if the fly-wheel or the like
revolves so rapidly, or becomes so minute, that its component
parts are no longer distinguishable, then we can perceive its
energy only when we come into contact with it as a whole. We
then learn—if it does not contribute so much energy to us that
our wits are at fault—that we have perceived only that portion
of its tangential energy which has ceased to be tangential and
become radial.

While this fact, like so many others which have been adduced
to the present argument, is of comparatively little importance in
engineering mechanics, it becomes of basic importance when the
revolving pair, or system of pairs, reduces to the dimensions of a
molecule or an atom, and its energy becomes known to us as
heat or the like. When we touch a body and perceive that it is
“hot” we are like some vast giant who might be too big to see
our tiny human contrivances on the surface of the earth, yet
who might perceive them by placing the tip of his finger upon a
field in which were many rapidly revolving fly-wheels or buzz-
saws. He could not see that each fly-wheel or buzz-saw was
composed of many parts, balanced in their motion in an equilib-
rium which gives them the appearance of unity ; yet to our senses
it would be an obvious truth.

It is therefore not so surprising that, since we have no power
to perceive tangential energy, we have no means for expressing
it mathematically. For it is a fact that no exact statement can
be made as to the tangential energy-fund existent within any
pair. Tangential energy is there, surely enough; for it can
come out, by becoming radial in form, and can overcome re-
sistance. But there is neither any definite idea nor any exact
equation for the total amount which can thus come out. We
know, from Equation 21, that the amount thus available is one-
half the radial space-energy available from any given same change
of radial separation. But as the latter has already been shown
to be, so far as exact mathematical limitations appear, infinite
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in amount, the only statement which this leads us to is that the
tangential energy-fund of any mass-pair is one-half of infinity;
which is, of course, meaningless. It still leaves us forced to
confess that for the tangential fund we have no exact expression.

Our knowledge in that direction is much like that, for in-
stance, of a man who owned excellent thermometers, barometers,
etc., all of which had slipped their scales. He would know ex-
actly what a degree of alteration of temperature was like, or an
inch of barometric pressure. He could report usefully to his
neighbors, from day to day, upon the changes in the weather.
But he could never tell them exactly how hot or cold it was, nor
how far the conditions were from any absolute zero. So as to
tangential energy, we can measure exactly, in joules, foot-pounds
or what you please, any stated change in tangential energy, from
known change of radius of purely tangential motion; but beyond
that we cannot go. We cannot determine any absolute zero or
maximum from which to make our ideas exact.*

In thinking of the energy-fund of any mass-pair or system,
therfore, all idea of reducing the thing to any exact statement,
founded upon an absolute zero, must be abandoned from the
start. The only base or zero which has become visible in the
preceding discussion—which has been just as exact as it has
been possible to make it, short of dealing with infinitesimal
masses—has been the mean energetic condition. It is only in
this mean energetic condition that the tangential energy is directly
visible. It is the amount of tangential motion on hand which
determines the mean energetic distance D, or the space occupied
by the pair.

*In addition to the above it must be noted, before leaving this contrast
between radial and tangential energies, that the radial energy alone may
be considered the exclusive property of the mass-pair itself. It has already
been noted that between a pair of absolutely single bodies only radial
separations and velocities may be measured. For tangential motions the
presence of at least three mass-portions is necessary. In nature this is
tantamount to saying that no body is truly a single body. Every natural
body possesses dimensions; and if so, tangential motion of revolution can
be perceived by comparing its various portions. It is thus that we per-
ceive the motion of the moon around the earth; as different portions of
the earth swing up or down relatively to the moon, we say that the moon
rises or sets. But to those telescopes which may be situated upon planets
so distant that the earth appears as a point of light, the revolution of the
moon can become perceptible only by a comparison with distant and
apparently fixed stars; which amounts to bringing in a third mass very
much larger than any of those yet mentioned.
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On either side of this mean energetic condition the radial
energy of every energetic pair vibrates as does a pendulum about
its supports. But, in the case of the free energy-system, this
support, instead of being fixed and definite, is floating in mid-
space. It cannot be attached to or measured from any basis
which has yet been devised. The most which can be done is to
compare it with other mean energetic systems, each of which is
equally homeless. As the sun serves as a central basis in refer-
ence to which the motion of the planets may be conveniently
measured, so the mean energetic condintion serves as a central
basis or zero-point from which, in either direction, the radial
energy of the system may be conveniently measured. But both
the sun and the mean energetic condition float indeterminately
in space, without any possible reference to any absolute base or
zero.

Indeed, the prime lesson sought to be imparted by this paper
is that there is not anywhere in energetics, in any department
where exact knowledge has yet penetrated, any reason for ever
believing in the existence of an absolute zero for anything. So
far as we now know, there is no absolute zero for either energy,
velocity, space, force, volume, temperature or entropy; nor, so
far as the writer is aware, for the similar factors of those other
forms of energy with which he is less familiar, such as chemical,
electrical, etc. All tha