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PREFACE.

To the first edition of this work, published in Eng-

land in the early part of the present year, the

following was prefixed:

" A new theory of the mechanism of the universe is

propounded by the author, not with a design of subvert-

ino^, or, in the least deo^ree, interferino- with the great law

of universal gravitation. On the contrary; it is intended

to greatly extend the universality of that law. Modern

astronomers and scientists have excluded the immense

ocean of ethereal substance from the catalogue of gravi-

tating matter : thus limiting the grand discovery of

Newton, intended to be universal, to such gross materi-

.als only, as they may consider endowed with the gravi-

tating power. The aim of the author, therefore, is to

vindicate the universality of the law: to rescue it from

the environed limits sought to be thrown around it : and

to give it that unlimited freedom of action, which the

distinguished name, " Universal," so appropriately and

definitely imports.

A new theory of celestial mechanism is, at first,

startling to those who have not given the subject their

special attention. They have unhappily formed an idea,

that all the varied phenomena of the universe can be
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accounted for, by the grand discoveries already made.

But this erroneous notion is not generaL Mathematici-

ans and the able expounders of the Newtonian system,

have clearly pointed out numerous out-standing and very

important movements, among celestial bodies, which

cannot be explained without the aid of some new theory.

Hence, La Place and others introduced the " Nebular

Hypothesis," which seemed, for a time, to render a suffi-

cient cause for certain movements observed. But, as

astronomy advanced, the hypothesis weakened : and

recent observations prove its total inefficiency, as a cause,

to expound the phenomena alluded to. Hence, the as-

tronomical world are again at sea, without " rudder or

compass " to guide them, in respect to the causes which

have hitherto so perplexed their most skillful navigators.

Astronomical science, in its present advanced condi-

tion, needs a theory which will answer, as far as possible,

the following reasonable questions :

—

First,—Why are the orbital movements of planets,

asteroids and satellites, in the solar system, in one gene-

ral direction, namely, from west to east, instead of mov-

ing indiscriminately in all directions ?

Second,—Why do j)lanetary bodies rotate upon

their res^Dcctive axes ? Why do they rotate from west

to east, instead of the contrary direction ? Is there any

law governing their diurnal periods ?

Third,—Why do the eccentricities of planetary

orbits differ ? Why do the orbits so closely approximate

circular forms ? Will they eventually become circular ?

Were they once greatly elongated, like those of comets ?

Fourth,—Why are the planes of planetary orbits

confined within the narrow limits of the Zodiac ? Why
are they slightly inclined to each other ? Will they ever
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become co-incident ? Did their inclinations ever have a

far greater range than they now have ? Did any of the

planets ever revolve in retrograde orbits ?

Fifth,—Why do not the planes of dinrnal rotations

co-incide with the respective orbital planes ? Did these

planes ever co-incide ? If so ; are there any causes which

will compel them iuto a future co-incidence ?

Sixth,—If the satellites of Uranus were originally

detached from the primary by rotation and condensation,

according to the prevailing hypothesis, why have they a

retrograde motion in their orbits, contrary to that of all

others in the system ?

Seventh,—If the " Nebular Hypothesis " be true,

ho'w is it possible for the inner satellite of Mars to

revolve around its primary three times while the planet

rotates but once ?

'Eighth,—Observation seems to indicate, that there

is an intra-Mercurial planet, so near the Sun, as to have

a period less than the solar rotation; how can this be

possible, if the theory of La Place be true ?

Ninth,—Will cometary orbits ever be converted

into those of a planetary form ?

Until a theory is propounded sufficiently compre-

hensive to include, at least, partial answers to the above

questions, we may consider the great science of astronor

my but imperfectly developed. Indeed, a new theory is

imperatively called for. As none have recently volun-

teered their services in this great enterprise, the author,

unaided and alone, has launched his humble barque upon

this great unexplored ocean, with a compass of his own

invention. How far he may succeed, in shunning the

mists and fogs which others have, unfortunately, encoun-

tered, will be known after the experiment.
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Mathematical demonstrations of the fundamental

laws of the new theory have been given. But, in all

cases, the author has endeavored to simplify these analy-

tical investigations, by strictly avoiding the use of the

hiofher Calculus, and confining^ the demonstrations to the

simple algebraical rules of ratio and proportion.

The Tables, in the Appendix, have required a vast

amount of labor, in preparing them in accordance with

the new theory. But if the mathematical theorems and

laws, developed, shall be of any genera] utility in

advancinsf a true knowledo^e of the mechanism of the

universe, the author will consider himself amply rewarded

for all his wearisome toil."

The second edition has not been enlarged or

changed from the first; hence, it is deemed unnecessary

to extend the Preface.

0. PEATT, Sen.

Historian's Office,

Salt Lake City,

Utah Territory,

July, 187.9.
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CHAPTER I.

ETHEREAL MEDIUM.

1. Two Theories. 3. Universal Ether. 7. Immense Quantity^

of Ethereal Matter. 8. Resistance of Ether. 9. Elasticity

of Ether. 11. Power of Ethereal Waves. 12. Ethereal

Waves Electric. 13. Ethereal Waves Magnetic. 14.

Their Chemical Properties. 15. Attraction and Repulsion

of Ether. 16. The Ethereal Medium of Variable Density.

17. Does Density affect the Wave-Velocity of Ether? 18.

How to determine the Question—its importance.

1. Corpuscular and Undulatory Theories.—Since the days

of Newton, until very recently, scientists have been divided, in

regard to the manner in which light is transmitted through

space. Two theories were propounded; one called the Corjow^cw-

lar; the other, the Undulatory . The former assumes that light

consists of extremely minute particles or corpuscles, projected

from luminous bodies, with immense velocity; that such par-

ticles impinge upon the optic nerve and produce the sensation

of seeing. The Undulatory theory claims that all space is

occupied with a substance hypothetically called Ether, extreme-

ly rarefied and elastic in its nature; that the molecules of

luminous bodies, being themselves in a constant state of tremu-

lous agitation, impart the same to the adjoining molecules of

ether; that this jar or vibration is transmitted from molecule

to molecule, forming a wave; that the displacements of the
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molecules in a wave are not that of extension from and com-

pression toward the point of their origin, but in circular forms,

whose planes are transverse or perpendicular to the line of

motion of the wave; that the wave thus formed, travels through

the ethereal space with the immense velocity of 185420 miles

per second, which is over 660 thousand times swifter than the

tidal wave of the ocean, and over 820 thousand times the velo-

city of longitudinal sound-waves. It is still further assumed

that a white luminous body forms a continuous succession of

mixed waves, varying in length, from 37640 to 59750 waves in

one inch; that the longer waves are formed more slowly than

the shorter ones, but travel with the same velocity; that ojily

468 millions of millions of the longer waves are successively

originated in one second; while 727 millions of millions of the

shorter ones are formed in the same time. It is also assumed

that the variations of color are merely variations of wave-

lengths, and the rapidity with which they are formed.

2. The Corpuscular theory is now generally discarded: it

is found to be insufficient to account for many phenomena

exhibited by light.

The Undulatory theory, when examined by the aid of

mathematical analyses, renders a suflEicient cause, for nearly all

the curious and complicated exhibitions, so wonderfully and

universally manifested by the immense ocean of ethereal sub-

stance. Those outstanding phenomena not yet brought within

the domain of analytical investigation, will undoubtedly yield,

one by one, as research, in the exact sciences, shall be extended.

3. In my future investigations, I shall adopt the theory of

a universal ether, with two great and important modifications,

namely :

—

I. That the ethereal matter, like all other matter, is sub-

ject to Gravity.

II. That the ethereal matter, like all other matter, posses-

ses the quality of Resisting and being Resisted.

4. It has been almost universally assumed, without any

substantial evidence, that the ethereal substance has no gravita-

tion; that it is uniformly distributed throughout space; and

that it manifests no resistance to moving bodies, revolving in
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or passing througli it. In support of these assumptions, it is

urged that, if the ethereal medium were possessed of gravity,

it would collect in greater density, around all stellar and plane-

tary bodies, leaving the intermediate spaces, in a comparatively

rarefied condition ; that it would necessarily resist all moving

bodies in their orbits, bending them into curves of an inward

spiral form, approaching nearer and nearer to the great central

masses, around which they respectively revolve; and that it

would finally plunge the whole universe into irretrievable ruin.

Such, undoubtedly, would be the consequences, if there were

no antagonistic propelling force, to counteract or balance the

resisijng force.
"

5. A non-resisting substance is philosophically inconceiv-

able. That which is non-resisting, when uniformly distributed,

cannot possibly manifest resistance, when its particles are con-

densed to any assignable degree. II: all the ethereal substance

of nature were collected into one cubic mile, all other sub-

stance, by this vagae hypothesis, would pass through it, Avithout

the least resistance, as if the space were an absolute vacuum.

Such an assumption, however popular, is unworthy a place in

the annals of philosophy.

6. The observed decrease in the periodic times of Encke's

comet, has, in some small degree, dissipated the idea that the

ethereal medium is a non-resisting substance. Scientists are

beginning to abandon, though reluctantly, this most unphiloso-

phical and inconceivable notion. But it is difficult to free the

human mind, at once, from popular traditional errors. It re-

quires time to discipline and accustom the intellect to new fields

of research. Consequently, there are some, even now, who

cling, with great tenacity, to the absurd conjectures of former

times, as though age had sanctified them, and made them true.

Science, however, in its accelerated and triumphal march, can-

not afford to wait for those timid, sluggish followers. "What

is truth," is the inspiring watch-word of the age; it animates

the bosom and is on the tongue of every lover of intellectual

progress.

7. Immense Quantity of Ethereal Matter.— Every

cubic inch of space must contain, at least, fifty-three millions
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of millions of luminous waves. It has been demonstrated by

numerous and skillful experiments, that one inch in length of

the extreme red rays of light, contains 37640 waves. And it

can easily be demonstrated, and is generally admitted, that the

depth of a luminous wave is almost infinitesimally smaller than

its length. But if the depth of each wave, measured trans-

versely to its line of motion, be assumed equal to its length,

then the number of waves in a cubic inch must be

= (37640)'^= 53,327,207,744,000. The extreme violet gives-

59750 waves in one linear inch; hence, a cubic inch is

= (59750)-^= 213,311,234,375,000 waves.

As each wave undoubtedly consists of numerous mole-

cules, how extremely minute must be the pores between these

molecules ! the spaces unoccupied must be infinitesimally

small, and yet all the stellar and planetary bodies of the uni-

verse perform all their evolutions in the midst of this immens-

ity of substance. Resisted they must be; and without a com-

pensating accelerating force, a universal ruin must speedily

ensue.

8. Waves op Ether, like other matter, are capable

OP Resisting and being Resisted.—The luminiferous waves

are originated by the action of gravitating matter ; when re-

flected, their course is changed by other matter; they are

retarded and their course altered, when passing through water,

glass, crystals, and other transparent materials ; they are refrac-

ted into curvilinear paths, in passing through the atmosphere

obliquely to the earth^s surface : they are absorbed, and their

momentum destroyed by opaque materials : they act upon the

optic nerve, and impart to it a tremulous motion. That which

can exhibit all these complicated phenomena, must, therefore,

have the power of resisting and being resisted.

9. The Ethereal Medium is Intensely Elastic.—When
the equilibrium of the ether is, in the least, destroyed, as in the

formation of luminiferous waves, the particles almost instanta-

neously return to their former state of repose. So rapidly are

these disturbances and restorations to repose, performed, that

over seven hundred million? of millions of waves of violet light

are successively formed and destroyed, in one second of time.
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And as the return of each wave to its equilibrium, occupies the

same time as the disturbance, it follows, that over seven hun-

dred millions of millions of restorations successively transpire,

in one-half of a second. All these restorations are produced

by the elastic force; therefore, the ethereal medium is intensely

elastic.

10. The Ethereal Waves can be Concentrated or

Dispersed.—Both the luminiferous and heat waves can be

either refracted or reflected to a focus, and vice versa, they

can be either refracted or reflected from a focus into a variety of

paths.

11. The Ethereal Waves can Change the Form op

ALL Matter.—^When these waves enter solids in the form of

heat, the solids are dilated or expanded, and sometimes con-

verted into liquids, or even into gases. By these ethereal

waves, chemical compounds are torn asunder, and their elements

are made to appear ; by them, steamers of great weight plow

the ocean against both wind and current; by them, lengthy

trains, of heavily laden cars, rush with terrible speed from ocean

to ocean, till distance itself seems almost annihilated ; by these

almost infinitesimal undulations lofty mountains are upheaved,

and their smoking summits teU of the fiery billows which rage,

in awful grandeur, far beneath; by these vibrations of the

subtle ether, the earth itself rocks to and fro, and its very-

foundations tremble as if about to divide asunder. Solids,

liquids, gases, compounds, elements, and all terrestrial pheno-

mena, bow in humble reverence, and submit themselves to the

powerful control of this most potent substance—the ethereal

medium.

12. The Ethereal Waves are Electric—The electricity

imparted to the earth, by the solar rays, is experimentally

known, and almost universally admitted. Our earth is a great

reservoir of electric waves, receiving a constant supply from the

great solar fountain, and radiating the same into the surround-

ing spaces. The ethereal substance intervening between the

Sim and earth, when electrically agitated manifests itself ia the

form of electricity.

13. The Ethereal Waves are Magnetic.—The experi-

B

~1
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ments upon steel sewing needles, placed in tlie violet rays of

the sun^ show most conclusively that those rays are magnetic.

All our experiments, in forming magnets^ prove that the pre-

sence of a magnetized body is necessary to impart its power to

an unmagnetized body. If the violet solar rays were destitute

of this property, or, in other words, if the peculiar waves o£

the ethereal medium, called violet, were not magnetic, no other

L substance, in their presence would be magnetically affected.

14. The Ethereal Waves Possess Chemical Proper-

' ties.—There are certain waves of ether, not far from the violet

end of the solar spectrum, that are especially denominated

^ Chemical. This peculiar chemical action is no where more

beautifully illustrated, than in the department of photography.

But in the great laboratory of nature, the ethereal substance, in

the form of heat and electric waves, manifests its most wonder-

ful and powerful chemical operations.

15. The Ethereal Waves both Attract and Repel.—
Steel needles, when magnetized, exhibit polarity : unlike poles

. attract ; like poles repel. When parallel waves of ether pro-

ceed in the same direction, they attract each other : when they

proceed in opposite directions, they repel each other. This is

^ demonstrated by innumerable experiments on galvanic currents.

In one form and direction of the wave- current, the particles of

bodies cohere, with great tenacity. The cohesion is modified

and changed as the wave-current varies. If the variation

becomes sufficiently great, cohesion is destroyed, and the

molecules exist in the liquid form ; a still greater variation in

the magnitude, intensity and direction of these waves, separates

liquid substances into a gaseous form, in which state, their

L' molecules become mutually repulsive.

Is it reasonable to assume, that the ethereal substance,

possessing so many active qualities, is independent of the great

law of universal gravitation ? If light, heat, electricity, mag-

netism, chemical affinity, and cohesive attraction, are inter-

"vroven so closely with the wave-motions of ether, would not

analogy strongly urge the claims of this, the most active of all

substances, to a high and most powerful position, among the

r universal list of all other materials ? How can we, with any
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degree of assurance, exclude it from tliat universal power witli -

which all other matter is endowed ?
'

16. The Ethereal Medium is not of Uniform Den-
sity.—The ethereal medium, by virtue of its gravitation toward

all other matter, must collect around all worlds, and nebulous

forms of other substances, in the form of atmospheres or enve-

lopes. These ethereal coverings or envelopes must increase

in density, as their respective centers of gravitation are ap-

proached.

As gross matter is not impervious to ethereal matter, thel

latter must infuse itself through all the interior of worlds, its

density increasing, until the centers of gravity are reached.

Outward from the surfaces, the densities will decrease, as far as

the ethereal envelopes of rotating bodies can extend. Beyond

the surfaces of these rotating envelopes, the densities will still

continue to decrease, until reaching the limits of equal gravita-

tion, between world and world. Such must be the condition of

the ethereal medium, under the force of gravity. ~ '•

17. Is it probable that the Velocity of the ethereal waves is

Variable, according to the Density of the Ether through which

they are propagated?

The average velocity of light, in passing diametrically

across the earth's orbit, is 185,420 miles per second. But aS]

some portion of its path lies near the sun, in close proximity to

the densest strata of the ethereal medium, may not the lumini-

ferous waves be continually retarded for 493 -096 seconds, du-

ring which they describe the first half of their path ? And in

the second half of their journey, may they not be continually

accelerated, during an equal interval of time? If so, the sum
of their retardations will be exactly equal to the sum of their i

accelerations, and the average velocity will be as stated above.

18. To those who may be anxious to test, by observation,

the variable velocity of light, (if such exist,) arising from the

gravitating power, and consequent variable density of the ethe-

real medium, the writer would suggest the following :

—

Let the observer, with good instruments, carefully deter-

mine, from the eclipses of one of Jupiter's satellites, the exact

time of the passage of light, through different chords of the

O
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earth's ortit. The exact lengths of these chords are easily cal-

culated, it is e^'ident, that the shorter the chords, the greater

will be the distance from the sun, and the less will be the

density of the medium, and the greater may be the velocity of

light, and the less may be the time in passing over equal dis-

tances. If such variations be found to exist, the exact determi-

nation of these data, will be of immense importance in the

future development of astronomy : for the data, thus obtained,

will determine.

First, the relative densities of the different strata of ether,

intervening between the earth's orbit and the sun

:

Second, the relative elastic forces of these strata, as com-

pared with their respective forces of gravitation toward the sun.

These discoveries would, very probably, develope some law

of density, depending on the distance from the sun : if so, such

law could be extended into the vast distances beyond the pre-

sent boundaries of our system, till we reach the sphere of equal

gravitation, between oui' system and others.

Such a law would also develope the law of planetary resist-

ance, depending on their respective masses, velocities, distances,

and the relative densities of the medium in which they move.
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CHAPTER 11.

ROTATING ETHEREAL ENVELOPES.

19. Ethereal Surface of Rotation; Definition. 20, 21. Law
of Ethereal Semi-diameters—Examples. 22. Remarkable

Forms of the Ethereal Envelopes. 23. Ethereal Medium

External to the Rotating Envelopes. 24. Law of Plane-

tary Velocity. 25. Circulating Currents External to the

Envelopes—their Periodic Times Increase ivith the latitude,

when the Axial Distances are the same; Examples. 26.

Planes of Motion, Perpendicular to the Axis. 27, 28.

Tendency to Equilibrium—its effects upon the rotation of

Bodies. 29, 30. The Author's Theory Confirmed by Recent

Observations—Sun-spot-Periods Increase ivith the Solar

Latitude. 31. Sun's Rotation less than the Sun-spot-

Periods. 32. Rotation Diminished by Ethereal Resistance,

unless Balanced by a Constant Acceleration.

19. Ethereal Surface of Rotation.—The ethereal medium,

not only collects around worlds in greater density, but it

also partakes of the rotatory motion of the body around which

it gathers. This rotation necessarily produces an envelope of

definite form and dimension, depending on the balanced con-

dition, between the centripetal and centrifugal forces. The

rotating envelope can only extend to the distance, where the

rotating velocity becomes sufficiently great to balance the

gravity of the surface particles. The vast ethereal ocean

beyond these limits, cannot rotate in the same time as the

world within. But if it revolves at all, each particle must have

a velocity slower than the surface rotation.

Definition.—The distances from the center of a rotating

globe to the limiting surface of the ethereal envelope, or to

that surface which can possibly rotate, in the same time, as the

central globe of grosser matter, without being thrown off by

the centrifugal force, will be called, Ethereal semi-diameters.
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20. Let D, D' represent the perpendicular axial dis-

tances of any two points in a limiting ethereal surface of

rotation; let d, d' represent the respective distances of the two

points from the center of gravity of the rotating globe, which

distances, by definition, will be the ethereal semi-diameters; let

V, v' represent the respective rotative velocities of the two

points.

The rotating velocities of any two ethereal surface point*

vary as their perpendicular axial distances; thus

V : v' :: D : D' (i)

The rotating velocity and the planetary velocity, of any

ethereal surface point, must be the same; otherwise, the

point wovdd lose its characteristic as a surface point.

According to a well known law, the planetary velocity

of an ethereal surface point varies inversely as the square root

of its distance from the center of gravity; that is, inversely as

its ethereal semi-diameter; hence, we have

1 1

.(2>

x/d ^d'

By (1) and (2) we obtain

11— : :: D : ly-,

Vd Vd'
hence

1 1

d : d' :: — : ..(3)

Thus we have the following

21. Law.—In a rotating globe, whose axis is infinitely pro-

longed, the ethereal semi-diameters of its envelope vary as the

inverse squares of the perpendicular axial distances of the

points of their intersection with tjie limiting surface.



[chap. II. KEY TO THE UNIVERSE. 23

In illustration of this law^ the following examples are

given.

Example 1.—Find the equatorial ethereal semi-diameter

of the sun, the period of his equatorial rotation being 25 days,

and his distance from the earth being 91430000 miles.

Let t =the earth^s orbital period;

t' =25 days= the solar-equatorial-ethereal-surface-ro-

tation;

Let d =the sun's mean distance from the earth;

d'^=ih.e required equatorial ethereal semi-diameter.

By Kepler's law, we have

f" : r- :: d^ : d'^-,

hence, when reduced to figures^ we have

</'= 15298548 miles from the sun's center.

Example 2.—If the equatorial ethereal semi-diameter of

the sun, be called unity or 1, what will be the ethereal semi-

diameter, at any ethereal surface point, where the perpendicular

axial distance is equal to ^ ? And what the solar latitude of

such point?

By formula (3), we have

1

d'= =4;

hence, when the axial distance is ^ the equatorial, the ethereal

semi-diameter will be four times that of the equatorial.

The solar latitude of the point is found by the common

method; that is, by finding the angle included between the ethe-

real semi*-diameter and the axial distance, or the hypothenuse

and the base.

Latitude= 82° 49' 10'".

Example 3.—If the perpendicular axial distance of a sur-
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face point, on the sun's ethereal envelope be -7937, what will be
its ethereal semi-diameter ? and what the solar latitude ?

Answer <
j

587401
Latitude= 60°.

Example 4.—If the axial distance be -1, what will be the

length of the ethereal semi-diameter ?

Answer, 100 times the ethereal semi-diameter at the

equator.

Example 5.—If the axial distance of a surface point be

'8908981, what will be the ethereal semi-diameter? and what
the solar latitude?

Ansiveri
1 '^59920

\ Latitude

=

45°.

Example 6.—If the axial distance is -9531843^ what the

semi-diameter, and the solar latitude ?

Answer f
1-1006424

lLatitude=SO°.

22. By the solution of these few problems, and the mathe-

matical law which determines the form and dimensions of these

ethereal envelopes, we can readily perceive that every sun,

planet, asteroid, satellite, and comet which has a rotation on an
axis, must have an ethereal envelope of a certain figure, and
must be governed by the same law; and that the dimension

of each depends upon the mass of the body and period of its

rotation.

What appears very remarkable is the sameness and pecu-

liarity of this figure, having no resemblance to any spheroid,

ellipsoid, paraboloid, hj^erboloid, or other common known
solid. Although it is a figure generated by the mechanical laws

of central force and axial rotation, yet its properties do not

seem to have been noticed, so far as the author is aware, by any
of the investigators of celestial mechanism.

23. The Ethereal Medium, Outward from the Ethe-
real Rotating Envelopes.—Outward from these ethereal sur-

faces of rotation, there must be circulating currents of ether,
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i-evolving in the same planes, and in the same directions, as the

interior rotating bodies, and their respective envelopes. For

a rotating surface imparts its motion to adjoining strata, and

these again to others, and so on, to an indefinite distance. The

velocities of these successive currents, if not retarded would

necessarily be the same as those of planetary bodies : and, there-

fore, from the ethereal surface, outward, the velocities must con-

tinually become slower and slower, while the periodic times

become greater.

24. The law of mean velocities, depending on planetary

distances may be derived from Kepler's law : thus

Let t, t' represent the periodic times of any two planets in

their orbital revolutions : let d, d' be their respective mean dis-

tances from the sun; v, v' their respective velocities; then,

by Kepler's law, we have

(1)
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of ether, situated in those lines^ will have equal axial distances

;

hut their central distances will vary, as the secants of the solar

latitudes^ and their planetary velocities will vary as the inverse

square roots of these secants; (Par. 24;) and therefore, the

periodic times, around the solar axis, in equal circumferences,

must vary directly as the square roots of the secants; that is, at

4 times the distance the velocity will be ^, while the periodic

time around the solar axis will be 2. At 9 times the distance

from the solar center, the velocity will be ^, and the periodic

time 3; and so on. And, therefore, the periodic times of the

circulating strata, at equal distances from the axis, will increase

as you recede from the equatorial plane. The following ex-

amples will still further illustrate.

If the ethereal equatorial surface of the sun rotates in 25

days, at the same axial distance, in solar latitude 37° 8' 13", the

planetary velocity of the ether is such that it would require 28

days to perform one complete revolution. In solar latitude 45°,

the axial distance being the same, the periodic time would be

29c? 17h 2Sm 52^. The axial distance being the same, if we

take a distance from the equatorial plane equal to the sine of

the latitude 45°, the periodic time of the revolutions of the

ether around the solar axis will be = 27d \Qh.

26. It should be borne in mind, that the planetary revolu-

tions of the ethereal strata, must not be calculated for orbits

around the center of gravity of the sun; for these (which would

be their natural orbits if left free to move) they are prevented

from describing, by the intervening strata; but they move

in circles, parallel to the equatorial plane, and at right angles

to the solar axis.

If lines be drawn parallel to the solar axis, and exterior to

the equatorial tangents, which are also parallel to the axis, the

revohing particles, at different distances from the equatorial

plane, along these exterior lines, will follow the same law,

as expressed in Par. 25 ; that is, for the same solar latitude, the

velocities wiU be less, and the periodic times greater, because

of the increased distance of these lines from the axis; and

these periodic times will still further increase as the solar lati-

tude iucreases.
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27. Constant Tendency of the Ethereal Medium to a state

of Equilibrium.

The intensely elastic properties of the ethereal medium
(Par. 9.) must necessarily operate to preserve an equilibrium;

and when such equilibrium is disturbed, it will operate with

great force or rapidity to restore the medium to its former state

of repose. When a train of cars passes rapidly through the

atmosphere at rest, the air is thrown into a violent motion ; but

as soon as the cause ceases to act, the elastic power of the

medium soon restores it to its former condition. The same

is true, when the disturbance arises from rotating bodies. As
long as the rotation of the body continues, there will be a con-

stant rotation of the air in the immediate vicinity, and also

a constant effort of the air to counteract the rotation, and

to preserve itself in a state of equilibrium; and when the

rotation ceases, the circulating currents do not long survive,

being overpowered by the friction and elasticity of the sur-

rounding medium.

The ethereal strata, immediately exterior to the rotating

ethereal envelopes, when seeking to acquire a planetary velocity,

if successful, for a moment, cannot preserve such velocity; for

the still more distant strata, having a slower motion, must,

by friction, retard the interior strata, diminishing their centri-

fugal force, until regaining a small fraction of weight they

again slightly press upon the rotating surface, when they begin

again to re-acquire the velocity lost by friction. These alternate

processes will be repeated so rapidly as to become continuous

while rotation continues.

28. The Effects of the Equilibrium Tendency on the Rota-

tion of Worlds.

Besides the ethereal envelopes surrounding worlds, the

most of them have also atmospheres of less dimensions, com-

posed of grosser substances, which only extend a comparatively

short distance above the solid or liquid portions. These gross

atmospheres have a constant tendency to rotate in the same

time as the denser mass beneath. But this they are prevented

from doing, by the constantly retarding action of the ocean

of ether, exterior to these rotating atmospheres and ethereal
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envelopes. This retarding action does not exhibit itself with

equal force in different latitudes of the rotating body. At the

equator it is a minimum,', in the neighborhood of the poles, it is

a maximum. The periodic times of these rotating atmospheric

and ethereal strata, will increase with the latitude. The true

cause of this, has been explained in Paragraphs 25 and 26. It

necessarily arises from the excess of gravitating force, acting on

the ether, not being so fully counteracted by the centrifugal

force, as in the equatorial regions. This greater pressure, with

greatly retarded velocities of the ethereal strata exterior to the

rotating surface must retard the atmosphere with increased

force as you recede from the equator.

29. The Author's Theory is Confirmed by Recent Observa-

tions.

Recently observers have carefully noted the periodic times

of rotation of sun-spots in different solar latitudes. At the

solar equator they rotate in about 25 days, as the distance from

the solar equator increases, the periodic time of rotation in-

creases. About 40° of latitude, or nearly half-way from the

equator to the poles, the periodic time of these spots is a little

less than 28 days. Now it is a fact, worthy of note, that in

latitude 45°, at a distance above the ethereal surface, only

amounting to a little less than one-tenth of the equatorial

ethereal semi-diameter, the periodic time of the circulating

currents having a planetary velocity is 28 days.

30. These sun-spots are probably dark clouds, floating in

the denser or grosser atmosphere, and rotate in the same time

as the respective strata which they occupy. These sun-spots,

as supposed by some, may possibly be the dark body of the sun,

far beneath its luminous atmosphere, and seen through open-

ings. If such be the case, these openings must travel around

with the rotating current, exhibiting successive portions of the

dark body beneath. As you recede outward from these sun-

spots through the chromosphere and coronal regions into the

invisible ethereal envelope, the ethereal substance must be more
and more retarded, until the region of planetary velocity is

reached, when the retardations will become much more rapid,

until the velocities will finally become greatly reduced.
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31. The Real Period of the Sun's Rotation must be Less

than 25 days.

For the equatorial sun-spots have a period o£ 25 days; and

these are retarded by the causes already named. And though

this retardation is reduced at the solar equator to a minimum,

yet it must be appreciable, and may vary some hours from the

real rotation of the great interior mass.

32. Will the Real Rotation of the Sun be Diminished by

its Ethereal Resistance?

If there is no accelerating force equal to the resistance, the

velocity of rotation must be diminished, until it is altogether

overcome. And the same is true in regard to all rotating

worlds. It is also true in regard to all orbital revolutions. An
end must come to all axial and orbital motions, and the universe

be reduced to chaos, unless there is a compensating accelerating

force, sufficiently powerful to counteract the resisting force of

the ethereal medium. Such a force is imperatively called for,

and such a force does exist, as we shall in the next chapter,

proceed to show.
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CHAPTER III.

GRAVITATION.

33. Gravitation is not an Instantaneous Force. 34. Gravita-

ting Force transmitted loith the Velocity of Light. 35.

Aberration of the Gravitating Force. 36, 39. Aberration

illustrated by a right-angled triangle. 40. Aberration

of Force in Elliptic Orbits the same as that of Light.

41. Law of Aberrating Velocity, expressed in terms of

Planetary Distances. 42. Orbital Accelerations. 43.

Intensity of the Earth's Gravity toward the Sun. 44.

Intensity of the Earth's Orbital Acceleration, expressed in

terms of Earth's Gravity. 45. Orbital Acceleration,

expressed in Pounds Weight. 4:6. Earth's Fall toiuard

the Sun in one second. 47, 48. Excess of Orbital Space,

gained in one second, by the Aberrating Force—Space

gained in one year—Increase of Periodic Time. 49. Ab-

errating Intensities vary ivith those of Gravity. 50. Law

of Aberrating Forces. 5]. Definition. 52. Law of

Aberrating Forces, expressed in terms of Planetary Distan-

ces. 53, The law applicable to the Satellites.

33. Gravitation is not an Instantaneous Force.—It has

been assumed, since the days of Newton, that the force called

gravitation is transmitted from world to world instantaneously.

This assumption has remained without proof until now. It

was undoubtedly made to correspond with another equally

erroneous assumption that there was no resisting medium ; and

when compelled to admit that all space was filled with an ether-

eal substance, there was still further a necessity to assume that

this ocean of ether had no gravitating nor resisting properties.

And thus one absurd assumption has been heaped upon another,

in order to maintain an assumed hypothesis, namely, that there is

no resistance, and therefore, no need of an accelerative force to

maintain the rotative and orbital motions of the planets. For
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to admit that gravitation, like light, needs time for its trans-

mission through space would involve, as we shall presently

prove, the necessity of also admitting an accelerating orbital

force^ which would strike a fatal blow to the other assumptions.

34. The Gravitating Force is Transmitted with the Velocity

of Light.

The velocity of light has been very accurately determined.

And it is very firmly believed that the heating, magnetic, elec-

tric, and chemical rays, as well as the rays of different colors,

are transmitted with equal velocity. In this respect, the solar

radiations are believed to follow the same law as the atmos-

pheric radiations of sound. Sounds of every tone are conveyed

through the same medium, with the same velocity. Why should

the radiations of gravity depart from this law ? Why should

Neptune receive this solar force as soon as Mercury ? How can

force be transmitted, or pass through space, without occupying

time ? Time and space are essential characteristics of all

motion; take away either of these, and we can form no concep-

tion of motion. An instantaneous motion is inconceivable.

In assuming, therefore, that the gravitating force is transmitted

with velocity, involving time, we only assume that which is ana-

lagous to all the motions of nature. In further assuming that

it has the same velocity as light and other solar radiations, we

are supported by the analogous phenomena of the transmission

of sounds.

35. Aberration of the Gravitating Force.

It is evident, that a traveling force, having the same veloci-

ty as light, will, when combined with a planet's orbital volocity,

produce an aberration or deviation from the real center of gra-

vity. The amount of this aberration will be the same as the

aberration of light, which, in the case of the earth, is equal to

the mean deviation of about 20" -25 of an arc. This is called

the mean or constant angle of aberration ; that is, the earth, if

its orbit be considered circular, moves over the arc of 20" -25,

during the 8 minutes, and 13 -096 seconds in which the force of

gravitation is transmitted from the sun to the earth.

36. The angle of the aberration of light has been calcula-

ted on the supposition, that gravitation was transmitted from



32 KEY TO THE UNIVERSE. [cHAP. III^

the sun to the earth instantaneously,—that when the earth is-

in perihelion or aphelion, it moves in a right angle to this line

of instantaneous force—that the line connecting the real and

apparent centers of the sun, being parallel to the line of the

eartVs motion, must also be at right angles to the same line of

force,—and that a line, drawn from the earth to the apparent

place of the sun, is the hypothenuse of this right-angled trian-

gle. This process of reasoning and the conclusion are correct,,

so far as the aberration of light is concerned.

37. But if gravitation moves with the velocity of light, the

line of force and the line of light will be identical : both will

proceed, not from the real place of the sun at the instant of

their reaching us, but from the apparent or aberrating position

of that luminary. Hence, when the earth is in aphelion, it does

in reality move at right angles to the supposed line of instanta-

neous force, and consequently must move with an acute angle

to the line of the traveling or aberrating force ; and therefore,

.

the line joining the centers of the real and apparent sun, which

is parallel to the line of the eartVs motion, must also make an

acute angle with the same line of traveling force. These three

lines form a right-angled triangle ; the right angle being at the ^

sun's real center ; the apparent sun's distance is the hypothe-

nuse; the line joining the real and aberrating centers is the-

perpendicular ; and the line connecting the earth with the real

center is the base. The base, if the earth's orbit be considered

circular, is less than one-half a mile shorter than the hypothe-

nuse, there being only 2326 feet difference. The acute angle,,

included between the base and hypothenuse is the angle of aber-

ration, the mean of which is as above stated : the mean of the

other acute angle is 89° 59' 39" -75

38. Still considering the earth's orbit circular, and its

radius equal to 91430000 miles, an arc of 20" -25 would be

:

nearly equal to its sine or equal to 8976*1192599286 miles,

which would be equal to the perpendicular of the triangle we-

have just described.

39. If the sides of this right-angled triangle were consid--

ered as consisting of some rigid material, as, for instance, iron--

wire; and if the triangle were made to revolve around its right-
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angle, the greater acute angle would describe the circle of aberra-

tion, and the other acute angle would describe a circular orbit of

the earth, with the base as radius. The momentary direction o£

the earth's path would be constantly perpendicular to the base.

40. The effects of aberration in an elliptic orbit, calculated

with reference to the traveling force of gravity, will be the

same as the phenomena observed in connection with the aberra-

tions of light.

41. The orbits being considered circular, the Aberratiriff

Velocities at the Different Planets, vary as the Inverse Square

Roots of their Distances from the Sun.

The aberrating velocities in circular orbits vary directly as

the orbital velocities; and these velocities vary as the inverse

square roots of their distances; (Par. 24;) and therefore, the

aberrating velocities of the force of gravitation must vary as

the inverse square roots of these distances.

Hence, the points toward which the planets gravitate, can-

not be the real center of the sun, but they are movable points,

at a distance from such center equal to the angle of aberration.

As one faces the sun, this point for each planet is contmually

on the right hand of the sun's center, and circulates around it,

in the same orbital period of the planet, and from west to east

in the same direction as the orbital motion.

42. The Aberrating Force of Gravity Accelerates the Or-

bital Motion of a Planet.

The points of gravitating aberration, being on that side of

the sun's center, towards which the planets arc moving, must
necessarily accelerate their orbital motions.

The perpendicular of the right-angled triangle, described in

Paragraph 37, represents both in quantity and direction the

aberrating force of gravity. Complete the parallelogram, by

drawing lines parallel to the base and perpendicular; the

hypothenuse will be the diagonal of this parallelogram. The

force which this diagonal represents may be resolved into two

simple forces, represented by the base and perpendicular; but

the latter is parallel and equal to the line which the planet

describes, during the transmission of the gravitating force from

the sun. Of these two simple forces, the base, being equal
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to the real sun's distance^ represents the central force; and the

earth's path, the accelerating orbital force. These forces are in

the following proportion. (See Par. 38.)

Central force \ Orbital force W 91430000 : 8976-11926.

If the Orbital force be called unity or 1, then

8976-11926 : 9U30000 :: 1 : 10185-91635788;

or Orbital force 1

Central force 10185 -91635788.

Therefore, the earth is accelerated in its orbit, by the aber-

1

rating force of gravity, equal to the th part

10185 -91635788.

of its central or gravitating force towards the sun.

All the other planets have a similar accelerating orbital force.

43. To find the Intensity of the Earth's Gravity toward

the Sun.

The earth's mean radius is equal to 3955 -94943182 miles.

Let the earth's force of gravity toward her center, at the dis-

tance of her mean radius, and when freed from the counteract-

ing effect of the centrifugal force of rotation, be equal to unity

or 1; let the sun's mean distance from the earth, (91430000

miles,) be expressed in terms of the earth's mean radius, being

£qual to

91430000
= 23364-80826992676;

3955 -94943182

let the mass of the sun be expressed in terms of the earth's

mass, being equal to 314760. Then by Newton's law of Uni-

versal Gra-vitation, we shall have

Sun's mass 314760

[distanceY (23364 -80826992676)-

=^G'= -000576574051819522,
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whicli is equal to the intensity of the earth^s gravitation to-

ward the sun, compared with unity or the intensity of gravity

toward the eartVs center at the distance of her mean radius.

44. To find the Intensity of the Earth's Accelerating Orbi-

tal Force, in Terms of the Intensity of the Earth's Gravity.

The intensity of the earth's central force towards the sun,

is determined in terms of terrestrial gravity, in the last para-

graph. Hence, (Par. 42,) we have

10185-91635788 : 1 :: -000576574051819522

: -000000056605025170217=0,''

which is the intensity of the earth's accelerating orbital force,

in terms of the intensity of gravity toward the earth's center,

at the distance of her mean radius.

45. To Find the Intensity of the Earth's Accelerating

Orbital Force, expressed hi Pounds Weight.

A cubic inch of distilled water weighs 252*458 grains

avoirdupois; and 7000 grains make one pound; hence 1 cubic

mile of distilled water will weigh 91831254151701bs and 4433

grs. The density of the earth is 5 -6604 times heavier than

water; hence, 1 cubic mile of the earth must be equal to

(9183125415170fts 4432grs.) x 5 -6604, which is equal to

51980163100031 -85181bs. The volume of the earth is 2597560-

14917 cubic miles. These last two numbers, multiplied together

give a product of 13,502,160,021,599,966,659,335,9331bs, as

the weight of the whole eartli. This multiplied by the intensity

of the earth's accelerating orbital force, as determined in Para-

graph 44, will give a product equal to

764,290,107,874,962,8251bs =p.

This is the pressure in pounds weight, in the direction of

the tangent of the earth's orbit, when considered circular. This

is an accelerating force, constantly acting to increase the

velocity of the orbital motion.

46. To Find the Earth's Fall toward the Sun in one Second.

Bodies at the surface of the earth, at the distance of her

mean radius from the center, in latitude 45°, fall in one second



36 KEY TO THE UNIVERSE. [cHAP. III.

16 '08538 feet; and were it not for the centrifugal force of

rotation, they would fall 16 •1131467 feet in the first second.

Let G=the intensity of gravity at the earth^s surface;

G'=the intensity of gravity of the earth toward the

sun.

Let /=fall in one second toward the eartVs center;

/'= fall of the earth in one second toward the sun.

then we shall have

G : G' :: / : /';

or
1 : G' :: 16 •1131467 : /,-

substitute the value of G', (Par. 43^) and we shall find

/'= -009290422280381360 feet.

The velocity gained at the end of one second is =2/'.

v=2f= -018580844560762720 feet per second.

47. To Find the Increased Orbital Space over which the

Earth must Move in one second by the Action of the Accelerating

Aberrating Force of Gravity.

Let /"=the increased space required; then

Central force '. Orbital force '.'. f '. f";

or (Par. 44)

10185 •91635788 : 1 :: /' : /";

therefore^ as/' is known, (Par, 46,) we have

/"= -000000912085074525 feet.

This is the excess of orbital space, moved over in one

second, at the end of which, the velocity gained will be 2/".

v=2f" -000001824170149050 feet per second.

48. To Find the Increased Orbital Space over which the

Earth must Move in one Sidereal Year, (= 31558149 •& seconds,)

by the Action of the Accelerating Aberrating Force of Gravity.
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Let 5= the required increased space, then, by the law of

acceleration, we have

s=f X (31558149-6)-;

therefore, by multiplying, and reducing to miles, we have

5= 172038 -040602598266 miles.

Thus, it will be perceived, that the aberrating force of

gravity will lengthen the earth^s orbital path, over 172000

miles in one sidereal year, during which the earth will continu-

ally recede from the sun in a spiral path. If s be added to the

circumference of the earth^s orbit, and the same be considered

circular, the semi-diameter will be increased from 91430000

miles to 91457380*704562 miles making a difference of over

27380 miles. And by Kelper's law, the periodic time would be

increased from 1 sidereal year, to 1 sidereal year, 3 hours, 56

minutes, 17*2 seconds.

In like manner, if there is no resisting medium, all the

planets must be accelerated in their orbits, by the aberrating

force of gravity, and recede in spiral paths from their common
center into the far distant regions of space.

49. The Intensities of the Aberrating Force, acting under

the same angle, vary directly as the Intensities of Gravity.

Let i, i' represent the aberrating intensities, corresponding

to any change of mass or intensity toward which a body may be

gravitating; let g, g', represent the gravitating intensities.

Because the angle of aberration is supposed to remain the

same, the parallelogram, representing these forces, (Par. 42,)

will also be constant; and however much the intensity, repre-

sented by the diagonal, may change, the same proportional

intensity of change must characterize the two simple forces,

into which the compomid force has been decomposed, and which

.are represented by two of the sides of the parallelogram ; there-

fore,

i : i' :: ^ : /.

50. The Aberrating Tendencies vary directly as the Inten-

^ity of the Force, multiplied into the Aberrating Velocity.
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It is seen by tlie last Paragraph, that the intensity of the

aberrating force varies as the intensity of gravity; and it is also

CA-ident, that the same intensity produces greater or less results

in the exact proportion to the velocity of aberration.

Let a, d be the velocities of aberration for any two circu-

lar orbits ; let i, i' be the corresponding intensities of the aber-

rating force ; and let F, F' be the aberrating tendencies, result-

ing from the joint action of the intensities and velocities. For

the reasons above mentioned^ we shall have

F : F' :: ia : i'a'.

51. Definition.—Though a and a' are not properly forces,

yet they, in their combined state with /', i', represent forces;

therefore, ia, i'a', or their representatives F, F', will be called,

the aberrating forces of gravity.

52. In the Planetary System, the Orbits being considered

Circular, the Aberrating Forces of Gravity vary Directly as the

Masses and Inversely as the Fifth Powers of the Square Roots

of the Distances from the Gravitating Center.

Let d, d' represent the respective distances of any two

bodies from the sun.

By Par. 49 we have

Newton's law gives

ff : ff'

hence

i : i'

by Par. 41

a I a'

hence

ia : i'a'

9 :
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CHAPTEE IV.

COMPOUND ORBIT OF THE SUN.

54. Solar Orbit. 55. Aberrating Intensities vary as the

Masses. 56. Apparent Places of Planets as seen from

the Sun. 57. Law of Aberratiiig Forces, as exerted by

Planets on the Sun. 58. Hotv to find the resultant action

of all the Planetary Aberratinj Forces. 59. Accelera-

tion of the Sun in his Orbit, arising from the Aberrating

Force of the Earth. 60. Pounds pressure, exerted by

the Earth, in propelling the Sun in his Orbit. 61. Ex-

cess of Orbital Space, gained by the Sun in one year—
Enlargement of his Orbit, and the Increase of his Periodic

Time. 62. Algebraic expression of the Laiv, given in

Par. 57. 63. Accelerations of Rotation. 64, 65. Law
of the Aberrating Force of Rotation. 66. Law, relating

to the Rotating Particles of the Envelope.

54. Solar Orbit.—It is known that the sun revolves from west

to east, around the common center of gravity of the system, in

a very irregular orhit. If the system consisted of the sun and

only one planet, each would revolve around the common center

of gravity, in the same plane, and in balancing orbits precisely

similar, the motions being parallel, but in opposite directions.

The dimensions of these two balancing elliptic orbits, would be

inversely as the masses, describing them, while the periodic

times would be equal, and therefore, their mean velocities would

be inversely as the masses. If a second planet, be introduced

into the system, there will be three orbits—two planetary and
one solar; but the solar will be compounded of its two simple

balancing orbits. In like manner, if there be n planets, there

will be w + 1 orbits,—the solar orbit being compounded of n
simple orbits. The sun will describe this irregular compound
balancing orbit, in a period equal to that of the most distant

planet of the system.
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55. The Aberrating Intensities, mutually existing between

the Earth and Sun, are directly as their Masses.

It has been proved, (Par. 49,) that the aberrating intensi-

ties vary as the force of gravity ; but gravity, when the distance

is the same, varies directly as the mass ; therefore, the aber-

rating intensities of the two bodies must vary as their masses.

The same is true in regard to the mutual aberrating inten-

sities, existing between the sun and any other planet.

56. Planetary bodies, as seen from the sun, will not appear

in their true position, but in the position that they were in at

the instant the light left them. During the interval in which

light performs its journey from each planet to the sun, each

will describe an arc equal to its angle of aberration.

The same is also true, in regard to the angles of the aberra-

tion of forces as well as light, as the former are being trans-

mitted from the respective planets to the sun.

57. TTie Aberrating Force, exerted by any Planet to Accel-

erate the Sun in his little Balancing Orbit, is directly as the

Mass of the Planet, and inversely as the Fifth Power of the

Square Root of its Distance.

This general proposition is demonstrated by a similar pro-

cess of reasoning, to that in Paragraphs 52, 55 and 56.

58. To find the resultant intensity and direction of all the

combined aberrating forces of the planets, exerted upon the

sun in any given moment, it is necessary to introduce into the

problem, the relative positions of the planets and sun in regard

to the common center of gravity of the system; and from these

data, connected with the law, expressed in the preceding Para-

graph, the problem, though tedious, can be solved.

59. To find the Intensity of the Earth's Action in Accelera-

ting the Orbital Motion of the Sun, in terms of the Earth's

Gravity.

Let G"= the aberrating intensity of the solar action, in

accelerating the orbital motion of the earth; let /=the aberra-

ting intensity of the earth's action in accelerating the orbital

motion of the sun. Then (Par. 55) we shall have

or sun's mass '. earth's mass '.
'. G" '. I;

314760 : 1 :: G" : i;
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as G" is known, (Par. 44,) we have

I.= -0000000000001 7983551.

This is the force, exerted by the mean aberrating gra\'ity of

the earth, in accelerating the sun in his balancing orbit, expres-

sed in terms of the earth's gravity at the distance of her mean

radius, the earth's gra-sdty being called unity or 1.

60. To Find the number of Pounds pressure, exerted by the

Aberrating Force of the Earth's Gravity, in Accelerating the

Sun in his Balancing Orbit.

Let ^'= the required number of pounds.

By Par. 55 we have

sun's mass '. earth's mass '.'. p '. p';

or 314760 : 1 \\ p \ p'

;

as p is known, (Par. 45,) we have

y= 2,428, 167,835,414ffis.

61. To Find the Increased Space, over which the Sun must

Move in his Balancing Orbit, in one Sidereal Year, by the Action

of the Accelerating Aberrating Force of the Earth's Gravity.

Let s'= ih.e increased space required.

By Par. 55, we have

sun's mass '. earth's mass '.'. s '. s';

as s is known, (Par. 48,) we have

s'= -54656894333 of a mHe.

Thus it will be perceived, that by the action of the earth's

aberrating force, the solar balancing orbit will, in one sidereal

year, be increased over one-half a mile, which woidd increase

his periodic time, in his increased balancing orbit, from one

sidereal year to \y 3h o6m 17 •2*. (See Par. 48.)

It will also be perceived, that the sun's balancing orbit

with that of the earth, will no longer be an ellipse, but a spiral
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o£ the same form as the longer spiral orbit of the earth, each

xeceding from the common center of gravity between the

two bodies. Such must necessarily be the phenomena, under

the mutual action of aberrating forces, unless counteracted by

a resisting medium whose opposing forces shall exactly balance

the aberrating forces.

62. To find, in terms of the earth^s gravity, the action

of the aberrating force of any other planet, in accelerating the

sun, in the ^balancing orbit existing between him and such

planet, the law, expressed in Par. 57, must be used.

To express this law algebraically,

let m =the earth's mass;

W = planet's mass, expressed in terms of the earth's mass;

d =:the earth's distance from the sun;

d' =the planet's distance from the sun;

F" =the aberrating force, exerted by the earth on the sun;

i^'"= the required aberrating force, exerted by the planet on

the sun

;

then m rd
F" : F";

m'F"

or F"'= m

If m and d be each made equal to imity or 1, then the for-

mula becomes
m!

P"i —
_ F\

Vd"
'

63. Accelerations of Rotation.—In a rotating world of

a globular form every particle without the axis will be accel-

erated in the direction of the tangent to its circular path.

These accelerations are caused by the aberrating forces of

gravity. The line of motion of every particle in a rotating

body makes an angle with the central lines of traveling force;

and the velocity of force must necessarily have a certain ratio

to the velocity of each particle, giving rise to the phenomena

of force abberration.
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64. When the density, throughout a rotating globe, is the

same, we have the following

Law.—The aberrating Force of Gravity upon any Particle,

situated either on the surface or in the Interior, ivill be jointly as

its Central Distance multiplied into its perjjendicular Axial Dis-

tance.

For in such a globe, the intensity of the force of gravity

of any particle toward the center is directly as the dis-

tance,, and its rotating velocity is as its axial distance : but the

aberrating force (Par. 51) of gra^aty upon any particle is as its

gravitating intensity multiplied into its rotating velocity.

Let i, i', represent the gi'a\dtating intensities of any two

particles toward the center; d, d', their respective central dis-

tances; V, v', their rotating velocities; D, D, their axial distan-

ces; A, A', their aberrating forces.

Then
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CHAPTER V.

ABERRATIONS IN ELLIPTIC ORBITS.

67. Elliptic Orbits. 68. Law of Velocity in an Elliptic

Orbit. 69. Law of Angular Velocity. 70,71. Aber-

rating Velocity—its Laiv in Elliptic Orbits. 72. Law
of Aberrating Forces in Elliptic Orbits. 73. Angular

and Aberrating Velocity at the mea?i distance. 74. A
particle at rest must describe an Orbit around a body in

Motion. 75. How to estimate the joint Aberrating Forces

of tivo bodies in Motion. 76. When the Aberrating

Forces of two bodies become neutralized or Zero. 77.

General Theorem.

67. Elliptic Orbits.—Thus far our investigations have been

confined to circular motions. But the planets, and the most of

comets, revolve in elliptic orbits, in each of which, the angle o£

aberration, the velocity of the body, and the intensity of the

focal force, are constantly changing. At the extremity of the

minor-axis, as the body aj)proaches the perihelion, the angle,

between the radius vector and the line of motion, is acute, being

then at its minimum value : from this point the angle increases,

becoming a right angle at the perihelion and still opening out

into an obtuse angle, it attains its maximum value at the other

extremity of the minor axis : it now begins to decrease, passing

through a right angle at the aphelion, still decreasing until

reaching again the minimum point.

The velocity of the body, and the intensity of the focal

force, increase from the aphelion where they are the least, to

the perihelion where they are the greatest, and decrease from

the latter to the former.

68. The velocity of a planetary body, moving in an elliptic

orbit around a focal force is expressed by the following

Law.—If a body move in an elliptic orbit, under the influ-

ence of a focal force, varying inversely as the squares of its



46 KEY TO THE UNIVERSE. [cHAP V.

distances from the focus, the squares of its velocities in any two

points of its orbit, loill vary directly as its distances from the

upper focus, and inversely as its distances from the loiver focus.

Let d, d', be any two distances of the body from the lower

focus ; let k, k' , be the distances from the uj)per focus ; h, A',

the distances of the apsidal points from the lower focus
; p, p\

the perpendiculars let fall from the lower focus on the two

tangents drawn from the points in the orbit at the distances d
and d'

.

From the First Math. Tract of Dr. Matthew Stewart, Prop.

21, Cor., we have

p''-
'. hh' : : d : k

;

hence

also

p-^ =

hh'
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69. In an Elliptic Orbit, the Angular Velocity of a body

around the focus varies inversely as the square of its distance

from thefocus. (See Dr. Stewart's First Math. Tract, Prop. VI.)

70. The real velocity in an Ellipse may be resolved into two

velocities; one in the direction of the radius vector; the other

in a direction perpendicular to the radius vector : the former

has no aberrating effect; the latter gives rise to the aberrating

velocity of gravity.

71. In an Elliptic Orbit, the Aberrating Velocity, when the

Mass of the central body remains the same, varies inversely as

the distance of the moving body from the focal force.

Let d and d' be the distances from the lower focal force of

any two points in an ellipse; let V and V be the angular velo-

cities of a body at those two points; and let a and a! be the

aberrating velocities, or those parts of the velocities which are

at right-angles to the radius vector.

The actual velocities at right-angles to the radius vector,

must be as the angular velocities multiplied into the respective

distances: hence

but (69)

hence

therefore

V : v

Vd : rd'-,

1 1

d^ d'~

Vd : Vd'

1
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Since we have (71)
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The velocity in an ellipse at the mean distance from the

focus^ is the same as the velocity in a circle at the same dis-

tance. Also the mean distance is to the conjugate semi-axis,

as the angular velocity in the circle to the angular velocity in

the ellipse. (See Centripetal Forces^ by James Adams, Prop. 8,

Cor. 2.)

hence
d : c '.: V : V;

therefore

cv

V = —.
d

Cor. 1 .

—

The Angular Velocity, at the mean distance in an

Elliptic Orbit, is equal to the Aberrating Velocitij.

For the momentary arc described, at right angles to the

radius vector, is the same as the momentary angular arc : there-

fore

cv

F = — = a.

d

Cor. 2. Wlien c=d, the ellipse becomes a circle; and we
have

F = V = a.

IVhen c= 0, V and a each equal zero, and the ellipse is re-

solved into a straight line.

Cor. 3. If V and d be each assumed as unity or 1, we have

V = c = a.

74. A body, moving at an angle with a line connecting it

with a particle at rest, exerts upon the latter an aberrating

force, causing it to revolve in a spiral curve around the moving

body. This spiral orbit will continually decrease in its eccen-

tricity.

For the apparent place of the moving body, as viewed from

the particle at rest, will always be behind its true place. The

amount of displacement, the first moment, will be equal to the

aberrating velocity of the body, during the interval in which its-

D
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force is transmitted to tlie particle. Both the apparent and

true places continue moving. The particle at rest will, for the

first moment, commence falling, not toward the real place of

the moving body, but toward its apparent place. The next

moment the apparent place is changed, but the course of the

falling particle is not changed in an equal degree; its centrifugal

force, gained the first moment, causes it to fall toward a point,

behind the apparent place. The third moment, the apparent

position of the moving body is still further changed, and the

velocity and centrifugal force of the particle are much

greater, and the tangential line of motion makes a still greater

angle with the line to the apparent center. This angle, centri-

fugal force, and velocity continue, from moment to moment, to

increase, urging the particle still more and more away from the

apparent central line. And when the particle has fallen to a

point whose distance from the apparent center is equal to near-

ly one-half its original distance, it will have acquired a velocity

sufficiently great to maintain it in a circular or any elliptic orbit

at such mean distance. Let us now suppose the aberrating

force to cease, and the moving body to become stationary, it is

evident that the particle would necessarily revolve in an elliptic

orbit, whose mean distance and eccentricity would depend upon

the mass and angular velocity of the moving body, and the

original distance of the particle when at rest.

75. In estimating the aberrating forces of two bodies in

motion, if their aberrating velocities are opposite their sum

must be taken : but if they are in the same direction, or nearly

so, their difference will be the amount. In the falling of the

particle which we have been considering, the sum of the relative

aberrating velocities must be used, so long as the aberrating

angle increases : but as the particle recedes from the perihelion,

the angle which its path makes with the radius vector continues

increasing, but the aberrating angle does not increase in the

same proportion, because both motions are now inclined in the

same direction ; and when their relative velocities are equal the

aberrating angle ceases ; but as the particle now has the swift-

est velocity, and its direction being momentarily changed, its

aberration will soon gain the ascendency and recede towards
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the aphelion, under the retarding influence of gravity. But

this retardation is not so great as it would be if gravity alone

acted. The angle of aberration begins to increase diminishing

more and more the retardation, until the particle arrives at its

aphelion. In consequence of the retardation being lessened,

the particle will reach its aphelion at a greater distance than it

originally had, when at rest. Thus the major- axis is lengthen-

ed, and the dimensions of the spiral curve increased. At the

aphelion, the spiral path makes an angle with the radius vector

of 90°.

The next revolution, under the influence of still greater

aberrating angles, the eccentricity will be diminished, and the

orbit enlarged : this will continue each succeeding revolution,

until the spiral curve becomes nearly or quite circular, unless

the process is sooner arrested by a resisting medium.

76. When two bodies gravitate directly towards, or recede

directly from each other, they exert no aberrating forces : also

when they are moving with equal velocities in the same direc-

tion, parallel to each other, or when their relative aberrating

velocities in, or nearly in, the same direction, are equal, the

aberrating forces are neutralized.

77. From the foregoing considerations, and from the nu-

merous mechanical laws known to exist, we are warranted in

adding the following

GENERAL THEOREM.

Every Particle of Matter in the Universe transmits its

Force to every other Particle with the Velocity of Light, by

Virtue of which every Moving Particle exerts an Aberrating

Force upon every other Particle at right angles to the connecting

line, directly as its Mass, multiplied into its Velocity of Aberra-

tion, and Inversely as the square of its Distance from each.
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CHAPTER VI.

RESISTING MEDIUM.

78. Ethereal Resistance unlike that of Gi'oss Matter. 79.

Transfused Resistance. 80. Mass Resistance. 81. Velo-

city Resistance of one Particle. 82. Resistance of a

given number of Particles. 83. In a Medium of Uniform

Density, Resistance is as the Square of the Velocity. 84.

Density Resistance. 85. General Law of Resistance.

86. Laiv of Density of the Ethereal Medium, in terms of
the Sun's Distances. 87. Law of Resistance, expressed

in terms of the Sun's Distance. 88. Resistances of the

Planets vary as their Orbital Accelerations— Under what

conditions the two Antagonistic Forces Balance each other.

78. Ethereal Resistance unlike that of Gross Matter.—
In Chapter I. we have dwelt upon the existence, and some of

the properties of the ethereal medium : but in the present

Chapter, we propose to investigate more fully the single proper-

ty of its resistance to moving planetary matter. All gaseous

substances of a gross nature offer a resistance to the passage of

all other gross substances through them. These resistances are

not altogether proportional to the quantity of matter resisted,

but depend also upon the form and magnitude of the surfaces

passing through the gas. This is principally owing to the

impervious nature of these substances : the gas cannot penetrate

freely the surfaces and interior of bodies, and therefore, the

resistance is almost wholly confined to the surface. If the

transfusion were perfect, the moving body would have no resist-

tance, whatever might be its form or magnitude. But perfect

transfusion of one substance through another, without resist-

ance, is not known in nature.

79. Transfused Resistance.—Some of the waves of light

are resisted and reflected ; some are transmitted through trans-

parent substances, with a slight degree of resistance in velocity;
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others are absorbed and destroyed. The waves of heat are not

resisted as much as those of light, but they slowly penetrate

bodies where light cannot follow. The electric and magnetic

waves are more generally diffused, traveling by the aid of good

conductors, with great velocities. It may be said that such

bodies offer but slight resistance to their transfusion. The

ether, itself, which exhibits all these varieties of waves, is no

doubt more transfusible than any of its waves or tremulous

agitations. It exists in all space ; it is transfused through all

worlds ; it enters largely into the composition of all substance.

Its resistance is a transfused resistance, not affected in the least

by the form or magnitude of surfaces of gross matter, but only

by the quantity of matter which moving bodies contain.

80. When the Velocities of Bodies, moving in Ether of the

same Density, are the same, the Resistance is as the Quantity of

Matter in the Bodies Resisted.

As ethereal resistance does not depend upon form nor sur-

faces, (Par. 79,) but upon masses, it is quite evident, that each

atom of every substance will be equally resisted ; and hence,

the whole resistance, offered to a body, will be the sum of the

resistances of its several particles ; and consequently, the

resistance, offered to different bodies, will be as the number of

atoms which each contains ; and therefore, as their respective

quantities.

81. The Resistance, offered by an Ethereal Particle, is as

the Velocity with which it is struck.

If the velocity be doubled or tribled, the resistance will

be doubled or tribled. If the ethereal particle be struck with

n times the velocity, its resistance will be n times greater.

82. When the Velocity of contact is equal, the Resistance

will be as the Number of Ethereal Particles struck.

It is evident that if two particles of ether be struck by a

moving body, the resistance will be doubled ; if n particles be

impinged upon, the resistance will be n times increased.

83. The Resistance of an Ethereal Medium of Uniform

Density is as the Square of the Velocity of a body moving therein.

If a body move with n times the velocity, it will go, in the
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same time, n times as far, and will meet with n times as many
ethereal particles, and will impinge upon each particle with n
times greater velocity; and therefore, the resistance will be

equal to n times the particles multiplied into n times the veloci-

ty, which is equal to either the square of the number of parti-

cles, or the square of the velocity.

84. When the Velocity of a body is the same, the Resistance

of the Ethereal Medium is as its Density.

If the ethereal medium contains twice, or thrice, or n
times the number of particles in a given volume, its density

will be twice, or thrice, or n times greater. And as the resist-

ance varies as the number of particles, (Par. 82,) it, therefore,

must vary as the density of the medium.

85. The Resistance of the Ethereal Medium is as its Densi-

ty multiplied into the Square of the Velocity of a body moving

therein.

It was proved, (Par. 84,) that with equal velocity, the resist-

ance varies as the density. It was also proved, (Par. 83,) that

the resistance varies as the square of the velocity ; therefore,

the resistance of the ethereal medium varies directly and jointly

as its density, multiplied into the square of the velocity of a

body moving therein.

86. The Density of the Ethereal Medium, in the Solar Sys-

tem, varies Inversely as the Cube of the Square Root of the

Distance from the Sun.

The law of density, when circular orbits are permanent,

must be such, that the resistance to planetary orbital circular

motion will be exactly equal to, and balance the planetary

orbital circular accelerations, arising from the aberrating force

of gravity. In the next two paragraphs, it will be proved, that

the law of density, just expressed, does fulfill these require-

ments, and maintain the stability of the system, so far as circu-

lar orbits are concerned.

87. In an Ethereal Medium, whose Density varies Inversely

as the Cube of the Square Roots of the resjiective Distances of
the Planets from the Sun, the Resistances will vary Inversely as

the Fifth Powers of the Square roots of such Distances.
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Let d, d', be the distances of two planets from the sun
;

V, v', their orbital velocities ;

D, D', the densities of the medium at the respective

distances

;

r, r', the resistances at the respective distances.

Then (Par. 86,) we have

B : D' :: : ; (i)

and (Par. 85)

r : r' :: Du^ : d'v"-, (2)

combining (1) and (2)

V'2

by Par. 24

r : r' :: : ; (3)

Vd' y/d"

1 1

t;2 : v'2 :: : ; (4)

combining (3) and (4)

d d'

1 1

r : r

^/d' Vd"

This law of resistance is similar to the law of acceleration,

imparted by the aberrating force of gravitation. (See Par. 52.)

88. The Resistance of the Ethereal Medium to the Orbital

Motion of the Planets, considered as circular, varies as their

Orbital Accelerations, under the influence of the Aberrating

Force of Gravity.

For (Par. 52) we have

1 1

F : F' :: : :

and (Par. 87)

r : r'

therefore

Vd' Vd"'

1 1

F'

Vd' Vd"

r : r'.
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Cor. J£ F = r, then F' = r' ; therefore, under these last

conditions, the two forces will exactly balance each other^ and

the circular orbits and periodic times will remain unchanged.

Any other law of density of the ethereal medium, than that

expressed in Par. 86, would destroy the stability of the system.
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CHAPTER VII.

RESISTANCES IN ELLIPTIC CEBITS.

89. General Law. 90. To find the Point in an Ellipse where

the two Antagonistic Forces Balance—Balancing Point

when the Ellijjse becomes a Circle, or a Straight Line—
Discussion of the Formula for Ellipses of any Eccentricity

—Elliptic Perturbations—Minute Excess of Resistance—
Decrease of Eccentricity and of the Pei'iodic Times—Insta-

bility of Hyperbolic and Parabolic Orbits. 91. Ex-

ample 1. Balancing Point in the Earth's Orbit—Example

2. Difference of the Two Forces at the Perihelion—Example

3. Difference at Aphelion—Examples 4 and 5. Difference

at two intermediate jjoints—Example G. Balancing Point

in the Orbit of Venus. 92. Hoiv to find the Radius

Vector for any given tif/ie. 93. Variation of the Two
Forces in an Ellipse. 94. Sums of the Two Forces in an

Ellipse.

89. General Law.—If a body move in an Elliptic Orbit, under

the influence of a focal force, varying inversely as the

squares of the distances from the focus, and if it be resisted

by the ethereal medium, ivhose density varies inversely as

the cube of the square root of the distances from the loiver

focus, the resistance ivill vary directly as the distance to

the upper focus, and inversely as the fifth power of the

square root of the distance of the loiver focus.

Let d, d', be tlie distances of the body at any two points of

its orbit^ from the lower focus ; let k, k', be the corresponding

distances to the upper focus ; let v, v', be the corresponding

velocities ; D, D', the densities of the resisting medium ; R, R!,

the corresponding resistances.

Then, by (68) we have

d'
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"vre also have (by hypothesis)

1 1

D : D' :: : -—

;

hence
k k'

v'^D :
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By Par. 89 we have,

k'

hence
k'

R' =

Vd'-^

Vd'-^

Because (by hypothesis) the resisting and aberrating forces are

required to balance each other, we have

a J^

In this equation, let cV = <r ; then A:' = 2 — <r = the

distance to the upper focus, and we shall have

2—x= a = :

squaring both sides and reducing, we have

^3_4^3 + 4^_a2 = (1)

In this equation, when a" = 1, one of the values of x will

equal 1, the ellipse resolving itself into a circle. ^\lien cr = 0,

one value of .r = 0; the other two roots will each = 2; hence,

the lower focus will be on the ellipse, at the lower apsis ; and

the upper focus will be on the ellipse, at the upper apsis ; hence,

the ellipse will be resolved into a straight line whose length will

equal 2; that is, twice the mean distance. As or cannot be

greater than 1, nor less than nothing, it follows, that one of the

values of x, expressing the required distance, or, in other words,

the radius vector, to the point where the two forces balance, can

never be less than one, nor greater than two. Therefore, by

finding the required root from equation (1), we shall have the

distance of the point, where the resisting and aberrating forces

balance each other.
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Cor. 1. The less the eccentricity of an ellipse^ the nearer

the point of the balancing forces approaches the mean distance.

And when becoming a circle, the balancing forces remain equal

throughout the entire orbit.

Cor. 2. When a"- = 0, 2 - x = k' = 0; hence, E' = a'i'

= 0; but as i' is greater than nothing, therefore, a' = 0;

therefore, the resisting and aberrating forces each equal nothing.

Scholium. By solving numerically equation (1) for all

possible values of a", between its limits of one and nothing, it

"will be perceived that two of the values of x never touch the

elliptic orbit, except when the ellipse becomes a straight line

;

one value being at some point within the curve ; the other, at

some point without the curve; the former always being less than

the perihelion distance, and the latter always greater than 2, or

the aphelion distance ; while the third value of ce will always be

between the limits of 1 and 2, and will be the true distance

sought for, where the resisting and aberrating forces balance.

It is evident that there will be a point, on each side, of the

major-axis, at equal distances from the lower focus, where the

two forces will balance. Between these two points, by the way
of the perihelion, the sum of the resistances exceeds the sum of

the aberrating forces : but between these two points, by the

way of the aphelion, the sum of the aberrating forces exceeds

the sum of the resistances. A\lien the resistances preponderate,

there will result a slight perturbation from the elliptic curve in

an inward elliptic spiral : on the other hand, when the aberra-

ting forces j)reponderate, the result will be a minute perturba-

tion in an outward elliptic spiral. These two forces, when
their action in the whole orbit is considered, become partially

restorative to each other, leaving a minute balance in favor of

resistance.

This residual resistance will be greater, where the eccentri-

city is greater : but its tendency is to decrease the eccentricity,

and reduce elliptic to circular orbits. When an elliptic orbit,

under the influence of the residual force, has closely approxi-

mated the circular form, as is the case with all our planetary

orbits, the excess of resistance becomes inappreciably small,

requiring immense periods to attain to a perfect equilibrium in
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a circular orbit, where the resistance and aberrating forces^ will,

throughout the whole orbit, be exactly equal.

As another consequence, attending the propelling and

resisting forces, all cometary bodies which may assume, for a

moment, parabolic or hyperbolic orbits, cannot maintain them-

selves in such orbits ; for the residual resisting force will com-

pel them into orbits of the elliptic form, and afterwards still

fiu'ther reduce them to the planetary form of small eccentricity,

from which, after the lapse of ages, they will reach their final

destiny in circular orbits of different dimensions.

Another tendency of these two antagonistic forces is to

continually correct, in a measure, any derangements which may
happen in a system of bodies. If from some extraneous cause,

the eccentricity of a cometary orbit should suddenly be increas-

ed, as has been the case, in some rare instances, the residual

force begins slowly but surely to work a restoration, so far as

the gradual diminution of the eccentricity is concerned.

When the changes upon the whole orbit are taken into the

calculation, the residual force, except in circular orbits, is

always in favor of resistance ; therefore the result will always

be an inward elliptic spiral, which will, not only diminish the

eccentricity, but shorten the transverse axis, and diminish the

mean distance, and consequently lessen the periodic time.

These minute perturbations of cometary orbits may, by close

observation, be detected, in cases, where the eccentricity is very

great. It is in the diminution of the periodic time, that the

phenomena, alluded to, will more readily and satisfactorily

develope themselves.

91. The foregoing propositions Avill now be more fully

illustrated, by introducing a few examples.

Example 1.—Let the mean distance of the earth from the

sun = 1; let its semi-minor axis = -99985578 = a; let the den-

sity of the resisting medium be the same as in Par. 89 ; let i, k,

and R, be, at the mean distance, each = 1 ; let a', i', k', d', R',

represent the same quantities, as in the former propositions : at

what distance from the sun will the earth, in its elliptic or-

bit, be equally acted upon by the propelling and resisting

forces ?
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By Par. 90, the angular velocity a = semi-minor axis

;

hence, formula (1) of the same Paragraph becomes

^^-4^3^4^-( -99985578)2= 0.

In this equation find the value of x between 1 and 2, which

will be the distance required.

^= fr= 1-00028834

From this example, it will be seen, that the radius vector,

X, is only a small fraction greater than the mean distance;

therefore, the two points, where the antagonistic forces balance

each other, are situated near the extremities of the minor axis,

on the aphelion side of the same.

Example 2.—Find the values of the resisting and aberrating

forces at the perihelion point of the earth^s orbit, the data being

the same as in Ex. 1.

k' dis. of upper focus 1-01678880
B! = = = ;

x/d''' ^fdis. of Perihelion)'' v'( -98321120)5

therefore R'= l-06075 164

a -99985578
a'i' = = = 1-05195439

d'^ ( -98321120)3

R' — a'i' = -00879725 = excess of Resistance at the

perihelion = B.

Example 3.—Find the values of the aberrating and resist-

ing forces, at the aphelion point of the earth^s orbit, the data

being the same as in Example 1.

a -99985578
= -95114144

R' =

d''^ (1 -01678880)3

k' dis. of upper focus -98321120

-yd'^ ^{dis. of AphelionY ^'(1 '01678880)5

= -94312647
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a'i'—R'= -OOSOl-lQ/^ excess of aberrating force, at the

Aphelion= ^.

Therefore

B- A= -00879725 - -00801497 = -00078228 = residual

force of resistance at the perihelion, above the excess of aberra-

ting force at the aphelion.

Example 4.—What is the difference between the resisting

and aberrating forces, where the latus-rectum of the earth's

orbit cuts the ellipse ?

{semi-minor axisY
flatus-rectum =

R' =

at' =

semi-tranverse axis

k' 1 -00028842

^d" v^l •99971158)5

a -99985578

d''^ ( -99971158)=^

Required difference

= -99971158

= 1 -00101004

= 1 -00072141

-00028863

Example 5.—What is the difference between the aberrating

and resisting forces, where the ordinate, passing through the

upper focus of the earth's orbit, perpendicularly to the trans-

verse axis cuts the ellipse ?

The ordinate, in this case, is equal to the latus-rectum

;

therefore

a -99985578
a'i' = = = -99899114

R' =

d'^

k'

(1 - 00028842)'^

-99971158

^{l -00028842)^

= -99899110

Required difference = -00000004

It will be seen, by this example, that the two antagonistic

forces very nearly balance. The balance would have been com-

plete, if the radius vector, d', had been about seven miles less.

(See Example 1.)
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Example 6.—If tlie elements of tlie orbit of Venus be

represented by the same symbols as those of the Earth, and

those at the mean distance of Venus from the sun, be consider-

ed as unity, a, representing the angular velocity = the semi-

conjugate axis, at what distance from the sun, will the twO'

antagonistic forces balance each other ?

For Venus, equation (1), Par. 90, becomes

^3_4^3 + 4^_ -999952661705 = 0,

the last term being equal to a~
-,
hence

X = 1-0000^7336054

When a^ = ^ lat. rec, we have

2-a- = 1-000047338295

The value of 2 — a^ does not differ from x to eight places

of decimals. The cause of this very small difference is the

near approximation of the orbit of Venus to a circle. When a

circular orbit is reached, 2 — a- = ^ = 1 ; but in all other

conditions 2 — a^ > x ; that is, 2 — a~ is the distance from

the lower focus to that point in the ellipse from which an ordi-

nate let fall perpendicularly to the transverse axis, would pass

through the upper focus.

92. The sum of the aberrating forces throughout the whole

of an elliptic orbit, deducted from the sum of the resisting

forces, will, as stated in the preceding paragraphs, give a minute

remainder, which alone becomes affective in gradually, (and

almost imperceptibly in an orbit of small eccentricity,) chang-

ing its elements. To calculate approximately the sum of each

of these opposing forces, it is first necessary to determine the

length of the radius vector, for equal intervals of time, between

the aphelion and perihelion points. The necessary data, which

enter into this calculation, are derived from Kepler's law of the

equable description of areas in equal times, by which, first, the

true anomaly of the sun is deduced from the mean anomaly,

for any given time from the aphelion ; and second, the length of

the radius vector is derived from the true anomaly. (See Robi-
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son's Meclianical Philosophy^ p. 191; also Fig. S7, Plate 9,

p. 236.)

But as the logarithm of the radius vector^ for each of the

minor planets, is given for mean noon of each day in the year,

in the English Nautical Almanac, it is a matter of easy calcula-

tion, to determine the amount of the two opposing forces, for

each of these intervals of time. In the Appendix, Tables I, II,

III, I have given the results of these calculations, for each day

at noon, in the year 1851, for the Earth and Venus, and in

1852, for jNIercury. It is not necessary to extend the Tables,

only from the aplielion to the perihelion of each orbit.

93. By an inspection of these Tables, it will be perceived,

that each of these forces has its minimum value at the aphelion,

and its maximum at the perihelion; and that the resisting force

has a wider range, between these limits, than the aberrating

force; that is, the resisting force at the aphelion is less than the

aberrating force; but at the perihelion, the resisting force is

greater than the aberrating force : conseqiiently there must be

two intermediate points, in the whole orbit, where these forces

are equal. (Par. 90.)

94. The sums of the two forces are calculated for the

Earth, Venus and Mercury, in the three Tables referred to.

These sums only extend from the aphelion to the perihelion o£

each orbit. And the calculation is based upon the assumption

that the two forces in circular orbits are exactly equal ; and

consequently, that the present orbits are variable, and slowly

approximating to a permanent, invariable, circular form ; and

that the major-axes and periodic times are slowly diminishing.

I shall, in the next chapter, examine the intensity or ratio o£

the two forces, which will insure the stability or permanency

"of elliptic orbits.



66 KEY TO THE UNIVERSE. [cHAP. VIII.

CHAPTER VIII.

INVARIABLE ELLIPTIC ORBITS.

95. Intensity of the two Forces not necessarily equal. 96.

How to find their ratio at mean distance. 2 Examples.

97. Method of calculation General. 98. Minute appar-

ent discrepancy ; prohahle cause.

95. In tlie preceding investigations, it has been assumed that

the two forces in circular orbits were equal in intensity, having

a tendency to reduce all cometary and planetary orbits to a cir-

cular form. But it is quite evident, that such an assumption is

not necessary: indeed, it cannot be true, if any orbits of an

elliptic form have already become permanent in their nature,

(planetary perturbations excepted,) unless we admit a slow ro-

tation of the ether around the Sun.

96. To find the ratio of the two forces at the mean dis-

tance, in any invariable elliptic orbit.

First, calculate each of these forces for equal intervals of

i;ime, say for every day from the aphelion to the perihelion of

the given ellipse. (Assuming the two forces to be equal in a

^circular orbit whose radii are equal to the mean distance of the

given ellipse.)

Second, find the sums of the two forces from the aphelion

to the perihelion.

Let s, be equal to the sum of the aberrating forces;

S, be equal to the sum of the resisting forces;

r, be equal to the ratio of the two sums.

Then we shall have

s

^ = — («)

S

Example 1. What must be the intensity of the resisting

force, (say for the year 1854,) at the mean distance in the



CHAP. VIII,] KEY TO THE UNIVERSE. 67

earth's elliptic orbit, to maintain its invariability, or, in other

words, to render the elements of the orbit invariable. (Extra-

neous perturbations excepted.)

In Table I., Appendix, the sum of each of the two forces

is given, the resisting force at mean distance being assumed

equal to unity. Therefore, by the last formula, we have

s 183 -94357449
r = — = = -999904973656

S 183-96105127

That is, the intensity of the resisting force necessary to

render the earth's orbit a permanent circle, is to the intensity of

the resisting force necessary to sustain it permanently in its

present elliptic form, as 1 to -999904973656. With this value

of r, the ellipticity, major-axis, orbital period, and all other

elements of the earth's orbit must remain, invariable. Indeed,

were the earth forced by some extraneous action, into a circular

orbit, or even into a cometary orbit, this value of r would re-

store it to its present form.

Example 2. What must be the intensity of the resisting

force, (say in 1854,) at the mean distance, in the orbit of

Venus, to render its elements invariable?

In Table II. Appendix, the sums of the two forces are cal-

culated, from the aphelion to the perihelion of the orbit of

Venus. These calculations are founded upon the supposition,

that the two forces, at the mean distance in a circular orbit, are

exactly equal; and consequently, that their ratio is unity.

According to the law of resistance, these forces are inversely as

the fifth powers of the square roots of the distances; hence, for

Venus each equals 2 -2473179933. (Those at the Earth's dis-

tance being unity.)

By formula (a) we have

s 256-18253159

S 256-18681393
= -999983284308;

this ratio is a constant quantity, to be multiplied into each of

the resisting forces in Table II., which wiU render the sum of
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tte resistances equal to the sum of the aberrating forces.

Therefore

R = 2 -2473179933 x -999983284308 = 2 -24728042782 =

the resistance, at the mean distance in the orbit of Venus, if its

present orbit is invariable. The cliiference between the inten-

sity of the resisting force, necessaiy to make the orbit circular,

and that necessary to maintain it in its present elliptic form, is

1

very small, being less than the th part of the former force.

50000

97. In the same manner, the value of the ratio, ?', may be

calculated for every other orbit in the solar system; and if

necessary, the resistances in each can be expressed in pounds

weight. (Par. 45.)

98. If we assume that the orbits of the Earth and Venus

have already attained their invariable form, then there is a very

minute discrepancy between the calculated resisting forces, and

those which should exist, according to the law of density. For,

in the case of the Earth^s orbit, we have (see Ex. 1, Par. 96.)

/• = -999904973656; and by the laio of resistance we have

1

1 • '.'. r '. the resistance at the mean distance of Venus.

or expressed in numbers

1 : 2-2473179933 :: -999904973656 : 2-2471044389

The fourth term, in this proportion, should, according to

the law of density, be the resistance at the mean distance of

Venus: but it is somewhat less than R, as expressed in Ex. 2.

Par. 96. What is the cause of the apparent discrepancy? Is

the law not exact ? Or is there some other data which should

be taken into the calculation ? ]\Iay not it be too great in con-

sequence of ethereal currents circulating from west to east

around the Sun ? In the next chapter we shall examine the

effects of circulating currents of ether, in diminishing resistance.
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CHAPTER IX.

ETHEEEAL CURRENTS.

99. Solar Rotation the Origin of Ethereal Currents. 100. The

Currents must be Circular and their Planes Perpendicular

to the Axis af the Solar Envelope. 101. Thickness of

the two Polar Wings at 1000 millions of miles from the

Sun's Center. 102. Immense Extension of the Currents

in Planes Perpendicular to the Prolonged Solar Axis.

103. Is there a Laio of Velocity for these Ethereal Currents,

depending on Solar Distance ? Example. 104. Two

Important Data Required. 105. Resulting Consequences,

if the Ethereal Currents had a Planetary Velocity. How
the two Forces must be Proportioned in Ethereal Currents of

any given Velocity.

99. In Chapter II., I have demonstrated that an ethereal

medium, having, like other matter, the property of gravity,

must necessarily accumulate, in a condensed state, around all

worlds, and must rotate with them. I have also demonstrated

the form of these rotating ethereal envelopes, and have shown

that when not counteracted by the external ether, their poles

extend to infinity. I have also determined the equatorial limit

of the solar envelope, and demonstrated that it extends over

fifteen millions of miles from the svm^s center. I have also

demonstrated, (Par. 21. Ex. 2.) that the two great polar wings

of the solar envelope, at a distance of over sixty millions of

miles, from the sun's center, have a thickness or diameter per-

pendicular to the prolonged solar axis, of over fifteen millions

of miles. Can this immense elongated solar envelope swiftly

rotate without generating ethereal currents exterior to its sur-

face ? Analytical mechanics, common sense, reason, all an-

swer, No

!

100. What must be the nature of these ethereal currents ?

Are they circular or elliptic ? Do they circulate in planes per-
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pendicular to the axis of the envelope ? Or are their planes o£

motion inclined to the plane of the solar equator ? That these

currents cannot be elliptic is evident from the circulation of

currents in our terrestrial atmosphere. Exterior currents are

buoyed up by the density and elasticity of the interior strata

;

hence, they must generally be circular. The planes of motion

of these circular currents cannot be inclined to the solar equa-

tor, because of the elasticity of the circulating ether already

intervening between them and such equator. (See Paragraphs

23, 26.) Therefore, these exterior currents of the revolving

ether are circular, and the planes of rotation are perpendicular

to the axis of the ethereal envelope.

101. The polar envelope wings of the sun, at the distance

of one thousand millions of miles, from his center, must have

a thickness of over three million and seven-hundred thousand

miles, provided that there is no exterior resistance to diminish

or contract them. If we extend the solar envelope no farther,

north and south,—or suppose the wings to be contracted or

limited by resistance to these limits, we still have a polar dia-

meter of two thousand millions of miles, around which the

ethereal strata rotate fi-om west to east in planes perpendicular

to the axis. Of course, the greatest velocity of these currents

will be in the solar equator : in which position the retardation

will be at its minimum value. (Par. 28.)

102. How far does the great ocean of rotating currents in

the solar equatorial regions extend ? Do they merely reach to

the orbit of Mercury ? Why may not their potent influence be

sensibly felt at Neptune ? Can any one assign any reason, why
they should not be extended to those immense boundaries of

equal gravitation, between our system and others ? Are ten

millions of millions of miles too far for ethereal motion to be

propagated ? Is motion lost by distance ? The answers to aU

these questions are plain. Motion, if not counteracted, must

extend to affinity. The grand rotation of the Sun, with its

immense polar wings, must exert a rotatory influence, for mil-

lions of millions of miles. All bodies entering his wide domin-

ions, must partake, not only of his controlling power of gravi-

tation, but also of the great controlling power of rotation
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which, in connection with resistance, must determine their

orbital paths, and prescribe their annual periods, and point out

their axial rotations.

103. There is, undoubtedly, a law, depending on the dis-

tance from the Sun, determining the velocity of these ethereal

currents. If such law could be discovered, it would be a simple

problem to determine the exact amount, by which the resistance

is diminished in each planetary orbit : and by this means we
could also calcidate the exact eccentricity of each invariable

orbit.

Example.—If the two forces in the orbit of Venus, when

considered circular, were exactly equal, in a stationary resisting

medium, what must be the velocity of the ethereal current

necessary to reduce the orbit to an invariable elliptic form such

as now exists ?

Let V = the velocity of Venus at the mean distance =
1 -1757985108, that of the Earth being unity

;

let v' = V — velocity of the ether

;

let r = the resistance when the two forces are equal =
2-2473179933.

let R = the diminished resistance, as calculated from

Table II. = 2 •2472804278. (See Par. 96. Ex. 2.)

Then we shall have

r : E :: v~ : v"- ;

or in numbers

2-2473179933 : 2 •2472804278 :: (1-1757985108)- :

(1-1757886836)-

or 1-1757985108 - 1-1757886836 = -0000098272 = the

required velocity of the ethereal current = 11^ inches per

second. Such a velocity of the rotating ethereal current would

render the elements of the orbit of Venus invariable under

the conditions specified in the problem.

104. In a similar manner, and under the same conditions,

we can calculate the velocity of the ethereal current, at any

given mean distance of a planet, providing that we know the



72 KEY TO THE UNIVERSE. [chap. IX.

planet's eccentricity^ and are assured that the orbit is invariable.

But two great and important data remain yet undiscovered,

namely, first, the intensity of the resistance compared with the

known intensity of aberration; and second, the law of the

velocity of the ethereal medium, depending on its perpendicular

distance from the axis of the solar envelope.

105. If the ether had a planetary velocity, varying inverse-

ly as the square root of the Sun's distance, the planets would

be wafted along, if their orbits were circular_, without meeting

with any resistance. But the aberrating force would soon send

them adrift in the wilds of space. On the other hand, if the

velocity of the ether were h, i, or any other fraction of planet-

ary velocity, the intensity of resistance must be increased suffi-

ciently to balance the sum of the aberrating forces in all invari-

able orbits.
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CHAPTER X.

EEVOLUTION FEOM ^YEST TO EAST.

106. "Nebular Hi/pothesis." Its Insufficiency as a Cause to

account for observed phenomena. 107. Upon ichat a New
Theory should be founded. 108. Direction of Planetary

Orbits dependent on Ethereal Currents. 109. An extreme

case of Retrograde Motion considered. 110. Universality

of the New Theory; its great Contrast, v>hen Compared

ivith the limited Hypothesis of La Place.

lOG. It has been knovin for centuries, that the planets of our

system revolve in their orbits from west to east. The diseovery

of a great number of Asteriocls, during the present century, all

revolving in the same direction, shows most conclusively that

there must be some general cause for this great phenomenon. La
Place, in the last century, propounded a very ingenious theory

which has been very generally received, under the name of the

*' Nebular Hypothesis. ^^ The fundamental characteristics of

ivhich, are that the Sun and all the planets once existed in

a nebulous state, and that by the combined laws of condensa-

tion and rotation nebulous patches were detached in the form of

rings, which afterwards were broken up and formed nebulous

planets which by the same process detached satellites. In this

manner he endeavors to accoimt for the revolution of planets

from west to east, and for their diurnal rotations in the same

direction.' This hypothesis, however fertile in its consequences,

is beginning to wane. The satellites of Uranus move in retro-

grade orbits : many of the asteroids have orbits greatly inclined

to the solar equator : great numbers of comets have orbits from

east to west: the inner satellite of ^Nlars revolves arotmd its

primary over three times while Mars rotates once, which proves,

beyond all controversy, that it could not have been detached,

according to the nebular hypothesis. It is also believed that

there is an intra-Mercurial planet, having a less jieriod than
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the Sun's rotation : if so, it could not have been detached

by such rotation.

107. If, then, there are so many evidences, adverse to the

hypothesis of La Place, so many out-standing phenomena irre-

consilable with it, is it not necessary that some new field of

research should be explored, more in accordance with advanced

discoveries ? The mechanism of the heavens should be founded

upon exact laws,—should embrace within its domain the works

ings of every part of the grand machinery. A theory, which

does not take within its scope the universe as a whole,—that

does not point out the mechanism of its parts,—that does

not exhibit the adjustments, as the necessary results of the in-

fallible laws of force,—should be received with a measure

of distrust. Advanced research, oftentimes, calls for an altera-

tion of theories, and sometimes for an entire renunciation of

them. A theory shown to be insufficient or untrue in many re-

spects, should not be cherished and upheld, because of its

antiquity, or its general popularity, or because there is no other

known theory more in accordance with existing phenomena.

First, free the mind from error, and it will be better prepared

for new fields of research, and to decide as to the truth or

falsity of any new theories which may be propounded.

108. If we discard the " nebular hypothesis,'' is there any

hopes of accounting for the general movements of the bodies of

our system in one direction—from west to east ? Why do they

not move indiscriminately in all directions? The theory ad-

vanced, in these pages, gives an easy solution of these questions.

We have shown, in Chapter IX., that the great ethereal ocean,

surrounding the Sun, must partake of his rotation,—must rotate

from west to east, in planes perpendicular to the axis of

the ethereal envelope,—and that these currents must extend

north and south for thousands of millions of miles, and that

their influence is undoubtedly felt far beyond the known boun-

daries of our system. Can these rotatory currents exist, and

bodies, falling into them from the distant regions of space, not

be influenced by them? As well might we say, our ships will

not be influenced by the trade-winds which they may encounter.

109. Let us suppose, for instance, an extreme case of ret-
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rograde motion. We will say a comet enters the boundaries of

our system^ directly in the plane of the solar equator, with

a retrograde motion from east to west, or, in other words,

in direct opposition to the ethereal currents. This would be a

case of unstable equilibrium. The least deviation from that

exact plane could not be recovered. Any slight cause, such as

a planetary perturbation, would destroy the equilibrium, and

the comet would deviate either north or south of the equatorial

plane : and the action of the ethereal current would continually

augment the inclination, until the plane of its orbit became

perpendicular to the solar equator. From this position, under

the influence of these same currents, the angle of inclination

would rapidly decrease, until nearing the equatorial plane, when
the decrease would become diminished more and more, till

finally the two planes would coincide, which would be a state of

stable equilibrium. Before the orbit could be converted from a

retrograde to a direct condition, or from an unstable form to

one of stability, immense ages might intervene, and many
thousands of cometary revolutions might be performed, till the

eccentricity becomes reduced from a cometary to a planetary

form, and its invariable orbit is attained.

110. Thus the new theory accounts for all the phenomena,

so far as orbital revolutions are concerned, that are attempted to

be explained by the "nebular hypothesis." And in addition,

embraces within its domain those out-standing facts, so fatal to

the common theory. By the new theory a nebulous mass may
come from vast distances,—enter our system, be swayed by the

attraction of ]\Iars, revolve around him in a cometary orbit of

great eccentricity, in a retrograde direction, and in the course of

ages swing around into a direct orbit, have its eccentricity

diminished, its major-axis and periodic time shortened, and

finally attain to an invariable orbit, so near the surface of Mars

as to pass around him three times while the primary revolves

but once. All this is possible, as the necessary consequences of

the two great antagonistic forces developed by the new theory.

Can the theory of La Place trace the history of nebulous

matter through all these adverse stages to its final consuma-

tion as the inner satellite of Mars ? Can the combined theories
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of all ages do this ? But we have not yet shown, the full and

extended capacities of the new theory. There are other great

phenomena, constantly before our eyes, which no theory has

hitherto sufficiently explained. I refer to the diiu'nal or axial

rotations of the planets in one general direction from west

to east; and the inclinations of their axes to their respective

orbits. These subjects will be investigated, in a brief and

general manner, in the next chapter.
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CHAPTER XT.

DIUKXAL OR AXIAL EOTATIOX OF PLAXETS.

111. Is Rotation the Restilt of a single Impulse, acting in the

form of Projection? Or, is it the Restilt of Continuous

Forces still operating? 112. Rotations of Machinery.

113. How Celestial Rotatio7is are Generated. Initial Rota-

tions. Direction of Rotations. 114. Causes for the

Inclination af the Planes of Rotation to the Planes of the

respective Orbits. 115. How Retrograde Rotations are

converted into Direct ones. IIG. Retrograde Satellites

of Uranus. The Orbits must be converted into the Direct

Form, long before their axial Rotations obtain the same

Form. 117. Necessary Data for Calculating Diurnal

Periods.

111. "Why do planetary bodies rotate upon axes? Wlio do they

rotate iu one general direction from west to east ? Why are

the planes of rotation inclined at various angles, to the planes

of the respective orbits ? Are there no laws which govern these

things ? Was the immense machinery set in motion by a single

impulse, exerted for a moment, and then left to itself for all

future ages? Or are the phenomena the result of continuous

powers, still operating? These are questions well worthy of

the consideration of all scientists : they are questions far out

of the reach of any former theory yet propounded.

11.2. I propose to show how the initial rotatory movements

first commenced. But first, let me refer to the rotation of

bodies here on the Earth. A steamer, for instance, with side

wheels may float with the current of a river without the least

rotation of the wheels. But let such steamer hoist her sails to the

"winds, instead of using steam, so as to propel the vessel in any

direction, and the wheels will immediately begin to rotate; the

upper halves revolving in the same direction as the vessel. This

arises from the difference of resistance upon the wheels; the
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lower halves being resisted by the water; the upper halves being

resisted by a less dense medium—the air. A wind-mill con-

structed with shafts like the side wheels of a steamer, when

carried through stationary air of equal density, will not rotate,

however swift its conveyance. But were it possible to construct

such a wind-mill one mile in diameter, having its upper and

lower wings each one-half a mile in length from the axis, it

would, if conveyed in any direction, in a stationary atmosphere

commence rotating in the direction of its conveyance: this

would arise from the difference of density in the atmospheric

medium; the upper wings would not experience the same resist-

ance as the lower ones. Tlie more rapid the conveyance, the

greater the velocity of rotation. This would also be the case,

if the atmosphere were moving in any given direction or velo-

citv, providing that the flight of the wind-mill exceeded the

atmospheric current. By these few simple illustrations, we

cannot but see, how rotation is generated, and how its direction

and velocity are modified.

113. Let us now apply these same mechanical laws on

a more grand and magnificent scale : let our wind-mills become

planets or moving worlds: let the great ocean of ethereal

matter be the theatre of their movements. I have already

demonstrated that this ethereal matter, if subject to gra^ity,

must vary in density as the inverse cube of the square root of

its distance from the Sun. Can worlds be conveyed in this

variable medium, without generating rotation? They can, i£

they only float with the ethereal currents: but if they have

orbital velocities far greater than these currents, the unequal

density of the medium must generate rotation. If the planet

revolves in its orbit from west to east the direction of the rota-

tion must be from west to east. If the orbit be from north to

south the rotation upon the axis must be from north to south.

Whatever may be the direction of its orbital path, the planet is

compelled, in its initial rotations, in the same direction.

114. If there were no swinging around of orbits, there

would be no inclination of equatorial planes to these respective

orbits. For, in all instances, the orbital and equatorial planes

woidd coincide. If we suppose a nebulous cometary mass to
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come from the immensity of space, and to enter our system in

an orbital plane exactly perpendicular to the plane of the solar

equator: this mass would begin to acquire an initial rotation

upon an axis : the direction would be from north to south : its

equator and orbital plane would coincide. But after a few

revolutions, the orbital plane, by the action of the ethereal

currents, would swing around, say 30°, making an inclination

with the solar equator of 60°. Is it possible for the axis o£

rotation also to swing around 30° in the same period? All

will see, at once, the impossibility of such an occurence. For

the orbit is acted upon, with greater mechanical advantages, in

altering its inclination, than in altering the position of rotation.

Hence, there must arise an angle of inclination, between the

rotative plane and tlie orbital plane. The swinging of the

latter must, so to speak, out-run the swinging of the former.

The plane of the planet^s orbit will have accomplished its

destined journey and coincide with the solar equator, long

before the plane of rotation will have arrived at *he same desti-

nation.

115. We shall now speak of orbits and rotations of a

retrograde character. It is e\ddent, from what has been stated,

that if a cometary mass were to enter the boundaries of our

system, having a retrograde motion, either in the plane of the

solar equator, or at any given angle with that plane, the rotation

generated will be in the same direction as the orbit, and conse-

quently retrograde. As the orbit, under the action of the

ethereal current, begins to increase its inclination, the equatori-

al plane will begin to change in the same direction, but in a

much slower manner : after the elapse of ages, the orbit will

have arrived at its maximum inclination or 90°, while the plane

of rotation will be lingering behind, unable to keep up with the

orbital change. As the ethereal currents continue operating,

the orbit is next changed from a retrograde character to one of

direct motion : thus we may have, for a while, the curious

phenomenon of a direct orbit, with a retrograde rotation upon

an axis. But such a condition of things cannot forever con-

tinue : the same mechanical cause which has converted a retro-

grade orbit into a direct one, must necessarily convert the
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retrograde rotation into a direct one : they are both the effects

of the same cause : the one being accomplished more speedily

than the other, giving rise to that hitherto unaccountable phen-

omenon, called the inclination of the axes to the respective

orbital planes.

110. In our solar system, we have many instances of retro-

grade comets ; but none of retrograde planets. In the system

of Uranus we have the phenomenon of retrograde satellites,

whose orbits are said to be almost perpendicular to the plane of

the orbit of the primary. If we had instruments sufficiently

powerful to detect the planes of rotation of these satellites, we

would, undoubtedly, find such rotations retrograde in their

character. Such must be their condition, according to the

mechanical laws by which they are governed. In future ages,

these satellite paths Avill be converted into direct orbits ; and

these secondary bodies vrill gradually take up their line of

march, in the same direction and order, as the other satellite

groups of the 'solar system.

117. If we can determine the amount of change in the

inclination of any given orbit, in any given period, it is evident

that we shall be in possession of data, which will enable us to

calculate, at least, approximately the intensity of the force act-

ing upon such orbit : and, in like manner, we can determine

approxiraatsly the intensity of force, necessary to produce the

observed deviations of axial hiclinations. When we have made

such calculations for several orbits and axial rotations, we shall

have the requisite data, for determining the law of intensity of

these mechanical forces, as depending on distances from the

Sun. It is to be hoped, that some of our great mathematicians,

who have means and leisure, will attack these formidable pro-

blems, and discover the law so immensely important to the

future progress of Astronomy. It is in this direction also, that

we may hope to discover the law, governing the periods of

diurnal rotation, and thus be able to calculate such "periods,

with all the accuracy which so harmoniously and beautifully

attends the calculation of orbital periods. But this highly

interesting subject will be briefly examined in the next Chapter.
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CHAPTER XII.

DIURNAL PERIODS OR PERIODS OF ROTATION.

118. Approximate Law for Diurnal Periods, as Published by

the Author about a quarter of a century ago. 119. A
Rotation upon an Axis is a Stable Equilibrium. Any
derangement in the Period, cannot be Permanent. The Tivo

Forces ivill ivork their own adjustments. 120. Example.

Periods of Rotation the Result of a state of Equilibrium

between the Two Forces. 121. Effects of Terrestrial

Aberration upon the Diurnal Period of the Earth. 122.

Further Development of the Theory left to others who have

Time and Means at their Command. 123. Remarks on

the Causes of Solar Rotation. 121. Hoio the Aberrating

Force is increased. The Solar Rotation the Result of the

Equilibrium of the Two Opposing Forces.

118. Many have been tlie investigations of astronomers, since

the days of Kepler, to discover the law, governing the periods

of diurnal rotation. But all such attempts have been apparent-

ly fruitless. The author, about one quarter of a century ago,

published some of his own researches upon this subject : the

law of planetary rotation was expressed as follows :

—

" The Periods of Planetary Rotations upon their

Axes Vary as the Square of the Cube Roots of their

Densities.^'

This law^ as was demonstrated at the time, seemed to be a

very close approximation to the observed periods. But as he

could not, at that time, show any cause for such a law, it was

partially abandoned. But lately, since propounding the theory

set forth in these pages, he has often been reminded of the law,,

formerly published, in several periodicals, as follows :

—

" To THE Editor of &c.,

Dear Sir,—Permit me to announce to the world, througk
F
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your valuable paper, an astronomical discovery, made by me on

the eleventh day of November, 1854. I allude to a law govern-

ing planetary rotation. Telescopic observation reveals to us the

fact that many of the bodies of the solar system, not only have

a progressive velocity in their orbits, but a rotative motion upon

their axes. Heretofore, the only means known to astronomers,

by which to determine the exact period of a planet^s rotation,

has been the careful observation of the movements of spots

upon its surface. For instance, spots are discerned on the eastern

limb of a planet^s disc, which, instead of remaining stationary,

gradually move across the disc in a westerly direction, disappear

for a few hours at the western limb, and again re-appear in

their former position on the eastern limb. These spots are

believed to be portions of the surface of a planet darker than

the adjacent parts, and carried around by a rotation of the

planet on its own axis from west to east.

By such observation, the period of the rotation of the

planet Mars h&s been determined to be 24A. 37m. 23s. mean

solar time; Jupiter^s period, 9h. 54??^. 12^.; and Saturn's period,

lOh. 29m. 17*. Mercury and Venus are situated so near the

sun that it is extremely difficult to distinctly discern spots upon

their surfaces. It is believed, however, by some astronomers

that their observations are sufficiently exact to assign to Mer-

cury a rotative period of about 24A. 5m., and to Venus a period

of 23h. 21711. 21s. It is still maintained by some eminent ob-

servers that there is a small degree of uncertainty remaining as

to the rotative periods of Mercury and Venus. Uranus is sup-

posed by some observers to rotate on its axis in 9^. 30m.; but

this planet is so far distant from us that it is generally believed

that the present powers of the telescope are incapable of reveal-

ing any spots upon its surface sufficiently distinct to determine

whether it has a rotation or not. Whether the asteroids and the

planet Neptune rotate, the astronomical instruments of the

present day are utterly inadequate to determine.

Do all the planets of the solar system rotate ? Observation

lias, as yet, been entirely unable to answer this question. It is

supposed from analogy that rotation is as extended in its opera-

tions as the progressive motions of planets in their orbits—that
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every planet turns upon its axis, producing the agreeable alter-

nations of light and darkness, day and night. But how to demon-

strate this analogical supposition—how to ascertain the periods

of rotation of such planets as are beyond the reach of observa-

tion, has been a problem unsolved by the astronomical world.

Many eminent and distinguished astronomers have eagerly

sought after some law, connecting the rotative periods of the

planets with some known data of the solar system, such as their

distances from the sun—their orbital velocities—their masses,

&c. ; but all their laborious researches to develop such law have

not been crowned with success—the law of planetary rotation

has eluded their grasp.

Firmly believing, from my early youth, that the diurnal

periods of the planets were the results of some hidden law,

I have endeavored, at different times, to discover the same, so as

to determine the periods of rotation by calculation instead of

observation. After many fruitless researches in regard to the

original causes of planetary motion, I was led by the indications

of certain hypothesis to seek for the law of rotation connected

with the masses and diameters of' the planets, or, in other

words, with their densities. These investigations resulted in the

development of the following beautiful law :

—

The cube roots of the densities of the planets are as

THE square roots OF THEIR PERIODS OF ROTATION.

Or, which amounts to the same thing

—

The squares op

THE cube roots OF THE DENSITIES OF THE PLANETS ARE AS THEIR

PERIODS OF ROTATION.

But as the densities of globes are proportional to their

masses or quantities of matter, divided by their volumes or by

the cubes of their diameters, it follows that the rotation of the

planets, considered as spheres, is proportional to their masses

and diameters. The law, therefore, may be expressed in terms

of the masses and diameters, as follows :

—

The squares of the cube roots of the masses of the

planets divided by the squares of their diameters are as

their PERIODS OF ROTATION.

To illustrate the correctness of this law, I will give the

following examples :

—
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Example 1.—Given the mass o£ the earth equal to 1; its

equatorial diameter, 7925 "5 miles; its period of rotation, 23A.

56w. 4 -0904755? mean solar time, which is equal to one absolute

sidereal day: also the mass of the planet Mercury equal to

0' 0627694 audits diameter 3140 miles; it is required to find

the period of Mercury's rotation.

(1)^ (0 -0627694)*

: : 23A. 56m. 4 -090475*. : 24A. 5m.
(7925-5)3 (3140)3

Example 2.—Given the mass of Venus equal to 0" 9043346;

its diameter 7800 miles; and the mass, diameter, and rotative

period of the earth, as in the first example. Required the

period of the rotation of Venus.

(1)"* (0-9043346)^"

:
: : 23A. 56m. 4 -0904755.

(7925-5)3 (7800)3

: 23A. 21m. 2ls.

Example 3.—Given the mass of Mars equal to 0-145337;

its diameter, 4108*26 miles; and the mass, diameter, and rota-

tion of the earth, as in the first example. Required the period

of the rotation of Mars.

{\y (0-145337)'

: : 23A. 56m. 4 -090475s.
(7925-5)3 (4108-26)3

: 24A. 37m. 23*.

Example 4.—Given the mass of Jupiter equal to 371 -7547;

its diameter 88592 -7 miles; those of the earthjlas in the former

examples. Required the period of the rotation of Jupiter.

(1)' (371-7547)^

: : 23A. 56m. 4 -090475*.

(7925-5)2 (88592-7)3

: 9^. 54m. 12*.
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Example 5.—Given the mass of Saturn and its rings equal

to 289 "0281; its diameter, 79160 miles; those of the earth as

in the former examples. Required the period of the rotation of

Saturn.

(1)^ (289-0281)^
: : : 23A. 56m. 4 -0904755.

(7925-5)2 (79160)2

: lOA. 29m. 17s.

Example 6.—Given the mass of Uranus equal to 20*6254-

88; its diameter 34500 miles; those of the earth as in the

former examples. Required the period of the rotation of

Uranus.

(1)^ (20-625488)^

: : 23A. 56m. 4 -0904755.

(7925-5)2 (34500)2

: 9A. 30m.

Example 7.—Given the mass of Neptune equal to 26-876-

71; its diameter, 41500 miles; those of the earth as in the

former examples. Required the period of the rotation of

Neptune.

(1)* (26-87671)*
: : : 23A. 56m. 4 -0904755.

(7925-5)2 (41500)2

: 7h. 49m. 575.

Example 8.—Given the mass of Neptune equal to 26 -876-

71; its diameter, 37500 miles; those of the earth remaining as

in the former examples. Required the period of the rotation of

Neptune.

(1)* (26-87671)*

: : 23A. 56m. 4 -0904755.

(7925-5)2 (37500)2

: 9h. 35m. 325.

If in any of these examples the mass be divided by the

cube of the diameter, the quotient will be the density of the

planet. And if the density of the earth be taken as unity or 1,
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the densities of the other planets^ deduced from the data given

in the foregoing examples will be as in the second column of the

following table:

—
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p, represent the mass, diameter, and rotative period of any

planet, then we will have

P. D\ m'
= p; or in terms o£ the densities and periods, thus

—

(Planet's den.p P
= Vl or^ if the earths rotative period and

(Earth's den.)

'

density be each taken as unity or 1, then,

(Planet's densityY = rotative period.

As the rotative periods depend upon the masses and dia-

meters of the planets, any errors entering into these elements

by the imperfections of observation will necessarily affect the

calculated periods of rotation in a proportionate degree. This

will be more manifest by referring to the 7th and 8th examples

in regard to the mass and diameter of Neptune. The mass

which I have adopted in these two examples is that calculated

by Professor Struve, from his own observations of the satellite

attending the primary. The diameter, 41500 miles, is that

given by Sir John Herschel in his " Outlines of Astronomy."

The assumed diameter, 37500 miles, in conjunction with the

same mass, gives a difference of Ih. 45m. 35*. in the calculated

periods of rotation. Many astronomers have adopted 35000

miles for the diameter.

The diameter of Neptune is probably not yet known within

several thousand miles, for an error of obsei-vation of three-

tenths of a second of an arc, would at that great distance pro-

duce an error of over 4000 miles in the calcidated diameter of

the planet. The same statement is equally applicable to the

determination of the mass. An error of observation on the

dimensions of the orbit of Neptune's satellite, though it might

be only a small fraction of a second of an arc, yet it would
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produce a great difference in the calculated mass. We can,

therefore, in our calculations, only approximate tlic true periods

of rotation in proportion as observation approximates the true

ratio of the masses and diameters of the planets.

There is a great difference in the observations of astrono-

mers from which the mass and diameter of Saturn are compu-

ted. Some have adopted G7000 miles as the diameter; others,

73000; and others again 79160. Some have adopted the mass

much less than we have assigned in the foregoing table. If we
take the diameter at 67000 miles, and tlic mass at 175 •245657,

the ratio and the period of rotation will remain the same as in

the table.

The renowned French mathematician— Le Verrier, to

whose calculations the world are indebted for the discovery of

Neptune, has revised the tables containing the elements of the

planet Mercury, and has computed its mass much less than

formerly received : hence, I have adopted Mercury's mass less

than stated in the old tables.

It will be seen by the formula which I have given, that if

the rotation is known by observation, the ratio of the mass and

diameter can be calculated; and that if any two of the elements

are known, the third can be calculated.

The periods of the rotations of the ultra-zodiacal planets

or asteriods cannot be calculated until observation shall deter-

mine their masses and diameters.

Whetlicr the law of planetary rotation can be extended to

the rotative periods of the satellites, attending the four exterior

-planets of the solar system, is not known. It is supposed by

some, from observation, that the periods of the rotation of the

satellites are equal to their periods of revolution around their

primaries : but this needs confirmation by further observation

of greater perfection and accuracy than the present powers of

the telescope seem capable of affording.

From the masses and diameters of the four satellites of

Jupiter, as given in HerscheFs " Outlines of Astronomy,'' I

find by the application of the law of rotation, the following

relative or proportional periods. (Assuming the period of the
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rotation of tlie 1st satellite, nearest to the planet, to be equal

to unity or 1.

Jupiter's Proportional periods of

satellites.

1st.

2nd.
3rd.

4tli.

rotation, as calculated.

1.000000000
1.788478493
1.63.5488852

1.3755550B9

If it be true, that the rotative periods of these satellites are

equal to the periods of their revolutions around their primaries,

then the law does not apparently hold good for these secondary

systems, unless the diameters and masses are affected with

considerable errors ; for instance, if the apparent angular dia-

meter of the second satellite be reduced the one-twentieth of a

second of an arc, it would reduce the real diameter 116 miles,

which would give a calculated period of rotation, such as should

exist in order to correspond precisely with the ratio of the

periods of revolution in their orbits. In the cases of the third

and fourth satellites, there would have to be a greater correction

in order to make the rotative and orbital periods of the same

length. A mistake of a small fraction of a second of an arc,

might easily be made in the apparent angular diameters. Like-

wise, as the masses are deduced from observations of the minute

perturbations which the satellites exercise upon each other, it is

evident that a minute error in such observations, Avould give a

much greater error in the calculated masses. Therefore, masses

and diameters might be assumed, Avithin the limits of unavoid-

able errors, which would give calculated periods of rotation for

the four satellites of the same length as their orbital periods.

This remarkable law, connecting the periods of rotation

with the masses and diameters of the planets, appears to point

to some more original law of a higher order of generalization.

Such was the case in regard to Kepler's law, connecting the

•orbital periods of the heavenly bodies with their distances

from their resj)ective centers of motion. Newton demonstra-

ted Kepler's law to be a necessary result of the more general

law of universal gravitation.

Providence may raise up a Newton in our day who shall

•disclose to us the reason why the cube roots of the densities of
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the planets are as the square roots o£ tlicir periods of rotation.

I intend, in some future communication, to present an

hypothesis which will, if I am not mistaken, account for tliis

curious law obtaining in the solar system.

With tlie most sincere desire for the development and

diffusion of useful knowledge, I subscribe myself your most

humble servant,

ORSON PRATT, Senior."
August 4th, 1855."

119. It is evident, according to the new theorj", that a

rotation upon an axis, is a state of stable equilibrium, wherein

the two opposite forces are equal. The aberrating force is a

known force, and its intensity can be calculated, for any orbital

velocity, or for any rotative velocity, and, if necessary, can be

expressed in pounds weight. AVhen the period of rotation

becomes invariable, it is certain that the resisting force becomes

a known quantity, and can also be expressed in pounds weight,

the one force balancing the other. If the diurnal period of the

Earth were to be lengthened out, say to forty-eight hours, the

aberrating force would preponderate, and would necessarily

restore the rotation to its present period. On the other hand,

if the rotative period were shortened, say to twelve hours, the

resisting force, being in the ascendency, would diminish the

velocity of rotation to its present period. Thus the period of

rotation is one of stability, working its own adjustments, and

preventing by its laws, any permanent derangements, from

extraneous causes.

120. Example.—If the sum of the solar aberrating forces

were concentrated at one point, and acted perpendicularly to

that equatorial radius of the Earth directly opposite the Sun,

and if the propulsion were parallel to the tangent of the orbit

in a direction from west to east, and at a distance from the

Earth's center equal to 25-1643635 miles, what must be the

sum of the resisting forces, expressed in pounds weight, concen-

trated at the same point, to produce the present annual and

diurnal periods ?

In Paragi'aph 45, we have the continuous orbital force,.
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equal to 764.2901078749628251bs. It is also proved, in works

on Celestial Dynamics^ that if a force be applied at the distance

of 25-1643635 miles from the Earth's center, of sufficient

intensity to project it from a state of rest, with a velocity

necessary to its present orbit, the same projection will also

produce the present diurnal period. If, therefore, instead of

projection or an instantaneous impulse, we apply a continuous

propelling force, whose intensity, when the orbital velocity is

attained, shall be exactly balanced by a continuous resisting

force, the same results must follow in regard to the annual and

diurnal periods. But the continuous aberrating force is suscep-

tible of calculation, and is demonstrated to be the number of

pounds above expressed. Therefore, as the two forces must be

in equilibrium when the periods are constant, the resisting force

must also be equal to the same number of pounds.

121. But the resultant solar aberrating force, and the point

of its application to the Earth, have not yet been calculated,

neither that of the resisting forces nor the point of its applica-

tion. But besides these necessary data : there is another one

of great importance, to be incorporatd in the same problem,

namely, terrestrial aberration, or that arising from the velocity

of each particle in the diurnal rotation. It is quite evident that

each particle in a rotating globe, has a definite velocity, com-

pared with the velocity of the gravity of every other particle in

the same globe. The velocity of gravity being known, and the

velocity of every particle in a rotating globe being also known,

it becomes an easy problem to determine the exact aberrating

force, exerted upon any given particle in the direction of the

tangent of the rotation. (See Paragraphs 64 and 65.)

122. I have not sufficient leisure, at my command, to cal-

culate the sum of all these terrestrial aberrating forces, and add

them to the sum of the solar ; and thus point out the amount

of force due to each of these causes, in producing terrestrial

rotation. I leave this work for others, under more favored

circumstances. It is to be hoped, that the great mathematicians

of the age, will thoroughly develop this new theory, in all its

consequences : it is a theory, which, in its very beginning,

seems to be exceedingly fruitful, in accounting for out-standing
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phenomena which have baffled all former theories. We have

seen, as one instance, comets, traversing our system, in hyper-

bolic and parabolic orbits. We have had it announced in our

ears, that such liave taken an everlasting farewell of our system,

which is necessarily true, if the old theory be true. But, by

the new theory, these two classes of orbits, are unstable. They

must yield to the two forces in operation : and it is only a

matter of time for them to be converted into ellipses of great

eccentricity. These cometary ellipses, must, in their turn,

become orbits of a planetary nature, and finally take their

invariable position, with orbits of small eccentricity. Such,

and such by necessity, are the mechanical consequences of the

new theory.

123. The great solar center of our system rolls upon his

two great polar wings in the midst of the powers of eternity.

Whence arises his rotative forces ? From a higher and more

extended source than that developed in his own system. Our
Sun with all the grand retinue of worlds, attending him, is but

a wheel in the vast machinery of the universe. The ethereal

ocean, in which he performs his evolutions, stretches forth to

infinity in all directions. Each system has its revolutions, its

rotations, its currents. No matter can move in ethereal space

without encountering ethereal currents, whose densities are ever

variable, and ever varying; whence arise rotations of bodies,

which, in their turn, generate aberrating forces, and these again

increase resisting forces, and these adjusted in equal quantities

produce equilibrium; and out of all these actions and re-actions,

propulsions and resistances, come forth harmony and beauty,

as manifested in regular invariable periodic times. Such is the

manner, in which the Almighty power of the great Creator is

so Avonderfully manifest ! such the exhibitions of his infinite

wisdom !

124. A body, once commencing to rotate, from any cause

whatsoever, must necessarily generate an aberrating force

among its own particles, which will increase the velocity of

rotation ; and the accelerations will continue, until made uni-

form by continued resistance, There is no reason to doubt, but

such must be the condition of our gi'cat solar center. The sum
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of the aberrating forces which arise from his own rotation, is

equal to the sum of the resisting forces which the rotation

encounters. The aberrating forces can be calculated; hence,

the sum of the resisting forces to his rotation will become

known, and may be expressed in pounds weight.
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CHAPTER XIII.

KEDUCTION OF COMETARY ORBITS TO A PLANETARY EORM.

125. The Data necessary for Reducing Orbits may be obtained

by careful Observation of one Orbit. 126. Hyperbolic

Orbits require a long Period before they are conquered to

the Elliptic Form. 127. Parabolic Orbits easily subdued

to the Elliptic Form. Causes of Great Eccentricity. Worlds

in Embryo. Their future Destiny among Planets. The

Great Creator ivorks by Law. 128. The work of Crea-

tion has its Immense Periods. 129. The Great Problem

of Reducing a Cometary Orbit to a Planetary Form. 130.

Other Systems of the Universe. The Extension of the

New Theory to them.

125. There are no definite laws by wliich we can, at once,

deduce from the changeable elements of a cometary orbit, its

final destiny in an invariable orbit of a planetary form. In

each revolution all of its elements are changed. The exceedingly

great preponderence of the resisting force, will diminish the

dimensions of the orbit, the major- axis, the eccentricity, and

the periodic time. When we have learned, by observation, the

amount of this diminution in one revolution, of any given

comet, we shall be in possession of sufficient data, to calculate,

at least, approximately, the ultimate dimensions of its future

invariable orbit. If its orbit be retrograde, and we learn the

amount of increase in its inclination to the solar equator for

any given time, we shall also be able to calculate the time which

must elapse, before the orbit shall be converted into one of

direct motion, and also how long before it shall be confined

like the planets, within the limits of the zodiac. When we
have made these calculations for one cometary orbit, we shall

be in a condition to declare approximately the absolute inten-

sity of the resisting force at different distances from the Sun;

and as the law of variation of density is already known, these
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intensities will be known for other regions of cometary space :

and thus we shall bs in possession of facts which will enable us

more readily to solve the great problem of the future destiny

of all other comstary orbits, without being obliged to wait for,

or learn by the slow process of observation, the data which are

necessary to enter into the solution.

126. In some orbits, of a hyperbolic character, comets may
proceed to vast distances, before the resisting force conquers

them, and sways them from their infinite paths, into curves of

an elliptic form. But however obstinate in their course,

conquered they must be, unless they pass beyond the boiuids of

equal gravitation between our system and others, in which case,

they can never return : but their direction and velocity may
become so modified, as to insure their captivity in an elliptic

orbit around the next great center which they may approach.

127. Comets, revolving in parabolic orbits, are not so

intractable as those named in the last paragraph. It requires

but comparatively a small resistance, to bend their curves into

elliptic forms. If they were compelled to assume the elliptic

form, when they had exhausted nearly all their velocities in

receding from the Sun, then they would be very near the aphe-

lion of their assumed orbits : and the eccentricities would be

very great. But if they were compelled, at an earlier part of

their journey into elliptic curves, the eccentricities would be

less. When a cometary orbit has, by the resisting force, been

converted fi'om the hyperbolic into the parabolic form, its

escape from our system is next to impossible. It may then be

said, that the elements of a new world are secured ; for it only

requires time, to condense these elements and properly organize

them. By the unchangeable laws of force, they must take

their jiosition among those great bodies of our system which

have preceded them, and attained to their invariable orbits.

Thus the process of organization or the creation of a new world,

is accomplished by the word of God, or which is the same

thing, by his unchangeable laws. For by law worlds are formed

and properly organized ; by law, the materials move from dis-

tant space in regular cometaiy orbits ; by law, the orbits swing

around to their destined position ; by law, they are compelled
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into invariable orbits ; by law, their periodic times become

permanent ; by law, higher adjustments are brought about,

until tlie new creation becomes perfected, and fully prepared

for higher and more God-like purposes, than merely to traverse

the wilds of space. By law, it is studded with vegetation, and

filled with animal life, and peopled with moral and intelligent

beings, who also by law may attain to immortality and endless

life. All these laws came from tlie Great Supreme Architect of

the universe—the Governor of all worlds, who speaks, and

eternity is filled with his voice, who ordains, and the immensity

of creation obeys.

128. Time is an essential element in the workings of all

law. Creation, or more definitely, an organization of the

eternal elements, requires time. The great Creator may design

a new world to be added to our solar system. The materials

may not be found in sufficient quantity in the vicinity of our

system, having been exhausted in the formation of the worlds

already within its bounds. But he beholds an infinity of matter,

existing in the inter-stellar spaces, in the far off depths of eter-

nity. He beholds these nebulous patches in all of their evolu-

tions : he perceives that the vast revolution of some particular

part will eventually bring it within the sphere of the attraction

of our system. The orbit in which it is caught may be of a

hyperbolic nature ; it wheels its course with an accelerated

speed towards the perihelion of its orbit : it passes this point

with inconceivable velocity : it departs for depths unknown : in

its wild flight, it passes far beyond the uttermost planet of our

system : but the firm grasp of the resisting force has not been

loosened : its prey, as if wearied with unusual exertion, yields by

degrees to the victorious captor ; wheels itself into an elliptic

orbit, with its future destination fixed and definite. All this

has required time : ages innumerable may have intervened, in

the grand revolutions of nebulous matter, before the detachment

of this cometary portion, under the potent influence of the

solar energy. Long ages may intervene, before this captured

nebulous matter, shall be fully subdued to an orbit of an

invariable character. Thus the grand work of creation has its

definite periods. It has a period for collecting the eternal
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elements in a nebulous condition : it has a period of revolution,

until, in fortunate circumstances, it is detached in a cometary

form ; it has a period of cometary revolution, until compelled

to assume a planetary orbit, and take its position among inhab-

ited worlds ; it has a period adapted to vegetable and animal

life ; and, finally, it will have a period in its highest, most
perfect and glorified condition, as the eternal abode of immortal,

glorified beings.

129. The greatest and most important problem in Celestial

Mechanics is to determine with mathematical certainty, the

dimension and position of the invariable orbit, which must be

assumed by each cometary body : or, in mathematical language.

Given the elements of any hyperbolic, parabolic, or elliptic

orbit, to find the dimension and position of its future invariable

orbit. When this problem is properly solved, we shall be in a

condition to say, whctlier any given comet will become a pri-

mary planet or a satellite ; if a planet, whether its orbit will be

interior or exterior to tliat of the earth ; if a satellite, which

planet will be favored with this new neighbor, to cheer up and
gladden its nights.

130. In our investigations thus far, we have said but little

about other systems. It has been our intention to exhibit the

results of the new theory in our own system ; if it works well

at home, we may venture to extend its operations to other

domains. Indeed, from the very nature of the ethereal medium
we are obliged to admit that it is governed by the same laws in

other systems as in this. Therefore, it must gravitate toward

the centers of all worlds ; the velocity of the gravitating force

is undoubtedly the same as in our system; hence, the aberrating

forces must be the same; the density of the medium must

follow the same law ; the resisting properties must produce the

same results : therefore, when we have learned the wonderful

workings of this part of the universal machinery, we shall have

gained a knowledge of the great fundamental principles which

characterize the whole. Hence, it is unnecessary to launch forth

into unfathomable depths, in search of information which may

be more easily learned at home. Study our own system, which,.

in most respects, is a beautiful sample of many others. Study^
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its mechanism,—its laws,—its tremendous forces,—its skillful

adjustments,—its wonderful revolutions and axial rotations.

Study out of this great book of nature whose pages are open

and directly before us; and we shall be better prepared to

mount upwards into the lofty heights of eternity, and gaze

upon the untold wonders of infinity.

MISCELLANEOUS EXAMPLES, ILLUSTRATING
THE NEW THEORY.

131. Example 1.—When the velocity of the wind at the

sea level is one mile per houj, or •0002¥ of a mile per second, it

imparts a perpendicular pressure of • 004921b. avoirdupois on

one square foot. With what velocity must the earth move in its

orbit, in such a medium, to meet with the same resistance which

it encounters at its mean distance, by the resistance of the

ethereal medium, the velocity of the earth in ether, being 18 -2-

03590512 miles per second, and its ethereal resistance being

equal to the aberrating force in a circular orbit ? Also when the

velocities are the same, what will be the exact ratio of the re-

sistance of the air to that of ether? (For the resistance of the

ether, when equal to the aberrating force, see Paragraph 45.)

Example 2.—If the specific gravity of gases vary as the

resistances which they offer to bodies passing through them, and

one cubic foot of air weighs • 076708391b. avoirdupois, what

will be the specific gravity of the ethereal medium, compared

with that of the air at sea level, at the mean distance of the

earth in its orbit ? Or, in other words, what will one cubic foot

of ether weigh ?

Example 3.—If the distance of the earth from the Sun be

91430000 miles; and the solar semi-diameter be 430000 miles,

and the sun's mass = 314760 times that of the earth; and if the

density of the ethereal medium varies as the inverse cube of the

square root of the Sun's distance, what will a cubic foot of the

ethereal medium weigh at the Sun's surface ?

Exatnple 4. = What must be the height of a stratum of the

ethereal medium, next to the surface of the Sun, to exert the
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same pressure upon the solar surface, as our atmosphere does

upon the earth's surface, namely, 2120. 04tfes. per square

foot?

132. The four preceding examples, are propounded on the

supposition, that the ethereal medium exerts its resistance, like

other gaseous media, on the surface of bodies passing through

it : but, according to the new theory, such is not the fact : its

resistance is in proportion to the masses of bodies, whatever

may be the form of their surfaces : therefore it is impossible to

deduce the specific gravity of the ethereal medium, by a com-

parison of mass-resistance with resistances depending on surface

only. (See Paragraphs 78, 79 and 80.) For instance, a cubic

foot of the earth, at its mean density, passing through air,

haA^ng the same density as at sea-level, with a velocity equal to

that of the earth at its mean distance from the Sun,— will

generate a resistance equal to 21129256 •7024115s. AYliatever

may be the amount of matter added the resistance remains the

same, provided that only one square foot of the surface is ex-

posed to the resistance. The same cubic foot of the earth when

made to pass through the ethereal medium with the same velo-

city meets with a resistance equal to •000020245444-tt). If the

density of the cubic foot were doubled or tribled, its resistance

would be doubled or tribled : if its form were altered into any

shape whatsoever, it would have no influence in diminishing or

increasing the resistance. Therefore, it is impossible to deduce

the specific gravity of the ether, as supposed in the four ex-

amples of the preceding Paragraph.

133. Notwithstanding the discordance existing between

mass-resistance and surface resistance, when the quantity varies,

yet there is much importance attached to a careful comparison,

when the masses are the same; for by such means we are able

to point out the intensity of the forces acting, whatever may be

their mode of action : this is clearly illustrated in the instance

given in the last Paragraph. It is instructive to compare the in-

tensity of the ethereal resistance with that of the air, and thus

learn something of the nature of the forces, entering so exten-

sively into the mechanical movements of the universe.

134. Example 1.—To find a generfil formula, or cubic
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equation with known co-efficients^ one of the roots of which

shall be the value of the radius vector in any given elliptic

orbit, where the resisting and aberrating forces are equal.

Let the mean distance of the earth from the Sun,—the

orbital velocity,—the intensity of gravity,—and the resistance,

be each equal to unity or one.

Let a — the semi-major axis of the given elliptic orbit

;

c = the semi-conjugate axis

;

V = the velocity of a planet or comet, at the mean

distance in the given ellipse
;

• V = the aberrating velocity at the mean distance in

the ellipse

;

'/• = the resistance at the distance a

;

R' = the resistance at any point in the elliptic orbit

;

F = the aberrating force at the mean distance

;

F' = the aberrating force at any point in the given

ellipse

;

ff
= the intensity of gravity at mean distance in the

ellipse

;

X = the required radius vector

;

2a — X = the distance of the required point from the upper

focus of the ellipse.

To find F'.

we have (Par. 24)

1 1

1 : II 1 I r ; or V =

by the law of gravity

1 1

1 I
— '.'. ^ I .(/; or ff

=: —

;

by Par. 73, we have

1 c

V :: I V; or V =
..
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hj Par. 77, General Theorem

c

Vg = = F;

but (Par. 72) we have

1 1

(1)

a'

or
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Reducing we obtain

x^ — 4:ax~ + ^a^x — ac~ = (4)

As a and c are both known quantities, the numerical value

of X can easily be found. As a particular case for this general

theorem, let a = 1, as assumed for the semi-major axis of the

earth^g orbit, and we obtain the radius vector x, as found in

Par. 91, Ex. 1. Also Par. 90.

Example 2.—What is the length of the radius vector in

the orbit of Encke's comet where the two forces balance each

other ?

Let a = semi-major axis = 209500000 miles;

let c = semi-conjugate axis = 111282523 miles;

let X = the radius vector required.

Then we shall have x"^ — 4^ a x~ + 4 a- x — a c^ = 0; one

of the values of x in this equation is the required distance.

X = 330384629 miles.

Lines drawn from the Sun, representing the other two values of

X, do not terminate on the elliptic curve, one being less than the

perihelion distance, and the other greater than the aphelion dis-

tance.

135. Example 1.—The earth's sidereal rotation being

accomplished in 2Sh 56m 4 "095, what will be the equatorial

semi-diameter of its ethereal envelope ?

Answer, 26254 miles.

Example 2.—How far from the center of the earth,

measured in the direction of her axis prolonged, will the two

polar wings of her envelope have one half the thickness of the

equatorial ethereal diameter; the thickness being measured in a

line perpendicular to the prolonged axis ?

Answer, 1041921 miles.

The solutions of the last two problems depend upon the

supposition, that the envelope form is not changed, or in the
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least degree altered^ by the retarding pressure of exterior

ethereal currents.

Example 3.—What is the velocity oE rotation per second,

(if not retarded by exterior currents,) of the equatorial surface

of the solar envelope?

Answer, 44 -50167 mi/e^.

Example 4.—If the two opposite forces in Venus' orbit

become equal in intensity, only when the orbit becomes circular,

(excluding the action of ethereal currents,) what will be the

diminution of her serai-major axis in one revolution? And
what will be the diminution of her year in one thousand revo-

lutions ?

J ( Dimin. semi-axis in one rev. = 9 '0288 feet.

'\Dimin. yr. in \Q00 rev. =^ of one second..

Example 5.—As Venus proceeds from the aphelion to the

perihelion of her orbit, what time intervenes, between her arri-

val at the point where the aberrating and resisting forces

balance, and at the point of her mean distance from the Sun?

Answer, 5A 51m 38s.

Example 6.—If there are no ethereal currents around the

Sun from west to east, and if the invariable orbit of Mercury

must be circular, how much will the semi-major axis be dimin-

ished in one revolution ? and consequently, how much would be

the diminition of the period?

. f Dimin. Semi-axis in one rev. = 98 'SG miles.

' \ Diminished Period in one rev. = 31 'SS*.

Example 7.—What will be the value of each of the two

forces in Mercury's orbit, when they are equal? and what the

lenerth of the radius vector?

(F = R = 9-313127509.
Answer,

<j ^^^^_ ^.^^_ ^ -40285102867405.
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Example 8.—What must be the velocity of the rotation of

the ethereal current around the Sun, at INIercury's mean

distance, to render the present elements of the orbit invariable ?

Answer, 2254 feet and 7 inches per second, which is nearly

twice the velocity of sound in the air.

Example 9.—What must be the velocity of the rotation of

the ethereal current around the Sun, at the earth's mean dis-

tance, to render the present elements of her orbit invariable?

Ansioer, 4 feet and 6i inches per second.

PROBLEM NOT YET SOLVED.

Example 10.—Given the elements of a comet, in a hyper-

bolic orbit, to determine the dimension and position of its future

invariable orbit, provided that the two forces become equal in

circular orbits only, and that the ethereal currents vary in

velocity as the inverse square roots of the distance from the

Sun, and that the velocity of the current, at the mean distance

of the eartli's orbit, is 4 feet 7 inches per second.
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TABLE I.-EARTH.

1854.

July.

Noon.

1

1

1

1

1

1

1

1

1

1

2
2
2
2
2
2
2

2
2 8

2 9
3
3 1

(Par. 134, Ex. 1.

Formula (1), a = 1.)

F'

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

9 5

9 5

9 5

9 5

9 5

9 5

9 5

9 5

1 5

2 4
4 6

8 1

3

8 9
5 8

3

2 8
2 6

8 3 4
9 5 2
8

2 18
3 6 7

5 2 7

6 9 9

8 8

8

2 9
5 2

7 7

3

6 5

2 2
5 2

9 6

1 3

8 7

9 7 8

8 4 4
6 3

3 8

6

9 1

2 3

5 8

9 4
3 1

6 9 9

7

6

8

9

6
3

7

4
2

6

7

1

5

2

7

9

2 2

3 3

4 4
5 7

29 -5 4391197 29 -3 0513055

(Par. 134, Ex. 1.

Formula (3), a = 1.)

E'

9 4
9 4
9 4
9 4
9 4
9 4
9 4
9 4
9 4
9 4
9 4
9 4
9 4
9 4
9 4
9 4 6

9 4 6
9 4
9 4
9 4
9 4
9 4
9 4
9 4
9 4

8 7

18 8

4 5 3 3
8 6 6

4 2 3

6 9

8

9 3

9
3 3

1 7

3
3

7

1

5

2

6 9 8 9
2 19 5 7

3 8 8 7

5 4 3 5

12
5 11
9 6 7

18 5

9 8
9 8 5 9

19 4
5 1

8 2 1

14 2
5 2 5

9 7

3 8
7 2 7

16 2
6 14

2

3 9
5 7
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TABLE I.-EAKTH.

1854.

Aug.

Noon.

1

2

3
4
5

6

7

8
9

1

2
3

4
5

6

7

8
9

1

2
3

2 4

(Par. 134, Ex. 1.

Formula (1), a = 1.)

F'

59 5 4
9 5

9 5

9 5

9 5

2 5

9 5

9 5

9 6

9 6

9 6
9 6

9 6
9 6

9 6

9 6

9 6
9 6

9 6

9 6
9

9 6

9 6
9 G

9 6
9 ()

9 7

3 9 1

7 9

7 5 1

7 9 3
8 3 6
8 8 1

9 2 6
9 7 2

1 9

6 6

115
6
1

6
1

3 6 8
4 2 2

4 7 6

5 3 2
5 8 9

6 4 7

7 7

7 6 8
8 3

8 9 3

9 5 8
2

9
1 6

2 3
3

3 7

19 7

9 5 6
15 2
4 8 9
9 11
2 6 7

5 2 2

6 5 2
4
8 9 1

2 2 2
3 11
13 3

6 4
3 5

8 6
3 3

8 8 9

6 2 2
5 11
7 7 8
3 5

2 2
o4

9 5

8 6
1 8

7 1

3 4
9

8 4
4 5

(Par. 134, Ex. 1.

Formula (3), a = 1.)

R'

29

59 -4 4806550

5

5

5

5

5

5

5

5

5

9 5

9 5

9 5

5 13
8

5 6
10 5

15 6

2

2 6 1

3 14
3 6 9
4 2 5

4 8 1

5

5

5

5

5

5

5

6
•9 6
•9 6
•9 6
•9 6
•9 6
•9 6
•9 6
•9 6
•9 6
•9 6
•9 6
•9 6

5 5

6 7

4
3 9
4 4
6 1

9 8

9 6 7

5 8 7

4 4
4 8 9

3 8 8 15
9 7 11

6 5 6 2 3 9
7 16 3 4 8

7 7 7 6 6 3

8 4 2 2 2

9 3 8 3 3

9 6 8 9 2 4
3 5 3 4 8

10 3 3 8

17 2 9 6 7

2 4 4 4 4
3 16 6 8 9
3 9 8 8 9
4 6 6 6 5 6
5 4 4 1

96 2

7

7 8
8 6

9 5

00
5 6

5 6
1 1

2 2
3 3

59 •0 3101661
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TABLE I. -EARTH,

1854.

Sept.

Noon.

1

2
3

4
5

6

7

8
9

1

2

3
4
5

6
7

8

9

1

2
3
4
5

6
7

2 8
2 9

3

(Par. 134, Ex. 1.

Formula (1), « = 1.)

F'

59

•9 8
•9 8
•9 8
•9 8
•9 8
•9 8
•9 8
•9 8
•9 8 6
•9 8 7
•9 8 8
•9 8 9
•9 8 9
•9 9

6 5

4 5 8
18 9

9 2 5

6 6 8

4 14
6

1

7

3

9

•9 9
•9 9
•9 9
•9 9
•9 9
•9 9
•9 9 6
•9 9 7

2

9 9

7 7

5 9

8 4 8

6 4 3
4 4 5

2 5 5

7 3

9

7 3 4
7 6

2 5

8 3

4 6
1 5

7 6 4
6 4 3

4
1

8
1

7

3

6
5

1

7

3

4
9

1 8
1 8

6 8

8 6
2 3

9

1 4
2 3

1 8
9 8

2 3
4 1

5 5

4 9

89 •0 1826632

(Par. 134, Ex. 1.

Formula (3), a = 1.

R

59

88

3

7

7

7

7

7

7

7

7

7

7

7

9 8

9 8

9 8

9 8

9 8

9 8

9 8

9 8

9 8

9 8

9 8
9 9

9 9

9 9
9 9

9 9
9 9

9 9

9 9

1

3 5

2
6

9 3
8

6
5

6 4
7 3

8 2

9 1

9

6 6 1

28 9
5 5 7

5 4 5

2 3 3

3 9 8
9 5 6
8 3
9 4
5 2
4 5

o o

6 4
7 4
8 3
9 3

8

5 4
7

4
7

8
6

2

3
4
3
5
7'

5

2

3 3

3

3

3

3

3

6 3 8

7 4 1

3
1

2
1

8 3

3 3

7 6
8

3 7

4 8 8
6 2
3 6

7 16
6 4
8 6 4
4 3 2

53 4 32749
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TABLE I.-EAETH.

1854.

Oct.

Noon.

1

2

3
4
5

6
7

8
9

1

1

1

1

1

1

1

1

1 8
1 9
2
2 1

(Par. 134, Ex. 1.

Formula (1), fl=:l]

F'

89 -0 1826632
•9 9852256
•9 9940186

Mean distance October 2d
12h 30m 163.

•0

•0

•0

•0

•0

•0

6
•0 7

8

8 8

9 7

8

5 7

3 2

3
6 9
3 2

9 1

4 7

9 9

4 7

9 2
3 5

9

3 3

3
8

7 9

8 6 1

2 3 6
6 6 5 1

9 6
5 2 4 6

2
2
2

8 9
9 8
6

1 5

2 3

3 1

3 9

3 1

1 5

4 1

6

8 5

2 5

7 1

120 ^3 7 7 7 9 4 9

(Par. 134, Ex. 1.

Formula (3), a — 1.)

88 -5 3432749
•9 9843989
•9 9946602

Mean distance October 2(1

l'2h 30m lbs.

•0

•0 1

•0 2
•0 3
•0 4
•0 5

•0 6
0 7
•0 8

9

2

2
1-0 2

9 9

14 32
34
5 1

6 1

6 8

6 4
4

8 9
7 5

7 16 9
6 9 7 2
3 5 7

3 3 7

9 7

2 2 6
8

1 5

1

3
8
4

4
4
4
3
4
7

9 6

7 3 8

7 6
9 9

3 1

3 7

9 9

2 3

8 9
8

7 7

119 9 5 6 4 7 8 6
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TABLE L-EAETH.

Ill

1854.



113 APPENDIX.

TABLE I.-EAETH.

1854.
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TABLE II.-VENUS.
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TABLE II.-VENUS.
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TABLE II.-VENUS.
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TABLE II.-YENUS

1854.
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TABLE III.-MEECUEY.
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TABLE III.-MEEOUEY,
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