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PREFACE.

Tue ‘inductive system’ as taught by Francis Bacon bases
science upon facts.  The necessity of correctly observing
and of verifying with the most scrupulous care those fun-
damental facts upon which the various divisions of natural
seience are (have to be) constructed, is therein inculeated
and insisted upon ; the slow and uncertain progress of
science when ‘¢ undemonstrated theories’ and ¢ suppositious
facts’ are substituted for ¢ truths and realities’ is pointed
out and dwelt upon ; the pernicious effect of accepting
conclusions resulting from reasoning not based on fruth
or certainty as ¢ scientific’ is plainly shown ; and the dan-
gers (and the possibly disastrous consequences) of system-
ising unsound knowledge and arraying falsehood in the
garb of truth are clearly indicated.

The primary purpose of this book is to ascertain
whether the rules of the inductive system as laid down
and taught by Francis Bacon are still recognized ; that
is to say, whether the number of those who do recognise
those rules is sufficient to compel their public and gene-
ral recognition as conmstituting, collectively, that law of
science which may not be set aside by any human author-
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ity,—that law to which each individual, if educated and
qualified, has the right (the most important of all rights
which freedom can give) to appeal in his own interest
and that of others ; and, that law according to which his
appeal must be heard, and by which the soundness or
unsoundness of his claims, must be decided and deter-
mined.

With this object certain important doctrines now
taught as belonging to science are herein contested on
the general ground that the specified conclusions so
taught as facts are fulse or unsound ; the preeise nature
of the error being pointed out in each case, and the cor-
rect or sound explanation set forth, The subjects relate
more particularly to what may be termed the Physics of
Astronomy. Of these may be instanced :

The Theory known as the ¢ Newtonian law of Gravitation.”

L L ¢ Repler's third law.

L L " i * The Law of Equable Areas.?

The Teaching on the subject of the tides,

The present teaching on these subjects is challenged,
according to the rules of the inductive system, on fict and
for cause shown. For example—The distance of the sun
(i. e. the approximate distance) from the earth, as ascer-
tained by parallax, is an astronomical fact; also the
moon’s distance from the earth, and the periodic times of
the moon’s orbital revolution round the earth, and of the
earth’s revolution round the sun, are astronomical facts,

The attractive force of gravitation at the surface of the

earth as measured by the space fallen through in a de-
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finite time by an attracted body, is a fact belonging to
physical science. It is asserted for reasons particularly
set forth that the theory known as the Newtonian law
of gravitation is not based upon and is irreconcileable
with these facts ; and the theory (alleged to be) correctly
based upon these facts and demonstrated by them to be
sound, is stated and explained.

Our statements and arguments are put forward in such
i form that if erroneous or inconclusive they may readily
be shown to be so. If a deficiency as to a proper
knowledge of the subject (or subjects) is apparent, that
may be easily pointed out. If it is said that we have not
in this investigation employed the analytical methods of
what are called the higher branches of mathematics,
we acknowledge that we have not done so; but we are
not bound or called upon by the rules of the inductive
syscem to treat the subject in such a manner, and we are
decidedly of opinion that these subjects being of a funda-
mental and primary character, such a method of treat-

ment would be improper and unsafe,

MoxTREAL, 25h June, 1873,
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LECTURE.

CENTRIFUGAL FORCE AND GRAVITATIONXN,

INTRODUCTORY OBSERVATIONS,

Berore commencing my formal leeture it will be proper
to give o brief explanation of the particular purpose and
of the reasons which I trust will be held to justifv me in
{:Ullliljg forward as a |mh]il'. teacher or lecturer on o
scientific subject. It is my intention to make some
general observations either at the close of this lecture or
soon afterwards, on obstacles to the progress of science,
having particular reference to certain seientifiec diflicul-
ties and questions in controversy on scientific subjects,
I should have preferred to defer all explanation until that
time, and to commence at once upon the partieular sul-
jeet of the lecture, but so doing would certainly expose
me to the risk of a prejudice being formed in your minds,
antagonistic (and possibly very strongly antagonistic) to
my purpose as an instructor or lecturer.  Under the cir-
cumstances this could be only a temporary obstzele, but
an unfavorable prejudice is in itself an obstacle of a kind
which I am aware that a teacher should by no means
despise ui underrate ; and, as the subject has already sufli-
cient difficulties of its own, it is requisite for me to guard,
as carefully as I can, from unnecessarily increasing thew,
The subject of my lecture (Centrifugal Force and Gravi-
tation) may be considered to belong more directly and




s INTRODUCTORY OBSERVATIONS,

particularly to that division of natural science called mecha.
nics, or mechanical philosophy ; but also, since it embraces
those laws by which the motions and relative positions of
the planetary bodies are determined and regulated, it
enters largely into that division termed astronomical
science. The express purpose of my lecture is to call your
particular attention to and clearly explain, so far as may
be necessary, the teaching on this subject at present con-
sidered scientific (i. e. scientifically orthodox), in order to
objeet, on scientific grounds and for reasons which will
be particnlarly stated, to certain parts of that teaching.
The form of the argument will be to give first that which
I assert to be the correct and sound teaching on each of
those parts of the subjeet, and then to compare these with
the present authorised explanations (i.e, the teaching now
recognised as scientific) in order to show and bring dis-
tinetly under your consideration the particulars against
which my arguments will be directed, as being erro-
neous and as belonging therefore to unsound science,
In making the few preliminary remarks which seem to
be necessary I am anxious to aveid making any state-
ment or assuming anvthing which may even appear to
be objectionable or open to dispute. For the moment, it
may seem that I am at least risking something in such a
sense by proposing to assume that there is in the minds
of a great many educated people a conventional, loose,
unjustifinble and incorrect meaning attached to the woril
‘ Science,’ and therefore also to such compound terms as
‘scientific teaching”’ and ¢ scientific authority.’ I feel sure
that I may safely go further than this, and still for the mo-
ment only risk dissent, in assuming that this conventional
and incorrect meaning is not confined to the minds of per-
sons of good general education, butalso findsa place in very
many minds which have had the advantage of what is
termed a special scientific training—in the minds of men
who it may be are quite qualified (possibly much better
qualified than myself) to give a correct definition of, and

-
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INTRODUCTORY OBDSERVATIONS, 1]

therefore to attach a correct meaning to the expression
* Science,” but who in fact go on retaining and subjecting
themselves to the influence of a more or less indefinite
and incorrect meaning attached to that expression,
¢ Science’ is not a new word—-it has been in use for at
least several centuries, and has been used all that time to
convey the same general idea or meaning. The way in
which the term has been and still is used, may be des-
cribed as a definite word used indefinitely; or, to amplify
this a little, a word or expression which is essentially
definite and discriminating used indefinitely and for the
most part so loosely as to be allowed to include things
not only dissimilar but even such as are opposed to each
other, in the sense that fruth is opposed to untruth, or as
right is opposed to wrong. Let us go back only one cen-
tury* and, with our present advantages and better means
of forming a correct judgment, reflect whether all the
knowledge which was at that time considered or classed
a8 scientific knowledge was correctly entitled to be so
classed or considered. It is beyond question and dispute
that opinions, judgments and conclusions were held by
and formed a part of the so-called scientific knowledge ot
the men of science of that day which at the present time
would be unhesitatingly condemned by any educated
person as being certainly erroneous; and this misapplica-
tion of the word was not peculiar to that or to any other
one period of the world’s pasy history ; nor has it ceased
to be still used in essentially the same way, that is mis-
applied ; a source of mischief and confusion resulting
from a tacit agreement to deceive ourselves and to call a
thing fhat which every one qualified to judge knows that
in fact itis not ; namely, t+ call a collection of knowledge,
some of which is undoubtedly true, some of which is
almost certainly or very probably true, some of which is
doubtful (i.e. possibly true and possibly untrue), and
some of which is certainly untrue, (because no sane sci-
entifically educated man will assert that all which we
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now ecall science contains no errors, no doubtful theories,
or merely plausible assumptions held as possible truths
until more certain knowledge can be obtained)—to call
such a collection collectively by the name science, a word
expressly meaning true knowledge as distinguished, not
only from unsound knowledge, but also from knowledge
not known to be certainly true.  The mistuke may be
partially rectified by adepting some such expression as
‘authorised science’ or¢ classified science,’and defining this
to include, together with the scientific knowledge, a cer-
tain indefinite amount not certainly known to be sound;
but to apply even such a modified expression correetly, a
careful re-classification and separation would be necessary;
because the present collection, known as seienee, includes
also the great antagonist of science—that evil and false
knowledge which, assuming a systematic and apparently
scientific form, and entering in unnoticed, mingles with
and contaminates knowledge otherwise wholesome and
true 3 and which having insidiously and firmly established
itself' in the educational stronghold of eivilization displays
that hatred of definite and true kunu']l'tlgv—thut organ-
ized l.:ppur-i-i'ritm to real I'll'UL"!'l.'HH.-iltl.il that skilful and uneeas-
ing endeavor to darken, confound and destroy the
homan intelleet which has ever been the characteristic of
‘unsound science’:

It may be remarked : well,—as to all this,—there may
be something in what you've been sayving in a philoso-
phie sense, a sort of abstract truth perbaps; but it can’t
be practically a matter of any pa*ie-lar consequence,
and can scarcely be considered as more than a sort of
guibble about the meaning of a word,

Feeling sure that an inevitable controversy is impending
upon this particular question—a controversy that will
not be confined to a few disputants—uot to any one par-
ticular locality, nor even to any one nationality, hut—a
controversy which will become wide-spread,into which all
those belonging to the educated world will be drawn, and
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in which each one will have to choose his side and take
a part—a controversy which will become a conflict of the
most uncompromising character, a verbal battle asto which
even those who most love peace and detest discord, will
agree with those to whom dispute and strife are less un-
weleome, that it must be fought, and must be fought out,
until the one party or the other is completely vanqguished
and subdued ;—with the convietion that such a controversy
is at hand, if indeed it may not be said to have already
commenced, it wonuld be unadvisable to enter now into
an argument the merits of which could not be fairly
stated without occupying a good deal of tie.  Intend-
ing, however, as already stated, to make some remarks
“upon obstacles to the progress of science” at the close of
this lecture 1 may then perhaps have something further
to say upon this particular subject, Meanwhile I will
SUpose the forezoing statement or some other m;uivnh-ur
stiutement to have been III-'H{I"‘; lulnu*]l'i.'1 to the effect—that
it is not of practical importance to discriminate, and to de-
fine the difference between “science” (fe, sound seience)
and “unsound seienee *; and T will for the present content
myself with asserting the direetly contrary, namely—that

it is of Ilru{rti{'nl i||31mt'tu|u't= s0 to discriminate—that it is,

in an educational sense, of an ilulm‘:’tm]l‘t! which can be
neither overstated nor overrated, to define the difference
aund to  distingnish between * science’ and ¢ unsound
science,’

defore commencing my formal leeture, I beg to state
for the benefit of those who take an interest in such sub-
jeets, that it will be continued to-morrow evening, as
there will not remain mueh more than sufficient time
this evening to make a commencement and to indicate
the particular form of the argument, Although I may
venture to say that the statements and expianations of
my lecture will be conveyed in the most simple and
intelligible form that scientific treatment of the subject
will justify, it cannot be expected that those who have
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12 CENTRIFUGAL FORCE AND GRAVITATION,

not some previous knowledge of the subject wili be able
to follow with mueh interest the reasoning and conclu-
sions in an argument which will mainly consist in con-
trasting and distinguishing between cases essentially dis-
similar, but which to the scientifically uninstructed must
appear very much alike. I will therefore now take the
opportunity to express my personal thanks to those who
may this evening have attended in consequence of parti-
cular invitation ; the lecture itself having commenced
those who remain or return will then do so knowing
what they have to expect.  Of the remarks with which
it is intended to conelude the leeture, and which may per-
haps be sufficient for an evening to themselves, due notice
will be given.

CENTRIFUGAL FORCE AND GRAVITATION.

—_—

We will first take three cases for consideration in which
a body revolving round a centre (a central body or cen-
tral point) is subjected to conditions differing as stated.

Case 1.—A body attached to a central fixed point
revolving in a circle.

Case 2—A body revolving in a circle with a definite
uniform veloeity around a central body, the
two bodies being subject to the influence of
gravitation.

Case 3.—A body retained by and subject to the influ-
enceof gravitation,revolving around a central
body, the distance of the moving from the
central body,being determined by the relative
proportions of the velocity and the amount
of gravitating force.
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Case (1) may be conveniently subdivided into the case
(a) where the revolving body is attached to the fixed
central point by a non-elastic line or link ; and the case
(b) when attached by an elastic line or by a lineconnected
with a spring such as to allow of limited extension when
acted upon by the centrifugal foree of the revolving body,
(n). Fig. 1. Let a weight 1'1 be attached by a string to a

central point C, around o 4 o
which it revolves, the gz z
motion of A, from the  p. @
peint A, in the direction B

AD, would earry it to
the point I, in a definite
time (t). But the motion
of A being restrained by
the attachment to the
central point, is ecom-
pelled to take place shrough &n arc of the circle
AE. To what distance from the point A on the
circle will the weight A move in the definite time (t)
in which it would, if unrestrained, have moved to the
point D, on the straight line AD? Let a point B on
the circle AE be the point at which A will arrive in
the time (t). Is AB greater or less than, or equal to
AD 1 If greater, then is the motion accelerated ; if less,
it is retarded; and if equal to AD, then is the motion
neither nceelerated nor retarded by the action of the string,
As there is no ground whatever for assuming that any
motive or active force ean develope itself from the central
point or out of the string, there is no accelerating cause ;
no extraneous or additional force from which additional
motive power or velocity can be derived, therefore AB
cannot be greater than AD. Is the motion of A, (leaving
out of consideration friction and so forth) retarded by the
restraining action of the string? Let FA on the straight
line FAD be the direction in which the moving weight
A has arrived at the point A, on the tangential straight

[




i

14 CENTRIFUGAL FORCE AND GUHAVITATION,

line FAD. Now if the angle FAC were greater than a
right angle in any degree (e. g. fAC), it must be admitted
that the string could not then retard the motion of A in
the direction fAd. If on the contrary the angle DAC
were greeter than a right angle in any degree (e.g.)
WAC, it must be admitted that the string would then
retard the motion of A in the direction TAd. But
the tangent is necessarily at every point in the circle
at right augles to the radius; where then can any re-
tarding effect commence? in what does it consist? or
what influence is there to which it ean be attributed ?
If we can suppose the radius AC, or the string repre-
sented by it, to be of infinite length ; then there would
be no restraint, and A would move in an absolutely
straight line, Or if we suppose the radius AC to be
of indefinitely great length; the deviation of A’s motion
from a straight line through any given space will be inde-
finitely small, nevertheless every point and every part in
the line will represent a point and a part in the are ofa circle,
and if there be no retarding foree at any one point or any
one part, neither can there be at any other point or part,
hecause thet would suppose a dissimilarity in the motions
or relative positions ci the parts eontrary to the condi-
tions of the case under consideration, It may be argued
that (1) where there is no retardation, as in the supposed
instance of an infinite radius, there is also no restraint ;
but that (2) when the motion is restrained and caused
to deviate from the strunight line into the are there is
retardation, and that the force causing or resulting from
such retardation is that known as centrifugal foree, and
is represented or measured by the tension of the string.
In order to examine this objection we will now take the
subdivision of the case (b), and suppose an elastic spring
to form a part of the connecting line by which the weight
A is attached to the central point C, (Fig 2,) The weight
A is assumed to start from the point A, at the same dis-
tance from the centre and to move with the same velocity
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CENTRIFUGAL FORCE AXND GRAVITATION, 15

as before, which would cause it to arrive at D in the
time (t); the effect will now be that the tendency of the
weight A to move in the straight line will, in the first
instance, be only partially restrained by {he string, because
the elastic spring, connected therewith, will be extended
and allow the weight A to move outside the circle ABE.
Ve will suppose this extension, which will be limited to
a certain short time, suflicient to allow the weight A to
arrive at the point 1, and afterwards to arrive at the point
H, when the elastic T

force of the spring
reacting towards the
centre C, may be sup-
posed  to  beeome
equal to the eentri-
fugal foree of the
weight, and equality
being established, the
weight A will eon-
tinue to move in the

areater cirele of which the are HK forms a part.
Now, if we take any point 1, at which A arrives
when the elastie spring has been partially extended, then
since the weight A has moved from the point A, in the
curve Al, and A is a point on the circle ABE, and the
curve Al is between that circle and the tangential straight
line AD, the direction of the motion of the weight A at the
point 1 will be the tangent to the curve Al, and which may
be represented by the line mln. Join Cl, and through the
point i, where Cl cuts the circle, draw the tangent o. p.
Evidently the angle Cln is greater than aright angle (for
the angle Cip isa right angle and Cln is greater than Cip,)
and consequently it must be admitted that the string Cl
retards the motion (i. e. diminishes the velocity) of the mov-
ing weight A, When the weight A has arrived at H, then
since the centrifugal force is unable to extend the spring
any further, and the reactionary force of the extended
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gpring is unable to overcome the centrifugal force, the
conditions of the case now become similar to those of the
subdivision (a), with the difference, however, that the
weight A will now revolve in the greater cirele of which
HK is an are, and will move therein with a veloeity less
than the veloeity which it had when leaving the point A
(ie.less than the velocity which would enable it to travel
from A to D in the time (t). TPut the spring which
forms part of the line connecting the weight A willi the
central point C is now extended ; and the force employed
in extending the spring is equivalent to the loss in veloeity
of the revolving weight A.

Case (2). Under the conditions of this case, the cen-
trifugal and centripetal forces being equal (i, e. the central
gravitating foree being counter-balanced by the tendency
of the body A to move along the tangential straight line),
the motion of the body A will be restrained from deviat-
ing out of the circular orbit of revelution, and the velocity
of revolution will be neither aceelerated nor retarded.

The body A (Fig 3) wili_ arrive F 4 2
at the point B on the circle in ]
the same time it would otherwise / | b
have arrived at the point D on / I 3\
the straight line, therefore [

AB=AD. :

Case (3). The conditions be-
longing to this case will be inelud-
ed if we suppose that the central
gravitating force is in the first place more than sufficient
to restrain the moving body from inereasing the distance
between itself and the central body ; the superior gravitat-
ing force therefore causing the revolving bedv A to
deviate from the circle and to approach the ventral body.
The body A (Fig 4) is moving at the point A, in the
direction FAD, with the same velocity as before, and
would arrive at D in the time (f). By case (2), if the
gravitating force acting towards the centre was equal to

}
4
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&
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the centrifugal foree, the
body A would move in the
are A fD of a circle ; retain-
ing always the same distan-
ce from ' as it had wnen
leaving the point A; but
the gravitating foree is now
greater than equal to the
centrifugal force, and conse-
quently A, when it has moved through half the time {'_i',i
has been caused by the superior gravitating foree to ap-
proach C, by the space contained between the point f
on the circle and the point on the curve Adm, at which
the line fC cuts that curve (as this point would be very
near to d, we may denote the space for illustration as fd,)
The space fil will therefore represent additional motion
imparted to the body A, and which, being compounded
with the motion in the circle, will cause A to move with
increased veloeity, and to arrive at the point din the same

time (1) in which it would have arrived at e, on the line

FAD, (Ae being the half of AD, and Ad being greater
than Ae), but in moving through the remaining half of
the time () the body A is caused to continually approach
the central body, and at the end of the time (t) A arrives
at m ; the distauce Am on the curve being greater than the
distance AB on the circle which is equal to the distance
AD on the line FAD ; and the distance dm, is greater
than the distance Ad, because the motion is thus far con-
tinually accelerated, (i. e. so long as the moving body actu-
ally approaches the centre of gravitation.) The difference
by which the space Am on the curve, is greater than the
space AB on the circle, measures the additional motion
which has been imparted to the moving body by the supe-
rior gravitating foree, and it represents the quantity of
motion (or space) by which the body A has approached
the centre.  When the body A arrives at the point E
B
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opposite to A (at the opposite extremity of the major axis
of the ellipse) A has approached the central body by the
difference between the distances AC and EC 3 and if A were
supposed to be at rest (deprived of angular motion) at each
of these distaneces from C, viz., AC and EC, then would the
aravitating influence be inversely proportionate to the
greater and the lesser distance viz,, inversely as AC : EC, *
But at the point E the angular velocity of the body A
moving in the diveetion FED is considerably greater than
at the opposite point A and the areal velocity is also
greater, i. ¢, the distanee to which A would move

from E in the direction FED in the time (t) would be
greater than AD. Sinee the gravitating influence is
uniform at any given distance, and sinee it is continuous,
the amount of foree exerted being I]il'l'l'TE_‘f propor-
tional to the time Juring which it isexerted, it is evident
|]]:|T il: :]u- R nf' il :][llll'l.' l:.‘lhhih'_' ]I_'n.' 0 I'1'1.'1r]‘l'illli_';'
arourdd a second hull]}" the _l.'.'l'iu'iTu'['llq.! influence or
attractive foree will be dependent apon the angular velo-
:-itj.‘ of the moving '|u:u'|lln.', and iII'l.'l:'I'.il:'l_\.' lrrupm'liuiml ti

that velocity. Therefore at the point E, the velocity of

A’s motion having iereased in more than the inverse pro-
portion of AC to EC, * the attractive force (eflective gravi-
tating influence) exerted upon A, is so much less at the
point E, thanat the opposite point A.  The relative pro-
portions of the gravitating and centrifugal forces are
therefore reversed, and consequently the gravitating influ-
ence i3 now insuflicient to restrain the body A, from in-
creasing the distance between itself and the central body.
When A, has moved from E, through an angular distance
equal to that of ACB, the point G at which it will then
have arrived will be at a distance from C greater than CE.
The increase in the distance, viz., the difference between
CE and CG will be in effect similar to the increase in the

* Note. The reason for thus gtating the proportion will be presently ex-
plained, the Newtonian theary of gravitation wounld require as AC*: EQ™.
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CENTRIFUGAL FORCE AND GRAVITATION. 19

length of the connecting line by extension of the elastic
spring (in sub-division b, of Case 1) and the effect will be
to retard the motion of the body A. The diminished velo-
city of A at the point G will, however, be still proportion-
ately greater than the gravitating influence, and conse-
quently the body A will continually recede from €, and
the velocity of its motion in the elliptical orbit will con-
tinaally decrease, until the point A at the opposite extrem-
ity is again arrived at when the former conditions will
b restored,

Ouservatioy.—The momentum of the body A in its
approaching and receding motions relatively to the eentre,
i £, its tendeney when approaching to continue to ap-
proach, and when receding to continue to recede, will he
heveafter alluded to ; its effieet is to exagzerate (to inerease)
the deviation from the cirele, eausing a greater eccentri-
city in the orhital revolution: and to give permanency to
the deviation hy preventing the restoration of equality of
force and uniformity of motion,

The principle of equal arcas described (passed over) by
the radius vector of a moving body revolving round a cen-
tral body and retained in its eurvilinear orbit by the influ-
ence of gravitation (demoustrated by Newton in the first
propositions of the “ Priveipia,”) may be shown to be the
consequent or resultant of the relationship between the
two forces, the centrifugal and the gravitating forces, and
of their compounded action on the moving body.

Nore—Newton's demonstration is here provisionally
aceepted as sound; bt Hhat demonstration includes and is
wmdirectly based upon an assumption that the areas of circles
vary as the radii (or asthe perimeters) of the circles, 1. .y 10
simple proportion; Now, this is not true in fact, because the
arcas of circles vary as the squares of the radii; conse-
quently the supposed demonstration must be unsound.  This
case will be cxamined later.  (See page ).

In the usual explanations and illustrations of Newton’s
demonstration of this principle it seems as if the nature of
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gravitating foree, viz., as being compounded of gravitating
influence and time, has not been correctly understood ; i'u;
l."?ﬁllil!}h].ll" (IFig 5):—n hud}‘ As HI[IIHHU‘[] to revolve around
a ventral body C, being retained in its orbit by the influ-
ence of gravitation acting from the central ImitlE C (Fig 5).
We suppose the suceessive curvilinear spaces Ab, be,
and ed to represent the spaces

successively passed through by % 2" &7 Y {
the llul.l_T A, inits orbital motion, e ¥ .__..gr
each one of them in the same ﬁ“{\-' — _‘ —la"
equal definite time (t). Now the %, \
explanation  usually  given of L |
such @ case 15 to the followinge . I'
effect : it 18 at once assumed, N
notwithstandir | that the by

15 moving in the direction of the

tangent, that the central gra- L

vitating intfluence acting upon
the moving bodv at the point A, tukes eflect by cinsing
motion in the direetion AC, and A is stated (or supposed)
to commence falling towards the central body ; and as
the orbital motion proceeds, to continue falling with aceel-
erated speed aceording to the law of gravitation applied to
falling bodies. The analysis is sometimes shewn by draw-
ing a line from that peint arrived at by the moving body in
the time {t) in the circle or orbit of revolution, (7. ¢. by
drawing the sine of the are) at right angles to AC, and then
taking the distance of the point where the line 5o drawn
cuts the radius AC from the poeint A ; that distance 13 then
stated to be the space through which the moving body
has fallen towards the centre whilst moving through that
portion of its orbit, thus Ad', on the line AC, would be
considered the space through which the moving body A
had fallen towards the centre C in moving through the
arc or curvilinear fraction of the orbit Ad. Similarly
Ab', Ac', would be considered as spaces fallen through by
the moviug body in travelling from A to b, and A to ¢

T gl L i
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respectively, in the orbit, An apparently similar, but not
equivalent, mode of explanationisby drawing the tangeutial
line AD awd deriving the space moved through in the
orbit from the asswmed motion in the direction AL by
drawing a perpendicalar from the assuned point of
arrival on that line AD to the are or curve representing
the orbit, the perpendicular is then eonsidered to be the
space fallen throngh towards the centre of gravitation, and
the motion in the orbit or are is zﬂl]llauﬂwl to be ecom-
pounded of the perpendicular motion towards the centre
and the horizontal motion in the direction of the tangent,
Another way in which the same (last) explunation is
varied, analyses the coniposition of the orbital motion by
gibdivision of the enrve into shorter spaces: instead of
drawing the one tangential line AD from A, taveents
representing equal divisional periods of’ thme are drawn
one to caci ol the fiactional  curves which constitute
the divisional spaces of the orbit, Thus (Fig. 5 a), if’ Ad re-
prescut the whole time (1) 5 then Ab v-;: Ae "i!:ld-' -«: =(t).

From the terminal points »
of each of these divisional

; = b i
curves, the tangent is /":" |
drawn representing  the /4:

B~ -
. rd
space throngh which the /<
body would pass in the /

next equal division of
time ; then from the ter-
minal point of this tan-
gent the perpendicular is
drawn cutting the curve
of the ellipse; and from [
which point again the next tangent is drawn, In
fig. 5 (1) the perpendiculars b, ¢, d, would be cousidered
the fulling motions belonging to the curves, and this
perpendicular motion compounded with the tangential is
supposed to produce the eurvilinear motion through that
space. Hence the perpendicular ¢ is greater than b ; and

—
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22 CENTRIFUGAL FORCE AXND GRAVITATION.

d is greater than ¢ ; also the curve he, is greate
than Ab; and cd greater than be. The erroncous
assumption on which these explanations are based leads
(1) to a false conclvsion as to the quantity of motion
imparted to the moving body by the gravitating force, and
(2) to an unzound inference as to the composition or nature
of the gravitating force itself. In fig 6, the case illustra-
ted is that of a body moving around a central body with
a velocity such that the centri-
fugal force equals (he attractive __2 a’ A
force, and consequently the mov- a
ing body can neither approach nor
recede from the central body. The
case 1s essentially similar to that
of Case 1 (a), where the moving
body was attached to the central i
point by an inelastic string or

link, and in which it was shown that the velocity
of the moving body was neither inereased nor di-
minished by the guiding or restraining effect of the
string. (Note. It has been explained in a previous note
that an oscillating effect of approximation and recession
takes place in the case of a body revolving around a
centre of gravitation as above. The connection with the
central point is here considered as equivalent to a rigid
inelastic medium, whereas the radius-veetor in this case
(that of gravitation) may be correctly considered as
{",\]h"[‘.llli']}' +,='[ns1‘ic; this difference, however, does not in the
least affect the argument here put forward ; and it will,
for the moment, suflice to observe that this elasticity is
also disearded by those teachers, the correctness of whose
theories and conclusions we are here disputing.)
The illustrations and explanations given in the Reference
from the works of Whewell and Lardner show that
in the case of the moving body revolving in a circle, the
erroneous assumption leads immediately to the conclu-
sion that the velocity of the moving body is increased
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by the gravitating force, but which is contiary to fact,
and it is indeed manifestly impossible that any
acceleration of motion can take place in the manner
so supposed. The unsound inference as to the natuve
of the gravitating force may be illustrated by Fig.
5(a) (page 21) which belongs to a case siwilar to that
previously investigated in Case (3), viz,, that wherein the
centrifugal force of the moving body is less than the
gravitating foree, and in which consequently the moving
body is made during a part of its revolution to approach
the central body, and it was shown that in such a case the
velocity of the movinz body is inereased. In Fig, G(a), for
example, the moving ho Iv will travel throngh the distance
Ad of the enrve, in the same time (t} in which it would
have moved from A to B in the civele, and Ad is
greater than AB.  This aceeleration arises from  the
actual additional motion by which the moving body
approaches the eentre, avd which i= componded with the
motion in the direction of the eivele, The spaces Ab,
be, ed, in the orbital enrve renresent  shaces  sic-
cessively passed through hy the moving body in equal
increments of time, but the spaces are unequal heeause,
since the motion is constantly aceelerated from the point
A, each suceessive space is greater than that preeeding it
Now if we proeeed by the usual method to investigate
the gravitating force ro which the moving holy has heen
subjected whilst moving throngh these suecessive SIHICeS,
it will be made to appear that the amount of srovitating
force exerted is greater in ench sueeessive spaee in the
same proportion that the space itself is greater then the

space preceding it ; for instance, in the same Fie, 50a) ¢ if

a tangent to the curve b ¢, be drawn from the extremity
b, and a tangent to the eurve ¢ d, be drawn from the
extremity ¢ and a perpendicular to each of the tangents
be drawn, then according to usual teaching these per-
pendiculars represent the effective gravitating foree ex-
erted throughout ench space respectively, and the perpen-
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24 CENTRIFUGAL FORCE AND GRAVITATION.

dicular d is greater than ¢, and ¢ greater than b, in the
same proportion that the space cd is greater than the
space be, and tue space be greater than the space Ab.
But the gravitating force is the resultant of the gravi-
tating influence and the time during which the influence
is exerted ; and the time represented by each of these
spaces is the same. It is true that since the distance
of the moving body from the central body is
slightly lessened, the intensity of the gravitating influence
is inereased proportionately to the space by which this
distance is diminished, but the increase thus arising is
extremely small in amount and not nearly equivalent to
the diflerence inferred from the erroneous assumption in
question®. The unsound inference as to the gravitating
force, and therefore as to the composition of the motion,
arises out of the assumption that the revolving body
moves tangentially to the curve. In the instance last
given, (Fig. 5a) the curve Ab and the curve be, wonld be, if
the wveloeity of the moving body were such that the
centrifugal and gravitating forces were equal, the equal
ares of a eirele, and of which ares the perpendiculars b, ¢;
and d, would be equal. Now if an additional impulse were
to be given to the moving body at the commencement of
the second curve, and the velocity be thereby increased,
then would the second be greater than the first are, and
the perpendicular of the second proportionally greater
than the perpendicular of the first ; the gravitating force
exerted during the progrese of the moving body through
each of the ares respectively wonld have been the same,
because the time was the same, and the distance of the
moving hody from the centre of gravitation was through-

® Note This actual increase in iutensity, small as it is in amount
ought uot 1o be taken a3 a deduction tfrom the error, since it is,
properly considered. quite distinet.  If the revolution is in & circular
arbat, or even if the deviation is to o curve outside the eircle when the
intensity would in fact decrease, the same erroneous method would
still lend to the supposition of an increasing gravitating foree fur eech
euccess ve division of equal time,
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out the entire distance the same. Nevertheless the per-
pendicular of the second would be greater than that of
the first, and this difference would, by the usual method
of illustration, be made to demonstrate a greater amount
of gravitating foree exerted. The correet explanation
may be thus stated. During the progress of the moving
body through the first curve its velocity has been
increased by the additional motion derived from the
approach of the body towards the centre, the quantity
of which motion is measurel]l by the deviation
of the curve from the arc of a circle; the length of the
curve is dependent upon the velocity, because the curve
represents the space moved over in the constant and
definite time, and the length of the curve throughout
must have been greater than the length of the are would
have been. The second curve commences with the
increased veloeity with which the first terminated, and if
the distance of the moving body from the centre remained
the same throughout the second curve, that eurve would
be an are of a length dependent upon the initial velocity,
which veloei'y would in tlat case remain the same throngh-
out the eurve ; but the gravitating influence is supposed
to be still superior to the centrifugal tendency, and conse-
quently an additional motion of the moving body towards
the eentre is again compounded with the motion of the hody
in the orbital eurve of revolution, and a further increase
of velocity and a further deviation of the orbital path
from the are of a circle to the elliptical curve is the con-
sequence ; as before, the deviation measures the motion
towards the centre, and the increased length of the curve
exhibits the increased velocity, or as it may be called the
accelerated eompound motion of orbital revelution.
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REFERENCES.

Whewell's Mechanics, page 159 (Centrifugal force.)

(167). “If a body is made to describe a circle with a
uniform veloeity it must be acted upon by a force tend-
ing towards the centre of the cirele,” &e., &e.

165, “ Prop. When a body deseribes a circle with a
uniform veloeity, and is retained in its path by a force
tending to the centre, this fores
is represented by the square of the
velocity divided by the radius,.—

Let v be the velocity, r the radius,
{ the foree which acts towards the
centre, Let t be the small time
in which the body, not acted upon
by the central force, would des-
eribe the small portion AD of the
tangent ; and let DB be the deflection by whieh the body
is hl’uﬂ'._{ht to I Henee at the liwit
AD = vi. BD=13 fi?,

But if AE be the diameter, the triangles EAB, ABD
are similar; for the angles ADB, ABE are right
angles, and EADB, ABD are equal,

Hence EA : AB 2 AB : BD; .. .. therefore
EA = BD=AB = AB; and at the limit

BD = _” o AB= v 13 Lienee

2r % jiﬁz = (vt)* . .. Therefore f = :i

This L‘xpla;;mtinn (or demonstration) contains the re-
markable substitution (as above) of AB for AD, an
assumption apparently that AB and AD are equal. Sinee
it 1s obvious on mere inspection that AD is greater than
AD, the idea suggests itself that this substitution must
be an oversight or misprint; but on examination it
appears to be an error of a different kind, viz., the state-
ment as an axiom or fact of an unsupported assumption
which is not manifest and is apparently unreasonable. It
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appears that the statement has been made under an
impression that AD compounded with DB resultsin AB,

(viz., that A arrives at B in the same time it would if

not compounded with DB, hove arrived at 1)), But not
even a rcference to such a supposition (or demonstration)
could justify in this place the substitution of AD for A",
since here the object of the reasoning and the illustration

18 lmrtirulur]y to ascertain and demonstrate the value of

AB, and its relation to that of AD, and of other quanti-
ties. (Observation, To avoid misunderstanding it may be
well to observe that the above caleulation would be in
itself corvect, if AB, a part of the circle, were taken in
the first instance as the space moved through in the
definite time (denoted by t). But AD, representing the
tangential motion from the point A must be made equal to
AR, the are; and consequently DB will not be a (per-
pendicular) straight line but a curve, amd will be greater
than DB shown in the figure.)

To show that this unsupported assumption is not con-
fined to Whewell's treatise but is at the present time a part
of the recognised seientific teaching on the subject, werefer
to Lardner’s Mechanical Philosophy,
page 147, (fig. 63): “Let P be the
fixed point to which the string is
attached. Let A be the ball, amd
let ACEF be the cirele in which
the ball is whirled round. Let AC
be the small arc of this circle
moved over in a given interval of
time. Starting from A the motion ¥ 3
of the ball has the direction of the tangent AD to the
circle, and it would move from A to D in the given
interval of time, if it were not deflected from the rectili-
near course; but it is deflected into the diagonal AC, and
this diagonal by the composition of forces is equivalent to
two for: ~s represented by the sides AD, AB., DBut the
motion AD, is that which the body would have in virtue

e e s
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of its inertia, and therefore the force AB directed
towards the point P is that which is impressed upon it
by the tension of the string, and which, eombined with
the motion AD causes it to move in the diagonal AC.”
Here we find the same unsupported assumption in a
somewhat different form, The are AC is taken as re-
presenting the space moved over in a given interval of
time by A, which is attached by a string to the central
point P; it is then stated that if the motion of A were
not deflected by the attachiient to the central point, A
would move (i. e. would have moved) in the same inter-
val of time to D. But AD is less than AC, therefore
the veloeity (in the deflected movement to (Y has been
increased, and this increase in the velocity is distinetly
attributed to the tension of the string causing a motion
in the direction of the centre I, and this motion repre-
sented by AB is assumed to compound itself with the
motion AD and to result in AC. If it be granted for
a moment that such assumption may be true, it would
immediately follow that the case must be one of uniform-
ly accelerated motion increasing from A throughout
every divisional part of A7, and the velocity of A, when
it arrives at C, must be accordingly greater than when
it passed the point at A, and so continue to increase
throughout the cirele (i. e. throughout every part of each
successive revolution)., This obvious corollary is appa-
rently quite overlooked. (Observation. To substantiate the
correctness of that teaching now recognised as sound, or in
other worids to demonstrate the conclusion thus arrived at
by Whewell and Lardner, it would be necessary to adopt
as a postulate, or to demonstrate in the first instance, that
if a force act continously on a moving body at right angles
to the direction in which the body is moving, such foree,
by compounding itself or its effect with the motion of
the body, produces accelerated motion in the body. (in-
creased veloeity.) Where is demonstration on this point
to be found? Has any one even ventured directly and
positively to assert such a proposition ?

"
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THE LAW OF GRAVITATION,

The Newtonian theory of gravitation assumes that the
intensity of the attractive foree (gravitating influence)
varies inversely as the square of the distance, increasing
as the square of the distance deereases, and viee versa.
Is such assumption supported by the facts ?

(Fig. 7.) Let C be the centre of gravitation, B a body
moving in the direction fBd at the distance CB from
!, and let the veloeity (v) be such as would carry B in
the time (t) to d, at the distance Bd, and let the gravi-
tating force 1~ equal to the
centrifugalforce ; B will there-
fore move in the are of a cirele,
and will arrive at m in the
same time it would have taken
to arrive at d in the tangential
direction 7Bd. Now let us
suppose the intensity of the
gravitating influence acting
from the centre reduced to

one half; and the velocity with which B moves from
the point B, in the direction Bd, also reduced to one
half: it is evident, since the centrifugal force (rhe
mass and density of the body and the radial distance
remaining the same) is directly dependent upon and
proportionate to the velocity, that by reducing the velo-
city, the centrifugal force is also reduced to the one-
half’; but previously the centrifugal force and the gravi-
tating foree were equal, therefore they must be still equal,
because the half of the one must be equal to the half of
the other, and in the same time (t) the body B will have
arrived at a point p in the are of the circle at half the
distance of the point m from B in the same circle. We
will next consider the nature of the centrifugal force.
Since if the body B was allowed to move straight fore-
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waril in the direction of the tangent Bd there would be

I no centrifugal force, it is evident that the centrifugal

force is in the first place a consequent of the compelled

deviation from the straight line into the are of the cirele,

! _ caused by the restraining or governing influence acting

] upon B from the centre. And again, sinee in every point

or part of the circle the tangent is at right angles to the

‘ radding, and the relationship of the tangent to the are

i which it touches is always the same, it is evident that the

| [ amount of the centrifugal foree is also dependent upon

| and direetly proportionate to the velocity or speed of the

moving hf}ll:l,.'; for any definite amount of space moved

| through by the body in a given time is productive of a

| definite amount of centrifugal foree, and if the velocity

! be donbled, then double the space is moved through in

the same time; if' quadrupled, then four times the space

is moved through in the same time, and the amount of

centrifugal force developed is necessarily doubled or qua-
[ drupled accordingly.

In order the more readily to iIIII‘I-]'-E!'{'jEItIL the eflects con-

! sequent upon variations in the proportions of the opposing

forces respectively, and in the distance at which their

influence acts upon the moving hody, it is desirable to 1

examine briefly *the relation of the enlarged eircle to

the lengthened radius” (Fig. S.) With centre A and :

i radius Ab deseribe the are be; double the length of the

radius through b, and with radius A'b, describe the are

'he'; double the length of the 7

radius through 'b, and with ra-

dius AB describe the arc BC.

We have now three ares sub-

tending the same angle, and

consequently similar ares, that

is to say similar fractions of the

circles to which they respee-

| tively belong ; and the three arcs

are related to each other in such

P —
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wise that one half the arc 'b'e, (i. e. 'b M or M ¢) is
equal in length to the first are be; and again one half
the are BC (i. e. BN or NC) is equal in length to
the are be, and also one fourth the are BC (i, e, BO
or ON) is equal in length to the first are be. And
further it should be observeld that since the ares are
similar fractions of their respective circles, that they
therefore contain equal amounts of curveture, and since
the first arc is half the length of the sacoad are, the first
are contains proportionately twice the amount of curva-
ture; and again, since the second are is half the length
of the third are, the second contains proportionally double
the curvature contained by the third; and the first are
contains four times the enrvature contained in the third
arc. Henee if one half the second are as ‘bl were to
he increased to double the length without increasing the
curvature, it would become converted into an are belong-*
ing to the larger cirele of which the third are BC is a
fraction ; and the half are 'b M so inereased to double the
length would be then similar and equal to half of the are
B(.

Returning to Fig 7. we will now suppose the moving
bady to be removed to twice the distance from the centre,
and let CA be the radius-vector or distanee so duplicat-
ed.  If with the distance CA we describe an arc An,
intercepted at n, by a radial line drawn through the
terminal point of the arc Bm, the are An so deseribed
is necessarily twice the length of Bm, and contains the
same amount of curvature, and consequently, if we bisect
the are An we then have an are AM equalin length to the
are Bm, and containing half the curvature comtained in
the are Bm. Since the moving body is now twice the
distance from the centre of gravitation, the restraining
force, on the supposition that the intensity of the influence
decreases in some inverse proportion to the distance, will
be now less. What proportion does the decrease in the
intensity of the gravitating influence bear to the increase
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of the distance ? (if} taking the ]}lm'{' of the ;mu'rinq
body at A with a radius-vector or distunce the same as
af r']r:.q, that is with the distance DA (because BA s
1":|IIII] to CB) we deseribe the are AN equal and similar
to the are BM ; then, il we suppose the intensity of the
gravitating influence to remain as betore, the point N
is the point at which the moving body  would arrive

in the time (1) and AN (equal to dm) would be the
deviation from the tangential (straight forward) direc-
tion of motion,) Let us suppose the decrease of
intensity in the gravitating influence to be in sim-
l..].- TIVErse p't'ulmr‘timl to the distance, that is to
ileerease :'lleit «o much as the distance INCTenses ; thvn_
since the distanee has been doubled, the intensity of the
influence will be now the one halt’ of that to which the
moving body was subjected at its former place, viz,, at B,
The velocity of the moving body is (by the supposition)
the same as before, and it will consequently in the same
time () move to a distanee from A equal to the distance to
which it previously moved from B (because there is no
obstacle in either case to retard the motion). ]'I}' the sup-
position the 'IEIIII.*IIHILT:I.' of the gravitating influence is the
one-half and the space moved through in the same timeis as
before : evidently therefore the deviation will be now
the one half’ of what the deviation was before, and the
curve moved through will still be the are of a eircle,
because an are described with ”]l":‘tillﬁt.'lllt_"l" twice as great
will give the required deviation, and the point at which
the moving body will now arrive will be the terminal
point M, of the are AM, equal in lengsh to the are
Bm, but containing only one half the curvature con-
tained in that arc; that is, only half the deviation from

the tangential line. ‘1§]:_';1-\I-]

But the assumption of Newton's Theory of Gravitation
is that the intensity of the gravitating influence (attractive
foree) varies inversely as the square of the distance ; that
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is,—the distance being doubled, the intensity of the
influence will be reduced to one-fourth, Now, if we
test this assumption by considering what, if it were true,
would actually take place under such conditions as those
Just now supposed, i. becomes at once apparent that the
moving body could no longer move in the are of a circle,
because the intensity of the influence being only the one-
fourth, and the space moved through in the same time
being the same as before, the deviation from the tangen-
tial line (direct line of motion) will be only the one fourth
as great as before, consequently the point at which the
moving body arrives will be the point K (Fig. 9),* half the
distance between the point d, and the point M; and the
curve AR, very nearly equalt in

length to AM, would be the curve ; 2
representing the path of the mov- N
ing body ; on the assumption that

the intensity of the force decreases

inversely as the square of the dis- | .
tance, It follows that, if such }_;"“"-" ,
assmuption were true, the moving /

body would continuously  recede

to an indefinite distance from the '
centre of gravitation. (The orbit h"“;ay::’};__‘_}
of revolution would become a '.EJ__*_&‘K"_ =

spival or helix with the curve increasing outwards,)
What are the facts which are supposed to support the
assumption 7 Taking for example the case of the
earth in its revolution round the sun; it is known
that the orbit in which the earth revolves is ellipti-
cal, and  therefore when the earth is in that part
of its orbit at the least distance from the sun,. . ..that
is, at one extremity of the major axis of the ellipse
called the peribelion,. ... we have an instance wherein

¢ Fig. 9 repeats Fig. 7.

t Very nearly, because the motion will now be very alightly re-
tarded, as the angle contained Ly the tengent to the curve, and the
radiue, will be greater than a right angle. S:e case 1 (b).

c
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the intensity of gravitating influence is unable to neutral-
ise the centrifugal force; or, in other words, wherein the
proportion of the gravitating force to the velocity is
insutficient to restrain the moving body from increasing
the distance between itself and the centre of gravitation.
At the moment of perihelion the earth is meving at right
angles to the radius-vector.  As the motion proceeds, the
distance of the earth from the sun, in consequence of the
superio: veloeity in this part of the orbit, increases ; that
is, the deviation from the tangential direction of
motion becomes less than that mquiml I}}' the are of the
circle.  Now if we assume that the decrease of intensity
of the gravitating influence is in simple inverse pro-
portion to the distanece (i, e. varies ill".'l-l'm-i:r as the dis-
tance), it will be apparent that when the recession of the
earth has inereased the distance to a certain limited
extent from the eentre of gravitation, the gravitating
influenice will become suflicient (or more than suflicient)
in proportion to the veloeity, to restrain the earth from
receding to a greater distance,  The distance of the earth
from the sun at which the centrifugal foree is in equality
with the attractive force must evidently be the actual
average distance from the sun.  If this distance is cor-
rectly ascertained and also  the distanee at perihelion
(i. e. the least distance) we have then, since the time
of the entire revolution and the angular veloeity
through definite fractions of the orbital revolution are
known, the means of determining the velocity at the
perihelion in exeess of the veloeity required to equalize
the attraetive foree acting from the centre of gravitation

Takmg the average distance of the earth from the sun
B i b R B e T e S LTt B5,000,000 miles.

The distanee at nph{']iu". R T R e A '.Fli,.'-l‘.i.-l,lll'Tl
" perilielion 03,405,000

3,190,000

Gives the motion in 91§ daye at the greater dis-
'Ifltl‘w (12 mlu-f;'lurth the orbital rvlem ution)

¢ eame angular motion ot the lesser distance
requires an areal velocity of ' }IIG,TEH,,'ET-_t ’”

The differ. nee 6,010,852
gives the apparent increase in angular velocity at the lesser distance.

i 151,731,426
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Bupposing the actual or areal velocity to remain the ssme as at the

. 146,720,574, . 1
greater distance, then .....,. ~5.070.857. gives Eiimu.l:u:-ut

the apparent increase in the angular velocity.

By the approach of the earth and consequent devia-
tion of the orbital path from a circle to an elliptical
curve, there will be an actual increase in the areal velo-
city. This will be the ultimate velocity obtained by
compounding the motion towards the sun with the
motion in the eircular orbit at the greater distance.

Taking the time of the approach as 91% days :—Then
4/(151,731 426" 4 3,190,000%)—151,731 426 = 151,764,956—151,731 A6
=33,53“1. u W . & ¥ " lnd 33.53“ o 2.‘:

* 67060 miles in 91} days,
(i.e. an increase of about 1 mile in 2260 miles,)

The earth’s increased velocity now causes the centri-
fugal force to exceed the gravitating influence, and conse-
quently the earth commences to recede from the sun.
We will suppose this recession to have continued until
equal to the one sixtieth part of the radial distance mea-
sured at the place of least distance from the sun :—what
will be now the conditions of the earth’s orbital
motion ! By the Newtonian theory the attractive force
will have decreased in an inverse proportion to the square
of the increased distance ; putting d for the distance at
peribelion, and g for the gravitating influence; then,
g at increased distance : g at perihelion = d : d 4 :!iu

901,313,190,562,500 — 572 449,402,500,000 = 28,863,788 062,500 ;

the decrease in the attractive force being therefore very
nearly one-thirteth, Dut the increase in the distance
is only one sixtieth, consequently the centrifugal force
will be now still greater proportiorately to the gravitating
influence thaun it was at the lesser distance, and there-
fore the earth must continue to recede from the sun
indefinitely.

If, on t2 contrary, we assume the decrease in the attrac-
tive force to vary inversely as the distance simply, then

* The final velocity by the law of uniformiy accelerated motion,

il

-
e T T
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as the earth recedes the alterations in the conditions
which were caused by her approaching the sun are sim-~
ply reversed, viz., a considerable apparent decrease in the
angular velocity, and a comparatively small decrease in
the areal or actual velocity takes place. This decrease
both in the angular and in the areal velocity is precisely
equal to the increase during the motion toward the sun;
the former by causing a proportionate decrease in the
centrifugal force counterbalances the equal decrease in
the intensity of the gravitating influence (attractive
foree), and the latter is the immediate cause which deter-
mines and regulates the average distance of the earth (or
other planet) from the sun.

The motion toward and recession from the sun may be
compared to the vibrations of a pendulum, the allianee
between these manifestations of gravitating force being
in faet very close. The amount of these vibrations
(oscillations) causing the greater or lesser deviation from
the circle known as the eccentricity of the orbit, is, how-
ever, partly dependent upon the disturbanee (or effect)
arising from the gravitating influence of other hodies.

GRAVITY.

Let a number of bodies a, a, a, &e., (Fig. 10) revolve
in the same cirele (i.e. at the same definite distance and in
in the same plane)
around a central bedy,
and let a number of
bodies b, b, b, &e.,
also revolve in another
circle at twic the
distance from the cen-
tral body, and let the
intensity  of  the
gravitating influence
on the surface of
each of the bodies
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a, a, 8, . . . and also on the surface of each of the bodies
b, b, b,". . . and on the surface of C, be the same as on
the surface of the earth. (or other definite amount of
intensity may be supposed, so that it be the same in all the bodies).
Now supposing the bodies contained in the inner circle,
viz.,, a, 8,8, . . . brought together and combined with the
ceniral body C into one body, as in Fig. 11, and also the
bodies contained in the outer circleb, b,b, . . . brought
together and combined
into only three bodies:
what alteration, if any
would such re-arrange

ment of these bodies oceca- ;

sion in respect to the in- ' rrﬁ

tensity of the gravitating | L

influence on the surface of ¥4 /
the remaining bodiesb, b, b / /

and 'C1 Since the mass ﬁ)

or bulk of these com- -

pounded bedies would be now so much greater than for-
merly ; would the intensity of the gravitating influence on
the surface of each, be therefore necessarily in-
creased ¥ And if so, would the increase in gravi-
tating influence be ecual to the increase in the
mass or bulk 1 To take the case in the first
instance in a simpler form let the several bodies a, b, d,
(Fig. 12), be piled upon the lower
body C, which is formed of a number
of hodies similar to a, b, d, united into
onc. !' is evident that the body a,
next o C will be subjected to the
gravity of the bodies b, and d, above
it, and will be under pressure; and -
also that the part of a, next to C will
be under the gravity and pressure of |
the upper parts of itself as well as of °
the other bodies above it; and that
gimilarly the lower part of b, will have to sustain the
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weight of the upper parts of itself as well as of d; and
so also of the uppermost body d. Now. let.us sup-
pose the small body e, upon the upper surface of d,
and another small body f, of the same size and equal to
e, upon the surface of the great body C ; which of these
bodies, e or f, will be subject to the more intense influ-
ence of gravitation? It might be argued that the gravi-
tating influence of a, would be added to that of C. and
that the influence of b, and of d, would be further addi-
tions all combining and causing a greater effect at the
upper surface of d, and thereby subjecting the small body
e, to more powerful attractive force (influence) than that
acting on f, at the surface of C. Such argument would
certainly not be supported by the facts. Assuming the
attractive force to wvary inversely as the distance
from the centre of force, it follows that if the
distance of the upper surface of d (i.e. the length of the
diametres of a, b, d combined together) is equal to the
diameter of C; the combined influence of a, b and d
only would require to be equal to two-thirds of that
of the great body C in order that the effect on e, at the
surface of d, should be as great as on the surface of C
itself, but this cannot be; because the body C is com-
pounded of bodies similar to a, band d, and the influence
upon a body [as f] at the surface of C, is the resultant
of force derived from all the parts or bodies compounding
. It is convenient and for some purposes not incorrect
to refer the forces to a central point, but in fact the force
helongs to and emanates from every part and point of the
sphere, and the action on the body at the surface is not
only in the vertical direction but also in each and every
angular direction in which a line can be drawn from any
part or place in the sphere to the body on its surface,
The body on the surface is not, however, acted upon with
an equal amount of attractive force from every part or
point in the sphere, but the amount exerted by parts of
equal mass is dependant upon the situation of the part
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relatively to the centre of the sphere and to the body on
the surface; thg actual proportionate amount of influ-
ence is measured by the angle contained between a
line through the centre, joining the body, and a line join-
ing the body with the part whence the influence is
exerted. A little consideration will show that only those
parts directly in the line from the body nassing through
the centre of the sphere can exert their entire influence
on the body, that is, the whole of the direct influence
belonging to their distance from the body ; from all other
parts of the sphere the influence procecding from any
part on one side of the central line, is in a greater or
lesser measure opposed by an equal influence proceeding
from the similarly situated part on the other side of the
line ; and this opposition will become greater and the act-
ing influence less, directly in proportion asthe angle con-
tained between the line joining the body on the surface
to the centre and the line joining the body to that point
whence the influence proceeds hecomes greater. This is
illustrated at Fig. 13, where fe, represents the diameter or
central line. Auny part (every part) in the line fg. is op-
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posed by a similar part in the line fh; of these mf, and nf, in
the side figures represent the proportion of the influence
exerted which is directly opposed and neutralized from
the opposite side each by the other; and f& and fé the
proportion of each which is directly effective on the body
at f, the same as if that portion (of the force represented by
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the line fg or theline fh) proceeded from a point situated on
the central line, Similarlyin the upper side figures; kfand
if, representing the influence of parts and points situated
in the lines kf, and if, of the centre figure, are resolved each
of them into two forces exerted at right angles to each
other, of which the one part directly opposes the similar
part of the opposite force (as mf and nfand the other part
acts directly in the vertical line as f& and fé. Returning to
Fig. 12 it now becomes evident that the collective influ-
ence or attractive force of the three bodies a, b, d, together
with that of C, acting at the distance Cd, at the upper sur-
f-ce of d, must be less than that of C itself acting at its
own surface, because the distance is equal to the diameter
of C, and C contains more than twice the gravitating mass
contained by a, b, d, collectively, Considering the gravita-
ting influence of all the matter contained in C, it may be
correctly considered as acting collectively from the central
point, and therefore the radius represents the distance at
the surface (or the primary distance) and a removal to a
distance equal to the length of the radius would reduce
the intensity to one half; for example, taking the earth’s
diameter at 8000 miles, the intensity of the gravitating
force at a distance of 4000 miles from the surface would be
reduced to about the one half. (Note. It may be suggest-
ed, in the absence of any experimental or mathematical
investigation, as being at least very probable that for a cer-
tain limited distance from the surface of the earth (or other
planet) there will be but very little decrease, if any, of the
attractive force at the surface. The reason of this will be
at once understood upon reference to Fig. 13; because if
the body f, were raised a short distance from the surface ;
the angles contained by the lines kf, gf, hf and if, respect-
ively, together with the vertical line, would decrease and
a larger proportion of gravitating influence thus become
effective; for a certain short space this gain may equal
the loss from the increased distance, and thus the decrease
in attractive force for a few miles from the earth’s surface
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must be very small; perhaps there is no appreciable
decrease within a certain distance). We will next sup-
pose the three spherical bodies a,b,d, combined together
with C into one spherical body C’; and , assuming the bulk
of a, b, d, collectively equal to une thmi the bulk of C, we
shall then get a sphere greater than C by one third, Now
it is true that an increase of one third in bulk will be ob-
tained with much less than one third increase in the
length of the radius (or distance from the centre) but as
this addition to the bulk is an enlargement of the lesser
sphere C from the exterior, it is evident that only a
small part of the additional matter will be so located as
to act with direct influence on a body at the surface, and
much of the matter so added will have a large proportion
of its collective attractive force neutralised by the oppo-
sing forces of portions distributed over the various parts
of the surface (i. ¢, the superficial parts of the sphere).
Let us now consider whether a definite mass of matter
undergoes any alteration, increase or decrease in intensity
of gravity or attractive force, by an addition to its bulk of
another mass of the same form of matter in the same state
or condition: as for example,iron in the solid state. If a
mass of iron be compounded with another mass of iron;
is the compounded mass possessed of a greater degree of
gravitating influence (attractive force) than was possessed
by each of the compounding masses ? In other words; is
there in such a case an increase of intensity in the gravi-
tating wufluence of the matter? It is unquestionable that
in a collective sense the greater mass will have a greater
amount of gravity, in proportion to its greater mass; be-
cause all the parts possess independently their proportion
of influence (or force). The greater mass is therefore
heavier ; it has greater weight (the words heaviness and
weight expressing this collective sense) ; but is the specific
intensity of attractive force increased by or in consequence
of the increased aggregation of matter? Whatare the known
facts ¥ A definite mass of iron weighs ten pounds. Another
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definite mass of twice the bulk weighs twenty pounds.
A third mass ten times the bulk of the first weighs one
hundred pounds, Now if the three masses are allowed
to fall from a definite height to the earth (say from 500
feet for instance) will the second descend twice as fast as
the first, and will the third fall with five times the velocity
of the second and reach the ground in a tenth part of the
time occupied by the first ¥ or if not, will the velocity of
descent in the case of the second and third respectively
be greater than that of the first ! and in what proportion
It has been long since established and it is well known
that there will be no difference in the velocity of descent
or time oceupied in the fall from the same height. The
ten pounds weight (or a one pound weight) will reach the
ground in precisely the same time as the one hundred
pounds weight (or as a one thousand pounds weight, and
s0 on). Supposing two planets, each of the size of the
earth, were brought sufficiently near to gach other, they
would both move with equal velocity towards each other
until they came into contaet ; and if, instead of equal sizes,
one of them was half the size of the other, then the lesser
would move towards the greater with twice the velocity
with which the greater approached the lesser. Now if
we take two spheres of iron weighing ten tons each and
place them a short distance apart ; will they (rush to-
gether) move towards each other with equal velocities T
Or if the one weighs twenty tons and the other ten tons
will the less approach the greater T No,—in either case the
two bodies will remain apart ; and no tendency even, to fall
towards (or approach) each other will be apparent, Let
the size of the larger be very greatly increased and the
size of the smaller decreased, do we then find any appa-
rent tendency iu the lesser to approach (fall towards) the
greater ; for example, let us take a mountain of consider-
able height and having one of its sides nearly perpendicu-
lar, and near to that side and from the same height (as
that of the mountain) allow a piece of iron (or other such
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body) to fall to the ground ; will the piece of iron in fall-
ing approach in any degree the mountain? It is well
known that it will approach the mountain, Let us then
agein carefully consider the case of the two iron spheres
under the actual conditions and circumstances belonging
to it. Fig. 14 represents the earth, in order to imagine the
two spheres vigible we will increase their bulk and take
the larger at 2000 tons (a) and the lesser at 1000 tons (b).*
By drawing a few of the a b
lines indicating the direction in
which various parts of the mass
compounding the earth exert
their gravitating influence, it at
once becomes apparent that the
attractive force of the larger
sphere is opposed from the
directions f, g, h, i, &e., &ec.,
and is aided from the direction m, n, o, p, &ec.; it i8
true that these opposing forces from the earth’s mass
would of themselves neutralise each other and leave
a certain amount of vertical attraction (apparently from
the centre) as the resultant, but when an additional (out-
side) source or subject of gravitating influence becomes
effective, the whole must be considered together and sepa-
* tely (i. e. the whole as compounded of its parts, in order
to appreciate the actual effect upon the lesser sphere b;
and it becomes evident that the resultant will be a very
slight deviation in the line of the apparent attraction of
the earth, a deviation which (by enormously exaggerating
the effect for the sake of illustration) may be indicated by
the line b ‘e, forming the angle 'c b ¢, with the vertical
central line of attraction. 'When it is considered that on
the scale here shown the size of (a) would represent a
number of the largest mountains on the earth’s surface

* Note. In fact on the seale of the figure a sphere of 2000 tons would
be a point so small as to be scarcely visible. (This has reference to
a figure of 18 inches diameter.)

e
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united into one sphere, it will be readily upderstood that
if (a) be reduced to the size of any ordinarily very large
object the effect which its gravitating influence could
have upon another object of the same or less size than
itself would be almost or quite inappreciable, and notwith-
standing this the actual gravitating influence exerted by
it may be proportionately just as great or even greater
than that of the earth; and that if the earth's influence
was removed these two spheres would approach each
other (rush together) with a velocity respectively propor-
tionate to their bulks ; if of equal size they would approach
each other from a proportionately small distance with the
same velocity as that with which the two planets of equal
size would approach ; if the one was twice the size of the
other, then their respective velocities would be as two to
one. (Note. Proportional (or proportionally equal)
distance ; if the planets were of the earth’s size, half a dia-
meter would be 4000 miles ; if the two spheres were one
foot in diameter, half a diameter would be 6 inches ; but
comparative density is here left out of consideration.*)

* It may be considered a corollary to the above,. . .. that for bodies of
equal density, the distance to which the collective influence of the
spherical mass extends, must be directly proportional to the dismeter
of the body. This corollary is accepted. The modifying effect of
differences in density may be thus shown:=If A, and B, are two
spherical bodies of equal densities, and the diameter of A, is twice that
of B; then the attractive force of A,—at a distance from the aurface
of A, equal to one diameter of B,—will be equal in intensity to that
of B, at the surface of B, Now if the attractive force of B, is taken at
a distance of | semi-diameter from its surface (which will be one-half
of the inteneity at the surface), then to reduce the attractive force of
A, to equality therewith, the distance from A's surface must be 3
diameters of B, (i. e. 1 +3 Jdiameters), But if B, is more dénse]than
A, in such proportion that the collective influence of B, is equal (ab-
golutely) to that of A ; then the attractive force of B, ot a distance of 1
eemi-diameter from its surface will equal that of A, at the surface of A ;

because for the collective influence to be equal, as by the supposition;
the attractive force at B's surface must be greater than at A’a surface,
proportionally to the greater density), and if the distance from B,
is then increased by 1 diameter ; to reduce the attractive forde of
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Are we now in a position to answer the question asked
with regard to figures 10 and 111  The intensity of the
gravitating influence would be increased: and the in-
crease would be directly proportional to .he increased
radial distance from the centre to the surface. (i. e,
The intensity varies as the diameter of the sphere.)
Thus taking the lesser sphere at ten miles diameter, . . .
and the greater, at twice the mass or bulk; . . . putting
¢, for the intensity at the surface of the lesser sphere ; and
(+, for the intensity at the surface of the greater sphere . .

Then; If g = 151 on the sq. inch,

G = (1.26 g) = 18.9
Or taking the greater at twice the diameter of the lesser,
G = 30lb, '
Or taking the diameter of the greater to that of

ag 1
the lesser as 3:2; then, G = i 22-1h,

=

[Nore 1.—Fifteen Ib. on the square inch is about the
pressure of the atmosphere, or the weight of a column of
mercury 30 inches in height, and having a sectional area
of 1 sq. inch. This quantity is taken here merely as a
convenient and simple measure ; it may be readily con-
verted into the velocity of a fulling body.

(e. g, + -« let g=57,900 feet in 1 minute ; and taking
the dinmeter of the greater sphere to that of the lesser

083:2; G=(2 g*—f-:} = the same space fallen through in

15 seconds.]
[Note 2.—The relationship of the intensity, at the sur-

face, to the superficial area and to the diameter of the
sphere, may be thus understood. If the sphere be
inereased to twice the diameter without alteration of the

A, to equality therewith, a distance equivalent to 1 diameter of B
only, from the surface of A, will be required.

To this note may be appended a suggestion—that it might, for
many purposss, be an improvement to define a sphere as having no
form (i. e. negative); then all forme would be deviations from the

sphere (and, in such sense, positive.)
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intensity, then twice the diameter gives 8 times increase
of the mass (or solid contents), and 4 times increase of
the superficial area (or convex surface) ; hence, for every
square foot (or each square inch) the effective influence
is doubled ; that is, the intensity varies as the diameter.]

In considering the case of a large mass of aggregated
matter such as a planet, density must not be left out of
consideration : evidently for any particular form (variety)
of matter, the intensity of the gravitating influence
must be proportionate to the density, because taking a
mass of any size, each part and point contained in that
mass exerts its provortionate influence, and all those parts
or points will continue to do the same if brought closer
together ; that is, if the size of the mass was reduced by
compression of its bulk, which would cause it to become
more dense. Now if three bodies or particles of matter
are arranged together so that one of them is between the
other two, the middle body will be subjected to a
pressure, and if spherical the tendency would be to
flatten it at the two sides in contact with the outer bodies,
and if surrounded by a circle of bodies all of which were
attracting each other, the effeet would be to subject it to
a pressure on all sides; and again if this circle of bodies
was surrounded by a second circle of bodies which
also exerted an attractive force on each other, then would
the bodies composing the inside circle be subjected to a
pressure between those of the outside circle and the body
occupying the centre; and the pressure on the central
body would be further increased, and so on. Therefore
as an aggregated mass of matter becomes very great, so
does the pressure on that part occupying the centre or
situated near the centre become very great, and conse-
quently those forms of matter capable of undergoing
compression into a smaller bulk which oecupy such a
position will be rendered more dense. 1t is, however, at
least very probable that the maximum density which any
of the various forms of matter are capable of acquiring
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through compression would be arrived at in the centre of
a planet of comparatively very small size ; and, if this is
assumed to be the case, the density caused by the com-
pression of gravitation would be no greater in a very
large than in a very small planet, since the larger
quantity of dense matter would be simply proportionate
to the greater masa of the large planet. Since therefore
the increase in the bulk or mass of a planet does not
involve an equal increase in gravitating influence®
(attractive force) at the surface of the planet, let us next
enquire what the effect of such an increase in the magni-
tude or mass of a planet revolving at any definite distance
from the sun would be on the motion, or on the orbital
distance from the sun, of that planet. Let the earth be the
supposed planet, and let the earth be enlarged to twice its
present size (i. e. twice the volume or mass), the present
average density to be also the average density of the
duplicated earth, what would be the effect on the
motion and on the orbital distance of the earth? At
first it might be thought that, as the collective gravitating
inflnence had been doubled, the earth would therefore
fall towards (approach) the sun ; but the earth is revolv-
ing round the san with a certain velocity, and the explan-
ation already given will suffice to show on ecareful con-
sideration that no alteration in the distance of the earth
from the sun wonld be necessitated, nor would there be
any change in the veloeity of the earth’s orbital motion,
becanse the centrifugal force is dependent on the mass
and velocity taken together, just as the cffective gravita-
ting force is dependent upon them: and consequently
the centrifugal force will be proportionately increased
and will neutralise the increased gravitating force. But
the earth’s satellite, the moon, would be greatly affected,
because the duplicated earth would not be counteracted

* The increase in intensity at the surface is ns the cube root of
the incrense in the mass. (Bee page 45.)
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by any increase in the mass of the moon; therefore the
moon would immediately commence to fall towards the
earth, and this motion of approach towards the centre of
gravitation, being compounded with the moon’s orbital
motion, would cause an increase in the actual areal
velocity ; and the lessened distance would occasion a
m*.ch greater apparent increase in the angular veloeity ;
the result would be therefore that, when the centrifugal
force had been intensified to an equality with the gravi-
tating force, the meon would revolve with a cousiderably
increased velocity at a less distance from the earth, As
we have been brought to the conclusion that an addition
to the mass of a planet revolving with a definite velocity
at a definite distance from the centre of gravitation, will
neither cause alteration in the velocity, nor in the orbital
distance of the planet, and that this will be true even if
the addition to the mass be very great ; it will necessarily
follow, by the same reasoning, that the converse of this
will be also true, and if, instead of a large addition being
made to the mass of the planet, we suppose a large deduc-
tion to be made from the mass, (supposing, for instauce,
the one-half «f the planet to be removed,) the velo-
city of the planet’s orbital motion and the distance
of the planet from the centre of gravitation will remain
unchanged, because the deduction from the planet’s
gravitating force is equally a deduction from its centrifu-
gal force, and the same definite velocity determines the
distance as before.  And again, if we suppose an in-
crease in the density and a proportionate decrease in the
volume of the planet in consequence of contraction;
or the reverse,—a decrease in density and increase of
volume in consequence of expansion,—yet still the velocity
and distance of the planet will remain unchanged ; because
in either of these cases the quantity of matter exerting
gravitating influence previous to the contraction or to the
expansion remains the same after the contraction or ex-
pansion has taken place, and therefore both the collective
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gravitating force and the collective centrifugal force
remain as before,

It is, however, proper to point out that the fore roing in
respect to the addition to, or deduetion from, a planetary
mass, although true as to the absence of direct effoct
or influence wpon the planet's orbital motion and
radial distanee, is not strictly true in reference to the
indireet effeer which such a change would vecasion. To
appreciate this indireet effeet, it is necessary to take into
consideration that combination of aggregsted masses of
matter, conneeted together throngh gravitation, acting
and reacting upon cach other and controlling each other's
motious and relative  positions, known as the Solar
system. . This system may be here briefly described as
consisting of a nwwber of plinets of various sizes,

revolving at various distances in the sine (or nearly in the

same plane, round their common centre of gravitation, the
sun.  If we consider such g system attentively it will
become evident that the addition of any considerable mass
to any one of the Iliilill'lri would have the efleet of drave-
ing togetlier the entire system : that is, of causing all the
the planets to approach the sun*,  For example take I,
(Fig. 153) and suppose a considerable addition to the mass
of that planet ; the inerease of arovitating foree there-
from would act practically as o, Laition to the oraviti-
ting force of the sun.  The first effeet micht be con-
gsidered to be the attraction of those planets on the oppo-
site side (or nearest to the opposite side) causing 1hem
to -'I|‘r]lr‘tlill']l the sun; but the attraction ol those I.]ujjl-i:\
woulld react on B isell, eausing it also toapproach ; and
the united cfivet of their attractions would |-1'ilh1n|].r
act on those at the other two sides, with @ com-

pounded influence just as thongh a single influence

*Note. It mny be remarked that, unlesz such an addition were of
a very great mass, the effect here spoken of would be eather a ten-
deney than an appreciable effeet ; it wonld indeed be an actual efleet,
but o exceedingly small in amonnt as to be innpprecialle,

I
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Fig. 16.
proceeded diveetly from the centre of the sun. So soon
as any actual motion towards the sun took place, the

increased velocity, and consequently increased centrifugal
effect, would restore the equilibrium.

An addition to the mass of the sun itself, or an inerease
in the intensity of the gravitating influence, would have
the like effect ; by acting directly on the planetary bodies
belonging to the solar system, causing them to approach
the sun and to revelve with increased velocity. The
entire system, in such case, would contract and occupy
less space with a proportionate acceleration of motion
amongst its members. In considering the general arrange-
ment of the solar system, it will now become apparent
that alterations of velocity in the orbital revolution of
the various planetary members, are not dependent (or
consequent) upon differences in their densities ; and not-
withstanding that some are vastly greater in magnitude
than others, and situated at vastly greater or lesser dis-
tances from the centre of gravitation, there is not
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necessarily a difference in their areal (actual) velocities ;
the difference in the distance being compensated by the
greater or lesser angular (apparent) velocity, and the dif-
ference in mass or quantity of matter, producing a pro-
portionate difference in the amount of centrifugal force
and thereby counteraeting and equalizing the greater or
lesser amount of gravitating force. It is evident, how-
ever, that a planet of small size revolving at a very great
distanee from the sun, and with a consequently very small
angular velocity, would be liable to excessive perturbation
from the influence of other planetary bodies, and we
should therefore be led to expect that the planets situated
at the greatest distance from the sun would be the largest ;
and this is what actual observation shows to be the fact.
We may now understand the unchangeable or permanent

nature of the arrangements in respect to uniformity of

the periodic revolutions, securing each planet from
those changes in its velocity of motion and relative
position which might otherwise have been oceasioned by
alterations in its own internal conditions, A planet hav-
ing had, at the first, a definite velocity imparted to it, and
# definite distance from the sun appointed for its orbital
path, cannot deviate nor be readily made to depart there-
trom. An outside influence, as that of another planet, will
cause a vibration or oscillation in its motion, resulting in
# more or less elliptical orbit ; but any deviation in the
one direction is necessarily followed by a eompensating
equivalent movement in the opposite; und the average
distance from the sun remains the same. And, as already
explained, changes in its own physieal conditions, such as
contraction or expansion of its volume, will not cause alter-
ation in the veloeity of its motion or of its position rela-
tively to the other members of the system,
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THE NEWTONIAN THEORY,

THE LAW OF GRAVITATION, AND THE
NEWTONIAN THEORY.

We find the following in Drew's Munwal of Astronomy,
page 149 : * Assuming, as the measurements of astrono-
mers justify ns in doing, that the moon is distant 240,000
miles from the earth we can easily caleulate the space
through which she would fall if left to herselfin the time
of a minute.  This space would be as Newton has demon-
stiated] 10 the 3=th ]rrn||:'..=~it'lnn of the P]'i]lt‘ilriu, the versed

sine of the are deseribed in that time ¢ thuos suppose the

are Cil (Fig 29) to he that deseribed in a minute by the
moon 3 join C to K the centre of the earth; draw bd
pevpendicnlar to CI3; then will
U, thie versed sine of theare, be
the =pace throneh  which  the
oot wonld Tadl i unsupported,
that is il the centrifugal {oree
shoulid eense. Now the are Cd
i eusily fond, for as the moon

takes 27 davs, 7 howrs, 43 min-

ntes to deseribe her whole orbir, the followine propor-
ton will give it. As 27 davs, 7 hours, 43 min: 1 min : :
A0 337 neariv=Ud : of this are, the versed sine Ch,
may be i.".'l!-iﬂ.'l.' rumlnnmi <At is infaet 16 113 leet, Tiikitl; the
moon's distance to be 240,000 miles,  Now, on the sup-
position that the foree retiining the moon i its orbit be
identical with  terrestrial gravity, it onght to have
decreased in proportion to the square of the distance y
that is to say, assuming the moon to be sixty times fur-
ther from the earth's centre than a huli}‘ on the earth's

8 rface, ordistant one semi 1]1'.'|tm'h-1‘{1 Lt 18, ]':.f,'=iil_lxl':t‘r}
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which is about the truth: the space described Ly the
moon should be to the space deseribed by a fulling hody
near the earth’s surface as 602 to 1% the time being the
same.  Now a body would fall through 59,400 feet in
one minute near the earth’s surfuce ; hence, as 602 ; 12 gp
as 3600 : 1:: 59,400 feet LG teet® which is the space
through which a body would fall in & migute at the
distance of the moon. Now this exactly agrees, making
allowance for onr using round uumbers, with the actual
distance throngh which the moon would full were the
centrifugal force to cease. The moon, therefore, is
retained in her orhit by gravity, and gravity only, for
it would be unphilosophical to assign two ecauses to
account for effects precisely similar,”

This example,which at first sight appears to confirm the
assumption that the attractive force or influence of gravi-
tation is inversely as the square of the distance—an ex.
ample indeed which is considered to stand almost in the
place of an observed faet, and upon which the celebrated
theory is in a great measure based,—does not, when closely
examined support the assumption that the mtensity of the
influenceisinversely asthe sijuare of the distance, hut on the
contrary, it proves that such assumption is quite irrecon-
cileable with the facts ; and it also goes far to demonstrate
that, in fuct, the gravituting influence (or attractive foree)
varies inversely as the distance simply 5 that is to say)
that the gravitating influence decreases in equal propor-

tion to the increase in the distance.  The foree of gravi-
tation at the earth’s surface causes a body falling freely
to descend throngh l{'rFl_, feet in a second.  The moon is
found to be by astronomical observation sixty semi-dinm-
eters of the earth distant from the earth (t. e. abont 240,-
000 miles.)  The ealenlation then shows that at the dis

* Note. There is evidently here an arithuctical error in the Coni-
Putation ; it should read 57,9005 16, fect,
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tance of the moon a body would fall towards the earth
through “"1}5! feet in o minute, Now there are 60 seconds
in a minute, and the distanee of the moon from the earth
is 60 times as great as the distanee of the surface of the
earth from the earth’s centre. Therefore as the moon’s
distance : distance of the surface of carth : : attractive
foree at earth: attract force at moon. (or, inversely, as

) BT ..y SUTAET Y

The oversight which has vitiatea the calenlation
quoted by Mr. Drew is the non-recognizance of
the law of accelerated motion in its application to
falling bodies. The absolute necessity of taking
into consideration this law, because of its direet and
important application in this case, cannot fail to be imme-
diately observed when the attention is expressly called to
it, although not obvious in the first instance, In the cal-
culation and its result as given by Mr. Drew, we have:
“ A body would fall through 57,900 feet in one minute
near the earth's surface ; hence as 60*: 12, or as 3600 : 1
21 57,900 feet : 16}, feet which is the space through
which a body would fall in a minute at the distance of
the moon.” Let us test this result by inverting the case
and assuming the force of attraction so obtained at the
distance of the moon ; let us see what intensity of force
the application of the theory would in that case give us
as the proportionate force at the surface of the earth,
(Note. It may be here remarked that the law of accele-
rated motion (or velocity) in falling bodies has been very
carefully investigated, and the results verified by numer-
ous experiments of a reliable character. (The calculation

just now stated, being inverted,—gives . .
1%: 607 :: Inteneity at Moon's distance : Intensity at Earth’s surface.

e

amd

1 3600 164t et in & minute, 168 fieot in 1-2'3;"—
Now 164 ft. in a minute, increased to 60 times the
intensity, would (by the law of accelerated motion) be
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161 ft. in a second ; but sinee we have 60 = G0, this must
be again increased h{l times ; and, consequently we have

16 /5 feet in the 60th part of a second, as the measure of

effective gravitating influence at the surface of the earth :
or tuking the result as space fallen through in o minute.
we have 3564000 feet ; that is to say, the actual i mtensity
of grayv itation at the l.*.ll"t||, s anrface 13 '[Illl'*illi;l']lmlle'l.
exaggerated and made to appear sixty times greater th.m
it is @0 fact. The actual proportion (i.e. the true ro-
portion) may be thus simply stated : As 1 '{'E_“;”‘:._f ! GO

'““"E‘_".'_' :: 1 secondd : GO seconds :

the gravitative 'i]Jh*liIH-iT}' at the moon's distanee, O,
As 1 second : 60 seconds :; 1 diameter . ".'.‘":'i‘i" i which

which (inversely) gives

gives the distance of the moon from the ceptre of the
earth,




VOLUME AND MABR OF THE SUN.

THE RELATIVE MASS OF THE

TO THAT OF THE EARTH.

From Drew's Manual of Astronomy, page 154: “ Let
s first ascertain the deflection of the earth from a tan-
cent caused by the sun’s attraction.  Proeeeding in the
same way as in that already pointed out for aseertaining
the defleetion of the moon produced by the earth’s
attraction (viz., C b in Fig. 29,) we shall find that the
proportion between the distance through which the
moon will be drawn by the earth, and that through which
the earth will be drawn by the sun in the same time, will
be as 1: 2,2, Now, as we have already seen, the whole
amount of attraction 18 in a ratio compounded of the
ratios of the masses directly, and of the squares of the
distance inversely ; that is, letting F stand for the
attractive force of the sun measured by the versed sine of
the are which the earth describes in one minute of time,

SUN

viz. 2.2 and f, for the attractive foree of the earth on the
moon measured by the versed sine Ch, through which

the moon would be drawn in a4 minute of time, viz.,
unity or 1 : also the ratio of 1» to d, for that of the dis-
tanees of the carth from the sun, el of the moon from
the earth, which is as 400 : 15 and M to m, for the
vatio of the masses of the sun and {'.'II'TtI, which we desire
to know: then m: M £d2: F D2, that iz, m: M 2
| s 12 02,2 w 400%, or. m 2 M 22 1 :352,000. So that the

mass of the earth 1= to that of the san as 1 : S52.000 : or
it would take 352,000 earths to make a body equal in
bulk to the sun.”

[t is evident that in this caleulation an error |'|-1|11'Ln':~:
correction of the sone Kind as that which so enor-
mously  exaggerated  the  result of the investigation
as to the intensity of the gravitating influence at the dis-
tance of the moon,  The corrected [|1‘u1r||l‘Tiu]J will be
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m: M il : FD, and therefore, as 1 « 1 ; 2,9, 400,
m: Mzl ss0, Sothat the muss of the earth 1% to
that of the sun as 1 to880.  This is (or would be) a cor-
rection of the above computation, as it statuds, assuming
the elements of that computation to be correct i but upon
endeavouring to E't'ril}' those lllt'ltu'nh-:, we find ourselves
unable to aceept the quantity stated to represent. the
relative attractive force of the sun's influence on the
earih compared to that of the earth’s on the moon :—viz.,
2.2: L.—because it is not apparent to us how or whenee
this quantity has been obtained; and besides this, the
computation is based on a hypothesis , . that the distanen
to which a definite amount (or intensity) of gravitating
foree extends varies as the mass of the central or gravitg-
ting body . . . a hypothesis, which we hold to he quite
untenable, (The distance varies as the eube root of the
mass; See page 45).  'We therefore refer to another antho-
rity on the same subject,

Herschel's outlines of Astronomy, page 225,

(35%)  ““That at so vast a distance the sun should
appear to us of the size it does, and should so powerfully
influence our condition by its heat and light, requires us
to form a very grand conception of its actual magnitude,
and of the scale on which those important processes are
carried on within it, by which it is enabled to keep up
it liberal and uneeasing supply of these elements,  As
to its actual megnitude we ean be at no loss, knowing its
distance, and the angles under which its diamneter appears
to ng. An objeet placed at the distance of 95,000,000
miles, and subtending an angle of 32 1, must have a
real diameter of S=2,000 miles, Suechy then, is the dia-

neter of this stupendous globe, It we compare it with
what we have already ascertained of the dimensions of our
own, we shall find that in lincar magnitude it exceeds the
earth in the proportion 1114 to 1, and in bulk in that of -
1,354,472 to 1.

(360) * Adinitting, then, in conformity with the laws
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of dynamics, that two bodies conneeted with amd revoly-
ing about each other in free space do, in fact, revolve
about their common eentre of graviry, which remains
immoveable by their matual acticn, it becomes o matter
of further enquiry, whercabouts between them this centre
issituated,  Mechanies teach us that its place will divide
their mutual distanee in the inverse ratio of their weights
or masses 3 and caleulations grounded on phenomena, of
which an account will be given further on, inform us

that this ratio, in the case of the sun and earth, is actually

that of 35 5,%56 to 1. . . . the sun being in that proportion
10T ||nljlil.*l'1|II:~= than the eartl,  From this it will follow
that the common point about which they both eir-
culate is only 267 miles from the sun's centre,* or
about _1_th prart of its own diameter,

SHEL ]

We observe that the quantity, given in the last sec-
tion as the weight of the sun compared to the earth,
corresponds very elosely to  that given by Mr, Drew, as
the proportion of the mass or bulk. The computation
(correct data being obtained) might be made in the man-
ner which Mr, Drew seems to have intended ; observing
that the difference in the distance is compounded with
a difference in the areal as well as the angular veloeity,
Taking the distance of sun and earth, and earth and
moon, a3 400: 1, Taking the moon’s revolution at 2<
days, and the earth’s at 365 days, as (about) 13: 1. We
have ( Z’;.;’ = 30 :.3] 31: 1, as the areal velocity of the

* This tuln.-':hinp—viz.., that the earth and =un revolve around a
common centre of gravity, at a certain distance from the sun’s
centre, may be considered true in o theoretical sense, by discarding
the compensating influence of all the other planetary members of the
evatem.  To obtain rigid demonsteation would require o very perfoet
knowledge of the solar evstem, but, even with the knowledge we now
PosseRs, there can m:ah:vh‘ be a reazonable doulbt that the centre of
the sun is the actual centre of revolution of the system ; and, rela-
tively to the members, separately and collectively, belonging to that
system, the centee of the fun therefore may be correetly considered
a8 & fixed or immovalle point,
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carth (compared to the moon's), and 1: 13 as the angular
velocity., Dut the effective (gravitating,) influence is in-
versely asthe distance divided by the diference fin angular
veloeity 5 therefore & = 3L And the computatioy,
becomes 31 « ‘;'.Ij: (about) 72 which quantity should
represent the sun's diameter compared to the dimeter of
the earth as unity, assuming ihe densitics of the sun and
carth to be equal. Herschel's result from the comparison
of densities and the direct measurement of the sun's
diameter is, as above, 351936 1, as the proportion  of
the volumes (masses) ot an equality of density,  The
cube root of this quantity .. .4 854936 ... equals (very
nearly) 71.—So that the two results agree quite as closely
as can be expected, considering the inexactitude of the
measurements taken. It may be remarked that, in the
foregoing comparison of the relative masses and densitios
of the earth and the sun, the atmosphere of the earth is
l*lli‘:il‘i'lj.' left ont of cousideration : but L’VHL*III]}’ the
atmosphere is a part of the earth, considered (collec-
tively) as a planet,. .. .a part of the mass and of the
volume. .. .a part of the density. .. .and (contributing)
a part of the gravitating influence.  Therefore the above
comparison should be defined as, between the solid and
liquid parts only of the earth . . eud the entire volume of
the sun,

The Third of Kepler's laws.

From Drew's Manual of Astronomy, page 177 : % The
squares of the periodie times of any of the planets are to
each other as the cubes of their mean distanees from the
sumn.

The value of this law will appear when we cousider
that knowing the distance of uny oue planet, say for
instance the earth from the sun, we can hy its aid cal-
culate the distance of any other.” The truth of this

t Divided by the proportionate angular veloeity if less than at the
leseer distance, and inversely as the distance multiplied by the pro-
portionate a. v, if greater than at the lesser distance.

S T
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law must be in the first place dependent upon the areal
velocity of all the planets being the same, because evi-
tlt‘lil]}' a differenee in actual velocity, would cause o dit-
ference in the [u*l"tmlir times, which would have no direet
OF NCessIry relation to the plulu'l'h distanee. From what
lis been -'l';l’l'il.il}' l'.'«.‘|il;l'tllt'1] astothe r|l'l'l'H.'-itj.'n1'.'|.li |'1|I1=41it_1."
between the gravitating and centrifugal torees, it follows
chat there s a velocity of equilibrivm for each definite
distance from the sung and which velocity of equilibrium
cannot b lll']:l.ii,l‘Tl‘li from.  Awd this 1.l-|m'il_'..' of equili-
brium must be the same actual areal veloeity whatever
may be the distance of the particular planet from the
centre of gravitation ; because both the centrifugal and
gravitating forees are alike lll"i]i'lllll‘ll[ npon wnd NrOpor-
tionate to the actual velocity,  Therefore Kepler's third
liw as to such I'l't:LIimlhllill 15 Dased Lt faet. ['”I.I'
mistake as to the actual relation may have very Ill'u_:ulm'lr]:,.'
origivated in negleet to diseriminate between the angn-
lar ard the areal velocities : Iul'--m'li!in-_r itselt to him as an
induction from  actual observation, and oecenpying the
]rl.'u'l' of a demonstrated  fact, it doubtless had  mueh
effect in misleading Newton in his theory of gravitation,)
Sinee it now appears that the variation of the eravitat-
ing influence is inversely equal to the variation in the
distanee, it follows that thoe relation of the tn‘r'ii e times
amd the distances 1= al=o -iru|l]t' < el e nl'lFiIl'.f]j' the law
|{J:,r, FII!' 1|!Li|'l| |:ﬂ.'|.' ut' |'~:t'I:||.P|" -||.r||||!|I e :|'4*.:|u'_ .||u|.'< H 'r“]l"
IIl'I'-HII[iI" [illli"-i ull;qll_'l.' ni' I]u' ]h|.;|ru'l.-' are to 1,‘.'|1'}| Lr1hi'l' i=
their mean distanees from the sun,’
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THE FORM GF THE EARTH AND TERRESTRIAL
GRAVITATION,
From Drew’s Manual of Astronomy, page 25,

“ This centrifugal foree has caused matter to acenmn-
late in the regions of the ciuator, so that the earth’s
equatorial diameter is greater than its polar by 26.5
miles,  And since the attraction of gravity decreases in
the inverse proportion of the squares of the distance from
the centre of the attracting sphere, it is plain that the
attraction will be weaker on the earth’s surfuce near the

cipuator than at or near the peles in the proportion of

the s uare of half the ecarth's ciguatorial  dinmeter to
the square of halt' the polar diameter,”  This statement
would have much foree if' the carth’s gravitation was
anetually located at and acted from a point or small spher-
ical place situated at the earth’s eentre,  For many pur-
poses 1t ds convenieat and does not practically involve

any error to refer the areregate or colleetive aetion of

:I'enif-'lflnrl to the centre s sinee if we assume the earth
to b a !H'I'H'i'[ .-'|r]|l'l‘d‘ the attractive foree wounld he
cvervwhere on or |wll|.':lrul the surfiee ciuivalent to the
clieet of an influence apparently situated at the eentre,
but it is necessary to recollect that the central foree so
dssnmed is representative (because compounded) of the
LTI rrlehi‘ torces dljlil“ I]'Il' |hll'[:4 0o I'r':w!'ume-.nt' “'Ilii']] TIIH
varth is :-r-1r||m::r--] : for {'\'iilvml}' it the exterior parts of
the earth were removed and ouly a small central sphere
lett remaining, the attractive force would be diminished
necordingly.  The error may be immediately and dis-
tinetly seen by exagoerating the deviation from a sphere
and supposing the carth to be flattened into a dise-like
form (i.e. the form of a grindstone) as in Fig. 16, when

o e s =

=l o mamea
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! iy b would represent the equatorial diameter and ¢, d
| the polar diameter.  Now assuming the earth to be of
' such form, and leaving the rotation on the axis out of the
iuestion, it is at once evident that the attractive foree
on tne surface at a, and b, would not be less than at ¢,
andd d, but on the contrary would be considerably greater,
which is the reverse of the conelusion stated in the text.

la
|
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A ENIESEREARSt I

From Drew's Manual of Astronomy, page 23 “ It is
| found, however, by very careful admeasurement, that the
:_ . length of a degree of latitude, ascertained in the manner
deseribed, near the equator, is different from the length
{ of i degree measured near the ]m-llw.: on the equator it is
at its minimum, increasing in length as the latitude
f increases,  In fact a section of the earth passing through
hoth poles would not be a cirele, but, as the admeasure-

A
: ments show, would be an ellipse ; indicating that the earth
| is flattened at the :::r]t'ﬂ. atnd that it ]ﬂ‘utrudh's in the region

|
: of the equator. The first intimation which astronomers
| received of this fact arose from the following ecircum-
| stances,  Asironomers sent in the seventeenth century
- by the French government to Cayenne, for the purpose
| of making observations on the fixed stars, found that their
I clocks, the pendulums of which had been so regulated as
I to heat seconds in the latitude of Pars, lost time at the
rate of two minutes twenty-eight seconds per day. When
this fact became generally known, it deeply interested the
leading mathematicians in Europe, who applied them-

selves diligently to account for this variation ; Huygens
[ | and Newton simultaneously discovered the cause.”
t But the reasoning applied to the observed facts is not
l correctly based on the recognized laws of physieal seience,
and the conclusions, being in a scientific sense unsup-
ported, are therefore unreliable,




TERRESTRIAL GRAVITATION (1}

From Drvew's Manual of Astronomy, page 206 : ¢ Sir
[. Newton, tuking both these canses into acconnt, demon-
strated  that a revolving fluid mass of equal density
throughout, would assume the form of an ellipsoid [Tlm‘!.
is a figure of which every section passing throngh the
poles would be an ellipse] whose dimmeters would be as
230 : 229.”

[The rapidity of revolution (rotation) is not here stated
or referred to; a greater or lesser rapidity would certain-
ly eause (a theoretical) alteration in the proportions of the
relative diameters,  No doubt the case supposes the pre-
sent rate of rotation of the earth]. Admiting the demon-
stration ; does it not follow that, it the earth had |:|1-|.-im-|:,;
the ellipsoidal form, there would be no active or positive
centrifugal effect ¥ Because, to SUPPOSE OF assume i centri-
fugal effect on the surfage of the solid, or partially solid,
earth ; evidently implies that an alteration in the form
would take place if the fluid condition was substituted for
the solid ; or in other words, if the particles of matter bl
the necessary mobility, It is stated, however, that the
actual difference between the two diameters is less than
Newton's caleulation required ; the proportions derived
from measurements of sections of the earth’s circnmference
—i. ¢. degrees in various latitudes from 0 ° to S0° ineln-
sive,—being as 205: 299, instead of 229 : 230 as required
by the caleulation. This would give a (an effective)
centrifugal force limited for its originating influence

i

to (299.21--200) SH000 of the mean diameter of the

earth, a quantity which may be suflicient to account for
the observed facts in respeet to the pendulum vibrations.
NoTe.—But it must be observed that an assumed corrvect
measwrement of the carth's diameter devived from measure-
ment of the earth's surfuce, assumes the corvectness of th
supposed ©“ratio of the diameter o the civeumference of th
:'E.ﬁ‘.'l;!'.,“ i rjrli‘.-ih'ril.‘r il ”ﬂ' ju'i'm'nf fime .f.ﬂ r*.rmp‘ﬁj.rr'r_qy,
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TERRESTIRIAL GRAVITATION,

THE ROTATION OF THE EARTH (OR OTHER
PLANET) AS INFLUENCING TERRESTRIAL
(INTERNAL) GRAVITATION.

An apparent difficulty may be thus stated.  Let
Fig. 15 represent halfof the earth’s sphere ; E, E, E being
a section at the equator, and P the I'I-!Ill'i" of one of the
poles,  The earth is votating in the direction of the

i . § i bauly ]
irrows, and a body on the 3

surlbnee ot 15, is therefore re- /
volving  with that surfiee, 7
5

aroumd  the  centre of the | M
carthe at the rote of about =

Lo miles an hour, A body e

on the surlaee at or near P, ’
s l.‘“lll!h'll'il!iﬂ‘l_"n’ unintliuen- :

vl |1}' this rotatory motion, “\:“ : . ,,,-’/

An aremment 1o the Tollow- x“r—.._- d

ing effect is therefore likely to suggest itsell’ to the stu-
dent 2 (1) A hml_\' revolving aronmd o centre of eravitation
(o central point) at the rate ot a thousand miles an hoor
st develope o very considerable centrifugal foree,
{‘,’} This centrituesl  foree Oroses the attractive loree
from the centre, and must therefore (3) be a deduction
from the Apprirent .=_'I';n'i1}' or weight of the |m1||".'. Henere
[lllli"t'.\ )y 1= the [:lilll.‘urt'lu_} k\q"rghl ol the same Iunl_'l. [RUTES
siderably greater in the |1n|.u' regions than near the eqgua-
tor 7 or s there any sensihle ditference in the (apparent)
weight of the samwe Imﬂl'a.' il removed from the one to the
othier situation & The sl Won s to faet is answoermd 1
e Erl'u-qli"-l‘:-—'h"- heere 1s the |~\|}]:|]|.|1iu!| |

The great stumbling block in this case, is the same
;lll‘l‘itl|::|| referred o HE rlnl [rl'nlr::hltl lrl'iﬂi!t ol l]’]l" Crror 1

Ht'ltil!l* third law ; viz., the neglect .to diseriminate
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between angular and areal velocity, It is true the body on
the surfuce near the equator has an .llILHI.]J.I:I'L-_I]H_'II,IHIJ in
the circle of rotation of about 1000 miles an hour; never-
theless the motion is correctly represented by the hour-
hand of a watch, which likewise passes through the eirele
once in 24 hours ; and if the hour-hand were extended

aid mmade about 4000 miles in length, the extremity of
the hour-hand would also Ii]:l] move with a velocity of

about 1000 miles an hour. S soon as this fact is corree tly
appreciated the difficulty 1Ml] probably bein a great mea-
sure removed, because it will be understood that the ang-
lar veloeity as observed in the hour-hand of the watel or
cloek 1s not sufficient to develope auy very appreciable
amount of centrifugal foree, The diflic ulty may, h”“"l-vr]'
present itself’ in a different form, and one in which Ihu
solution is not so Imdhlj apparent. A hody revolving at
a short distance from the surface around the earth with
such velocity as to make a complete revolution in a little
less than 11 hours would not fall to the earth but continue
to revolve in its orbit at that distanee i» the same manner
as the moon. (Note, Thisis of course discarding the eartl’s
atinosphere ;—i, ¢, supposing the earth to be without an
atmosphere ; which would resist and impede the motion ol
the body.) But then, if the revolution performed in 11
hours is sufficient to neutralize and overecome entirely the
attractive force ; must not a revolution of 24 hours, which
represents nearly one half the velocity, have at least some
considerable influence in reducing the effect of the eentral
gravitating force ! To explain this ease, it is properin the
first place to point out that the tenn, centrifugal force, is
strictly speaking a misnomer, It is one of those names
which contains within itself’ a definition, and that defini-
tion is mischievous beecause it is false, The foree (and the
motion out of which the foree is developed) is not centri-
fugal, but tangential. The teaching on this subject au-
thorized at the present time would, directly, or indirectly,
lead the student to the conclusion that the attractive foree,
acting on a body in motion at right angles to the direetion

L i
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L] TERRESTRIAL GRAVITATION,

in which the body is moving, combines with, interferes
witll, inerenses or retards the motion of the l:ull}', and 8o
beeoines partinlly or wholly inoperative in the direction of
the centre whence it proceeds, It has been shown in the
earlier part of this lecture that such teaching is unsound
and therefore untenable.  In fact the gravitating (or
attractive foree) is not interfered with nor diminished by
the taneential motion of the revolving body ; for example,
the oo is constantly acted upon with the full force of
terrestrial gravitation, and the efleet of that foree is to
canse the moon to constantly deviate from the tangential
direction of motion,  Consequently it a body revolves
rorind the earvth near the surfhee at the equator, it i1 sguh-
ject to the full attractive foree of gravitation 3 and if it
falls to the earth, so soon as it reaches the .ul'nlli;|| its inde-
pendent motion mst cease, and its gravity or weight is
the smme asat any other place on the surface,  The ques-
tion as to whether a body revolving near the surface can
esciapecontact wutl continne torevaolve,isevident [_1; {!d']!i‘lltl-
cut upon 1-1[llilliT}' between the versed sine of the are
throngh which the hody moves iv a definite time, and the
ihstanee throuneh whiech the eravitation would move the
body towards the centre in the same definite time ; be-
canse the larter measures the former and, if equal, canses
no more than the deviation from the tangential direction,
whieh is required to produce the are, and in that case
the |md:|.' will continne to revolve : bur it the deviation
18 in any degree greater than requisite for the versed sine
of the are, then must the body fallto the earth. Dy taking
the equivalent to a thousand miles at the equator on u
circle, the ease may be illustrated,—as in fig, 19, where the
angular divisions 1 2 3 4 5 6 are cach 1*1|1Ji\':|||'llt to about
1000 miles 3 and the body A, near the surface of the earth
is supposed to be moving in the tangential direction AD,
with a velocity of about 364 miles in 1 minute ; (which
would carry it through a space equal to the circumference
of the earth in about 10 hours and 57 minutes.) The
effeet of terrestrial gravitation acting freely on a body
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near the surfuce is known to equal in effect an approach
towards the centre (or gpace fallen through) of 57,900
feet in a minute. This would be therefore the deviation
from the tangential line of motion caused in the body A
by the attractive force: viz, (about) 1586 ﬁq-t.# in
5280 feel. (equal to about 600 miles in 2000 miles,) The
body A, would

o n
consequentlyt a- ﬂn __
vel 2000 miles in e ! e

S : :

543 minutes, and
arvive at I3, hav-
iIJ_LI' in that same

time uniergone » 5
a deviation of its J //’,_ i
motion trom the O @
tangential  line s
AD, measured by the verse I sine AE, of a'out 60)miles,
And since the distance BF, is equal to the distunce AL,
the body A, will revolve continually in an orbit at that dis-
tance. (The velocity, however, should be alittle inereased
to equalize the difference in the radial distance of CA
greater than CE ; (e g, it AK=10 miles: then CA:
CL 22 40100 2000 miles,)*

= — r——

THE TIDES,
Drew's Mainal of Astronony. Page 5%,

L f.rr_}r-y |3 ’J‘J.lrn'i‘!l' If. |t'! & I'l"!ll"!'."il’lilf the Thpirngi, H |]|1'

7 g & Nz

earth.  Now the moon attracts every particle of the
earth’s and the water being free to move, will tend
towards her at o : it will be high tide, therefore, to those
places situated at o and its neighbourhood, which have

* The supposition of ench increase is included in the assumption
above that the distance BF, isequal to the distanceAE.
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the moon on the meridian; but since the quantity of
wiater remains the same, the places at n and s, 90° dis-
tant from o will supply the rise at p; with them there-
fore and down the line n R s it will be low water.
As the earth turns round with her diurnal motion, other
places will advance towards the moon, or will have her
in the meridian ; it will therefore be high tide to them
at that time.  So far the matter is clear; but the pecu-
liarity is, that when it is high tide at o it will be also high
it 1, dinmetrically opposite, or with those places on whose
inferior meridian the moon is sitnated. To render our
explanation of this fact more luecid, let us investigate the
operation of attraction on three bodies, at different dis-
tances from the attractive body (Fig 12). The effect of a

:r_-~~ _::\ A @
O uo

body Y, operating on three others r, z, x, in the same line

would be to inerease their mutual distances; for r would
be drawn to w, through the space rw; z, being further
off from Y, would be drawn through a less spaca, in
the proportion Yi?: Y&*, viz, to v, zv being less than
rw: x would be still less operated upon, and would
pass throngh a less space towards the attracting body ;
viz. xt.  The result will be, that the distance of
the two bodies r and x, from z, will be increased;
vw and vt, their new distances being greater
than zr and zx, their original distances. Let the waters
on either side of the earth R, in fig. 45, pl. vi, be considered
in the same cireumstances as the two bodies x and r
with respect to z in fig 12, The operation of the attrac-
tion of the moon z, upon them and the earth will be to
raise the waters at p, and to draw the earth, as it were
away from the waters at r, causing a simultaneous rising of
the tides at o and . The explanation here given is that
*he moon attracts the water on the earth’s surface, at
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the side next to her, and draws it from the earth towards
her, and in addition attracts the earth itself, and draws
that also from the water on the opposite side; thus
accounting for the high tide at both sides; but if such
were the case the earth and wmoon would soon come
together; because, if the larger body,—the earth, deviates
from her orbit to approach the moon, the lesser body,—th~
moon, must deviate so mach the more (in inverse propor-
tion to the mass) to approach the eartly and,as this approx-
imation is supposed to be continuous, the result would
necessarily be, within a certain limited time, contact be-
tween the earth and the moon, The hypothesis, thar the
water is drawn towards the moon at the side opposite to
her, does not when attentively considered appear to he
tenable ; no reason is shown why such an effect should be
confined to the water only ; the air would be proportion-
ately subject to the same action ; and solids on the earth’s
surface also; variations in the barometrie level and in
pendulum vibrations would indicate and measure such a
partial and local effect of the moon's gravitating influence,
Such a cause operating in the slightest imaginable degree,
in the manner supposed, would have the effeet of acenmu-
lating all the water on the earth's surface, in that part
exposed to the moon'sdirect influence. Moreover the sun's
attraction is supp<sed to operate in the same manner,
Page 79 (Drew's Astronomy). “Not only is the moon
an agent in producing tides, but the sun also ; in conse-
quence, hov-ever, of his greater distance his attraction is
not so much felt; the whole force of attraction being in
compound proportion of the mass directly and the distance
squared inversely. The force of attraction thus deduced
will give the sun's attraction : the moon’s :: 2:5."

The hypothesis is negatived by the fact that the influ-
ence of the solar gravitation on the earth’s surface is the
same by night as by day. Substances, wheiher solid or
Auid, weigh the same at midnight as at midday whereas if
the hypothesis were sound there would necessarily be a
difference, and the apparent gravity of each thing on the

D e S




in THE TIDAL PHENOMEXA.

earth’s surfuce would be greater at night, and less by day.
OF THE TIDAL PHENOMEXNA
a reasonable explanation may be found in the form of
the earth as deviating from an ellipsoid and in (con-
junetion therewith) the unevenness of the earth’s surface,
As already stated, assuming Sir I, Newton's calculation
of the perfeet planetary ellipsoid, and the correctness of
the actual measurements of the polar aml equatorial
dinmeters, the ditference of ‘_"Ejluﬁ- indicates a cause of
'mm|||:|]il:..'; which would allow the rotatory motion to
oceasion a positive centrifugal effeet in the equatorial
regions 3 and granting any  efleet, however slight, from
this eause, the quantity of efleet would be in a measure
dependent upon the conformation of the ~arth’s surface
(and upon loeal differences in the conformation) greater or
less in ditferent places according to the depression or ele-
vation of the surface at those places,  And moreover, the
manner in which the effeet would manifest itself would
e to some  extent determined or modified by the
particular configuration of the uaeven surface, (i. e. the
part of the surtuce covered with water; viz., the eleva-
tions and depressions in the bed of the ocean). It is not
difficult to understand how an oscillatory eflect upon the
waters of the ocean thus produced,~<being modified,
inereased or lessened, by the action of suck. extra causes
as winds, aerial and ocean currents, the unequal influence
of” light, heat, &e.,—may result in what is known as the
chb amd tlow of the tide (and of the other tidal pheno-
mena),  The explanation of the double tide is to he
toumed in the Taw regulating the equilibrium of bodies
rotating on a central axis; when a part of the matter

mnullul-"uu_[ the hml}' is free to move, amd S0 prevent a
disturbance of the eentre of gravity by compensating
for an alteration in the quantity of matter (or the
quantity of gravitating effect) on the one side, by in-

creasing o diminishinge the mass l-Iillu”}' on the opposite

sidle.




ANGULAR AND AREAL VELOCITIES,
Apparent motion of the sun,  From Hersehel's Outlines
of Astronony, pages 219 to 222
§(347). “We have already seen (art, 146) that the
sHuu’'s motion in right aseension among the stars is not uni-

form.  This is partly accounted for by the obliquity of

, the ecliptic, in consequence of which equul variations in
longitude do not correspond to equal changes in right
ascension.  But if we observe the place of the sun daily
thronghout the yesr, by the trausit and circle, and from
these caleulate the longitude for each day, it will still be
found that, even in its own proper path, its apparent

angular motion is far from uniform. The change of

longitude in  twenty-four mean solar hours averages
0 5% S, 33; but about the 31st December it amounts
to 15 179, 9, and about the 1st of July is only 0° 57
I17. 5. Such are the extreme limits, and such the mean

value of the sun's apparent angular velocity in is
annual orbit,

§ (34%). This variation of its angular veloeity is aceom-
panied with a corresponding change of its distance from
us.  The change of distance is recognized by a variation
observed to take place in its apparent dimneter, when
measured at different seasons of the yvear, with an instru-
ment adapted for that purpose, called the heliometer, or,
by caleulating from the time which its dise takes to tra-
verse the meridian in the transit instrument.  The greatest
apparent diameter corresponds to the 1st of January, or
to the reitest J'JTJ_L"tI]EII' 'rrluril}', aned measnres 327 367
.2 ; the least is 31" 327, 0, and corresponds to the 1st of
July; at which epochs, as we have seen, the angular
motion is also at its extreme limit either way. Now, as
we cannot suppose the sun to alter its real size period-

[

|
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ically, the observed change of its apparent size can only
arise from an actual change of distance. And the sines
or tangents of such small ares being proportional to the
ares themselves®, its distances from us, at the above-
named epoch, must be in the inverse proportion of the
apparent diameters. It appears, therefore, that the
ereatest, the mean, and the least distances of the sun
from us are in the respective proportions of the numbers
1.01679, 1.00000, and 0.95321 ; and that its apparent
angular veloeity diminishes as the distance increases,
and vice versd."”

§ (349). “ It follows from this, that the real orbit of the
sun, as referved to the earth supposed at rest, is not a
circle with the earth in the centre. The situation of the
carth within it is excenfrie, the ercentricity amounting
to 0,01679 of the mean distance, which may be regarded
as our unit of measure in this enguiry.  But besides this,
the form of the orbit is not eircular, but elliptic.”

§ (360).  “ The mean distance of the earth and sun
being taken for unity, the extremes are 1.01679 I
0.95321, But if we compare, in like manner, che mean
or average angular velocity with the extremes, greatest
and least, we shall find these to be in the proportions of
1.03:356, 1.00000, and 0.96670, The variation of the sun's
angular velocity, then, is much greater in proportion than
that of its distance, fully twice as great ; and if we examine
its numerical expressions at different perinds, eomparing
them with the mean value, andalso with the corresponding
distances, it will be found, that, by whatever fraction of
its mean value the distance exceeds the mean, the
angular velocity will fall short of its mean or average
quantity by very nearly twice as great a fraction of the

* The meaning of this paragraph 12 not very apparent., The sipes
or tangents of all arcs are proportional to the ares, whether large or
small. Has not Sir John intended to say that the sines or tangents of

very smull ares nearly correspond with (1.e., are nearly equal to) the
arce themselvea 7
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latter, and vice versd. Hence we are led to conclude that
the angular velocity Jis’in the inverse proportion, uot o
the distance simply, but of its square; so that, to com-
pare the daily motion®in longitude of the sun, at one
point A, of its path,*with that at B, we must state the
proportion thus'i— ,|'

OB2 : 0OA? : : daily motion % / H\Q
at A: daily motion at B. [ N\
And  this s found to  be "f 0 1.__________;—:!;:"
exactly verified in " every : I."I \ /

5 r P ] h \_ s
part of the orbit, \

(AT B0,

;_, {7]5]}. b “l‘ll.{’l* Wi 1]t'4|||.1'+' -'IIIIIE]IH' rpmulrkul;i.- cifi-
clusion, viz,—that if the sun he supposed really to
move around the cirevnmference of this |-1li1m-. its aetual
speed cannot be uniform, but vst be greatest at its
least distance and less at its greatest, For, were it
uniform, the apparent Tangular velocity would be, of
course, inversely proportional to the distance; simply
because the same linear change of 'Iihh:‘l‘-, heing lu*nf]lu'i:nl
in the sume time at different distances from the eve,
must, by the laws of perspective, correspond to ﬂlrllrlr'tl'lt!
angular displacements inversely as those distances, Since,
then, observation indicates a more rapid law of variation
in the angular velocities, it is evident that mere change
of distance, unaceompanied with a change of actual
speed, is insuflicient to account for it; and that the
increased proximity of the™sun to the saiih wust bhe
accompanied with an actual increase of its real veloeity
of motion along its path.”

5§ (352). “ This elliptic form7of the sun’s path, the
excentrie position of the earth within it, and the unequal
speed with which it is actnally traversed by the sun
itself, all tend to render the calenlation of its longitude
from theory, (i. e, from a knowledge of the causes and
nature of its motion) diffieult ; and indeed i_lll]:h"}!ﬂ.ih]t!, 80}
long as the law of its actual veloecity continues unknown.
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This law, however, is not inmediately apparent, It
does not come forwa rl|, as it Wene, aml |resent itself’ at
onee, like the elliptic form of the orbit, by a direct
comparison of angles and distances, but requires an
attentive consideration of the whole series of observations
registered during an entire |1|l|'iul|. It was not, there-
fore, without much painful and laborious calenlation, tha
it was discovered by Kepler (who was also the first to
ascertain the elliptie form of the orbit) and announeed
in the following tenus i—Let a line be always supposed
to connect the sun, supposed in motion, with the earth,
supposed at rest 3 then, as the sunmoves along its ellipse,
this line (which is called in astronomy the radius-vector)
will deseribe or siceep veer thar portion of the whole area
or surfuce of the ellipse which is included between its
consecutive positions: and the motion of the sun will be
such that equal areas arve thus swept orer by the revolving
radins veetor in equal times, in whatever part of the
circumference of' the ellipse the sun may be moving.”

S (353). * From this it necessarily  follows, that
nnequal times, the areas deseribed must be proportional
to the times,  Thus, in the figure of art, 349, the time
in which the sun moves from A to 13, is to the time in
which it moves from C to Dy as the area of the elliptic
sector AOL is to the area of the seetor DOCY

5 (354), “The circustances of the sun's apparent
amual motion may, therefore, be summed up as follows:
—It is performed in an orbit lying in one plane passing
through the earth's centre, called the lllulw of the

t‘l'lilllii‘, ad - whose 'Ell'lll-|l"l'l'il:ltl on the heavens is the
great cirele so-called,  In this plane its motion is from
west to east, or to a spectator looking down on the plane

of the ecliptic from the northern side, in a direction the
reverse of that of the hands of a wateh laid face npper-
most.  In this plane, however, the actual path is not
circular, but elliptical ; having the earth, not in its
centrey bt in one focus,  The eccentricity of this ellipse
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15 0,01679, in parts of a unit equal to the mean distance,
or half the Tonger diameter of the ellipse ; i.e., about one-
sixtieth part of that semi-diameter ; and the motion of
the sun in its circamference is g0 regulated, that equal
areas of the ellipse are passed over by the radius vector
in equal times,”

The conclusions here arrived at—viz,, that the angular
velocity varies inversely as the square of the distance,
and not in simple inverse proportion—appears to be (is
obviously) unreasonable; for example, let us suppose
the distance of the earth from the sun to be suddenly
reduced to the one-hall, aml that the earth continues
still to travel in the orbit of revolution with the smne
vewoeity as before,  Since the earth to make a complete
circle of revolution will now have half the distance to
travel through, and travels with the same speed as before,
it is reasonable to infer that the time occupied would be
the one-half (i, ¢.1524 days). The above conclusion, or
theory, would make it necessary for the earth to accom-
plish the half distance in one-fourth of the time, and
this without any increase in the areal velocity of motion :
(i, €. in the actual speed), The precise nature of the
error, 08 herein manifested, it is not difficult to point out.—
Sir John Herschel has omitted to observe that in reducing
the distance, the standard of comparison is likewise
reduced,  Aw ate subtending any defin’*e angle is still
at the lesser distance a similar ‘sre, buy evidently the

actual length is reduced, and one degr:c oo the lesser
distance is therefore, although it is 11 a dewoey not a
degree of the same length as the ©owroe o0 100 greater
distance, Referring again to the o : e earth

at the half distance from the sun, the s cirele will
contain 360 degrees, but since two of these circles would
he only equal to the one cirele at the greater distance,
it the increased veloeity be considered in comparison
with the greater circle as the standard of comparison,
the ineresse will be 50 per cent. ; but if 1."Ullll_lill't'11 with

=
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the lesser circle as the standard, then it will be 100 per
cent,, amd what is true in respect to the circle also
applies to every (equal angular) division of the circle ; as
for example, to one degree,

In the succeeding section (§ 351) Herschel, apparently,
attributes the inereased velocity, to motion acquired in
the approach of the earth to the sun.®* In our previous
caleulation, page 33, the increase (in areal velocity)
arising in this manner, was shown to be T}Tﬁ {or about

L
I mile in 2260 m:les.) The theory of an iucrease of
velocity inversely as the square of the distance would
require an increase (in areal velocity) of ,—I- {or 1 mile

Sl
in thirty miles,

* Taking the concluding, together with the first sentence of this
section (§351), the ides is suggested that Herschel was ampressed T
this supposcd cirenmstance {or plienomenon) as boing s remmekall
aned miysterions necessity, rather than as an cilfeet =ntisfactor ]y
secounted for or atteibntalide to g recognised law,




THE ELLIPTICAL ORBIT, AND LAW OF
EQUAL AREAS.

To test the soundness of Sir I, Nevton's demonstra-
tion (in the Prineipia,) let us suppose a planet revolving
i an orbit of very great eccentricity, in which the major
axis of the ellipse : minor axis :: two: one. At (nbout)
aphelion therefore, the planer moves in a cirele of whicl
the dinmeter is to the dinmeter of the cirele in which the
planet moves when at (about) peribelion, as 2: 1, It is
evident I|I.'|t—.-'llI||!u:-:iHl_r thee ll!illlrl.,. i revolving through-
out a greater orbital eivele at the distanee of .'t|1hl‘]iu!|.

completed the revolution in a certain definite time,—if’

made to revolve throughout a lesser civele at the distance

1|I']|i*r'r|u-]iuli,, it would {'uluIlIuh- a revolution in one half

the time ; or would make two revolutions in the same
time i which it had made one revolution at the greater
distance ; but what is troe of the entire cireles is also troe
when applied to their fractional parts s therefore, if the
planet moves through nine degrees of the greater cirele
(at aphelion) in any definite time (t), it will move in the
simne time (t) through eighteen degrees of the lesser civele
(at perihelion). Now if the areas of cireles varied as their
diameters or as their perimeters; then would the areas
passed over by the radius-vector in each case be eqnal ; but
i fact the areas vary as the squares of the diamerers,
and consequently the area swept by the radius-vector

of the lesser circle is only the one half of the area swep
i the same definite time (t) by the radius veetor of the
greater cirele; beeanse, evidently, for the areas to be equal,
the planet would require to complete four revolutions of
the lesser circle in the same time as one revolution of the
greater civele,but that would be to move throngh twiee the
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gpace in the same time without increase of velocity,
which is absurd ; wherefore,—the supposed demonstra-
tion must be unsound.

An ellipse, it is true, differs from a cirele, but the
difference is not of such a kind as to atfect the application
of the same rule ; in fact an ellipse may be most correctly
considered as a cirele deseribed with g varying (i.e. an

increasing and diminishing) radius; and therefore it
comes under the same rule or law, Perhaps the most
simple and satisfactory way to appreciate the difference
between the eircle and ellipse, and to exhibit the com-
pound nature of the latter, is to form the ellipse from
the fiactions of a immiber of circles, of which the radii
deerease by graduation to a certain limit (the minor
axis), and then again inerease to the former limit (the
major axis) as shewn at Fig. 20, in which the ellipse is
entirely composed of the fractional parts of circles,




HABITABILITY OF TIE MOOX,

From Herschels Outlines of dstronomy, page 257,

“On the subject of the moon’s habitability, the com-
]1|r|p absence of air noticed inavt (4:31), if generval over her
whole swrface would of conrse be decisive,  Some eonsider-
ations of a contrary nature, however, sugeest themselves
in consequence of a remark lately made by Prof. Hansen,
viz., that the faet of the wioon turning :|!w.|_!.'.-; the same
Laee towards the earth is o oall probability the result of
an clongation of its figure in the direetion of a line join-
ing the centres of both the bodies acting conjointly with
i nwok=coikcidence of s centre of gravity aeill its eonti
of swmetry, “To the middle of the length of a stick,
|1|i|ll|'l| 'l.'l.'j”I il Ili'q'l‘l.'_\.' ‘:.'.L'iuh[ af |1Iu'1'|||| :r||1| HI liui.l IRk
the other, attach a string, awd swing it vound,  The
hi‘il\'_‘f “'{'i!_rhl will assume :IIM tIL-'IinlIiII-'I illl'-“il]tl, ir| il
circulation of the joint mass farther from the hand than
Hhe Digliter. This is nod illllll'”lril!l]:{ whit takes ||];||'1- i
the woon,  Anticipating to a certain extent what he will
lined e |'|||E_1' tletailind 0 the next 1'||:11|l|'|'. the veader
iy |'HII"-1I!4'I‘ the moon as retaimed o liev orlat abone he
carth by some cocreing power analogous to that which
ll”' |||I|I|I PRerls ol 1|||I el '||-l':l||r|4| Iliis= .'||||l'l.'|' 1||"'i1'|-.!.!||.'4|
1|||‘||||'_:h 1|||' strinee. .‘"-III||n--L'_ I:"|1-||I [1E '_:fu]u' HINTI[G e
of materials not homogeneons, and so dispersed inoats
interior that somme considerable |lH |||l|.||1'l;|t|1'1' ol wergli
shonld exist r':\l'l'll“'i'l'.lll_". situatend 2 then 1t weill be o l*-”_".
:|E||1I'|'|n':l+|l‘t| that the portion of 18 surface nearer to that
heavier portion of its solid content, under all the eirewm-
stanecs ol a rotation so adjusted, will permanently oceupy
the situation most remote from the earth.”

The exp riment {or -'\c;nmplri upon which the foregoing

]I:‘f[m“lt'lﬁj" is based e .-|:':|.-i|_x' does not 4||i|l]j.' to the con-
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=1l HABITABLLITY OF THE MooX,

ditions and ecireumstances of the case under consideration ;
viz.., the revolution of the moon ronnd the enrth, the rela-
e 'Eu:ls-ii:tiuun of the two bodies and the nature of the
foree connecting them together.  To enable the revolu-
tion of the stick loaded with weights to serve as an
"“”"I"l"' or illustration it wonld, at the least, he proper
tor o great miniber l1|'.'¢TI'iI:lL!!-l tiv e attached to ..'1H I““"-‘"
in the length of the stick from end to end ; and then, if
those strings were all Ilu.-:ﬂ‘.*i:-il'li of a considerable and
precisely equal amount of elasticity, the result of o
experiment tried therewith would have a reasonable
appheation to the case of the moon amd the earth con-
nected together by the influence of gravitation ; but even
this would not t'm'l'ﬂ'ﬂ_\' represent or |'.'H‘II||I|iI':\' the con-
ditions of the case here igvestigated @ to obtain o deman-
strative |'u||||ml'i-nr|. with those conditions it would he
necessary for the st ring to be attached to the centre of
gravity of the combination i:rnmllmm-l h“'l."'}! and then
to show  that, on being swung round, the end most
'ru";l'l.'ir:l;‘ loaded assumes and maintains o Em.-:i!iqu] further
from the hwul than the u]rlm-i'lh- it The result of
stch an experiment, |1l'n!u'l']_‘l.' conduetid, is not, however,
h_".' any means donbtful : it woulid l't'l'1;|ill|_1' Iu-ulr!mm-d T
the h'l.'llllTlli'iiai.lth Prof, Hansen ; becanse the hmi:." whiet her
it were the arrangement compounded of the stick and
weights, or the moon, would retain the position in which
It |uil_{||f '|4.|[||||r|1 to be, or in which it was ||||"-|.|| at 1he
time the motion of revolution was first il!rllh'l!'[{'ir to it
anddy if an impulse of rotation was also communicated to
it, 1t waonlid continue to rotate aronmil its own centre ol
L_fl'.njr_‘f, W hl]‘*t 1I'-1'-|'”I'!L' i the arlsital IL..1|| ol r'|'1.1||1|-
tio aronnd its |+|'i1||.|1'j. centre ol gravitating (or restrain-
ing) influence,

In the remarks as to the |l]|_".'-|x':|f conditions on the
;|;.|||.||'-. ~.|L|E;||'|-, Hil' .|1|E:l| Hu'l':-q‘hq-l -1|'|l||-l:~|--| IIII' L'.'\-Hft'lll‘l'

of both water (in the liguid form) and of an atmosphere ;
all the water, and almost all the uTlnll-'E-IH'l'i'_. I:'l‘ill_l_.’ confined
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to the one hewisphere, in consequenece of a superior gra-

vitating force on that side furthest from the earth ; hut
the formn of the (solid) moon is not Hllplllm*d to deviate
very considerably from a sphere, and it is therefore not
apparent how the hypothesis of the existence of the water
and air on the one side llltl:‘f 18 to he reconciled with the
circnmstances of the case 3 lor instanee the average inten-
-.||::. 1|r !,!‘l‘il".'iT_‘p' (1 the surfaee I.II Tlh' I LRERDN r'n[||I|.'|r'g-d tin
that of the eartl iz abonut 4: 15 that is, i the eartli’s -
vity is represented by 151bs. on the square inch, that of the
maoon would be about 4lbs, on the siquare inch,  Now the
moon's atmosphiere is supposed to he proportional in guan-
tity to that of the earth ; it would be, therefore, about
one fourth of the lll'lll]I {or heighth).  Sinee 151bs, on the
s(uare inch is the weight of the greater column, acted ou
by the earth's more iutense influence ; what will be the
pressure caused by the lesser colimn only one-fourth the
heighth, acted on by the (moon's) influence less intens
in the proportionof 4: 15,7 When it is understood that

on e -'-|||1|n.r~iiriu|1 of o nnifori -_{l':lt'it.'utillg intluenee wnd
a uniform distribution of water, together with the quan-
fity of :I['IIJII"\II!rI'!'I" l'lr'll_|1'1'T|II'I'11! thie water 'H.'IHI]II L 11l
jeeted to o pressare 'llllf.' tlie on -fifteenth of that on the
aurtnee of the r'ill'fh, and that the air at the surfaee ol
the moon would be far less dense than at the sumonit of
onr lehest moantmins = the very |;II'L_’| npeonnt of coneei-
tratton: of  gravitating  antoenee which wounld Ine e
||l|:!'1'l| i the one |I1*I||I'-El||1'|'l' toe et the redi=itions=
al the |!g.1. |...ri|.-..1- bicosnes apparent. W may suggest
that, by supposing tuch greater alteration of form, and
wsimning that the side of the mwoon forthest from us may
b more or less coneave instend of convex, the conditions
wottlld be then sueh thar the existence of water 1o the
I:‘|||.|| form amd of amimal poeld '|.'|'|.:|'I;|.||]-' lifi [-—|.|'|| fi
known to us) would be possible and not perhaps (violent

v ||-|l||||||,|::1||' '”Il' r||i'|'l wotild b to L,'i'- ¢ such o con

centration as the ciorenmstances Irlllli:l'n Fig., 21 (n) and
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HABITABILITY OF THE MOON. =1

(b) may serve to convey a generel idea of the arrangement
supposed ; (a) being a vertieal section of th» moon
through the centre, (i.c., by a plane passing through the
centres of the moon and earth) and (b) a surface view or
plan of the side furthest from us, The rainfall is supposed
to take place on the high land forming the side of *he con-
cavity [which may he supposed to consist of a circular
chain of rocky mountains] whence collecting into rivers
and streams, and watering the intervening habitable eou-
try, it would flow into the central ocean, therein again to
undergo evaporation from the influence of the sun and
of the internal temperature, A great aerial eurrent aseend-
ing in the central, and descending in the higher regions,
near the sides [ie. the cireular boundary} .. ould assist
and regulate this effect, and the atmosphere itself would
be concentrated and retained [at least in a great measure ]
within and above the concave side, The central oceqn
nmy be supposed to contain large islands as shown in the
figure ; to be entirely open 3 or, to be divided by land into

several large lakes or seas, The diameter or breadth of

the central ocean may be taken at about <00 miles 3 and
the habitable land surrounding it to have a breadth of
about 500 miles on each side; which would give in
round numbers 500,000 square miles of ocean surface,
amd 2,000,000 square miles habitable land surluce.

— . - ——




‘GRAVITATION' AND TIE ‘ATOMIC THEORY.

The expressions ‘ densities,” * specific gravities,” ‘atowmic
welghts ' may be used without a clear perception of the
distinetions and relations between them, If a body in the
sulid condition, capable of undergoing compression, be
subjected to a sufficient pressure, its bulk or volume will
be diminished and a proportionate inerease take place in
Its 1|+;~uﬂi1‘}': its weight or gravity, therefore, relatively to
its bk, will have become greater, Hence, specific gra-
vity has a direct and very close relation to density, and
lor any one body relatively to different conditions of itself,
the one term is so entirely dependent upon the other that
the terms, in such limited relationship, may be considered
almost synonomons ; in fact, in such a case, the speeific
gravity measures the density ; and viee versd; but if the
comparison  be made with another body, rumImsu't"l of a
ditferent kind or variety of matter, the same necessary
inter-dependence no longer holds good ; because the
equial bulk of the second body may have [and the variety
of matter hl'ilfll.f li'i";‘l!'l']ﬂ, it il aliost 1'g'|'[;li|||}' .Ilrrh‘r-]. it
different atomie weight ;3 and 1'|:r|-u-:|1u-:|l]_'|.' although the
fir=t hi-:h' iy b im its 1most dt'ltm', atdd the second “noirs
]l'll"" ileni=e rnluliriuru. the ‘-lll’l'ill:l.' ul'.l\'iT_‘.' of the seconl
may be nevertheless greater than that of the first.  The
|||rq-r|--ir_1.' of the gravitating infloence at the surfaee of e
varth iy by ]Hr'll'-'lll'l'ti Il_'l.' tlie ‘l'i'EIH'iFI'n' .u'lllljl‘ﬂii or the
'll'H'l" Ilil"“il'-ll I]J]'1|1u_f|| ili il Ill"nllifl' Ei||||' ||_1; i r'uf!]']m ll-:d_’u,

Thl' |i|‘-‘-' '\\'||II'I= L"“‘ui'l'll'*il.llil L'l':lliilh"-i the motion and ||]'+|-

gress of a body so falling is the law of gravitation ; and
the conditions which aceelerate or retard the descent of
a fullinge h"”!.'" Lhave been investigated with econsideralle
artention and eare.  One of the facts conelusively aseor-
tained 15, ns ||I'1'1'i::ll*4|}' stated, that neither an inerease

the density ol n lllliil'l.' Thl‘llllu’h cont '.'|4'Ii|r];. 1w -1|-|'l'|':r==|'




GRAVITATION AND ATOMIC THEORY. =4

through expansion of the volume, nor yet an addition to
the bulk (that is, an addition to the quantity of matter
contained in the body) makes any difference as to rapidity
in the descent of the fulling body ; the riotion is neither
accelernted nor retarded ; the velocity is the same. But:
what if there be a difference in the atomic weights between
two bodies T will that make no difference in the relative
veloeity of their descent]! Supposing there is a consider-
able difference between the atomie weights of two solid
bodies, and that both of them are allowed to full from the
same definite height to the ground :—will they reach the
ground in precisely the same time ! Surely this isa ques-
tion of great importance to which a conclusive answer
will have been obtained, by verv careful and reliable ex-
periment, et us see.  An experiment which is reputed
to have decided this (uestion, was tried some considerable
time since, and is supposed jto have been frequently
repeated. It is Known as the * Guinea and Feather exper-
iment,’

Lurdner's Natural Philosophy, page 10s,

(236) ** Gruinea and feather experinent.—Let a g
alass tube ADB, of five or six feet in length, be
closed at oneend B, and n.nl-rlnl'lr-d with an airtight
cap and stop cock at the other end A, The
cap being unserewed, let siall pieces of metal,
cork, Paprer and feathers b Jrut into :iI, the |
cap serewed on, and the stop cock closed,  Let |
the tube be rapidly inverted, so as to let the |
objects included fall from end to end of the | |
tube, It will be found that the heavier objects, |
such as the metal, will fall with greater, and | |
the lighter with less s|1-.'+'1|, as might be expect- I
ed.  But that this difference of velocity in
falling is due, not to any difference in the

operation of gravity, but to the resistauce of | :
the air, is proved in the following wanner. | !
Let the stopeock be serewed upon the plate of | r'l
an air pumnp, the cock being open, aud let the BiJ
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tube be exhaustedd, Let the cock then be closed, and
unscrewed from the plate.  On rapidly inverting the
tube, it will be found that the feathers will be precipi-
tated from end to end as rapidly as the metal, and that in
short, all the objects will fall together with a common
veloeity,”

This 1s the experiment amd such the result obtained,
which 18 generalised, and applied as follows

Page 100,  Weight of bod. s proportional to their
quantities of matter.—Sinee the attraction of the earth
acts equally on all the the component parts of bodies,
aul sinee the ageregare forces |-l'u|1|11'|'[] ||j,' such attrac-
tion constitute what is ealled the weight of the body, it
is clear that the weights of bodies must be in the exact
proportion of the muuber of particles composing them,
or of their quantity of matter.  Hence, in the conumon
affairs  of commerce, the quantities of bodies are
estimated by their weights, It will appear, hereafter,
that the weight of a body, or the foree with which it is
attracted to the surface, is slightly different in different
places npon the earth; but this is a point which need
not e insisted on ar prresent., At the same [l]iil'i' the
weights are invariably and exaetly ]It‘:ll!lrl'!iljllil] to the
|ill.;|l|T'||-n. III. (NTHIRER & 1'n]u'lu|~illli=_1 I]u1 IHH!Iil_"H. [t oae |'|||L|:.‘
have double or Tl'i|r|l' the weight of another, it will have
donble or triple the guantity of matter in the other.”
We have herein a deeideld assunption that the elementary
'|h:|l'1"|l'|1“-l of matrer are of l'ulu.'l] weight ;. whatever other
differences between varions Kinds of matter there may
be, no distinetion is mude i respect to this important
prropertys the clementary particles of matter, whatever
1:|r-:'l'iI|I|n|le¢ o varieties of matter Hy be contained in
the varions substances known to us, are all of equal
weight 3 and this is not merely an nhillllllrﬁull taken as o
basis for argnment, nor is it a theory offered for conside-
ration, buat a ]m-iiliH' statement as of a et |||i+||i1i-allj.'
and  conelusively estublished, It is clear that  the
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weights of bodies must be in the exact proportion of
the number of particles composing them or of the
quantity of matter,” ¢ [f one body have double or triple
the weight of another, it will have double or triple the
(uantity of matter in the other.”

Let us see how this statement haronizes with 1o
fucts of chemistry,

: Fowne's Manual of Chemistry, page 150,

(3) Law of Equivalents,—* I is highly mportant that
the subject now to be discussed should be completely
understood,  Let a substance be chosen whose range of
aflinity and powers of combination are very great, anl
whose compounds are susceptible of rigid and exact
analysis; such a body is found in oxvgen, which is
known to unite with all the elementary substances, witl
the single exception of fluorine. Now, let a series of
exact experiments be made to determine the Proportions
in which the different  elements combine with one
and the same quantity of oxvgen, which for reasons
hereafter to be explained, may be assumed to be s parts
by weight; and let these numbers he arvanged in g coluin
opposite the nmmes of the substances, Tl result is a
tuble or list like the following, but of coupse mneh more
extensive when complete :

Uxveem, .., M
Hyidrogen o000 ool L, |
bl Dy T B
DO -vis e ans coiens K
=T L e R e I
Pliosphoms. . .. .c. voiiviime conens an
G111 ) ] 33,5
T L 2
P OSBRI sy vee vvsee s s R4
| TRt L i 24
OOE i v e e by T 1.7
Lol , ..., 1.7

L L T L
I.";'.'-.".\.'&'n.:

Now the law in question is to this eflect :—If such
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88 GRAVITATION AND ATOMIC THEORY.

numbers represent the proportions in which the different
elements combine with the arbitrarily fixed quantity of
the starting substance, the oxygen ; they also represent
the proportions in which they unite among themselves, or
at any rate bear some exceedingly simple ratio to these
proportions,”

(Page 193. Combination by volume.)

¢ The ultimate reason of the law in question (combin-
ation by volume) is to be found in the very remarkable
relation established by the hand of Nature between the
specific gravity of a body in the gaseous state and its
chemical equivalent; a relation of such a kind that
quantities by weight of the various gases expressed by
their equivalents, or in other words, quantities by weight
which combine, occupy under similar eircumstances of
pressure and temperature either equal volumes, or
volumes bearing a simple proportion to each other.”
“If both the specific gravity and the cheniical equivalent
of a gas be known, its equivalent or combining volume
can be easily determined, since it will be represented by
the number of times the weight of an unit of volume
(the: specific gravity) is contained in the weight of one
chemical equivalent of the substance. In other words,
the equivalent volume is found by dividing the chemical
equivalent by the specific gravity.”

If we consider the elementary atoms of the chemist to
be the elementary particles of matter, then, it is guite
evident, that these results, of very numerous carefully
conducted chemical experiments, entirely disagree with
the deductions from the guinea &nd feather experiment
previously detailed; hecause the information furnished
us by these experiments is that the weight of a body
consists in the atomic weight of its elementary particles
multiplied into the number of those particles; or in
other words, the atomic weight of that particular descrip-
tion of matter of which the body consists multiplied into
the quantity thereof.
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Now we have seen that the physicist as represented
by Dr. Lardner, has unlimited confidence in these gene-
ralizations an 1 conclusions which based upon the guinea
aud feather experiment are considered as the exposition of
an established law., Does the chemist show equal eon-
fidence in the atomic theory, and in those experiments
upon the results of which its title and claim to confidence
are founded.

Fowne's Manual of Chemistry.  Page 200, ¢ The
theory in question (the atomie theory) has rendered great
service to chemieal science, &e., &e.” At the same
time, it is indispensable to draw the broadest possible line
of distinetion between thus, which is at the best hut a
graceful, ingenious, and in its place, useful hypothesis,
and those great general laws of chemieal action which
are the pure and unmixed result of induetive research.”

“ Note.—The expression atomic weight is very often snbstituted for

that of r,-lluirulmn 1.1.'1*igh'r, anil 12, n fact, 0 almost every case 1 b
understood as such; it 18 perhaps better avoided.”

So that the atomic theory is not only considered in-
conclusive, but it is thought proper to caution the
student to look upon it with a sort of distrust, as being
at best, only a graceful and ingenious hypothesis. To
show how far we dissent from this teaching on the
subject, we will express our belief that the atomic theory
is, and has been for some time past, virtually a demonstrated
theorem; and, as such, shown to be a compound fuct,—the
great fundamental fact upon which the siructure of
chemical science rests. It is true, it has not been, as
vet, formally demonstrated; but that is, apparently,
hecause no one has taken into consideration the possible
consequences direct and iudireet of leaving a science
such as chemistry without any demonstrated and acknow-
ledged basis. One of the consequences is the caution
given to the student, as above. There might be, how-
ever, an objection to admitting the atomic theory (and
the law of combining equivalents) as a demonstrated

e
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theorem, side by side with that (so called) law of natural
philosophy (previously stated) based on the guinea and
feather experiment ; because if understood in the usual
sense, one of these laws evidently to some extent con-
tradiets the other. It therefore seems desirable to give a
little more particular attention to the g. and f. experiment
asrecorded by Dr. Lardner.  'We will first consider for a
moment the eircumnstances under which the experiment
has probably been tried. What were the expectations
and what the express object of the experimenter? The
experimenter has been previously informed, perhaps, as
to what the result will be, and is consequently pre-
judiced or predisposed to expect and to accept such
result. The express object of the experiment in the first
instance was evidently to ascertain the effect of removing
the resistance of the air to the descent of a falling body ;
not to compare the relative velocities of descent in
substances differing in kind, Taking the length of the
glass tube at five feet and one third, and assuming that
there may be some difference in the velocities of
descent, what might be expected to take place? The
space fallen through by a weight in a second has been
established as 165, feet; lead or iron being the material
generally used for the weight. The pieces of metal,
therefore, might be expected to fall from end to end of the
tube in about ene third of a second; now supposing a
very considerable difference, and that the pieces of feather
or cork were to take more than half a second (or say even
two-thirds of a second) it might be possible, but it would
be by no means very easy, to observe such a difference ;
and this is supposing that all the objects in a glass tube
of only 4 inches bore, which has to be inverted, start
tairly together and do not come into contact with the side
of the tube, The experiment, as to its affording any pre-
cise and reliable information about the velocities of bodies
falling in vacuo, seems to us scarcely worthy of consider-
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ation, If those who object to the atomic theory and the
teaching of chemistry have nothing more reliable to
oppose to it than the result of such an experiment, the
chemist may fairly elaim demonstration, on his side, and
to have the general result of his numerous experiments
admitted to the place of an established fact, But can we
not get at what would necessarily be the result of the G.
and F. experiment, if it were to be properly tried, by
deducing the result from the results of reliable experi-
ments which have already been tried and recorded? The
specific gravities of the various metals have been cavefully
determined. A cubie inch of (cast) iron weighs 4.17 oz.
A cubic inch of (cast) lead weighs 6.37 ozs. Now
if we take a cubic inch of each of these metals, and
connecting the two weights by a fine line, suspend them
in an Attwood’s machine by passing the connecting line
over the grooved wheel,—we can say with certainty what
will happen ; viz., the lead weight which is more than 2
ozs, heavier than the other will descend with a consider-
able and a continually accelerated velocity 3 and, in doing
s0 will raise the iron weight with an equal velocity. If
the two weights are now detached and allowed to fall
from the same height to the ground--will they descend
with an equal velocity ? No doubt they will ; because in
doing so the equally rapid descent of the heavier weight
will represent a larger quantity of effect exaetly propor-
tionate to the preponderance of weight. Does this decide
the question? Dr, Lardner's deduetion is that the quantity
of matter or munber of particles contained in the lead is
greater than in the iron, and ftherefore both of them
descend with the same velocity ; but, taking the atomic
theory, are we thereby taught that an atom of lead is of
precisely the same weight as an atom of iron, or of gold,
or of potassium ? Does the cubic inch of lead contain a
greater number of elementary particles of lead than the
cubie inch of ivon contains of the elementary particles of
iron? It is evident that the deduction of Lardner becomes
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or includes a primary definition of matter ; in other words
it involves the positive statement (corollary), that if (a)
and (b) represent two distinct varieties of matter, and the
combining equivalent (or atomic weight) of (a) is twice
that of (b), the elementary atom of (a) contains twice the
quantity of primary matter (i.e. of matter in a more sim-
ple and elementary form or condition) contained by the
elementary atom of (b)., If the elementary atoms are of
the same size, then that of (1) must have twice the density
compared with that of (b). The iwmportant distinction
herein defined is that gravity is not a property of which
one variety of matter possesses more or less than others ;
but belongs to a primary form or condition of matter, and
that a fundamental difference between all those varieties of
matter known to us, is that the elementary atom of any
one variety i8 compounded of a greater or of a lesser
quantity of primary matter, than the elementary atom of
any one of the other varieties. We do not say that the
conclusion thus arrived at is unsound; on the contrary,
we are strongly of opinion that such conclusion may he
demonstrated and established, and with such interpreta-
tion and definition the law stated by Lardner and the
atomic theory harmonize perfectly ; but it does not follow
that the admission of a hasty generalization based on a
rough and ineonclusive experiment to stand as a part of
the national science is justified because it may eventually
appear that the generalization was not in fact false, We
are under the impression that Dr. Larduer himself would
have hesitated to accept, and might very possibly have

rejected the corollary to the proposition so positively
stated.
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It has been said—Dby a writer whose reasoning powers
canmot be lightly esteemed, and whose opinions and
statements, considering the general state of knowledge
and other circumstances at the time in which he
wrote, are certainly entitled to respect—that ‘a little
knowledge is a dangerous thing’; the saying may be
amplified, and it may be said, with no less truth, that

a good deal of knowledge is a dangerous thing,—if

that knowledge is of an uncertain, unsound and disorderly
nature, containing sound and unsound knowledge,—truth
and untruth—good and evil—mingled indiseriminately
together; and it may be also said—that men possessed of a
little knowledge, or of unsound and uneertain knowledge,
are dangerous ; dangerous to themselves and toeach other ;
unless they be controlled by that superior knowledge
which is sound and certain.

Many persons think that human knowledge is now
far in advance of what it has been at any former time,
This is an opinion which may have, and very pro-
bably has been frequently, entertained at earlier
periods of the world's history. Many educated per-
sons suppose that civilization and science have pro-
gressed so much and are now so firmly established, that
no general catastrophe or even serious reverse is any
longer to be feared ; a nation here and there may fall
hehind, and mistakes may sometimes be made ; but, in a
general or universal sense, ecivilization is safe, amd must
continue to progress with accelerated vapidity. The
grounds upon which sueh relianee is based appear to be
somewhat indefinite,  Some put cheir trust in the ex-

tended area of ecivilization and the general diffusion of

edueation ; some have faith in the multitude of books; and
others feel a [L.'J‘Lrpj.' assurance in the power of railways,

steamboats and telegraphs, to ward off and avert any dan-
gers that eivilization way be exposed to.

We do not wish to exaggerate the signs which appear
to us to indieate partieular danger, and we certainly do
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not wish to create any unnecessary alarm ; but we will
conclude with one word of caution, and will say to those
who think, because——we have lived for long in a time
of calm, because——the mutterings of danger occasion-
ally heard have ceased, and the signs of storm, which
from time to time have shown themselves, have again
passed away and the heavens are still serene, that there-
fore——we may live on in careless security, and that

prudence and precantion are needless; to such persons
we say. .. .take care, it is unsafe.
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