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0 N T HE
PrincirrLEs oF MEcHANICKS.*

@ N this Effay 1 mean to offer
R ¥ fome Remarks on the Me-
S % thods that have been com-
(B 0 ; .
*‘i‘!’f’aﬁ"ﬁ?ﬁ“‘-‘lﬁ monly ufed in treating of
thofe Engines that are called the Me-
chanick Powers ; and to give an Account
of the Principles on which, 1 think, we
may beflt explain their Nature and Man-
ner of Acting.

The

* This Effay was reag:i at a Meeting of the
Royal Society on the 21ft and "23th of April,
1765, communicated in a Letter, dated 13 Fuly

N:& s 1702,
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- The many ufeful Inftruments that -
have been fo ingenioufly invented, and
fo fuccelsfully executed, and the great
Perfeftion to which the Mechanick Arts
are now arrived, would naturally incline
one to. think that the true Principles on
which the Efficacy and Operations of.
the feveral Machines depend, muft
long fince have been accurately ex-
plained. But this s by no Means a
neceflary Inference ; for, however Men
may differ in their Opinions about the
true Method of accounting for the Ef-
fefts of the {everal Machines, yet
the praftical Principles of Mechanicks
are fo perfefily known by Experience
and Oblervation, that the Aruft 13
thereby enabled to contrive and adjuit
the Movements of his - Engines with

as

1762, to Matthew Raper, Efq; F. R. S. of Thor-
ley, in Hertfordfhire. Vide Phil. Tranfattions.
Vol, LIII. [In which fome Improvements
have been fince made by the Author, ]
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as' much Certainty and Succels ‘as he
could do, were he thoroughly acquainted
with the Laws of Motion, from which
thefe Principles may be ultimately deriv-
ed. However, though an Inquiry into
the true Method of deducing the prac-
tical Principles of Mechanicks from the
Laws of Motion, fhould perhaps not
contribute much to promote the Progrefs
of the Mechanick Arts, yet it is an

Enquiry in itfelf ufeful, and in fome
Meafure neceffary; for, fince late Au-
thors have ufed very different Methods
of treating this Subjett, it may be fup-
pofed that no one Method has been
looked upon as fatisfatory and unex-
ceptionable. I fhould therefore with to
contribute towards having this Subjeét

treated with more Accuracy than has
been hitherto done.

The moft noted Theorem in Mecha-
nicks is this, ‘ When two heavy Bo-
““ dies counterpoile each other by Means
“ of any Machine, and are then made

el 5
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“ to move. together, the Quantities of
¢ Motion with which one delcends and
““ the other afcends perpendicularly will
“ be equal.” An Equlibrium always ac-
companying this Equality of Motions,
bears fuch a Refemblance to the Cale
wherein two moving Bodies flop each
other when they meet together with
equal Quantities of Motion, that many
Whriters have thought that the Caufe of
an Aguilibrium 1n the {everal Machines
might be immediately afigned by fay-
ing, that fince one Body always lofes
as much Motion as it communicates to
another, two heavy Bodies counteraét-
ing each other muit continue at Reft,
when they are fo circumftanced that
one cannot defcend without caufing the
other to alcend at the fame Time, and
with the fame Quantity of Motion ;
for then fhould one of them begin to
defcend, 1t muit inftantly lole 1its whole
Motion by communicating it to the
other, This Argument, however plau-
fible it may feem, I think is by no

Means
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Means fatisfattory ; for when we fay
that one Body communicates its Motion
to another, we muft neceffarily fuppole
the Motion to exift firt m the one
and then in the other; but in the prefent
Cafe, where the two Bodies are fo con-
nected that one cannot poflibly begin
to move before the other, the defcend-
ing Body cannot be faid to communi-
cate its Motion to the other, and there-
by make it afcend : But whatever we
{hould fuppofe caufes one Body to de-
fcend, muft be alfo the immediate Caule
of the other’s alcending, fince, from
the Connexion of the Bodies, it mulft
act upon them both together, as if
they were really but one. And there-
fore, without contraditting the Laws of
Motion, I might fuppofe the fuperior
Weight of the heavier Body, which is
in itfelf more than able to fuftain the
lighter, would overcome the lighter, and
caufe it to afcend with the fame Quan-
tity of Motion with which the heavier
defcends ; efpecially as both their Mo-

tions,
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tions, taken together, may be lefs than
what the Difference of the Weighus,
which is here fuppoled to be the mov-
ing Force, would be able to produce
in a Bedy falling freely.

However, as the Theorem abovemen-
tioned is a very elegant ome, it ought
certainly' to be taken Notice of 1n every
Treatife of Mechanicks, and may ferve
as a very good Jndex of an Aquilibrium
in all Machines; but } do not think
that we can from thence, or from any
one general Principle, explain the Na-
ture and Effefls of all the Mechanick.
Powers in a fatisfaCtory Manner, becaufe
fome of thefe Machines differ very much
from others in their Struftures, and the
true Reafon of the Efficacy of each of
‘them, is belt derived from its particu-
lar Struture.

The fimple Mechanick Powers are ufu-
ally reckoned fix; the Lever, Axle and
Wheel, Pulley, Wedge, inclined Plane,

and
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and Screw. I fhall confider thefe Ma-
chines feparately, and fhall explain the
Nature and Property of each of them,
by thewing from its Stru@lure what
Weight it will enable any given Force
to fuftain.

The Lever i5 confidered as an inflex-
ible Line, veid of Weight, and move-
able about a fixed Point called its Ful-
crum or Prop. The Property of the
Iever, exprefled m the moft general
Terms, 1s this; ¢ When two Weights,
“ or any two Forces, a&t againft each
* other on the Arms of a Lever, and
“-and are in Lquilibrio, they will be
““ to -each other inverlly as the perpen-
¢ dicular or fhoriet Diftances of their
¢ Lines of Dire€tion from the Fulcrum.”

This Propofition contains two Calfes,
for the Diretions of the Forces may
either meet in a Point or be parallel to
each other. Moft Writers begin their
Demonftration of this Propofition with

the
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the fecond Cafe, which feems to be the
fimpleft, and from which the other may
be deduced by the Refolution of Forces.
Archimedes, in his Demonftration, fets
out with a Suppofition, the Truth of
which may realonably be doubted: For
he fuppofes, that if a Number of equal
Weights be fufpended from the Arm
of a Lever, and at Points equidiftant
from each other, whether all thefe Points
be at the fame Side of the Fulcrum,
or fome of them on the oppofite Side,
thefe Weights will have the fame Force
to turn the Lever as they would have
were they all united and fufpended
from a Point which lies in the Middle
between all the Points of Sufpenfion,
and may be confidered as the common
Center of Gravity of all the feparate
Weights. Mr. Huygens, in his Mufcella-
necous Obfervations on Mechanicks, fays that
fome Mathematicians have endeavoured,
by altering the Form of this Demon-
flration, to render its Defells lels {enfi-

ble, though without Succefs, He there-
fore
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fore propofed another Proof, which 1s
extremely tedious and prolix, and alfo
depends on a Poflulatum that, I think,
ought not to be granted on this Occa-
fion; it 4s this: “ When two equal
“ Bodies are placed on the Arms of a
¢ Lever, that which 1s furtheft from the
“ Fulcrwm will preval and raife the
‘ other up.” Now this is taking it for
granted, in other Words, that a finall
Weight placed further from the Ful-
crum will fuftain or raife a greater one,
The Caule and Realon of which Faét
muft be derived from the Demonflra-
tion that follows, and therefore this De-
monflration ought not to be founded
on the fuppofed Self-evidence of what
is partly the Thing to be proved.

Sir Ifaac Newton’s Demonflration of
this Propofition is indeed very concife,
but it depends on this Suppofition.
That when from the Fulcrum of a Le-
ver feveral Arms or Radi iffue out in
different Dire€tions, all lying in the
| O fame
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fame vertical Plane, a given Weight

will have the fame Power to turn the
Lever from which-ever Arm it hangs,
provided the Diftance of its Line of
Direftion from the Fulorum remains
the fame. Now it muft appear difficult
to admit this Suppofition, when we con-
fider that the Weight can exert its whole
Force to turn the Lever only on that Arm
which 1s the Thorteft, and is parallel to the
Horizon, and on which it alts perpen-
dicularly, and that the Forces which it
exerts, or with which 1t aéts perpendi-
cularly, on any one of the oblique
Arms, muft be inverfly as the Length
of that Arm, which 18 evident from
the Relolution of Forces.

Mr. Maclaurin, in his View of Newion’s
Philofophy, after giving us the Methods
by which drchimedes and Newton prove
the Property of the Lever, propofes
one of his own, which, he fays, ap-
pears to be the moft natural one for
this Purpofe. From equal Bodies, ful-

taining
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taining each other at equal Diflances
from the Fulcrum, he fhews us how to
infer that a Body of one Pound (for
Inftance) will fuftain another of two
Pounds at Half its Diftance from the
Fulcrum, and from thence that it will
{uftain one of three Pounds at a third
Part of its Diftance from the Fulcrum ;
and going on thus, he deduces, by a
Kind of Induttion, what the Proper-
tion 1s in general between two Bodies
that {uftain each other on the Arms
of a Lever. But this Argument, were
it otherwife fatisfattory, yet as it can-
not be applied, when the Arms of the
Lever are incommenfurable, it cannot
conclude generally, and therefore is im-
perlett.

There are fome Writers on Mecha-
nicks who, from the Compofition of
Forces, demonfitrate that Cale of the
general Propofition, relating to the Le-
ver, in which the Direftions of the
Forces are oblique to each other, and

O 2 mect
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meet in a Point: But I do not find that
they have had any other Way of prov-
ing the fecond Cafe, in which the Di-
re€tions of the Forces are parallel, but
by confidering thefe Direltions as mak-
ing an Angle with each other, though
an infmitely {fmall one, or as meeting at
an infinite Diftance; which Way of
reafoning is net to be admitted in Sub-
jects of this Kind, where the Proof
thould always fhew wus, direttly from
the Laws of Motion, why the Conclu-
fion muft be true, in fuch manner that
we might fee clearly the Force of every
Step from the firfk Principles down to
the Conclufion, which we are prevented
from doing when any f{uch arbitrary
and inconfiflent Suppofition is introduced.

From thus confidering the various
Proofs that have been given of this fun-
damental Propofition in Mechanicks, we
may fee the Reafon why many {ubfe-
quent Writers have appeared diffatisfied
with the former Demonftrations, and

have
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" have looked for new ones; I {hzll now

propofe two Mecthods of demonflrating
it, merely from the Compolfition and
Refolution of Forces. The Propofitien
may be exprefled as follows.

¢ When three Forces al upon an
inflexible Line, whether ftraight or
crooked, and keep it in Equilibrio,
““ any two of them will be to each
¢¢ other inverfly as the perpendicular
Diftances of their Lines of Direttion
¢ from that Point to which the third
“ Foree 15 applied.”

L3

1

Let the three Forces E, G, F, (Fig. 2.)
a&t upon three Points A, B, D, in an
inflexible Line : and firlt let the Di-
reCtions of the Forces E and I (which
aft on the fame Side of the Line)
meet in the Pomt C. Then it is evi-
dent that the Force, which is com-

pounded of thefe two, muft a& upon
the Line A B D in the Direftion of

a right Line that pafleth through the

() 3 P.;iilf |

—-I-I--. P R B ]
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Point C, confequently the Force G,
which fuftains this compounded Force,
muit be equal thereunto, and muft aét
in a contrary Direftion ; therefore the
¥orce G muflt aCt in the Direftion of
the Line C B. From the Point B draw
B H and B K perpendicular to the Di-
veltions of the Forces E and F, and
draw B M and B N parallel to thefe
Directions forming the Parallelogram
B M C N; then, fince thefe three
Forces are in Aquilibrio, they muit be
to each other relpetlively as the Sides
and Diagonal of this Parallelogram to
which their Dire€tions are paraliel, there-
fore E is to F as CM, to CN, or
M B, that is (becaufe the Sides of a
Triangle are as the Sines of the oppo-
fite Angles) as the Sine of the Angle,
M B C or its alternate one, BCN to
the Sine of the Angle BCM; but,
making C B the Radius, B K 1s the Sine
of the former Angle, and B H of the
latter, therefore E is to F as BK to
B H, fo that the Forces E and F are

to
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to each other inverfly 2s the perpendi-
cular Diftances of their Lines of Di-
reCtion- from the Point B, on which
the third Force G afis. Now to com-
pare the Forces F and G together ; from
the Point A, on which the third Force
alts, draw A B and A L perpendicular
to the Direftions of the Forces G and
F, then, as was faid before, ' 1s to G
as MB isto CB, but MB is to CB
as AB to A L; becaufe, making C A
the Radius, A B 1s the Sine of the
Angle M C B, and A L 1s the Sine of
the Angle M CN, or CM B 1its Sup-
plement to two right ones; therefore the
Forces F and G are to each other in-
verfly as the perpendicular Diflances of
their Lines of Direftion from the Point
A, on which the third Force E als ;
and thus the firft Cafe of the Propofi-
tion is proved, in which the Forces att
againft each other in oblique Direltions.

We muft now confider what Parts

of the Forces E and F alt aganft- the
Force |
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Force G in Dire€tions parallel to G C,
!fﬂr it 1s fuch Parts only that really
| oppofe the Force G, and keep it in

Aquilibrio, and from thence we fhall fee

what Proportion two Forces muft have

to each other when they are in ALquh-
. briw, and a€t in parallel Directions. Let

the three Forces att upon the Points
. A, Band D, (Fig. 3.) let them be in
V Aquilibrio, and their Lines of Diretion
meet in the Point C, as in the pre-
ceding Cafe; then if the Points A,
| B and D, are not in a right Line,
draw the Line A D meeting B C in P,
4 and from P draw P N and P M paral-
| lel to the Dire€lions of the Forces E
" and F; through the Points A and D
draw Lines parallel to B C, and thro’
B draw a Perpendicular to thele Lines
meeting them in H and K, from the
Point M draw M O parallel to A D,
and meeting B C in O. Now the three
Forces E, G and I, that are in £qui-
librio, will be to each other relpefiively
| as the Sides of the Triangle C M P, as

! 1n

1=
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in the preceding Cafe; but the Force
E, which is denoted by the Line M C,
may be refolved into two Forces afling
in the Dire&lions M O and O C, the
former of thefe only urges the Point A
 towards D, and the latter afls in direlt
Oppofition to the Ferce G ; in like
Manner the Force F, which 1s denoted
by the Line P M, may be refolved into
two Forces alting in the Diretions O M
and PO, the former of which only
urges the Point D towards A, and the
latter afls in diret Oppofition to the
Force G ; now it is evident that the
Force G, which is denoted by the
Line P C, is fultained only by thofe
Parts of the Forces E and F, which
at againft it, in Direflions parallel to
B C, and are denoted by the Lines O C
and P O, which, taken together, are
equal to P C, for the other Parts of
the Forces E and F which are denoted
by M O, are loft, being equal and con-
trary to each other; if, therefore, in-
ftead of the Forces F and I, we {up-

pole
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{ pofe two other Forces R and L, to a&

{ on the Points I and A, in Direftions

. o
- b i

I
L&
i
Il

parallel to B C, and to keep the Force
G in Fqulibrio, it follows, from what
has been proved, that R and L, taken
together, will be equal to G, and that
thele three Forces will be to each other
refpectively as the Lines P O, O C and
P C; therefore R will be to L. as (PO
to OC, that is, s AM to M C, or
‘BTA PP P, oty H B o BR, con-

z fequently the Forces R and L are to

each other inverfly as the perpendicu-
Jar Diftances of their Lines of Direc-
tion from the Point B, to which the

.f'i irl.thircl Force 1s applied. Now to compare

+ the Forces R and G together; fince

the Forces R and L may be denoted
by BH and BK, and are both toge-
ther equal to G, that Force will be de-
noted by the whole Line K H, and
therefore R will be to G as BH to
K H; fo that thefe Forces are alfo to
cach other inverfly as the perpendicu-
lar Diflances of their Lines of Direc-

tion
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tion from the Line of Direftion of the
third Force L ; and thus the {econd
Cafe of the Propofition 1s proved, in
which the Ferces act againft -each other
in parallel Directions. If the Point in
the inflexible Line, to which one of
the Forces 1s applied, fhould become a
fixed Point, or Fulcrum, round which
the Line may turn, it is evident that
the other two Forces will centinue in
Aquilibrio, as they were before, and
therefore the Property of the Lever, in
all Cafes, 1s manifeftly proved by this
Propefition.

The Center of Gravity of a Body is
faid to be that Point which being fuf-
tained, or prevented from delcending,
the Body will continue at reft. From
hence it follows, that when a Body
hangs freely from a fingle Point, and
continues at reft, its Center of Gravity
will lie perpendicularly under the Point
of Sufpenfion; for in that Situation

only

T
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only it will be fuflained, and can de-
{cend no lower.

Frem this Property, which agrees
likewife to the common Center of Gra-
vity of two Bedies, joined together by
an inflexible right Line, and which
may then be confidered as one, I fhall
thew that their Center of Gravity 15
a Point in the Line that joins them
together, fo fituated that the Diftances
of the two Bodies from it are to each
other iverfly as -their Weights., This
Theorem concerning the Pofition of the
common Center of Gravity of two
Bodies, which 1s a very noted one in
Mechanicks, I have never feen demon-
firated otherwife than by inferring it

from the general Property .of the Lever:

But I think the Method I fhall now
propofe of deducing it direltly from the
Definition of the Center of Gravity, s
the moft concife, as well as the moll
patural, and, befides, it will afford us
a very ealy Way of demonfirating the
Property of the Lever,

Let
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Let the Two Bodies A and B (Fig. 4.)
be joined by an inflexible right Line §
pafling through their Centers of Gra-
vity, and let them be fulpended from
the fixed Point or Pin at P, by the
Threads A P and BP, {o that they
may hang freely in fuch a Pofition as
their joint Gravity will give them,
When thefe Bodies continue at Reft,
their common Center of Gravity muft
lye direCtly under the Point: of Suf-
penfion, or in the perpendicular Line
P L, confequentdy it muft be at the
Point C, the interfection of the Lines
PL and AB; the Pofition of which
Poinit, 'in the ' Line ‘A'B, will be' de={ ™
termined by finding out the Proportion
between the Segments CA and CB.

If the inflexible Line was not inter- ¢
pofed between thefe Bodies, they would |
move till their Threads coincided with
- the perpendicular Line P L; fince there-
fore they are kept afunder by this Line
they muft urge it with certain Forces in
oppofite DireCtions, and thefe urging
E Forces
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o

Forces muft be equal, fince the Line
on which they alt comtinues at r{aﬂ;
and therefore the Ferce with which
each Body wurges the other in the Di-
reftion of this Line, may be denoted
by the fame Letter U, and we may de-
note the Weights of the two Bodies
relpe€lively by the Letters A and B.
Now the' Body A is afted upon by
three Forces, viz. by its Weight A in
the Diretion P C, by the Force U,
with which the other Bedy urges 1t,
in the Direltion C A, and by the reac-
tion of the Pin in the Direttion A P,
and fince. thefe three Forces are In
Aqulibrio, and keep the Body at Relt,
they are to each other refpeflively as
the Sides of the Triangle P C A ; there-

fore A 18t b, astP Eetan o Avd: In

like Manner the Body B is urged by
three Forces, wz. its Weight B in the
Direftion P C, the wrging Force U in
the Dire€lion -C B, and the reaflion of
the Pin in the Direttion B P, which

/ { Forces are to each other as the Sides

{

of
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of the Triangle P C B, therefore U is
to B, as CB to PC, and. therefore
(ex @quo perturbate) A is to B, as CB
to CA, confequently the Weights ol
the Bodies A and B are to each other
mverfly as their Diftances from the Point
C, which lies diretly under the Point
of Sufpenfion, and is therefore their
common Center of Gravity.

When two Bodies are connelted by
an inflexible Line, and this Line is fup-
ported by a Prop, fo that their Cen-
ter of Gravity cannot defcend, the Bo-
dies muft continue at Reft, and will
be in @quilibrio. Therefore it is eafy
to fee how, from the Theorem now
demonftrated, we may prove the Pro-
perty of the Lever in that Cafe where
the Direftions of the Forces are pa-
rallel ;: and from thence the other Cale,
in which the Directions are oblique to
each other, may be deduced by the
Refolution of Forces, as is ufually done.
And this is the fecond Method by which

Feo I
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I faid the general Property of the Le-
ver might be ftri¢tly demonftrated.

The Lever is the moft fimple of all
the Mechanick. Powers, and to it may
be reduced the Balance and the Adus
in  Peritrochio, or Axle and Wheel.
Though I do not confider the Balance
as a diflin&t Mechanick Power, becaule
it 15 evidently no other than a Le-
ver fitted for the particular Purpofe of
comparing the Weights of Bodies, and
does not ferve for raifing great Weights
or overcoming Refiftances as the other
Machines do.

When a Weight is to be railed by
Means of an Axle and Wheel, it is faf-
tened to a2 Cord that goes round the
Axle, and the Power, which is to raife
1t, is hung to a Cord that goes round the
Wheel. If then the Power be to the
Weight as the Radius of the Axle to
the Radius of the Wheel, it will juft
' fupport that Weight; as will eafily ap-
pear
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pear from what was proved of the
Lever. For the Axle and Wheel may
be confidered as a Lever, whofe Fulcrum
15 a Line paffing through the Center
of the Wheel and Middle of the Axle,
and whofe long and fhort Arms are the
Radi: of the Wheel and Axle which
are parallel to the Horizon, and from
whofe Extremities the Cords hang per-
pendicularly.  And thus an  Axle and
Wheel may be looked upon as a Kind
of perpetual ILever, on whofe Arms
the Power and Weight always alt per-
pendiculaily, tho' the Lever turns round
its Fulcrum. And in like Manner, when
Wheels and Axles move eich other
by Means of Teeth on their Periple-
ries, fuch a Machine is really, a per-
petual compound Lever: and, by con-
fidering 1t as fuch, we may compute
the Proportion of any Power to the
Weight it is able to fultain by the
Help of fuch an Engine. And fince
the Radii of two contiguous Wheels,
whofe Teeth are applied to each other,

P3 are .
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are as the Number of Teeth in each,
or inverlly as the Number of Revolu-
tions, which they make in the fame
Time; we may, in the Computation,
inftead of the Ratio of thefe Radii, put
the Ratio of the Number of the Teeth
on each Wheel; or the inverfe Ratio
of the Number of Revolutions they
make in the fame Time.

Some Writers have thought. the Na-
ture and Effects of the Pulley might be
beft explained by confidering a fixed
Pulley as a Lever of the firft, and a
moveable Pulley as one of the fecond,
Kind. But the Pulley cannot properly
be confidered as a Lever of any Kind,
for when any Power {uftains a Weight
by Means of a Syftem of Pullies, that
Power will fuftain the fame Weight if
the Pullies be removed, and the Ropes
be brought over the Axles on which
the Pullies turned. And in this Cafe
I believe no one would fay, that thefe
Axles could be confidered as Levers.

It



OF MECHANICKS. 163

If the Weight was to be raifed up, there
would, in this Cafe, be a very great
. Refiftance from the Frittion of the
Ropes on the Axles; and it is merely
to avoid this Refiftance that Pullies are
ufed, which move round the Axles with
but little Fri¢tion. I think the belt
and moft natural Method of explaining
the Effeéts of the Pulley (that is, of
computing the Proportion of any Power
to the Weight it can fuftain by Means
of any Syftem of Pullies) is by confi-
dering that every moveable Pulley hangs
by two Ropes equally firetched, which
muft bear equal Parts of the Weight;
and therefore when one and the fame
Rope goes round feveral fixed and
moveable Pullies, fince all its Parts on
each Side of the Pullies are equally
firetched, the whole Weight muft be
divided equally amongft all the Ropes
by which the moveable Pullies hang.
And confequently if the Power which
ats on one Rope be equal to the
Weight divided by the Number of

Ropes,
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Ropes, that Power muft fuflain the
Weight.

Upon this Principle, the Proportion
of the Power to the Weight it fuftains
by Means of any Syltem of Pullies,
may be computed in a Manner {o ealy
and natural,_as muft be obvious to every
common Capacity,

The Proportion which any Power
bears to the refifting Force it 1s able
to fuftain by Mcans of a Wedge, has
has been laid down differently by dif-
ferent Authors, as they happened to
confider it in particular Cafes. With-
out examining their feveral Opinions,
I {hall endeavour to exprefs this Pro-
portion in one general  Propofition,
which may extend to the feveral Cafes
in which the Wedge 1s apphed.

Let the Aquicrural Triangle AB C

(Fig. 5) reprefent a Wedge, whole Bafe
. or Back s AC, and Sides are the

Lines,
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Lines A B and C B, and whofe Height
18 the Line B P, which bife€ls, the ver-
tical Angle A BC and alfo, the Bafe
perpendicularly in P.  When a Power
1s applied to the Wedge, in order to
overcome or remove any rehifling For-
ces, it afts perpendicularly on the Back
of the Wedge, and the refifting Forces
at on its Sides, and they are always
[uppofed to att in Diretions that make
equal Angles with the Sides. @ When
the refifting Forces and the Power, that
ats on the Wedge, are in Equlibrio,
the former will be to the latter, as the
Height of the Wedge to a Line drawn
from the Middle of the Bafe to one
Side, and parallel to the Direftion 1n
which the refifting Force ats on that
Side.

Let E and F reprefent two DBodies
or two refifling Forces afting on the
Sides of the Wedge perpendicularly,
and whofe Lines of Diretion E P and
F P meet at the middle Point of the

Bafe,

e

|
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fBafe, on which the Power P afls
- perpendicularly, then will EP and FP
be equal, let the Parallelogram E N F P
be compleated, its Diagonals P N and
EF will bifect each other perpendicu-
larly in H. ~ Now when thefe Forces
(which act perpendicularly on the Sides
and Bafe of the Wedge) are in ZEqguil:-
brio, they will be to each other as the
Sides and Diagonal of this Parallel-
ogram, that is, the Sum of the refifling
Forces will be to the Power P, as the
_‘Sides E P and F P to the Diagonal P'N,
or as one Side E P to half the Diagonal
P H, that is (from the Similarity of the
right-angled Triangles B EP, E H P)
as B P, the Height of the Wedge, to E P
the Line which is drawn from the Mid-
dle of the Bafe to the the Side A B, and
is the Direftion in which the refifting
FYorce afts on that Side. '

" From the Demonfiration of this Cafe,
in which the refifting Forces a€t perpen-
dicularly on the Sides of the Wedge, it
i appears
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appears that the Refiftance is to the
Power which fuftains it, as one Side of
the Wedge A B is to the Half of its
Breadth A P;: becaule A B is to AP
as BP s to EP.

It appears alfo from hence, that if
PN be made to denote the Force
with which the Pewer P a&s on the
Wedge, the Lines P E and P F which
are perpendicular to the Sides, will de-
note the Force with which the Power
P protrudes the refifting Bodies in Di-

reftions perpendicular to the Sides of the
Wedge.

Let us now fuppofe, in the fecond
Cafe, that the refifting Bodies E and F
act upon the Wedge in Dire€lions parallcl
to the Lines DP and O P, that are
equally inclined to its Sides, and meet in
the Point P. Draw the Lines E G and
F K perpendicular to DP and OP;
then making P N denote the Force
with which the Power P alls on the

Wedge,
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fBafe, on which the Power P alls
; perpendicularly, then will EP and FP
be equal, let the Parallelogram E N F P
be compleated, its Diagonals P N and
E F will btlect each other perpendicu-
larly in H.  Now when thefe Forces
(which act perpendicularly on the Sides
and Bale of the Wedge) are in Zquili-
brio, they will be to each other as the
Sides and Diagonal of this Parallel-
ogram, that is, the Sum of the refifting
Forces will be to the Power P, as the
. ‘Sides E P and' F P to the Diagonal P'N,
or asone Side EP to half the Diagonal
P H, that is (from the Similarity of the
right-angled Triangles B EP, E H P)
as B P, the Height of the Wedge, to E P
the Line which is drawn from the Mid-
dle of the Bafe to the the Side A B, and
is the Direttion in which the refifting
Force aflts on that Side. '

" From the Demonfiration of this Calfe,
in which the refifting Forces aét perpen-
dicularly on the Sides of the Wedge, it
‘i appears
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appears that the Refiftance is to the
Power which {uftains it, as one Side of
the Wedge A B is to the Half of 1ts
Breadth A P; becaule AB 15 to AP
as BP. i3 to EP.

It appears alfo from hence, that if
PN be made to denote the Force
with which the Power P afls on the
Wedge, the Lines P E and P F which
are perpendicular to the Sides, will de-
note the Force with which the Power
P protrudes the refifting Bodies in Di-
re€lions perpendicular to the Sides of the
Wedge.

Let us now fuppofe, in the fecond
Cafe, that the refilting Bodies E and F
alt upon the Wedge in Diretiions parallel
to the Lines DP and O P, that are
equally inclined to its Sides, and meet in
the Point P. Draw the Lines E G and
F K perpendicular to DP and OP;
then making P N denote the Force
with which the Power P afls on the

Wedge,

|

" —
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Wedge, PE and P F will denote the
Forces with which it protrudes the
refifting Bodies in DireQtions perpendi-
 cular to the Sides of the Wedge, as I
oblerved before; now each of thele For-
ces may be refolved into Two, denoted
refpeively by the Lines P G and G E,
PK and KF, of which GE and K F
will be loft, as they act in Directions
perpendicular to thofe of the refifting
Bodies, and P G and P K will denote
the Forces by which the Power P op-
pofes the refifting Bodies, by protruding
them in Directions contrary to thofe in
which they act on the Wedge; there-
fore when the refifting Forces are 1n
ALquilibrio with the Power P, the for-
" mer muft be to the latter, as the Sum
.of the Lines PG and PK is to PN,
or° a5 PG iz to''P.H, that i8, as' P B,
the height of the Wedge, is to PD ¥

the

* [PG is to PH as PR to PDI] The
right angled Triangles P G E and PE D are
fimilar
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the Line drawn from the Middle of the
Bafe to one Side of the Wedge and pa-
rallel to ‘the Direction in which the re-
fiting Force acts on that Side.

From what has been demonflrated,
we may deduce the Proportion of the
Power to the Refiltance it is able to
fultain in all the Cafes in which the
Wedge 1s applied. Firft, when in cleav-
ing Timber the Wedge fills the Cleft,
then the Refiftance of the Timber acts
perpendicularly on the Sides of the
Wedge, therefore in this Cafe, when
the Power which drives the Wedge,

is
Q to

fimilar, having the Angle at P common to

both ; therefore PG is to PE as PE té& -
PD; fo likewile the rightangled Tnapplq_,
PHE and P E B are fimilar, and thmeﬁjm
PH isto PE as PE to P B: therefore the
reftangles PG into PD and P H into P B
are equal, each of them being equal to the
Square of P E, confequently their Sides are
reciprocally proportional, that is, PG is to
PHalPBtw PD,

[

]
f
b
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to the cohefive Force of the Timber,
as Half the Bafe, to one Side of the
Wedge, the Power and Refiftance will

be in Aquilibrio.

Secondly, when the Wedge does not
exallly fill the Cleft, which generally
happens, becaufe the Wood plits to
{fome Diftance before the Wedge. Let
E L F reprelent a Cleft into which the
Wedge A B-C is partly driven ; as the
refifting Force of the Timber muft act
on the Wedge in Dircitions perpendi-
cular to the Sides of the Cleft, draw
the Line PD in a Direftion perpendi-
cular to E L the Side of the Cleft,
and meeting the Side of the Wedge in
D then the Power driving the Wedge
and the Refiltance of the Timber, when
they balance, will be to each other as
the Line P'D to PB the Height of
the Wedge.

Thirdly, when a W’edgel is employed
to feparate two Bodies that lie together
on



OF MECHANICKS 17t

on an horizontal Plane, for Inftance
iwo Blocks of Stone; as thele Bodies
muft recede from eachr other in hori-
zontal Directions, their Refiftance mult
att on the Wedge in Lines parallel to
its Bafe C A ; therefore the Power which
drives the Wedge will balance the Re-
fitance when they are to each other
as P A, Half the Breadth of the Wedge
to P B its Height; and then any addi-
tional Force [ufficient to owvercome the
Refiftance arifing from the Frition of
the Bodies on the horizontal Plane will
feparate them from each other.

© The inclined Plane is reckoned by
fome Writers among the mechanick
Powers ; and I think with Reafon, as
it may be uled with Advantage in rail-
ing Weights.

“Let the Line A B (Fig. 6.) repre-
fent the Length of an inclined Plane,
A D its Height, and the Line B D we
may call its Bafe. Let the circular Body

O 2 GEF

P
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G E F be fuppofed to reft on the inclin-
ed Plane, and to be kept from falling
down it by a String CS tied to us
Center C. Then the Force with which
this Body firetches the String will be
to its whole Weight, as the Sine of
ABD the Angle of Elevation, to the
Sine of the Angle which the String
contains with a Line perpendicular to
A B the Length of the Plane. For let
the Radius CE be drawn perpendicular
to the Horizon, and CF perpendicular
to AB, and from E draw EO parallel
to the Swing and meeting CF in O,
Then, as the Body continues at Reft and
is urged by three Forces; to wit, by its
Weight in the Direction CE, by the
reaction of the Plane in the Direction
¥ C, and by the reaction of the String
in the Direction EQO; the reaction of
the String, or the Force by which it
is firetched, is to the Weight of the
Body, as EO to CE: Thatis, as the
Sine of (the Angle ECO, which is
equal to) ABD the Angle of Eleva-

tion,
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2

tion, to the Sine of the Angle EOC,
equal to SCO, the Angle which the
String contains with.the Line CF per-
pendicular to A B, the Length of the
Plane.

When therefore the String is parallel
to the Length of the Plane, the Force
with which 1t 1s ftretched, or with
which the Body tends down the in-
clined Plane, is to its whole Weight,
as the Sine of the Angle of Elevation,
to the Radius, or as the Height of the
Plane to the Length. And in the fame
Manner 1t may be fhewn, that when
the String is parallel to BD, the Bafe
of the Plane, the Force with which it
is ftretched is to the Weight of the
Body, as AD to B D, that i3, as the
Height of the Plane to its Bafe, If
we fuppole the Siring, which fupports
the Body G EF, to be faftened at S,
and that a Force, by alling on the
Line A D, the Height of the Plane, in
~a Direltion parallel to the Bafe B D,
O 3 drives



174 ONTTHE FTRINCIPLES

drives the inclined Plane wunder the
Body, and by that Means makes it rife
in a DireCtion parallel to AD. Then,
from what was proved in the third
Cafe of the Wedge, it will appear, that
this Force mulflt be to the Weight of
the Body, as AD to BD, or rather
1n a Proportion fomewhat greater : If it
makes the Plane move on and the Body
rife.

From this Jaft Obfervation we may
clearly fhew the Nature and Force of
. the Screw; a Machine of great Efficacy
in raifing Weights, or in prefling Bodies
clofely together. For if the Triangle
ABD be turned round a Cylinder
whofe Periphery 1s equal to B D, then
the Length of the inclined Plane B A
“will rife round the Cylinder in a {piral
Manner ; and form what is called the
Thread of the Screw, and we may
{uppofe it continued in the fame Man-
ner tound the Cylinder from one End

to the other; apnd A D the Heght
of
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of the inclined Plane will be every
where the Diftance between two conii-
guous Threads of this Screw, which is
called a Convex Screw. And a Con-
cave Screw may be formed to fit this
exaltly, if an inclined Plane every Way
Iike the former be turned round the
Infide of a hollow Cylinder, whofe Pe-
riphery 15 fomewhat larger than that of
the other. Let us now fuppofe the Con-
cave Screw to be fixed, and the Convex
one to be fitted into it, and a Weight
to be laid on the Top of the Convex
Screw : Then, if a Power be applied to
the Periphery of this Convex Screw to
turn it round, at every Revolution the
Weight will be railed up through a
Space equal, to the Diftance between
the two contiguous Threads, that 1s, to
the Line A D the Height of the in-
clined Plane B A ; therefore fince this
Power applied to the Periphery, alts in
a Direftion parallel to B D, it muft be
to the Weight it raifes as AD to B D,

or
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or as the Diftance between two conti-
guous Threads, to the Periphery of the
Convex Screw ; which Diftance between
two contiguous Threads is to be meafured
by a Line parallel to the Length of the
Screw. If we now fuppofe that a Hand-
ipike or Handle is inferted into the Bottom
of the Convex Screw, and that the Power
which turns the Screw 1s applied to the
Extremity of this Handle, which is ge-
nerally the Cafe; then as the Power is
removed farther from the Axis of Motion,
1ts Force will be {fo much encreafed, and
therefore fo much may the Power itfelf
be diminithed. So that the Power, which,
alting on the End of a Handle, fuf-
tains a Weight by Means of a Screw,
will be to that Weight, as the Diftance
between two contiguous Threads of the
Screw, to the Periphery defcribed by the
End of the Handle. In this Cafe we may
confider the Machine as compoled of a
a Screw and a Lever, oras Sir Jfaac New-
ton exprefles it, Cuneus a veéle impulfus.

Of



OF MECHANICKS. 177

Of any two or more of thefe fimple
Machines combined together, all other
Machines, however complicated, are com-
pofed. And their Powers and Manner
of alling may therefore be explained

from the Principles here laid down,
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CONJECTURES, &

ewdnid AV I N G obferved that fome
Wy % late Writers, who endeavour
ik 2 % to revive the exploded IHypo-
NG thefis of an univerfal Plenum,
bring Arguments in Favour of their Opi-
nion from what Sir Jfaac Newton {ays of
the Afcent of Comet’s Tails in a Direflion
oppofite to the Sun; I was induced to re-
confider his Account of that Matter, which,
I own, never appeared {atisfattory to me ;
tho" I agree intirely with him that this

Phznoimenon
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Phanomenon affords a [ufficient Proof of
a Vacuum in the Celeftial Regions. As this
is a Subjett of fome Importance in Phyfics,
I fhall, in the following Effay, firfl, men-
tion fuch Objeétions as occur to me againit
Sir Ifaac’s Opinion as to the Caufe of the
Afcent of Comet’s Tzils: and then offer
fcme Conjeftures that may poflibly lead
to a further Knowledge of this Subjett,
leaving them to be confirmed or over-
thrown as future Obfervations and Expe-
riments fhall determine. For I think
that Conjeltures, or Hypotheles, when
rendered probable by fome Experiments,
and propofed with Caution, may be of
great Ufe by direfting our Enquiries into
fome certain Channel.

That I may proceed methodically, I
fhall begin by relating the Phanomena
of Comets as obferved by Newton, and
other accurate Aftronomers, for I fhall
have Occafion to refer frequently to
them,

Tt
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It appears that a Comet is a Kind of
Planet which revolves round the Sun 1n
a very excentric Orbit, and recedes much
farther from the Sun in-its Aphelion than
any of the Planets; it is not vifible until
it comes down into the Planetary Regions,
and then appears furrounded with a denfe
Atmofphere, and from the Side oppofite
to the Sun, it emits a fluning Train, which
we call its Tail. It 1s at its firlt Appear-
ance #ery fhort, and -encreafes as the Co-
met approaches towards the Sun, and im-
mediately after its Perihelion, the Tail is
longelt and moft luminous, and then is
generaily obferved to be fomewhat bent,
and to be convex towards thofe Parts to
which the Comet moves; the Convex
Side being rather brighter and better de-
fined than the Concave Side. When the
Tail arrives at its greateft Length, which
in fome Comets has been computed to be
6o or 70 Millions of Miles, it quickly de-
creafes and foon vanifhes entirely, about
the fame Time that the Comet itlelf ceafes
to be feen, The Matter of which the

Tail
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Tail is formed is exceedingly rare, and fo
very pellucid that the Light of the fmalleft
Stars fuffers no Diminution in pafling
thro’ it, for Sir.lfaac Newton obferves:
¢ The extraordinary Rarity of Comet’s
¢ Tails may be colleCted from the Stars
fhining thro’ them; for the f{malleft
Stars are obferved to fhine without any
Lofs of Splendor thro’ the Tails which
are of an immmenfe Thicknels, and
are alfo illuminated by the Light of the

¢ Sun, *

=™

L)

Ll

Thele are the principal Phaznomena of
Comets, and it 1s from hence we mulil de-
duce whatever we can know of the Sub-
flance of which the Tails confilt, or of
the Reafon why they are always thrown

off from the Head of the Comet, in a Di-
retion

* Caudarum 1infignis raritas colligitur ex
Aftris per cas Tranflucentibus.—Per Immenfam
vero Caudarum Craflitudinem, Luce pariter
Solis illuftratam, Afira minima abfque Clari-
tatis Detrimento tranflucere nofcuntur. Princ-
fria, Page 513. Edit, 2da,
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retion nearly oppofite to the Sun. And
with thefe Phanomena I propofe to com-
pare the Opinions which are commonly
received concerning this Matter.  Sir
Ifaac tells us, there were three different
Opinions about Comet’s Tails, wiz. that
they were only Rays of the Sun propa-
gated thro’ the tranfparent Head of the
Comet. Or that they arofle from the Re-
fraétion of the Light in its Paflage from
the Head of the Comet to the Earth.
Or, laflly, that they confifted of Clouds
and Vapours continually rifing from the
- Head of the Comet, and going off in a
Direction oppofite to the Sun. The firft
and fecond of thefe Opinions he refutes,
and adopts the third, and proves by feveral
Arguments, that the Tail muft confift of
fome Kind of Vapour arifing continually
from the Head of the Comet. The Caulfe
of its afcending always from the Sun, he
afligns in another Paragraph, which I
fhall now quote at Length, tranflating it as
faithfully as I can; 1t is as follows:

I ¢ The
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¢ The Afcent of Tails from the Atmo-
¢ {phere of Comets, and their Progrels
¢ towards the Parts oppofite to the Sun,
¢ Kepler alcribes to the Aétion of the Rays
¢ of Light, carrying with them the Mat-
¢ ter of which the Tails confilt. And
¢ that fo very thin an Air or Vapour
¢ fhould yield to the Action of the Rays,
‘ in Spaces void of Reliftance, is not al-
‘ together againft Reafon; altho’ in our
* Regions, clogged with refifting Matter,
¢ the {olar Rays cannot fenfibly impel
¢ denfe Bodies. Others think that there
* may be fome Particles of Matter in their
‘* own nature hght, as well as fome thatare
‘ heavy, and that the Matter of the Tails
“ 1 of the former Sort, and by its Levity
* alfcends from the Sun. But fince the
“ Gravity of all terreftrial Bodies is pro-
‘ portional to their Quantity of Matter,
‘ and cannot :n the fame Body be increaf- .
‘ ed or diminithed, I fufpeét that this
‘ Alcent of the Tails arifes rather from
¢ the Rarefalion of their Matter. Smoke

¢ alcends in a Chimney by the Impulle
“of
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of the Air in which it floats; that Air,
being rarefied by Heat and its {pecific
Gravity thereby diminifhed, alcends and
carries the Smoke with it.  Why then
fhould not the Tail of a Comet afcend in
the fame Maner from the Sun? for the
folar Rays do not agitate any Medium
thro’ which they pafs, but in Refle€tion
or Refradtion, the refle€ting Particles by
that Ation grow warm, and heat EEEE:..
atherial Air (auram Atheream) with -
which they are mixed, which being ra-
refied by this Heat, and the {pecific Gra-
vity by which it tended to the Sun be-

ing thereby diminithed, it will afcend
and carry with it the refleCting Particles
of which the Tail is formed: it con-
duces alfo to the Afcent of thefe Va-
pours that they revolve round the Sun,
and therefore endeavour to recede from
it; while the Atmofphere of the Sun
either 1s at Reft, or revolves more flowly
with fuch Motion as it can acquire from
the Rotation of the Sun round its Axis.
¢ Thefe are the Caufes of the Afcent of
Io ¢ the
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the Tails in the Neighbourhood of the
Sun, where the Orbit has a greater Cur-
vature, and the Comet moves in a den-

fer, and therefore heavier Atmefphere

of the Sun, and then emits a Tail of a
greater Length. For the Tails, which
then arife, by preferving their own Mo-
tion, and at the {fame Time gravitating
towards the Sun, will revolve about
the Sun in Elipfes juft as their Heads
do; and by that Motion will always ac-
company their Heads and adhere to
them moll freely. Ior the Gravity of
thofe Vapours towards the Sun will no
more caufe the Tails to fall from the
Heads to the Sun, than it will caufe the

- Heads to fall from the Tails, but they

muil both, by their common Gravity,
fall together to the Sun, or both toge-
ther be retarded in their Afcent from it:
and confequently their Gravity will not

¢ hinder the IHeads and Tails of Comets

-

ealily to receive (frr.}m the above-.

mentioned or other Caufes) any Pofi-

tion whatever in refpeft to each other,.
[

or
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¢ or to keep this Pofition afterwards moll

Srdreely.

We find in this Account that Sir Jfzac
afcribes the Afcent of Comet’'s Tails to
their being raver and lighter, and moving
round the Sun more {wifily, than the fo-
lar Atmofphere, with which he fuppofes
them to be furrounded, whillt in the
Neighbourhood of the Sun; he fays allo,
that whatever Polfition (in Refpelt to each
other) the Head and Tail of a Comet
then receive, they will keep the fame af-
terwards moft freely, and in another Place
he obferves, ¢ That the celeflial Spaces
‘ muflt be entirely veid of any Power of
‘ relfling, fince not only the folid Bodics
¢ of the Planets and Comets, but even the
¢ exceeding thin Vapours, of which Co-
¢ met’s Tails are formed, move thro’ thofe
‘ Spaces with immenfe Velocity, and yet
‘ with the greatet Freedom.” ¥—1 can-
not help thinking that this Account is li-

* -Principia, Page 514. 1 Ibid.
I 3 able
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able to many Difficulties and Objetions,
and that it feems not very confiftent with
itfelf, or with the Phenomena.

I do not know that we have any Proof
of the Exiltence of a folar Atmoiphere of
any confiderable Extent, nor are we any
where taught how to guefs at the Limits
of 1it. It 1s evident that the Exiftence of
fuch an Atmofphere cannot be proved
merely by the Afcent of Comet’s Tails
from the Sun, as that Phenomenon may -
poflibly arife from fome other Caule.
However let us fuppole, for the prefent,
that the Afcent of Comet’s Tails is owing
to an Atmofphere furrounding the Sun,
and fee how the Effetts arifing from
thence will agree with the Phznomena.
‘When a Comet comes into the {olar At-
mofphere, and is then defcending almoft
directly to the Sun, if the Vapours which
compofe the Tail are raifed up from it by
the fuperior Denfity and Weight of that
Atmoiphere, they muft rife into thole
Parts that the Comet has left, and there-

fore
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fore at that Time they may appear in a
Direflion oppofite to the Sun. But as
foon as the Comet comes near the Sun,
and moves in a Diretlron nearly at right
Angles with the Dire€tion of 1ts Tail, the
Vapours which then arife, partaking of
the great Velocity of the Comet, and be-
ing fpecifically lighter than the Medium in
which they move, and being vallly ex-
panded thro* it, muft neceflarily fuffer a
Refiftance immenfely greater than what
the fmall and denfe Body of the Comet
meets with, and confequently cannot pof-
{ibly keep up with it, but muft be left be-
behind, or, as it were, driven backwards
by the Refiftance of that Medium into a
Line dire€ted towards the Parts which the
Comet has left, and therefore can no lon-
ger appear in- a Dire€tion oppofite to the
Sun. And in hike Manner, when a Co-
met pafles its Perthelion, and begins to af-
{cend from the Sun, it certainly ought to
appear ever after with its Tail behind it,
or in a Diretlion pointed towards the
Sun; for if the Tail of the Comet be fpe-

cifically
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cifically lighter than the Medium in which
it moves with fo great Velocity, it mult
be jult as impoflible it fhould move fore-
moft, as it is that a Torch moved fwiftly
thro’ the Air thould projeét its Flame and
Smoke before it. Since therefore we find
that the Tail of a Comet, even when it is
alcending from the Sun, moves foremoft
and appears in a Direction nearly oppofite
to the Sun, I think we mufl conclude that
the Comet and its Tail do not move in a
Medium heavier and denfer than the Mat-
ter of which the Tail confifts, and confe-
quently that the conflant Alcent of the
Tail from the Sun mufil be owing to fome
other Caufe. For that the folar Atmo-
fphere fhould have Denfity and Weight
fuflicient to raife up the Vapours of a Co-
met from the Sun, and yet not be able to
give any fenfible Refftance to thefe Va-
pours in their rapid Progrefs thro’ it, are
two Things inconfiftent with each other.
And therefore, fince the Tail of a Comet
1s found to move as freely as the Body

does, we ought rather to conclude that
the
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the celeflial Spaces are void of all re-
Liting Matter, than that they are filled
with a folar Atmofphere, be it ever lo
rare.

But there is, I think, a further Confi-
deration which will thew that the received
Opinion, as to the Afcent of Comet’s
Tails, is not agreeable to the Phanomena,
and may at the fame Time lead us to
fome Knowledge of the Matter of which
thefe Tails confift; which I fufpelt 1s of
a very different Nature from what it has
been hitherto fuppofed to be. Sir Ifaac
{ays, the Vapours, of which the Tail of a
Comet confifls, grow hot by refleCting the
Rays of the Sun, and thereby warm and
rarefy the Medium which {urrounds
them ; which muft therefore alcend from
the Sun, and carry with it the refleCting
Particles of which the Tail is formed ; for
he always fpeaks of the Tail as fhining by
refleCted Light. But one would rather
imagine, from the Phaxnomena, that the
Matter which forms a Comet’s Tail has

not
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not the leaft fenfible Power of reflefting
the Rays of Light. For it appears from
Sir Ifaac’s Obfervation, which 1 have
quoted already, that the Light of the
fmalleft Stars, coming to us through the
immenfe Thicknefs of a Comet’s Tail,
does not {uffer the leaflt Diminution. And
yet, if the Tail can refle¢t the Light of
the Sun fo copioufly, as it muft do if its
great Splendor be owing to fuch Reflec-
tion, it muft undoubtedly have the fame
Effeét on the Light of the Stars; that is,
it muft refle€t back the Light, which
comes from the Stars behind 1t, and by fo
doing muft intercept them from our Sight,
confidering its valt Thicknefs, and how
exceedingly f{lender a Ray is that comes
from a fmall Star; or if it did not inter-
cept their whole Light, it mult, at leaft,
increafe their Twinkling. But we do not
find that it has even this fmazll Effect, for
thofe Stars that appear thro’ the Tail are
not obferved to twinkle more than others
in their Neighbourhood. Since therefore
this Fact is fupported by Obfervations,

what
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what can be a plainer Proof that the Mat-
ter of 2 Comet’s Tail has no Power of re-
fle@ing the Rays of Light? and conle-
quently that it muft be a {felf-fhining
Subftance. But the fame Thing will fur-
ther appear, from confidering that Bodies
refleét and refrat Light by one and the
fame Power: and therefore if Comet’s
Tails want the Power of refraéting the
Rays of Light, they muflt allo want the
Power of refleCting them. Now, that
they want this refralling Power appears
from hence, if that great Column of tranf-
parent Matter which forms a Comet’s
Tail, and moves either in a Vacuwm, or in
fome Medium of a different Denfity from
its own, had any Power of refraling a
Ray of Light, coming thro” it from a Star
to us, that Ray muft be turned far out of
its Way in pafling over the great Diftance
between the Comet and the Earth; and,
therefore, we fhould very {enfibly perceive
the fmalleft Refraction that the Light of
the Stars might fuffer in pafling through a
Comet’s Tail. The Confequence of fuch

a RefraClion
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a Refrattion muft be very remarkable, the
Stars that lie near the Tail would, in fome
Cafes, appear double, for they would ap-
pear in their proper Places by their direct
Rays, and we fhould fee therr Images be-
hind the Tail, by Means of their Rays
which it might refract to our Eyes; and
thofe Stars that were really behind the
Tail would difappear in fome Situations,
their Rays being turned afide from us by
Refratlion. In fhort, it is eafy to ima-
gine what firange Alterations would be
made 1n the apparent Places of the fixed
Stars by the Tails of Comets, if they had
a Power of refraCting their Light, which
could not fail to be taken Notice of, if any
fuch ever happened. But {ince Allrono-
mers have not mentioned any {uch appa-
rent Changes of Place among the Stars,
I take it for granted that the Stars feen
thro” all Parts of a Comet’s Tail appear in
their proper Places, and with their ufual
Colours, and confequently I infer that
the Rays of Light fuffer no Refrattion in
paffing thro’ a Comet’s Tail. And thence

I conclude
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I conclude (as before) that the Matter of
a Comet’s Tail has not the Power of re-
frating or reflefling the Rays of Light,
and muft therefore be a lucid or felf-
{hining Subltance,

And thus if I have argued rightly from
the Phanomena, it muft appear, that the
Tail of a Comet does not confift of aque-
ous or other Vapours, that thine by re-
flecting the Light of the Sun, butisa ve-
1y rare, tranfparent and lucid Subftance,
which has no Sort of Effet on the Rays
of Light that pafs thro’ it, and that it is
thrown off from the dark Hemifphere of
the Comet in a Diretion oppofite to the
Sun, not by the fuperior Weight and
Denfity of any circumambient Medium,

but by fome other Caufe that has not yet
been difcovered.

This feems to me to be all the Know-
ledge we can acquire of the Nature and
Properties of that Matter which forms the
Tails of Comets, by attending merely to

K the
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the Phenomenon itfelf. But perhaps we
may be able to extend this Knowledge
- fomewhat further, if we could find any
other Phaxnemenon in Nature which re-
fembles this of Comet’s Tails, and can be-
come acquainted with any Kind of Matter
that has the fame Propertics with that of
which they are formed. Now I have of-
ten obferved a Phanomenaon that, I think,
very ftrongly refembles the Tail of a Co-
met, both i its Appearance, and in the
Nature of its Subftance. We frequently
fee a very rare, tranfparent, and luad
Subftance thrown off, in a Dircflion
nearly oppofite to the ‘Sun, from the dark
Iemifphere of the Earth, and principally
trom the more Northern and colder Re-
gions of our Aimofphere. This Appear-
znce 18 fo luminous that 1t has been from
thence called the Auwrora Borealis; it is
now fo common and well known that I
fhall not defcribe it particularly, and will
only take Notice of thofe Circumilances
in which it chiefly refembles a Comet’s
Tail, Thofe Northern Lights never ap-
' pear,
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pear, at leaft in any remarkable Degree,
foon after Sun-fet or before Sun-rife, tho’
it may be then dark enough to make them
vifible, but genéraily from about ten
o'Clock at Night till one in the Morning ;
and the very long Streams of Light, which
iffue frequently from the Northern Parts
of our Atmofphere, feem flill to tend to-
wards the Zenith of that Plice where the
Speltator is, and fometimes get beyond
the Zenith, and appear to the Southward
of it ; which fthews that thefe Streams of
Light tend towards the Vertex of the
Earth’s Shadow, that 13, towards the Part
of the Heavens which is oppofite to the
- Sun. From the great Length of thefe
Streams of Light, which feem always
moving upwards, we may conclude that
they extend to a great Height in the At-
mofphere, and probably rife far above it.
For by the Accounts we have of an Au-
rora Borealis, oblerved in England on the
Sixth of March, 1716, 1t was vifible from
the Welt Side of Ireland, to the Confines
of Ruffia and Poland, and probably farther

K 2 to
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to the Faft; fo that it extended at leaft
over thirty Degrees of Longitude, and
irom about the fifticth Degree of La-
utude over almoft all the North of Eu-
rope, and at all Places it exhibited the
fame Appearances, nearly at the fame
Time. }

Now this great Body of luminous Mat-
ter which appears in an Aurora Boreals,
being fo very extenfive, and fometimes fo
very bright, muft be vifible to a Spetta-
tor placed at a confiderable Diftance from
the Farth, and fhaded from the Sun’s
Light; and {uch a Spettator would then
fee the Earth attended by a Train of
Light in the Form of a Tal. - It would
probably appear fmall in Proportion to the
Earth’s Diameter, it would feem unfteady,
changeable in its Shape, and of a fhort
Continuance ; but whilll it lafted, it mulft,
both in its Diretion, and in the Nature
and Appearance of its Light, very much

refemble

1 Phil, Tran{, No. 347.
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refemble the Tail of a Comet. And if
fuch a Speétator was to oblerve the Earth
for a Year, he might perceive a further
Refemblance in this Refpett between the
Earth and a Comet; for as the Tail of a
Comet appears only a thort Time before
and after 1ts Perthelion, {fo he would fee
this luminous Matter rife from the Earth
frequently whilft it was moving from the
Autumnal to the Vernal Equinox, thro’
the Half of 1ts Orbit that is nearelt to the
Sun, and very feldom during the other
Part of the Year, for we rarely fee an
Aurora Borealis in the Summer Months.
Thus we find that the Matter of an Au-
rore Borealis and that of a Comet’s Tail
are very like each other in their Appear-
ance, and in their Situation, with Refpet
to the Sun and the Bodies from which’
they flow. And if we examine further,
we fhall find that they have exatly the
fame Properties; for the Matter of which
the Aurora Borealis confills is not only ve-
ry rare, tranfparent and lucid, but is alfo
found to have no Sort of Effe&t on the

K3 Rays
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Rays of Light which pafs thro’ it. This
I have often obferved, and particularly at
one Time when there appeared here an
Aurora Borealis, § which for its Extent,
for the Quantity, Brightnels and Steadinefs
of its Lights, was the moft remarkable one
I ever {faw; fome Parts of it appeared like
very denfe white Clouds, illuminated by a
full Moon, but with a more vivid Bright-
nefs; and yet thro’ one of the denfeft and
whiteft of thefe Clouds, I could plainly
fee the fmalleft Star 1n the Pleiades, and
could not perceive that its Splendor was
at all diminifhed, or that it even twinkled
more than 1t did before this lucid Matter
was interpofed, which, as it moved with a
quick tremulous Motion, muft have at
leafl increafed the Twinkling of the Stars,
if it had any Sort of Effeét on the Rays
which paffed thro” it. Since then the
Matter of a Comet’s Tail, and that of the
Aurora Borealis are alike in their Ap-
pearance, and agree alfo in therr Pro-

perties,

§ Oflober 16th or 17th, 1763,



AURORA BOREALIS, & 103

perties, we have fome Reafon to fuppole
that they are Subllances of the fame
Kind.

Having gained this Step, we may go on
in our Enquiries, and try if any other
Subftance, that we are better acquainted
with, has the fame Properties with the
Subftance of which Comet’s Tails and the
Aurora Borealis are formed. It 1s now
well known that our Atmofphere abounds
with eleftric Matter, which is more or lefs
contained in all Bodies; this Matter 1s ne-
ver vifible but whilft it 1s paffing from one
Body to another, thro’ the Air or a Vacu-
um, it then appears to be a very rare, fub-
tile, thining Subftance. We often fee it
flathing from one Cloud to another, or
into the Earth, with great Velocity and
Brightnefs, and then we give it the Name
of Lightning; and in the fame Manner
when we bring our Finger near a Bar of
Iron ftrongly eleftrified, we fee very
bright Sparks i1ffue from it to our Finger.
It {ecms that Air, in its common State of

Condenfation,
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Condenlation, refifis the Egrels of the
elettric Matter from Bodies in which it is
accumulated, efpecially if they are round
and fmooth, and when it forces its Way it
{eems to come out, as it were, all at once,
and in a very condenfed State, and there-
fore it appears very bright. But if the
Air be confiderably rarefied, its Refiftance
1s thereby greatly leflened, and the ele€tric
Matter cannot be accumulated in a Body
{urrcunded by fuch Air, for in that Cale,
as faft as it is communicated to the Bo-
dy it will iflue out from various Parts
of it in fmall Streams of a faint Light,
as will appear from fome Experiments
I fhall have Oceafion to mention pre-
{ently.

Now fince a folid Body and a Cloud,
when eletrified in denfe Air, will both
difcharge thewr Fire in the {ame Manner,
that 1s, fuddenly and m bright Sparks or
large bright Flalhes, we muft conclude,
from Analogy, that when they are both
electrified 1 Air much rarefied, they will

then
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then likewife difcharge their Fire in the
fame Manner, and confequently that an
electrified Cloud, raifed into the higher
and rarer Parts of the Atmolphere, will
difcharge its Fire in continued Streams of
faint Light. And as we fometimes fee
famt Flathes of Lightning in a Summer
Evening after Sun-fet, tho’ no Clouds ap-
pear; fo if the Vapours which rife into
the higher Part of the Atmofphere, tho’
not formed into Clouds, carry up with
them the eleétric Matter, they muft dif-
charge it in continued Streams of faint
Light, juft as a Cloud would do; and
thofe Streams of Light in the higher Parts
of the Atmolphere muft exaéily reprefent
to us the Appearance of an Auwrera Bo-
realss. Any one will readily perceive a
ftrong Relemblance between the Aurora
Borealis and the elettric Fire dilcharged
from a Body in rarefied Air, who will
make the following Experiments.

Let the Air be almoft exhaufled out of
a Glafs Globe or Cylinder, and let it be
turned
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turned by a Machine and rubbed as ufual;
‘the eleétric Fire will then appear in the
Infide of the Globe, fhooting out in vari-
ous Branches of faint Light, crofling each
other in all Dire¢tions, and this Light will
fometimes appear tinged with different
Colours; when the Air is very much ra-
refied, the Light appears white, and grows
more of a purple Colour as more Air i1s
admitted into the Globe. [a] I found
this Experiment fucceed beft when 1 held
in my Hand the Cufhion with which the
Globe was rubbed, and prefled it fome-
times clofely and fometimes {lightly to the
Globe. I found that a hike Appearance
might alfo be exhibited by the following
Experiment. A Cylinder 20 Inches high,
and about five in Diameter, having a pret-
ty thick Brafs Wire put thro’ the Top,

Wwds

(a) This Experiment was firft made by Mr.
Hawhfbee, and has fince been often repeated ;
and I find that the Aurora Boreafis has of. late
been generally fuppofed to be an elerical
Phenomenon, though I have not met with any
‘Attempt to prove that it is fo,
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was almoft exhaufted, then being myfelf
elettrified, I moved my Finger towards
the Top of the Wire, and immediately I
faw every Spark that came from my Fin-
ger divided into a Mulidtude of {mall
Streams of Light iffuing from the Wire at
right Angles to it, and in different Direc-
tions. When I took hold of the Wire I
could fee but little Light in the Cylinder,
fo found it was neceffary to keep my Finger
at a fmall Diftance, and let the elettiic
Matter come to the Wire in {ucceflive
Sparks. 1 thought the Lights that iffued-
from the Wire were brighteflt when it was
oiled, and when the Air was about go
Times rarer than the outward Air. Se-
veral Perfons almoft as foon as they faw
the ele€iric Lights compared them to the
Appearance E'f the Aurora Borealis; and
certainly thefe two Phaznomena refemble
each other entirely, both in the Colours
of their Light, and in the Quicknels of
their Motions. For when the Air in the
Glafs-Globe was very much rarefied, the
cle€tric Lights appeared very white, and

became

5 :":",ﬂﬂgl
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became more of a purple Colour as more
Air was admitted into the Globe; jult fo
the long Streams of Light in the durora
Borealis are very white on their upper
Parts, where the Air about them is much
rarefied, and are often of a purple Colour
on their lower Parts, which are in denfer
Air. And as in the Globe the eletric
Lights appear in greater Abundance when
the Air has a particular Degree of Denfity
than 1n other Cafes ; fo the quick Appear-
ing and Difappearing of the Streams of
Light in the Aurora Borealis may poflibly
arife from a Charge of Denfity in the
higher Parts of the Atmofphere. For
where the Air i1s {o very thin it may be
fubject to very fudden Condenfations and
Rarefactions, occafioned by the Motion of
the Winds, and I have obferved thofe
Lights to appear and difappear more
quickly in a windy Night than when it
was calm; though their Courfe or Di-
rection was no ways influenced by the
Wind.

But
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But the eletric Matter appears to be of
the fame kind of Subftance which forms
the Aurora Borealis, and the Tails of Co-
mets, by its having alfo that remarkable
Property of letting the Rays of Light pafs
thro’ it, without having any Sort of Effe&
upon them. And this I found by feveral
Experiments, for I obferved that {mall
Rays of Light, pafling over fharp Points,
and by the Edges of Knives, from whence
the ele€iric Matter iffued abundantly, were
affe€ted in the very fame Manner as when
thefe Points and Edges were not eleCtrifi-
ed. Having provided a large Pane of
Glafs properly coated on both Sides with
thin theet Lead, I made two fmall Holes
in the Lead, oppofite to each other, for a
Ray of Light to pafs thro’; and I found
this Ray was no more refraéted in its Pai-
fage thro’ the Holes, when one Side of the
Glafs was eletrified plus, and the other
minus, than it was before the Glafs was
eletrified at all, or after the ele€tric Mat-
ter was difcharged, which fhews that the
Accumulation, or the Abfence of this
L Matter
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Matter no way contributed to encreafe or
diminith the refraétive Power of the
Glafs. I found that when Water was
elettrified, no Change was made either in
its Power of refratting or refleting the

Rays of Light.

I made many other Experiments of the
fame Kind, too tedious to defcribe, and
they all led me to conclude that the elec-
tric Matter had no Sort of Effeét on the
Rays of Light that paffed thro’ it. Since
then the eletiric Matter feems to be of the
fame Nature with that which forms the
Auwrora Borealis, and abounds much in the
Atmofphere, and, when 1t gets into the
rarer Parts of 1it, will, by its known Pro-
perties, exhibit to us an Appearance like
that of the Aurora Borealis, we muil ac-
iinowledge it to be a Caule really exifling,
and fuflicient to explain this Phaenome-
non, and therefore we may afcribe the
Appearance of an Aurora Boreals to the
Rifing of the eleftric Matter nto the up-
per Regions of the Atmolphere. The

{ollowing
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following Obfervation will ferve further to
confirm this Opinion. In our Summer
Months, when the eleftric Matter is fre-
quently difcharged from the lower Clouds
in Lightning, and {o returns to the Earth,
we fcarce ever fee an Aurora Borealis; but
at other Times, when it 1s not ufually dif-
charged in Lightning, it may rife higher
into the Atmofphere, and will occafion
more frequent Appearances of this Kind.
And this probably is the Reafon why
thefe Appearances are more [requent in
cold than imm warm Climates, the former
being lels fubjeét to Storms of Thunder
and Lightning than the latter. In Coun-
tries that lie far to the North, the Au-
vora Borealss is {aid to thine much brighter

than with us, and to appear almoil every
Night.

As the preceding Confiderations feem to
make 1t probable that the Tails of Comets
confift of the fame Kind of Subftance
which forms the Aurora Borealis, and that
this is no other than the elefiric Matter ;

L2 I fhall
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I fhall afflume this as a Principle, and try
if I can from thence account, in fome
Meafure, for the Phanomenon of Co-
met’s Tails, and in doing this I fhall have
an Opportunity of making fome Obferva-
tions which may ferve to thew a further
Refemblance between thofe three Subftan-
ces that I have compared together. The
Earth, and all Bodies near it, contain
more or lefs of the eletric Matter, and
tho’ it may be accumulated in fome Bo-

~ dies, and diminifhed in others, we cannot
be fure that any Body may be totally de-
prived of it, but on the contrary have
great Reafon to think it can neither be n-
creafed nor diminifhed in any Body be-
yond a certain Degree; we mull therefore
fuppofe that it 15 contained in all Bodies
in our folar Syftem. Some Bodies, fuch
as Glafs, Amber and others, that are called
Eleétrics, attra€t and retain this Matter
more {lrongly than thole do which are
called Non-Eleélrics, for an eleftric Body
will draw this Matter from one that 1s not
ele€tric, againil which 1t is rubbed, and it
will
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will alfo flop the electric Matter in 18
Progrefs from one Body to another, and
therefore an electric Body is called a ANoz-
conduélor, in Oppofition to other Bodies
thro' which the electric Matter readily
pafles. But we find that any Body, even
the moft electric, if fufficiently heated,
- will become a Conduélor, or will let the
electric Matter pafs from it very eafily,
and therefore we conclude that Heat dif-
poles all Bodies readily to part with the
electric Matter they contain, and we have
an Inftance in the Towrmelin Stone that
fome Bodies will always throw off an elec-
tric Matter merely by being heated. Now
when a Comet comes down towards the
Sun, from Regions of extreme Cold, and
begins to acquire fome Degree of Heat, it
will, like other Bodies, be difpoled to part
with the electric Matter, which it may
poflibly contain in great Abundance, and
this Matter, when thrown off, will exhibit
to us the Appearance of a fhining Train,
as it does in the Auwrora Borealis; and as
the Comet comes to its Perihelion, and the

Lg Ileat
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Heat increafes, this Matter will 1lue more
abundantly, and the Train or Tail will
increafe in Length, till upon the Comet’s
receding from the Sun the Heat will de-
creafe, and this Matter being pretty much
exhaufted, the Tail will be contracted in
its Dimenfions, and at length will be too
far removed, and grow too faint to be ob-

ferved.

As a Comet is expoled to vaft Extremes
of Heat and Cold, Light and Darknefs,
we may well fuppole it to be uninhabited,
and if fo, it is not neceflary that it fhould
turn different Sides to the Sun, but may
always keep the fame Face towards it, as
the Moon keeps the fame Face towards
the Earth, and indeed it mufl do fo if its
Figure be that of an oblong Spheroid.
Now the eletric Matter which rifes from
the Earth goes off into the colder Regions
of the Atmofphere, and in a DireCtion
nearly oppofite to the Sun, and I believe
we have no Inftance of what we call the

the Awrora Borealis appearing between the
- Tropicks.
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Tropicks. Why then fhould not this
Matter take the fame Courfe in its Pro-
grefs from the Head of the Comet, and
fly off from its dark Hemifphere, where
its Atmofphere is colder and clearer, and
where the Vapours are thin, and, rifing
more gradually, will give it an Opportu-
nity of rifing along with them ; whilft on
the other Hemilphere, which is expoled
to the Sun, the Vapours mufl rife very
thick, and form Clouds which may inter-
cept the electric Matter in its Progrefs,
and colletting it together may return it
back to the Head of the Comet in Light-
ning, as our Clouds in hot Countries re-
turn their eletric Matter into the Earth.
Befides as we find that the eletric Matter
pafies off from a Body where it is rough
or pointed, much more readily than where
it is round and {mooth, fo it is poflible
that the Hemifphere of the Comet, which
is turned from the Sun, may be fo formed
as to part with the eleftric Matter more
readily than the other, which is turned to-

wards the Sun, and in whatever Diretion
the
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the eleftric Matter is thrown off from any
Body, we find it continues to move with
immenfe Velocity, as I obferved in the
Streams of eleftric Matter which 1fTued
from the Wire in the exhaufted Receiver.
I obferved alfo that thele Streams did not
grow much thicker as they advanced in
their Courfe, either in the exhaufted
Globe or cylindrical Receiver; nor did
they feem difpofed to expand themlelves
into the Space that {urrounded them, but
went ftraight forward, juft as a Ray of fo-
Jlar Light would do. And thus the Mat-
ter which iflues from a Comet proceeds
in the fame Direttion in which it is thrown
off, and forms that large Column, which
we call the Tail ; and we fee that the Mat-
“ter of which the Tail confifts has very lit-
tle or no Difpofition to expand itfelf into
the furrounding Spaces; for the Tail is
not much broader towards the End than
near the Head of the Comet. This I
think i1s a moft extraordinary Property,
both of the eleftric Matter and of that
which forms a Comet’s Tail, and which

1



AURORA BOREALIS, & 117

a further Argument for concluding them
to be of the fame Nature, for they both
fly off from the Body, in which they are,
with great Velocity, which feems to argue
a repulfive and expanfive Force, and yet
they proceed as the Rays of Light do
without expanding themfelves laterally
into the Spaces thro’ which they pals.

And this remarkable Property {eems
well worth attending to, in all our Enqui-
rics concerning the electric Matter. At
prefent we are {o little acquainted with the
true Nature of it, and fo ignorant of the
Subftance which forms the Body of the
Comet, that it 1s not to be expected, we
fhould be able to fay how it can furnifh
fuch a vaft Quantity of this electric Mat-
ter, or to aflign with Certainty the Rea-
fon why the Tail of a Comet is thrown off
from its dark Hemifphere in a Direction
oppofite to the Sun, rather than in any
other Direction. Future Experiments
and Obfervations will either confirm thefe
Conjectures of mine, or fuggeft others

more
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more probable ; but now we can only ar-
gue by Analogy from the rifing of the
eleCtric Matter thro’ the colder Regions
of our Atmofphere in the Aurora Borealis,
that the fame Effeét will take Place
the Atmolphere of a Comet, and from
the fame Caule, whatever that may be.

Sir Ifaac Newton oblerves that the Tail
of the Comet which came to its Perihelion
on the eighth of December, 1680, appear-
ed about the Middle of Fanuary following
to be bent into a Curve. Now as the
Tail was convex towards thofe Parts which
the Comet moved, this Bending might
icem to arile from its meeting with fome
refifting Matter ; but this Curvature was
much lefs than what would arife from a
refifting Matter denfer than the Tail, and
whofe fuperior Gravity would be able to
raife it up from the Sun; for he tells us
that on the pth of Fanuary, when the
Tail was 40 Degrees long, its Chord, or a
Line drawn from the Head of the Comet
to the Extremity of its Tail, made an

Angle



AURORA BOREALIS, &c. 119

Angle of only 8 Degrees with a great Cir-
cle paffing thro’ the Sun and Comet.
But that this Curvature was not owing to
any refifting Matter appears from hence,
that the Tail muft be bent into a Curve
tho' it met with no Refiltance; for it
could not be a right Line, unlefs all its
Particles were projeéted in parallel Direc-
tions, and with the fame Velocity, and
unlefs the Comet moved uniformly in a
right Line. But the Comet movesin a
Curve, and each Part of the Tail is pro-
je€ted in a Direlion oppolite to the Sun,
and at the fame Time partakes of the Mo-
tion of the Comet; f{o that the different
Parts of the Tail mufl move on in Lines
which diverge from each other; and a
Line drawn from the Head of a Comet
to the Extremity of the Tail will be paral-
lel to a Line drawn from the Sun to the
Place where the Comet was, when that
Part of the Tail began to alcend, as Sir
Ifaac obferves; and fo all the Chords, or
Lines drawn from the Head of the Comet
to the intermediate Parts of the Tail, will

be
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be refpeftively parallel to Lines drawn
from the Sun to the Places where the Co-
met was when thefe Parts of the Tail be-
gan to afcend. And therefore, fince
thele Chords of the Tail will be of dif-
ferent Lengths, and parallel to different
Lines, they muft make different Angles,
with a great Circle pafling thro’ the Sun
and Comet, and confequently a Line pafling
thro’ their Extremities will be a Curve.

It is obferved that the convex Side of
the Tail which 1s turned from the Sun 1s
better defined, and fhines a little brighter
than the concave Side. Sir Jfaac accounts
for this by faying, that the Vapour on the
convex Side is frefher (that i1s, has af-
cended later) than that on the concave
Side, and yet I cannot fee how the Par-
ticles on the convex Side can be thought
to have afcended later than thofe on the
concave Side which may be nearer to the
Head of the Comet. 1 think 1t rather
looks as if the Tail, in its rapid Motion,
met with fome {light Refiflance juft fuffi-

cicnt
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cient to caufe a fmall Condenfation in that
Side of it which moves foremoft, and
which would occafion it to appear a little
brighter and better defined than the other
Side; which flight Refiftance may arife
from that fubtile Ather which is fuppoled
to be difperfed thro’ the celeftial Regions,
or from this very eleCtric Matter difperfed
in the fame Manner, if it be different
from the Ather. Here I mult obflerve
that the convex Side of the Tail, which
15 turned from the Sun, being brighter
than the other Side, affords an addi-
tional Argument in Favour of what I
have afferted, that the Tail does not
fhine by refle@ting the Sun’s Light. And
this leads me to fay fomething of that
luminous Quality which we obferve in
the ele€lric Matter, and by which I fup-
pole the Tails of Comets to fhine.

The Writers on Eleétricity tell us that
the ele€lric Matter carries off from Bodies
certain {ubtile Particles of a {ulphurous

mflammable Nature, which 1t kindles as
M {foon
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{foon as they are difengaged from the Bo-
dy, and thence it thines. And this Ac-
count is proved from its inflaming other
Bodies, fuch as warm Spirits, and from
that {ulphurous Smell which always at-
tends the ele€tric Matter, and which any
one will perceive from his Hand, 1if he re-
ceives the eletric Sparks on it for fome
time, and the fame Smell is more firong-
ly perceived in Places that have been
firuck by Lightning. Now thefe inflam-
mable Vapours which often abound 1n
the Air, being carried up by the elettric
Matter, and kindled in the higher Parts of
the Atmofphere, will caufe it to fhine
and appear to us in the Aurora Borealis.
‘That the ele€lric Matter can kindle the
1aflammable Particles that it carries off
from Bodies, in Air highly rarified, or
even 1in vacuo, appears from 1its fhining
in the upper Part of the Barometer, in
whichis the moft perfe& Vacuum we can
make.

But
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But perhaps it may be faid, that with-
out having recourfe to the electric Mat-
ter, we might fuppofe the Comet or a
great Part of it, to confilt of {ome very
combuflible Matter which may take fire
by a fmall Degree of Heat, and blaze
out in fuch Abundance as to occahon
the luminous Appearance we call the
Tail. And this Hypothefis may appeat
at firft Sight more natural and probable
than the one I have fuggefled; yet }
imagine it will not be found fo, if we
examine it attentively. For 1if the Comet
were to take fire and blaze out as burn-
ing Bodies do with us, the elafticity of
the Flame might indeed raife it to fome
Diftance from the Body of the Comet,
but then it would rife equally on all
Sides, or rather to a greater Height on
the Side next the Sun, where the Heat
is greateft. And a Flame of this kind
could not be carried up in a Direftion
oppofite to the Sun, unlefs it were by
the fuperior Denfity and Weight of fome

furrounding Medium which gravitates to-
M2 wards
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wards the Sun; juft as we find the Flame
of burning Bodies is raifed upwards by
the Preffure of the furrounding Air. But
I have thewn, in the former Part of this
Effay, that a Medium denfer and hea-
vier than the Tail muft refift and re-
tard its Motion much more than that of
the Comet, and therefore could never
permit the Tail to move foremofl as it
fometimes does, but muft caufe it always
to fall behind, and confequently to ap-
pear as directed towards the Sun when

the Comet has paflfed its Perihelion, and
is retiring from the Sun. So that in or«

der to account for the conilant Afcent
of this luminous Matter in a Direftion
oppofite to the Sun, we muft have re-
courfe to fome Medium that has no
{enfible Gravity, and that 15 apt to
move in {ome particular Direttion from
the Body in which it 1, and with fuch
Velocity as te carry the burning Matter
to a vaft Diftance from the Comet
before it is entirely confumed. Now I

beliecve we do not know of any Medi-
um
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um that has thefe Properties except that
which we call the eleftric Matter. For
it feems no more affeted by the Force
of Gravity than the Rays of Light are,
and when it moves freely it is apt to go
on in the Direfion, in which 1t {et out,
as I obferved before, and then it moves
with fuch a Velocity as we cannot mea-
fure, for it has been found to pafs thro’
a Wire two Miles and a half in Length,
as it were, inftantaneoufly. This Medium
therefore {eems not only capable of
kindling fuch fubtile inflammable Par-
ticles as it meets with in the Comet, but
~allo of carrying them off, before they
are confumed, to the vaft Diftance to
which the Tail fometimes extends.

Where the inflammable Particles are
quite confumed, the Tail of the Comet
muflt end; and the ele@ric Matter will
afterwards be invifibly difperfed thro’ the
planetary Regions, where it may be ga-
thered up by the Planets in their Cour-
fes round: the Sun. = For fince we find

Mg this
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this kind of Matter placed in all Bo-
dies by the Wifdom of Providence, we
muft conclude it 1s neceflary for carry-
ing on the feveral Operations of Na-
ture; and we know it is very apt to
elcape from Bodies by its great Subtilty
and repelling Force. @ We fee it rifes
from the Earth into the Atmolphere,
and is probably going off from thence
when it appears in the Aurora Borealis.
In like Manner it may fly off from
the other Planets, and be continually
expanding itfelf from the Center of our
Syftem beyond the Orbit of Satwrn. So
that it may be meceflary 1t fhould be
brought back again and difperfed among
us by the Comets. And it feems to
me more probable that Comets were
intended for this Ufe, than for that of
fupplying the Planets with Moifture, as
as Sir Jfaac Newton thought. His Opi-
nion was founded on a Suppofition
that all Vegetables have their Growth
and Increafe entirely from Water, and

that fince they do not turn agamn into
Water



AURORA BOREALIS, &c 127

Water but into Earth, there muft be a
continual Decay of Moifture, and there-
fore a frefh Supply of it muft be ne-
ceflary from time to time.*  But this
Suppofition does not feem to have been
fufficiently grounded on Experience. For,
fince Sir Ifaac wrote, Dr. Woodward, an
ingenious Phyfician, made feveral Ex-
periments on Water and Vegetables grow-
ing from it. He fhews that all Water
contzins an earthy Matter, and con-
cludes : ¢ Itis evident, that“Water 1s not
¢ the Matter that compofes vegetable Bo-
¢ dies; butis the Agent that conveys that
¢ Matter to them, that introduces and
¢ diftributes it to the feveral Parts for
¢ their Nourifhment. Where the proper

¢ terrefinal

* Nam Vegetabilia omnia ex Liquoribus on-
nino crefcunt, dein magna ex parte in Terram
aridam per Putrefattionem abeunt, & Limus ex
Liquoribus putrefa&is perpetuo decidit. Hinc
moles Terre aride indies augetur, & Liquores,
nifi aliunde augmentum f{umerent, perpetuo de-
creflcere deberent, ac tandem deficere,

Principia, Pag. 515, Edit, 2da.
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¢ terreflrial Matter is wanting, the Plant
“is not augmented, tho’ never {o much
¢ Water alcends into it.t This is alfo
the Opinion of Dr. Boerhaave, and he
affirms from his own Experience, that
pure elementary Water cannnot, by re-
peated Diflillations, or otherwile, be con-
verted into Earth.] So that there {eems
to be no Neceffity for fuppofling a gra-
dual Decay of Moifture in any of the
Planets.  Befides, 1f the Comets were
intended to fupply the Planets with
Moifture, none of them could ferve for
this Purpofe more than once, but muft
afterwards become ufelefs, tho’ they re-
turn regularly in their Orbits, which
15 not agreeable to. the (Economy of
Nature. For when the Heat of the
Sun had driven all the Moifture it
could from a Comet in its Perthelion, where
fhould it afterwards get a frefh Supply ?
We can f{carce fuppofe the Planets to

lofe

+ Philof. Tranfaflions, No. 253.
1 Elements of Chymiflry, Part 2d.
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lIofe any Moifture by Evaporation, as
no Vapours can rife above their Atmof-
pheres., Or even if any very thin Va-
pours, Steams or Effluvia of a moilt Na-
ture fhould arife from them, they could
not have Heat and Elafticity enough
to expand themfelves very far. But
the elefiric Matter, from its vaft fubtil-
ty and velocity, feems capable of mak-
imng great Excurflions from the planetary
Syftemn, and therefore the feveral Co-
mets in their long Excurfions from the
Sun, in all Dire&ions, may overtake
this Matter ; and ateralting it to them-
felves may come back replete with it,
and being again heated by the Sun,
may difperfe it among the Planets, and
fo keep up a Circulation of this Matter,
which we have Reafon to think is ne-
ceflary in our Syftem,

Sir Ifaac, after giving his Opinion
that the aqueous Particles thrown off

from Comets are taken up by the Pla-
fets
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nets as a fupply of Moifture adds: ¢I
¢ fufpe€t moreover, That that Spirit which
“is the leaft, but the moft fubtile and
‘ the beft Part of our Air, and is ne-
‘ ceflfary for fupporting the Life of all
“ Things, comes chiefly from the Co-
‘ mets’], which fthews that he thought
the Tails of Comets might confift of
fomething more than watery Clouds
and Vapours. What he meant by thefe
Words I cannot fay, but I think they
are extremely applicable to that kind of
Matter which I have fuppofed comes
to us from the Comets; and with which
our Air generally abounds.

1 fhall now recapitulate, in a few
Words, the Subftance of what has been
faid. As the Tail of a Comet, tho ex-
ceedingly rare, yet.meets with no Re-

fiftance

+ Porro fufpicor Spiritum illum qui Aeris
noftri pars minima eft, fed fubtlifima & op-
tima, & ad rerum omnium vitam requiritur ex
Cometis prazcipue venire.

Principia, Pag. 515,
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fitance in its rapid Motion round the
Sun, (except {o {light a one as can only
caufe a very {mall Condenfation on that
Side of 1t which moves foremoft, and
thereby may make it a little brighter
than the other Side) it cannot poflibly
move in a Medium denfer and heavier
than itfelf, and therefore cannot be raif-
ed up from the Sun by the fuperior
Gravity of fuch a Mediwm. And fince
the Tail is not capable of refletting or
refraCting the Light of the Stars, it
cannot fhine by refletting the Sun’s
Light; and confequently does not con-
fift of Clouds or aqueous Vapours, but
is itfelf a fhining Subftance, the na-
ture of which it is the bufinels of Phi-
lofophers to dilcover.. And from what
Aftronomers fay of the Splendor of
Comet’s Tails, I am perfuaded they do
not fhine with fuch a-dull Light, as
would be refleCted to us by the Clouds
or Vapours at {o great a Diftance, but
with a brifker, tho' a glimmering Light,
fuch as would arife from a very thin

volatile
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volatile burning Matter. And here I
muft not omit an Obfervation of Dr.
Halley's, which feems very much to my
Purpofe.  In his Defcription of the
remarkable Aurora Borealis feen in Eng-
land in the Year 1716, (which I men-
tioned before) {peaking of the great
Streams of Light, he fays: They fo
much refembled the long Tails f.f Comets,
that at firft Sight they might well be la-
ken for fuch.  And afterwards, Tlus
Light feems to have a great Affinity to that
whick the Efftwvia of deflric Bodies emit
i the Dark.t- From whence we find
that this accurate ‘Obferver perceived a
Refemblance between thole Subftances
that 1 have been comparing together.
Now 1 have fhewn that they agree re-
markably, not eonly in their Appear-
ance, but allo in fuch Properties as we
can obferve in each of them, and there-
fore 1 have {uppofed them to be Sub-
flances of the fame Nature. I have

alfo

+ Phlof. Tranfallions, No. 347.
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allo endeavoured to fhew that the elec-
tric Matter, from its known Properties,
15 capable of exhibiting to us all the
Phaznomena of Comet’s Tails, and that
we may from thence aflign the Ufe of
Comets with more Probability than has
hitherto been done,

I have been lefs fcrupulous of pro-
pofing fuch Conjeftures as occurred to
me concerning the Subftance that forms
the Tail of a Comet, as I confidered that
though they fthould hereafter appear
groundlefs, as very poflibly they may, yet
others by examining them, and compar-
ing them with future Experiments and
Obfervations, may probably be led to
the Difcovery of fomething on this Sub-
ject that will be more fatisfattory. And I
think every Hypothefis relating to the
Effe&ts of the eletric Matter, if at all
plaufible, may have its Ufe, by inducing
us to make further Enquiries into the
Nature and Properties of that Kind of
Matter, from a Knowledge of which I

{ufpett
N












