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A

DISCOURSE

Concernimg G R AV 1T Y, and g5 Properties,
whercin the Defcent of Heavy Bodies, and the Motion
of ProjeCtsis briefly, but fully handled : Together with
the Solution of @ Problem of great ‘Ufe in GUN-
NERY. ByE. HALLEY.

ATURE amidft the great variety of Problems where-
1 N with She exercifes the Wits of Philofophical men,
{carce affords any one wherein the Effett is more vifible, and
the Caufe more concealed than in thofe of the Phenomena of
Gravity. Before we can go alone, we muft learn to defend
our {elves from the violence of its Impulfe, by not trufting
the Center of Gravity of our Bodies beyond our reach ; and
vet the Acuteft Philofophers, and the fubtileft Enquirers into
the Original of this Motion, have been {o far from fatisfying
their Readers, that they themfelves {feem little to have un-
derftood the Confequences of their own Hypothefes.

Des Cartes his Notion, I muft needs confefs to be to me
Incomprehenfible, while he will have the Particles of bis
Celestial master , by being refleCted on the Surface of the
Eurth, and {0 afcending therefrom, to drive down into their
places thofe Terrestrial Bodies they find above them: This is
as near as I can gather the {cope of the 20, 21, 22, and 23
Sections of the laft Book of his Principia Philofophie 5 yet nei-
ther he, nor any of his Followers can {hew how a Body {uf-
pended iz libero athere , {hall bAe carried downwards by a
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continual Impulfe tending upwards, and alting upon all
its parts equally : And befides the obﬁ:uri}:y wherewith he
exprefles himfelf particularly,Secz.23. does {ufficiently argue
according to his own Rules, the confufed Ides he had of the
thing he wrote.

Others, and among them Dr. Voffius afferts the Caufe of
the Defcent of heavy Bodies to be the Dinrnal rotation of the
Earthupon its Axis, without confidering, that according to
the Do&rine of Motion fortified with Demonftration, all
Bodies moved iz Cirewlo, would recede from the Center of
their Motion ; whereby the contrary to Gravizy would fol-
low, and all loofe Bodies would be caft into the Air in a
Tangent to the Parallel of Latitade, without the intervention
of fome other Principle to keep them faft, fuch asis that of
Gravity. Befides the effect of this Principle is throughout
the whole Surface of the Glob found nearly equal, and cer-
tain Experiment feems toargue it rather Iefg near the Equ:-
noctialy than towards the Poles, which could not be by any
means, if the Diurnal rotation of the Earth upon its Axi
were the caufe of Gravizy, for where the Motion was {wift-
eft, the Effe@ would be moft confiderable.

Others aflign the Preffure of the Atmofphere , to be the
Caute of this Tendency towards the Center of the Earth ; but
unhappily they have miftaken the Caufe for the Efect, it
being from undoubted Principles plain, that the drmofphere
has no other Preffure but what it derives from its Gravity,and
that the Weight of the upper parts of the dir, prefling on
the lower parts thereof, do fo far bend the Springs of that
Elaftick Body, asto give it a force equal to the Weight that
Comprefled it, having of it feif no force atall: And f{uppeo-
fing it had, it will be very hard to explain the Modus, how
that Preffure fhould occafion the Defeent of a Body circum-
feribed by it, and prefled equally above and below, withonut
fome other force to draw, or thruft it downwards. But to
demonftrate the contrary of this Opinion, an Experiment was

long fince fhewn before the Ropal Society, whereby it ap-
peared
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peared that the demefphere was {0 far from being the
Caufe of Gravity, thatthe Effelts thereof were much more
Vigorous where the preffure of the Atmofphere vras taken off;
for a long Glafs-Recesver having a light Down-feather inclu-
ded, being evacnated of Air, the Feather which in the Air
would hardly fink, did ## vacso defcend with nearly the
{fame Velocsty as if it had been a Stone.

Some think to Illuitrate this Defiens of Heavy Bodies , by
comparing it with the Vertue of the Loadsfone ; but fetting
afide the difference there isin the manner of their Attradti-
ons, the Loadstone drawing only iz and abosr 115 Poles, and
the Earth near equally in all parts of its Sprface, this Com-
parifon avails no more than to explain ignorum per eque
Lgnotum.

Others aflign a certain Sympatheticsl attraiFion between the
Earthand its Parts, whereby they have, as it were, a defire
to be united, to be the Caufe we enquire after : But this is
{o far from explaining the Modus, that it is little more, than
to tell us in other terms, that heavy bodies defcend, becaufe
they defcerd.

This Ifay, not that I can pretend to fubflitute any Sply-
tion of this Important Philofophical Problem, that fhall more
happily explicate the dppearances of Gravity, only it may be
ferviceable to thofe with whom the Credit of great Auzhors
fwvays much, and who too-readily aflent 7 verba magiftrs,
to let them {ee that their Books are not always infaliible :
Befides the detettion of Errors is the ficft and {ureil ftep to-
wards the difcovery of Truth.

Tho’ the Efficient Caufe of Gravity be {o obfcure, yet the
final Caufe thereof is clear enough; for it is by this fingie
Principle that the Earth and all the Celeftial Bodies are kept
from diffolution : the leaft of their Particles not being {uffered
to recede far from their Sw+faces, without being immediately
brought down again by vertue of this Narural rendency,
which for thair Prefervation, the Infinite Wifdom of their
Creator has Oicained to be towards each of their Ceszers;
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nor can the Globes of the Sun and Planets otherwife be de-
ftroyed, but by taking from them this power of keeping
their parts united.

The Affe&tions or Properties of Gravity, and its manner
of a&ing upon Bodies faliing, have been in a great meafure
difcovered, and nioft of them made out by Mathematical de-
wmionftration in this our Century, by the accurate diligence of
Galileus, Torricellins, Hugenins, and others, and now lately
by our worthy Country-man Mr. Jfaac Newton, ( who has
an incomparable Treatife of Motion almoft ready for the
Prefs) which Properties it may be very material here to
enumerate, that they may ferve for a Foundation to all thofe
that fhall be willing to {pend their Thoughts in fearch of
the true Caule of this defcens of Bodies.

The firft Property is, That by this principle of Gravita-
tion, all Bodies do defcend towards a Point, which either
is, or elfe is very near to the Center of Magnitude of the
Earth and Sea, about which the Sez forms it felf exaltly into
a Spherical [urface, and the Prominences of the Land, confi-
dering the Bulk of the whole, differ but infenfibly there-
from.

Secondly, That this Point or Center of Gravitation, is fixt
within the Earth, or at leaft has been {0, ever fince we have
any Authentick Hiftory : For a Confequence of its Change,
tho’ never {0 little, would be the over-flowing of the low
Lands on that fide of the G/ofe towards which it approached,
and the leaving new Iflands bare on the oppofite fide, from
which it receded ; vt for this Two thoufand years it ap-
pears, that the low Iilands of the Mediterrancan Sea ( near
to which the ancientelt Writers lived ) have continued much
at the {ame height above the Water, as they now are found ;
and no Imundations or Rece[fes of the Ses arguing any fuch
Change, are Recorded in Hiftory ; excepting the Univer[al
Delyge, wnich can no better way be accounted for, than by
fuppofing this Center of Gravitarion removed for a time, to-
wards the middle of the then inhabited parts of the World ;

and



[7]

and a change of its place, but the two theufandth part of the
Ruadins of this Globe, were fuflicient to bury the Tops of the
higheft Hills under water.

Thirdly, That in all parts of the Swrface of the Earth, or
rather in all Points equidiftant from its Center, the force of
Gravity is nearly equal; o that the length of the Pendulum
vibrating feconds of tinse, is found mnall parts of the World to
be very near the fame. *Tis true at S. Helewa in the Latitude
of 16 Degrees South, 1found that the Pendul/sm of my Clack
which vibrated feconds, needed to be made thorter than it
had been in Exglandby a very {enfible fpace, ( but which at
that time I negletted to obferve accurately ) before it would
keep time'; and fince the like Obfervations has been made
by the French Obfervers near the Equinoctial : Yet Idare not
affirm that in mine it proceeded from any other Caule, than
the great height of my place of Obfervation above the Sur-
face of the Ses, whereby the Graviry being diminifhed , the
length of the Pendulum vibrating feconds, is proportionably
{hortned.

Fourthly, That Gravity does equally affe& all Bodies, with-
out regard either to their master, bulk, or fignre ; {0 that the
Impediment of the Medium being remeved, the moft com-
pact and moft loofe, the greateft and fmaleft Bodies would
defcend the fame fpaces in equal times; the truth whereof
will appear from the Experiment 1 beford cited. In thefe
two laft particulars, is fhewn the great difference between
Gravity and Magnetifm, the oneaffelting oaly Iroz, and that
towardsits Poles, the other all Bodzesalike in every part. As
a Corollary 5 from henceit will follow, that there 1s no fuch
thing as pofitive levity , thofe things that appear light, being
only comparatively {o ; and whereas {everal things rife and
{wim in fluids, ’tis becaufe bulk for bulk, they are not {o
heavy as thofe fluids ; mor is there any reafon why Cork, for
inftance, fhould be faid tobe light becaufe it fwims on Wa-
ter, any more than Irox becaufe it fwims on Mercury.

Fifthly, That this power encreafes as you defcend, aéld
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dzcreafes as you afcend from the Center, and that in the pro-
portion of the Squares of the diffances therefrom reciprocally, fo
as at a double diftance to have buta quarter of the force ; this
property is the principle on which Mr. Newtor has made out
all the Phenom:na of the Caleftial Motions, {0 eafily and natu-
rally that its truthis paft difpute. Befides that, ‘it is highly
rational, that the assractive or gravitating power fhould ex-
ert it felf more vigiroufly in a fmall Sphere, and weaker in a
greater, in proportion as it is contracted or expanded, and if
fo, feeing that the furfaces of Spheres ate as the Syuares of their
Radit, this power at feveral diftances will be as the Sguares
of thofe diffances Reciprocally, and then its whole action upon
each Sphesical Surface, be it great or {fmall will be alwaics e-
qual. And thisis evidently the rule of Gravitation towards the
Centersof the Sunm, Jupiter, Saturn and the Earth, and thence
is reafonably inferred, to be the general principle obfzrved by
Natnre, inall thereft ofthe Celeftial Bodies.

Thefe arc the principal affe@ions of Gravity, from which
the rules of the fall of Bodies, and the motion of Projects are
Mathamaticolly deducible. Mr. Jfaac Newton has Thewed how
to define the fpaces of the defcent of a Body, let fall from any
given highth, down to the Center. Suppoling the Gravitation
to increafe, as in the fifth Property ; but confidering the
{malnefs of hight, to which any Project can be made afcend,
and over how little an 4rch of the Globe it can be caft by any
of our Engines, we may well enough fiippofe the Gravity e-
qual throughout, and the defcents of Projes#s in parralel
lines, which in truth are towards the Censer, the difference
being fo fmall as by no means to be difcovered in Praitice.
‘The Oppofition of the Air, tis true, is confiderable againft all
light bodies moving through it, aslikewife againft {fmall ones
(of which more hereafter) but in great and ponderous Shot,
this Impediment is found by Experience but very {mall, and
may fatelv be negletted.

Pro-
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Propofitions concerning the Defcent of beawy Bodies,
and the Motion of Projes.

Prop. 1. The Velocities of falling Bodies, are proportionate
to the times from the beginning of their falls.

This follows, for that the action of G avity being continnal,
in every {pace of time, the falling Body receives a new im-
pulfé, equal to what it had before, in the fame {pace of time,
received from the fame power: For inftance, in the firft {e-
cond of'time, the falling Body has acquired a Pelocizy, which
in that time would carry it to a certain diftance, fuppofe 32
foot, and were there no new force, would defcend at that
rate with an equable Motion ; but in the next fecond of time,
the {ame power of Gravity continually atting thereon, fu-
peradds a new Pelofity equal to the former ; fo that at the end
of two feconds, the PVelecity is double to what it was at the
end of the firft, and after the fame manner may it be proved
to be triple, at the end of the third {econd, and fo on. Where-
fore the Velccities of falling Bodies, are proportionate to the
times of their falls, Q. E. D.

Prop. II.  'The Spaces defcribed by the fa// ofa Body, are
as the Squaresof the times, from the beginning of the Fall.

Demonftration. Let A B (Fig.1. Tab.1.) reprefent the time
of the fall of a Body, B C perpendicularto A B the Velofiry ac-
quired at the end of the fa/, and draw theline A C, then di-
vide the line A B reprefenting the time into as many equal
parts as you pleafe, asb,b,b,b, &c. and thréugh thele
points draw the lines be, be, be, be, &c. parallel to BC, ’tis
manifeft that the feveral lines, be,reprefent the feveral Veleci-
ties of the falling Body, in fuch parts ofthe time as A b is of
A B, by the former propofition. It is evident likewife that
the Area A B Cis the fum of all the lines be being taken, ac-

cording to the method of Indivifibles, infinitely many ; o thlat
the
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the Area ABC reprefents the fum of all the Peloesties between
none and B C fuppofed infinitely many; which {um is the
{pace defended in the time reprefented by A B. And by the
fame reafon the Areas A b ¢, will reprefent the fpaces defcend-
ed in thetimes A b; {0 then the {paces defcended in the times
AB, Ab, are as the dreas of the Triangles A B C, A b ¢, which
by the zo th of the 6 of Enclid are as thengtmres of their Hp:
mologous fides A B, A b, thatis tofay, of the Times: where-
fore the defcents of falling Bedies, are as the Sguares of the times
of their fall, Q. E. D.

Prop. IIL. 'The Velocity which a falling Body acquires in a-
ny {pace of time, is double o that, wherewith it would
have moved the fpace,defcended by an equable motion, in the
{ame time.

Demonftration, Draw the line E C parallelto A Band A E
parallel to B C in the fame fig. 1. and compleat the Parallels-
gram A B C L, itis evident that the dres thereof may repre-
fent the fpace, a Body moved equably with the Pelocity B C,
would defcribe in the time A B, and the Triangle A B C repre-
{ents the /pace defcribed by the fal/ of a Body, in the fame time
A B, by the fecond propofition. Now the Triangle A B C is
half of the Parallelogram A B C E, and confequently the fpace
defcribed by the fa//, is half what would have been defcribed
by an equable Motion with the Velocity B C,in the fame time ;
wherefore the Velocizy B C at the end of the fa//, is double to
that Veloeity, whichin the time A B, would have defcribed
the /pace fallen, reprelented by the Triangle A B C, with an
equable Motion, Q. E. D.

Prop. IV. All Bodjes on or near the furface of the Earth, in
their fa//, delcend fo, as at the end of the firft {zcond of time,
they have defcribed 16 feet one inch London M:afure, and ac-
quire d the Felocizy of 2fect two inches in a fecond.

This ismade out from the 25th propofition of the fecond
part o f that Excellent Treatice of Mr. Hugenins de Horologio
Ufcillziorso 5 wherein hedemonftrates the time of the leaft
Vitrations of & Péndulum,to be to the time of the falof a Body,

from
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from the height of half the length of the Pendulum, as the
Circumference of a Circle to its Diameter ; whence as a Corol-
lary it follows, that as the Sguare of the Diameter to the
Sguare of the Circumference, {0 half the length of the Pes-
dwlym vibrating feconds, to the fpace defcribed by the full of a
body 1n a/[emm’ of zime : and the length of the Pesdulum vi-
brating fezonds, being found 39,125,0r 4 Inches, the defeens in
a fecond will be found by the aforefa'd Aralogy 16 Foot and one
Inch, and by the third Propoficion , the Pelocity will be
double thereto ; and near to this it hath been found by fe-
verzal Experiments, which by reafon of the fwiftnzff of the faull,
cannot {0 exaltly determine its guwamtity. The Demonftra-
tion of Hugenins being the Conclufion of a long train of Cox-
[equences. 1 thall for brevity fake omit ; and refer you to his
Book, where thefe things are more amply treated of.

From thefe four Propofitions, all Queftions concerning the
Perpendicular fall of bodzes, are eafily folved, and either Time,
Height, or Velecity being afligned, one may readily find the
other two. From them likewife is the Doltrine of Projects
deducible, afluming the two following Axioms ; viz. That a
body {et a moving, will move on continually in a right /Jine
with an equable motion,unlefs fome other force or impediment
intervene, whereby it is accelerated , or retarded, or de-
fleCted. '

Secondly, That a Body being agitated by two muotjons at a
time, does by their composnded forces pafs through the {fame
points, as 1t would do, were the two motions divided and aét-
ed fucceffrvely.  As for inftance, Suppofe a body moved in the
Line GF, ( Fig.2.T45.1.) from G to R, and there {topping,
by another smpuife fuppofe it moved in a pace of time equal to
the former, from R towards K, to V. 1 fay, the o4y fhall
pafs through the point V, tho’ thefe two feveral forces, atted
both in the fame time.

Prop. V. The Mstion of all Projeéts is in the Curve of a Pa-
rabola: Let the /ine GRF (in fig.2.) be the line in which the
Projett isdireCted, and in which by the firft 4xiom it would

B move
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move equal /paces in equal #imes, were it not defletted down-
wards by the force of Gravity. Let G B be the Horizonta!
line, and G C a Perpendicnlar thereto. Then the line GR F
being divided intoequal parts, anfwering to equal faces of
time, let the defcents of the Project be laid down in lizes pa-
rallel to GC, proportioned as the fguares of the lines GS, GR,
GL, GF, or as the fguares of the zimes, from Sto T, from R to
V, from Lto X, and frem F toB, and draw the /izes TH,
VD, XY, BC parallel to GF; 1fay the Points T,V, X,B, are
Points in the Crrve deferibed by the Project, and that that
Curve isa Parabola. By the {econd Axiom they are Points in
the Curve 5 and the partsof thedefeenr GH, GD, GY, GC,=
to ST, RV, LX, FB, being as the [guares of the times (vy the
fecond Prop.) that is, asthe [quares of the Ordinates, HT, DU,
YX, BC, equal to GS, GR, GL, GF, the fpaces meafured in
thofe times ; and there being no other Curve but the Parabola,
whofe parts of the Diameter are as the fquares of the Ordi-
nates, it follows that the Curve delcribed by a Projedt, can
be no other than a Paralola: And faying, as RU the defcens
in any time, to GR or UD the direi motion in the fame time,
fois UD, to a third proportional; that #hird will be the
fine called by all Writers of Conicks, the Parameter of the Pa-
vatolato the Diameter GC, which 1s alwaies the famein Pro-
jects caft with the fame Velocity: And the Veloeity being de-
fined by the number of feer moved in a fecond of time, the
Paramseter will be found by dividing the [guare of the Velocisy,
by 16 feer 1 iuch, the fall ofa body in the lame téme.

Lemma.

'The Sine of the double of any rch, is equal to twice the
Sine ot that drch into its C o-fine, divided'by Radizs ; and the
Verfedfine ctthe desble of any Areh is equal to the [quare of
the Sime thereof divided by Radims.

Let the 4rch BC (in fiz.3.) be double the Arech BF, and A

the Center ; draw the Radii AB, AF, AC, and the Chord
| BDC,
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BDC, and let fall BE perpendicular to AC, and the Auglc
EBC, will beequal to the Augle ABD, and the Triangle BCE,
will be like to the Triangle 3DA ; wherefore it will be as
ABto AD, {0 BC or twice 8D ;to BE, that is as Radims to
Co-fine, [0 twice Sine, t0 Sine of the double Arch. And as AB
to BD, {o twice BD or 80, to EC, that is as Radizs to Sine,
1o twice that Siwe to tiie Verfed-fine of the dovble Areh; whick
two Analogies refolved inco Eguations, are the Propofitions
contained in the Lemana to be proved.

Prop. V1. The Horizonial diftances of Projections made
with the {ame Velo:ity, ac itveral Elevations of the Line of
direction, are as the Sizes of the doubled Angles of Elevation.

Let GB (fig.2.) the Horizontal diftance be—=z, the fire
of the Angle of Elevation, EGB, be =3, its Co-fire =¢, Ra-
dins =r, and the Parameter =p. It will beas ¢ tos; {0 = to

$2=FB=GC, and by reafon of the Parabols LSS

=ro the
c
fquare of CB, or GF,. Now as¢ to 7, {0is = to =z » = GF, and
4

> ZZrr . k-4 . .
its fquare -—€———-w1ﬂ be therefore::toBi:~ : which Eguationre-
c

. S 2 sC .
duced, will be P;;i =z. But by the former Lewma ——is

equal to the Sine of the double Angle, whereof s is the Size
wherefore *twil be as Radius to Sine of double the Angle FGB,
{0 is half the Parameter, to the Horizontal rang or distance
fought ; and at the {everal Elevations, the rangesare as the
fines of the double Angles of Elevation Q.E.D.

Corollary.

Hence it follows, that half the Parameter is the greateft
Randon, and that that happens at the Elevation of 45 de-
arees, the fine of whofe deuble is Radius, Likewife that

the Ranges equally diftant aboveand below 45 are equal; =
B2 are
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are the fines of all doubled drches, to the fines of their doubled
Compiements. )
Prop. VII. The Altitudes of Projections made with the
{ame Velocity, at {everal Elevations, are as the wverfed fines of

the doubled Argles of Elevation: As ¢ is to s {0 is Z;J;E
=GB to Zri:—:BF, and UK=RU= BF, the Altitude of the

4
Projeition :f-fr——:N ow by the foregoing Lemma ?—r“zw the

verfed fine of the double Angle, and therefore it will be as Ra-
dins, toverfed fine of double the Angle FGB, {oan 825 of Para-
mete:s to the Leight of the Projection VK; and o thefe heights
at feveral Elevations are as the faid verfed fines, Q. E. D.

Corollary.

From hence it is plain,that the greateft Alritude of the per-
pendicular Projetion is a 4th of Parameter,or half the greateft
Horizontal Rang 5 the verfed fine of 180 degrees being = 2 r.

Prop. VIIL 'The Lines GF, or times of the flight of a Pro-
ject caft with the fame degree of welocity at different Eleva-
tions, areas the fizes of the Elevations.

Ascistor 210 is Z;";C;_—: GB by the 6 Prop. to IZ—S:GF,
that is as Radjuws to fine of Elevation, {o the Parameter to the
iine GF ; 10 the lines GF areas the fives of Elev-tion, and the
Times are propoitional to thole Lizes; wherefore the
Times ave as the Sizes of Elevation: Ergo conftat propofitio.”

Prop. IX. Problem. A Projection being made as you pleafe,
having the Diftance and Altitude , or DelCent of an Ubjeit,
through which the Project pafles, together with the Angle
of Elevation of the line of Direction;to find the Parameter and
Velocity , that 1s (in Fig. 2. ) having the Angle FGB, GM,
and MX.

Solution. As Radins toSecant of PGB, fo GM the diffance

given
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iven,to GL; and as Radins to Tangent of FGB, fo GM to
iM. Then LM—MX in heights, or+MX in defeents ; or
elfe MX—ML, if the direction be below the H.rizontal-line,
is the fa/ in the zime that the dire& smpulfe given in G would
have carried the Project from G to L=LX=GY ; then by
reafon of the Parabola ; asLX or GY, isto GL or YX, :: fo
is GL. to the Paramerer fought. To find the Pelocity of the
Lmpudfe, by Prop.2. & 4, find the time in [econds that 2 fody
would fall the fpace LX, and by that dividing the /ize GL,
the Quore will be the Velocity, or fpace moved in a fecond
{fought, which is alwaies a mean proportional between the Pa-
rameter and 16 feet 1 inch.

Prop. X. Problem 2. Having the Parameter, Horizontal di-
ftance, and height or defcent ofan O%jec?, to find the Eleva-
tions of the line of direction neceflary to hit the given O%ject ;
that is, having GM, MX, and the greateft Rawdoz equal to
half the Parameter ;to find the Angles FGB.

Let the Tungent of the Angle fought be =¢, the Horizontal
diftance GM=, the Altitude of the O’ject MX=h, the Pa-
rameter=p, and Radins=r, and it will be,

th t b, inafcents _
Asrtor,fobto TZML and 7—|— / in deﬁ:elnts:LX’a"d

P _t_é_ T ph=GL quad. =XY quad. ratione Parabole ; but

r

b b:f.fi—éb =GL quad. 47. 1. Euclid. Wherefore

P,é.b 32 k:éb__'g_-t—%—é which Equation tranfpofed, is

P00 RIPTp heb, divided by bb is

g—:%i—:%”é — 1. this Equation fhews the Queftion ¢

4 —
have two Anfwers, and the Roots thereof are ~ =

Y
LA :;2 25+ from which I derive the following Rule.



[ 16 ]
Divide half the Parameter by the Horizontal diftance, and
keep the Quote ; viz. —2% then fay, as fquare of the diftance

given to the half Parameter , o half Parameter T double

g:;ggft to the fquareof a Secant = Lz —5;__4? b =
PPEAh

the Tungent anfwering to that Secant, willbe v 405

or 7#: {o then the {um and difference of the afore-found
Quote, and this Tangent will be the Roots of the Eguation,
and the Tangents of the Elevations {ought.

Note here, that in Defcents, if the Tangent exceed the
Quote, as it does when ph is more than bb, the direction of the
lower Elevation will be below the Horizon, and if ph==bs, it
muft be direGted Horizontal, and the Tangent of the upper

Elevation will beﬁb—r:Note likewife,that if 46645 in afcents,

or 4 bb—4 ph in defeents, be equal to pp, there is but one Eleva-
tion that can hit the Objei?, and its Tangent is P«z% and if
4bbt-4ph in afcents,or 4bb—4 ph in defcents,do exceed gp,the O5-
ject is without the reachof a Project cait with that Velvcity,
and {0 the thing impoflible.

From this Equation 4t = 4 ph—pp are determined the ut-
moft limits of the reach of any Projec?, and the Figure aflign-
ed, wherein are all the beights upon each Horizontal diffance
beyond which it cannot pafs ; tor by reduttion of that E-

guation, b will be found =% p— — inkeights, and — —ipin

defcents 5 from whence it follows, thatall the Points/ are in
the Curve of the Parabola, whofe Focws is the Point from
whence the Project is caft, and whole Latus rectum, or Para
meter ad Axem 1s=p. Likewile from the fame Egration may

the lealt Parameter or Velocity be found capable to reach the
Object
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Object  propofed ; for M:f ipp -F ph being reduced 1 p

. —— _ , in alcents
will be=v/4s + b jb in deﬁ:ents,
rang at 45 degrees, that would juft reach the Objec?, and the
Elevation requifite will be eafily had ; for dividing the fo
found Semi-parameter by the Horizontal diffance given &, the
Quote into Radizs will be the Tangens of the Elevation fought.
‘This Rule may be of good ule to all Bowbardiersand Guuicers,
notonly that they may ufe no more Powder than is necefla-
1y, to caft their Bow)s into the place affigned, but that they
may fhoot with much more certainty, for that a [mall Error
committed in the Elevation of the Piece, will produce no fen-
{ible difference in the fall of the Shot : For which Reafons the
French Enginecrs in their Jate Sieges have ufed Morter-pieces
inclined conftantly to the Elevation of 45,proportioning their
Charge of Powder according to the diftanceof the O4jeé? they
intend to {trike on the Horizon.

And this is all that need to be faid concerning this Pro-
blem, of Shooting upon hights and defcents.  But if a Geome-
#rical conftru&ion thercof be required ; I think I have one,
that is as eafy as any can be expected, which Ideduce from

L+ Vipptph=bl,
26 b
and tis this. Having made the right 4s¢/ LD A, Tsb.1.
fig. 4. make DA, DF= p, or greateft Rang, DG =4
the Horizontal dittance, and DB D C=j, the Perpendicu-
lar bngt of the Oéjeo’f; and draw G B, and make DE=
thereto. 'Thenwith the Radius A Cand center B {weep an
Arch, whichif the thing Be poffible, will Interfet the line
A D in H; and the line D H being laid both waies from F
will give the points K and L, to which draw the lines GL,
G K; Ifay the dugles LGD, KGD are the Elevations re-
quired for hitting the Object B. But note that if B be below the
Horizon, its defeext D C=D B muft be laid from A, {oas to
have AC=1t0AD +D C. Noze likewife, that if in de/~
cents DH be greater than F D, and fo K fall below D the
Angle

which is the Horizontal

, . Lot
the forgoing dwalytical Solution, viz. -
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Angle KGD fhall be the depreffion below the Horizon : Now
this Conftrution {o naturally follows from the Equation, that
I fhall need fay no more about it.

Prop. XI. To determine the force or Pelocity of a Projeit,
in every point of the Curve it defcribes. .

Todo this we need no other precognita, but only the third
Propofition, Viz. that the Velocsty of falling Bodies, is double
to that which in the fame time, would have defcribed the
{pace fallen by an equable motion : Forthe Pelocity ofa Pro-
jet, 1s compounded of the conftant equal Pelocity of the im-
prefled motion, and the Velocity of the fall, under a given A~
gle, viz. the complement of the Elevation : For inltance, in
Fig. 2, in the time wherein a proje& would move from G to
L, it defcends from L to X, and by the third Propofition has
acquired a Veloeity, which in that time would have carried it
by an equable motion from L to Z or twice the defcent L X;
and drawing the line G Z, I fay the Pelocity in the point X,
compounded of the Pelocities G L and L Z under the Angle
G L Z, 1sto the Velocity impreft in the point G, as G Zis to
G L; this follows from our fecond Axiome ; and by the 20
and 21.Prop. lih.1, comic. Midorgsi, XO parallel and equal to G
Z {hall touch the Parafola in the point X. So that the Velocs-
ties in the feveral points, are as the lengths of the Tangenss to
the Parabola in thofe points, intercepted between any two
Diameters: And thefe again are as the Secants of the Angles,
which thofe Tangents continued make with the Hirizoutal
line GB. From what is here laid down, may the compa-
rative force of a fhort in any two points of the Curve, be ¢i-
ther Geometricaly or Arithmetically difcovered.

Corollary.

From hence it follows, that the force of a Shot is alwaies
leaft at U, or the Versex of the Parasols, and thatat equal
diftances therefrom, as at T and X, G and B its force is al-

waies equal, and that the leaft force in Uis to thatin G and
B, as
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B, as Radius to the Secant of the angle of Elevation B G B,

Thefe Propcfiions confidered, there is no quettion relating
to Projeits, which by the help of them may not eafily be
Solved ; and tho’ it oe true that moit of them are to be met
withaly in Galidens, Torricellius and others,who have raken
them from thof¢ Autuors, yet their Books being Foireign,
and not eafy tocome by, aud tiew D.monftrations long and
difficult, Itaought it notamifSto give the whole Doitrine
here in Laglifh, wit't fuch thore Aualytseal Proot of my own,
as might be fufficizac fo cvince their Truth,

Thae Tenth Propofi-ion containes a2 Protlem, untouch’t by
Torricellus, which is of the greateft ufe in Guanery, and for
the fake of which this Difeourfe was principally intended ; It
was firft Solved by Mr. drderfoz, in his Book of the Genuine
ufe and effells of the Guzn, Printed in the Year 167 4 ; but
his Solution requi:ed {o much: Calculation, that it pat me
upon fearch, wheiler it might not be done moreeafily, and
thereupon in the Year 1678 I found out the rule I now pub-
lith, and from it the Ceometrical Conftrution : Since whicl
time there has a large Treatife of this Subje&t Entituled, L’+r#
de jetter les Bombes, been Puolithed in France by Monfienr Blor-
del, wherein he gives the Solutions of this Problem by Meffre-
srs Bouty Romer and de la Hire ; But none of them being the
fame with mine, or in my Opinion more eafy, and moft of
them more Operofe, and belides mine finding the Tangent,
whicht generally determines the Angle better than its Sive, T
thought my felf obliged to Print it for the ufc of all fuch, as
defire to be informed in the Mathematical part, of the Art of
Gunnery.

Now thefe rules were rigidly true, were it not, asT faid
before, for the Oppofition of the Medium, whereby not only
the dire& imprett Motion is continually retarded, by like-
wife the increafc of the Pelocity of the fall, {o that the {paces
defcribed thereby, are not exaltly as the fquares of the times :
But what this Oppofition of the Air is, againit feveral Felo-
citics, Bulksy and Wejguts, is not foealy to determine.  Tis

certein
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certain that the weight of 4ir, to that of Water, is nearly as 1
to 800, whence the weight thereof, to that of any Project is
given; tis very likely, that to the fame Velosity, and Mag-
nitwde, but of different matter, the Oppofition {hould be rec:-
recally as the weizghes of the fhott ; as likewife that ro fhote
of the fame Uelosity and matter, but of different Sizes, it
thould be as the Diameters reciprecally : wheace generally the
Oppofition to fhott with the fame Velozizy, but of differing Dj-
ameters, and Materials, Thould be as their Specifick Gravities
w10 their Diameters reciprocally ; but whether the Oppofirion,
to differing Velocities of the {ame fhott, be as the Squares of
chofe Uelosities, or asthe TUelocities themielves, or otherwife,
is yet a harder Queftion. However it be, tis certain, that
inlarge Shott of Merz4, whofe weight many Thoufand times
Surpaffes that of the 477, and whofe force is very great, in
proportion to the Surface wherewith they prefs thereon; this
Uppofition is {carce difcernable : For by feveral Experiments
made with all Care and Circumfpettion with a Morterpeice
Extraordinary well fixt tothe Earzh on purpofé, which car-
tied a Solid Brafs Shott of 4 Inches Diameter, and of about
14 Pound weight, the Ranges above and below 45 Degrees
were found nearly equal; if there were any difference, the
nnder Ranges went rather the fartheft, but thofe differences
were ufually lefs than the Errours committed in ordinary
Praitice, by the unequal Goodnefs and Drynefs of the fame
fort of Pouder, by the Unfitnefs of the Sho#t to the Bore, and
by the Loofnefs of the Carriage.

In a Smaller Brafs-Shost of about an Inch and half Diameter,
caft by a Crofs-Bow which ranged it, at moft about 400 foor,
the Force being much more Equal than in the Morterpeice,
this difference was found more Curioufly, and Conftantly
and moft Evidently, the under Ranges out went the upper.
¥rom which Trials I conclude, thataltho’ in {fmall and Light
Shott, the Oppofition ot the Air, ought and muft be accounted
for; yet in Shooting of Great and Weighty Bombs, there need

be very little or no allowance made ; and fo thefe Rules may
be
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be put inPractice to all Intents and Purpofes, as if this Fape-
diment were abfolutely Removed.

A Acconnt of an Exp-tim=nt [bewn before the Royal
Society, of Shootirg by ibe Rarefallion of the Au :
By Dr. D.Papmn, R.S S.

‘ ‘ THereas ordinary Wind-Guns do their Effet by the

y Compreflion of the Air. Ottho Ghericke hath found a
new Sort that thoots by Rarefaction ; and he hath Publifhit
that device at large in his Book about Puesmatick Experiments,
but he doth not exprefs how ftrong was the Effett. I have
therefore had the Curiofity to try it my felf by another Con-
trivance, which I take to be better than his : Firft, becaufe I
can make a Rarefaltion much more perfe& than he could
do. Secondly, becaufe his Device could not be ufed but for
Guns of a {mali bore ; but my way may be apply’d to the
biggeft bore that can be made by Workmen : So that cne
might by this means throw up vaft Weights to a great
diftance.

A A is a Pipe very equal from one end to the other.

BB a fmali Pipe foder’d to a Hole near the end of the
Pipe A A, and apply’d tothe Plate of the Preumeatick Ex-

ine.
y CCCC fomekind of Scool to bear up the hinder part of
the Pipe A A.

D. apeice of Lead fitted to the bore of the pipe A A.

The pipe A A is tobe (hurat bothends by Valves out-
wardly apply’d, and fothe faid pipe A A, though never {a
big, may be exhauited of Air by means of the Prewmatick
Engine : Which done, the V4l e towards D muit be fudde..-
ly open’d, {o that the whole preflure of the Awmofphere act-

nz upon the L.ead D may drive it alony the pipc A A with
C2 fuch
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