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GENTLEMEN,

TH E fatisfattion you difcovered when a propofal was
| laid before you, for meafuring the attrafion of
mountains, and the manner in which you received the
account of what had been done to fuliil that view, were
fuch indications of your applaufe, that your Council,
ever attentive to your fentiments, have adjudged the
prize-medal of this year to the Reverend Nevi/ Mafkelyne,
his Majefty’s Aftronomer at Greenwich, the author
and condu&tor of that ‘experjment. The many and
valuable communications of our worthy brother, pre-
ceding this inquiry, you have never failed to diftinguifh ;
but thefe his late labours; undertaken at your requeit,
with their fuccefsful refult, related in his Paper, intitled
Obfervations made on the Mountain Scheballien for finding
its Attracfion, and inferted in the fecond part of the vo-
fume of your Tranfaétions for this year, feemedtelaythe

A o Society
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Society under fuch obligations, as your Council pre~
fumed you could not otherwife exprefs than by the
higheft mark of your approbation. In confequence of
this refleCtion, I have by their authority caufed Mr.
Mafkelyne's name, with the date of the prefent year, to
be engraven on the medal, in order to pcrpetuate to
him the honour you were this day to confer upon him ;
if, after allowing me to recall to your remembrance
fome of the more interefting particulars of this dif~

quifition and his operations, you fthould not refufe your
{anction to the judgment of your Council.

I fthall not confider the fubjet of attraction at large,
nor touch upon any {pecies of it, excepting what in
latter times, by the effects, has been diftinguifhed by the
name of gravity or gravitation; a property of bodies per-
ceptible to the vulgar when things fall to the ground,
but long acknowledged by this Society, to be a quality
imprefled by the Creator on all matter, whether of the
earth or of the heavens, whether at reft or in motion =
He commanded, and i1t was created.

The difcovery of this extenfive principle, the
phyfics of aftronomy, depended upon a juft notion
of -
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of the arrangement and motions of the {pheres; for
to underftand their ceconomy, it was neceflary previoufly
to know, which of the ftars were quiefcent, which
moved, and in what manner. Whoever therefore found
out the true celeftial {yftem, might be faid to have
paved the way to the knowledge of that {ublime truth,
the law by which the natural world is governed. But
who were the inventors here } Were they Chaldeans or
Agyptians? Was it Pytbagoras, or Philolaus, or any other
Greek, ecither in their own country, or tranf{planted to
the mathematical {chools of Alexandriaf. L fhall not
enter upon that inquiry, as fruitlefs as obfcure. All
that is clear and to our purpofe is, that fome of the
ancient Greeks conjectured rightly about the ftability of
the fun and the circular motion of the earth ; but this
was never a general perfuafion, nor does it feem to
have been mentioned any more after the age of Prolesmny,
who in the fecond century did not fo much invent a new
fyftem, as adopt that which now goes under his name,
the prevailing one of his time, and nearly the fame with
that of Ariffotle. 'This, though erroncous, was not per-
haps incapable of improvements from ccleftial obfer-
vations ; but when the philofophy of the {chools was
anited with the Ptolemaic hypothefis, and both were

{ubjected
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fubjetted to judicial aftrology, then was aftronomy de-
bafed to the level of the pretended learning of the
dark ages that enfued, and increafed their darknefs.

But at the appeinted time, when it pleafed the fu-
preme Difpenfer of every good gift to reftore light to a
bewildered world, and more particularly to manifeft
his wifdom in the fimplicity as well as in the grandeur
of his works, he opened the glorious fcene with the
revival of a found aftronomy. Copernicus of Thorn
(a Polifh city in the Regal Pruflia) endowed by nature
with excellent talents, improved by a fuperior degree
of mathematics, and by travelling, became early in life
difgufted with the contraditions about the caufes of
the celeftial pheenomena. He had recourfe, as he him-
felf informs us #, to every author upon the fubje&t, to
{ee whether any had been more confiftent in explaining
the irregular motions of the ftars, than the mathe-
matical {chools ; but received no {fatisfaction, till firft,
from Cicero, he found that Nicetas had maintained the
motion of the earth; and next from Plutarch, that others
of the ancients had been of the fame opinion. Cicero
had {aid, that Nicetas zbe Syracufian (according to Theo-

* Pref. ad lib. de Revolutionibus Orbium Ceeleftium.
phraftus)
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phraftus) beld that the beavens, the fun, the moon, the
Sars, in a word, the whole celefiial bodies flood fiill, and that,
excepting the earth, nothing moved in the world; but
that whilfl the earth with the greateff celerity turned
round its axis, the fame phaenomena were produced, as if
4 flood fill, and the beavens moved. And this fome thought
was. alfo Plato’s notion, but fomewwbat obfcurely expreffed *.

Plutarch's words were, Otbers fuppofe the earth to be
at reft; but Philolaus zbe Pythagorean, that it is carried in
 the ecliptic round the fire, like the fun and the moon.
Heraclides of Pontus, and Ecphantus the Pythagorean,,
make the earth move kke a wheel about its center from
Weft to Eafl, but not to change its place t.

From thefe quotations, and what Copernicus farther
i'a.ys {, we find how little difpofed that great man was
to plume himfelf with the inventions of others; nay,
rather anxious not only to do juftice to thofe who had
gone before him, but by their authority to fcreen him-
felf from the cenfure of innovation, abfurdity, and im-
piety, that awaited the publication of his doctrine. After
all, the original genius of Copernicus was but little
beholden for the difcovery of thofe fublime. truths, to

* Cicer, Quaft. Academic,. + Placit. Philof, lib, 3. cap. 3. 1 Ibid.
either:
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either Nicetas or Plato, fince it appears from Ciecero
that thefe two believed both the moon and the planets
to be motionlefs. Nor could he be more afififted by Pbi/o-
Jaws, who taught that zbe earth turned round a fire;
but this fire could not be the fun, becaufe that ancient
compares the motion of the earth about the fire, to the
revolution of the fun and moon about the earth. Laftly,
what little light Copernicus could draw from Heraclides
and Ecpbantus, 1 {carcely need fay, fince they, though
admitting the diurnal motion of the earth, denied the

annual.

But if Copernicus fought to do juftice, why did he
not rather cite a clear and exprefs paflage in the drena-
vius of Archimedes for the fixed ftate of the fun, and
for the motion of the earth in acircle round his body ?
What mofl pbilofopbers call the world ({fays that famous
ancient) is a Jphere, of which the center is that of the
earth, and whereof the femi-diameter i5 equalto a right line
Joining the centers of the earth and the fun. But Ariftar-
chus the Samian, refuting this opinions bas advanced. an
bypotbefis, whereby the world [bould be many times greater
than what is bere faid; for be fuppofes that the fixed flars
and the fun remain immoveable, and that the earth is

2 carried
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carried in a circle round the fun, placed in the middle of
15 courfe *.

Thus far Archimedes, who {feems not to difapprove
the fyftem, but who explains it no farther, as what heé
had quoted was fufficient for his purpofe. Itis pro-
bable that the penetrating genius of 4rifarchus had
difcovered the true arrangement of the whole celeftial

~ bodies, and thereby totally anticipated Cepernicus ; but

that circumftance is no where, that I know of, recorded; .
and otherwife, we fhould acquit our illuftrious refor-
mer of plagiariim with regard to Ari/archus, fince nei=
ther the Adrenarius of Archimedes, where that paffage is
found, nor indeed any other of his valuable remains, had
fcen the light before the death of Copermicus. This
extraordinary perfon had even before the meridian of
life completed his difcoveries, and comprifed them in
his book de Revolutionibus OJ":‘:'}H??E Ceeleflium, his only
wrnrkl; but which he had prudently fupprefled, till he
had maturely confidered his fubjedt, and had found a ne=
ceflary and powerful patron, the pope himfelf, Pau/ 111,
"I-. lover of aftronomy, to protect him. Alluding to

the admonition of the poet, -he tells the Pontit, be bad

#- Archimed. Arenar. ed. Oxon. 1676,

B Juffered
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Suffered that fruit of bis labowrs to vipen, not nine years
only, but four times nine*. Confenting at laft to the
publication, he committed the care of the impreflion to
fome friends in a diftant city, from whom he received

the finifhed copy a few hours before he expired 1.

Few compofitions have deftroyed more riveted errors,
or eftablifhed more important truths. Here, inftecad of
an abfolute ftate of reft for the earth, it’s triple motion
1s afcertained, the diurnal about it’s axis, the annual
about the fun, and that other known by the term
preceffion of the equinoxes 3 all which till then had been
referred to the motion of the heavens. He likewife
demonfirated the double orbit of the moon, that is, her
menitrual motion about the earth, and her annual about
the fun. Nor did the wife Copernicus ftop here; for,
after laying this folid foundation of the celeftigal phyfics,
he began the fuperftruture, by furmifing a principle
of attralfion to be inherent in all matter. Thus, n
refuting the peripatetic notion, that bodies fall to the
ground, becaufe by a law of nature every thing heavy
tends to the center of the univerfe (which they fuppofed
to be in the center of the earth) he obferved, that #ke
earth could not be the center of the orbits of feveral of the

* Prafat. ad lib, de Revolut, + Gaflend, in vita Copernic.
planets,
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Planeis, 5&:’&‘&@'5/& of the apparent irregularitics of their -
tionsy and therefore could not be the center of the univerfe :
bence, according to thefe pbilofophers, there muft be miore
centers than one 5 and if fo, who could tell the true center,
toward which all bodies were to gravitate ¢ As for pra-
vity, fays he, I confider it as nothing more than a cer-
tain natural appetence (appetentia) that the Creator has
imprefled upon all the paris of matter, in order to their
‘uniting and coalefcing into a globular form, for their better
prefervation s and it is credible that the fame power is alfo

 inberent in the fun and moon and planets, that thofe bodies

likewife may conflantly retain that round figure in which
‘qve bebold them *. Farther, Copernicus looked upon the
f{un as the chief governing power of the earth and all
the other planets; for after placing the great luminary
in the center, he cries out with rapture, Profecio tan-
~quam in folio regali fol refidens circumagentem gubernat
“aflrorum familiam t. Nor was this government under-
-ftood to be exercifed by any other power than that of
cattracfion ; as may be inferred from fome of the laft
: words of the celebrated Zycho Brabe, who pefceiving

- the approach of death, called for the famous Kepler

(then a young man, and his affiftant in his obicrvatory

¥ De Revolut Orb, Coelefl. lib. 1. cap. g. + Ibid, cap. 10.

B 2 at
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at Prague) and after charging him with completing and
publifhing the aftronomical tables which he was leaving
unfinithed, thus addrefled him: My friend, althoush
what I afcribe to a voluntary, and as it were an obfequions
motion of the planets round the fun, you attribute to an
attraltive energy of that body; yet I muft entreat ou,
that in the publication of my obfervations, you would
explain all the celeflial motions by my bypotbefis, ratber
than by that of Copernicus, wbich I know you would
otherwife incline to follow *.

From this paflage, which I have taken from the life of
Tycho Brabe, it would {feem, that though thatother excellent
aftronomer was not infenfible of fome influencing power
of the {fun over the planets, he would not however exprefs
it by fo ftrong a term asa//ralfion. Butin what manner
Kepler complied with the requeft of his dying patron,
it is not to our prefent purpofe to mention, and therefore
we thall only obferve, that in his own works he con-
ftantly maintains the doctrine of attraction, and carries
it even farther than ever Copernicizs had done. Thus
he calls gravity a corporeal and mutual affeclion be-
tween fimilar bedies, in order fo their uniont. Again he
remarks with Copernicus, againft the peripatetics, that

* Gaflend. in Vit, Tych. Brah, cap. 5. 1+ Aftron, Nov. in Introduét.
- heavy
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beavy bodies do not tend to the center of the univerfe, but
0 the center of thofe-larger round bodies of which they
wake a part; fothat if the earth were not [pherical,
things would not fall from all points rowards its center.
If a flone were to be placed at a diffance from anotber
Slones in any part of the univerfe, without the [phere of
aélion of a third body, like two maognets, they would conte
together in foine intevmediate point, each advancing, in
fpacey in the inverfe proportion of their quantities of mat-
ter. - Hence if the moon and' the earth were not by
Sfome power kept afunder in their refpeclive orbits, they
would move towards one anotbher 5 the moon making 53
parts of the way while the earth made one, [uppofing
their denfities equal *.

From the fame principle Kepler accounted for the
general motion of the tides, to wit, by the attraction
of the moon, and exprefly calls it «irzus trafforin
que in luna e+, He adds, that if the earth did
not - exert an attrative power over 1its own waters,
they would rife and rufh to the moon I. Farther, we
find him fufpeting certain irregularities in the motion

* Aftron. Nov. in Introduét. + Ibid. 1 Ihid..
B 3 oL
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of the moon to be owing to the combined action  of
the earth and fun upon it’s bodv¥. Thefe, and other
refle¢tions concerning the univerfality of attraction, he
accompanies with an ingenious anticipation of a law of
nature, from conjeture only, but which was after-
wards made out by experiments. The{chools had taught,
that fome bodies were by their nature beavy, and fo fell
to the ground, and that others were by their nature light,
and theréfore mounted upwards: but Kepler pronounced,
that #o bodies whatfoever were abjolutely light, but only
relatively fo 5 and confequently, that all matter was fub-
Jelled to the law of gravitation t.

Hitherto the genius of Kepler had been fortunate, in
tracing out that great principle which hindered the
planets from flying off from the fun: but what kept
them from falling into that mafs of fire, and what
power perpetuated their motion in their orbits: Here
his fagacity falled him, and left his imagination to
furnifh the idea of a fyftem of wortices for Defcartes..

But how{oever incomplete thefe notions were con-
cerning gravitation, yet in juftice to their diftinguifhed

* Aftron. Nov, cap. 37. + Ibid, in Introduét,
authors,
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authors, Copernicits and Kepler, 1 thought proper to
commemorate them on this occafion, as none before
them had exprefled themfielves fo fully, and with fo
much truth on that curious fubjeét; and as none,
from ' their days, to thofe of Dr. Hovoke, made any
{fuch improvement, as would apologize for my taking up
fo much more of your time in recalling their fentiments
to your remembrance. Let it {fuffice to mention, that
the firft who in this country embraced that doctrine
was Dr. Gifbert # ; but who did not properly diftin-
guifh between attraction and magneti{im ; and that the
next was lord Bacon, who, though not a convert to the
Copernican {yftem, yet acknowledged an attractive power
in matter . In France we find Fermat and Roberval,
mathematicians of great eminence, of the fame opi-
nion {; and in Italy Borelli, after Galileo ||, who was the
firft in that country who conceived that idea, but far
from that precifion and extenfion we find it in his con-

temporaries Bacor and Kepler.

Before we pafs from Kepler, it will be propertoobierve,
that this great improver of aftronomy did not, perhaps,

#De Magnete. + Nov. Organ. lib. 2. aphor: 36, 45, 48. Syly. Sylvar.
cent. 1. exp. 33. 1 Montucla Hift, des Mathem, part. 4. liv, 8. | Syft.

1C,.
after
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after all, contribute fo much to the advancement of this
theory, by thofe conjectures which I have related, as by
{fome aftronomical deductions from Zycho Brabe's obier-
vations, fince known by the name of Kepler’s Laws. The
firft was, that the planets move not in circular, but in
elliptical orbits, of a {mall eccentricity, whereof the
center of the fun makes one of it's foc/. The fecond,
that the fame planet defcribes about the fun equal areas
in equal times. ‘The third, that in different planets,
the {fquares of the periodic times are as the cubes of
their mean diftances from the fun.

Such were the preparatives to the true philofophy, and
indeed excellent materials for the architeét then unborn.
But till fir [faac Newfon appeared, notwithftanding the
numerous and momentous difcoveries that had been
made in- the heavens, by Copermicus, Tycho Brabke,
Galileo, Kepler, and others, yet aftronomy, as lord Bacon
complained, ftill remained but a mathematical ﬂ.‘lld‘f.. The
paflage to which I allude“is long, but, as tending to
illuftrate more than one particular relating to my fubject,
I cannot forbear trefpaffing on vour indulgence by
the citation.  Although aftronomy (fays Bacon) bas not
been founded amifs upon odfervation of the phenoniena,
yet the [fuperfiructure bas bitherto kept low and weakly.

I I
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In truth that feience prefents to the bumnan underfianding
ﬁ;_c,b an object as Prometheus did of old to Jupiter, when,
meaning to impofe upon that deity, be offered wupon bis altar,
inflead of a live vistisn, the bide of a large bullock, fluffed
with firaw, leaves and ofier branches. In like manner
aflronomy exbibits the externals of the celeftial bodies, as the
cuticular part of beaven, fair indeed and artificially formed
o a fyflem s but the entrails and the faﬂﬂfﬂfﬁiu of life
are wanting, that isy the phyfical caufes and reafons; from
which and from aftronomical bypotbefesy a theory fhould
be dratony not adequate only to account for all the pbeno-
mena 5 but for the [ubflance, the motion, and influx of
the beavens as they are in nature....Scarcely is there
one to be found who bas inquired inte the natural caufes,
either of the [ubflance of celeftial mattery or info the rea-
fon of the fwiftnefs or flownefs of the beavenly bodies,
alling upon one another; or into the various degrees of
miotion of the [ame planet, or into the motion from Eaqfi to
Wep, or of the contrary direfions nor into the progreffions,
fations, and retrogradations of thofe bodies. ... Nor into 1he
caufes of the apogeum and perigeum. ... I fay, inquiries of
this kind have fearcely been attempted, nor indecd any
Iabour beflowed upon the [ubjelt, excepting in the way of
mathematical obfervations and demonfirations. So that

-

i C aflronony,
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aflronomy, fuch as it now 1is, can only be reckoned among
the mathematical arts 5 not Without confiderable diminu=
tion of its dignity ;5 fince wereit to maintain its rights, it
might rank itfelf as the nobleft branch of philofophy.  For
he that fhall rejell the fictitious divorces between the fuper-
lunary and fublunary bodies, and fhall duely attend to the
appetences and mofi general affeftions of matter (which
both in the earth and in the heavens are exceedingly power=-
fuly and indeed pervade the univerfe) will receive from what
be fees paffing on the earth clear information concerning
the nature of céleflial bodies : and contrariwife,  from
motions which be fball difcover in the beavens, will learn
many particulars relating to the things below, that now
lie concealed from us. Wherefore the phyfical part of afiro-
nomy we mark - as wanting, and call it the aftronomia
viva, tbe animated aflronomy, in oppofition to the fluffed
bullock of Prometheus *.

!

The great defideratum was {upplied, and frﬁh} the
bofom of this Society, in the publication of the Prin-
cipia, the immortal work of Newron. There the illuf~
trious author evinces truths that had been only {furmifed
before; and after eftablifhing by a juft analyfis the law:s

* De Dign, & Augm, Scient. ], 3. ¢, 4.

of
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of attraction, in a fynthetical method proceeds to ex=
plain by them the motions. and lappe:trances oi the
heavenly bodies. Had not Newton lived, Bacon ‘might
have pafled for a vifionary {peculator ; but fince the
demands of that noble auther upon the human intel-
lects have been {o fully anfwered in the productions of
fir Ifaac Newton, thall we not revere thofe powers of
his' own - mind, that could, in that dawn of philofo-
phy in which he lived, fo well defcry what parts were
wanting, and what were the means of attaining them ?

~ Newfon in a pofthumous treatife, de Syfemate Mundi,
compofed before the publication of the Principia, and
mentioned there, has faid, that Jome of the latter philofo-
phers bad fought to account for the courfe of the plancts
m their orbits by the action of certain vortices, as Kepler
and Delcartes ; or by fome other principle of impulje or
attraéticn, as Borelli, Hooke, and others of our nation.
From this paflfage it would feem, that in thofe times
_there had been more conjectures formed concerning at-
tradtion, than what were publifhed; for excepting Gilber,
who vainly attempted to explain the mundane fyftem by
magnetifim, and lord Baconz, who never acceded to the
:Cﬂpé‘?"ﬂfﬂﬂﬁ hypothefis #, I have found none of our na-

* Atque harum fuppofitionum abfurditas, in motwm terra divrnun (gusd
wobis conflat falfiffimum ¢ffé) homines impegit. Bac, de Dign. & Augm. Scient,

hb. 3. cap. 4. _
Ca tion,
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tion, Hooke excepted, who in this way have left any thing
on record worthy of your notice. He indeed, the ear-
ly, the ingenious and moft ufeful member of this So-
ciety, advanced in this refearch far beyond all that had
gone before him. But I fhall not enlarge upon his
improvements, as you have in your hands his Cutlerian
Leftures, which contain them, and as I have already
but too long dwelt on this part of my fubje&. It will
ever redound to the praife of Hooke, that Newton has
affociated him with himfelf in maintaining the true regu-~
lating caufe of the courfe of the planets®. As to
Borelliy, though I have found in one of the pieces (a
fcarce one) of that learned Italian, a paflage that cer-
tainly favours attraction ; yet as it is neither fo full,
nor {o explicit upon that point, as feveral others which
I have cited, I muft fufpect that thofe parts which Sir Ifaac
had in his eye have efcaped my obfervation t. :

* M. Montucla has done great juftice to Dr. Haoke, in this and other pare
ticulars, in his excellent work, Hif. de Mathem. part, 4. liv. 8,

+ This is the paflage alluded to : Preterea manifeflum eff, quemlibet frve
primarium, five fecundarium planetam aliguem infignem mundi globum quafi virtutis
ontem circumdare, gqui ita eos [flringit, atgue conglutinat, ut ab ipfo nullo patfo
abfirabi poffint 5 fed ipfum, quacungue contendentem, perpetuis continuifgue orbibus
cogantur confequi @ videmus enim Saturnum, Fovem, Martem, Venerem, alque
Mercurium Solem ipfum, Medicea Sidera Fovem, Hugenianumque Sidus Saturnum
carcumive, non fecus, ac circa Telluris Globum Luna ipfa revelvitur. oa. Alph,
Boreli Theor. Medic, Planetars ex caufis Phyficis deduéie, lib. 1. cap. 2.p. §
Flerent. 1666. 49.

"The
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- The great completer of the doétrine of univerfak
gravitation had the fatisfation to find, from the recep-
tion it met with in this Society, that he had not laboured
in vain ; nay, perhaps no philofophical author was ever
more admired and followed in his own time, and in
his own country, than Newron was in thefe kingdoms..
With regard to others, we are not to wonder, a$ remark-
ed by his eloquent Bulogift, if philofophers upon the firf?
Publication of the Principia took the alarm at the term:
attraction, as fearing the return of the occult qualities ;
or if, confidering the difficulty of the fubjeél, and the few
words employed in explaining it, they wanted time fully to
comprebepd it #*, ‘'Thele obiftacles have been removing
by degrees, and the way at laft has been fo effeGtually
cleared, that the name of Newfon 1s not perhaps held
in more eftimation here, nor his principles more cor-
dially embraced, than in thofe very focietics of the
learned, abroad, which at fir{ft thewed moft unbelief,,
and at whofe converfion therefore we ought moit to

rejoice.

The Royal Academy of Sciences, whilft in an uncer-
tain ftate between the old and new fyftem of philofophy,

# Eloge de Newton, par M, de Fontenelle.
2 having,
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having, for one of the decifive experiments, meafured
fome degrees of latitude upon an arch of a meridian
pafling through Paris, and compared this menfuration
with others, inferred the earth to be a {pheroid with
the longeft diameter paffing through its poles ; but fen-

fible that this operation had not been {fo unexcéption-

ably conducted, as to {atisfy either the followers of
Newton or thofe of Huygens, who both required a {fphe-
roid flattened at the poles, refolved upon a farther and
more accurate trial. ~ With this view, in the year 1735,
{fome chofen members from that illuftrious Body were
fent to the polar circle, and others to the equator ; at
which places the differences of degrees being greater,
the point in difpute might be determined with lefs dan-
ger of error. How much to the honour of Newfon
and Huygens the refult was, is fufficiently known. All
that is neceflary to be mentioned here, is that in
the year 1738, whillt the academicians were ftill in
Peru, 1t occurred to M. Bowuguer, one of that number,
to put the Newtonian {yftem to another teft, by inquiring
into the attraction of mountains. ‘This idea, which was

~originally from Newfon himfelf, M. Bowuguer com-

municated to his collegue M. de /a Condamine, who
readily affifted in making the trial #. Thofe gentlemen

¥ Bouguer, Figure de la Terre, fet. 7. De la Condamine, Journal du
et 'Sl
HYoyage i I'Equateur,

4 were



were perfuaded, that if the whole mafs of the earth
were really pofiefled of fuch a property, a high moun-
tain, fuch as nature had abundantly provided in that
country, would fhew {fome proportionable degree of it.
That the largeft of the Andes was indeed but a {mall
objet in comparifon of the earth ; neverthelefs they
reckoned, by a rough computation, that the attraction
of Chimborago, which they deemed the beft for their
purpofe, would be equal to about the 2o0o00th part of
the attraétion of the whole earth. Now, here the moun-
tain acting. as one, whilit the earth as 2000, the di-
rection of gravity would be vifibly turned out of the
vertical line, for. as much as this direction would be 1/
and 43" towards the mountain. But how was this
deflexion to be eftimated ! Only by finding the quan-
tity of deviation of the plumb-line from a vertical pofi-
tion, -by means of ftars. In order to attain this point,
they found it moft convenient in their prefent circum-
ftances to: take the diftance of {everal ftars from the
2enith at two ftations, one on the fouth fide of Chim-
borago, and the other a- league and a half to the weft ;
that is, at fuch a diftance from the firft ftation, as that
the p]umb-liné {hould be but little affected. by the

mountain. This difpofition being made, they proceeded
to

‘I-—n‘
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to their operations, of which we have a full and clear
account by M. Bouguer, in his valuable treatife intitled
Fioure de la Terre ; but of M. de la Condarmine, we have
only a fhort abétract of the narrative he prefented to
the Academy; which abftract is contained in his curious
Fournal of bis Voyage to the Equator.

From both it appears, that though thofe<learned per-
{ons, during the time employed in thisexperiment (which
the inclemency of the air, at that height in the atmo-
{phere, forced them to make very fhort) I fay, though
during this time they {pared no pains, yet their
obfervations not only varied from one another, but
feemed to be little fatisfatory to themfelves. M. Bowu-
puer fays, that inftead of 1’ 43", which the plumb-line
ought to have declined from the true vertical line, the
total declenfion amounted only to feven feconds and a
half: an effect that fell far fhort of the expe&ations of
a Newfonian. But thofe candid gentlemen take netice,
that, ason one hand we are ignorant of the denfity of the
internal parts of the earth, which may be confiderably
oreater than what appears by its furface; jo, on the other,
Chimboraqo, whbich they believed likely to be as folid as any
other parts of the furface of the earthy might néverthelefs

in



L3 ']

in many places be bollow. Nay, M. de la Condapine
tells us, zbat be was afterwards informed of a tradition
in the country, that this very mountain had once been a
volcanoy and adds, that whi be and bis collegue qvere
about their experiment, .they had altually found Jomie
calcined flones upon it. © From which circumftances he
infers, that /i one cannot Juft draw from this trial
an abfolute proof of the Nﬁwmmwﬂ attrallion, one cas
Jfar lefs form any caﬁs!sz on againfl it. M. Bougyer goes
farther and obferves, that if we will be fatisfied with the
bare faci, it is certain from this experiment, that moun-
Zains do act at a diflance, but that their afion is much
J’a:;'/.'r_rbcm what might be expecied from their bulk. = He
concludes his account in the true {pirit of a philofopher,
by faying, that as in France, or in England, a hill may
be found of a fufficient beight for the purpofe, and efpecially
if the obferver would double the action, by making a fla-
tion on each Jide; he sbould be Lappy to bear, on his returs
20 Europe, that the experiment had been repeated, whetbey
the refult tended to confirm his obfervations, or to throw
fomne, better light upon that inquiry. 1f the Society have
fulfilled the views of that worthy m an, who thus called
upon them, we have to regret that he did not live long
enuugh to f(hare the fatisfaction with us.

D I come
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I come now to Mr. Ma/kelyne's labours, upon which I
fhall not expatiate, as 1 have already taken up too much
of your time, and as I judge it unneceffary to dwell
long upon that part of my fubject, which you have fo
lately heard in his own words, and which you will have
in a few days publithed at large in your Tranfaétions.

I need only remind you, that the zenith diftance of
a ftar on the meridian being obferved at two ftations
under the {fame meridian, one on the fouth fide of a
mountain, the other on the north; if the plumb-line of
the inftrument be attrated by the mountain out of its
vertical pofition, the ftar will appear too much to the
north by the obfervation at the fouthern ftation, and
too much to the fouth by that at the northern ftation ;
and confequently the difference of the latitudes of the
two ftations will be found by thefe obfervations greater
than it really is. And if the true difference of their
latitudes be determined by meafuring the diftance be-
tween the two ftations on the ground, the excefs of
the difference found by the obfervations of the ftar
above that found by this meafurement, muft have been
produced by the attra&tion of the mountain, and it’s
half will be the effect of fuch attraction on the plumb-
line at each obfervation, fuppofing the mountain attracts

equally on both fides.
To
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‘Toperform this experiment, Mr. Mafkelyse made choice
of the Mountain Schehallien in Perththire, in North Bri-
tain, of which the direftion in length is nearly eaft and
welt, itsheight above the furrounding valley at a medium
is about 2000 feet, andit’s higheft part above the level
of the fea is 3550 feet. As the greateft attraction of
the mountain was to be expected about half way up it’s
fides (which happened conveniently for the purpofe of
the experiment to be pretty fteep) two ftations for an
obfervatory were accordingly chofen, one on the north,
and the other on the fouth fide of Schehallien. The
inftrument with which he obferved the ftars was an
excellent fector made by Mr. Sifon ; and Mr. Mafkelyne
has related at large all the precautions he took both for
adjufting this inftrument in the meridian at each ftation,
and' for fatisfying himfelf that the line of collimation
remained unaltered. From obfervations of ten {tars
near the zenith, he found the apparent difference of
the latitudes of the two ftations to be 547,6; and from
a meafurement by triangles, formed from two bafes on
different fides of the mountain, he found the diftance
of their parallels to be 4364 feet, which, in the latitude
of Scheballien, viz. 56° 40', anfwer to an arch of the
meridian of 43”: thisis 117,6lefs than that found by

: Dzt the
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the fector., It’s half therefore g, 8 is the mean effect of
" the attraction of the mountain: and: from it’s magni--
tude, compared with the bulk of the whole earth, Mr..
Mayjkelyne difcovered the mean denfity of the earth to be
about double that of the mountain..

In the execution of this interefting experiment,,
our worthy brother has not only exerted a patience and
perfeverance, but a fagacity and judgment. which -muft:
ever redound to his honour.. All doubts about an uni-
verfal attradtion muit at laft be terminated, and every

philofopher in that refpe¢t muft now become a Neto-
tonian,

If T have related but two experiments  that: have
been made, the firft by the French academicians, and the
other by Mr. Mafkelyne, it is becaufe no more have come
to our knowledge; nor. do I believe that more have
actually been executed. For if, in. occafional . men-
{urations of degrees of. the meridian in different parts
of Europe, thofe employed have found varieties arife-
in their meafures that they could not otherwife account
for, than from the attraction of the mountains among
which they carried on their operations, and accordingly

4 have
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have referred thofe irregularities to that very caufe;
fuch conjectures we admit may be well founded, but
the meafurements whence they arife we cannot reckon
among the experiments we now treat of,

But was not the doétrine of an univerfal attraéion f{o
fully demonftrated by Newzon, as not to require any far-
ther proofs from experiments } Demonftrated it was, but
not to the conviction of every individual. True Phi-
lofophy condefcends to adapt her inftruétions to differ--
ent capacities, and is as willing to inform by palpable
experiments as by geometrical demonftrations. But to-
fay the truth, f{omething feemed wanting here. for. the
fatisfaction of even the more enlightened minds.. Such
we reckon thofe were who firft made the trial. And did .
not Hiuygens himfelf, one.of the greateft philofophers
and .geometricians of his age, find difficulties about this
principle, even after-the publication of Newzo#’s Princi-
pia 2 nor do we learn that the doubts of that great man -
were ever removed #, . To fay nothing of the celebrated
Leibpitz, and his numerous followers, who to this day
are either wholly unbelievers in attraction, or at beft but-
{ceptics on that article.

¥ Vid, Hugen, Diflert, de Cauf, Gravitat, |
You ¢
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YVou have therefore, Gentlemen, the fatisfattion to
think that you have completed a great and acceptable
work to the {cientific world ; and that, though this has
been a coftly experiment, your gracious PATRON, who fo
liberally furnifhed the means, will highly approve your

xpending his benefaction fo much for the advancement
of Natural Knowledge and for the benefit of the public ;
and will fo much the more be difpofed to {hew you the
like favour on future occafions.

But for thofe who wanted no frefh proofs of the uni-
verfality of attraction, they muft ftill partake of the ad-
vantages accruing from this experiment, as being not
only the firft that has been made, but the beft that could
be devifed, for eftimating the mean denfity of the earth.
The operation in Peru was too imperfect for that pur-
pofe, and had the circumftances of that trial been
more favourable, yet the fufpicion of their moun-
tain having been once a volcano, was a fufficient rea-
fon for admitting no evidence from it in this part of
our inquiry, But for Schehallien, as it’s appearance was
particularly rocky, and as feveral {fpecimens of thofe
rocks have been prefented to the Society, and acknow-

7 ledged
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ledged to be mineral fubftances that had never pafled
through fire, we may confider that mountain as one of the-
proper patterns of the denfity of the furface of the earth..

Thefe, Gentlemen, are the fruits of the operations of
Mr. Majkelyne, during a refidence of four menths
in a mean hut, on the fide of a bleak mountain, and.
m a climate little favourable to celeftial obfervations..
To thefe inconveniencies, however, he fubmitted with.
patience and complacency, as he went at your requeft
and in purfuit of fcience. You have heard his chief
conclufions ;- but permit me to add, that as this is a new
mine opened in the field of nature, I am confident that
thefe will not be the only preductions ; but that, as in
all great and {uccefsful experiments, there will be in the
profecution of this fubject fome valuable truths brought
to light, of which at prefen:t we can form no particular
conjecture. Mean while we have the pleafure to find
the doctrine of univer/al gravitation {o firmly eftablifhed
by this finithing ftep of analyfis, that the moft fcru-
pulous now can no longer hefitate to embrace a princi-
ple that gives. life to Aftronomy, by accounting for the
various motions and appearances of the Hofts of

Heaven..

D 4 M.R..



MR. MASKELYNE,

THE judgment, Sir, of the Council, in awarding you
the prize, having received the fanction of the RoyAL
SociETY, I do, in the name and by the authority of that
illuftrious Body, prefent you, their moft worthy Brother,
with this fincere pledge of their affetion; as the
lafting token of their acknowledgment for your {everal
ingentous and ufeful communications, and more pﬁrti'-
cularly for this laft painful and capital experiment, which
adds no {mall luftre to their Tranfaétions. And after
exprefling their grateful fentiments for what you have
already done for their fervice, I would farther fay, that
they perfuade themfelves, from your talents, your love of
your profeflion, and your happy period of life, you will
continue {teddily to purfue that path which you have {0
early entered upon, and which fo {urely leads to
great and ufeful difcoveries. You have, Sir, in charge
the nobleft branch of Natural Philofophy : fuch it has
ever been held by this Society, and as fuch it ever has
been cherifhed and cultivated by them. And they flatter
themfelves that their cares and folicitude have not been

fruitlefs
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fruitle(s ; fince, from their firft inftitution to this day,.
there have never been wanting fome excellent men in
that line, to promote the {cience, and do honour to this
Community. But {o tranfcendently great is that part
of the creation, that though the Divine Author has

vouchfafed, in thefe latter days, to open to the hum-- -

ble and patient inquirers into Nature the Cawu/esof Things;
yet we muft ftill cry with the ancient {age, Lo, 7befe
are part of His ways, but bow little a portion is beard of.
thern!  As much then remains to be explored in the
celeftial regions, you are encouraged, Sir, by what has
been already attained, to perfevere in thefe hallowed
labours, from which have been derived the greateft im-
provements in the moft ufeful arts, and the loudeft de-
clarations of the power, the wifdom, and the gocdnefs of
the Supreme Architeét in the fpacious and beautiful fa~-
bric of the World..



i

—_—










e R B Nt o B Y
SRR sy = T iy T Tornly LA N T I e T
N -y " ! P, ST Sy W e L " o
7 : By B e & "o







