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To the Noble and Right Honourable
SiR ROBERT WALPO LE,

Take the liberty to fend you
this viewof SirIsasc NEw-
ToN’s philofophy, which, if
i1t were performed fuitable to the
dignity of the fubje&, might
v not be a prefent unworthy the
acceptance of the greateft perfon.  For hisphi-
‘ lofophy affords us the only trueaccount of the
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DEDICATION.

operations of mnature, which for fo many ages
had imployed the curiofity of mankind ; though
no one before him was furnithed with the
ftrength of mind neceffary to go any depth in
this dithcult fearch. However, Iam encouraged
to hope, that this attempt, 1mperf<.d: as it 1s, to
glve our countrymen in general fome concep-
tion of the labours of a pelfon, who fhall al-
ways be the boaft of this nation, may be re-
cetved with indulgence by one, under whofe
influence thefe kingdoms enjoy fo much hap-
pinefs Indeed my admuatlon at the furprizing
inventions of this great man, carries me to con-
ceive of him as a pelfon, who not only muft
raife the glory of the country, which gave him
birth ; but that he has even done honour to hu-
man nature, by having extended the greateft
and moft noble of our faculties, reafon, to fub-
jects, which, till he attempted them, appeared
to be wholly beyond the reach of our limi-
ted capacities. And what can give us a

more
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more pleafing profpect of our own condition,
than to fee fo exalted a proof of the ftrength
of that faculty, whereon the conduct of our
lives, and our happinefs depends; our paflions
and all our motives to action being in fuch
manner guided by our opinions, that where
thefe are juft, our whole behaviour will be
praife-worthy > But why do T prefume to de-
tain you, Sir, with fuch reflections as thefe,
who muft have the fulleft experience within
your own mind, of the effects of right reafon?
For to what other fource can be afcribed that
amiable franknefs and unreferved condefcenfion
among your friends, or that mafculine perfpicuity
and ftrength of argument, whereby you draw
the admiration. of the publick, while you are
engaged in the moft important of all caufes,
the liberties of mankind?

I humbly crave leave to make the onlyac-
knowledgement within my power, for the benefits,
which
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which I receive in common with the reft of my
countrymen from thefe high talents, by fub-
{cribing my felf

S 1R

Your moft faithful,

and

Mot humble Servant,

HENRY PEMBERTON,
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Drew up the following papers many years ago at the defire of

Jome friends, who, upon my taking care of the late edition of

Sirls a ac New T o N'sPrincipia, perfwaded me to make thems

publick. I laid bold of that opportunity, when my thoughts
were afrefb employed on this [ubjett, to revife what I had formerly
aritten.  And Inow [end it abroad not without fome bopes of an-
Swering thefe twoends. My firftintentionwasto convey to fuch, asare not
ufed to matbematical reafoning, fomeidea of the philofophy of a perfon,,
who has acquired an univerfal reputation, and rendered our nation
famous for thefe [peculations in the learned world. To which pur--
pofe I bave avoided ufing terms of art as much as poflible, and ta-
ken care to define fuch as I was obliged to ufe. Though this caution
was the lefs neceflary at prefent, fince many of them are become fa-
miliar words to our language, from the great number of books wrote
in it upon philofophical fubjetts, and the courfes of experiments, that
bave of late years been given by feveral ingenious men. The other
view I had, was to encourage fuch young gentlemen as have a turn for
the mathematical [ciences, to purfue thofe ffudies the more chearfully,
in order to underftand in our aunthor himfelf the demonftrations of the
things 1 bere declare. _And to facilitate their progrefs berein, Iin=
tend to proceed [Hill farther in the explanation of Sirlsaac Nrw-
tox’s philifophy. For as I have received very much pleafure from
perufing bis writings, I hope it is no illandable ambition to endeavour
the vendering them move eafily underftood, that greater numbers may
enjoy the fame fatisfattion.

It will perbaps be expetied, that I fhould fay fomething particu-
lar of a perfon, to whom I muft always acknowledge my [elf to be much>
obliged. What I bave to declare on this bead will be but fhort 5 for-
it wwas inthe very laft years of Sir 1s A A C’s life, that I bhad the bo-.

2 190%Y



PV R - Bpeds €78

nour of bis acquaintance. This bappened on the following occafion,
My. Polenus, a Profeffor in the Unizerfity of Padua, from a new ex-
periment of bis, thought the common opinion about the force of moving
bodies was ocerturned, and the truth of M. Libnitz's notion in thag
matter fully proced. The contrary of what Polenus had afferted T
demonftrated in a paper, which Dr. MEAD, who takes all opportu-
nities of obliging bis friends, was pleafed to fhew Sir Isaac Nrw-
ToN. This was fo well approved of by bim, that be did me the ho-
nonr to become a fellow—writer with me, by amexing to whar I bad
written, a demonftration of bis owon drawn from another confidera-
tion.  When I printed my difcourfe in the philofophical tranfattions, T
put what Sirlsaac bad written in a fcholium by it [elf, that I
might not feem to ufurp what did not belong tome. But I councealed
bis name, nt being then fufficiently acquainted with bim to ask whe-
ther be was willing Imight make ufe of it or net. In a little time
after he engaged me to take care of the new edition be was about
making of bis Principia. This obliged me to Le very frequently with
bim, and as be lived at fome diffance from me, a great numbsr of
letters pafled between us on this account.  When I bad the borour of
bis concerfation, I endeavoured to learn bis thoughts upon matbenia-
tical fubjetis, and fomething biftorical concerning bis incentions,thar T
bad not been before acquainted with. I found, be badreadfewer of the
modern mathematicians, than one conld bave expetled ; but his owon
prodigious incention veadily fupplied him with what be might have an
occafion forinthe purfuit of any [ubjett he undertook. Ihave often beard
bim cenfure the handling geometrical (ubjetls by algebraic calcuiations;
and bis book of Algebra be called by the name of Univerfal Arithmetic,
in oppofition to the injudicious title of Geometry,which Des Cartes had
giwen 10 the treatife, wherein be fhews, bow the geometer may affift bis
fuzention by fuch kind of computations.  He frequently praifed Slufius,
Barrow and Huygens for not being influenced by the falfe tafte, which
then beganto prevail. He ufed o commend the landable attempt of Hugo
de Omerique tor¢ffore the ancient analyfis,and cery much ¢ftcemed Apol-
lonius’s book De feltione rationis for giving us a clearer notion of that
analyfis than we bad before.  Dr. Barrow may be efteemed as bac-

ing
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ing fhewn a compafs of invention equal, if not fuperior to auy of 1he
mederns, our aunthor only excepted ; but Sir Isaac NEwWToN bas
fezeral times particularly recommended ro me Huygens's flile and
manner. He thought him the moft elegant of any matbematical wri-
ter of modern times, and the moft juft imitator of the antients. Of
their tafte, and form of demonflration Sir Isanc always profeffed
bimfelf a great admirer : I hazve heard bim even cenfure binfelf for
not following them yet more clfely than be did 5 and [peak with re-
gret of bis miftake at the beginuing of bis matbematical fudies, in
applying bimfelf to the works of Des Cartes and other alzebraic wri=
ters, before be bad confidered the elements of Euclide with that atten-
tion, which fo excellent a writer deferces.  As to the biftory of bis
inventions, what relates to bis difceceries of the methods of feries and
Suxions, and of bistheory of light and colours, the world bas been fuf-
Siciently informed of already. The firft thoughts, which gacve rife
to bis Priucipia, be bad,wben be retired from Cambridge in 1666 on
account of the plague. As be fat alone in a garden, he fell into a
[peculation on the power of gracity: thar as this power is uot found
Senfibly dimiuifhed at rhe remoteft diftance from the center of the earth,
to which we can rife, neither at the tops of the loftieft buildings, nor
ecen on the fummits of the bighef} mountains ; it appeared to him
reafonable to couclude, that this power muft extend much farther than
was wfually thought 5 why not as bigh as the moon, faid he to bim-
[elf 2 and if fo, ber mation muft be influenced by it 5 perbaps fhe is re-
taived in ber orbit thevely. Hoewecer, though the power of graciry
is wot fenfibly weakened in the little change of diftance, at which we
can place our [elees from the center of the earth ; yet it is cery poffibles
that (o bigh as the moon this pewer may differ much in firength’ from
what it is bere. To make an effimate, what might be the degree of
this diminution, ke confidered with binfelf, that if the moon be re-
tained in ber crbit by the force of gracity, o doult the primary pla-
netsare carried vound the fin by the like pocver. And by comparing the
periodsof the feveral plancts with their dif ances fron: the fun, be found,
thar if any piwzer likegracity beld them intheir courfis, its fFrength muft
decreafe in 1he duplicate proportion of the increafe of diftance. This

[a] e



HBE B A B

Le concluded by [uppofing them to move in perfel? circles concentrical

2o the fun, from which the orbits of the greateft part of them do
not much differ.  Suppofing therefore the power of gravity, when

extended to the moon, to decreafe in the fame manner, be computed.

whether that force would be [ufficient to keep the moon in ber orbit.

Lis this computation, being alfent from books, be took the common eftimate

71 ufe among geographers and our feamen, before Norwood bad mea~

fured the earth, that 60 Euglifb miles were contained in one degree
of latitude on the (urface of the earth. But as this is a very faulty

Suppofition, each degree containing abour 69 ; of our miles, bis com-
puration did not anfwer expettation ; whence be concluded, that fome
other caufe muft at leaft join with the attion of the power of gravity
on the moon. On this acconnt be laid afide for that time any farther
thoughts upon this matter.  But fome years after, aletter which be
received from Dr. Hook, put bim on inquiring what was the veal
Sgure, in which a body let fall from any high place defcends, taking
he mtion of the earth round its axis into confideration. Such a body,
baving the fame motion, which by the recolution of the earth the
place bas whence it falls, is to be confidered as projetted forward
and at the [ame time drawn down to the center of the earth.  This
gave occafion to bis refuming bis former thoughts concerning the
moon s and Picart in France baving lately meafured the earth, by
ufing bis meafures the moon appeared to be kept in ber orbit puiely
by the power of gravity ; and confequently, that this power decreafes
as you vecede from the center of the earth in the manner our author
bad formerly conjettured. Upon this principle be found the line de-
(cribed by a falling body to be an ellipfis, the center of the earth be-
ing one focus.  And the primary planets mocving in fuch orbits round
the fun, he bad the [atisfaition to [ee, that this inquiry, which ke
bad wndertaken merely out of curigfity, could be applied to the
createft purpofes.  Hereupon be compofed near a dozen propofitions
velating to the motion of the primary planets about the fun. Several

gears after this, fome difcourfe be had with Dr. Halley, wko az

Cawmbridge made him a <ifit, engaged Sir Isaac NEw ToxN 19

vefuine again the confideration of this fubjett ; and gace cccafion

)
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to bis writing the treatife which be publifbed under the title of ma-
thematical principles of narural philefophy. This treatife, full of
fuch a variety of profound incentions, was compofed by bim from
Jearce any other materials than the few propofitions before mentioned,
in the [pace of one year and an balf.

Though his memory was much decayed, 1 found be perfeetly un-
derftood bis own writings, contrary to what I had frequently heard
in difcourfe from many perfons. This opinion of theirs might arife
perbaps from bis ot being always ready at [peaking on thefe fub-
jetts, when it might be expetted be foonld. But as to this, it may be
obferved, that great genius's are frequently liable to be alfent, not only
inrelation to common life,but with regard to fome of the parts of [cience
they are the beft informed of. Inventors feemto treafure up in their
minds, what they bave found out, afier anotber manner than thofe do
the fame things, who bave not this incentive faculry. The formers
when they hace occafion to produce their knowledge, are in fome mea-
[ure obliged immediately to inceftigate part of what they want.  For
this they are wot equally fit at all times: [o it bas often happened,
that fuch as retain things chiefly by means of a cery flroug. memory,
hace appeared off band wore expert than the difeoverers themfeloes.

As tothe moral endowments of bis mind, they were as much to be
admired as bis other talents.  But this is a field Ileave others to
exfpariate in. I only touch uponwhat I experienced my felf during the
few years Twas bappy in bis friendfbip. But this I immediately
difcovered in him, which at once both [urprized and charmed me :
Neither bis extreme great age, nor bis univerfal reputation had
rendred bim fif in opivion, or in any degree elated. Of this
I bad occafion to bave almyft daily experience.  The Remarks T
continually fent him by letters on his Principia were received with
the utmoft gooduefs.  Thefe were fo far from being any ways difplea-
Jrng to bim, that on the contrary it occaftoned bim to [peak many kind
2hings of me to my friends, and to bonour me with a publick teftimony
of bis good opinion.  He alfo approced of the followwing treatife, a
greae part of which we read together.  As many alterations were

{a 2] made
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wade inthe lote edition of bis Principia, fo there would baze een
manymore if there bad been a fuffcient time. But whatezer of this
Rind may be thought wanting, I fhall endeazour to fupply in my con-
mevt on that book. T had reafon to belieze be expetted fuch a thing
fromme, and I intended to bace publifbed it in bis life time, after 7
bad printed the following difeonrfe, and a mathematical treatife Sir
Isaac NewtoN bad written a ling while ago, containing the
frft principles of fluxions, for 1 bad precailed on bim to ler that piece
20 abroad. 1 bad examined all the calculations, and prepared part
of the figures; bur asthe latter part of the treatife bad ncver been
Sfinifhed, be was abour lerting me have other papers, inorder o
[upply what was wanting.  Bur bis death put a frop to that de-
Sfian. As to my comment on the Principia, Iintend there to de-
wnonftrate whatever Sir Isaac New 1o N bas fet down without
exprefs proofy and to explain all fuch expreffions in bis book, as 1 /ball
judse veceffary.  This comment I fhall fortbwith put to the prefs,
Joived to an englifh tranflation of bis Principia, which I bace
bad fume time by me. A more particular account of my whole de-
Sfizn bas already been publifbed in the new memoirs of literature for
the month of march 1727.

1 bace prefented my veaders with a copy of verfes on Sir Isaac
NewtoN, which I bace juft received from a young Gentleman,
whoms I am preud to veckon among the number of my deareft friends-
If I bad any apprekenfion that this piece of poetry flood in need of
an apoloey, I fbould be defirons the reader might know, that the
author is but fixteen years old, and was obliged ro finifh bis compofs-
tion i a wery fhort f[pace of time. But I fhall only take the liberty
to olferze, that the bildnefs of the digreffions will be beft judged of
by 1hife who are acquainted with PINDAR,

A POEM
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Sir ISAAC NEWTON.

O NewToN’s genius, and immortal fame
Th’ advent’rous mufe with trembling pinion foars.
"Thou, heav’nly truth, from thy feraphick throne
Look favourable down, do thou affift
My lab’ring thought, do thou infpire my fong.
NewToyx, who firft th’ almighty’s works difplay’d,
And fmooth’d that mirror, in whofe polifh’d face
The great creator now con{picuous fhines ;
‘Who open’d nature’s adamantine gates,
And to our minds her fecret powers expos’d ;
NeiwTton demands the mufe; his facred hand
Shall gnide her infant fteps ; his facred hand
Shall raife her to the Heliconian height,
‘Where, on its lofty top inthron’d, her hecad
Shall mingle with the Stars. Hail nature, hail,
O Goddefs,¥handmaid of th’ ethereal power,
Now lift thy head, and to th’ admiring world
Shew thy long hidden beauty. ‘Thee the wife
Of ancient fame, immortal PLATO’s felf]
The Stagyrite, and Syracufian fage,
From
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From black obfcurity’s abyfs to raife,

(Drooping and mourning o’er thy wondrous works)
With vain inquiry fought. Like meteors thefe

In their dark age bright fons of wifdom fhone :

But at thy Newron all their laurels fade,

They fhrink from all the honours of their names.
So glimm’ring ftars contract their fecble rays,
When the fwift luftre of AURORA’s face

Flows o’er the skies, and wraps the heav'ns in light.

TuE Deity’s omnipotence, the caufe,
'Th’ original of things long lay unknown.
Alone the beauties prominent to fight
(Of the celeftial power the outward form)
Drew praife and wonder from the gazing world.
As when the deluge overfpread the earth,
Whilft yet the mountains only rear'd their heads
Above the furface of the wild expanfe,
Whelm’d deep below the great foundations lay,
Till fome kind angel at heav’n’s high command
Roul'd back the rifing tides, and haughty floods,
And to the ocean thunder’d out his voice :
Quick all the fivelling and imperious waves,
The foaming billows and obfcuring furge,
Back to their channels and their ancient feats
Recoil affrighted : from the darkfome main
Earth raifes fmiling, as new-born, her head,
And with frefh charms her lovely face arrays.
So his extenfive thought accomplifh’d firft
The mighty task to drive th’ obftru&ting mifts
Of ignorance away, benecath whoft gloom
Th’ infhrouded majcfty of Nature lay.
He drew the veil and fivell’d the fpreading fcene.
How had the moon around th’ cthereal void

5 Rang'd,
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Rang’d, and cluded lab’ring mortals care,

Till his invention trac’d her fecret fteps,

While fhe inconftant with unfteady rein

Through endlefs mazes and meanders guides

In its unequal courfe her changing carr :

Whether behind the fun’s fuperior light

She hides the beauties of her radiant face,

Or, when confpicuous, fmiles upon mankind,

Unveiling all her night-rejoicing charms.

When thus the filver-trefled moon difpels

The frowning horrors from the brow of night,

And with her fplendors chears the fullen gloom,

While fable-mantled darknefs with his veil

The vifage of the fair horizon fhades,

And over nature {preads his raven wings ;

Let me upon fome unfrequented green

While fleep fits heavy on the drowfy world,

Seek out fome folitary peaceful cell,

Where darkfome woods around their gloomy brows

Bow low, and ev’ry hill’s protended fhade

Obfcures the dusky vale, there filent dwell,

Where contemplation holds its ftill abode,

There trace the wide and pathlefs void of heay’n,

And count the ftars that fparkle on its robe.

Or elfe in fancy’s wild’ring mazes loft

Upon the verdure fee the fairy elves

Dance o’er their magick circles, or behold,

In thought enraptur'd with the ancient bards,

Medea’s baleful incantations draw

Down from her orb the paly quecn of night.

But chiefly NewToN let me foar with thee,

And while furveying all yon ftarry vault

With admiration I attentive gaze,

"Thou fhalt defcend from thy celeftial fear,
And
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And waft aloft my high-afpiring mind,

Shalt fhew me there how nature has ordain’d
Her fundamental laws, fhale lead my thought
'Through all the wand’rings of th’ uncertain moon,
And teach me all her operating powers.

She and the fun with influence conjoint
Wield the huge axle of the whirling earth,
And from their juft direction turn the poles,
Slow urging on the progrefs of the years.
The conftellations feem to leave their feats,
And o'er the skics with folemn pace to move.
You, fplendid rulers of the day and night,
The feas obey, at your refiftlefs fivay

Now they contraé their waters, and expofe
The dreary defart of old ocean’s reign.

The craggy rocks their horrid fides difclofe ;
Trembling the failor views the dreadful fcene,
And cautioufly the threat’ning ruir: fhuns.
But where the fhallow waters hide the fands,
There ravenous deftruction lurks conceal'd,
There the ill-guided veflel falls a prey,

And all her numbers gorge his greedy jaws.
But quick returning fee th’ impetuous tides
Back to th’ abandon’d fhores impell the main.
Again the foaming feas extend their waves,
Again the rouling floods embrace the fhoars,
And veil the horrours of the empty decp.
Thus the obfequious feas your power confefs,
While from the furface healthful vapours rife
Plentcous throughout the atmofphere diffus'd,
Or to fupply the mountain’s heads with {prings,
Or fill the hanging clouds with ncedful rains,
That friendly ftreams, and kind refrefhing fhow’rs
May gently lavc the fun-burnt thirfty plains,

Or
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Or to replenifh all the empty air
With wholfome moifture to increafe the fruits
Of earth, and blefs the labours of mankind.
O NEewToN, whether flics thy mighty foul,
How fhall the feeble mufe purfue through all
The vaft extent of thy unbounded thought,
That even feeks th’ unfeen recefles dark
To penctrate of providence immenfe.
And thou the great difpenfer of the world
Propitious, who with infpiration taught'ft
Our greateft bard to fend thy praifes forth ;
Thou, who gav'ft NEwToN thought ; who fmil’dft fercne,
‘When to its bounds he ftretch’d his fivelling foul ;
Who ftill benignant cver bleft his toil,
And deign’d to his enlight’'ned mind t" appear
Confefs’d around th’ interminated world :
To me O thy divine infufion grant
(O thou in all fo infinitely good)
That I may fing thy everlafting works,
Thy inexhaufted ftore of providence,
In thought effulgent and refounding verfe.
O could I fpread the wond’rous theme around,
Where the wind cools the oriental world,
To the calm breezes of the Zephir’s breath,
"To where the frozen hyperborean blafts,
To where the boift'rous tempeft-leading fouth
From their decp hollow caves fend forth their ftorms.
Thou ftill indulgent parent of mankind,
Left humid emanations fhould no more
Flow from the ocean, but diffolve away ’
Through the long feries of revolving time ;
And left the vital principle decay,
By which the air fupplics the fprings of life ;
Thou haft the fiery vifag'd comets form’d

(b]
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With vivifying fpirits all replete,

Which they abundant breathe about the void,
Renewing the prolifick foul of things.

No longer now on thee amaz’d we call,

No longer tremble at imagin’d ills,

When comets blaze tremendous from on high,
Or when extending wide their flaming trains
‘With hideous grafp the skies engirdle round,
And fpread the terrors of their burning locks.
For thefe through orbits in the length’ning {pace
Of many tedious rouling years compleat
Around the fun move regularly on ;

And with the planets in harmonious orbs,
And myftick periods their obeyfance pay

To him majeftick ruler of the skics

Upon his throne of circled glory fixt.

He or fome god conipicuous to the view,

Or elfe the fubftitute of nature feems,
Guiding the courfes of revolving worlds.

He taught great NwToN the all-potent laws
Of gravitation, by whofe fimple power

"The univerfe exifts. Nor here the fage

Big with invention ftill renewing ftaid.

But O bright angel of the lamp of day,

How fhall the mufe difplay his greateft toil ?
Let her plunge deep in Aganippe’s waves,

Or in Caftalia’s ever-flowing ftream,

"That re-infpired fhe may fing to thee,

How Nrwron dar'd advent’rous to unbraid
The yellow treffes of thy fhining hair.

Or didft thou gracious leave thy radiant fphere,
And to his hand thy lucid fplendours give,

T’ unweave the light-diffufing wreath, and part

The
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'The blended glorics of thy golden plumes ?
He with laborious, and unerring care,

How diff’rent and imbodied colours form

Thy piercing light, with juft diftin&tion found.
He with quick fight purfi’d thy darting rays,
When penetrating to th’ obfcure recefs

Of {olid matter, there perfpicuous faw,

How in the texture of each body lay

"The power that feparates the diff’rent beams.
Hence over nature’s unadorned face

Thy bright diverfifying rays dilate

Their various hues: and hence when vernal rains
Defcending fwift have burft the low’ring clouds,
Thy fplendors through the diffipating mifts

In its fair vefture of unnumber’d hues

Array the fhow’ry bow. At thy approach
The morning rifen from her pearly couch
With rofy blufhes decks her virgin cheek ;
The ev’ning on the frontifpiece of heav’n

His mantle fpreads with many colours gay ;
The mid-day skies in radiant azure clad,

The fhining clouds, and filver vapours rob’d
In white tranfparent intermixt with gold,
With bright variety of fplendor cloath

All the illuminated face above.

When hoary-headed winter back retires

To the chill'd pole, there folitary fits
Encompafs’d round with winds and tempefts bleak
In caverns of impenetrable ice,

And from behind the diffipated gloom

Like a new Venus from the parting furge
'The gay-apparell'd {pring advances on ;
When thou in thy meridian brightnefs fitt'ft,
And from thy throne pure emanations flow

(b2]
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Of glory burfting o’er the radiant skies :
Then let the mufe Olympus’ top afcend,

And o’er Theflalia’s plain extend her view,
And count, O Tempe, all thy beauties o’er.
Mountains, whofe fummits grafp the pendant clouds,
Between their wood-invelop’d flopes embrace
The green-attired vallies. Every flow’r
Here in the pride of bounteous nature clad
Smiles on the bofom of th’ enamell'd meads.
Over the fmiling lawn the filver floods

Of fair Peneus gently roul along,

While the refle€ted colours from the flow’rs,
And verdant borders pierce the lympid waves,
And paint with all their variegated hue

The yellow fands beneath. Smooth gliding on
"The waters haften to the neighbouring fea.
Still the pleas'd eye the floating plain purfues;
At length, in Neptune’s wide dominion loft,
Surveys the fhining billows, that arife
Apparell’d each in Pheebus’ bright attire :

Or from a far fome tall majeftick fhip,

Or the long hoftile lines of threat’ning fleets, .
Which o’cr the bright uneven mirror fiveep,
In dazling gold and waving purple deckt;
Such as of old, when haughty Athens power
"Their hideous front, and terrible array
Againft Pallene’s coaft extended wide,

And with tremendous war and battel ftern
The trembling walls of Potidza fhook.
Crefted with pendants curling with the breeze
‘The upright mafts high briftle in the air,
Aloft exalting prond their gilded heads.

The filver waves againft the painted prows
Raife their refplendent bofoms, aud impearl

The
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"The fair vermillion with their glift'ring drops :

And from on board the iron-cloathed hoft

Around the main a gleaming horrour cafts;

Each flaming buckler like the mid-day fun,

Each plumed helmet like the filver moon,

Each moving gauntlet like the light'ning’s blaze,

And like a ftar each brazen pointed fpear.

But lo the facred high-ereéted fanes,

Fair citadels, and marble-crowned towers,

And famptuous palaces of ftately towns

Magnificent arife, upon their heads

Bearing on high a wreath of filver light.

But fee my mufe the high Pierian hill,

Behold its fhaggy locks and airy top,

Up to the skies th’ imperious mountain heaves

"The fhining verdure of the nodding woods.

Sec where the filver Hippocrene flows,

Behold each glitt’ring rivulet, and rill

Through mazes wander down the green defcent,

And fparkle through the interwoven trees.

Here reft a while and humble homage pay,

Here, where the facred genius, that infpird -

Sublime M£oNIDES and PINDAR’s breaft,

His habitation once was fam’d to hold.

Here thou, O HoMER, offer’dft up thy vows;

"Thee, the kind mufe Carrror x4 heard,

And led thee to the empyrean {eats,

There manifefted to thy hallow’d eyes

The deeds of gods; thee wife MINERvA taught

The wondrous art of knowing human kind ;

Harmonious PHoEBUS tun’d thy heav’nly mind,

And fwell'd to rapture cach exalted fenfe;

Even MaARs the dreadful battle-ruling god,

MARSs taught thee war,- and with his bloody hand
{nftructed
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Inftructed thine, when in thy founding lines

We hear the rattling of Bellona’s carr,

The yell of difcord, and the din of arms.
PrNDaR, when mounted on his fiery fteed,
Soars to the fun, oppofing eagle like

His eyes undazled to the fierceft rays.

He firmly feated, not like Gravcus’ fon,

Strides his fwift-winged and fire-breathing horfe,
And born aloft ftrikes with his ringing hoofs
The brazen vault of heav’n, fuperior there
Looks down upon the ftars, whofe radiant light
Illuminates innumerable worlds,

That through cternal orbits roul beneath.

But thou all hail immortalized fon

Of harmony, all hail thou Thracian bard,

To whom Arorro gave his tuneful lyre.

O might'ft thou, ORPHEUS, now again revive,
And NewTtoN fhould inform thy lift'ning ear
How the foft notes, and foul-inchanting ftrains
Of thy own lyre were on the wind convey’d.

He taught the mufe, how found progreffive floats
Upon the waving particles of  air,

When harmony in ever-pleafing ftrains,
Melodious melting at each lulling fall,

With foft alluring penetration fteals

Through the enraptur’d ear to inmoft thought,
And folds the fenfes in its filken bands.

So the fweet mufick, which from ORPHEUS’ touch
And fam’d AMPH10N’s, on the founding ftring
Arofe harmonious, gliding on the air,

Pierc’d the tough-bark’d and knotty-ribbed woods,
Into their faps {oft infpiration breath’d

And taught attention to the ftubborn oak.

Thus when great HENRY, and brave MARLB’ROUGH led
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Th’ imbattled numbers of BR1TANNIA’S fOns,
The trump, that fiwells th’ expanded check of fame,
‘That adds new vigour to the gen’rous youth,
And rouzes {luggith cowardize it felf]

The trumpet with its Mars-inciting voice,

The winds broad breaft impetuous {weeping o’cr
Fill'd the big note of war. Th’ infpired hoft
With new-born ardor prefs the trembling Gavr ;
Nor greater throngs had reach’d eternal night,
Not if the fields of Agencourt had yawn'd
Expofing horrible the gulf of fate ;

Or roaring Danube fpread his arms abroad,
And overwhelm’d their legions with his floods.
But let the wand’ring mufe at length return ;
Nor yet, angelick genius of the fun,

In worthy lays her high-attempting fong

Has blazon’d forth thy venerated name.

"Then let her fweep the loud-refounding lyre
Again, again o’cr each melodious ftring

Teach harmony to tremble with thy praife.
And ftill thine ear O favourable grant,

And fhe fhall tell thee, that whatever charms,
‘Whatever beautics bloom on nature’s face,
Proceed from thy all-influencing light.

That when arifing with tempeftuous rage,

The North impetuous rides upon the clouds
Difperfing round the heav’ns obftructive gloom,
And with his dreaded prohibition ftays

The kind effufion of thy genial beams ;

Pale arc the rubies on AURORA’s lips,

No more the rofes bluth upon her cheeks,

Black are Peneus’ ftreams and golden fands

In Tempe’s vale dull melancholy fits,

And every flower reclines its languid head.

By
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By what high name fhall I invoke thee, fay,
Thou life-infufing deity, on thee

I call, and look propitious from on high,

While now to thee I offer up my prayer.

O had great NewToN, as he found the caufe,
By which found rouls thro’ th’ undulating air,
O had he, baffling times refiftlefs power,
Difcover'd what that fubtle fpirit is,

Or whatfoc’er diffufive elfe is fpread

Over the wide-extended univerfe,

Which caufes bodies to refleét the light,

And from their ftraight dircétion to divert

‘The rapid beams, that through their furface pierce.
But fince embrac’d by th’ icy arms of age,

And his quick thought by times cold hand congeal'd,
Ev’n Newron left unknown this hidden power ;
Thou from the race of human kind felet

Some other worthy of an angel’s care,

With infpiration animate his breaft,

And him inftruét in thefe thy {ecret'laws.

O let not NrwToON, to whofe fpacious view,
Now unobftruéted, all th’ extenfive fcenes

Of the ethereal ruler’s works arife ;

When he beholds this earth he late adorn’d,

Let him not fee philofophy in tears,

Like a fond mother folitary fit,

Lamenting him her dear, and only child.

But as the wifc PYTHAGORAS, and he,
Whofe birth with pride the fam’d Abdera boafts,
With expeation having long furvey’d

This fpot their antient feat, with joy bcheld
Divine philofophy at length appear

In all her charms majeftically fair,

Condutted by immortal NEwToN’s hand:

So
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So may he fee another fage arife,

"That fhall maintain her empire : then no more
Imperious ignorance with haughty fway

Shall ftalk rapacious o'er the ravag’d globe :
Then thou, O NEwToN, fhalt protect thefe lincs,
"The humble tribute of the grateful mufe ;
Ne'er fhall the facrilegious hand defpoil

Her laurel’d temples, svhom his name preferves :
And were fhe cqual to the mighty theme,
Futurity fhould wonder at her fong ;

Time fhould receive her with extended arms,
Seat her confpicuous in his rouling carr,

And bear her down to his extreameft bound.

FasrEs with wonder tell how Terra’s fons
With iron force unloos'd the ftubborn nerves
Of hills, and on the cloud-infhrouded top
Of Pelion Offa pil'd. ~ But if the vaft
Gigantick deeds of favage ftrength demand
Aftonifhment from men, what then fhalt thou,
O what expreflive rapture of the {oul,

When thou before us, New o, doft difplay
The labours of thy great excelling mind ;
When thou unveileft all the wondrous fcene,
"The vaft idea of th’ eternal king,

Not dreadful bearing in his angry arm

The thunder hanging o’er our trembling heads ;
But with th’ effulgency of love replete,

And clad with power, which form’d th’ extenfive heavens.
O happy he, whofe enterprizing hand

Unbars the golden and relucid gates

Of th’ empyrean dome, where thou enthron’d
Philofophy art feated. Thou fuftain’d

By the firm hand of everlafting truth

Le]

Defpifeft
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Defpifeft all the injuries of time :

Thou never know’ft decay when all around,
Antiquity obfcures her head. Behold

Th’ Egyptian towers, the Babylonian walls,
And Thebes with all her hundred gates of brafs,
Behold them {featter’d like the duft abroad.
Whatever now is flourifhing and proud,
Whatever fhall, muft know devouring age.
Fuphrates’ ftream, and feven-mouthed Nile,
And Danube, thou that from Germania’s {oil
‘To the black Euxine’s far remoted fhore,

(’er the wide bounds of mighty nations fiveep’ft
In thunder loud thy rapid floods along.

Ev'n you fhall feel inexorable time ;

To you the fatal day fhall come ; no more
Your torrents then fhall fhake the trembling ground,
No longer then to inundations fwol'n

‘Th’ imperious waves the fertile paftures drench,
But fhrunk within a narrow channel glide ;

Or through the year’s reiterated courfe

‘When time himfelf grows old, your wond’rous ftreams
Loft ev'n to memory fhall lie unknown

Beneath obfcurity, and Chaos whelm'd.

But ftill thou fun illuminateft all

The azure regions round, thou guideft ftill

‘The orbits of the planetary fpheres ;

The moon ftill wanders o’er her changing courfe,
And ftill, O Nrwron, fhall thy name furyive :
As long as nature’s hand direts the world,
When ev’ry dark obftruction fhall retire,

And ev’ry fecret yield its hidden ftore,

Which thee dim-fighted age forbad to fee

Age that alone could ftay thy. rifing foul.

And could mankind among the fixed ftars,

E'en
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F’en to th’ extremeft bounds of knowledge reach,
To thofe unknown innumerable funs,

‘Whofe light but glimmers from thofe diftant worlds,
Ev’n to thofe utmoft boundaries, thofe bars

That fhut the entrance of th’ illumin’d fpacc
Where angels only tread the vaft unknown,
Thou ever fhould’ft be feen immortal there :

In each new fphere, each new-appearing fun,

In fartheft regions at the very verge

Of the wide univerfe fhould’ft thou be feen.

And lo, th’ all-potent goddefs N aTURE takes
With her own hand thy great, thy juft reward
Of immortality ; aloft in air

See fhe difplays, and with eternal grafp
Uprears the trophies of great NEwTON’s fame.

R. GLoVER.
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Edward Barry, M. D. of Corke

Mr Humphrey Bartholomew,
of Unwverticy College, Oxon

Mr Benjamin Bartlett

Mr Henry Burtletr

Mr James Bartlett

Mr Newton Barton, of Trinity
Collegre, Cambridge

R, Mr. Barton

Willam Barnfley, Efg;

Mr Samucl Ba%man

Mr Thomas lates

Peter Bachurth, Efq;

Mark Barr, Efg;

F'homas Batt, Efg;

Mr Batlev, Bockfcller in London

Mr Chriftopher Batr, Jun.

Mr Wiltlaw Eatt, Sporecary

Canon of

Rev. Mr Battely, M. A. Studens
of Chrift Church, Oxon

Mr Edmund Baugh

Rev. Mr, Thomas Bayes

Edward Bayley, M. D. of Ha-

vant

Joha Bayley, M. D. of Chi-
chefter

Mr. Alexander Baynes, Profeffor
of Law mn the Univerfiry of
Edinburgh

Mr Benjamin Beach

Thomas Beacon, Efg;

Rev. Mr Philip Bearcroft

Mr Thomas Bearcroft

Mr William Beacheroft

Richard Beard, 3. D. of Wor-
cefter

Mr Jofeph Besfley

Rev. Mr Beats, M. A. Fullow of
Magdalen Coilege, Cambridge

Sir George Beaumont

John Beaumont, Efg; of Clap-
h:

am
William Beecher, of Howberry,

Efg;

Mr Michael Beecher

Mr Finney Beifield, of the Inner-
Temple

Mr Benjamin Bell

Mr Humpbhrey Bell

Mr Phincas Bell

Leonard Belt, Gent.

William Benbow, Efg;

Mr Martis Bendall

Mr George Bennet, of Cork,
Boghfeller

Rew. Mr Martin Benfon, Arch-
deacon of Berks

Samucl Eenfon, Efy;

William Benfon, Ay

Rev. Richard Bently, D. D, Maf-
ser of Trinity Coll. Cambrigge

Thomas Bere, Ef,;

The Hon. John Berkley, Ffgs

Mr Maurice Berkley, fen. Surgeon

ohn Bernard, Efy;
r Charles Bernard

Hupgh Bethell, of Ruife m York-
are, Efy;

Hugh Behell, of Swindon in
Yorkfire, Ejg;

Mr Sivanus Bevan, Apothecary

Mr Calverly Bewick, jun.

Henry bigg, B. D Warden o
New College, Cxon

Sir William Billers

——Billers, Efg;

Mr John Billingfley
Mr George Binckes
Rev. Mr Birchinfha, of Exeter
College, Oxon
Rev. Mr Richard Bifcoe
Mr Hawiey Bithop, Fellow of St
John’s College, Oxon
Dr Bird, of Reading
Henry Blaake, Efg;
Mr Henry Blaake
Rev. Mr George Black
Steward Blacker, Efg;
William Blacker, E/g,
Rowland Blackman, Efg;
Rev. Mr Charles Blackmore, of
Worcefter
Rev Mr Blackwall, of Emanuel
College, Cambridge
Jonath:n Blackwel, Erg;
ames Blackwood, Efg;
Mr Thomas Blandford
Arthur Blaney, Efg;
Mr James Blew
Mr William Biizard
Dr Blomer
Mr Henry Bluat
Mr Elias Bocket
Mr Thomas Bocking
Mr Charles Bochm, Merchans
Mr William Bogdani
Mr John Du Bois, Merchant
Mr Samuel Du Bois
Mr Jofeph Boiton, of London-
derry, Efg;
Mr John Bond
%a!m Bonithon, M. 4.
Mr James Bonwick, Bookfeller
in London
Thomas Boone, Efy;
Rev. Mr Penn)ftone, af. 4.
Irs Judith Booth
Thomas Bootle, Ejg;
Thomas Borret, E/g;
Mr Benjamin Bois
Dr Boftock
Henry Bolville, F;
My joha Befweith
Dr George Boulton
Hen, Bourn.M, D. of Clefterfield
M ¢ Catherine Bovey
Jr Humpliey Bowen
Iir Rower
Joha Bowes, Efg;
Wilam Bowles, Efg;
Mr John Bowles
Mr Thomas Bowles
Mr Devereux Bowly
Duddington Bradec), g
Rev,
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Rev. Mr James Bradley, Profe/or
of Aftronomy, m Oxford
Mr Job Bradley, Bookfeller in

Chefterficld
Rev. Mr John Bradley
Rev. Mr Bradthaw, Follow of
Jefus College, Cambridge
Mr Jofeph Bradthaw
Mr Thomas Blackfhaw
Mr Robert Bragge
Champion Bramfeld, E/g;
Jofeph Brand, Efg;
Mr Thomas Braicker
Mr Thomas Brand
Mr Braxton
Capt. David Braymer
Rev Mr Charles Brent, of Briftol
Mr William Brent
Mr Edmund Bret
Jobn Brickdale, Efg;
Rev. Mr guhn Bridgen 4. M.
Abrabam Bridges, Efg;
George Briggs, Efg;
gohn Bridges, Efg,
rook Bridges, Efg;
Orlando Bridgman, Efq;
Mr Charles Bridgman
Mr William Bridgman, of Trinis
ty College, Cambridge
Sir Humphrey Briggs, Barr.
Robert Briftol, Efg;
Mr Jofeph Broad
Peter Brooke, of Meer, Ef;
M;r Jacob Brook
Mr Brooke, of Oriel Coll. Oxon
Mr Thomas Erookes
Mr James Brooks
William Brooks, Efg;
Rev. Mr William brooks
Stamp Brooksbank, Efg;
Mr Murdock Broomer
William Erown, Efg;
Mr Richard Erown, of Norwich
Mr William Brown, of Hull
Mrs Sarah Brown
Mr John Prowne
Mr John Erowning, of Briftol
Mr John I'towning
Noel Broxholme, M. D.
William Bryan, Efg;
Rev. Mr Brydam
Chriftopher Buckle, Efg;
Samuel Buckley, Efg;
Mr Fudgen
S John Pull
Jofish Bullock, of Faulkbourn-
Hall, Effex, Efg;
Rev. Mr Richard [ullock

Rev. Mr Richard Bundy

Mr Alexander Bunyan

Rev. Mr D. Burges

Ebenezer Lurgefs, Efg;

Robert Burlefton, M B.

Gnlbert Burnet, Efg;

Thomas Burner, Efg;

Rev. Mr Gilbert Burnet

His Fxcellency Will. Burnet, F/g;
Governour of New-York

Mr Trafford Burnfton, of Trin.
College, Cambridge

Peter Burrel Efg

Joha Burridge, Efg;

James Burrough, E/q; Beadleand
Fellow of Caius Coll. Cambr.

Mr Benjamin Burroughs

Jeremiah Burroughs, Efg;

Rev. Mr Jofeph Gurroughs

Chriftopher Eurrow, Efg;

James Burrow, Efg;

Wiliam Burrow, 4. M.

Francis Burton, Efg;

John Burton, Efg;

Samuel Eurton, ¢f Dublin, E/g;

William Burton, Efg;

Mr Burton,

Richard Burton, Ffg;

Dr Simon Burton

Rev. Mr Thomas Burton, M. 4.
Fellow of Caius Coliege, Cam-
brivge

Jolin Bary, jun. Efg;

Rev, Mr Samucl Bury

Mr William Bufh

Fev. Mr Samuel Butler

Mr Jofeph Button, of Newcaftle
upon Tyne

Hon. Edward Byam, Governour
of Antigua

Mr Edward Byam, Merchant

Mr John Byrom

Mr Duncumb Briftow, Merch.

M: William Bradgate

(]

His Grace the Archbifhop of Can-
terbury

Right Hon. the Lord Chancellor

His Grace the Duke of Chandois

The Right Hon, the Earl of Carlifle

right Hon. Earl Cowper

Et. Rev. Lord Biflopof Carlifle

Re. Rev. Lord Bijhop of Chichefter

Re. Rev. Lord bifh. of Cloufert
m Ireland

Re. Rev, Lord Bifhop of Cloyne
AN

Rt Hom. Lord Clinton

Re. Hon. Lord Chetwynd

Ke. Hon. Lord Jumes Cavendifh

The Hon. Lord Cardsofs

Ke. Hon. Lord Caftlemain

Right Hon. Lord $t. Clare

Cornclius Cailaghan, Efg;

Mr Charles Cailaghan

Felix Calvert, of Allbury, Efg;

Peter Calvert, of Hunfdown in
Herttordfhire, Efg;

Mr William Calvere of Emanuel
College, Cambridge

Reverend Mr John Cambden

John  Camplell, of Stackpole-
Court, in the County of Pera-
broke, Efg;

Mrs Camplell, of Stackpole-
Court

Mre, Ehzabeth Caper

Mr Delhillers Caibonel

Mr John Carleton

Mr Richard Carlton, of Chefter-
field

Mr Nathaniel Carpenter

Henry Carr, Efg;

ohn Carr, Efg;

oha Carruthers, Efg;

Rev, Dr. George Carter, Pro-
2oft of Oriel College

Mr Samuel Carier

Honourable Edward Carteret, Efg;

Robert Cartes, jun. in Virguua,

Efg;

Mr QV liam Cartlich

James Maccartney, Efy

Mr Carewright, of Ainho

Mr William Cortwright, o
Trinity College, Cambridge

Reverend Mr William Cary, of
Briftol

Mr Lyndford Caryl

Mr Johin Cafe

Mr John Caftle

Reverend Mr Catrle

Hon. William Cayley, Confil a¢
Cediz, Efgs

William Chambers, Efy;

Mr Nchemiah Champion

M;r Richard Champion

Matthew Chandler, Efg;

Mr George Channel

Mr Channing

Mr Jofeph Chappell, Attorney
at Brifto)

Mr Rice Charlton, 4p thecary
at Briftal

St
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St. John Charclton, Efy;

Mr Richard Charelton

Mr Thomas Chafe, of Lisbon,
Merchant

Robert Chauncey, M. D.

Mr Peter Chauvel

Patricius Chaworth, of Anfley,

Efg;
Pole Chaworth of rhe Innes Tem-
le, Efq;
r Wiliam Chefelden, Surgeon
20 her Majefly
ames Chetham, Efy;
Mr ]]amcs Chetham
Charles Child, 4. B. of Clare-
Hall, in Cambridge, Efy;
Mr Cholmely, Gentleman Com-
moner of New-College, Oxon
Thomas Church, Efg;
Reverend Mr St. Clair
Reverend Mr Matthew Clarke
Mr William Clark
Bartholomew Clarke, Efg;
Charles Clarke, of Lincelns-Ian,

Efg;

George Clarke, Efg;

Samuel Clarke, of the Inner-Tem-
Ple, Efg;

Reverend g(r Alured Clarke, Pre-
bendary of Winchefter

Rev. John Clarke, D. D, Dean
of Sarum

Mr Jobn Clark, 4. B. of Trini-
ty College, Cambridge

Matthew Clarke, M. D.

Rev. Mr Renb, Clarke, Redor
of Norton, Leicefterthire

Rev. Mr Robert Clarke, of Briftol

Lev, Samuel Clarke, D, D.

Mr Thomas Clarke, Merchant

Mr Thomas Clarke

Rev. Mr Clarkfon, of Peter-
Houfe, Cambridge

Mr Richard Clay

William Clayton, of Marden, Efg;

Semuel Clayton, Efg;

Mr William Clayton

Mr John Clayton

Mr Thomas Clegg

Mr Richard Clements, of Ox-
ford, Bookfeller

Theophilus Clements, Efg;

Mr George Clifford, jun.
Amfterdam

George Clitherow, Efg;

George Clive, Efg;

Dr, Clopton, of Bury

Stephen Clutterbuck, Efg;

o

Henry Coape, Efg;

Mr IXhlhanIi)cl Cgrfworth

Rev. Dr. Cobden, Chaplain tothe
Bifhop of London

Hon. Col. John Codrington, of
Wraxall, Somerfetfhire

Right Hon, Marmaduke Coghill,

Efg;

FHI‘I/Cqu Coghlan, Efy;
Sir Thomas Coke

Mr Charles Colborn

Benjamin Cole, Gent,

Dr Edward Cole

Mr Chriftian Colcbrandt

ames Colebrooke, Ef;
Mr William Coleman, Merchant
Mr Edward Collet

Mrs Henrictta Collet

Mr %n Collet

Mrs Mary Collett
Mr Samuel Collet
Mr Nathaniel Collier
Anthony Collins, Efg
Thomas Collins, ¢f Greenwich,

M. D.

M Peter Collinfon

Edward Colmare, Fellow of
Magdalen College, Oxon

Rev, Mr John Colfon

Mrs Margarct Coltock, of Chi-
chefter

Caps. John Colvil

Rene de J]a Combe, Efg;

Rev. Mr John Condor

John Conduit, Efg;

John Coningham, M. D.

His Excellency William Conolly,
one of the Lords Fuflices of
Ireland

Mr Edward Conftable, of Read-
in)

Rev, Mr Conybeare, M. 4.

Rev, Mr James Cook

Mr John Cooke

Mr Benjamin Cook

William Cook, B L. ¢f $¢. John's
College, Oxon

James Cooke, Ef3;
ohn Cooke, Efg;

r Thomas Cooke

Mr William Cooke, Fellow of
8¢, John's College, Oxon

Rev. Mr Cooper, of North-Hall

Charles Cope, Efg;

Rev, Mr Barclay Cope

Mr Jobn Copeland

Jobn Copland, M. B.

Godfrey Copley, Efs;

Sir Richard Corbet, Bar.

Rev. Mr Francis Corbett

Mr Paul Corbett

Mr Thomas Corbet

Henry Cornclifen, Efg;

Rev. Mr John Corni

Mrs Elizabeth Cornwall

Library of Corpus Chrifti Cols
lege, Cambridge

Mr William Cofsley, of Briftol,
Bookfeller

Mr Solomon du Cofta

Dr. Henry Coftard

Dr. Cotes, of Pomfret

Caleb Cotcfwortb, M. D.

Peter Cottingham, Efg;

Mz John Cottington

Sir John Hinde Cotton

M James Coulter d

George Courthop, of Whiligh s
Suffex, Efg;

Mr Peter Courthope

Mr John Coufsmaker, jun.

Mr Henry Coward, Merchant.

Anthony Afhley Cowper, Efg;

The Hon. Spencer Cowper, E(7;
One of the Fuftices of the Cours
of Common Pleas

Mr Edward Cowper

Rev. Mr Joha Cowper

Sir Charles Cox

Samuel Cox, Efg;

Mr Cox, of New Coll. Oxon

Mr Thomas Cox

Mr Thomas Cradock, M. 4.

Rev. Mr John Craig

Rev. Mr John Cranflon, Arche
deacon of Cloghor

John Cralter, Efg;

Mr John Creech

James Creed, Efg;

Rev. Mr William Crery

John Crew, of Crew Hall, in
Chefhire, Efg;

Thomas Crifp, Efg;

Mr Richard Crifpe

Rev. Mr Saraue] Cufwick

Tobias Croft, ef Trinity Col-
lege, Cambridge

Mr Joha Crook

Rev. Dr Crofle, Mafler of Ka-
therine Hall

Chriftopher Crowe, Efg;

George Crowl, Efg;

Hon. Nathanicl Crump, Efg; of
Antigua

Mrs Mary Cudworth

Alexander Cunningham, Efgs

Licory
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Henry Cunningham, Efg;

Mr Cunningham

Dr Curtis of Sevenoak

Mr William Curtis

Henry Curwen, Efg;

Mr Jobn Cafwall, of London,
Merchant

Dr Jacob de Caftro Sarmento

D

His Grace the Duke of Devonfhire

His Grace she Dske of Dorfet

Right Rev. Ld. Bifhop of Durham

Right Rev. Ld. Bifhop of $t. Da-
vid

Right Hon. Lord Delaware

Rught Hon. Lord Digby

Right Rev. Lord Bifhop of Derry

Right Rev. Lord Bifbop of
Donne

R#. Rev. Lord Biflop of Dromore

Right Hon. Dalbn, Lord Chief
Baron of Ireland

Mr Thomas Dade

Capt, John Dagge

Mr Timothy Dallowe

Mr James Danzey, Surgen

Rev. Dr Richard Danicl, Dean
of Armagh

Mr Danvers

Sir_Coniers Darcy, XKnight of
the Bath

Mr Serjeant Darnel

Mr Jofeph Dafh

Peter Davall, E/g;

Henry Davenant, Efg;

Davies Davenport, of #he Inner-
Temple, Efg;

Sir Jermyn Davers, Bars.

Capt, Thomas Davers

Alexander Davie, Efg;

Rev. Dr. Davies, Mafler of
Queen’s College, Cambridge

Mr Jobn Davies, of Chnift-
Church, Oxon

Mr Davies, drrorney at Law

Mr William Dawkins, Merch.

Rowland Dawkin, of Glamor-
ganfhire, Efg,

Mr John Dawfon

Edward Dawf{on, Efg;

Mr Richard Dawfon

William Dawf{onne, Efg;

Thomas Day, Efg;

Mr Jobn Day

Mr Nathanicl Day

Mr Deacon

Mr William Deane

Mr James Dearden, of Trinity
College, Cambridge

Sir Matthew Deckers, Bart.

Edward Deering, Efg;

Simon Degge, Efg:

Mr Staunton Degge, 4. B, of
Trinity Col. Cambridge

Rev. Dr Patrick Delaney

Mr Delhammon

Rev. Mr Denne

Mr William Denne

Capt. Jonathan Dennis

Danicl Dering, Efg;.

gvalcub Desboverie, Efg;
! éam:s Deverell, Surgeon
i Briftol .

Rev. Mr John Diaper

Mr Rivers Dickenfon

Dr. George Dickens, of Liver-

pool

Hon . Edward Digby, Efg;

Mr Dillingham

Mr Thomas Dinely

Mr Samuel Difacy, ¢ Bennet
College, Cambridge

Robert Dixon, Efg;

Pierce Dodd, M. D.

Right Hon. Geo. Doddinton, Efg;

Rev. Sir John Dolben, of Findon,
Biart.

Nchemiah Donellan, E/7;

Paul Doranda, Efg;
ames Douglas, M D.
Ir Richard Dovey, 4. B. of
Wadham College, Oxon

John Dowdal, Efg;

William Mac Dowell, Ef;

Mr Peter Downer

Mr James Downes

Sir Francis Henry Drake, Knr.

William Drake, of Barnold{wick-
Cores, Efg;

Mr Rich. Drewett, of Fareham

Mr Chriftopher Drifficld, of
Chrift-Church, Oxon

Edmund Dris, 4. M. Fefbw
of Trinity Coll. Cambridge

George Drummond, Efg; Lord
Provoft of Edenburgh

Mr Colin Drummond, Profeffor
of Philofophy m the Unsverf.ty
of Edinburgh

Henry Dry, Efg;

Richard Ducane Efg;

Rev. Dr Pafchal Ducafle, Dean
«f Ferns

George Ducket, Efy;
Mr Daniel Dufrefnay
Mr Thomas Dugdale
Mr Humphry Duncalfe, Merchant
Mr James Duncan
ohn Duncombe, Efs;
Ar William Duncombe
John Dundafs, jun. of Duddin-
ftown, Efg;
William Dunftar, Ef3;
James Dupont, of Trinity Coll.
Cambridge

E

Right Rev. and Right Hon, Lord
Erskine

Theophilus, Lord Bifbop of Elphin
r Thomas Eamcs

Rev. Mr. Jabez Earle

Mr Willam Eaft

&ir Peter Eaton

Mr Join kF.cclcﬂon

James Eckerfall, E

Edgccumbe/,q‘tfg;

Reu, Mr Edgley

Rev. Dr Edmundfon, Prefident
of St. l;]ohn’s Coll. Cambridge

Arthur Edwards, Efg;

Thomas Edwards, E/;

Vigerus Edwards, E[3;

Capt. Arthur Edwards .
r Edwards

Mr William Elderton-

Mrs Elizabeth Elgar

Sir Gilbere Eliot, of Minto, Baw
one of the Lords of Seflion

Mr John Elliot, Merchant

George Ellis, of Barbadoes, Efg;

Mr John Ellifon, of Shefficid

Sir Richard Ellys, Bars.

Library of Emanucl Collegey
Cambridge

Francis Emerton, Gent.

Thomas Emmerfon, Efg;

Mr Henry Emmet

Mr John Emmct

Thomas Empfon, of the Midd's-
Temple, Efg;

Mr Thomas Engeir

Mr Robert England

Mr Nathanicl Englith

Rev. Mr Enfly, Mmiffer of the
Scotch Church 1 Rotterdam

John Effington, Efg;

Rey
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Rev, Mr Charles Efte, of Chrift-
Church, Oxon

Mr Hugh Etherfey, dpothecary

Henry Lvans, of Suiry, Ejg

liaac Ewer, Efg;

Mr Charles Ewer

Rev. Mr Richard Exton

Sir John Eyles, Bar.

Sir Jofeph Eyles

Right Hon,Sir Robert Eyre, Lord
Chief Fuftice of the Common
Pleas,

Edward Eyre, Efgs

Heary Samucl Eyre, Efg;

Kingf{mill Eyre, Efy;

Mr Eyre

F

Right Rev. Jofish, Lord Biflop of
Fernes and Loghlin

Den Heer Fagel

Mr Thomas Fairchild

Thomas Fairfax, of the Middle
Temple, Efg;

Mr John Falconer, Merckant

Danicl Falkiner, Efg;

Charles Farewell, Efg;

Mr Thomas Farnaby, of Merton
College, Oxon

Mr Willham Farrel

James Farrel, Ffg;

Thomas Farrer, Efg;

Dennis Farrer, Efg;

John Farrington, Efg;

Mr Faukener

Mr Edward Faulkner

Francis Fauquiere, Efg;

Charles De la Fay, Efz;

Thomas De lay Fay, Efg;

Cape. Lewis De la Fay

Nicholas Fazakerly, Efg;

Governour Feake

Mr John Fell, of Attercliffe

Martyn Fellowes, Efg,

Cofton Fellows, Ef3;

Mr Thomas Fellows

Mr Francis Fennell

Mr Michael Fenwick

Jobn Ferdinand, of the lnner-
Temple, Efg

Mr James Ferne, Surzeon

Mr John Ferrand, of Trinity
College, Cambridge

Mr Daniel Muffaphia Fidalgo

Mr Fidler

rion. Mrs Celia Tiennes

Hon. and Rev. Mr. Finch, Dean
of York

Hon, Edward Finch, Efg;

Mr John Finch

Philip Fincher Ff; 3

Mr Michael Fiich, of Trinity
College, Cambridge

Hon. John Fitz-Morris, Efg;

Mr Fletcher

Martin Folkes, E/g;

Dr Foot

Mr Francis Forefter

Jobn Forefter, Efg;

Mrs Alice Forth

Mr John Forthe

Mr Jofeph Foskett

Mr Edward Fofter

Mr Peter Folter

Peter Foulkes, D. D. Canon of
Chrift-Church, Oxon

Rev. Dr, Robert Foulkes

Rev. Mr Robert Foulks, M. 4.
Fellow of Magdalen College,
Cambridge

Mr Abel Founereau, Merchant

Nir Chriftopher Fowler

Mr John Fowler, of Northamp.

Mr Jofeph Fowler

Hon, S William Fownes, Bar.

George Fox, Efg;

Edward Foy, Efg;

Rev. Dr. Frankland, Dean of
Gloucefter

Frederick Frankland, Ffg;

Mr Jofeph Franklin

Mr Abraham Franks

Thomas Frederick, Efg; Gentle-
man Commoner of New College,
Oxon

Thomas Frecke, Efg;

Mr Jofeph Freame

Richard Freeman, Efg;

Mr Francis Freeman, of Briftol

Ralph Freke, Efj;

Patrick French, Efg;

Edward French, M. D.

Dr. Frewin

John Freind, M. D.

Mr Thomas Froit

Thomas Fry, of Hanham, Glou-
cefterfhire, Efg;

Mr Rowland Fry, Merchant

Francis Fu'jam, Efg

Rev. Mr Fuller, Fellow of Ema-
nuel Coliege, Cambridge

Mr John Fuller

Thomas Fuller, M. D.

Mr William Fullwood, of Hun-
tingdon

MES.

Rev. James Fynney, D. D. Pre-
bendary of Durham

Cape. Fyfhe

M Francis Fayram, Bookfellerin
London

G

His Grace the Duke of Grafton
Right How. Earl of Godolphin
Right Hon. Lady Betty Germaia
Rught Hon. Lord Garlet
Rught Rev. Biflop of G oucefter
Right Hon. Lord St. George
Re. Hon. Lord Chief Baron Gilbert
Mr Jonathan Gale, of Jamaica
Roger Gale, Efg;
His Excellency Monfienr Galvao,
Envoy of Portugal
ames Gambier, E/z;
r Jofeph Gambol, of Bacbadoes
M Jofeph Gamonfon
Mr Henry Garbrand
Rev. Mr Gardiner
Mr Nathanicl Garland
Mr Nathanicl Garland, fun.
Mr Joas Garland
Mr James Garland
Mrs Anne Garland
Mr Edward Garlick
Mr Alexander Garrett
M John Gafcoygne, Merchant
Rev. Dr Gasketh
Mr Henry Gatham
Mr Jobn Gay
Thomas Gearing, F/g;
Coll. Gee
Mr Edward Gee, of Quecn’s
C llege, Cambridge @
M;r Jothua Gee, fen.
Mr Jofhua Gee, Jun,
Richard Fitz-Gerald, of Gray’s-
lon, Efg
Mr Thomas Gerrard
Edward Gibbon, E/g;
ohn Gibbon, Ffg;
r Harry Gibbs
Rev. Mr Philip Gibbs
Thomas Gibfon, Efg;
Mr John Gibfon
Mr Samuel Gideon
Rev. Dr Clandifh Gilbert, of
Trinity College, Dublin
Mr John Gilbert
ohn Girardos, Ejg;
Ir John Girl, Surgeon
Rev. Dr. Gilbert, Dean of Exc-
ter, 4 Books

Mr
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Mr Gisby, Aporbecary

Mr Richard Glanville

ohn Glover, Efg;
r Jobn Glover, Merchant

Mr Thomas Glover, Merchant

Jobn Goddard, Merchans, n Rot-
terdam

Peter Godfrey, Efg;

Mr Jofeph Godtrey

Caps. John Godlee

Joteph Godnian, Efg;

Cape. Hariy Goff

Mr Thomas Goldney

Jonathan Goldfmyth, A1. D.

Rev. Mr William Goldwin

Gooday, Efg

John Goodrick, Efg; Fellow
Commoner of Trimity Coll.
Cambridge

Sir Henry Goodrick, Bart.

Mr Thomas Goodwin

Sir William Gordon, Bar.

Right Hon. S Ralph Gore, Bart.

Arthur Gore, Efy;

Mr Francis Gore

Mr John Charles Goris

Rev, Mr Willam Gofling, M.4.

Wiliam Goflin, E/g;

Mr William Goffip, 4. B. of
Trin. Coll. Cambridge

John Gould, jun. Efg;

Nathaniel Gould, Efg;

Mr Thomas Gould

Rev. Mr Gowan, of Leyden

Richard Grahaw, jun. Efgs

Mr George Graham

Mr Thomas Grainger

Mr Walter Grainger

Mr /john Grant

Monfienr S* Gravelainde, Profef-
Jfor of Altronomy and lx-
perim. Philofophy in Leyden

Dr Gray

Mr Charles Gray of Colchefter
r John Greaves

Mr Francis Green

Dr Green, Profeffor of Phyfick
in Cambridge

Samucl Green, Gent.

Mr George Green, B. D.

Mr Peter Green

Mr Matthew Green

M= Nathaniel Green, Apothecary

Mr Stephen Greenbill, of Jefus
College, Cambridge

Mr Archur Greenhil

Mr Jofeph Greenup

Mr ~Randolph Greenway, of
Thavies Inn

Mr Thomas Gregg, of the Mid-
dle Temple

Mr Gregory, Profefl. of Mo-
cern Hift. i» Oxon

Mrs Katherine Gregory

Samuel Gray, Efy;

Mr Richard Gray, Merchant in
Rotterdam

Thomas Griffichs, M. D.

Mr Stephen Griggman

Mr Ren¢ Griltet

Mr Richard Grimes

Johannes Groeneveld, J. U. &
M.D. and Poliater Leidenfis

Rev. Mr Grofveuor

Mr Richard Grofvenor

Mr Jofeph Grove, Merchane

Mr John Henry Grutzman, Mer-
chant

Mathuriu Guiznard, Efg;

Sir John Guife

Rev, Mr John Guife

Mr Ralph Guliton

Matthew Gundry, Efy;

Nathaniel Gundry, Efg;

Mrs Sarah Gunfton

Charles Gunter Niccol, Efg;

Thomas Gwillin, Efg;

Marmaduke Gwynne, Efg;

Roderick Gwynne, E/g;

David Gaufell, Efg; of Leyton
Grange

Samuel Grey, Ffg;

Mr J. Griffon

H.

Right Hon. Earl of Hertford

Re. Hon. Ld. Herbert, of Cherbury

Right Hon. Lord Herbert

Right Hon. Lord Hervey

Right Hon. Lord Vunfdon

John iladdon, M. B. of Chrift
Church, Oxon

Mr Haines

Mrs Mary [aines

Edward Haiftwel!, F/g;

Othntel Haggett, of Barbudoes,

Efy;
Robert Hale, Ffp;
NMr Phiiip Hale
Mr Charles Hallied
Abratam Huli, M. B.
Dr. Pall
Mr Heary Hall
Mr Jonathan Hall
Mr Matthew Hall
F:ancis Hall, Efg; of St. James’s
Place

Rev. Mr Hales

William Hallet, of Excter, M. D,

Edmund Halley, L. L. D. Aftro.
Reg. & Profcfl. of Modern
Huft. in Ox. Savilian,

Edmund Hallfey, Efg;

NMr John tlamerfe

Jobn Hamvilton, Efg;

Andrew Hamilton, Efg

Rev, Andrew Hamilton, D. D.
Arch-Deacon of Raphoe

Mr William Hamilton, Profef-
Jor of Divinity 1 the Univer[ity
of Edinburgh

Mr John Hamilton

Mr Thomas Hammond, Book-
feller in York

Mrs Martha Hammond

Mr John Hand

Rev. Mr Hand, Fellow of Ema-
nucl Collepe, Cambridge

Mr Samuel Handly

Gabriel Hanger, Efg;

James Hannott, of Spittle-Fields,
Efg;

Mr iian, Hankey

Harbord Harbord, of Guaton i
Norfolk, Efg;

Richard Harcourt, Efg;

Mr Thomas Hardey

John Harding, Efg;

Sir William Hardrefs, Bar,

Peter Hardwick, M. D. of Bri-

ftol
Mr Thomas Hadwick, Areor-
'HJ
Rev, Mr Jonathan Hardey
Henry Hue, Ffg;
My Hare, of Beckingham i

Kent
Mr Mark Harford
Mr Trueman Hariord
Hon. Edward Harley, Efz
Capt. Harlowe
Mr Henry Harmage
Mr feremiah Harmon
Henry Hartington, Efg;
Barrows Flarns. Fjg;
James Harris, Efg;
William Harris, of Sarum, g
liev. Mr Dran Harris
M Thomas Harris
Rew. Mr Hanis, Profefr of
Modirn Firflory m Cambridge
Mr Richard Harris
Mis Birbara Harrifon
Mr William Harrifon
Rev. Mr Heary Hare
Mr Mofes Hart



SusscrRIBERS NAMES.

Sir Tohn Hartop, Bare,

Mr Peter Harvey

Henry Harwood, Efg;

John Harwood, L. D.

Robert Profe Haflel, Efy;

George Hatley, Efg;

Mr William Havens

Capt. Jobn Hawkins

Mr Mark Hawkins, Surgeon

Mr Walter Hawk {worth, Merch.

Mr Francis Hawling

Mr Yoha Haxley, of Shefficld

Mr Richard Hayden, Mrchant

Cherry Hiyes, M. 4.

Mr Thomplon Hayne

Mr Samuel Haynes

Mr Thomas Haynes

Mr John Hayward, Surgeon

Mr Tofeph Hayward, of Madera,
Merchans

Rev. S Francis Head, Bart,

James Head, E/g;

Thomas Heames, Efg;

Edmund Heath, Efg;

1'homas Heath, Efg;

Mr Benjamia Heath

Cornelius Heathcote, of Cutthoy,
‘50

M. D.

Mr James Hamilton, Merchane

Mr Thomas Hafleden

S Gilbert Heathcote

Joba Heathcote, E/g;

William Heathcote, E/z;

Mr Abraham Heaton

Anthony Heck, Ef3;

John Hedges, Efg;

Mr Pau! Heeger, jun. Merch.

Dr Richard Heiham

Mr Jacob Henriques

Mr John Herbert, Apothecary
m Coventry

George Hepburn, M. D. of Lynn-
Regis

Mr Samuel Herring

Mr E{ohn Hetheringron

Mr Richard Here, Boolfeller

Fitz Heugh, Efg;

Hewer Edgley Hewer, Efg;

Rgbert HeyMam, Efg;

Mr Richard Heywood

Mr John Heywood

Mr Samuel Hibberdine

Nathaniel Hickman, M. 4.

Mr Samuel Hickman

Rev. Mr Huffe, Schoolmafler at
Kenfington

Mr Banger Higgens

Mr Samuel Highland

Mz Jofeph Heghmo.e

Rev. Mr John Hildrop, M. 4.
Mafler of the Frec-School in
Marlborough

Mr Francis Hildyard, Bogkfeller
in York

Mr Hilgrove

Mr James Hilhoufe

John Hill, Efg;

Mr John Hill

Mr Rowland Hill, of Sz, Jobn’s
Coliege, Cambridge

Samuel Hill, Efg;

Mr Humphrey Hill

Rev. Mr Richard Hill

Mr Peter St. Hill, Surgeon

Mr William Hinchiifl, Book-

feller

Mr Peter Hind

Benjamin Hinde, of the Inner-
Temple, Efg;

Robert Hinde, Efg;

Mr Peter Hinde, jun.

Rev. Mr Dean Hinton

Mr Robert Hirt

Capt. Joleph Hifcox, Merchant

Mr William Hoare

Mr William Hobman

Sir Nathaniel Hodges

Mr Hodges, M. A. of Jefus
College, Oxon

Mr Jofeph Jory Hodges

Mr Hodglon, Mafler of the
Mathematicks m  Chrift’s
Holpital

Mr Hodfon

Edward Hody, M.D.

Mr Thomas Hook

Samuel Holden, Ef;

Mr Adam Holden, of Greenwich

Rogers Holland, E/g;

Mr James Holland, Merchant

Richard Holland M. D.

John Hallings, 7. D.

Mr Thomas Hollis

Mr Jobn Hollifter

Mr Edward Holloway

Mr Th:mas Holmes

Rev. Mr Holmes, Fellow of
Eanauel College, Cambridge

I\(r!Iv' Mr Samuel Holt

Marthew Holworthy, Efg;

Mr John Hook ik

Mr Le Hook

Mrs Elizabeth Hooke

John Hooker, Ffg;

Mr Joha Hoole

Mr Samuel Hoole

Mr Thomas Hope

Thomas Hopgood, Genr,

sir Richard Hopkios
Richard Hopwood, M. D.
Mr Henry Horne

Fev. Mr John Horfecley
Samuel Horfeman, M. D,
Mr Stephen Horfeman
Mr Thomas Houghton
Mr Thomas Houlding
James How, Efq;

fohn How, of Hans Cope, Efg;
Mr John Howe

Mr Richard How

Hon. Edward Howard, E/g;
William Howard, Efg;

Rev. Dean Robert Howard
Thomas Hucks, Efg;

Mr Hudsford, of Trinity Coll.

Oxon

Capt, Robert Hudfon, jun.

Mr John Hughes

Edward Hulle, M.D.

Sir Guftavus Humes

Rev. Mr David Humphreys,
§.T B. Fellow of Trin. Coll.
Cambridge

Maurice Hunt, Efg;

Mr Hunt, of Hart-Hall, Oxon

Mr John Hunt

James Hunter, Efg;

Mr William Hunter

Mr John Huffey, of Shefficld

Ignatius Hufley, Efg;

Rev. Mr Chriftopher Huffey,
M. A. Reitor of Welt- Wick-
ham in Kent

Thomas Hutchinfon, Efg; Fel-
low Commoner of Sidncy-
College, Cambridge

Rev. Mr Hutchiafon, of Hart-
Hall, Oxon

Mr Sandys Hutchinfon, of Tri-
nity College, Cambridge

Mr Huxley, M. 4. of Brazen
Nofe College, Oxon

My Thomas Hyam, Merchans

Mr John Hyde

Mr Hyett, Gent. Commoner of
Pembroke College, Oxon

1

Right Hon. the Earl of Tlay
Fdward Jackfon, E/g;

Mr Stephen Jackfon, Merchant
Mr Cuthbere Jackfon

Rev, Mr. Peter Jackfon

Mr JoMwa Jackfon

John Jacob, " E/g;

Nr



SupscriBERS NAMES.

Mr Jacobens

Jofeph Jackfon, of London,
Goldfmit

Rev., Sw George Jacobs, of
Houghton m Nortolk

Mzr Heory Jacomb

Mr Jobn Jacques, Apothecary
i Coventry

Mr Samuel Jacques, Surgeon at
Uxbridge

William James, Efg

Rev. Mr David James, Redor
of Wroughton, Bucks

Mr Benjamin James

Mr Robert James, of St. John’s,
Oxon

Sir Theodore Janflen, Bare.

Mr Joha Jarvis, Surgeon at
Dartford @ Kent

Mr Edward Jafper

Edward Jauncy, of the Middle-
Temple Efg;

Rev. Dr Richard Ibbetfon

John Idle, of the Middle T emple,

Efq;

Mr gamucl Jeake

Mr Samucl Jebb

Mr David Jefferies

Rev. Mr Jofeph Jefferies

Bartholomew Jeffrey, o he
Middle Temple, Efg;

Edward Jeffries, Efg;

Lady Jekyll

Ralph Jenifon, Efg; 2 Books

David “Jenkins, L. Z. D. Chan-
cellor of Derry

Mr leukins

Mr Samucl Jennings, of Hull

Library of Jefus Coll. Cambridge

John Ingilby, Efgs

Martia Innys, of Brifto), Gen.

Meffieurs William and John Innys
of London, Bookfellers

Thomas Jobber, Efg;

Robert Jocelyn, E/gs

Rev. Mr Samucl Jocham

Oliver St. John, Efz;

George Johnfon, E/g;

Hon, James Johnfon, Efy,

James {uvin, M. D.

Rev. Mr Rob. Johnfon, $.7.B.
Fellow of Trnity College,
Cambridge

Mr Ifaac Johnfon

Mr Michaci Johafon, Merchans
in Rotrerdam

Edward Joncs, Efg; Chancellor
of the Diocefe of St. David’s

Mr Jones, M. 4. of Jefus Cole
lege, Oxon

Mr Jacob Jones

Rev.” Mr James Jores, Redor
of Cound, Salop

Mr Somerfet Jones, A. B. of
Chrift-Church, Oxon

Mr John Jones, Surgeon

Mr John Jope, Fellow of New
College, Oxon

Clarles Joy, Efg;

Daniel 1Ivie, Efg; of Chelfea
Hofpital

K

His Grace the Duke of Kinglton

Right Honowrable Gerrard, Lord
Vifeount Kingfale

Right Reverend Lord Bifhop of
Killale

Re. Rev. Lord Bifbop of Killdare

Rigit Reverend Lord Bifhop of
Killmore

Rev. Mr William Kay, Redor
of Wigginton, Yorkfhire

Benjamin Keene, Efg;

Hon. Major General Kellum

Mr Thomas Kemp, M. 4. of
§t. John’s College, Oxon

Mr Robert Kendall

M Clayton Kendrick

John feace ck, Efgs

Jobin Kenep, of the Middle Tem-
ple, Efg;

Mr Chidiock Kent

Samuel Kent, Efg;

Rev Mr Samuel Kerrick, Fellow
of Chrift Church College,
Cambridge.

Mr Kidbey

Mr Robert Kidd

Library of King’s College, Cam-
bridge

Benjamin King, of Antigus, Efg,

Mr Matthizs King

Mrs Jane King

Hon. Colonel Pearcy Kirke

Mr Thomas Knap

Rev. Samucl Knight, D. D, Pre-
bendary of Ely

Mr Rcbert Knight, jun.

Francis Knowllyes, Efg;

Mr Ralph Knox

*B

L

Re. Hon, Lord Vifcount Lon{dale
R¢.Hon. Ld. Vifcount Lymington
Rt. Rev. Lord Bijlop of London
Right Rev. Lord Bifbop of Landaff
Right Honourable Lord Lyn
%ahn Lade, Efg;

Mr Hugh Langharoe

Mt John Langford

Mr William Larkman

Mr William Lambe, of Exeterd
College, Oxon

Richard Langley, Ef3;

Mr Robert Lacy

James Lamb, Efg;

Rev. Mr Thomas Lambert,
M. A. Vicar of Ledburgh,
Yorkfhire

Mr Daniel Lambert

Mr John Lampe

Dr. Lane, ¢of Hitchin in Hert-
fordfhire

Mr Timothy Lane

Rev. Dr. Lancy, Mafler of Pem-
broke Hall, Cambr. 2 Books

Mr Peter de Langley

Rev. Mr Nathanicl Lardner

Mc Larnoul

Mr Henry Lafcelles, of Barba-
does, Merchant

Rev. Mr John Lourence, Redor
of Bifhop's Waremouth

Mr Roger Laurence, M. 4.

Mr Lavington

Mr William Law, Profefor of
Moral Philofophy s the Uni-
verfity of Edinburgh

Mr Joha Lawton, of the Excife-
Office

Mr Godfrey Laycock, of Hal-
lifax

Mr Charles Leadbetter, Teacker
of the Mathematicks

Mr James Leake, Bockfiller in

_ Bath

Stephen Martin Leak, Efg;

Rev, Mr Lechmere

William Lee, Efg;

Mr Lee, of Chrit Church, Oxon

Rev. Mr Jobn Lee

Mr William Leck

Rev. Mr Leefon

Teter Legh, of Lyme in Che-
thire, E/g;

Raberg
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Robert Leguarre, of Gray’s-Inn,
Ef;

i

Mr Lebunt

Mr John Lehunt,of Cantesbury

Francis Leigh, Efg,

Mr John Leigh

Mr Percival Lewis

Mr Thomas Lewis

New College Library

Sir Heary Liddell,” Bar. of st.
Peter’s College, Cambridge

Henry Liddell, Efg;

Mr William Limbery

Robert Lindfay, Efg;

Countefs of Lippe

Rev. Dr. James Lifle

Rev. Mr Lifter

Mr George Livingftone, One of
she Clerks of Seffion

Salisbury Lloyd, Efg;

Rev. Mr John Lloyd, 4. B. of
Jefus College

Mr Nathanicl Lioyd, Merchans

Mr Samuel Lobb, Beokfeller at
Chelmsford

William Lock, Efg;

Mr James Lock, 2 Books

Mr Jofhua Locke

Charles Lockier, Efg;

Richard Lockwood, Efg;

Mr Bartholom. Loftus, g Books

William Logan, M. D.

Mr Mofes Loman, jun.

Mr Longley

Mr Benjamin Longuet

Mr Grey Longuevilic

Mr Robert Lord

Mrs Mary Lord

Mr Benjamin Lorkin

Mr William Loup

Richard Love, of Bafing in
Hants, Efq;

Mrs Love, m Laurence-Lane

Mr Jothua Lover, «f Chichefter

William Lowndes, E/g;

Charles Lowndes, Efg;

Mr Cornelius Lloyd

Robert Lucas, Efg;

Coll. Richard Lucas

S Bartlet Lucy

Edward Luckin, Ef;

Mr jobn Ludbey

Mr Luders, Merchant

Lambert Ludlow, Efg;

William Ludlow, Efg;

Peter Ludlow, Efg;

John Lupton, Efg;

Nicholas Luke, Ffg;

Lyonel Lyde, Ef;
Dr. George Lyach
Mr Jofhua Lyons

M.

His Crace the Duke of Montague
His Grace the Duke of Montrofle
His Grace the Duke of Manche-

3
The Re. Hon. Lord Vifcouns Molef-
worth
The Re. Hon. Lord Manfcl
The Re. Hon. Ld. Micklethwait
The Re. Rev. Ld. Bifbopof Meath
Mr Mace
Mr Jofeph Macham, Merchant
Mr Jobn Machin, Profeffor of
Aftronomy m Grefham College
Mr Mackay
Mr Mackelcan
William Mackinen, of Antigua,

£ ;

Mr Colin Mac Laurin, Prefeffor
of the Mathematicks in she
Univerfity of Edinburgh

Galatius Macmahon, Efg;

Mr Madox, dpothecary

Rev. Mr lfaac Madox, Prebenda-
ry of Chichefter

Henry Mainwaring, of Over-
Peover m Chethire, Ef7;

Mr Robert Mainwaring, of
London, Merchant

Capt. John Maitland

Mr Cecil Malcher

Sydenham Mallhuft, Efg; -

Rlichard Malone, Efg;

Mr Thomas Malya

Mr john Mann

Mr William Man

Dr. Manaton

Mr Jobn Mande

Dr. Bernard Mandeville

Mr James Mandy

Rev. Mr Bellingham Manlevesor,
M. 4. Reclor of Mahera

Ifaac Manley, Efg;

Thomas Manley, of the loner-
Temple, Efg;

Mr John Manley

Mr William Manley

Mr Benjamin Manning

Rawleigh Manfel, Eq;

Henry March, Ejg;

Mr john Marke

Sir George Markham

Mr Jobn Markbam, Apothecary

Mr William Markes

Mr James Markwick

Hon.” Thomas Marley, Efg; one
of his Majefly's Sollicitors gene—
ral of Ircland

Rev. Mr George Marley

Mr Benjamin Marriot, of the
Exchequer

ohn Marfh, Efg;
r Samuel Marfh

Robere Marfhall, Efg; Recorder
of Clonmell

Rev. Mr Henry Marfhall

Rev. Nathaniel Marfhall, D. D,
Canon of Windfor

Matthew Martin, E/gp

Thomas Martin, Efz;

Mr John Martin

Mr James Martin

Mr i’[oﬁzh Martin

Coll, Samuel Martin, of Aatigua

Jobn Mafoa, Efg;

Mr John Mafon, of Greenwich
Mr Charles Mafon, M . Fell.
of Trin, Coll. Cambridge

Mr Cornelius Mafen

Dr. Richard Middleton Mafley

Mr Mafterman

Robert Mather, of the Middles
Temple, Ef;

Mr William Mathews

Rev. Mr Mathew

Mr John Marthews

MrsHelter Lumbrofo de Mattos

Rev, Dr. Pcter Maturin, Dean
of Killala

William Maubry, Efg;

Mr Gamaliel Maud

Rev. Mr Peter Maurice, Trea-
Jurer of the Cb. of Bangor

Heary- Maxwell, Ef;

Jobn Maxwell, jun. of Pollock,
Efg;

Rev. qu. Robert Maxwell, of
Fellow’s Hall, Ircland

Mr May

Mr Thomas Mayleigh

Thomas Maylin, jun. Efz;

Hon. Charles Maynard, Efg;

Thomas Maynard, Ffg;

Dr. Richerd Mayo

Mr Samuel Mayo

Samuel Mead, Efgr

Richard Mead, M. D

Rev. Mr Meadow court

Rev. Mr Richard Meadowrcourt,
Fellw -of Merton Coll. Oxon

Mr Mearfon

Mr
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Mr George Medcalfe

Mr David Medley, 3 Books

Charles Medlycott, Efg;!

sir Robert Menzies, of Weem,
Bars.

Mr Thomas Mercer, Merchant

}&hn Merrill. Efg;
r Francis Merrit

Dr. Mertins

Mr John Henry Mertins

Library of Merton Coliege

Mr William Mefle, Apothecary

Mr Metaalf

Mr Thomas Metcalf, of Trinity
Coll. Cambridge

Mr Abraham Meure, of Leather-
bead m Surrey

Mr John Mac Farlane

Dr. Joha Michel

Dr. Robert Michel, of Blandford

Mr Robert Michell

Nathaniel Mickletbwait, Efg;

Mr Jonathan Mickletbwarr,
Merchant

Mr John Midford, Merchant

Mr Midgley

Rev. Mr Miller, 2 Books

Rev. Mr Milling, of +hs Hague

Rev. Mr Benjamin Mills

Rev. Mr Henry Mills, Redor of
Meattham, ~Head-Mafler  of
Croyden-School

Thomas Milner, Efg;

Charles Milner, . D.

Mr William Mingay

ohn Mifaubin, M. D.
rs Frances Mitchel

David Mitchell, E/3;

Mr John Mitton

Mr Abraham de Moivre

John Monchton, Efz;

Mr_John Monk, dpothecary

J. Monro, M. D.

Sir William Monfon, Bars.

Edward Montagu, Efg;

Colonel Joha Montagu

Rev. Jobn Montague, Dean of
Durbam, D, D.

Mr Francis Moor

Mr Jarvis Moore

Mr Richard Moore, of Hull, 3
Books

Mr William Moore

Sir Charles Mordaunt, of Walten,
in Warwickhire

Mr Mordant, Genrleman Com-
moner of New College, Oxon

Charles Morgan, Ffg; '

Francis Morgan, Efg;

Morgan Morgan, Efg;

Rev. Mr William Morland, Fell.
of Trin. Coll. Cambr. 2 Books

Thomas Morgan, M. D.

Mr John Morgan, of Briftol
Mr Benjamin Morgan, High-
Mafter of St. Paul’s-School
Hon. Coll.Val. Morris, of Ant gua

Mr Gael Morris

Mr Joha Morfe, of Briftol
Hon. Ducey Morton, Efg;
Mr Motte

Mr William Mount

Coll. Moyfer

Dr. Edward Mullins

Mr Jofeph Murden

Mr Muftapba

Robert Myddleton, Efg;
Robert Myhil, E/g;

N

His Grace the Duke of Newecaftle
Rt. Rev. Ld. Biflop of Norwich
Stephen Napleton, M. D.
Mr Robert Nath, M. 4. Fellow
of Wadham College, Oxon
Mr Theophilus Firmin Nafh
Dr. David Natto
Mr Aathony Neal
Mr Henry Neal, of Briftol
Hampfon Nedbam, Efg; Gentle-
man Commoner of Chrift Church
Oxon
Rev. Dr. Newcome, Senior-Fel-
low of §¢. John’s College, Cam-
bridge, 6 Books
Rev. Mr Richard Newcome
Mr Henry Newcome
Mr Newland
Rev. Mr John Newey, Dean of
Chichefter
Mr Benjamin Newington, M. 4.
John Newington, M. B. of
Greenwich in Kent
Mr Samuel Newman
Mrs Anne Newnbam
Mr Nathanicl Newnham, fen.
Mr Nathaniel Newnbam, jun.
r Thomas Newnham
Mrs Catherine Newnham
Sir Ifaac Newton, 12 Books
Sir Michael Newton
Mr Newton
William Nicholas, Efg,
John Nicholas, Efg;
Joha Niccol, Efg;
Lk 3L

General Nicholfon

Mr Samuel Nicholfon

John Nicholfon, M. 4. Reder
of Doraghmore

Mr Jofias Nicholfon, 3 Books

Mr James Nimmio, derchant of
Edinburgh

David Nixon, Efg;

Mr George Noble

Stephen Noquicz, Efg

Mr Thomas Normaa, Bookfelr
at Lewes

Mr Anthony Necrris

Mr Henry Norris

Rev. Mr Edward Norton

Richard Nutley, Efg;

Mr John Nutt, Merchant

o

Right Hon, Lord Orrery
Rev. Mr John Oakes
Mr William Ockenden
Mr Elias Ockenden

Mr Oddie

Crew Offley, Efp;

Jofeph Officy, é’/q,
Willam Ogbourne, Efg,
Sir William Ogbourne
ames Oglethorp, Efq;

r William Okey

Jobn Oldfcld, M. D.
Nathaniel Oldham, Ef3;
William Oliver, M. D. of Bath
John Olmins, Efg;
Arthur Onflow, Efg;
Paul Orchard, Efg;
Robert Ord, E/g;
Jobn Orlebar, Efg:

Rev. Mr George Osborne
Rev. Mr John Heary Otc
Mr James Ottey

Mr Jan. Oudam, Merchane

Rotterdam

Mr Overall

John Overbury, Efg;

Mr Charles Overing

Mr Thomas Owen i
Charles Owfley, Efg;
Mr John Owen

Mr Thomas Oyles

P,

Right Hon, Contefs of Pembroke,
10 Books

Right Hon, Lord Pai(ley

Right Hon, Lady Paifley



SuBscrRIBERS NAMES.

The Right Hon. Lord Parker

Chriftopher Pack, M. D.

Mr Samuel Parker, Merchant at
Briftol

Mr Thomas Page, Surgeon at
Briftol

Sir Gregory Page, Bar.

William Palgrave, M. D. Fellow
of Caius Coll. Cambridge

William Palliter, Efg;

Thomas Palmer, Efg;

Samuel Palmer, Efg;

Henry Palmer, Merchant

Mr John Palmer, of Coventry

Mr Samuel Palmer, Swrgeon

William Parker, Efg;

Edmund Parker, Gent.

Rev. Mr Heary Parker, M. 4.

Mr John Parker

Mr Samuel Parkes, of Fore St.
George in Eaft-India

Mr Daniel Parminter

Mr Parolet, Atsorney

Rev. Thomas Parn, Fellow of
Trin. Coll. Cambr. 2 Books

Rev. Mr Themas Parne, Fellow
of Trin. Coll. Cambridge

Rev. Mr Henry Parratt, M. 4.
Redlor of Holywell in Hunting-
tonfhire

‘Thomas Parratt, M. D.

Stannier Parrot, Gent.

Right Hon, Benjamin Parry, Efg;

Mr Parry, of Jefus Coll. Oxon
B. D

Robert Paul, of Gray’s-Tnn, Efg;
Mr Jofiah Paul, Surgeon
Mr Paulin
Robert Paunceforte, Ef;
Edward Pawlet, of Hinton St.
George, Efg;
Mr Henry Pawfon, of York,
Merchant
Mr Payne
Mr Samuel Peach
Mr Marmaduke Peacock, Mer-
chant in Rotterdam
Flavell Peake, Efg;
Cape. Edward Pearce
Rev. Zachary Pearce, D. D.
James Pearfe, Efg;
Thomas Pearfon, Efg;
ohn Peers, Efg;
Ar Samucl Pegg, of St. John’s
College, Cambridge
Mr Peirce, Surgeon at Bath
Mr Adam Peirce

Harry Pelham, Efg;

James Pelham, Efg;

Jeremy Pemberton, of the Inner-
Temple, Efg;

Library of Pembroke-Hall, Camb.

Mr Thomas Penn

Philip Pendock, Efg;

Edward Pennant, Efg;

Caps. Philip Pennington

Mr Thomas Penny

Mr Heary Penton

Mr Francis Penwarne, a¢ Liskead
m Cornwall

Rev. Mr Thomas Peawarne

Mr John Percevall

Rev. Mr Edward Pereevall

Mr Jofeph Percevall

Rev. Dr. Perkins, Prebend. of Ely

Mr Farewell Perry

Mr James Petit

Mr Jobn Petit, of Aldgate

Mr ]]ohn Petit, of Nicholas-Lane

Mr “John Petitt, of Thames-
Street

Honourable Coll. Pettit, of Eltham
m Kent

Mr Heary Peyton, of §¢. John’s
College, Cambridge

Daniel Phillips, M. D,

John Phillips, Efg;

Thomas Phillips, Efg;

M: Gravet Phillips

William Phillips, of Swanzey,

Efg;

Mr /lqiuckl:y Phillips

John Phillipfon, Efg;

William Phipps, L. L. D.

Mr Thomas Phipps, of Trinity
College, Cambridge

The Phyfiological Library in the
College of Edinburgh

Mr Pichard

Mr William Pickard

Mr John Pickering

Robert Pigott, of Chefterton, Efg;

Mr Richard Pike

Henry Pinfield, of Hampfead, Efg;

Charles Pinfold, L. L. D.

Rev. Mr. Pit, of Exeter College,
Oxon

Mr Andrew Pitt

M Francis Place

Thomas Player, Eff;

Rev. Mr Plimly

Mr William Plomer

William Plummer, Efg;

Mr Richard Plumpton

John Plumptre, Efg;

Fitz-Williams Plumptre, M. D,

Henry Plumptre, M. D.

}\Elm Pollen, Efg;
r Jofhua Pocock

Francis Pole, of Park-Hall, Efg;

Mr Ifaac Polock

Mr Benjamin Pomfret

Mr Thomas Pool, Aporhecary

Alexander Pope, Ef3;

Mr Arthur Pond

Mr Thomas Port

Mr John Porter

Mr Jofeph Porter

Mr Thomas Potter,
Joha’s College, Oxon

Mr John Powel

Powis, Efg;

Mr Danicl Powle

John Prat, Ef;

Mr James Pratt

Mr Jofeph Pratt

Mr Samuel Pratt

Mr Prefton, City-Remembrancer

Capt. John Price

Rev. Mr Samuel Price

Mr Nathanicl Primat

Dr. John Pringle

Thomas Prior, Efg;

Mr Henry Proor, dpothecary

Sir John Pryfe, of Newton Hall
in Montgomeryfhire

Mr Thomas Purcas

Mr Robert Purfe

Mr John Putland

George Pye, M. D.

Samuel Pye, M. D.

Mr Samucel Pye, Surgeon ar
Briftol

Mr Edmund Pyle, of Lyan

Mr John Piae, Engraver

Q

Hir Grace the Duke of Queen-
rough
Rev. Mr. Queftion, M. 4.
Exeter College, Oxon .
Jeremiah Quare, Merchane

of St

R

His Grace the Duke of Richmond
Twe ke. R*v. Ld Bifhop of Raphoe
The Rr. Hon, Lerd John Ruilel
Rev. M Water Rainftorp, of
Briftol
Mr
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Mr John Ranby, Surgeon

Rev.” Mr Rand

Mr Richard Randall

Rev. Mr Herbert Randolph,M. 4.

Mofes Raper, Efg;

Matthew Raper, Efg;

Mr William Raftrick, of Lynne

Mr Rarcliffe, M. 4 of Pem-
broke College, Oxon

Rev. Mr Jobn Ratcliffe

Anthony Ravell, Ffg;

Mr Richard Rawlins

Mr Robert Rawlinfon 4. B.
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INTRODUCTION.

HE manner, in which SirIsaac NewTon
has publifhed his philofophical difcove-
ries, occafions them to lie very much
concealed from all, who have not made
the mathematics particularly their ftu-
dy. He once, indeed, intended to de-
liver, in a more familiar way, that part

of his inventions, which relates to the fyftem of the world ;
but upon farther confideration he altered his defign. For as
the nature of thofe difcoveries made it impoflible to prove
them upon any other than geometrical principles; he appre-
hended, that thofe, who fhould not fully perceive the force
of his arguments, would hardly be prevailed on to exchange
their former fentiments for new opinions, fo very different from

B what
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what were commonly received *. He therefore chofe rather
to explain himfelf only to mathematical readers; and declined
the attempting to inftru¢t fuch in any of his principles, who,
by not comprehending his method of reafoning, could not, at
the firlt appearance of his difcoveries, have been perfuaded of
their truth.  But now, fince Sir Isaac NewTon's doétrine
has been fully eftablifhed by the unanimous approbation of all,
who are qualified to underftand the fame; it is without doubt
to be withed, that the whole of his improvements in philofo-
phy might be univerfally known.  For this purpofe therefore
Idrew up the following papers, to givea general notion of our
great philofopher’s inventions to fuch, as are not prepared to
read his own works, and yet might defire to be informed of
the progrefs, he has made in natural knowledge ; not doubting
but there were many, befides thofe, whofe turn of mind had
led them intoa courfe of mathematical ftudies, that would take
great pleafure in tafting of this delightful fountain of fcience.

2. I'tisa juft remark, which has been made upon the hu-
man mind, that nothing is more fuitable to it, than the con-
templation of truth; and that all men are moved with a ftrong
defire after knowledge ; efteeming it honourable to excel
therein ; and holding it, on the contrary, difgraceful to mi-
ftake, err, or bein any way deceived. And this fentiment
is by nothing more fully illuftrated, than by the inclination
of men to gain an acquaintance with the operations of na-
ture; which difpofition to enquire after the caufes of things is

* Philofoph. Nat. princ. math. L. iii. introdu@.

fo
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fo general, thatall men of letters, Ibelieve, find themfelves
influenced by it. Nor is it difficult to aflign a reafon for this,
if we confider only, that our defire after knowledge is an ef-
fect of that tafte for the fublime and the beautiful in things,
which chiefly conftitutes the difference between the human
life, and the life of brutes. Thefe inferior animals partake
with us of the pleafures, that immediately flow from the bo-
dily fenfes and appetites; but our minds are furnithed with a
fuperior fenfe, by which we are capable of receiving various
degrees of delight, where the creatures below us perceive no
difference. Hence arifes that purfuit of grace and clegance in
our thoughts and actions, and in all things belonging to us,
which principally creates imployment for the active mind of
man. The thoughts of the human mind are too extenfive
to be confined only to the providing and enjoying of what is
neceffary for the fupport of our being. It is this tafte, which
has given rife to poetry, oratory, and every branch of litera-
ture and fcience.  From hence we feel great pleafure in con-
ceiving ftrongly, and in apprehending clearly, even where
the paflions are not concerned.  Perfpicuous reafoning ap-
pears not only beautiful ; but, when fet forth in its full
ftrength and digpity, it partakes of the fublime, and not
only pleafes, but warms and elevates the foul.  This is the
fource of our ftrong defire of knowledge; and the fame
tafte for the fublime and the beautiful dire@s us to chufe
particularly the produ@ions of nature for the fubjed of our
conternplation : our creator having fo adapted our minds to
the condition, wherein he has placed us, that all his vifible

B2 worlks,
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works, before we inquire into their make, ftrike uswith
the moft lively ideas of beauty and magnificence.

3. Bur if there be fo ftrong a paffion in contemplative
minds for natural philofophy ; all fuch muft certainly reccive a
particular pleafure in being informed of Sir Isaac NewTon’s
difcoveries, who alone has been able to make any great
advancements in the true courfe leading to natural know-
ledge: whereas this important fubject had before been u-
fually attempted with that negligence, as cannot be re-
flected on without furprize. Excepting a very few, who, by
purfuing a more rational method, had gained a little true
knowledge in fome particular parts of nature; the writers in
this {cience had generally treated of it after fuch a manner, as
if they thought, that no degree of certainty was ever to be ho-
ped for.  The cuftom was to frame conjectures; and if upon
comparing them with things, there appeared fome kind of a-
greement, though very imperfed, it was held fufficient. Yet
at the fame time nothing lefs was undertaken than intire fy-
ftems, and fathoming at once the greateft depths of nature ;
as if the fecret caufes of natural effeés, contrived and framed
by infinite wifdom, could be fearched out by the flighteft
endeavours of our weak underftandings. Whereas the only
method, that can afford us any profpe of fuccefs in this
difficult work, is to make our enquiries with the utmoft
caution, and by very flow degrees. And after our moft dili-
gent labour, the greateft part of nature will, no doubt, for e
ver remain beyond our reach.

4. THig
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4. Tuis negle of the proper means to enlarge our
knowledge, joined with the prefumption to attempt, what
was quite out of the power of cur limited faculties, the Lord
Bacon judicioufly obferves to be the great obftru&ion to the
progrefs of fcience®. Indeed that excellent perfon was the firft,
who exprefly writ againt this way of philofophizing ; and he
has laid open at large the abfurdity of it in his admirable treatife,
intitled NovuM orRGANON sciENTIARUM; and has there
likewife deferibed the true method, which ought to be followed.

5. THERE are, faith he, but two methods, that can be
taken in the purfuit of natural knowledge. ‘One is to make
a hafty tranfition from our firft and flight obfervations on
things to general axioms, and then to proceed upon thofe
axioms, as certain and wniconteftable principles, without far-
ther examination. ‘The other method; (which he obferves
to be the only true one, but to his time unattempted ;) is to
proceed cautioufly, to advance ftep by ftep, referving the
moft general principles for the laft refult of our inquiries ®.
Concerning the firft of thefe two methods; where objections,
which happen to appear againft any fuch axioms taken up in
hafte, are evaded by fome frivolous diftinétion, when the ax-
iom it felf ought rather to be correéted ©; he affirms, that
the united endeavours of all ages cannot make it fuccefsful;
becaufe this original error in the firft digeftion of the mind
(as he exprefles himfelf ) cannot afterwards be remedied ¢:
whereby he would fignify to us, that if we fet out in a

a Nov. Org. Scient. L.i. Aphorifm. g. 4 Aph, 30. Errores nndicales & in prima di-
b Nov. Org, L. 1. Aph.19. geftione mentis ab exccllentia funétionum & re
¢ Ibid. Aph. z5. mediorum fequentium non curantur
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wrong way ; no diligence or art, we can ufe, while we
follow fo erroncous a courfe, will ever bring us to our de-
figned end. And doubtlefs it cannot prove otherwife; for
in this {pacious field of nature, if once we forfake the true
path, we fhall immediately lofe our felves, and muft for
ever wander with uncertainty.

6. Tur impoffibility of fucceeding in fo faulty a method
of philofophizing his Lordfhip endeavours to prove from the
many falfe notions and prejudices, to which the mind of man
is expofed *.  And fince this judicious writer apprehends, that
men are {o exceeding liable to fall into thefe wrong trads of
thinking, as to incur great danger of being mifled by them,
even while they enter on the true courfe in purfuit of na-
ture ® 5 Ttruft, I fhall be excufed, if; by infifting a little par-
ticularly upon this argument, I endeavour to remove what-
ever prejudice of this kind, might poflibly entangle the mind
of any of my readers.

7. His Lordfhip has reduced thefe prejudices and falfe
modes of conception under four diftinét heads .

8. Tue firft head contains fuch, as we are fubjet to from
the very condition of humanity, through the weaknefs both
of our fenfes, and of the faculties of the mind ¢; feeing, as
this author well obferves, the fubtilty of nature far exceeds
the greateft fubtilty of our fenfes or acuteft reafonings . One

S g o {11
¢ Aph. 35,

of



ESNETTREODI U € T 1/0 N. 4

of the falfe modes of conception, which he mentions un-
der this head, is the forming to our felves a fanciful fim-
plicity and regularity in natural things. This he illuftrates
by the following inftances ; the conceiving the planets to
move in perfec circles; the adding an orb of fire to the o-
ther three elements, and the fuppofing each of thefe to ex-
ceced the other in rarity, juft in a decuple proportion *
And of the fame nature is the affertion of DEs CaARTES,
without any proof, that all things are made up of three
kinds of matter only®.  As alfo this opinion of ancther
philofopher 5 that light, in pafling through different me-
diums, was refracted, {o as to proceed by that way, through
which it would move more fpeedily, than through any o-
ther . The fecond erroneous turn of mind, taken notice of
by his Lordfhip under this head, is, that all men are in fome
degree prone to a fondnefs for any notions, which they have
once imbibed ; whereby they often wreft things to reconcile
them to thofe notions, and negle the confideration of what-
ever will not be brought to an agreement with them ; juft as
thofe do, who are addi&ed to judicial aftrology, to the obfer-
vation of dreams, and to fuch-like fuperftitions ; who care-
fully preferve the memory of eyery incident, which ferves to
confirm their prejudices, and let {lip out of their minds all in-
{tances, that make again{t them . There isalfoa fartherimpe-
diment to true knowledge, mentioned under the fame head by
this noble writer, which is; that whereas, through the weak-
nefs and imperfection of our fenfes, many things are concealed

* Aph. 4¢. ¢ Fermat, in Oper. pag 156, &c.
¥ Des Cartes Princ. Phil. Part.3. §. 52. 4 Nov. Org. Aph. 4¢.
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from us, which have the greateft effe& in producing natural
appearances ; our minds are ordinarily moft affeéted by
that, which makes the ftrongeft impreflion on our organs
of fenfe; whereby we are apt to judge of the real impor-
tance of things in nature by a wrong meafure *.  So, becaufe
the figuration and the motion of bodies ftrike our fenfes more
immediately than moft of their other properties, Des CARTES
and his followers will not allow any other explication of natu-
ral appearances, than from the figure and motion of the parts
of matter. By which example we fee how juftly his Lord-
thip obferves this caufe of error to be the greateft of any Bl
fince it has given rife to a fundamental principle in a fyftem
of philofophy, that not long ago obtained almoft an univer-
{al reputation.

9. THEsE are the chief branches of thofe obftrucions to
knowledge, which this author has reduced under his firft
head of falfe conceptions.  The fecond head contains the
errors, to which particular perfons are more efpecially obno-
xious ©.  One of thefe is the confequence of a preceding ob-
fervation: that as we are expofed to be captivated by any opi-
nions, which have once taken poffeflion of our minds; fo in
particular, natural knowledge has been much corrupted by
the ftrong attachment of men to fome one part of {cience
of which they reputed themftlves the inventers, or abou;
which they have fpent much of their time; and hence have
been apt to conceive it to be of greater ufe in the ftudy of na-
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tural philofophy than it was : like ArtsToTLE, who redu-
ced his phyﬁcs to logical difputations; and the chymifts, who
thought, that nature could be laid open only by the force
of their fires*.  Some again are wholly carried away by an
exceflive vencration for antiquity ; others, by too great fond-
nefs for the moderns; few having their minds fo well balanced,
as neither to depreciate the merit of the ancients, nor yet to
defpife the real improvements of later times ®.  To this is
added by his Lordfhip a difference in the genius of men,
that fome are moft fitted to obferve the fimilitude, there is in
things, while others are more qualified to difcern the par-
ticulars, wher¢in they difagree ; both which difpofitions of
mind are ufeful: but to the prejudice of philofophy men are
apt to run into excefs in each ; while one fort of genius dwells
too much upon the grofs and fum of things, and the other
upon trifling minuteneffes and fhadowy diftinéions ©.

10. UnpEr the third head of prejudices and falfe notions
this writer confiders fuch, as follow from the lax and indefi-
nite ufe of words in ordinary difcourfe; which occafions great
ambiguities and uncertainties in philofophical debates (as ano-
ther eminent philofopher has fince fhewn more at large?;) in-
fomuch that this our author thinks a fri¢t defining of terms to
be fcarce an infallible remedy againft thisinconvenience®. And
perhaps he has no {fmall reafon on his fide: for the common
inaccurate fenfe of words, notwithftanding the limitations
given them by definitions, will offer it felf fo conftantly to

2 Aph. 54. ¢ Locke, On human underftanding, B. iii.
v Aph. 56. ¢ Nov. Org. Aph. 59.
¢ Aph. 53
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the mind, as to require great caution and circumfpe&ion
for us not to be deccived thereby. Of this we have a very
eminent inftance in the great difputes, that have been raifed
about the ufe of the word attracion in philofophy ; of which
we fhall be obliged hereafter to make particular mention *
Words thus to be guarded againft are of two kinds. Some
are names of things, that are only imaginary b fuch words
are wholly to be rejected. But there are other terms, that al-
lude to what is real, though their fignification is confufed .
And thefe latter muft of neceflity be continued in ufe ; but
their fenfe cleared up, and freed, as much as poflible, from

obfcurity.

11. Tus laft general head of thefe crrors comprehends
fuch, as follow from the various fe&s of falfe philofophies ;
which this author divides into three forts, the fophiftical, em-
pirical, and fuperflitious ©. By the firft of thefe he means
a philofophy built upon fpeculations only without experi-
ments ¢; by the fecond, where experiments are blindly ad-
hered to, without proper reafoning upon them f; and by
the third, wrong opinions of nature fixed in mens minds ei-
ther through falfe religions, or from mifunderftanding the
declarations of the true &,

12. TuEsEare the four principal canals, by which this ju-
dicious author thinks, that philofophical errors have flowed in

upan us.  And he rightly obferves, that the faulty method of

3 In the conclufion. ¢ Aph. 63.
» Nov. Org- L.i. Aph. 59. ¢ Aph. 64.

< Ibid. Aph. 6o. & Aph. 65.
< Ibid. Aph. 62 |
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proceeding in philofophy, againft which he writes ?, is {o far
from aflifting us towards overcoming thefe prejudices ; that
he apprehends it rather fuited to rivet them more firmly to the
mind®. How great reafon then has his Lordfhip to call this
way of philofophizing the parent of error, and the bane of
all knowledge <? For, indeed, what elfe but miftakes can fo
bold and prefumptuous a treatment of nature produce? have
we the wifdom neceflary to frame a world, that we fhould
think fo eafily, and with fo flight a fearch to enter into the moft
fecret {prings of nature, and difcover the original caufes of
things ? what chimeras, what monfters has not this prepofte-
rous method brought forth? what fchemes, or what hypothe-
fis’s of the fubtileft wits has nota ftricter enquiry into nature not
only overthrown, but manifefted to be ridiculous and abfurd ?
Every new improvement, which we make in this fcience, lets
us fee more and more the weaknefs of our guefles. Dr.Harvey,
by that one difcovery of the circulation of the blood, has
diffipated all the fpeculations and reafonings of many ages up-
on the animal oeconomy. AsgLrius, by detecting the la-
&eal veins, {hewed how little ground all phyficians and phi-
lofophers had in conjecturing, that the nutritive part of the
aliment was abforbed by the mouths of the veins fpread upon
the bowels : and then PEcqueT, by finding out the thora-
cic dud, as evidently proved the vanity of the opinion, which
was perfifted in after the lacteal vefiels were known, that the
alimental juice was conveyed immediately to the liver, and
there converted into blood.

2 See above, § 4 ‘ ¢ Ibid.

a0
® Nov.Org. L.1. Aph. 69.
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13. As thefe things fet forth the great abfurdity of pro-
ceeding in philofophy on conjectures, by informing us how far
the operations of nature are above our low conceptions; {o
on the other hand, fuch inftances of fuccefs from a more
judicious method fhew us, that our bountiful maker has
not left us wholly without means of delighting our felves in
the contemplation of his wifdom.  That by a juft way of
inquiry into nature, we could not fail of arriving at difcoveries
very remote from our apprehenfions; the Lord Bacon him-
felf argues from the experience of mankind. If, fays he, the
force of guns fhould be defcribed to any one ignorant of
them, by their cffe@s only ; he might reafonably fuppofe, that
thofe engines of deftruction were only a more artificial com-
pofition, than he knew, of wheels and other mechanical
powers: but it could never enter his thoughts, that their
immenfe force fhould be owing to a peculiar fubftance,
which would enkindle into fo violent an explofion, as we
experience in gunpowder: fince he would no where fee
the leaft example of any fuch operation; except perhaps in
earthquakes and thunder, which he would doubtlefs look
upon as exalted powers of nature, greatly furpafling any art of
man to imitate. In the fame manner, if a ftranger to the ori-
ginal of filk were fhewn a garment made of it, he would be
very far from imagining fo ftrong a fubftance to be fpun out
of the bowels of a fmall worm ; but muft certainly believe
it either a vegetable fubftance, like flax or cotton; or the na-
tural covering of fome animal, as wool is of fheep. Or had
we been told, before the invention of the magnetic needle
among us, that another people was in pofleflion of a certain

contrivance
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contrivance, by which they were inabled to difcover the po-
fition of the heavens, with vaftly more cafe, than we could
do; what could have been imagined more, than that they
were prov1ded with fome fitter aftronomical inftrument for
this purpofe than we? That any ; ﬁone {hould have fo amaz-
ing a property, as we find in the magnet, muft have been
the remoteft from our thoughts *.

14. But what furprizing advancements in the knowledge
of nature may be made by purfuing the true courfe in philo-
fophical inquiries; when thofe fearches are conducted by a
genius equal to fo divine a work, will be beft underftood by
confidering Sir Isaac NewTon’s difcoveries. That my
reader may apprehend as juft a notion of thefe, as can be con-
veyed to him, by the brief account, which I'intend to lay be-
fore him; I have fet apart this introducion for explaining, in
the fullet manner I am able, the principles, whereon Sir
Isaac NewToN proceeds. For without a clear concep-
tion of thefe, itis impoflible to form any true idea of the
fingular excellence of the inventions of this great philofopher.

1 5. Tue principles then of this philofophy are ; upon no con-
fideration to indulge conje¢tures concerning the powers and
laws of nature, but to make it our endeavour with all diligence
to fearch out the real and true laws, by which the conftitution
of things is regulated. The philofopher’s firft care muft be
to diftinguifh, what he fees to be within his power, from what

a Ibid. Aph. 109.
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is beyond his reach ; to affume no greater degrec of know-
ledge, than what he finds himfelf poffefled of; but roadvance
by flow and cautious fteps ; to fearch gradually into natural cauf-
es; to fecure to himfelf the knowledge of the moft immediate
caufe of each appearance, before he extends his views farther
to caufes more remote. This is the method, in which philofo-
phy ought to be cultivated ; which does not pretend to fogreat
things, as the more airy fpeculations; but will perform abun-
dantly more : we fhall not perhaps feem to the unskilful to
know fo much, but our real knowledge will be greater. And
certainly it is no objection againft this method, that fome o-
thers promife, what is nearer to the extent of our wifhes: fince
this, if it will not teach us all we could defire to be informed
of, will however give us fome true light into nature ; which no
other can do.  Nor has the philofopher any reafon to think
his labour loft, when he finds himfelf ftopt at the caufe firft
difcovered by him, or at any other more remote caufe, fhort
of the original : ~for if he has but fufficiently proved any one
caufe, he has entered fo far into the real conftitution of things,
has laid a fafe foundaton for others to work upon, and
has facilitated their endeavours in the fearch after yet more
diftant caufes; and befides, in the mean time he may apply
the knowledge of thefe intermediate caufes to many ufeful
purpofes.  Indeed the being able to make practical dedu-
&ions from natural caufes, conftitutes the great diftin&tion
between the true philofophy and the falfe. Caufes af-
fumed upon conjecture, muft be fo loofe and undefined,
that nothing particular can be colleted from them. But thofe
caufes, which are brought to light by a firi& examination

of
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of things, will be more diftin&.  Hence it appears to have
been no unufeful dilcovery, that the afcent of water in pumps
is owing to the preflure of the air by its weight or fpring;
though the caufes, which make the air gravitate, and render
it elaftic, be unknown : for notwithftanding we are igno-
rant of the original, whence thefe powers of the air are de-
rived ; yet we may receive much advantage from the bare
knowledge of thefe powers. If we are but certain of the de-
gree of force, wherewith they a&, we fhall know the extent of
what is to be expected from them; we fhall know the greateft
height, to which it is poffible by pumps to raife water; and
fhall thereby be prevented from making any ufelefs efforts
towards improving thefe inftruments beyond the limits pre-
{cribed to them by nature ; whereas without fo much know-
ledge as this, we might probably have wafted in attempts of
this kind much time and labour. How long did philofo-
phers bufy themfelves to no purpofe in endeavouring to perfed
telefcopes, by forming the glaffes into fome new figure ; till
Sir Isaac NewTon demonftrated, that the effes of tele-
fcopes were limited from another caufe, than was fuppofed ;
which no alteration in the figure of the glaffes could remedy ?
What method Sir Isaac NEwTon himfelf has found for
the improvement of telefcopes fhall be explained hereafter *.
But at prefent I fhall proceed to illuftrate, by fome farther inftan-
ces, this diftinguifhing character of the truc philofophy, which
we have now under confideration. It was no trifling difcove-
ry, that the contraction of the mufcles of animals puts their
limbs in motion, though the original caufe of that contra@ion

2 Book III. Chap. iv.
remains
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remains a fecret, and perhaps may always do fo; for the
knowledge of thus much only has given rife to many fpecu-
lations upon the force and artificial difpofition of the mufcles,
and has opened no narrow profpect into the animal fabrick.
The finding out, that the nerves are great agents in this a-
&ion, leads us yet nearer to the original caufe, and yields us a
wider view of the fubjet. And each of thefe fteps affords us
affiftance towards reftoring this animal motion, when impair-
ed in our felves, by pointing out the feats of the injuries, to
which it is obnoxious.  To neglect all this, becaufe we can
hitherto advance no farther, is plainly ridiculous. It is
confeffed by all, that GavriLeo greatly improved philofo-
phy, by fhewing, as we {hall relate hereafter, that the power
in bodies, which we call gravity, occafions them to move
downwards with a velocity equably accelerated®; and that
when any body is thrown forwards, the fame power obliges it
to defcribe in its motion that line, which is called by geometers
a parabola®: yet we are ignorant of the caufe, which makes
bodies gravitate. But although we are unacquainted with
the {pring, whence this power in nature is derived, neverthe-
lefs we can eftimate its effects. When a body falls perpendicu-
larly, it is known, how long time it takes in defcending from
any height whatever: and if it be thrown forwards, we know
the real path, which it defcribes; we can determine in what
dire&tion, and with what degree of fwiftnefs it muft be pro-
je&ed, in order to its ftriking againft any obje@ defired; and
we can alfo afcertain the very force, wherewith it will ftrike.

2 Book I Chap. z. §14. b Ibid. § 85, &c
Sir
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Sir IsaacNEwToN has farther taught, that this power of
gravitation extends up to the moon, and caufes that planct to
gravitate as much towards the carth, as any of the bodies, which
are familiar to us, would, if placed at the fame diftance *:
he has proved likewife, that all the planets gravitate towards
the fun, and towards one another ; and that their refpective
motions follow from this gravitation. Al this he has demon-
ftrated upon indifputable geometrical principles, which cannot
be rendered precarious for want of knowing what it is, which
caufes thefe bodies thus mutually to gravitate: any more than
we can doubt of the propentity in all the bodies about us, to
defcend towards the earth; or can call in queftion the fore-
mentioned propofitions of GaLILE0, which are built upon
that principle. And as Garireo has thewn more fully,
than was known before, what effe@ts were produced in the
motion of bodies by their gravitation towards the earth; fo
SirIsaac NewToN, by this his invention, has much advan-
ced our knowledge in the celeftial motions. By difcovering
that the moon gravitates towards the fun, as well as towards
the earth; he has laid open thofe intricacies in the moon’s
motion, which no aftronomer, from obfervations only, could
ever find out®: and one kind of heavenly bodies, the comets,
have their motion now clearly afcertained ; whereof we had
before no true knowledge at all <

16. DousTress it might be expected, that fuch furprizing
fuccefs thould have filenced, at once, every cavil. But we
3 Sce Book II. Ch. 3. § 3, 4. of this treatife. l ¢ See Chap. 4.

® Sce Book 11. Ch. 3. of this treatife.

D have
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have feen the contrary. For becaufe this philofophy profeffes
modeflly to keep within the extent of our faculties, and is
ready to confefs its imperfections, rather than to make any
fruitlefs attempts to conceal them, by feeking to cover the de-
fe&s in our knowledge with the vain oftentation of rath and
groundlefs conjedtures ; hence has been taken an occafion to
infinuate that we are led to miraculous caufes, and the occult
qualities of the fchools.

14. Bur the firft of thefe accufations is very extraordina-
ry. If by calling thefe caufes miraculous nothing more is
meant than only, that they often appear to us wonderful and
furprizing, it is not eafy to fee what difficulty can be raifed
from thence ; for the works of nature difcover every where
fuch preofs of the unbounded power, and the confummate
wifdom of their author, that the more they are known, the
more they will excite our admiration: and it is too manifeft
to be infifted on, that the common fenfe of the word mira-
culous can have no place here, when it implies what is above
the ordinary courfe of things. 'The other imputation, that
thefe caufes are occult upon the account of our not perceiving
what produces them, contains in it great ambiguity. That
fomething relating to them lies hid, the followers of this
philofophy are ready to acknowledge, nay defire it fhould
- be carefully remarked, as pointing out proper fubjes for fu-
ture inquiry.  But this is very different from the proceeding
of the fchoolmen in the caufes called by them occult.  For
as their occult qualities were underftood to operate in a man-
ner occult, and not apprehended by us; fo they were ob-
by truded
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truded upon us for fuch original and eflential properties in bo-
dies, as made it vain to feck any farther caufe; and a great-
er power was attributed to them, than any natural appearances
authorized. For inftance, the rife of water in pumps was afcri-
bed to a certain abhorrence of a vacuum, which they thought
fit to aflign to nature. And this was fo far a true obfervation,
that the water does move, contrary to its ufual courfe, into
the fpace, which otherwife would be left void of any fenfible
matter; and, that the procurmg fuch a vacuity was thc appa-
rent caufe of the water’s afcent.  But while we were not in
the leaft informed how this power, called an abhorrence of a
vacuum, produced the vifible effeéts ; inftead of making a-
ny advancement in the knowledge of nature, we only gave
an artificial name to one of her operations: and when the
fpeculation was puthed fo beyond what any appearances re-
quired, as to have it concluded, that this abhorrence of a va-
cuum was a power inherent in all matter, and fo unlimited as
to render it impoffible for a vacuum to exiftatall ; it then
became a much greater abfurdity, in being made the foun-
dation of a moft ridiculous manner of reafoning ; as at length
evidently appeared, when it came to be difcovered, that this
rife of the water followed only from the preflure of the air,
and extended it felf no farther, than the power of that caufe.
The {cholaftic ftile in difcourfing of thefe occult qualities,
as if they were effential differences in the very fubftances,
of which bodies confifted, was certainly very abfurd; by
reafon it tended to difcourage all farther inquiry.  But no
fuch ill confequences can follow from the confidering of
any natural caufes, which confefledly are not traced up to

iD]IEY their
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their firft original. How fhall we ever come to the know-
ledge of the feveral original caufes of things, otherwife than
by ftoring up all intermediate caufes which we can difcover 2
Are all the original and effential properties of matter fo very
obvious, that none of them can efcape our firft view? This is
not probable. It is much more likely, that, if fome of the
effential properties are difcovered by our firft obfervations, a
ftriGter examination fhould bring more to light.

18. Bur in order to clear up this point concerning the
effential propertics of matter, let us confider the fubject a lit-
tle diftin&tly. We are to conceive, that the matter, out of
which the univerfe of things is formed, is furnithed with cer-
tain qualities and powers, whereby it is rendered fit to anfwer
the purpofes, for which it was created.  But every property,
of which any particle of this matter is in it felf’ poffefied, and
which is not barely the confequence of the union of this parti-
cle with other portions of matter, we may call an eflential pro-
perty : whereas all other qualities or attributes belonging to
bodies, which depend on their particular frame and compofi-
tion, are not effential to the matter, whereof fuch bodies are
made ; becaufc the matter of thefe bodies will be deprived
of thofe qualities, only by the diffolution of the body, with-
out working any change in the original conflitution of one
fingle particle of this mafs of matter. Extenfion we appre-
hend to be one of thefe effential properties, and impenetrabi-
lity another. Thefe two belong univerfally to all matter; and
are the principal ingredients in the idea, which this word
matter ufually excites in the mind,  Yet as the idea, marked

by
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by this name, is not purely the creature of our own un-
derftandings, but is taken for the reprefentation of a certain
fubftance without us ; if we fhould difcover, that every part
of the fubftance, in which we find thefe two propertics,
thould likewife be endowed univerfally with any other effen-
tial qualities ; all thefe, from the time they come to our no-
tice, muft be united under our general idea of matter. How
many fuch properties there are acually in all matter we know
not; thofe, of which we are at prefent apprized, have been
found out only by our obfervations on things ; how many
more a farther fearch may bring to light, no one can fay ;
nor are we certain, that we are provided with fufficient me-
thods of perception to difcern them all. Therefore, fince we
have no other way of making difcoveries in nature, but by
gradual inquiries into the properties of bodies ; our firft ftep
muft be to admit without diftin&ion all the properties, which
we obferve ; and afterwards we muft endeavour, as far as we
are able, to diftinguith between the qualities, wherewith the
very fubftances themfelves are indued, and thofc appearances,
which refult from the ftru&ure only of compound bodies. -
Some of the properties, which we obferve in things, are the
attributes of particular bodies only; others univerfally belong
to all, that fall under our notice: ~ Whether fome of the
qualities and powers of particular bodies, be derived from dif-
ferent kinds of matter entring their compofition, cannot, in
the prefent imperfe@ ftate of our knowledge, abfolutcly be
decided; though we have not yet any reafon to conclude,
but that all the bodics, with which we converfe, are framed
out of the very fame kind of matter, and that their diftin&

quali-
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qualitiesare occafioned only by their ftructure ; through the va-
riety whereof the general powers of matter are caufed to pro-
duce different effects. On the other hand, we fhould not ha-
ftily conclude, that whatever is found to appertain to all mat-
ter, which falls under our examination, muft for that reafon
only be an effential property thereof, and not be derived from
fome unfeen difpofition in the frame of nature. SirIsaac
NEwToN has found reafon to conclude, that gravity is a pro-
perty univerfally belonging to all the perceptible bodies in the
univerfe, and to every particle of matter, whereof they are
compofed. But yet he no where afferts this property to be
effential to matter. And he was {o far from having any de-
fign of eftablithing it as fuch, that, on the contrary, he has
given fome hints worthy of himfelf at a caufe for it*; and ex-
prefly fays, that he propofed thofe hints to thew, that he had

no fuch intention .

19. It appears from hence, that it is not eafy to deter-
mine, what properties of bodies are effentially inherent in the
matter, out of which they are made, and what depend upon
their frame and compofition.  But certainly whatever pro-
pertics are found to belong cither to any particular {yftems of
matter, or univerfally to all, muft be confidered in philofophy ;
becaufe philofophy will be otherwife imperfect. ~ Whether
thofe properties can be deduced from fome other appertain-
ing to matter, either among thofe, which are already known,
or among fuch as can be difcovered by us, is afterwards to be
fought for the fartherimprovement of our knowled ge. Butthis

4 At the end of his Optics. b See the fame treatife, in
in Qu. 23, Advertifement 2.

inquiry
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inquiry cannot properly have place in the deliberation about ad-
mitting any property of matter or bodies into philofophy ; for
that purpofe it is only to be confidered, whether the exiftence
of fuch a property has been juftly proved or not.  Thercfore
to decide what caufes of things are rightly received into na-
tural philofophy, requires only a diftin&t and clear conception
of what kind of reafoning is to be allowed of as convincing,
when we argue upon the works of nature.

20. Tue proofs in natural philofophy cannot be fo abfo-
lutely conclufive, as in the mathematics. For the fubjects of
that {cience are purely the ideas of our own minds.. They
may be reprefented to our fenfes by material objeés, but they
are themfelves the arbitrary productions of our own thoughts;
fo that as the mind can havea full and adequate knowledge
of its own ideas, the reafoning in geometry can be rendered
perfe@.  But in natural knowledge the fubje&t of our con-
templation is without us, and not fo compleatly to be known :
therefore our method of arguing muft fall a little fhort of ab-
folute perfection. It is only here required to feer a juft courfe
between the conjectural method of proceeding, againft which
I have fo largely fpoke ; and demanding fo rigorous a proof, as
will reduce all philofophy to mere fcepticifin, and exclude all
profpect of making any progrefs in the knowledge of nature,

21. Tue conceflions, which are to be allowed in this {ci-
ence, are by Sir Isaac NewTon included under a very

few fimple precepts.

x.. Tue
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22. Tue firftis, that more caufes arc not to be received
into philofophy, than are fufficient to explain the appearances
of nature. That this rule is approved of unanimoufly, ise-
vident from thofe expreflions fo frequent among all philofo-
phers, that nature does nothing in vain; and that a varie-
ty of means, where fewer would fuffice, is needlefs. And
certainly there is the higheft reafon for complying with this
rule.  For fhould we indulge the liberty of multiplying,
without neceflity, the caufes of things, it would reduce
all philofophy to mere uncertainty ; fince the only proof,
which we can have, of the exiftence of a caufe, is the ne-
ceflity of it for producing known effects.  Therefore where
one caufe is fufficient, if there really fhould in nature be
two, which is in the laft degree improbable, we can have no
poflible means of knowing it, and confequently ought not to
take the liberty of imagining, that there are more than one.

23. TuE fecond precept is the dire& confequence of the
firft, that to like effe@s are to be afcribed the fame caufes.
For inftance, that refpiration in men and in brutes is brought
about by the fame means ; that bodies defcend to the earth
here in Eurorg, and in AMER1CA from the fame principle;
that the light of a culinary fire, and of the fun have the fame
manner of produétion ; that the reflection of light is effected in
the carth, and in the planets by the fame power ; and the like.

24. Tuethird of thefe precepts has equally evident rea-
fon forit. Itisonly, that thofe qualities, which in the fame
body can neither be leflened nor increafed, and which belong

to
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to all bodies that are in our power to make trial upon, ought
to be accounted the univerfal properties of all bodies what-
ever.

25. I~ this precept is founded that method of arguing by
indudion, without which no progrefs could be made in na-
tural philofophy. For as the qualities of bodies become
known to us by experiments only ; we have no other way of

finding the properties of {uch bodies, as are out of our reach

to experiment upon, but by drawing conclufions from thofe
which fall under our examination. The only caution here
required is, that the obfervations and experiments, we argue
upon, be numerous enough, and that due regard be paid to
all obje&ions, that occur, as the Lord Bacown very judi-
cioufly direéts®.  And this admonition is fufficiently com-
plied with, when by virtue of this rule we aferibe impene-
trability and extenfion to all bodies, though we have no fen-
fible experiment, that affords a dire& proof of any of the ce-
leftial bodies being impenctrable; nor that the -fixed ftars
are fo much as extended.  For the more perfe& our inftru-
ments are, whercby we attempt to find their vifible magni-
tude, the lefs they appear; infomuch that all the fenfible
magnitude, which we obferve in them, feems only to be an
optical deception by the fcattering of their light. However,
I fuppofe no one will imagine they are without any magni-
tude, though their immenfe diftance makes it undifcernable
by us.  After the fame manner, if it can be proved, that all

2 Nov. Org. Lib. i. Ax. 105.

E bodies
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bodies here gravitate towards the earth, in proportion to the
quantity of folid matter in cach; and that the moon gravitates
to the earth likewife, in proportion to the quantity of matter
init; and that the fea gravitates towards the moon, and all
the planets towards cach other; and that the very comets have
the fame gravitating faculty ; we fhall have as great reafon to
conclude by this rule, that all bodies gravitate towards each
other. For indeed this rule will more ftrongly hold in this
cafe, than in that of the impenetrability of bodies ; becaufe
there will more inftances be had of bodies gravitating, than
of their being impenetrable. n

25. THrs is that method of indu&ion, whereon all phi-
lofophy is founded ; which our author farther inforces by
this additional precept, that whatever is colleted from this
indu&ion, ought to be received, notwithftanding any conje-
&ural hypothefis to the contrary, till fuch times as it {hall be
contradicted or limited by farther obfervations on nature.
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BOOK I

CONCERNING THE

MOTION of BODIES

IN GENERAL,

Cuap 1L
Of the LAWS of MOTION.

me) AVING thus explined Sir Isaac
1 Newrton’s method of reafoning in
philofophy, I fhall now proceed to
my intended account of his difcove-
ries. Thefe are contained in two trea-
tifes. In one of them, the MaTneMA-

=" TICAL PRINCIPLES OF NATURAL PHILOSO-
PHY, hlS chief defign is to thew by what laws the heavenly
L2 motions
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motions are regulated; in the other, his Oprics, he difcourfes
of the nature of light and colours, and of the action between
light and bodies. This fecond treatife is wholly confined to
the fubjec of light: except fome conjectures propofed at the
end concerning other parts of nature, which lie hitherto more
concealed. In the other treatife our author was obliged to
{fmooth the way to his principal intention, by explaining ma-~
ny things of a more general nature: for even fome of the moft
fimple properties of matter were fcarce well eftablifhed at that
time. We may therefore reduce Sir Isaac NewToN's do-
&rine under three general heads ; and I fhall accordingly di-
vide my account into three books. In the firft I fhall fpeak
of what he has delivered concerning the motion of bodies,
without regard to any particular fyftem of matter ; in the fe-
cond I fhall treat of the heavenly motions; and the third
{hall be employed upon light.

2. In the firflt part of my defign, we muft begin with an
account of the general laws of motion.

3. TwuEese laws are fome univerfal affe@ions and proper-
ties of matter drawn from experience, which are made ufe
of as axioms and evident principles in all our arguings upon the
motion of bodies. For as it is the cuftom of geometers to
affume in their demonftrations fome propofitions, without
exhibiting the proof of them ; f{o in philofophy, all our rea-
foning muft be built upon fome properties of matter, firft ad-
mitted as principles whereon to argue. In geometry thefe ax-
ioms are thus affumed, on account of their being fo evident

as
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as to make any proof in form needlefs.  But in philofophy
no properties of bodies can be in this manner received for felf-
evident; fince it has been obferved above, that we can con-
clude nothing concerning matter by any reafonings upon its
nature and eflence, but that we owe all the knowledge, we
have thereof, to experience.  Yet when our obfervations on
matter have inform’d us of fome of its properties, we may fe-
curely reafon upon them in our farther inquiries into nature.
And thefe laws of motion, of which I am here to fpeak, are
found fo univerfally to belong to bodies, that there is no mo-
tion known, which is not regulated by them. Thefe are by
Sir Isaac NEwT oN reduced to three *

4. T ue firft law is, that all bodies have fuch an indifference
to reft, or motion, that if once at reft they remain fo, till di-
fturbed by fome power acting upon them : but if once put
in motion, they perfift in it ; continuing to move right for-
wards perpetually, after the power, which gave the motion,
is removed ; and alfo preferving the fame degree of velocity
or quicknefs, as was firft communicated, not ftopping or re-
mitting their courfe, till interrupted or otherwife difturbed by
fome new power impreffed.

5. T uE {econd law of motion is, that the alteration of the
ftate of any body, whether from reft to motion, or from mo-
tion to reft, or from one degree of motion to another, is al-
ways proportional to the force imprefled. A body at reft, when

3 Princip. philof. pag.13, 14.

acted
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a&ted upon by any power, yields to that power, moving in
the fame line, in which the power applied is direéted ; and
moves with a lefs or greater degree of velocity, according to
the degree of the power ; fo that twice the power fhall com-
municate a double velocity, and three times the power a
threefold velocity. If the body be moving, and the power
imprefled a& upon the body in the direction of its motion,
the body fhall receive an addition to its motion, as great as
the motion, into which that power would have put it from a
ftate of reft; butif the power imprefled upon a moving bo-
dy a¢t direc@ly oppofite to its former motion, that power fhall
then take away from the body’s motion, as much as in the o-
ther cafe it would have added to it.  Laftly, if the power be
imprefled obliquely, there will arife an oblique motion dif-
fering more or lefs from the former direction, according as
the new impreflion is greater or lefs. For example, if the bo-
7. dy A (in fig.1.) be moving in the direétion A B, and when it is
at the point A, a power be imprefled upon it in the direétion
AC, the body fhall from henceforth neither move in its firft
direétion A B, nor in the dire@ion of the adventitious power,
but fhall take a courfe as AD between them: and if the
power laft imprefled be juft cqual to that, which firft gave
to the body its motion ; the line AD fhall pafs in the middle
between AB and AC, dividing the angle under BAC into
two cqual parts 3 but if the power laft impreffed be greater
than the firft, the line AD fhall incline moft to AC ; whereas
if the laft impreflion be lefs than the firft, the line AD fhall
incline moft to AB.  T'o be more particular, the fituation of

the
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the line ADis always to be determined after this manner.
Let AE be the fpace, which the body would have moved
through in the line A B during any certain portion of time;
provided that body, when at A, had received no fecond im-
pulfe. Suppofe likewife, that AF is the part of the line AC,
through which the body would have moved during an equal
portion of time, if it had been at reft in A, when it received
the impulfe in the dire&ion AC: then if from E be drawn
a line parallel to, or equidiftant from AC, and from F an-
other line parallel to AB, thofe two lines will meet in the
line AD.

6. THe third and laft of thefe laws of motion is, that
when any body a&s upon another, the action of that body
upon the other is equalled by the contrary reaction of that
other body upon the firft.

7. THEsE laws of motion are abundantly confirmed by
this, that all the deductions made from them, in relation to
the motion of bodies, how complicated foever, are found to
agree perfedtly with obfervation.  This fhall be fhewn more
at large in the next chapter. But before we proceed to fo
diffufive a proof ; I chufe here to point out thofe appearan-

ces of bodies, whereby the laws of motion are firft fuggefted
to us.

8. Darry obfervation makes it appear to us, that any
body, which we once fec at reft, never puts it felf into frefh
motion ;
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motion; but continues always in the fame place, till removed
by fome power applied to it.

9. A g a1, whenever a body is once in motion, it continues
in that motion fome time after the moving power has quitted
it, and it is left to it felf. Now if the body continue to move
but a fingle moment, after the moving power has left it, there
can no reafon be afligned, why it fhould ever ftop without
fome external force.  For it is plain, that this continuance of
the motion is caufed only by the body’s having already mov-
ed, the fole operation of the power upon the body being the
putting it in motion; therefore that motion continued will e-
qually be the caufe of its farther motion, and fo on without
end. The only doubt that can remain, is, whether this moticn
communicated centinues intire, after the power, that caufed
it, ceafes to act ; or whether it does not gradually languifh and
decreafe.  And this fufpicion cannot be removed by a tranfi-
ent and {light obfervation on bodies, but will be fully cleared
up by thofe more accurate proofs of the laws of motion,
which are to be confidered in the next chapter,

10. LasTLy, bodies in motion appear to affe& a ftraight
courfe without any deviation, unlefs when difturbed by fome
adventitious power adting upon them.  If a body be thrown
perpendicularly upwards or downwards, it appears to continue
in the fame ftraight line during the whole time of its motion.
If a body be thrown in any other dire@ion, it is found to de-
viate from the line, in which it began to move, morc and

more




u R

Cuar.1. PHILOSOPHY. 33

more continually towards ghe carth, whither it is directed
by its weight: but fince, ‘when the weight of a body does
not alter the direion of its motion, it always moves in
a ftraight line, without doubt in this other cafe the body’s
declining from its firft courfe is no more, than what is cau-
fed by its weight alone.  As this appears at firft fight to be
unqueftionable, fo we fhall have a very diftiné proof thereof
in the next chapter, where the oblique motion of bodies will
be particularly confidered.

11. Tuus we fee how the firft of the laws of motion
agrees with what appears to us in moving bodies. But
here occurs this farther confideration, that the real and ab-
folute motion of any body is not vifible to us: for we
are our felves alfo in conftant motion along with the
earth whereon we dwell ; infomuch that we perceive bo-
dies to move fo far only, as their motion is different from
our own. When a body appears to us to lic at reft, in
reality it only continues the motion, it has reccived, without
putting forth any power to change that motion. If we
throw a body in the courfe or direction, wherein we are
carried our felves; fo much motion as we feem to have
given to the body, fo much we have truly added to the
motion, it had, while it appeared to us to be at reft. But
if we impel a body the contrary way, although the body
appears to us to have received by fuch an impulfe as much
motion, as when impelled the other way ; yetin this cafe we
have taken from the body fo much real motion, as we feem
to have givenit. Thus the motion, which we fee in bodies,

F is
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is not their real motion, but only, relative with refpeét to us;3
and the forementioned obfervations only fhew us, that this
firt law of motion has place in this relative or apparent
motion. However, though we cannot make any obferva-
tion immediately on the abfolute motion of bodies, yet by
reafoning upon what we obferve in vifible motion, we can
difcover the properties and effecs of real motion.

12. Wit regard to this firft law of motion, which is
now under confideration, we may from the foregoing ob-
fervations moft truly colle&, that bodies are difpofed to con-
tinue in the abfolute motion, which they have once received,
without increafing or diminifhing their velocity. When a
body appears to us to lie at reft, it really preferves without
change the motion, which it has in common with our felves :
and when we put it into vifible motion, and we fee it conti-
nue that motion ; this proves, that the body retains that de-
grec of its abfolute motion, into which it is put by our a&ing
upon it : if we give it fuch an apparent motion, which adds
to its real motion, it preferves that addition ; and if our a&-
ing on the body takes off from its real motion, it continues
afterwards to move with no more real motion, than we have
left it.

13. A GaIn, we donot obferve in bodies any difpofition or
power within themfelves to change the direction of their mo-
tion ; and if they had any fuch power, it would eafily be dif-
covered.  For fuppofe a body by the ftru&ure or difpofidon
of its parts, or by any other circumftance in its make, was in-

dued
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dued with a power of moving it felf ; this felf-moving prin-
ciple, which fhould be thus inherent in the body, and not
depend on any thing external, muft change the direction
wherein it would a&, as often as the pofition of the body
was changed : fo that for inftance, if a body was lying be-
fore me in fuch a pofition, that the direction, wherein this
principle difpofes the body to move, was pointed directly from
me; if I then gradually turned the body about, the direction
of this felf-moving principle would no longer be pointed di-
reétly from me, but would turn about along with the body.
Now if any body, which appears to us at reft, were furnifh-
ed with any fuch felf-moving principle ; from the body's ap-
pearing without motion we muft conclude, that this felf-mov-
ing principle lies directed the fame way as the earth is car-
rying the body ; and fuch a body might immediately be put
into vifible motion only by turning it about in any degree,
that this {elf-moving principle might receive a different di-
rection.

14. Frowm thefe confiderations it very plainly follows,
that if a body were once abfolutely at reft ; not being fur-
nithed with any principle, whereby it could put it felf into
motion, it muft for ever continue in the fame place, dll acted
upon by fomething external: and alfo that when a body is put
into motion, it has no power within it {eIf to make any
change in the dire@ion of that motion ; and confequently
that the body muft move on ftraight forward without declin-
ing any way whatever. But it has before been fthewn, that
bodies do not appear to have in themfelves any power to

s change
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change the velocity of their motion: therefore this firft law
of motion has been illuftrated and confirmed, as much ascan
be from the tranfient obfervations, which have here been dif-
courfed upon ; and in the next chapter all this will be farther
cftablifhed by more corret obfervations.

15. Bur I fhall now pafs to the fecond law of motion ;
wherein, when it is afferted, that the velocity, with which
any body is moved by the a&ion of a power uponit, is pro-
portional to that power ; the degree of power is fuppofed to
be meafured by the greatnefs of the body, which it can move
with a given celerity. So that the fenfe of this law is, that
if any body were put into motion with that degree of fwift-
nefs, as to pafs in one hour the length of a thoufand yards ;
the power, which would give the fame degree of velocity to
a body twice as great, would give this leffer body twice the
velocity, caufing it to defcribe in the fame {pace of an hour
two thoufand yards. But by a body twice as great as another,
I do not here mean fimply of twice the bulk, but one that
contains a double quantity of folid matter.

16. Way the power, which can move a body twice as great
as another with the fame degree of velocity, fhould be called
twice as great as the power, which can give the leffer body
the fame velocity, is evident. For if we fhould fuppofe the
greater body to be divided into two equal parts, each equal
to the lefler body, each of thefe halves will require the fame
degree of power to move ther with the velocity of the lefler

body, as the lefler body it felf requires ; and therefore both
b thofe
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thofe halves, or the whole greater body, will require the
moving power to be doubled.

147. Tuar the moving power being in this fenfe doubled,
thould juft double likewife the velocity of the fame body,
{eems near as evident, if we confider, that the effe@ of the
power applied muft needs be the fame, whether that power
be applied to the body at once, or in parts. Suppofe then the
double power not applied to the body at once, but half of it
firft, and afterwards the other half ; it is not conceivable for
what reafon the half laft applied thould come to have a dif-
ferent effect upon the body, from that which is applied firft;
as it muft have, if the velocity of the body was not juft dou-
bled by the application of it. ~ So far as experience can deter-
mine, we fee nothing to favour fuch a fuppofition. We can-
not indeed ( by reafon of the conftant motion of the earth )
make trial upon any body perfeétly at reft, whereby to fee
whether a power applied in that cafe would have a different
effe®, from what it has, when the body is already moving ;
but we find no alteration in the effect of the fame power on
account of any difference there may be in the motion of the
body, when the power is applied. The earth does not al-
ways carry bodies with the fame degree of velocity ; yet we
find the vifible effe@s of any power applied to the fame bo-
dy to be at all times the very fame : and a bale of goods, or
other moveable body lying in a fhip is as eafily removed
from place to place, while the fhip is under fail, if its motion
be fteady, as when it is fixed at anchor.

1. Now
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18. Now this experience is alone fufficient to fhew to us
the whole of this law of motion.

19. Since we find, that the fame power will always pro-
duce the fame change in the motion of any body, whether
that body were before moving with a {wifter or {lower mo-
tion ; the change wrought in the motion of a body depends
only on the power applied toit, without any regard to the
body’s former motion : and therefore the degree of motion,
which the body already pofleffes, having no influence on the
power applied to difturb its operation, the effects of the
fame power will not only be the fame in all degrees of mo-
tion of the body ; but we have likewife no reafon to doubt,
but that a body perfectly at reft would receive from any pow-
cr as much moticn, as would be equivalent to the effeét of the
fame power applied to that body already in motion.

20. Acain,fuppole a body being at reft, any number of
equal powers fhould be fucceflively applied to it 5 pufhing it
forward from time to time in the fame courfe or dire&ion.
Upon the application of the firft power the body would begin
to move ; when the fecond power was applied, it appears from
what has been faid, that the motion of the body would be-
come double; the third power would treble the motion of the
body; and {o on, till after the operation of the laft power the
motion of the body would be as many times the motion,
which the firft power gave it, as there are powers in number.
And the effeét of this number of powers will be always the

fame,
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fame, without any regard to the fpace of time taken up in
applying them : fo that greater or lefler intervals between
the application of cach of thefe powers will produce no dif-
ference at all in their effe@s.  Since therefore the diftance of
time between the action of each power is of no confequence;;
without doubt the effe@ will ftill be the fame, though the
powers fhould all be applied at the very fame inftant ; or al-
though a fingle power fhould be applied equal in ftrength to
the colle&tive force of all thefe powers. Hence it plainly fol-
lows, that the degree of motion, into which any body wilk
be put out of a ftate of reft by any power, will be proportio-
nal to that power. A double power will give twice the velo-
city, a treble power three times the velocity, and fo on.  The
foregoing reafoning will equally take place, though the bo-
dy were not fuppofed to be at reft, when the powers began to
be applied to it; provided the direction, in which the powers
were applied, cither confpired with the action of the body, or
was dire@ly oppofite toit. Therefore if any power be ap-
plied to a moving body, and a& upon the body either in
the direction wherewith the body moves, {o as to accelerate
the bedy ; orif it ac directly oppofite to the motion of the
body, fo as to retard it: inboth thefe cafes the change of
motion will be proportional to the power applied; nay, the
augmentation of the motion in one cafe, and the dimi-
nution thereof in the other, will be equal to that degree of
motion, into which the fame power would put the body, had
it been at reft, when the power was applied.

21. FARTHER:
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21. FaRTHER, a power may be {o applied to a moving
body, as to a& obliquely to the motion of the body. And
the effe@s of fuch an oblique motion may be deduced from
this obfervation ; that as all bodies are continually moving a-
long with the earth, we fee that the vifible effects of the fame
power are always the fame, in whatever dire&tion the power
a&s: and therefore the vifible effeés of any power upon a
body, which feems only to be atreft, is always to appearance
the fame as the real effect would be upon a body truly at reft.
Now fuppofe a body were moving along the line AB (in
fig. 2.) and the eye accompanied it with an equal motion in
the line CD equidiftant from AB ; fo that when the body is
at A, the eye fhall be at C, and when the body is advanced to
Ein the line AB, the eye fhall be advanced to F in the line
CD, the diftances A E and CF being equal. It is evident,
that here the body will appear to the eye to be at reft ; and
the line FEG drawn from the eye through the body fhall feem
to the eye to be immoveable; though as the body and eye
move forward together, this line fhall really alfo move; fo
that when the body fhall be advanced to H and the eye to K,
the line FEG fhall be transferred into the fituation KHL,
this line KH L being equidiftant from FEG. Now if the bo-
dy when at E were to receive an impulfe in the direction of
the line FEG; while the eye is moving on from F to B, and
carrying along with it the line FEG, the body will appear to
the eye to move along this line FEG: for this is what has juft
now been faid ; that while bodies are moving along with the
earth, and the fpeQator’s eye partakes of the fame motion,
the effect of any power upon the body will appear to be what

1t
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it would really have been, had the body been truly at refts

when the power was applied.  From hence it follows, that
when the eye is advanced to K, the body will appear fome-
where in the line KHL. Suppofe it appear in M ; then it is
manifeft, from what has been premifed at the beginning of
this paragraph, that the diftance HM is equal to what the
body would have run upon the line EG, during the time,
wherein the eye has pafled from F to K, provided that the bo-
dy had been at reft, when acted uponin E. If it be farther
asked, after what manner the body has moved from E to M ?
I anfwer, through a ftraight line ; for it has been fhewn above
in the explication of the firft law of motion, that a mov-
ing body, from the time it is left to it felf, will proceed on in
one continued ftraight line.

22. I'r EN be taken equal to HM and N M be drawn ;
fince HM is equidiftant from EN, N'M will be equidiftant
from EH. Therefore the effe& of any power upon a moving
body, when that power ads obliquely to the motion of the
body, is to be determined in this manner. Suppofe the bo-
dy is moving along the ftraight line A EB, if when the body is
come to E, a power gives it an impulfe in the direGtion of the
line EG, to find what courfe the body will afterwards take
we muft proceed thus. Take in EB any length EH, and in
EG take fuch a length EN, that if the body had been at reft
in E, the power applied to it would have caufed it to move
over EN in the fame {pace of time, as it would have employed
in pafling over EH, if the power had not acted at all upon it.
Then draw H L equidiftant from EG, and N M equidiftant

G from
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from EB. After this, if a line be drawn from E to the
point M, where thefe two lines meet, the line EM will be the
courfe into which the body will be put by the action of the
power upon it at E.

23. A matueEmaTicAL reader would here expect in
fome particulars more regular demontftrations ; but as I do
not at prefent addrefs my felf to fuch, fo Ihope, what Ihave
now written will render my meaning evident enough to thofe,
who are unacquainted with that kind of reafoning.

24. Now as we have been fhewing, that fome acual
force is neceflary either to put bodies out of a ftate of reft in-
to motion, or to change the motion, which they have once
received ; it is proper here to obferve, that this quality in bo-
dies, whereby they preferve their prefent ftate, with regard
to motion or reft, till fome active force difturb them, is cal-
led the vis iNERTIAE of matter : and by this property, mat-
ter, {luggith and unaéive of it felf, retains all the power im-
prefled upon it, and cannot be made to ceafe from a&ion, but
by the oppofition of as greata power, asthat which firlt mov-
ed it. By the degree of this vis 1NERTIAE, or power of inac-
tivity, as we fhall henceforth call it, we primarily judge of
the quantity of {olid matter in each bedy ; for as this quality is
inherent in all the bodies, upon which we can make any trial,
we conclude it to bea property eflential to all matter ; and
as we yet know no reafon to fuppofe, that bodies are compo-
fed of different kinds of matter, we rather prefume, that

the matter of all bodies is the fame ; and that the degree of
this
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this power of ina&ivity is in every body proportional to the
quantity of the folid matter init.  But although we have no
abfolute proof, that all the matter in the univerfe is uniform,
and poffeffes this power of inactivity in the fame degree; yet
we can with certainty compare together the different degrees
of this power of inacivity in different bodies. Particularly
this power is proportional to the weight of bodies, as Sir Isaac
Newron has demonftrated . However, notwithftanding
that this power of inacivity in any body can be more certain-
ly known, than the quantity of folid matter in it ; yet fince
there is no reafon to fufpect that one is not proportional to the
other, we fhall hereafter {peak without hefitation of the quan-
tity of matter in bodies, as the meafure of the degree of their
power of inadtivity.

25. THrs being eftablithed, we may now compare the
effeés of the fame power upon different bodies, as hither-
to we have fhewn the effeés of different powers upon the
fame body. And here if we limit the word motion to the
peculiar fenfe given to it in philofophy, we may comprehend
all that is to be faid upon this head under one fhort precept ;
that the fame power, to whatever body it is applied, will al-
ways produce the fame degree of motion.  But here motion
does not fignify the degree of celerity or velocity with which
a body moves, in which fenfe only we have hitherto ufed it ;
but it is made ufe of particularly in philofophy to fignify the
force with which a body moves: as if two bodies A and B be-

2 Princ. Philof. L. II. prop. 24. corol. 7. Sec alfo B.II. Ch. 5. § 3. of this treatife.
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ing in motion, twice the force would be required to ftop A as
to ftop B, the motion of A would be efteemed double the
motion of B. In moving bodies, thefe two things are care-
fully to be diftinguithed; their velocity or celerity, which is
meafured by the fpace they pafs through during any determi-
nate portion of time; and the quantity of their motion, or
the force, with which they will prefs againft any refiftance.
Which force, when different bodies move with the fame ve-
locity, is proportional to the quantity of folid matter in the
bodies ; butif the bodies are equal, this force is proportio-
nal to their refpective velocities, and in other cafes it is pro-
portional both to the quantity of folid matter in the body, and
alfo to its velocity. To inftance in two bodies Aand B:if Abe
twice as great as B, and they have both the fame velocity, the
motion of A fhall be double the motion of B; and if the bo-
dies be equal, and the velocity of A be twice that of B, the
motion of A fhall likewife be double that of B ; butif A be
twice as large as B, and move twice as fwift, the motion of A
will be four times the motion of B; and laftly, if A be twice
as large as B, and move but half as faft, the degree of their
motion fhall be the fame.

26. Tuisis the particular fenfe given to the word motion
by philofophers, and in this fenfe of the word the fame pow-
er always produces the fame quantity or degree of motion. If
the fame power a& upon two bodies A and B, the velocities,
it fhall give to each of them, fhall be fo adjufted to the refpec-
tive bodies, that the fame degree of motion fhall be produced
in each. If A be twice as great as B, its velocity fhall be half

that
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that of B ; if A has three times as much {olid matter as B, the
velocity of A fhall be one third of the velocity of B; and ge-
nerally the velocity given to A fhall bear the fame proportion
to the velocity given to B, as the quantity of {olid matter con-
tained in the body B bears to the quantity of folid matter con-
tained in A.

27. THE reafon of all this is evident from what has gone-
before.  If a power were applied to B, which fhould bear
the fame proportion to the power applied to A, as the body B
bears to A, the bodies B and A would both receive the fame
velocity ; and the velocity, which B will receive from this
power, will bear the fame proportion to the velocity, which
it would receive from the a&ion of the power applied toa,
as the former of thefe powers bears to the latter: that is,
the velocity, which A receives from the power applied to it,
will bear to the velocity, which B would receiye from
the fame power, the fame proportion as the body B bears
to A.

28. Frowm hence we may now pafs to the third law of
motion, where this diftinétion between the velocity of a bo-
dy and its whole motion is farther neceffary to be regarded, as
{hall immediately be thewn ; after having firft illuftrated the
meaning of this law by a familiar inftance. If a ftone or o-
ther load be drawn by a horfe ; the load re-acts upon the horfe,
as much as the horfe ats upon the load ; for the harnefs,
which is ftrained between them, prefles againft the horfe as
much as againft the load; and the progreflive motion of the

horfc
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horfe forward is hindred as much by the load, as the motion
of the load is promoted by the endeavour of the horfe: that
is, if the horfe put forth the fame ftrength, when loofened
from the load, he would move himfelf forwards with greater
{wiftnefs in proportion to the difference between the weight
of his own body and the weight of himfelf and load to-
gether.

29. Trisinftance will afford fome general notion of the
meaning of this law. But to proceed to a more philofophi-
cal explication : if a body in motion ftrike againt another at
reft, let the body ftriking be ever fo fmall, yet fhall it com-
municate fome degree of motion to the body it ftrikes againft,
though the lefs that body be in comparifon of that it impin-
ges upon, and the lefs the velocity is, with which it moves,
the fmaller will be the motion communicated. But whatever
degree of motion it gives to the refting body, the fame it
fhall lofe it felf. ~ This is the neceffary confequence of the
forementioned power of inadivity in matter.  For fuppofe
the two bodies equal, it is evident from the time they meet,
both the bodies are to be moved by the fingle motion of the
firft; therefore the body in motion by means of its power of
inadtivity retaining the motion firft given it, ftrikes upon the
other with the fame force, wherewith it was acted upon it
felf : but now both the bodies being to be moved by that
force, which before moved one only, the enfuing velocity
will be the fame, as if the power, which was applied to one
of the bodies, and put it into motion, had been applied to
hoth ; whence it appears, that they will proceed forwards,

3 with
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with half the velocity, which the body firft in motion had:
that is, the body firft moved will have loft half its motion,
and the other will have gained exa&ly as much. This rule
is juft, provided the bodies keep contiguous after meeting; as
they would always do, if it were not for a certain caufe that
often intervenes, and which muft now be explained. Bodies
upon ftriking againft each other, fuffer an alteration in their
figure, having their parts prefled inwards by the ftroke,which
for the moft part recoil again afterwards, the bedies endea-
vouring to recover their former fhape. This power, whereby
bodies are inabled to regain their firft figure, is ufually called -
their elafticity, and when itads, it forces the bodies from
each other, and caufes them to feparate.  Now the effect of
this elafticity in the prefent cafe is fuch, that if the bodies are
perfedly elaftic, fo as to recoil with as great a force as they
are bent with, that they recover their figure in the fame fpace
of time, as has been taken up in the alteration made in it by
their compreflion together; then this power will feparate the
bodies as fwiftly, as they before approached, and acing up-
on both equally, upon the body firft in motion contrary to
the dire&ion in which it moves, and upon the other as much
in the direétion of its motion, it will take from the firft, and:
add to the other equal degrees of velocity: fo that the power
being ftrong enough to feparate them with as great a velocity,
as they approached with, the firft will be quite ftopt, and
that which was at reft, will receive all the motion of the
other. If the bodies are elaftic in a lefs degree, the firft will
not lofe all its motion, nor will the other acquire the motion
of the firft, but fall as much fhort of it, as the other retains.

For.
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For this rule is never deviated from, that though the degree
of elafticity determines how much more than half its veloci-
ty the body firft in motion fhall lofe; yet in every cafe the
lofs in the motion of this body fhall be transferred to the other,
that other body always receiving by the ftroke as much mo-
tion, as is taken from the firft.

30. THisis the cafe of a body ftriking dire&tly againft an
equal body at reft, and the reafoning here ufed is fully con-
firmed by experience.  There are many other cafes of bodies
impinging againft one another : but the mention of thefe
fhall be referved to the next chapter, where we intend to be
more particular and diffufive in the proof of thefe laws of mo-
tion, than we have been here.

Cuar IL
Farther proofs of the Laws of MoT1oN.

HAV ING in the preceding chapter deduced the three
laws of motion, delivered by our great philofopher,
from the moft obvious obfervations, that fuggeft them to us;
I now intend to give more particular proofs of them, by re-
counting fome of the difcoveries which have been made in
philofophy before Sir Isaac NewTon.  For as they were
all colle@ed by reafoning upon thofe laws; fo the conformity
of thefe difcoveries to experience makes them fo many proofs
of the truth of the principles, from which they were derived.

2. LeT
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2. Let usbegin with the fubje&, which concluded the
laft chapter. Although the body in motion be not equal to
the body at reft, on which it ftrikes; yet the motion after
the ftroke is to be eftimated in the fame manner as above.
LetA (infig.3.) be a body in motion towards another body
B lying at reft. When A is arrived at B, it cannot proceed
farther without putting B into motion ; and what motion it
gives to B, it muft lofe it felf, that the whole degree of mo-
tion of A and B together, if neither of the bodies be elaftic,
fhall be equal, after the meeting of the bodies, to the fingle
motion of A before the ftroke. Therefore, from what has
been faid above, it is manifeft, that as foon as the two bodies
are met, they will move on together with a velocity, which
will bear the fame proportion to the original velocity of A, as

the body A bears to the fum of both the bodies.

3. Ir the [ odics are elaftic, fo that they fhall feparate af-
ter the ftroke, A muft lofe a greater part of its motion, and
the fubfequent motion of B will be augmented by this elafti-
city, as much as the motion of A is diminithed by it. The
clafticity acing equally between both the bodies, it will com-
municate to each the fame degree of motion; that is, it will
feparate the bodies by taking from the body A and adding to
the bedy B different degrees of velocity, {o proportioned to
their refpe@ive quantities of matter, that the degree of mo-
tion, wherewith A f{eparates from B, fhall be equal to the de-
gree of motion, wherewith B feparates from A. It follows
therefore,, that the velocity taken from A by the elafticity
bears to the velocity, which the fame elafticity adds to B, the

H fame
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fame proportion, as B bears to A: confequently the velocity,
which the elafticity takes from A, will bear the fame propor-
tion to the whole velocity, wherewith this elafticity caufes the
two bodies to feparate from each other, as the body B bears to
the fum of the two bodies A and B; and the velocity, which
is added to B by the elafticity, bears to the velocity, where-
with the bodies feparate, the fame proportion, as the body A
bears te the fum of the two bodies A and B.  Thus is found,
how much the elafticity takes from the velocity of A, and
adds to the velocity of B; provided the degree of clafticity be
known, whereby to determine the whole velocity wherewith
the bodies feparate from each other after the ftroke *,

4. ArTER this manner is determined in every cafe the re-
fult of a body in motion ftriking againft another at reft. The
fame principles will alfo determine the effects, when both
bodies are in motion,

5. LeT two equal bodies move againft each other with e-
qual fwiftnefs. Then the force, with which each of them
prefles forwards, being equal when they ftrike ; each prefl-
ing in its own dire&ion with the fame energy, neither fhall
furmount the other, but both be ftopt, if they be not elaftic:
for if they be elaftic, they fhall from thence recover new mo-
tion, and recede from each other, as {wiftly as they ’met, if
they be perfedtly elaftic; but more flowly, if lefs fo. In the
fame manner, if two bodies of unequal bignefs ftrike againft
each other, and their velocities be fo related, that the velocity

# How this degree of clatticity is to be found by experiment, will be thewn below in § 74

of
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of the leffer body fhall exceed the velocity of the greater in
the fame proportion, as the greater body exceeds the leffer (for
inflance, if one body contains twice the folid matter as the o-
ther, and moves but half as faft) two fuch bodies will entire-
ly fupprefs each other's motion, and remain from the time of
their meeting fixed ; if, as before, they are not elaftic: but,
if they arc fo in the higheft degree, they fhall recede again,
each with the fame velocity, wherewith they met. For this
elaftic power, asin the preceding cafe, fhall renew their mo-
tion, and prefling equally upon both, fhall give the fame mo-
tion to both ; that is, fhall caufe the velocity, which the lefler
body receives, to bear the fame proportion to the velocity,
which the greater receives, as the greater body bears to the
lefler : fo that the velocities fhall bear the fame proportion to
each other after the ftroke, as before. Therefore if the bodies,
by being perfedtly elaftic, have the fum of their velocities
after the ftroke equal to the fum of their velocities before the
ftroke, each body after the ftroke will receive its firft veloci-
ty. And the fame proportion will hold likewife between the
velocities, wherewith they go off, though they are elaftic but
in a lefs degree ; only then the velocity of each will be lefs in
proportion to the defeé of clafticity.

6. Ir the velocities, wherewith the bodies meet, are not
in the proportion here fuppofed ; but if one of the bodies, as
A, has a fwifter velocity in comparifon to the velocity of the
other; then the effe@ of this excefs of velocity in the body A
mutft be joined to the effe& now mentioned, after the manner
of this following example. Let A be twice as great as B, and

H2 move
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move with the fame fwiftnefs as B. Here A moves with twice
that degree of fwiftnefs, which would anfier to the foremen-
tioned proportion.  For A being double to B, if it moved
but with half the fwiftnefs, wherewith B advances, it has been
juft now fhewn, that the two bodies upon meeting would
ftop, if they were not claftic ; and if they were elaftic, that
they would each recoil, fo as to caufe A to return with half
the velocity, wherewith B would return.  But it is evident
from hence, that B by encountring A will annul half its velo-
city, if the bodies be not elaftic; and the future motion of the
bodies will be the fame, as if A had advanced againft B at
reft with half the velocity here affigned toit.  If the bodies
be elaftic, the velocity of Aand Bafter the ftroke may be thus
difcovered.  As the two bodies advance againft each other,
the velocity, with which they meet, is made up of the velo-
cities of both bodies added together. ~ After the ftroke their
elafticity will feparate them again.  The degree of elafticity
will determine what proportion the velocity, wherewith they
feparate, muft bear to that, wherewith they meet.  Divide
this velocity, with which the bodies feparate into two parts,
that one of the parts bear to the other the fame proportion, as
the body A bears toB; and afcribe the lefler part to the great~
er body A, and the greater part of the velocity to the leffer
body B. Then take the part afcribed to A from the common
velocity, which A and B would have had after the ftroke, if
they had not been elaftic ; and add the part afcribed to B to
the fame common velocity. By this means the true velocities
of A and B after the ftroke will be made known,

4. Lr
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#. Ir the bodies are perfedtly claftic, the great HuvGEens
has laid down this rule for finding their motion after con-
courfe®.  Any ftraight line CD (in fig. 4, 5.) being drawn,
let it be divided in E, that CE bear the fame proportion to
ED, as the fwiftnefs of A bore to the fwiftnefs of B before the
ftroke. Let the fame line C D be alfo divided in F, that CF
bear the fame proportion to FD, as the body B bears to the
body A. Then FG being taken equal to FE, if the point G
falls within the line CD, both the bodies fhall recoil after the
firoke, and the velocity, wherewith the body A fhall return,
will bear the fame proportion to the velocity, wherewith B
thall return, as GC bears to GD; butif the point G falls with-
out the line CD, then the bodies after their concourfe fhall
both proceed to move the fame way, and the velocity of A
{hall bear to the velocity of B the fame proportion, that G C
bears to GD, as before.

8. Ir the body B had ftood ftill, and received the impulfe
of the other body A upon it ; the effe& has been already ex-
plained in the cafe, when the bodies are not elaftic. And
when they are elaftic, the refult of their collifion is found by
combining the effect of the elafticity with the other effet, in
the fame manner as in the laft cafe.

9. WHEN the bodies are perfedly elaftic, the rule of
Huvcens ® here is to divide the line CD (fig. 6.) in E as
before, and to take EG equal to ED.  And by thefe points

* In oper. pofthum. de Motu corpor. ex per- b In the above-cited plice.
enflion., prop. 9. J

thus -
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thus found, the motion of each body after the ftroke is de-
termined, as before.

10. In the next place, fuppofe the bodies A and B were
both moving the fame way, but A with a fwifter motion, fo
as to overtake B, and ftrike againft it. The effec of the per-
cuflion or ftroke, when the bodies are not elaftic, is difcover-
ed by finding the common motion, which the two bodies
would have after the ftroke, if B were at reft, and A were to
advance againft it with a velocity equal to the excefs of the
prefent velocity of A above the velocity of B; and by ad-
ding to this common velocity thus found the velocity of B.

11. Ir the bodies are elaftic, the effect of the elafticity is
to be united with this other, as in the former cafes.

12. WHEN the bodies are perfecly claftic, the rule of
Huvcens * in this cafe is to prolong CD (fig. 7.) and to
take in it thus prolonged CE in the fame proportion to ED,
as the greater velocity of A bears to the leffer velocity of B
after which FG being taken equal to FE, the velocities of the
two bodies after the ftroke will be determined, as in the two
preceding cafes.

13. THus I have given the fum of what has been writ-
ten concerning the effeés of percuffion, when two bodies
freely in motion ftrike diretly againft each other; and the
refults here fet down, as the confequence of our reafoning

2 In the place above-cited,

3 from
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from the laws of motion, anfwer moft exactly to experience.
A particular fet of experiments has been invented to make
trial of thefe effeéts of percuflion with the greateft exacnefs.
But I muft defer thefe experiments, till I have explained the
nature of pendulums T {hall therefore now proceed to de-
{cribe fome of the appearances, which are caufed in bodies
from the influence of the power of gravity united with the
general laws of motion ; among which the motion of the
pendulum will be included.

14. TuEe moft fimple of thefe appearancesis, when bo-
dies fall down merely by their weight, In this cafe the body
increafes continually its velocity, during the whole time of its
fall, and that in the very fame proportion as the time increaf-
es. For the power of gravity a&s conftantly on the body with
the fame degree of ftrength: and it has been obferved above
in the firft law of motion, that a body being once in motion
will perpetually preferve that motion without the continuance
of any external influence upon it: therefore, aftera body has
been once put in motion by the force of gravity, the body
would continue that motion, though the power of gravity
fhould ceafe to aé any farther upon it ; but, if the power of
gravity continues flill to draw the body down, frefh degrees
of motion muft continually be added to the body ; and the .
power of gravity a&ing at all times with the fame ftrength,
equal degrees of motion will conftantly be added in equal
portions of time.

» Thefc experiments are delcribed in § 73

15, THis
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15. T1s conclufion is not indeed abfolutely true: for we
{hall find hereafter 2, that the power of gravity is not of the
fame ftrength at all diftances from the center of the earth. But
nothing of this is in the leaft fenfible in any diftance, to which
we can convey bodies. The weight of bodies is the very fame
to fenfe upon the higheft towers or mountains, as upon the
level ground ; fo that in all the obfervations we can make,
the forementioned proportion between the velocity of a fall-
ing body and the time, in which it has been defcending, ob-
tains without any the leaft perceptible difference.

16. Frowm henceit follows, that the fpace, through which
a body falls, is not proportional to the time of the fall ; for
fince the body increafes its velocity, a greater {pace will be
pafled over in the fame portion of time at the latter part of the
fall, than at the beginning.  Suppofe a body let fall from the
point A (in fig. 8.) were to defcend from A to B in any por-
tion of time ; then if in an equal portion of time it were to
proceed from B to C; I fay, the fpace BC is greater than AB;
{o that the time of the fall from A to C being double the time
of the fall from A to B, AC fhall be more than double of A B.

17. T HE geometers have proved, that the {paces, through
which bodies fall thus by their weight, are juft in a duplicate
or two-fold proportion of the times, in which the body has
been falling.  That is, if we were to take the line DE in the
fame proportion to A B, as the time, which the body has im-
ployed in falling from A to C, bears to the time of the fall

2 Book II. Chap. 5.
from
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from A to B; then A C will be to DE in the fame proportion.
In particular, if the time of the fall through A C be twice the
time of the fall through AB; then DE will be twice AB, and
AC twice DE ; or AC four times AB. But if the time of the
fall through A C had been thrice the time of the fall through
AB; DE would have been treble of AB, and A C treble of
DE; thatis, AC would have been equal to nine times A B.

18. Ir a body fall obliquely, it will approach the ground
by flower degrees, than when it falls perpendicularly.  Sup-
pofe two lines AB, AC (in fig.9.) were drawn, one perpen-
dicular, and the other oblique to the ground DE: then if a
body were to defcend in the flanting line AC ; becaufe the
power of gravity draws the body directly downwards, if the
line A C fupports the body from falling in that manner, it
muft take off part of the effeé of the power of gravity; fo
that in the time, which would have been fufficient for the
body to have fallen through the whole perpendicular line A B,
the body fhall not have paffed in the line ACa length equal
to AB; confequently the line AC being longer than A B,
the body fhall moft certainly take up more time in pafling
through AC, than it would have done in falling perpendicu-
larly down through A B.

19. T uEe geometers demontftrate, that the time, in which
the body will defcend through the oblique ftraight line A C,
bears the fame proportion to the time of its defcent through
the perpendicular A B, as the line it felf AC bears to AB.
And in refpe to the velocity, which the body will have ac-

I quired
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quired in the point C, they likewife prove, that the length of
the time imployed in the defcent through A C fo compenfates
the diminution of the influence of gravity from the obliquity
of this line, that though the force of the power of gravity on
the body is oppofed by the obliquity of theline AC, yetthe
time of the body’s defcent fhall be fo much prolonged, that
the body fhall acquire the very fame velocity in the point C,
as it would have got at the point B by falling perpendicularly
down.

20. Ira body were to defcend in a crooked line, the time
of its defcent cannot be determined in fo fimple a manner ;
but the fame property, in relation to the velocity, is demon-
ftrated to take place in all cafes: that is, in whatever line the
body defcends, the velocity will always be anfwerable to the
perpendicular height, from which the body has fell. ~ Fer in-
ftance, fuppofe the body A (in fig. 10.) were hung by a
ftring to the pin B.  If this body were let fall, till it came to
the point C perpendicularly under B, it will have moved from
A to Cin the arch of acircle. Then the horizontal line AD
being drawn, the velocity of the body in C will be the fame,
as if it had fallen from the point D directly down to C.

21. Ir a body be thrown perpendicularly upward with a-
ny force, the velocity, wherewith the body afcends, fhall
continually diminifh, till at length it be wholly taken away;
and from that time the body will begin to fall down again,
and pafs over a fecond time in its defcent the line, wherein it
afcended; falling through this line with an increafing veloci~
ty in fuch a manner, that in every point thereof, through

which
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which it falls, it fhall have the very fame velocity, asit had in
the fame place, when it afcended ; and confequently {hall come
down into the place, whence it firft afcended, with the veloci-
ty which was at firft given to it. Thus if a body were thrown
perpendicularly up in the line AB (infig. 11.) with fuch a
force, as that it thould ftop at the point B, and there begin
to fall again ; when it {hall have arrived in its defcent to any
point as C in this line, it fhall there have the fame velocity,
as that wherewith it pafled by this point C in its afcent ; and
at the point A it fhall have gained as great a velocity, as
that wherewith it was firft thrown upwards. ~ As this is de-
monftrated by the geometrical writers; fo, I think, it will
appear evident, by confidering only, that while the body de-
fcends, the power of gravity muft act over again, in an invert-
ed order, all the influence it had on the body in its afcent ;
fo as to give again to the body the fame degrees of velocity,
which it had taken away before.

22. ArTER the fame manner, if the body were thrown
upwards in the oblique ftraight line CA (infig.9.) from the
point C, with fuch a degree of velocity as juft to reach the
point A; it fhall by its own weight return again through the
line AC by the fame degrees, as it afcended.

23. Anp laftly, if a body were thrown with any velocity
in a line continually incurvated upwards, the like effe will
be produced upon its return to the point, whence it was
thrown. Suppofe for inftance, the body A (infig. 12.) were
hung by a ftring AB. Then if this body be impelled any

I2 way,
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way, it muft move in thearch of a circle. Let it receive fuch
an impulfe, as fhall caufe it to move in the arch AC;; and let
this impulfe be of fuch firength, that the body may be car-
ried from A as far as D, before its motion is overcome by its
weight: I fay here, that the body forthwith returning from
D, fhall come again into the point A with the {ame velocity,
as that wherewith it began to move.

24. It will be proper in this place to obferve concerning
the power of gravity, that its force upon any body does not
at all depend upon the fhape of the body ; but that it conti-
nues conftantly the fame without any variation in the fame
body, whatever change be made in the figure of the body: and
if the body be divided into any number of picces, all thofe
pieces fhall weigh juft the fame, as they did, when united
together in one body : and if the body be of a uniform con-
texture, the weight of each piece will be proportional to its
bulk. This has given reafon to conclude, that the power of
gravity acts upon bodies in proportion to the quantity of mat-
ter in them. Whence it thould follow, that all bodies muft
fall from equal heights in the fame fpace of time. And as
we evidently {ee the contrary in feathers and fuch like fub-
ftances, which fall very flowly in comparifon of more folid
bodies; it is reafonable to fuppofe, that {fonxe other caufe con-
curs to make {o manifeft a difference. This caufe has been
found by particular experiments to be the air.  The experi-
ments for this purpofe are made thus. They fet up a very
tall hollow glafs; within which near the top they lodge a fea-
ther and fome very ponderous hedy, ufaally a picce of gold,

this.
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this metal being the moft weighty of any body known to us.
This glafs they empty of the air contained within it, and by
moving a wire, which paffes through the top of the glafs, they
let the feather and the heavy body fall together ; and it is al-
ways found, that as the two bodies begin to defcend at the
fame time, fo they accompany each other in the fall, and
come to the bottom at the very fame inftant, asnear as the eye
can judge. Thus, as far as this experiment can be depended
on, itis certain, that the effec of the power of gravity upon
each body is proportional to the quantity of folid matter, or to
the power of inadivity in each body. For in the limited
fenfe, which we have given above to the word motion, it has
been fhewn, that the fame force gives to all bodies the fame
degree of motion, and different forces communicate different’
degrees of motion proportional to the refpeéive powers *.  In
this cafe, if the power of gravity were to aé equally upon the
feather, and upon the more folid body, the folid body would
defcend fo-much flower than the feather, as to have no great-
er degree of motion than the feather: but as both bodies de-
fcend with equal fwiftnefs, the degree of motion in the folid
body is greater than in the feather, bearing the fame propor-
tion to it, as the quantity of matter in the folid body to the
quantity of matter in the feather. Therefore the effeé of
gravity on the folid body is greater than on the feather, in pro-
portion to the greater degree of motion communicated ; that
i5, the effectof the power of gravity on the folid body bears
the fame proportion to its effect on the feather, as the quanti-

3 Chap. I. § 25, 26, 27, compared with § 15, &c.

34



62 SirIsaac NewToNs Bookl

ty of matter in the folid body bears to the quantity of matter
in the feather. Thus it is the proper deduction from this expe-
riment, that the power of gravity acts not on the furface of bo-
dies only, but penetrates the bodies themfelves moft intimately,
and operates alike on every particle of matter in them. But
as the great quicknefs, with which the bodies fall, leaves it
{fomething uncertain, whether they do defcend abfolutely in
the fame time, or only {o nearly together, that the difference
in their {wift motion is not difcernable to the eye; this pro-
perty of the power of gravity, which has here been deduced
from this experiment, is farther confirmed by pendulums,
whofe motion is fuch, that a very minute difference would
beccme fufficiently fenfible.  This will be farther difcourfed
on in another place * ; but here I fhall make ufe of the prin-
ciple now laid down to explain the nature of what is called
the center of gravity in bodies.

25. THE center of gravity is that point, by which if a
body be fufpended, it fhall hang at reft in any fituation. * In
a globe of a uniform texture the center of gravity is the fame
with the center of the globe; for as the parts of the globe on
every fide of its center are fimilarly difpofed, and the power
of gravity acts alike on every part ; it is evident, that the parts
of the globe on each fide of the center are drawn with equal
force, and therefore neither fide can yield to the other; but
the globe, if fupported at its center, muft of neceffity hang
atrefl. In like manner, if two equal bodies A and B (in

# Book II. Chap. 5. § 3.

fig.13.)
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fig. 13.) be hung at the extremities of an inflexible fod CD,
which fhould have no weight ; thefe bodies, if the rod be
fupported at its middle E, fhall equiponderate ; and the rod
remain without motion. For the bodies being equal and at
the fame diftance from the point of fupport E, the power of
gravity will ac upon each with equal ftrength, and in all re-
fpects under the fame circumftances; therefore the weight of
one cannot overcome the weight of the other. The weight
of A can no more furmount the weight of B, than the weight
of B can furmount the weight of A.  Again, fuppofe a bo-
dy as AB (in fig. 14.) of a uniform texture in the form of a . 7/
roller, or as it is more ufually called a cylinder, lying hori-
zontally. If a ftraight line be drawn between C and D, the
centers of the extreme circles of this cylinder; and if this
ftraight line, commonly called the axis of the cylinder, be
divided into two equal partsin E : this point E will be the
center of gravity of the cylinder. The cylinder being a uni-
form figure, the parts on each fide the point E are equal, and
fituated in a perfectly fimilar manner ; therefore this cylin-
der, if fupported at the point E, muft hang at reft, for the
fame reafon as the inflexible rod above-mentioned will remain
without motion, when fufpended at its middle point. And
it is evident, that the force applied to the peint E, which
would uphold the cylinder, muft be equal to the cylinder’s
weight. Now fuppofe two cylinders of equal thicknefs A B
and CD to be joined together at CB, fo that the two axis’s
EF, and FG lie in one ftraight line. Let the axis EF be di-
vided into two equal parts at H, and the axis FG into two
equal
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equal parts at 1.  Then becaufe the cylinder AB would be
upheld at reft by a power applied in H cqual to the weight of
this cylinder, and the cylinder CD would likewife be upheld
by a power applied in I equal to the weight of this cylinder ;
the whole cylinder A D will be fupported by thefe two powers:
but the whole cylinder may likewife be fupported by a power
applied to K, the middle point of the whole axis E G, provided
that power be equal to the weight of the whole cylinder. It
is evident therefore, that this power applied in K will produce
the fame effec, as the two other powers applied inHand I. It
is farther to be obferved, that HK is equal to half FG, and
KIequal to half EF; for EX being equal to half EG,and EH
equal to half EF, the remainder HK muft be equal to half
the remainder FG; fo likewife GK being equal to half GE,
and GI equal to half GF, the remainder 1K muft be equal to
half the remainder EF. It follows therefore, that HK bears
the fame proportion to KI, as FG bears to EF.  Befides, I
believe, my readers will perceive, and it is demonftrated in
form by the geometers, that the whole body of the cylinder
CD bears the fame proportion to the whole body of the cy-
linder AB, as the axis FG bears to the axis EF ®  But hence
it follows, that in the two powers applied at H and I, the
power applied at H bears the fame proportion to the power
applied at I, as KI bears to KH. Now {fuppofe two ftrings
HLand IM extended upwards, one from the point H and the
other from I, and to be laid hold on by two powers, cne
ftrong enough to hold up the cylinder AB, and the other of

2 Sec Euclid’s Elements, Book XII. prop.13.
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ftrength fufficient to fupport the cylinder CD.  Here as thefe
two powers uphold the whole cylinder, and therefore pro-
duce an effe&, equal to what would have been produced by
a power applied to the point K of fufficient force to fuftain the
whole cylinder : it is manifeft, that if the cylinder be taken
away, the axis only being left, and from the point K a ftring,
as KN, be extended, which fhall be drawn down by a power
equivalent to the weight of the cylinder, this power thall a&
againt the other two powers, as much as the cylinder acted
againft them; and confequently thefe three powers fhall be
upon a balance, and hold the axis HI fixed between them.
But if thefe three powers preferve a mutual balance, the
two powers applied to the ftrings HL and 1M are a balance
to each other; the power applied to the ftring HL bearing
the fame proportion to the power applied to the ftring 1M,
as the diftance 1K bears to the diftance KH.  Hence it far-
ther appears, that if an inflexible rod AB (in fig. 15.) be
fufpended by any point C not in the middle thereof; and if
at A the end of the fhorter arm be hung a weight, and at B
the end of the longer arm be alfo hung a weight lefs than
the other, and that the greater of thefe weights bears to the
leffer the fame proportion, as the longer arm of the rod bears
to the fhorter; then thefe two weights will equiponderate :
for a power applied at C equal to both thefe weights will fup-
port without motion the rod thus charged; fince here no-
thing is changed from the preceding cafe but the fitua-
tion of the powers, which are now placed on the contra-
1y fides of the line, to which they are fixed. Alfo for the

K fame
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fame reafon, if two weights A and B (in fig. 16.) were con-
neted together by an inflexible rod CD, drawn from C the
center of gravity of A to D the center of gravity of B; and
if the rod CD were to be fo divided in E, that the part DE
bear the fame proportion to the other part CE, as the weight
A bears to the weight B : then this rod being fupported at E
will uphold the weights, and keep them at reft without mo-
tion. This point E, by which the two bodies A and B will be
fupported, is called their common center of gravity. And if
a greater number of bodies were joined together, the point, by
which they could all be fupported, is called the common center
of gravity of them all. Suppofe (in fig. 177.) there were three
bodies A, B, C, whofe refpecive centers of gravity were joined
by the three lines DE, DF, EF: the line D E being fo divided
in G, that DG bear the fame proportion to GE, as B bears to
A5 Gisthe center of gravity common to the two bodies A
and B; thatis, a power equal to the weight of both the bo-
dies applied to G would fupport them, and the point G is
prefied as much by the two weights A and B, as it would be,
if they were both hung together at that point. Therefore,
if a line be drawn from G to F, and divided in H, fo that GH
bear the fame proportion to HF, as the weight C bears to
both the weights A and B, the point H will be the common
center of gravity of all the three weights ; for H would be
their common center of gravity, if both the weights A and B
werc hung together at G, and the point G is prefled as much
by them in their prefent fituation, as it would be in that cafe.
In the fame manner from the common center of thefe three

weights,
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weights, you might proceed to find the common center, ifa
fourth weight were added, and by a gradual progrefs might
find the common center of gravity belonging to any number
of weights whatever.

26. Asall this is the obvious confequence of the propofi-
tion laid down for affigning the common center of gravity of
any two weights, by the fame propofition the center of gra-
vity of all figures is found. Inatrangle, asABC (in
fig. 18.) the center of gravity lies in the line drawn from the
middle point of any one of the fides to the oppofite angle,
as the line BD is drawn from D the middle of the line A C to
the oppofite angle B *; {o that if from the middle of either
of the other fides, as from the point E in the fide A B, a line
be drawn, as EC, to the oppofiteangle; the pointF, where
this line crofles the other line BD, will be the center of gra-
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