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1. The true Theory of the Tides, extralted fron:
vhat admired Treatife of Mr. Haac Newton,
Intituled, Philofophiz Naturalis Principia
‘Mathematica ; being a Dzﬁozzrj} prefented
with that Book to the late. King Tames, by
Mr. Edmund Halley.

Y 7 may, perbaps, feem firange, that this Paper, being
no other than a partile Account of a Book long fince
publifbed, and whereof a fuller Extralt was given in
Numb. 187. of thefe Tranfallions, fhould cgain appear
here ; but, the Defires of feveral honourable Perfons, whick
could not ke withflood, have obliged us to infert it bere,
for the fake of fuch, who being lefS knowing in Mathemati-
cal Matters ; and therefore, not daring to adventure on
the Author bimfelf, are notwithftanding, wvery curivus to
be informed of the Caufes of Things ; particularly of fo
general and extraordinary Phxnomena,as are thofe of the
Tides. Now this Paper having been drawn up for the late
King James’s Ufe, (in whofe Reign the Book was publifbed)
and baving given good Satisfaclion to thefe that got Copies
of it; it is hoped the Savans of the higher Form will in-
dulge us this liberty we take to gratifie their Inferiours in
point of Science ; and not be offended, that we bere infif7
more largely upon Mr. Newton’s Theory of the Tides,
which, how plain and eafie foever we find, i very little
underffood by the common Reader.

The fole Principle upon which this Author proceeds
to explain moft of the great and furprifing Appearances
of Nature, is no other thanthat of Gravity, whereby in
the Earth all Bodies have atendency towards its Centre ;
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as is moft evident : and from undoubted Argnmentsits
proved, that there is fuch a Gravitation towards the
Centire of the Sun, Moon, and all the Plag=ts,

- From this Principle, asa neceffary Conlequience, fol-
lows the Spherical Figure of the Exrthand Sea, and of
all the other Celeftial Bodies : and tho’ the tenacity
and firmnefs of the Solid Parts, {upport the Inequalities
of the Land above the Levels yet the Fluids, prefling
equally and eafily yielding to each other, (oon reftore
the Equilibrium, if difturbed, and maintain the exaét
Figure of the Globe. -

Now this force of Defcent of Bodies towards the Cen»
ter, is ot inall places alike, but is {tiil lefs and lefs, a5
the diftance of tlie Center encreafes : and in this Book
itis demonftrated,that this Force decreales as the Square
of the diftance increafes; that is, the weight of Bodics
and the force of their Fall is lefs, 1 parts more remo-
ved from the Genter, in the proportion of the Squares
of the Diftance. So asfor Example, a Ton weighton
the Surface of the Earth, if it were raifed to the
height of 4000 Miles, which I fuppofe the femidiami-
ter of the Barch, would weigh but 3 of a Ton, or ¢
Hundred weight : if to 12000 Miles, or 3 {emidiame-
ters from the Surface, that is 4.from the Center, it
would weigh but %, part of the Weight on the Surface,
or a Hundred and Quarter: So.that it would be as eafie
for the Strength of a Man at that height to carry a
Ton weight, as here on the Surface a 1cos  Andin
the fame Proportion does the Velocities of the fall of
Bodies decreafe: For whereas on the Surface of the
Earth all thiogs fall 16 Foot is afecond, at one femid:-
amerer above this Fall is but 4 Foot s and at 3 femidia-
meters, or 4 from the Ceantre, it is but i, of the Fali
at the Surface, or but one Foot in a fecond : And at

greater Diftances both Weight and Fall become very
fmall,
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{mall, but yet at all given Diftances is ftill (orie thing,
tho’ the Effe@ become infenfible. At the diftance of
the Moon (which I will fuppole 60 Semidiameters of
the Earth) 3600 Pounds weigh but one Pound, and
the fall of Bodies is but ;¢ of a Foot in a fecond, or
16 Foot inaminute ; that is, a Body {o far oft defcends
in a Minute no more than the fame at the Surface of the
Earth woulddo ina Second of Time.

As was faid before, the fame force decreafing after
the fame manner is evidently found in the Sun, Moon,
and all the Planets ; but more efpecially in the Sun,
whofe Foree is prodigious; becoming f{enfible even in
the immenfe diftance of Saturn: This gives room to
fulpe&, that the force of Gravity is in the Celeftial
Globes proportional to the quantity of Matter in each
of them : And the Sunbeingat leaft ten Thoufand times
as big as the Earth, its Gravitation or-attralting Force,
is found to be at leaft ten Thoufand times as much as
that of the Earth, a&ing on Bodies at the fame diftances.

This Law of the decreale of Gravity being demon-
ftratively proved, and put paft contradi®ion; the Au-
thor with great Sagacity, inquires into the neceflary
Confequences of this Suppofition; whereby he finds the
genuine Caufe of the feveral Appearances in the Theo-
ry of the Moon and Planets, and di{covers.the hitherto
unknown Laws of the Motion of Comets, and of the
Ebbing and Flowing of the Sca. Each of which are
Subjeéts that have hitherto ‘taken up much larger Vo-
lumes; but Truth being uniform, and always the fame,
it is admirable to obferve how eafily we are enabled to
make out very abftrufc and dificult Matters, when once
true and genuine Principles are obtained: And on the
other hand it may be wondred, that, notwithftanding
the great facility of truth,and the perplexity and noncon-
fequences that always attend erroneousSuppofitions,thefe
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great Difcoveries {hiould have efeaped the acute Dife
quifitions. of the beft: Philofophical Heads of all paft
Ages, and be referved te thefe our Times. But that
wonder will foon ceafd; if it be confidered how great
Improvements Geometry has received in our Memory,
and particularly from the prefound Diicoveries of our
incomparable Author.

The Theory of the Motion of the primary Planets.
is here fhewn to be nothing elfe, but the contemplation
of the Curve Lines which Bodies caft with a given Ve-
locity , in a given Direction, and at the fame time
drawn towards the Sunby its gravitating Power, would
defcribe.  Or, which is all one, that the Orbs of the
Planets are fuch Curve Lines as a Shot from a Gun de-
fcribesin the Air, being caft according to the direion
of ths Piece, but bent into-a crooked Line by the fu-
pervening Tendency towards the Earths Centre: And
the Planets being fuppofed to be projected with a given
Force, and attratted towards the Sun, after the afore-
faid manner, are here proved to defcribe fuch Figures,
as anf{wer punétually to all that the Induftry of this
and the laft Age has obferved in-the Planetary Motions.
So that it appears, that there is no need of folid Orbs
and Intelligences, as the Aacients imagined, nor yet of
Yurtices ot Whirlpools of the Celeftial Matter, as Des
Cartes fuppofes; but the whole Affair is fimply and
mechanically. performed, upon- the fole Suppofition of.
aGravitation towards theSun ; which cannot be denied.

The-Motionof Comets is here fhewn tobe compound-.
ed of the fame Elements, and-not to differ-from Pla.
nets, but in their greater fwiftne(s, whereby overpow=
ering the Gravity that fhould-hold them to the Sun, as.
it doth the Planets, they flie off again, and diftance
thernfelves from the Sun and Earth, fo that they foon
are out of our fight. And the imperfe& Accoung 'arnd
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@bfervations Antiquity -has left us, arc not {ufficientto >
determine whether the fame Comet ever return again.
But this Author has thewn-how Geometrically to deter-
mine the Orb of a Comet from Obfervations, and to
find his diftance from the Farth-and Sun, which was ne-
ver before done,

The third thing here doneis the Theory of the
Moon, allthe Inequalities of whofe Motion are proved
to arife from the fame Principles, only here the effe& of
two Centers operating on, or attracting a proje&ed Bo-
dy comes to be confidered ; for the Moon, tho’ princi-
pally attracted by the Earth, and moving round it, does,
together with the Earth, move round the Sun once a
Year, and is according as fheis, nearer or farther from
the Sun, drawn by him more or lefs than the Center of
the Barth, about which fhe moves ; whence arife: feve-
ral Irregularities in her Motion, of all which, the Author
in this Book, with no lefs Subtility than Induftry, has
given a full Account. Aand tho’ by reafon of thegreat
Complication of the Problem, he has not yet been able
to make it purely Geometrical, ’tis to be hoped, that in
fome farther Effay he may furmount the-difficulty : and
having perfected the Theory of the Moon, the long
defired difcovery of the Longitude (which at Sea is on-
ly practicable this way) may at length be breught to
light, to the great Honour of your Majefty-and Advan-~
tage of your Subjells.

~ All the furprizing Phenomena of the Flux-and Reflux.
of -the Sea, are in like manner fhewn to proceed from
the fame Principle ; which I defign more largely to infiy
on;. fince the Matter of Fad is in this cafe much better
known to-your-Majefty than in the foregoing. ,

If the Earth were alone, that is to fay, not affé@ed
by the Actions of the Sun and Moon, it is not to be
doubted, but the Ocean,. being.equally preffed by the
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force of Gravity towards the Center, would continue
in a perfect ftagnation, always atthe fame height, with-
eut ever Ebbing or Fiowing ; but it being here demon-
ftrated, that the Sun and Moon have a like Principle
of Gravitation towards their Centers, and that the
Earth is within the A&ivity of their Attraions, it
will plainly follow, that the Equality of the preflure of
Gravity towards the Center will thereby be difturbed ;
and tho’ the fmallnefs of thefe Forces, in refpe& of the
Gravitation towards the Earths Center, renders them al-
together imperceptible by any Experiments we can de-
vife, yet the Ocean being fluid and yielding to the Jeaft
foree, by its rifing thews where it is lefs preft, and where
it is more preft by its finking.

Now if we fuppofe the force of the Moons attra&tion
to decreafe as the Square of the Diftance from its Center
increafes (as in the Earth and other Celeftial Bodies) we
fhall find,that where the Moon is perpeadicularly either
above or below the Horizon, either in Zenith or Nadir,
there the force of Gravity is moft of all diminifhed, and
confequently that there the Ocean muft neceffarily fwell
by the goming in of the Water from thofe parts where
the Preflure is greateft, viz. in thofe places where the
Moon is near the Horizon : but that this may be the
better underftood, I thought it needful to add the fol-
lowing Figure, where 21 is the Moon, E the Earth, ¢
its Ceatre, and 2 the place where the Moon is in the
Zenith, N where in the Nadir., '
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Now by the Hypothefis it is evident, that the Water
in Z, being nearer, is more drawn by the Moon, than
the Center of the Earth ¢, and that agiin more tha
the Water in N, wherefore the Water in Z has a ten-
dency towards the Moon, contrary to that of Gravity,
being equal to the Excefs of the Gravitation in Z, above
that 1 € : And in the other cafe, the Water in N, tend-
ing lefs towards the Moon than the Ceater €, will te
lefs prefled,by as much as is the difference of the Gravi-
tations towards the Moon in Cand N.  This rightly un-
derftood, it foMows plainly, that the Sea, which other-
wife would be Spherical, upon the Preffure of the
Moon, muit form it felf into a Sphercidal or Oval Fi-
gure, whole longeft Diameter is where the Moon is -
Veriieal, and fhorteft where fhe is in the Horizon; and
that the Moon fhifting her Pofition as the turns roued
the Earth once a day, this Ovsl of Water fhifts with
her, occafioning thercby the two Flovds and Ebbs obfer»
vable in each 25 Hours.

And this may {uffice as to the general Can‘e of the
Tides ; it remains now to {hew how naturally this Mc-
tion accounts for all the Particulars that has beenobferv-
ed about them ; {o that there can be no room left to
doubt, bputthat this is the true caufe thereof.

The Spring Tides vpon the new and full Mocns, and
Neap Tides on the Quarters, are ozcafioned by the at-
trative Force of the Sun in the New and Full, confpi-
ring with the Attraction of the-Moon, and producing
a Tide by their united Forces: Whereas in the Quar-
ters, the Sun raifes the Water where the Moon deprefc
fes ir, and the contrary ; {o as the Tides are made on:
ly by the difference of theirAttractions. That the force of
the Sun is no greater in this cafe,proceeds from the very
{mall Proportion the Semidiameter of the Earth bearsto
the vaft diftance of the Sun.

It
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It is alfo oblerved, that ceteris paribus, the Aqui-
nolial Spring Tides i Aarch and September, or near
them, are the Highefi, and the Neap Tides the Loweft;
which proceeds trom the greater Agitation of the Wa-
ters, when the fluid Spheroid refolves about a great
Circle of the Earth, than when it turns about in a lefler
Circle ; it being plain, that if the Mcon were conftity.
ted in the Pole and there ftood,that the Spharoid would
have a fixt Pofition, and that it would be always high
Water under the Poles, and low Water every where un-
der the Aquinottial: and therefore the nearer the Mocn
approaches the Poles, the lefs is the agitation of the O-
cean, which is of all the greateft, when the Moon is
10 the Aquinoctial, or fartheft diftant from the Poles,
Whence the Sut and Moon, being either conjoyned or
oppofitein the. Aquinottial, produce the greateft Spring
‘Tides ; and the fubfequent Neap Tides, being produced
by the Tropical Moon in the Quarters, are always the
Jeaft Tides; whereas in June and December, the Spring
Tides are made by the Tropical Sun and Moon, and
therefore lefs vigorous ; and the Neap Tides by the &-
quinotkial Moon, which therefore are the ftronger :
Hence it happens, that the difference between the Spring
and Neap Tides in thefe Months, is much lef$ confider-
able ‘than in March and September. And the reafon
why the very higheft Spring Tides are found to be ra-
ther before the Vernal and after the Amtumnal Equinox,
viz, in February and Oftober, than precifcly upon them,
is, becaufe the Sunis nearer the Earth in the Winter
Months, and fo comes to have a greater Effect in pro-
ducing the Tides.

Hitherto we have confidered fuch Affeions of the
Tides asare Univerfal,without relation to particular Ca-
fes; what follows from the differing Latitudes of places,
will be eafily underftood by the following Figure.

Let
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Let 4p E P be the Earth covered over with very
deep Waters, C its Center, P, p, its Poles, 4 E the
Aquino&ial, Ff the parallel of Latitude of a place,
D d another Parallel at equal diftance on the other fide
of the Aquinofial, H b the two Points where the
Moon, is vertical, and let X £ be the great Circle, where-
da the Moon appears Horizontal. It is evident, thata
Spheroid defcribed upon A k,and X & thall nearly repre-

fent the Figureof theSea, and € f, ¢ D, CF, ¢ 4 fhall
be the hightsof the Seain the places f, D, F, d, in all
which itis High-water : and feeing that in twelve Hours
time, by the diurnal Rotation of the Earth, the point
F is transferred to f, and 4to D : the hight of the Sea
€ F will be that of the High-water when the Moon is
prefent, and C f that of the other High water, whesn
the Moon is under the Earth : which in the cafe of this
Figure is lefs than.the former ¢ F. And in the oppo-
fite Parallel -D d the contrary happens, The Rifing of
the Water being always alternately greater and lefs in
each place, whenit is produced by the Moon declining
fenfibly from the Aquino@ial ; that being the greateft
of the two High-waters.in each diurnal Revelution of
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the Moon, wherein fhe appreaches neareft either to the
Zenith or Nadir of the place: whence it is that the
Moon in the Northern Signs, in this part of the World,
makes the greateft Tides when above the Earth, and in
Sowhern Signs, when under the Earth; the Effe& be-
ing always the greateft where the Moon is' fartheft from
the Horizon, either above or below it,  And this alter-
nate increafé and decreafe of the Tides has been obferv-
ed to hold true onthe Coaft of England, at Briftol by
Capt. Sturmy, and at Plymouth by Mr. Coleprefe.

But the Motions hitherto mentioned are fomewhat al-
tered by the Libration of the Water, whereby, tho’
the Action of the Luminaries thould ceafe, the Flux
and Reflux of the Sea would for {ome time continue :
This Confervation of the imprefled Motion diminithes
the differences that otherwife would be between two
conicquent Tides, and is the reafon why the higheft
Spring Tides are not precifely on the new and full
Moons, nor the Neaps on the Quarters; but geaeral-
ly they are the third Tides after them, and fometimes
later.

All thefe things-would regularly come to pafs, if the
whole Earth were covered with Sea very deep; but by
reafon of - the fhoalne(s of fome places, andthe narrow-
nefs of the Streights, by which the Tides are in many
cafes propagated, there arifcs a great diverfity in the Ef.
fe@, and not to be accounted for, withour an exa@®
Knowledge of all the Circumftances of the Places, as
of the Pofition of the Land, and the Breadth and Depth
of the Channels by which the Tide flows ; for a very
{flow and imperceptible Motion of the whole Body of
the Water, where it is (for example) 2 Miles deep,
will {uffice to raife its Surface 10 or 12 Feet in a Tides
time ; whereas, if the fame quantity of Water were to
be cenveyed upon a Channel of 4o Fathoms deep, it

would
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would require a very great Stream to effe&t it, in [
large Inlets as are the Channel of England and the Ger-
man Ocean ; whence the Tide is faund to fer ftrongeft
in tholt places where the Sea grows narroweft ; the fame
quantity of Water being to pafs through a {maller Paft
fage: This is moft evident in the Streights, between
Portland and Cape de Hague in Normanay, where the
Tide runs like a Sluce ; and would be yet more between
Dyver-and Calis, if the Tide coming abour the Ifland
trom the North did not check it.  And this force being
once imprefled upon the Water, continues to carry it
about the level of the ordinary height in the Ocean,
particularly where the Water meets a dire&t Obftacle, as
it is at St. Malo’s ; and where itentersinto a long Chan-
nel,which running far into the Land,grows very ftreight
atits Extremity ; as it is in the Severs-Seaat Chepfiow
and Briftol.

‘This fhoalnefs of the Sea and the intercurrent Cop-
tinents are the reafon, that in the open Ocean the time
of High-water is not at the Moons appulfe to the Meri-
dian, but always fome Hours after it; as it is obferved
upon all the Weft-Coaft of Exropeand Africa, from Ire-
land to the Cape of Good-Hope : In all whicha S. W,
Moon makes High-water, and the fame is reported to
be on the Weft fide of America. But it would be end-
lefs to-account all the particular Solutions, which are
eafic Corollaries of this Hypothefis ; as why the Lakes,
fuch as the Cafpian Sea, and Mediterranian Seas, {uch as
the Black Sea, the Streights and Baltick, have no fen-
fible Tides: For Lakes having no Communication with
the Ocean, can neither increafé nor diminith their Wa-
ter, whereby to rif¢ and fall ; and Seas that communi-
cate by fuch narrow Inlets, and are of {o'immenfe an
Extent,cannot in a few Hours time receive or empty Wa-
ter enough to raife or fink theirSurface any thing fenfibly.
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Laftly, to demonftrate the excellency of this Doctrine;.
the Example of the Tides in the Port of Zunking in Chi--
»a, which are fo extraordinary, and differing from all.
others we have yet heard of, may fuffice.. In this Port
there is but one Flood and Ebb in 24 Hours ; and twice:
in each Month, wiz. whenthe Moon is near the £qui-
nottial there is no Tide at all, but the Water is ftagoanc ;.
buc with the Moons declination there begins a Tide,
which is greateft when.the is in the Tropical Signs : only:
with this difference,that when the Moon is to the North-
ward of the £quino@ial, it Flows when fhe is above the
Earth, and Ebbs when fhe is under, fo as to make
High-water at Moons-ftting, and Low-water at Moons-
rifing: But on the contrary, the Moon being to the
Southward, makes High-water at rifing and Low-water
at fetting; it Ebbing all the time fhe is above the Hori-
zon. Asmay be feen more at large in the Philofophical
Tranfaltion, Num.. 162.

The Caufe of this odd- Appearance. is propofed by
Mr. Newton, to be from the concurrence of two Tides ;
the cne propagated in fix Hours out of the great South-
Sea along the Coaft of Chira ; the other out of the
Indian-Sea, from between the Iflands in twelve Hours,
along the Coaft of Malacca and Cambodia. The oneof
the(e Tides, being produced in North-Latitude, is, as
has been faid, greater, when the Moon.being to the:
North of the Equator is above the Earth, and lefs when
fhe is under the. Earth. The other of them, which is.
propagated from the Ifudian-Sea, being raifed.in South
Latitude, is- greater when the Moon declining to the:
South is above the Earth, and lefs when fhe is under the
Earth: So that of. thefe Tides alternately greater and.
leffer, ‘there comes always {ucceffively two of the great-
er and two of the lefler together every day ; and the
High-water falls always between the times of the arri~
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val of the two greater Floods ; and the Low-water be
tween the arnval of the two leffer Floods. Aad the
Moon coming to the Aquinottial, and the alternate
Floods becoming equal,  the Tide ceafes and the Water
ftagnates: but when the has paffed te the other fide of
the. Equator, thofe Floods which in the former Order
were the leaft, now becoming the greateft, that that be-
fore was the time of High-water now becomes the Low-
water, and the Converfe. So .that the whole appear-
ance of thefe ftrange Tides, is without any forcing na-
turally deduced from thefe Principles, -and is a great Ar-
gument of the certainty of the whole Theory.

L dn Account of a Child Born alive with--
out @ Brain, and the Obferwables in it on
Diffe&ion, by Dr. Charles Prefton.

S IR,

N obedience to your Commands, and ‘judging. it
l will not be unacceptable, I have Collected the beft.
Account (in fo far as I can remember) of that extra-
ordinary Birth, mentioned in, the fourth Journal of the
Progres de la Medicine, for the Month of Apyil, 1695.
of which I had the fortune to be a Witnefs, and alfo the
opportunity of examining more particularly : But in
the firft place, I think it not amifs to relate the Story
asit is given in by Monfieur Le Duc, {worn Chirurge-
onof Pari, famous for his Pradice in Midwifery ; and
I hereafter fhall proceed to give a farther Hiftory of the
thing, with all the Circumftances about it, and fhow
wherein they are in a Miftake,
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