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An Effay
Of Dr. John Wallis , exbibiting bis Hypothefis about the
Flux and Reflux of the Sea,

Ow abftrufe a fubje& in Philofophy, the
Flux and Reflux of the Sea hath proved hi-
therto, and how much the fame hath in all
Ages perplexed the Minds even of the beft
&S| ] of Naturalifts, when they have attempted
2P & o render an Account of the Caufe there-
; BIEYZS of, is needlefs here to reprefenr. It may
perhaps be to more purpofe, to take notice, thatall the defici-
encies, found in the I'beories or Hypothefes, formerly invented
for that End, have not beer: able to deterre the Ingenious of
this Age from making farther fearch into that Matter: Among.
whom that Eminent Mathematician Dr, Jeb» 1Wallis, following
his happy Genius for advancing reall Philofophy, hath made it
a paft of his later Inquiries and Studies , tc contrive and de-
duce acertain Hypothefis concerning that Pheromenon, t?ken
n rom

The Royal Society is collaborating with JSTOR to digitize, preserve, and extend access

Philosophical Transactions (1665-1678). RINGIN .

to 2

WWw.jstor.org



(264)

from the Confideration of the Common Center of Gravity of the
Earth and Moon, - This being by feveral Learned Men lookt
upon, as a very rational Notion, it was thought fit to offer it by
the Prefs to the Publick, that other Intelligent Perfons alfo
might the more conveniently and at their leifure examine the
Conjellure (the Author, fuch is his Modelly, prelenting it no o-
therwife) aid thereupon give in their fenfe, and what DifE-
culies may occur to them about it,-rhat {o it may be either
confirm’d or laid afide accordingly 5 As the Propofir himfelf
exprefly defires in the Difcourfe, we now, without any more
Preamble, aré going to fubjoyn, as it was by him addrefled, by
way of Letter, from Oxford to Mr. Boyle April 25.1666. and
afterwards communicated to the R. Society, as follows :

YOu were earpeft withme, when you laft went from hence,
- thatIwould put in writing fomewhatof that,which at divers
times, thefe three or four years laft paft, 1have been difcourf
ing with your felf and others concerning the Cammon Center of
Gravity of the Earth and Moon, in order to falving the Plhiznomena
as welkof the Seas Ebbinig and Flowing ; as of fome perplexities
in Affrenomical Obferuations of the Places of the Celeftial Bo-
dies. A
How much the World:, and the great Bodies therein, are
manag’d according to the Laws of Motion, and Statick Principles,
and with how much more of clearnefs and fatisfaction, many
of the more abftrufe Phenomens have been falved on fuch
Principles,within this laft Centuary of years,than formerly they
fad been ; F need not difcoarfe to you, who are-well verfed in
it. Yor, fincethat Galileo,and (after him) Torricellio, and o-
thers, have applied Afechanick Principles to the falving of P
{ofophical Difficulties s Nataral Philofophy is wellknown te have
been rendered more intelligible, and to have made a much
greater progrefs in lefs than anhundred-years, than before for
many ages, .

The Seas Ebbing and Flowing, hath fo great a connexion with
the Moons motion, thatin a manner all Philofophers (whatever
other Caufes they have joyned withit ) -have attributed much

of its €aufe to the Afeon;, which eitker by fome occult quality,
Qr
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or partz'mlar influence, which it hath on moyft Bodies,or by fome
Magnetick vertue, drawing the water towards it, (which fhould
therefore make the Water there bigheft, where the Moonis ver-
sical) orby its gravity and preffure downwards upon the Ter-
raquedus Globe (which thould make it /oweff,where the Moon
is vertical ) or by whatever other means ("according to the fe-
veral ConjeCures of inquifitive perfons, ) hath fo great an in-
fuenceon, oratleaft aconnexion with, the Sea’s Flux and
Recflux, thatit would fecm very unreafenable , to feelude the
confideration of the Moons motion from that of the Sea: ‘The
Pcriods of Tides(to fay nothing of the greatnefs of them near the
New-moon and Full.moon) fo conftantly waiting on the
Moon’s motion, that it may be well prefumed , thar either the
one is governed by the other, orat leaft both from fome com-
mon caufe.

But the firft that I know of, who took in the confideration of
the Earth’s motion, (Diurnal and Annual’) was Galilze ; who in
his Sy/fleme of the Porld , hath a particular difceurfe on this {ub-
ject: Which, from the firft time that I ever read ity {eemed to
me fo very rational, that 1 could never be of other opinion,
but that the true Account of this great Phanomenon was to be
referred to the Earths motion,as the Principal canfe of it: Yet
that of the Moon (for the reafons above mentioned) not to be
excluded, as to the determining the Periods of Tides, and other
circumftances concerning them. And though it be manifeft
enough, that Galileo, as to fome particulars, was miftaken inthe
account which there he gives of it ; yer that may be very well
allowed, without any blemifh to fo deferving a perfon, or pre-
judice to the main Hypothefis : Forthat Difcourfe is to be loo-
ked upon onely as an Effay of the gemeral flypothefis 5 which
as to particulars was tobe afterwards adjufted, from a good
General Hifferyof Tides 5 which it's manifeft enough that he had
not; and whichisina great mcafure yet wanting. For were
the matter of Fa&t wellagreed on, itis notlikely, that feveral
Hypothefes fhould fo far differ, asthatone fhould make the
Woater then and rhere atthe Highelt, where and whenthe other
makes it at the Loweft ; as when the Moon is Vertical to the
place.
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And what I fay of Gali/ao, 1 muft in like manner defire to be
underftood of what I am now ready to fay to you. For Ido not
profefs to be {o well skilled in the Hiftory of Tides, as that I
will underrake prefently to accommodate my general Hypothefis
to the particuiar cafes 5 or that I will indeed undertake for the
certainty of ity but onely as an £fay propofe it to further con-
fideration ; to ftand or tall, as it fhall be found to anfwer mat-
ter of Fact, And truly had not your importunity (which is to
me a great Command ) required me to doit; Ifhould net fo
cafily have drawn up any thing about it, tllI had firft fatisfied
my {elfe, how well the: Hypothefis would anfwer Obfervation :
Having fer divers years neglected o doit,waiting a time when
1 might be at leifure throughly to profecute this defign.

But there be two reafons, by which you have prevailed with
me, atleaft to do fomething.  Firff, becaufe it is the common
Yate of the Engiz/b, that cut of amodefly, they forbear to pub-
Lth their Difcoveries, till profecuted to fome good degree of
certainty and perfection s yetare not fo wary, but that they dif-
courfe of them freely enough to one another, ‘and even to
Strangers upon oceafion ; whereby others, who are more hatty
and venturous, comming to hear of the notion, prefently pub-
I:th fomething of it, and would be reputed thereupon, to be the
firft Inventers thereof : though even that litcle, which they can
then fay of it, be perhaps much lefs, and more imperfect, than
what the true Authors could have publithed long before, ard
what they had rcally made known ( publikely enough, though
notin print) to many others.” Asis well known amongft usaste
the bulinefs of the Lymphatick Veffels in Anatomy: the Injeltion of
Liquors into the veines of Living ammals;the Exbibiting of a f'raight
line equal to a crookedsthe Spot in Jupirer,whenee his motion about
his own Axis may be demonftrateds; and many other the like
confiderable Inventions,

_ The other Reafon (which, with me, is more really of weight,
though even the former be not contemptible) is, becaufe, as I
have been already forat leaft threc or four years laft paft di-
verted from profecuting the inquiry or perfecting the Hypo-
thefis, as 1 had thoughtsto do; foIdo notknow, but like E-
mergencics may divert me longer; and whether Ifhall ever dfo

o
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doit;as to bringit to perfetion,I cannot determinc.And there-
fore, if as to my felt any thing (hould bumanitus accidere ; yet
poflibly the notion may prove worth the preferving to be pro-
fecuted by others, if Idoitnot, And therefore 1{hall, atleaft
to your felf, give fome general account of my prefent imper-
teét and undigefted thoughts.

I confider therefore, thatin the Tides, orthe Fluxand Re-
flux of the Sea,befides extraordinary Extravagancies,or Irregu-
larities, whence greatlnundations or ftrangly high Tides do
follow, (whichyetperhaps may prove not to be {o meerly ac-
cidentalas they have been thought to be, butmight from the
regular Lawscf Motion,if well confidercd, be both well ac-
counted for,and even foretold s ) There are thele three noto-
rious Obfervations made of the Reciprocation of Tides, Firft,
the D/urnal Reciprocation s whereby twice in fomewhat more
than 24. hours, we have a Floud and an Ebbe; ora High-wa-
terand Low-water. Secondly, the Menflrusl; whereby inone
Synodical period of the Moou,fuppofe from Full-moon to Full-
moon,the Time of thofe Diurnal Vic:flicudes doth move round
through the whole compals of the Neysruer, or Natural day of
twenty four hours: Asfor inftance,if at the Full-moon the full
Sca beatfuchor fuchaplace juftat Noon, it fhallbe the next
day (atthe fame place) fomewhatbefore One of the clock 4
the day following, between One and Two s and fo onward, till
at the New-moon it fhall be at midnight 3 (the othzr Tide,
which in the Full moon was at midnight,now at the New.moon
comingto be atnoon; ) And fo forward till at thz next Full.
moon, ths Full-fea fhall ( at the fame place) come to be
at Noon again: Again, That of the Spring-tides and Neap-
tides (as they are called;) about the Full-moon and New-
moon the Tides are at the Higheft, at the Quadratures the
Tides are atthe Loweft: And at the times intermediate, pro-
portionably.  Thirdly,thc Annual ; whereby itis obferved,that
at fometimes of the year, the Spring-tides are yet much higher
than the Spring-tides at other times of theyear: Which Times
are ufually takento be at the Spring and Autumne; orthetwo
ZEquinoxes; but lhave reafonto believe (as wellfrom my
own Obfervations, for many years, as of others who have been

much
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muchconcerned to heed it, whereof more will be faid by and
by ;) that wethould rather affign the beginnings of Febraary
and November, than the two £qunexes.

Now in order to the giving account of thefe three Periods,
according to the Laws of atotson and Mechanick Principles; We
thall £7f take for granted,what is now adayes pretry commonly
cuterrained by thofe, who treat of fuch matters 5 That a Body
18 motion 55 apt to continue its motion o and that inthe [ame degree of
celerity, unlefs hindred by fome contrary Impediment ; ( like as aBo-
dy atrelt, to conrinue {o,unlefs by fome fufficientmover, put
into motion: ) And accordingly (whichdaily experience te.
ftifics ) if ona Board or Table, fome loofeincumbent weight,
be for fome time moved, & haye thereby contra&ed an Impetus
to motion at fuch a rate 5 if that Board or Table chance by
fome external obftacle, orotherwile, to be ftopped or confide-
rably retarded in its motion , the incumbent loofe Body will
thoot forward uponit: And contrarywile,in cafe that Board or
Table chance to be accelerated or put forward with aconfide-
rably greater {peed than before,the loofe incumbent Body,(not
having yet obtained an equal Impetus with ic ) will be left be-
hind,or feem to fly backward uponit.  Or, (whichis Galileo's
inftance)) if a broad Veflel of Water, forfome ume evenly
«carried forward with the water in it, chance to mect with a fop,
or to {lack its motion,the Water will dafh forward and rife high-
erat the fore part of the Veffel: And,contrarywife,if the Vef-
fel be fuddenly put forward fafter than before; the Water will
dafh backwards, and rifc atthe hinder part of the Veflel.  So
thatan Acccleration or Retardation of the Veflel, which car-
rics it,will canfe a rifing of the Waterin one part, and afalling
inanother: (whichyet, byits own weight, willagain be redu-
ced toa Levelas it wasbefore.)  And confequently, fuppofing
the Sea to be but as a loofe Body, carried about with the Earth,
but not fo united to it, as neceflarily to receive the fame degree
of Impeeus with it, as its fixed parts do; The acceleration or re-
tardation in the motion of this or that partof the Earth, will
caufe ( more or lefs, according to the proportion of it ) fuch a
dathing of the Water, or rifing at one part, withaFallingat
another,as is that,which we call the Flux and Reflux of the Sea:

Now
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Now this premifed, We arc next, with him, to fuppofe the
Earth carried about with a double motion ;5 The one Anuzaly as
( Fig.1. ) .in B EC the great Orb, in which the Center of the
Earth B, is fuppofed to move about the Sun A,

The other Diurnal , whercbythe whole moves upon its own
Axis, and each point in its furface defcribes a Circle, as
DEFG.

Itis then manifeft,that if we fuppofe, thatthe Earth. moved
but by any onc of thefe motions, and that regularly, ( withan
equal fwiftnefs 3) the Water, having once attained anequal
Impetzs thereunto , would il hold equal pace withits there
being no occafion, from the Quickening or Slackening of the
Rarths motion, (in that part where the Water lyeth) for the
Water thercon either to be caft Forward or fall Backward,and
thereby: toaccumulate on the other parts of the Water: But
the true motion of ecach part of the Earths furface being com=-

ounded of thofe two motions , the Annual and Ciurnal; (the
Annualin B E C being, as Galiles there fuppofeth, about three
times as faftas adiurnal motionin a great Circle, as DEF3)
while a Pointin the Earths furface moves aboutits Center 3.
from G. to D. and E, and at the fame time, its Center B. be car-
ried forwards to C;. the true motion of that Point forwards, is
made ap of boththofe motions ; to wit,of Bto C, and of G to
E; butwhile G movesby D to E; E moves backward by F
to G, coutrary to the motion of B to C; fothatthe true moti-
oti of E, is but the difference of B C, and E G: ( for, befide

. : WL .
the motion of B,\ the Center; G.is alfo put forward as much as
trom Gto E; and Eput backward as much as fromE to G:)
fo that theDizrnal motion,in that part of theEarth,which is next
the Sun, as B ¥ G, doth abate thie progrefs of the Annual,(and
moftofallat E ;) and'in the other part,which is from the Sun,
as G D E,itdoth increafe it, (and 'meft of all at D.) that is,in the
day time there is abated;in the night time isadded to the Annual
motion, about asmuch as is G-E, the Earths Diameter. Which
would afford us a Caufe of two Tides in twenty four hours ; the
One upon the greateft Acceleration of motion, the Other up-
onits §reatcﬂ: Retardation,

And thus far Galiles's Difcourfe halds well enough ; But then:
1333
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in this it comes fhort 5 that asicgivesan Account of two Tidess
fo thofe two Tides arc alwayesto beat Fand D s thatis,at Noen
axd Midnight; whereas Experience tellsus , that the Time of
Tides, moves in a moneths [pace throughall the 24. hours.  Of
which he gives us no account. For though he do take notice
of a Menftrual Period s yethe doth it onely as to the Quantity
of the Tides 5 greaterorlefs; notasto the Time of the Tzdes,
fooner or later.

% ¥id Riceinti Alma- To help this, thereis one ( Vid. * To.
et wovm, Tom. 1. Baptifta Balianus)who makesthe £arthto
ib. 4. c2p. vo. m. 111, be b“.t a fecondary Planet; andto move,
pag- 216 2. not direétly about the Sun,but about the

, Moon, the Moon meanwhile moving
about the Sun; inlike manneras we {fuppofe the Earth to move
about the Sun, and the Moon about it.

But this, though it might furnifh us with the foundation of
a Aenfraal Period of Accelerations and Retardations in the
compound motion of feveral parts of the Earths furface; yert
I am not atall inclined to admit this as atrue Hypothefrs, for di-
vers Reafons ;. whichif not demonftrative, areyet{o confo-
nant to the general Syfteme of the World, as thatwe have no
good ground to disbelieve them. For 1. The Barth being
undeniably the greater Body of the two ( whereof there isno
doubt tobe made ) it cannot be thought probable, that this
fhou!d be carried about by the Moon, lefler than it felf: The
contrary being feen, not onely in the Sum, which is bigger
than any of the Plancts, which it carryes about; butin Fupurer,
bigger than any of his Satellites 5 and Saturne, bigger than his.
2. As the Sun by it's motion aboutit’s own Axis , 15 with good
reafon judged to be the Phyfical caufe of the Primary Planets
moving about it ; So there is thelike reafon to believe, that

upiter and Saturne moving about their Axes, are the Phyfical
caufe of their Satellites moving about them , which motion of
Fuviter hath been of late difcover'd, by the help of a fixed Spot
difcern’d in him; and we have reafon to believe the like of Sa-
turne.  Whether Penus and Mereury (about whom no Sazellites
have been yet obferved ) be likewife fo moved s we have not

vetthe like ground to determine : But we have of Mars; from
the
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the Obfervations of Mr: Hooanadc in February and Marchlaft,
and by him communicated to the Royal Society, and fince
Printed in the Tranfaétions,publifhed Apr.2. 1666, confonant
to the like obfervations of Fupiter, made'by him in 2ay. 1664,
and fincé communicated to the fame Societys and then pub.
lithed in the Tranfaltions, of Atarch. é. then next follow-
ing. Now thatthe Earth hath fuch a motion about its own
Axis ( whereby it might be fitted to carry about the Moon )
is evident'by its Disrna/ motion. And it feems as evident that
the Moon hath not ; becaufe of the fame fide of the Moon al
waies turned towards us;  which could not be, if the Moon
carried the Earth about: Unlefle we fhould fay, thacitcarries
about the Earth in juft the fame Period, in whichit turnes up-
on its own Axis: Which is contrary to thatof the Sun carry-
ing aboutthe Planets: the fhorteft of whofe Periods, is yet
longer than that of the Suns moving about itsowa Axis, And
thelike of Fupiter, fhorter than the Period of any of his Satelli-
zes 5 if atleaft the Period of his converfion about his Axis, latc-
ly faid to be obferved, provetrae. ( OFf Saturn we have not
yet any Period offigned ; butit’slikely to be thorter, than that
of his Satelles. )  And therefore we have reafonto believe,
notthat by the Moons motion abourt its Axis rthe Earth fhould
be carried by acontewporary Period (whereby the fame face
of the Moon thould b~ ever towards us ;) but that by the Earths
revolution abouts its Axisin 24. houars, the Moon fhould be
carried aboutitinabout 29.dayes, without any motion on its
own Axis: And accordingly, that the Secondary Planets about
Juprter and Saturn, arenot (like their Principals ) turned a-
bout their own Axis. And therefore Iamnot ar all inclined
to believe, that the' Menfbrual Period of the Tides with us, -is to
be falved by fuch an ‘Hyporhefis.

In.ftead of this, that Surmife of mine, (forI dare not yet,
with coiifidence %i\?c it any'better name, ) of-what I have fpok-
en to you heretofore, ( and which hath occafioned this pre-
fent account which Tam now giving you, ) isto this purpofe.

The- Earthand Moo beingknowa tobe Bodies of fo great
conngxion; ( whethet by any Magnetick, or whitother, Tye,
Y will not determme ;* hornecd 1, as to this purpbfe; ) aythdt

O o the
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the motion of the one follows that)of the other;(¥ he Moon ob-
ferving the Barth as the Center of its periodick motion: ) may
well enough be looked uponas eme Body, or ratherone Aggre:
gate of Bodies, which have one commen center of Gravity ; which
Center ( according to the known Laws of Staticks ) isina
ftreight Line conne&ing their refpective Centers, {o divided
as that its parts be inreciprocal proportion to the Gravities of
the two Bodies. As for Example Suppofe the Magnitude
(and therefore,probably,the Gravity)of the Moon to be about
an One and fourtieth part of that of the Earth; (and thereabouts
Hevelius in his Selenography page 203. doth outof Tycho, cfti-
mate the proportion; and an exact certainty is not neceffary
to our prefent bufinefle.) And the diftance of the Moons Cen-
ter from the Center of the Earth,to be about fifty fix femidiame-
zers of the Earth, (as thereaboutshe doth there eftimate it, in-
its middle diftance; and weneed not be now very accurate in
determining the numbers; wherein Aftronomers are not yet
very well agreed.) The diftance of the Common Center of
Gravity of the two Bodies, will be from that of the Earth, a-
bout a‘two and fourtieth part of fifty fix Semidiameters; that
is, about 3% or % of a Semidiameter; that is about § of a Se-
midiameter of the Earth, aboveits furface, inthe Air, dire&t-
ly between the Earthand Moon.

Now fuppofing the Earth and Moon, joyntly as one Body,
carried aboutby the Suninthe great Orb ofthe Annual moti-
on; thismoticn is to be eftimated, (according to the Laws of
Staticks, in other cafes,) by the motion of the common Cen-
ter of Gravity of both Bodies.- For we ule in Statieks, toefti-
mate a Body, or Aggregate of Bodies, tobemoved npwards,
downwards, or otherwife, fo much as its Common Center of
Gravity is fo moved, howfoever the parts may change places
amongft themfelves.

And aceordingly, the Line of the #nnual motion, ( whether
Cireular or Elliptical s of which Iam nothere to difpute, ) will
be defcribed, notby the Center of the Earth ( as we common.
ly eftimate it, making the Eartha Primary and the Moon a Se-
condary Planet, ) norby the Center of the Moon, ( as they

would do,. who make the Moon the Primary and the Eartha
Secondary
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Secondary Planet, againft which we were before difputing: )
But by the Common Center of Gravity of the Bodses,Earth and Maos,
as one Aggregate,

Now fuppofing ABCDE to bea part of the See Fig.
great Orb of the Annual motion, defcribed by the 2 and 3.
Common Center of Gravity,in {o long time as from a Fu//- 2 eon
at A to the next New-adoon at E; ( which, thoughan Arch
of a Circle or Ellipse, whofe Center we fuppofe at a due diftance
belowits yet being but about ;3 ofthewhole, may well e-
noughbehere reprefented by a ftreight Line: ) the Center of
the Earth at ‘T, and that ofthe Moon at L, muft each of them
( fuppofing their common Center of Gravity to keep the Line
A E) be fuppofed to defcribe a Periphery about that Com-
mou Center, asthe Moon delcribes her Line of Asenffrual mo-
tion. ( Of which Ihave (in the Scheme) onely drawn that
of the Earth; as being f{ufficient to our prefent purpofe; paral-
lel to which, if need be, we may fiippofe one defcribed by the
Moon; whofe diftance is alfo to be fuppofed much greatér
from T than in the figureisexprefled, or was neceffary to ex-
prefle.) And inlike manner EF G HI, from that New- moon
at E, to the next Full-moon at 1.

From A to E (from Full. moon to New-moon, ) T moves
(inits own Epicyele) upwards fromthe Sun: And from E to
1, (from New-moon to Fullmoon ) it moves downwards,
toward the Sun.  Again, from C to G, (fromlaft quarterto
the following firft quarter, ) it moves formards according to
the Angualmotion s Butfrom G forward to C, ( from the firft
Quarter to theenfuing laft Quarter, ) it moves contrary to.the
Annral motion,

It is manifeft therefore, according to this Hypothefis, that
from Laft quarter to Firft quarter (from C to G, while T is
above the Line ofthe Annual motion ) its Menffrual motion in
its Epicycle adds fomewhat of Acceleration to the Annual mo-
tion; and moft ofallat E, the New.-moon: And fromthe firft
to thelaft quarter (from G forward to C, while T is below the
Linc of the Annual motion, ) it abates of the Annual/motion ;
and moft of allat 1, or A the Full-moon.

Sothat in purfuance of Galilas’s Notion, the Menffrual add-

Oo 2 ing
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ing to or detradting fromthe Annual motion,thould either leave
bﬁ%ﬁinde, or caf} forward, the loofe waters incumbent on the
Earth, (and thercby caufe a Tide,or accumnlation of Waters ;)
and moft of all at the Full. moon and New-moon, where thofe
Accelerations or Retardations are greateft.

Now this Menffrual motion,if nothingelfe were fuperadded
to the Amual,s would give us two Tidesin a moneth, and no
more; (theoneupon the Acceleration, the other on the Re-
tardation ;) at New moonaand Full-moon ;s and two Ebbs, at
she two Quarters; and inthe Intervals, Rifing and Falling
water. .

Bat the Dixrnal motion {uperadded, doth the fame to this
Menftraal, which Galilao fuppofeth is to do to that Annual s
that is, doth Addto, or Subffraél from, the Menflrual Accelera~
tion or Retardation ; and fo gives us Tide upon Tide.

See Forin whatfoever part of its Epicycle, we fuppofe
Fig. 4. T tobe; yet becaufe, while by its Menfrual motion the
Center moves inthe Circle L T N; ‘each point inits furface,
by its diurnal motion movesinthe Circle E M N: whatever
effe@ (accelerative or tardative } the Menflrual would give,
that effeét by the Diurnalis increafed in the parts LM N (or
rather 1M n. the Semiciccle ) and moft of all at M : but dimi-
nifhed inthe parts NOL (orrather n O1) and moft of all
at O. Sothatat M, and O, (thatis when the Moonisin the
Meridian below or above the Horizon,) we are to have the Die
urnal Tide or High.water, oceafioned by the greateft Accele-
ration or Retardation, whichthe Dsurnal Arch givestothatof
the Menftrual: which feemsto be the true caule of the Dail
Tides. And withall gives an account, notonely why it fhould
be every day sbut likewife,why at fuch @ time of the day;andwhy
this -time fhould in a moneth run through the whole 24 hours ;
»1%. becaule the Moens coming to the Merzdian above and be-
low the Horizon, (orasthe Seamencallit, the Moons Southing,
and Norehing,) dothfo : As 'kewife of the Spring.tides and Neap-
tides. For,when it fo ha ppeos,thatthe Menftrual and Diurnal Ac-
celerations or Retardations,be coincident,( as. at New moons
and Full-moons they are.) the effe@ muft needs be the greater.
And although ( which is not tobe diffembled ) this happen
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but to one of thetwo Tides 5 th:?t)is,the Night-tide atthe News
moon ( when both motians do moft ofall Accelerate, ) and the
Day-tide at Full mooa ( when both do moft Retard the Aunu.
! motion;) Yet,this tide.being thus raifcd by two coneurrent
caufes 5 though the next Tide have not ehe fame caufe alfo, the
Impetas contracted’ will have influence upon the next Tide 4
Upoan alike reafon,as a Pendulum let fall froma higher Arch,
will ( though there be no new caufe to occafion it) make the
Vibration on the other fide (beyond the Perpendicular) to
be alfo greater : Or, of waterin a broad Veflel, ifitbe fojog-
ged,as to be caft forward to a good height above its Levell,will
upon its recoyling, by its own gravity, ( without any.additio-
nal caufe ) mouont fo much the higher on the hinder part.

Buthere aifo weare to take notice, that though all'parts of
the Earth by its Dzarnal motion do turn about its Axis, and dé-
fceibe parallel Circles; yetnot equal Circless but greater neer
the' £quinoftial, andleffer near the Poles, whichmay.bea caufe
why the Tides in fome parts may be much greater than in o-
thers. Butthis belongs to the particular conifiderations, (of
which we are not now giving an Account:) notto the general
Hypotheﬁs.

Having:thus endeavoureg'to give an account of the Liurnal
and Menftrual Periods of Tides ; Jt.remains that I endeavour
the like as to the Annual. ~ Of which there is, at leaft;thus much
agreed ;. That, at fome timegof the year, the Tides are noted
to be much higher, than atother times.

Buthere I have a doubletasks Firfl, toreify the Obfer.
vation 5 and then, to.give an aceount of it..

As to the Firfls. Ithaving becn obferved (grofly) that thofe
high Tides have ufed to happenaboutthe $pring and’ Aistumn ;
it hath been generally taken for granted (without anymore
nice obfervation ) that the ¢mo Zquinoxes are the proper times,
to-which thefe Annual highTides are to bereferred’y, And-fuch
caufes fought for, as might beft-fute with fuch a Suppofiion.

_ Bat.itis now,, the'beft'part of twenty years, fince Thave had
frequent occafions toconverfe with fome Inhabitants of Ram»
ney-mar/b in Kent5 where the Sea being kept out witli great
Earthen walls, that it do not at high water.overflow the Hevel!;
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and the Inhabitants livelyhood depending moft on grazing, or
feeding Sheep ; they are (as you may believe they have reafon
to be) very vigilant and obfervant,at what times they are moft
in danger of having their Lands drowned. And[ find them ge-
nerally agreed, by their conftant Oblervations, (and Experi-
ence dearly bought ) that their times of dangerare abour the
beginuing of february and of November: thatis, atthofe Spring
Tides which happen near thofe times 3 to which they give the
names of Candlemafs-ffream and Alhallond.fiream: Aund if they
fcape thofe Spriug-tides , they apprehend themfelves out of
Danger for the reft of the year.  And as for March and septem-

er(chie two /Equinsxes) they are as little folicitous of them, asof
any other partof tlie year.

This,] confefs,I much wondred at, whenIfirft heardits and
fufpected it to be but a miftake ot him,that firft rold me,though
he were indeed a perfon notlikely {o to be miftaken, ina thing
wherein he was {fo much concerned : Butl foon found, thatic
was notoncly his,but a general obfervation of others too s both
there,and elfewhere along the Sea coaft. And though they did
not pretend to know any reafon of it, (nor fo much as to en-
quire afterit; ) Yernons made doubtof it ; bur would rather
laughat any that thould talk of March and September, as being
the dang:roustimes. And fince thattime,I have my felf very
frequently obferved (bothat London and elfewhere, asIhave
had occafion ) that in thofe months of February and November,
(efpecially Nowember) the Tides have run much higher, than at
other times : Though I confefs,I have notbeen {o diligentto fet
down thofe Obfervations, as I thould have done. YetthisIdo
particularly very well remember, thatin November 1r660. (the
fame year that his Majefty returned ) having occafion'to go by
Coach from ths Strandto WWeffminflery 1 found the Water fo
high in the middle of Kjng-ffreet, thatitcame up, not onelyto
the Boots,butinto the Body of the Coach s and the Pallace-yard
(all fave alittle place near the #eff.End) overflow'd; as like-
wife the Market-place ; and many other places 5 and their Cel-
lars generally filled up with Water. . And in November aft;166 5.
it may yet be very well remembred, whatvery high Tides there
were,not onely on the Coafts of England,(where much hurt was

done
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done by it ) but muchmore in Holland, where by reafon of
thofe Inundations, many Villages and Towns were overflow'd.
And though I cannot {o particularly name other years,yet I can
very fafely fay, that I very often obferved Tides ftrangely high
about thofe times of the year,

This Obfervation did for divers years caufe me much to
wonder, notonly becaufe it is fo contrary to the received opi-
nion of the two £guinoxes; but becaufe 1 could not think of
any thing fignal at thofe times of the year: as being neither the
two Aquinexes, nor the two Solflices, nor the Sun's Apogeum and
Perigeum 5 (or Barths Aphelium and Peribelium ;) nor indeed,at
contrary times of the year, which at leaft, would feem to be cx-
pected,  From Alhollandtide to Candlemafi being but three
mounths ; and from thence to Alhollandtide again nine months.

Atlengthit came into my mind, about four years fince, that
though there do not about thefe times happen any fngle fignal
Accident, which mightcafticon thefetimes, yetthereisacom-
poxad of trothat may do it: Which is the In:quality of the Na-
turalday (1 mean thatof 14, hours,from noon to noon) arifing
at leaft from a double caufe ; either of which fingly would calt
itupon other times, but both joyntly on thofe.

It's commonly thought, how unequal foever the length be
of the Areificial dayes as contradiftinguifhed to nights,yet that
the Natural Day,, reckoning from nocn to noon, are all equal
But A/fronemers know well,that even thefe dayes are unequal.

For,this Nataral Day is meafured not onely by one intire con-
verfion of the £quinsélial, or s4. £quinodial hours, (which is
indeed taken to be performed in equal times,) but increafes by
fo much, as anfwers to that part of the Sun's (or Earths,) Annnal
motion as is performed inthat time. * For, when that part of the
Bquinoltial, which (with the Sun) was at the Meridian yelterday
atnoon,is come thither again to day, itis not yet Noon (becaufe
the Sun is notnew atthe place where yefterday he was, butis

one forward about one degree,more or lefs) but we muft ftay
till that place, where the Sunnow is, comes tothe Meridian be-
fore it be now Noon,

Now this Additament(above the 24 £quinoftial hours,or intire

converfion of the £qainotial) isupon a double account une-
qual;
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qual. Firf2, becaufe the Sun, by reafon of its Apegeum and Pe=
rigeum, doth not at all times of the year difpatch in one day an
equal Arch of the Ecliptick 5 but greater Arches neer the Peri-
geum , which is abouc the middle of December 5 and leffer neer
the Apegeum,whichis about the middle of Fune: As will appear
{ufficiently by the Tables of theSun’s Annual'motion. Secondly,
though the San fhould in the Ecliptick move alwaies at the fame
rate ; yet equal Arches of the Ec/iptick do not in all parts of the
Zodiack anlwer to equal Arches of the Equinotial, by which we
are to cftimate time : Becaufe fome parts of it,as about the two
Solflicial Points , lic nearerto a parallel pofition to the Zquinoe-
¢lial, thanothers, asthofe about the two Zquinoflial points,
where the Ecliptick and Zquinoétial do interfe@ s wherenpon an
Arch of the Ecliptick , neer the Solfficial points anfwersto a
greater Archof the £quinoétial, thanan Arch equal thereunto
neer the Zquinoftial points: As doth fufficiently appear by the
Tables of the Sunsright Afcenfion,

According to the firff of thefe caufes, we fhould have the
longeft natural daies in December, and the fhorteft in June,which
it it did operaté alone, would give us at thofe times two Annual
High-waters.

According to the fecond caufe,if operating fingly, we fhould
have the longeft daies at the two Solftices in June and December,
and the two fhorteft at the Zgquinoxes in March and Septem-
ber; which would at thofe times give eccafion of four Aunual
High-waters.

But the true Inequality of the Natural Days, arifing from a
Complication of thofe two caufes, fometimes crofling and fome.
times promoting each ether:though we fhould fiad fome increa-
fes or decreafes of the Natural daies at all thofe feafons anfwe-
rable to the refpe@ive canfes (and perhaps of Tides proportio-
nably thereunto:) yet the longeft and fhorteft natural daies
abfolutely of the whole year (arifing from this complication of
Caufes ) are about thofe times of Alhallontide and Candlemas ;
(or not far from them ) about which thofe Annugl High-tides
are found to be: Aswill appear by the Tables of Zquation of
Natsral daies.  And therefore I think, we may with very. good
reafon caft this Annnal Period vpon that-caufe, or rather com-
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plication of caufes. For (as we before thewed in the Menftrual
and Disrnal) there will, by this inequality of Nataral daies, arife
a Phyfical Acceleration and Rerardation of the Earths Afean
motion, and ‘accordingly a-cafting of the Waters backward or
forward ; either of which,will caufe an Accumulation or High-
water.

"Tis true, that thefe longeft and fhorteft daies,do (according
to the Tables, fome at leaft) fall rather before, than after A/~
ballontide and Candlemas(to wit the ends of 0&ober and Fannary;)
but o do alfo (fometmes)thofe high Tydes: Anditis not yet
{o well agreed amongft 4 frenomer;s,what are all the Caufes(and
in what degrees) of the Inequality of Natural daiess but that
there be diverfities among them, about the true time : And whe-
ther the introducing of this New Motion of the Earth in its
Episyele about this Common Center of Gravity,ought not there-
in alfo to be accounted for, I will not now determine: Having
already faid enough, if not too much, for the explaining of
this general Hypothefis , leaving the particularities of it to be
adjufted according to the true meafures of the motions; if che
General Hypothefis be found fit to be admitted.

Yet this I muft add’, (that I be not miftaken) that whereas
I caft the time of the daily Tydes to beatall places, when the
Moon is there in the Merzdian; itmuft be underftood of gpen
Seas, where the water hath fuch free fcope forits motions, as
if the whole Globe of Earth were equally covered with water :
Well knowin §, that in Bayes and In.land-Channels,the pofition of
the Banks and other like caufes muft needs make the times to
be much different from what we fuppofe in the open Seas: And
likewife,that even in the Open Seas, //lands, and Currents, Gulfs
and Shallows, may have fome influence, though not compara-
ble to that of Bays and Channels. And moreover, though I
think, that Seamen do commonly reckon the time of High-
water in-the Open Seas; to be then, when the Moon is there in
the Meridian (as this Hypothefis would caftit:) Yet I do not
take my felf to be fo well furnithed with a Hiffery of Tides, as to
affure my felf of it; much lefs to accommodate it to particular
places and cafes.

Having thus difpatched the main of what I had to fay con-
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cerning the Seas Ebbing and Flowing : Had I not been already
too tedious, I fhould now proceed to give a further reafon,
why Idointroduce this confideration ot the Common Center of
Gravity in reference to Affronemical Accounts, For indeed,that
which may poflibly feemar firft to be an Objection againf? it, is
with me one reafon for it.

It may be thought perhaps, that if the Earth fhould thus de-
fcribe an Epzeyele about theCommon Center of Gravity, it would
(by this its change of place) difturbe the Ce/effial motions ;and
make the apparest places of the Planets, efpecially fome of
them, diffcrent from what they would otherwife be. For
though {o fmall aremoval of the Earth, as the Epieyele would
caufe (efpecially if its Semidiameter fhould not be above 1§ of
the Earths Semidiameter) would fcarce be fenfible (if at all)to
the remoter Planets ; yet as to the nearer itmight. ’

Now though what Gali/ze anfwersto alike Obje&ion in his
Hypotheljs ; (thatits poflible there may be fome fmall difference,
which Affronomers have not yet been fo accurate, as to obferve)
might here perhaps ferve the turn ;5 Yet my anfweris much
otherwife; towit, that fuchdifference hathbeen obferved,and
hath very much puzzeled Affromomers to give an account of,
About which you will find Mr, Horrocks (in fome of his Let-
ters, whereof I did formerly, upon the Command of the Royal
Society, make an Extrafl) was very much perplexed; and was
fain, for want of other relief , to have recourfe to fomewhat
like Keplers amicable Fibres, which did according to the feve-
ral pofitions of the Moon, accelerate or retard the Moon'’s
motion ; which amicable Fibres he had no affe@iontoatall (as
there appears ) if he could any other waies give account of
thofe little inequalities ; and would much rather (I doubtnot)
have embraced this Notion of the Common Center of Gravity,
to falve the Pbanomenon, had it come to his mind, orbeen fug-
gefted to him,  And:youfind,that other A4ffronomers have been
feen to bring in (fome upon one fuppofition, fome upon ano-
ther) feme kind of Menfirual Zquation, to folve the inequalities
of the Moon’s motion, accordin g to her Synedical Revolution,
or different Afpe@s ( of New-moon, Full Moon, &c.) befide
what concerns hér own Periodical motion,

For
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Por which, this conﬁderagion of the Common Center of Gravity
of the Earth and Moon , -is fo proper a repiedy ( efpecially if it
fhall be fouud precifely to anfwer thofe Phenomena , which I
have not Examined, but am very apt to believe) that it is fo
far from being, with me, an Objeétion againft it, thac it is one
of the reafons,which make meinclinable to introduce it.

1 muft before 1 leave this, add one Confideration more,
That if we fhnll upon thefe Confiderations think it reafonable,
thus to coufider the Common Center of Gravity of the Earth and
Moon ; it may as well be thought reafonable, that the ke Con-
fideration fhould be had of Fupiter and his four Satellitesywhich
according to the Complication of their feveral motions, will
fomewhat change the pofition of Jupiter,as to that Comman cen-
ter of Gravity of all thele Bodies; which yet, becaufe of their
{mallnefs, may chance to befo little, as that, at this diftance,
the change of :this apparent place may not be difcernable. And
what is faid of Fupiter, isinthelike manner to be underftood
of Saturne and his Satelles, difcovered by Hugenins: For all
thefe Satellites are to their Principals, as fo mary Moons to the
Earth. And I de very well remember, in the Letters forecited,
Mr. Horrocks exprefieth fome fuch little inequalities in Saturnes
motion, of which he could not imagine what account to give,
asif (toufe his Expreflion) this crabbed 0/d Saturn had defpi-
fed his Youth. Which, for oughtIknow , might well enough
have been accounted for, if at that time the Satelles of Saturn
h%,d been difcovered, and thac Mr.Horrocks had thought of fuch
amotion as the €ommon Center of Gravity ot Satarnand his Compa-
nion,to be confiderable,as to the guiding of his motion.

You have now, inobedience to your Commands, an Ac-
count of my thoughts, as to this matter, though yet immature
and unpolifhed:: What ufe you will pleafe to make of them, I
fhall leave to your prudence,&c.

An AP P END IX, written by way of Lester to the Publifher 5
Being an Anfwer to fome Objeétions, made by feveral Perfonsy to
the precedent Difcourfe,

Received yours s and am very well contented, that objefi-
I ons be made againft my Flypothefis concerning Tydes: being
Pp 2 pro-
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