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An account of the courfe of the Tides at Tonqueen in
a Letter from Mr. Francis Davenpost 7uly 15.
1678. with the Theory of them, at the Barr o

Tonqueen, by the learned Edmund Halley Fellow
of 1he Royal Society.

. 7 Hen the reported irregularity, of the Ebbing and
A Flowin

g ofthe Sea came firlt under my confide-
rationata diftance, 1 was content to fancy that
1 had guefled arighe in afcribing the occafion of it princi-

pally to the fudraushts and outlets of this bay, which as I

Imagined might give (the different times of the year in
refpet of the Monfoon's, and the currents accordingly
fhitting with feveral other conceited coadjutant circum-
ftances,) the moft confiderable fhare in the unufual courfe
of the 77d-s,and that confequently it would fcarfe be pof-
fible to difcover any conftancy in them, it their regi-
ment depended fo much upon accidents and uncertain-
ty's.

But during my continuance at Bat/ba I have obferv-
ed fuch an prder and conftancy in the courfe of the tides,
that notwithftanding 1 muft needs contefs it different
fromall thatever I obferv'd in any other Port,yet not only
from the coincidents of fimular alterations on peculiar
daycs of fome particular Moone's, in different monfoons in
refpect of their increale and decreafe, as well asfrom
their keeping cqual pace with the Moon's rifing and fete-
ing in this fforzzon, in refpect of the duration of their 7n-
flux and reflux,but alfo from that which feems to render
them molt irregular, v73. the conftant falling back of the
flood nearclt 13 hours onevery fecond day of the waters
age and increafe, {o that at the end of x5 dayes there is
an inverfion of their motion in refpet ot their begining
to ¥low and Ebb.

Itis evident that they are regu'arly influenced though
not reconcileable with a dependance on the lunar mo-

rion
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tion fo faras wholy to frce the natural coutfe from the
interruption of fome forreign intervening controul-
ment.

Now forasmuch as it will be fatisfactory cnough for
any mans benef t of the tides to know when the flood and
cbb begins, and when there is the greateft and fmalleft
influxes, without any nice difcourfc of the caufes of their
difference here, from thofe in other parts of the world,
(a fubject fiteer tor Philojophers then Scamen) 1 have here
(to avoid overmuch tedioufnefs) entred only the refult
o my unintermitted obfervations, of the tides dayly
courfe, during my ftay at Batfba, by which thofe Com-
manders who at this time of the year come before this
Barr,may know when it will be molt convenient to come
over (luppofing no Pilate goes ofl to bring themin) if
they pleale to obferve the following directions.

Dircctions concerning the choice of time in refpect of
the Tides for coming cver tbe Bar.

Y advice is, that upon the feveral following dayes

L ofthe Moons age in every particular month of the

ycare, no Lnglifh Commander fhould upon any occafion

whatfoever adventure over this Bar unlefs he have a Pi-

lot from the Shoare, who undertakes to bringhim in, or

that he hath only charge of fome fmall Bar{ or Junke, that
draws no more then 8 or ¢ foot water.

I 3 77 d: {1t
Inthe %Moane:, fromthe § to the Zydqggees gxdﬁﬁxf;“
7 17 2I.
2 ! 5) dayes of the moomes
In the Sl maenes, from the g to the 2” zgc‘: exclufively,
8 14 183 ’

2 3
and from the 27 of the ngome; to the 1£ of the 2(”700"! Excl.
3 9’
Is
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3 Il 14
Iu the Zy-moone:,'from thc%‘ ~ to the ! dagg(s: gi Ctg;eqx;”“
9 25 29 <cirvely,

4 9 ’ - ™
In the Z(momc‘ from thc{ to the 30 dayes of the moones
13

o 2y ¢ age exclufively,

5 r7 1)
In the L moones from the tothe daycs of the meones
11 § - 259 28C exclufively,

“ 13 97 dayes of tl
Inthe ‘moones from the to the ? ayes of the moomes
12 ? 19 2 age exclulively.

And excepting on thefc fix dayes above mention’d in eve-
ry refpective moone, he may {afely adventure over the Bar
any day provided allways that he miftake not the time
of the ¢zde, but come over at half Floodor better, though
he may take notice, that the beft Tzdes will be about fix
or {even dayesafter the waters firft begining to increafe,
and the firft dayes of the watersincreafe are

1 2 5 n
Inthe ¢ moones on the %dayesi

7 Ig
pr>

3
In the <§ mooneson the 1 6%’ dayes.
8 29

3 '3
In the ) moones on the %dayes..
9 27

e bt

r

4 11
Inthe muene. on the % dayes.
10 294

> of the Meones age.

5 9
In the SZ moones on the S daycs.
23

II
6 {
Inthe { moonzs on the j dayes:

7
12 21

M It
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Tt is ncedlefs to Yake notice in what hours the waters
increafe begins, becaufe the regular courfe of the Tides
isnot from thence commenced, 1n refpeé of the time of
Flowing and Ebbing.

The Bar it{clte bzing about a Mile and halfin Length,
and nowhere exceprin its firft entrance exceeding half
a Mile in Breadth, is very even, but yet affords confide-
rably diflering foundinz s in the fame Age and time of the
tides,according to the {eafon of the Tear, and which {eems
to be fomewhat ftrange, hath the higheft Tides in the Nor-
therly Monfo:n, as11uve been informed by thofe whoare
fcemingly beft able to give an account thereof:and I
muft necds {ay, that the tryal I now made on the Bar did
accord with what 1 underffood from feveral of the Féfber-
men and others as to this Monzh, which induced meto
enter this Information, that coming over at half flood
(except on the dayes aforementioned as Dangerous to
comecverin) there will be found according to the ago
of the Tide:.

vy 3 .
nihe  4pMooses om 16 to 21 £t water,

5
9
Inthe 7% Momes from 19 to 24 fect
3)
, 7/ . .,
[ntic  xo0p Moones from 21 to 27 fect
113
T
inthe ) gMcme: from 14 to a2 feet
N ‘

Always the higher the Flosdthe Lower the Fhb, {o that
according to the firengrh of the Tedes at Low water, the
foundings are from 6 to 13 feet.

NB. This Bar of Tunkizz is about 110 degrees of Lon-
gt ude to the Yal of Londen, and in Latitude 2.0. 50

On
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On.the firft and fecond dayes of the watersincreafe
the influxes arc very fmall and uncertain, but afterwards
the Tides tor r2 dayes arc conftant intheir courfe, one
flood and one ebbbeing compleated in 24 hours time, c-
quatly fharing the {pace of a Lunar circuition of the
Yarth betwecn them, and cvery flood beginning near-
eft 2 ofanhour later then the precedent flood, and alfo con-
fiderably increaling in the height of the tide cvery day
trom the 34 unto the 6¢hand 7¢h dayes of the waters age,
onwhich two dayes the fisod runsvery high, buton the
s¢hday (which may beaccounted thelalt of the fpring
tides, the waters begin gradually to decrcafe again, re-
raining the fameorderly differcace of timein each ¢zde,
untul the next following firt day of the watersincrealfe,
when during two dayes unfetlednefs, there is a fhifting of
the ¢7des in refpect of thebeyinning of the fload and ¢bd,
after which {aid inifting, a conftangy in their inverted
courfe, is again retained in the above mentioned order
tor 13 dayes following, as for Example.

On the 25 end 26 dayes of the 4¢h moone (athand sih
of Fune 1673 » in the latter end of Aries) being the firt
dayes of the waters increafe, the znfluxes were very {mall
(there happening on the 26¢h a falling back of the
tides about 13 hours) but from the 27th (Fune 6. 78.)
which was the 34 day of the waters increafe atter the laf
quarter ; uato the oth dayofthe sth mooncs age, (June
18.1678 ) in 20,) I noted a very conffant courfe in the
tades, every flood begining with the rifing of the meonc
and ending at itsfetting, the followingel) in like man-
ner continuing during the timc of the mognes ablence
from this hemifphere. Buton the faid gth day of the 5eh
moores age (Fune 18.1678) being the firft day of the wo-
ters increafe, their motion was {carcely perceptible; on
the rothday there was another falling back of the#/de-
ncareft 13 hours,and on the 11thday, (which wasthe 24
day of the waters increafe, after the firft quarter of the
moones age) the flood having (as 1 faic) fhifted the pre-

M2 ceuing

¥



[ 682

ceding day, took itsturne to begin at the moones fetting
and end at its rifing, and accordingly the tides fuccef-
fively following afTumed & kept a conftant regularity the
tides being at higheft the r6th of the maone, (1678. Fune
24. Cin middic of ») which was the feventh of the wa-
ters age, until the 234 of the faid moones age (Fuly 1.
1678.) on which (being the firft day of the watersn-
creafe) the influx was again fcarcely difcernablc for its
fmallnefs.

Onthe 24¢) day the tzdes fall back (as 1 bad found
it twice before to have done on the fame dayes of the
waters age,) neareft 13 hours by which meanes the flood
on the 25¢h day (which was the 3dday of the watersin-
creafcafeer the lait quarter of the moone) now again com-
menced with the rifeing moone, whereby it hath fallen
out allwayes to be high water between noone and the
following médnzzhe cvery day during my ftay here. (( laft
quarter 22 dayes, ( ficlt quarter § dayes.)

So that it may pafs into a Grollary viz. In the 4¢h 5¢h
and 6¢5h changes of the moone from the 34 day of the wa-
tersage after the laft quarter, to the 34 day of the wa-
ters age after the firlt quarter of the following mooue,
the water begins to flow when the moone rifeth, and to ebd
again when it fetteth inthe Horizon, and the contrary
to the 3d day of their age atter the laft quarter, exclud-
ing allwayes their motion on the 2 firft dayes of the wa-
tersincreafe, becaufe of its fmallnefs and uncertain-
ty.
Tam inform’d by the znhabitant s hercabouts, that this
may hold for a rufe from the 24 to the end of the 7¢4
moone and that the converfe thereofholds trueinthe o-
ther fix months of the year, v/z. from the 844 to the end
of the firft moone, according to which the tides will fall
out to beat the higheft in the evening for 6 months fuc-
ceflively, and the otherhalfyearin the morning,thatis to
fay between mednighe and the following moones, and
though I cannot aver the truthof jt, yet 1 find that tl“f,

tzae
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Yide laft year in the r12h moone, which occafionally upon
the Ship Eagles departure hence, I took fome notice of,
and entred in the cofe of my Sca joxrnal, did tall out
not difagreeing with what they affirme, and Iam yet the
rather induc'd to believe that in every annwal revolution
there may be fuch a conftancy inthis different motion
of the tide appropriated to each moiety of the year, be-
caufe, that dureing my ....dayesftay at Batfha; 1 have
found the prediélzons of the natives confirmed by my
owne obfervations of the tides falling out to be high wa-
ter alwayes between noone and the fucceeding mednight
occafioned by the aforefaid falling back acthe endot 1y
dayes ; {o that on every 34 day of the watersincreafe,
the fliod begins at the hour whereon the day before 1t
ended. -

To prevent miftakes in the accomptof the moones,
though the difference ot meridians between thicplace and
Landon,together with the different beginning ot their na-
tural day in their accompts here, from that of ours, and
fome imperfections trom which their Afironomical obfer-
vations are not tree, may occafion adifagreement be-
tween our accompt and theirs, of the moones age, yet it
will never be fo confiderable asto occafion any fenfible,
atleaft dangerous error in the above mentioned reck-
oning of the #ides, provided the number of the moneth
be not miftaken. A

Wherefore it may be fuficient to informe thofe who
ufe this Porg, that the firlt change of the moone after the
15th day of Fanuary old file, is reckoned for the begining
of the year, and that meene being accompted the firlt,
the reft follow in order until the expiration of the « 225
which compleats their year,alwayes except only in their
leap years, and then they have 12 moones, takeing in one
extraordinary to make up thedeficiency ot the moones
epadl in theiraccompt, in which vear the firft day of their
new yeares moone falls out before the faid 152b of Fanua-
ry,as it did thisyear upon the 12¢h being leap yeare with

then,
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them, {o that thecy reckoned two months for oncthis
yeare, (that is to {ay the 24 and 3@ moones a‘ter cheir
newyears day) they called 2d moones, for otherwayes this
prefent moone which changed in Fuly (the 8¢4) wou!d have
been the 7th, whereas now they count 1t but.the 6¢4
moone, and accordingly do the ¢zdes tall out, but this leap
yearebeing now paft the firft moon: 1 the yeare muft be
reckoned to begin on the change next following the rs2h
of January, and all the other changes counted fucceflive-
ly as before faid until the intervention of another Zeap

yeare.

Dbfervatisns



L6857

ATheory of 12¢ Tides at zbff mz of Tunking by tle
Learned ¥r.Edm, Halley,

low ¢f #ie f\Ojdl So-
ciety.

Heeffed of the Moar upon the waters, in the produ-
Gionof the #ides in this port of Izm/(mg, is the more
wondcrful ang {urprizing, in that it {eemes different inall
its circumf{tances from the generalrule, wbechy the moti-
on of the Sea is regulared, 1z all other parts of te world 1
have yet heardor. Tor firlt, each jiux is of abeut 12
hours duration, and its correfpondoxu refluze, aslong,fo
that there is but one bigh water in 24 hours.  Then there
are in each month, two mtermi/]zam of thz Tides, a‘)out 14
dayes afunder when there is no fenfible flosd or rifing of
the waters to be obferved s but the Ses is ina manner
ftagnant. Thirdly, that the increafe of the Wates has
its 14 days perdod, between the aforelaid ntermiffions ;
and at 7 days end, makes the higheft zides, from which
time the water again gradually abates, and the flood is
weaker till it comes to a ftagnation, both increafeand
decreafe obferving the famerale in being exceeding Soro
in their begining and end, and /wefz in the middie.
Laftly, (and which is mom odd) the 72fing Moonn the
one half of each month makes high water, and the fetiing
moone in the other half. Thefe partxculars confidered to-
ether with the Tables fhewing the days of the waters
itagjnatxon in each moneth, gave me alight into the
fecretof this ftrange appearance, foas to be able to bring
*he hitherto unaccouutable irregularity of thele Tides
’to a certain rule. And firft it appearsby the Jarter of
he two Tables, that the intermiffions of the Trdes hap-
pen nearly upon thofe days, that thz moeon enters the
Sgus of «fries and Libra 5 or paffes the Equznoctial ; which
divides the Moons Cc)urfe nearly into two equal parts, as
well as the Suns, and from heunce it followsthat the Tro-
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tcal Moones in & and », arc thefe which occafion the
greateft flux and reflux ;s and for the rule of the change
ofthe time of hzghWater, which Mr. Daveapor¢ calls a fall-
ing back of the Tzdes, the example he hath given us, lets
us know, that the ( in Northern figns, brings in the flood
whilft fhe is above the Horezon, {0 as to make hzgh water at
her fetting, and on the contrary that whilft thee is in Sox-
thern figns, it lows all the time the moon is below the He-
rizon, and fo make high water at her rifing.  Butitisto
be obferved that though the Moor pafs {wiftly, from
South to Noreh when fhe is 1nornear v, and from Morth
to Sezrhwhen in or near Libra; yet the motzon of the
Sea which 1s the caufe of this tide, is {carce difcernable tor
zor4days, when the Moon pafles the faid Equineitial
oints; whence it appears thatthough the declination of
«,or her diftance from the Equinoitial, be that whereby
thefc Tzdes are regulated, yet the increafe and decreafe
of the water isby no meanes proportionate-to thatof the
declination of Luna,that changing {wiftly, where the in-
creafe of the water isobferved to be moft flow. Tt feems
therefore, and I propofe it as a probable conjecture, that
the increafe of the waters fhould be allways proportionate
to the Verfedfignes of the doubled diftances of the Moon
from the Equinoitial points; Upon which FHypethefis Fi-
gure 9. will give an_elegant Synop/s of the whole matter.
Let ABbe the bottom of the Bar of Tunking 5 CD a per-
endicular thereto, whereon to meafure the {everal depths
of the water; Cv,C=the mean depth, which is that
whereat the water is ftagnant upon the moons being upon
the Equinoétial points, being commonly about 15 fect:
C @ occed, the high water mark when the AMoon 1sin @ or
sobeing about 24 foot. Creccid the hight of the Low
water mark when the Mooz isin 6 or %, being about 6
foot; fothatthe greatett rife of the Water on the Tropz-
cal Moons will be about 18 foot ;s then dividing v @ and
w23 jnto twoequal parts in EF, on thofe two points, as

Centers, delcribe the 2 Gireles, each of whofe Radei, are
four
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four feet and a half, which being kept between the Com-

pafses, naturally divide |the faid Cireles in the points
8lissl &c. through the which points if you draw lines

parallel to the bafe A B they {gall cut the perpendicular
CD, in the hightsof the bigh and Low water marks, which
will be at the entrance of the Mooz into the faid fgns. So
the greateft depth of the high water, when the Moon enters
©, m, &, 5%, is but 17 ; feet, and the lealt at Low water 123
feet: but when the Enters 1,0, +>,%, the high-water depth
is 21 1 feet, the Low-water but 8 } feet ; as appears by the fi-
gure, And this Hypothefi's notonly agrees with all that
Mr, Davenport hath obferved him{elf, or colle@ed from
the Natives,but hath been found to hold true fince in the
year 1682 by the Ingenious Capt. Kzex, inhis Voiage to
this port ; fo that there isno room to doubt of the truth
thereof:By this method may the time and hight of the T7des
be with fufficient certainty computed, but to philofaphize
theron, and to attemptto afligna reafon, why the Moor
fhould in fo particular a manner influence the waters
in this one place, is a task too hard for my undertaking,
efpecially when I confider how little we have been
able to eftablith a Genuine and fatisfactory Theory of the
Tides, found upon our own Coafts, of which wee have had
fo long Experience. It would be however a very acceptable
thing if fome curious Navigators would inform us, what
tides or Currents are found at Macao, Quemay, and other
places on the (oaft of China and on Formofa; it being moft
probable that this flood cometh out of the North Eaft, a-
longft the Coaft of China, for that the Northerly Moonsoon
is found to occafion the higheft fpring-tides. There is
yet another thing well worth Inquiry, that feeing that
this motion of the Sea is more or lefs as the Moon is far-
ther from or nearer to the Equinoétiall, it is not unlikely,
that fome years may have much bigher Spring-tides
than others, according to the Various Obliquity of the
Moans orbite to the Equinoctiall, for when the afcending
Node is inV, ( as it wasanno 1671 and will be anno 1690)
N the
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the Moon in & and % deviates from the Fguator ful
28% degrees; and but 18} degrees, when the fame Node
isin Libra,asit wasanno 168o;and Irecommend asa very
ufefull Quarie, tor fuch as for the future fhall ufe ths
Port, to examine whether the Tides are not in fome
years more Vigorous than in others, and particularly in
the years but now mentioned; as li.ewile if there have
been any fnundations occafioned by an extraordinary flux
of the Sea, in what years the faid /nundations have hap-
pened.

Defectus



