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L A Propofal of a Method for finding the Longi-

tude at Sea within a Degrees or twenty Leagues.
By Dr. Edmund Halley, Aftr. Reg. Vice-
Prefident of the Royal Society. With an Ac-
count of the Progrefs he hath made thercin, by a
continued Series of accurate Oblervations of the
Moon, taken by bimfelf at the Royal Obfer-
vatory at Greenwich.

T is now above twenty Years fince I added an
I Appendix to the {fecond Edition of M. Street’s
Caroline Tables, containing a Set of Obfervati-
ons I had made in the Years 1683 and 1684, for af-
certaining the Moon’s Motion ; and giving a Specimen
of what I thought, at that T'ime, might be the only
pra&ticable Method of attaining the Longitude at Sea.
Wlhat I printed fo long ago, is as follows:

« The Advantages of the Art of finding the
¢ Longitude at Sea, are too evident to need any Ar-
« guments to prove them. And having by my own
<« Experience found the Impracticability of all other
“« Methods propofed for that Purpofe, but that deri-
¢« ved from a perfe&t Knowledge of the Moon's Moti-
« ons I was ambitious, if poflible, to overcome the
« Difficulties that attend the Difcovery thereof.

« And firft, I had found it only needed a little
« Pra&ice to be able to manage a five or fix Foot Te-
« lefcope, capable of thewing the Appulfes or Occulta-
‘ tions of the Fix’d Stars by the Moon, on Ship-
“ board, in moderate Weather ; efpecially inthe Firft
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« and T2t Quarters of the Moon’s Age, when her
« weaker Light does not fo much efface that of the
s Stars. Whereas the Eclipfes of the Satellites of
« “ypiter, how proper foever for Geographical
¢ Purpofes, 'were abfolutely unfit at Sea, as requi-
« ring Telefcopes of a greater Length than can well
% be dire&ted in the rolling Motion of a Ship in
s the Ocean.

« Now the Motion of the Moon being fo fwift,
« as to afford us fcarce ever lefs than two Minutes for
« each Degree of Longitude, and fometimes two
¢ and a half; 1itis evident, that were we able per=
« feGtly to predi& the true Time of the Appulfe or
« Qccultation of a Fix’d Star, in any known Meridi=
¢ an, we might, by comparing therewith the Time ob-
« ferved on Board a Ship at Sea, conclude fafely how
« much the Ship is to the Eaftward or Weftward of the
“ Meridian of our Calculus.

¢ But after much Examination, and carefully col-
« lating the Caroline Tables of Mr.T. Street (though
« generally better than thofe that went before him)
« as likewife thofe of Tycho, Kepler, Bullialdus,and
s our Horrox, with many accurate Obfervations of
« the Moon, carefully made on Land ; it does not ap-
& pear that any of thefe 7ables do reprefent the Moti-
« ons with the Certainty required ; and though many
‘% times the Agreement feems furprizing, when the
% Errors of thefeveral Equations compenfate one ano-
“ ther; yet in thofe Parts of the Ord where they
“ all fall the fame Way, the Fault is intolerable, and
« the Refult many times not to be depended on, to
“ more than one hundred Leagues ; that isto fay, it is
s« wholly infufficient.

“ Yet
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s¢ Yet {till this Faultis Ariificis, not Artis + For
« obferving the Period of the Lunar Inequalities,
“ which is performed in eighteen Years and eleven
« Days, or two hundred and twenty-three Lunati-
“ ons; it is found that the Returns of the Eclipfes,
¢ and other Phaznomena.of the Moon’s Motion, are
« very regularly performed ; fo that whatever Krror
¢ you found in a former Period, the fame is again re-
« peated in a fecond, under the like Circumftances of
« the fame Diftance of the Moon from the Sun and
« Apogeon.
¢« Thus, from the Obfervation made of the E-
« clipfe of the Sun, which was Fune 22, 1666, in
« the Morning, feen .at London and Dantzick, 1
¢ was enabled to predi@, with great Certainty, that
« other, which I obferved Fuly 2, 1684, by al-
« lowing the fame. Error I found in the Calculus
« of the former. And the like with equal Certainty
« will do, in the Cafes extra Syzygias, when the
« Mean and Synodical Anomolies are nearly the
« fame, about the fame time of the Year.
¢ Being thus affured, from the Certainty of thefe
¢ Revolutions, that all the intermediate Errors of our
« Tables were not uncertain Wandrings, but regular
& Faults of the Zheories ; Inext thought how I might
¢ beft be informed of the Quantity and Places of thefe
& Defe@s: That being apprized how much, and which
¢« Way my Numbers erred, I might apply the Dif-
« ference, {o as at all times to reprefent the true Mo-
% tion of the Moon. Nor was there any other Way,
¢ but from the Heavens themfelves, to derive this
¢ Corretion, by a fedulous and continued Serses
Bba “ of
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of Obfervations, to be collated with the Calrylys,
and the Errors noted in an 4bacus : From whence,
at all Times, under the like Situation of the Sus
and Moon, 1 might take out the Corre&ion to be
allowed.

¢« And having by me the Sextant I made to
obferve the Southern Stars at St. Helena, in
the Year 1677, 1 fixed it for this Purpofe; .re-
folving to have continued to obferve, till I had
filled my Abacus, fo as it might have the Effe&

of exa&t Lunar Tables. capable to ferve at Sea,

for finding the Longitude with the defired Cer-

- tainty.

« With this Defign, Iapplied the Leifure I had
procured myfelf about the Year 1683, to obferve di.
ligently, as often as the Heavens would permit, the
true Place of the Moon, efpecially as to Longitude;
and in the Space of about fixteen Months I had
gotten near two hundred feveral Days Obfervations,
moft of which I collated with the Horroxion
Theory (whofe Caleulus is fomething more com-
pendious than that of Mr. §#ree? ) and having pla-
ced the Errorsin an Abacus, 1 perceived how re.
gular the Ifregularities were, and that where the
Moon had been exaltly obferved formerly, at the
Diftance of one or more Periods of two hundred
twenty-three Months, I could ‘even predi& the
Error of the 7ables, with a. Certainty not much
inferior to that of the Obfervations themfelves.
But this Defign of mine was foon interrupted by
unforefeen domeftick Occafions, which obliged me
to poftpone all other Confiderations to that of the

C&Deo
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Defence of my Patrimony: And, fince then, my
frequent Avocations ‘have not permitted me to re-
affume thefe Thoughts.

€ 1In the mean time I have taken Care to prefent my
Obfervations, fuch as they are, to the Publick, in
order to preferve them ; affuring, that as on the
one Hand they were made with a very fufficieat 7x-

« _firument, with all the Care and Diligence requifite s
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{o in the remote Voyages I have fince taken to af-
certain the Magnetick Variations, they have been
of fignal Ufe to me, indetermining the Longitude
of my 8hip, as often as I could get Sight of a
near Zranfite of the Moon by a known Fix'd
Star :  And thereby I have frequently corrected
my Fournal from thofe Errors which are unavoid.
able in long Sea-Reckonings.
¢ If therefore you happen at Sez to obferve nice-
Iy the Time of an Occultation or clofe Applica-
tzom of a Star to the Moon 3 and can find a cor-
refpondent Obfervation, about the fame mean _4s0-
maly and Diftance of the Moon from the Sun (either
among thefe of mine, or in any other Colle&ion
of Obfervations accurately made) efpecizlly near
the fame Time of the Year ; and, above ail, after
the aforefaid Period of eighteen Years and cleven
Days, you may, without fenfible Error, from
thence pronounce in what Meridias your Ship is;
taking Care in fo operofe a Calculation, to cominit
no Miftake 5 and, notwithftanding the Dire&ion
the Moon gives you, not conading {o much there-
in as to omit any of the ufual Precautions to preferve
a Ship when fhe approaches the Land.

“ 1 had
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% [ had intended to infift more largely upon this
Method of obtaining the Moon’s Place, and, by
Confequence, the Longitude at Sea, but that 1
find, that it requires a juft Treatife, too long to
be here fubjoined: And, more efpecially, that
the great Sir Ifzac Newtor (to whom no Ma-
thematical Ditliculty is infuperable) has been
pleafed to give us a True and Phyfical Theory of
the Moon’s Motions, whereby the Defe&ts of all
former Tzbles are {o far amended, that it is hoped
the Error may fcarce ever exceed three Minutes of
Motion, orfo little in Longstude; that, perhaps,
it may be thoughta fufficient Exainefs for all the
Ufes of Navigation. If therefore what is here offer-
ed find a kind Acceptanice from thofe that it chiefly
concerns, I fhall be encouraged to proceed on a
Work I have long meditated, to improve the above-
mentioned Period, as to the abbreviating the Com=
putation of Eclipfes, and, in general, to facilitate
the too laborious Calculation of the Moon’s Place
extra Syzygias.

Not long after her late Majefty Queen Aume was

pleafed to beftow upon the Publick, an Edition of
the much greater, and moft valuable Part of Mr,
Flamfleed’s Obfervations ; by Help of which the great
Sir Ifaac Newron had formed his curious Theory
of the Moon, a ficft Sketch of which was inferted
by Dr. David Gregory in his Aftronomie Phyfice
& Geometrice Elementa, publilhed at Oxford,
1702 ; and again, inthe fecond Edition of Sir I/zac’s
Principia, which came out in 1713, we have the

fame
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fame revifed and amended by himfelf, to that De-
gree of Exa&nefs, that the Faults of the Compusus
formed therefrom rarely exceed-a quarter Part of
what is found in the belt Lunar Tables before that
Time extant.

Being thus provided with proper Materials, viz.
a large Set of Obfervations, and a Theory of the
Motions {o very near the Truth, I refumed my for-
mer Defign of filling up my Abacus or Synopfis of
the Defeds of this Lunar Theory, and made [ables
to expedite the Calenlus according thereto, and com-
pared the Numbers thereof with many of the moft
certain of Mr, Flamfleed’s Places obferved. By this
it was evident that Sir I/zac had fpared no Part of
that Sagacity and Induftry fo peculiar to himfelf, in
{ettling the Epoches, and other Elements of the Lu-
nar Aftronomy, the Refult many times, for whole
Months together, rarely differing two Minutes of Mo-
tion from the Obfervations themfelves; nor is it un-
likely but good Part of that Difference may have
been the Fault of the Obferver. And where the Er-
rors were found greater, it was in thofe Parts of the
Lunar Orb where Mr. Flamfleed had very rarely
given himfelf the Trouble of obferving 3 wiz. .in the
third and fourth Quarter of the Moow’s Age, where
fomertimes thefe Differences would amount to at leaft
five Minutes.

Mr. Flamfleed was long enough poflefied of the
Royal Obfervatory to have had a continued Series of
QObfervations for more than two Periods of eighteen
Years; by which he had it in his Power to have
done all that could be expe&ted from Gbfervation,

towards
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towards difcovering the Law of the Lunar Motions.
But he contented himfelf with {parfe Obfervations,
leaving wide Gaps between, fo as to omit frequently
whole Months together ; and in one Cafe the whole
Year 1716. So that notwithftanding what he has left
us muft be acknowledged more than equalto all that
was done before him, both asto the Number and Ac-
curacy of his Accounts ; yet for want of an uninter-
rupted Succeflion of them, they are not capable of
difcovering, in the feveral Situations of the Launar
Orbir, what Correttions are neceffary to be allowed,
to fupply the Deficiencies of our Computus.

On Mr. Flamfleed’s Deceafe, about the Beginning
of the Year 1720, hislate Majefty King George 1.
was gracioufly pleafed to beftow upon me the agreea-
ble Poft of his Aftronomical Obferver, exprelly
commanding me fo apply my [elf with the utmof?
Care and Diligence to the reclifying the Tables of
tke Motions of the Heavens, and the Places of the
Fix'd Stars, in order to find out the [6 much defived
Longitude at Sea, for the perfeiting the Art of
Navigation. Thefe are the Words ot my Commif-
Sfion sy and here I might have thought myfelf ina Con-
dition to put in Execution my long projected Defign
of compleating my Abacus, or Table of the Defelts
of our Lunar Numbers; but on taking Poffeflion, I
found the O4férvatory wholly unprovided of Inflru-
ments, and indeed of every thing elfe that was
moveable, which poftponed my Endeavours till fuch
Time as I could furnith myfelf with an Adpparatus
capable of the Exa&nefs requifite. And this was the
more grievous to e, on account of my advanced

Age,
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Age, being then in my fixty-fourth Year, which put
me paft all Hooes of  ever living to fee a compleat
Persod of eighteen Years Obfervation.

But, Thanks to Go b, he has been pleafed hitherto
to afford me fufficient Health and Vigour to execute
my Office in all'its Parts with my own Hands and
Eyes, without any Affiftance or Interruption, during
one whole Period of the Moon’s Apogee ; which Per;.
od is performed in fomewhat lels than nine Years,
In this. Time T have been able to obferve the Right
Afcenfion of the Moon at her Tranfit over the Afp-
ridinn, near fifteen hundred times (and with an Ex.
atnefs, T ambold to fay, preferable to any thing done
before) a Number not lefs than thofe of the noble
Tycho Brabe, Hevelius and Flamfeed, tiken in one
Sum, there bemng near four of my Lunar Obfervati.
ons for each Degree of the Zodiack, as alfo for each
Degree of the Argumentum ainvum, or Diftance of
the Sun from the Mboon’s Apogee! And that thefe
might be duly applied to re&ify the Defe@s of our
Computations, 1 have myfelf compared with the afore-
mentioned Tables, made according to Sir Haac’s
Principles, not only my own Obfervations, but alfo
above eight hundred of Mr. Flamfeed’s.

‘This Comparifon of my own Obfervations (from
the Time I efteem them compleat) "with the Compu-
tus by the faid Tables, being now continued for above
nine Years, I defign fpeedily to communicate it to the
Publick, togefher with the Tables themfelves, which
have been printed, and fhould long fince have been
publithed, had not my Poft at Greenwich given me
anOpportunity to -examine, with proper Nicety, in

Cc what
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what Parts of the Lanar Orb, and how much, our
Numbers erred.  So ufeful an Addition as this, it is
hoped may fully anfwer the long delayed Expe&ation
fome Perfons may have had of feeing the faid Tables
{fooner, By Means thereof, thofe that are qualified
may, if they pleafe, examine by their own Obferva.
tion the Truth of what is here afferted.

Comparing likewife many of the moft accurate of
Mr. Flamfleed, made eighteen or thirty-fix Years be-
fore (that is one or two Persods before mine) with
thofe of mine which tallied with them, I had the Sa-
tisfaltion to find that what 1 had propofed in 1710
was fully verified ; and that the Errors of the Cal-
culus in 1690 and 1708, for Example, differed in-
fenfibly from what I found in the like Situation of
the Sun and Apogee, in the Year 1726. The great
Agreement of the Zheory with the Heavens compen-
fating the Differences that might otherwife arife from
the Incommenfurability and Excentricity of the Mo
tions of the Sun, Moon and Apogee.

Encouraged by this Event, I next examined what
Differences might arife from the Period of nine Years
wanting nine Days, in'which Time there are performed
very nearly one hundred and eleven Zunations, or Re-
turns of the Moon to the Sun ; but the Return of the
Suu to the Apogee in that Time differing above four
times as much from an exa& Revolutionas inthe Peri-
od of eighteen Years, Icould not expecthe like Agree-
ment in that, However, having now entered upon the
tenth Year, I compared what I had oblerved in the
Years 1721 and 1722, with my late Obfervations of
1730 and 173 ¥, and have rarely found a Difference of

more
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more than oné fingle Minute of Motion (Part of
which may probably arife from the finall Uncertainty
that always attends Aftronomical Obfervation) but
moft commonly this Difference was wholly infenfible;
fo that by the Help of what I obferved in 1722,
I prefume I am able to compute the true Place of
the Moon with Certainty, within the Compafs of two
Minutes of her Motion, during this prefent Yesr
1731, and fo for the future. This is the Exa@nefs re-
quifite to determine the Longitude at Sea to twenty
Leagues under the Equator, and to lefs than fifteen
Leagues in the Briti/b Channel.

1t remains therefore to confider after what Manner
Obfervations of the Moon may be made atSea with the
fame Degree of Exaltnefs: But fince our worthy
Vice-Prefident Fobn Hadley, Elq; (to whom we are
highly obliged for his having perfected and brought in-
to common Ufe the Reflefting Telefiope) hasbeen
pleafed to communicate his moft ingenious Invention
of an Inftrument for taking the Angles with great
Certainty by Refle€tion, (¥V7de Tranfait. No 420.) it
is more than probable that the fame may be applied to
taking Angles at Sea with the defired Accuracy.

II. An Account of the Contrayerva, by Mr. Wil-
liam Houftoun, Surgeon in the Service of the
Honourable South-Sea Company.

ONTRAYERVA isa Spanih Word, fig-
nifying as much as Herba contra [Venena] or an
Herb againft Poifons. And asthere are in all Countries
Cca different



