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A Table of the Length of the Knotfs of the Log-line for
different Glaffes.

{O-ph CO-P RO LBOH OO

The true length of the knots of the log-line here deli-
vered, was firft laid down by our countryman, Mr. Richard
Norwood, In tas Seaman’s Practice, in the year 1636, For
having carefolly meafured the diftance from London to
York, and reduced it to the arch of the meridian, and
having al{o found the difference of latitude of thofe two ci-
ties by aftronomical obfervations, he thence inferred a de-
gree of a great circle of the earth to contain 367200 Englith

feet, or about 69z Enghith ftatute miles, inftead of 60, which
M 2 was
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was the common eftimation before his time. Hence he
concludes a geographical mile, or minute of a great circle
of the eatth, which 15 '; of a degree, to contain 6120 feet,
and therefore, that the length of the knots of a log-line for
a halt-minute elafs thould be g1 feet, which is the fame
rart of a geographical mile, or 6120 feet, as half a minute
I (yf an hour, mmdv, s.sth.  But he adds, becaufe it is

f1f<1r to have the reckoning rather before the fthip, than af-
ter 1t ; therefore 5o feet may be taken as the proper length
of w{,h krot, whlc.h 1 have here accondmnrly followed.

Belore 5r, Richard Norwood’s accurate menfuration, the
lengin of the kinots of the log-line was made 42 feet for a
halr-minute glads ; and, notwithftanding the meafures of the
degrees of the earth, as weil as daily experience fhew it to
be too (hort, yet iti 1s uﬁ:d by many to this day. This di-
vifion of the lon-lme was founded on a fuppofition, that a
depree OFaUT&lt circle of the earth confifts of 60 miles,
each cont.unmg 5000 Englith feet; whence a minute of a

areat circle, or a gcograph:cal ,ml!e fhould contain sooo
feet ; and the 120th part of 000 feet, or 417, or, in round
number, 42 feet, fhould therefore beithe length of each
knot. But as a degree of a great cirele of the earth is found
to contain 69; Englifh miles, the length of the knots of

the log-line ought to be increafed to. S0 or g1 feet.

I {hall only add, that though many, through prejudice,
ftill retain the erroneous divifion of 42 feet, “yet I-could ne-
ver hear one tolerable argument brought in defence of i,
For my own part, I can affirm, that I found the true di-
vilion of go fect here propofed, to an{wer very nearly to the
obfervations of the fhip’s latitude, both in.my voyage to
St..Helena,: and in my voyage on my returp, when without

the



APPENDIX 85

the tropics ; for within the tropics, and in the courfe of the
trade winds, there are conftant and confiderable currents,
which feem to tend in the fame direction with thofe winds,
and moft probably derive their origin from them. On the
other hand, what journals of fhips I have had an opportu-
nity to infpet, which have made long runs to the eaftward,
and have ufed too fhort a divifion of the log-line, I have
found to reckon the longitude 10 or 12 degrees too far to
the eaftward upon the making of land, as one might natu-
rally expect from the caufe of error here pointed out.

Direltions
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Dircione for aé/f:'rt?i;zg the Begimzi?zg and Endin 5
of an Lclipfe of the Moo, and an Immerfon or
Lnerfon of the Satellites of _‘}’upz'zcr.

HOUGH the method of finding the longitude by

diftances of the moon from the fun and fixed ftar;
15 both fufliciently exact for general ufe, and may be equally
ufed at fea and land, yet it cannot but be an advantage to
have it 1n our power to pratife every method of finding the
longitude, whether of a {Lip at fea, or of any port at land.

The beginning and ending of an eclipfe of the moon i
very eafily obferved ; and being compared with the times
calculated, taken from an exact ephemeris, will determine
the longitude of a fhip at fea, where the obfervation is made
within a degree ; the difference between the apparent times
of the obfervations at the fhip, and thofc calculated in the
ephemeris, fhewing the longitude of the fhip in time,
reckoned from the meridian to which the computations of
the cphemeris are adapted,

The obfervations muft be made by the help of a watch,
correted from an altitude of the fun or a ftar, according
to the rules given in the preceding treatife. But if an
eclipfe of the moon fhould be obferved at any place at land,
whofe longitude we defire to know, this may be found
more exaltly by comparing the obfervation with a corref-

ponding one, made at fome other place at land, whofe
longitude 1s known.

The
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The beginning and ending of an eclipfe of the moon may
be obferved very well with the naked eye ; but if any te-
lefcope is ufed, it muft be one that has a great deal of light,
and does not magnify much. Thofe called night glaffes
- may be very conveniently ufed for this purpofe, in which
cafe I thould advife placing a circular aperture at the object
end, about half or 5 of the fize of the common aperture.

The thadow begins to come upon the moon on the
ealt fide, and goes oft on the weft fide. The firlt ob-
{curation that comes upon the moon, called the penum-
bra, 1s not perfetly dark ; but after a few minutes,
the true and darker fhadow will begin to make its ap-
pearance upon the moon’s limb, in the place which lies
inmediately behind the penumbra, At the ending of the
eclipfe the true fhadow goes oft firft, and the penumbra
follows it. If the obferver notes the time of the appearance
and difippearance of the penumbra, or falfe fhadow, as
well as of the darker and true fhadow, it will appear that
he has not miftaken the former for the latter, as they are
apt to do, who are not ufed to the obfervation.

If the eclipfe be total, the immerfion into, and emerfion
out of, total darknefs, are two other obfervations to be
made, and will equally {erve to determine the longitude.

The immerfions and emerfions of Jupiter’s fatellites af-
ford the beft general method known for determining the
longitudes of places at land, and could they be likewife ob-
{ferved at fea, as there is room to hope they muv, by the
help of the marme chair, the longitude might thence be

determined, as often as fuch obfervations were obtained.

A rie
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A refracting telefcope of ten feet, or a refleéting telefcope
of one foot at leaft, will be neceflary for obferving thefe

eclipfes, though a refraCtor of 15 feet, and a refleCtor of 18
inches, or two feet, would anfwer flill better.

In general, the immerflions only are vifible, before the
onpoﬁtlon of Jupiter to the {un ; and, after the oppoftion,
the emerfions only, the body of Jupiter hiding the other
phznomenon.  This 1s always the cafe with refpe& to the
firft fatellite ; but fometimes the immerfions and emerfions
of the other fatellites, efpecially the remoter ones, are both
vifible, The immerfions and emerfions before the oppofi-
tion happen on the weft fide of Jupiter, as after the oppofi-
tion they happen on the eaft fide : only if an aftronomical
refralting telelcope be ufed, confifting of two convex glafies,
the appearances will be inverted, and the eclipfes will feem

to happen on the eaft fide before the oppofition, and on the
weft fide after the oppofition.

At the immerfions and emerfions, which happen within a
few days of Jupiter’s oppofition to the fun, the fatellites
{fecm to touch his body ; but at all other times they fall into,
or come out of the fhadow at fome diftance from his limb,
which is greater, the further he is from the oppofition, and
the nearer to the quadrature with the fun. Thus the
oreateft diftance of the 1ft fatellite from Jupiter’s limb, at
the ecliples, in the quadratures, 15 a little more than a fe-
midiameter of Jupiter ; of the 2d, not quite two femidia-
meters ; of the 3d, near three femidiameters ; and of the
4th, five femidiameters, But as 1t 1s ufeful for diftinguifhing
the fatellite which 1s to immerge into the thadow from the
reft, or as a direction whereabouts to look for the {atellite
which is to emerge out of the {hadow, to know nearly the

diftance
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diftance 1t fhould be at from Jupiter's limb, I have added
the following Table for this purpofe, which may always be
depended upon within a tenth part of the whole, the gene-
ral form of 1t not admitting of a greater degree of precifion,
on account of the excentricity of the orbits of Jupiter and
the earth.

It fhould be carefully noted, that the apparent diftances
in this table are thofe at the regular eclipfes, namely, at the
immerfions before the oppofition, and the emerfions after
the oppofition ; but at the cmerfions which are vifible be-
fore the oppofition, and at the immerfions which are vifible
after the oppofition, the diftances of the fatellites from Ju-
piter’s limb will be lefs than 1s fet down in the table, by a
quantity which bears the fame proportion to Jupiter’s dia-
meter, as the duration of the eclipfe does to the longeft du-
rations of the eclipfes when the fatellites are in the nodes.
The greateft durations of the eclipfes of the firft, fecond,
third and fourth fatellites are 2h. 16m. 2h. §4m, 3h. 34m.
and 4h. 48m. refpectively.

A Table of the apparent Diflance of the Satcllites of fupiter
Jrom bis Limb at thc time of the Lclipfes, for every tenth
Day of upiter’'s Diftance from the Oppofition or Conjunétion.

'il- Of] . ’ iﬂ. Of L] ¥
DIt ofyit of the fatellites from || DI Dift. of the fatellites from
Jupiter T - Jupiter e s .
from o Jupiter’s imb at the eclip- ' from con |Jupiter's limb at the eclip-
P lies, in femidiameters of Ju- {{ ot o es, in femidiameters of Ju-
pofition { decinial warte. jundion | :
of O piter and decimal parts, with O ;pltcr and decimal parts.
L . R St — _
Da}rs.lrﬂfat.lzd {at. 5d {at.11th {at, Days.'1 fat 2d fat.[3d fat.}4th far.
10,0, 20{0, 33 O, 50{0, 55 IO,“? 150, ?_5*‘0, 1510, K5
2010, 4010, 061,051, 06 20 0, 300, 130, 70|15 23
3000, 600, 95 1, 50,2, 05 | 200, 400, 071, 0511, 70
400, 751,201,903, 35 40 0, 550, §O'1, 402, 50
500,901,402,253, Y5 . 50,0, 701, 00T, §0[3, 20
! _ | O -
60;1, 00/1, 602, 501, 40 0V 0, BO|T, 25:2, CO|3, 50}
701,051, 7oi:., GOy, 50 i ?Dio, Q0i1, 40}2., 2512, 05
L i o - ) \ - : ';.
Son, 101,752,754, 857} 801,000, 552, 4514, 33
G0 1, 101, 7:?|2a /54 05 G 1, O3, Ui 2, 6oLy, 6
., TOO T, 101, 5C{2, 70 .4y 00 1O 1, 1T, 752, %0l4, S0
N The
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The diftance of the fatellites from Jupiter’s limb in the
foregoing table, are to be meafured either in a line with Ju-
piter’s equator, or longer axis, or in a line parallel thereto ;
or, which is the fame thing, to his belts; for the fatellites
generally appear a little to the north or fouth of this line,

During the fpace of fix years, while Jupiter is pafling
from the afcending to the defcending nodes of the fatellites,
as from the beginning of 1760 to the beginning of 1766,
the fatellites are eclipfed to the north of the equator, de-
parting to the greateft diftance from thence at the middle of
this period. Thus, at this prefent time, or the beginning
of 1763, the 1ft fatellite is eclipfed ith of Jupiter’s femidi-
ameter, and the 2d about half his femidiameter to the north
of his equator, and the 3d almoft in a line with his north
pole ; the 4th goes north of his pole, and therefore at pre-
fent is not eclipfed at all, nor will be all this year,

For the like fpace of fix years more, while Jupiter is
pafling from the defcending to the afcending nodes of the
fatellites, as from the beginning of 1766 to the beginning of
1772, the fatellites will be eclipfed to the fouth of Jupiter’s
cquator, departing to the greateft diftance from thence at
the middle of this period, as in 1709, And thus every fix
years the ecliples happen alternately to the north and fouth
of Jupiter’s equator,

The firft and {econd fatellites are moft ufeful for finding
the longitudes of places, the tables of the firft never erring
more than 1m. of time, and thofe of the 2d not more than 4m.
Therefore, if the time of the total immerfion or firft emer-
fion of either of thefe fatellites, corre&ted from an alti-

tude of the fun or a ftar, according to the rules in Chap.
111,
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I11. of the preceding treatife, be compared with the time
{fet down in an exact ephemeris, the difference will fhew
the difference of longitude in time from the meridian of the
ephemeris, which is turned into degrees and minutes, at the
rate of 15d. to 1h, and 1gm. to 1m. of time, &c. But if
a correfponding obfervation can be obtained, made in any
place whofe longitude is known, the longitude will be found
independently of any error of the tables.

I {hall conclude this fubject with pointing out a method
of taking altitudes at land with Hadley’s quadrant, whence
the latitude may be found, and the time of the day com-
puted, as from obfervations made at fea,

Prepare fome fhallow veflel, and pour water, quickfilver,
or, which would be ftill better, fome thick oil or treacle
mto it, and place it near fome¢ window within a room,
{heltered as much as pofiible from the wind, and move the
index of the quadrant till the fun or ftar in the heavens is
brought down by refleCtion to appear conjoined to the re-
fleCted image of the fun or ftar in the veffel, holding a dark
glafs clofe before the eye, in order to darken both images
of the fun. Then half the angle that the index points at,
if the quadrant 1s rightly adjufted ; or the half of the num-
bers on the quadrant, firft correted for the error of the ad-
juftment, 1f any, 1s the apparent altitude of the fun or fiar.
From which fubftrat the refraltion, according to table,
page 1, and you have the true altitude, the complement of
which to god. 1s the zenith diftance, with which compute
the latitude or time 1n the common manner. The quadrant
may be adjufted, or the error of the adjultment found by
any ftreight object, which is not lefs than a quarter of a
mile off. 1f the altitude of the fun or ftar be above 43d.

they muft be taken by the back obfervation,
N 2 To
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0 find the Latitude from the apparent Meridian
Altitude of a Star obferved at Sea.

FROM the apparent altitude of the ftar obferved

above the horifon of the fea, fubftralt the fum of the

dip and refraction, according to the tables in page 1, and
you have the true altitude of the ftar, the complement of

which to god. is the zenith diftance ; with which, and the
{tar’s declination, taken out of table page 2 and 3, find the
latitude in the very fame manner as you would do from
the fun,

E X AMPL E

May g, 1762, at night, I obferved the meridian altitude
of the Virgin’s Spike 30d. 48:m. I fubftra¢t the fum of
the dip 4m. and refraltion 2m. which leaves the true alti-
tude of the Virgin’s Spike 3o0d. 48:m. and therefore the
zenith diftance is god. 17:m. The declination of the Vir-
oin’s Spike, by table, page 2, is gd. 54m. S. which, {ub-
ftratted from the zenith diftance, god. 17;m. leaves the
latitude 49d, 275m. N, Near an hour afterwards, by the
meridian altitude of Ar&urus, 61d. 6m. I found the latitude
only 1m. greater. ‘The fhip had not made any northing or
{fouthing between the obfervations, and the latitude by ac-
count carried on from the noon but one before, for the noon

before it was cloudy, was 49d. 17m,

The example here given thews the great ufe that may
often be made of this method of finding the latitude; for we
had no obfervation of the fun for the latitude on the noon

before, whence our lutitude by account muft be very uncer-
tain
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tain ; and at day-break, a few hours after finding the lati-
tude from the altitudes of thefe two ftars, we difcovered the
Scilly Ifles.

Yo find the Latitude from the apparent Meridian Altitude of
the Moon obferved at Sea.

From the obferved meridian altitude of the moon’s lower
limb, {ubfttac the fum of the dip and refralion, by tables,
page 1. and add 16m. for the moon’s femidiameter ; or,
from the obferved altitude of the moon’s upper limb fub-
ftra the fum of the dip, refraction, and 16m. for the
moon’s femidiameter ; or, from the obferved altitude of the
moon’s centre fubftraCt the fum of the dip and refration
only ; gives the altitude of the moon’s centre corre@, to
which add the parallax of zaltitude, taken out of table, page
20, gives the true altitude of the moon’s centre, the com-
plement of which to god. 1s the moon’s zenith diftance.
The prefent horifontal parallax of the moon, with which
the table is to be entered, may be taken out of an ephemeris;
or, if one containing it be not at hand, the mean horifontal
parallax, s7m. may be ufed, as the error arifing from hence
will never exceed 4m.

Next, the moon’s prefent declination muft be found.
For this purpofe, firlt take the time of the moon’s pafiing
the meridian out of an ephemeris, and the daily difterence
of the fame ; and fay, as 24h. more the faid difference, is to
the longitude of the fhip, reckoned from the meridian of the
cphemeris, turned into timc by table, page 3 and 4, f{o is
the fame daily variation to a number of minutes, which add
to the time of the moon’s pafling the meridian in the ephe-
meris, 1f you are to the wcit of that meridian, or {ubftract
if you are to the eaft of it, and you have the corre®t time

of
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of the moon’s pafling the meridian of the fhip. To this
add or {ubftradt your longitude from the meridian of the
cphemeris, turned into time, according as you are to the
weft or eaft of that meridian, and you have the time of the
moon’s pafling the meridian of the thip, reduced to the
time of the meridian of the ephemeris. Then fay, as 24
hours is to the time juft found, f{o is the moon’s daily varia-
tion of declination, taken out of the ephemeris, to the varia-
tion of declination from the noon of the ephemeris to the
prefent time nearly ; which add to the moon’s declination
in the ephemeris for the noon before, if the declination is
increafing, or {ubftract if it is decreafing, and you have the
moon’s prefent declination very nearly. This may be fur-
ther corrected in the following manner. Take out of the
ephemeris the moon’s declination for the noon but one be-
fore, the noon before, the noon after, and the noon but one
atter ; take the fum of the firft and laft declinations, and
alfo the {um of the two middle declinations ; and take the
difference of thefe two fums, and :th of the difference, and
fay, as 24 hours is to the correct time of the moon’s pafling
the meridian, reduced to the meridian of the ephemeris
found above ; {o is 4th of the diffcrence of the two {fums
to a firft number. Say again, as 24h. 1s to the correct
time of the moon’s pafling the meridian, reduced to the
meridian of the ephemeris, fo is the firft number, juft found,
to a {fecond number : take the difference of the firft and fe-
cond numbers, and add it to the moon’s declination found
nearly above, if the fum of the two middle declinations,
found above, is greater than the fum of the two extreme
declinations ; elfe {ubftralt it, and you have the moon’s true
declination ; with which and the moon’s zemth diftance,
found above from obfervation, find the lautude as from the
{un by the common rules.

The
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The corre@ion of the moon’s declination here exhibited
may fometimes amount to 1om. when the declination 1s
great, which may feem too much to be neglefted ; but if
the declination 1s under 10d. the corre@ion will be incon-
fiderable, and need not be applied at all.

It will be proper to compute the apparent time of the
moon’s pafling the meridian of the thip before-hand, in or-
der to be prepared for the obfervation of the meridian alti-
tude, the rule for which 1s given in the directions above.
For the fame reafon it would be neceflary ito compute the
apparent time of a ftar’s pafling the meridian before-hand,
when it is propofed to obferve its meridian altitude for find-
ing the latitude. This is done by fubftralting the prefent
right afcenfion of the fun from the right afcenfion of the
ftar ; the remainder, turned into time by table, page 3 and
4, 1s the apparent time of the ftar’s pafling the meridian.

E X A MUP L E

Of the Calculation of the Latitude from the meridian Altitude
of the Moon’s Centre obferved at Sea, March 5, 1762, at
Nigit, 61d. om,

I fubftract the fum of the dip 4m. and refraction zm.
there remains 6od. §6m. the altitude of the moon’s centre
corrected ; to which I add 29m. the moon’s parallax 1n al-
titude, the horifontal parallax of the moon being at this
time 6om, and I have the true altitude of the moon’s centre
61d. 25m. whence the zenith diftance is 28d. 3 m.

By the Abbc de la Caille’s ephemeris for ten years, the
moon pafles the mendian at Paris, March §, at 7h. §3m.
P, M.

9

D
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P. M. and March 6, at §h. 58m. P.M. whence the daily
difference is 6om. The longitude of the fhip was 17d. 1m.
weft of Greenwich, or 1gd. 21m. weft of Paris, which,
turned into time, 1s 1h. 17m. Therefore fay, as 24h,.-+60om.
or 25h, 1s to 1h. 17m., :: fo is 6om : to 3m. nearly, which
added to 7h. §8m. the time of the moon’s pafling the me-
ridian at Paris, becaufe the (hip is in longitude weft from
Paris, gives 8h. 1m. P, M. the time of the moon’s pafling
the meridian of the fhip. To this add 1h. 17m. the longi-
tude reckoned from Paris in tume, the {um is gh. 18m, the
time of the moon’s pafling the meridian of the thip, reduced
to the time of the meridian of Paris, Then fay, as 24h. is
to gh. 18m. fo is 73m. the moon’s daily variation of decli-
nation, from March g to March 6, by the ephemeris, to
28m, which {ubftract from 27d. 2om. the moon’s declina-
tion March § at noon, by the ephemeris, becaufe the decli-
nation is decreafing, leaves 26d. gam, the moon’s declina-
tion nearly.

To corrett 1t, take out of the ephemeris the moon’s de-
clination on the preceding noon, 27d. 2om. N, the follow-
ing noon, 26d. 7m. N. the noon but one before, 26d. 47m.
and the noon but one after, 27d. 4m. the {um of the two
middle declinations 15 §3d. 27m. and of the two extreme
declinations, 49d. gim. The difference is 3d. 36m. 4th
of which is g4m. Then fay, as 24h. 1 is to gh, 18m. the
time of the moon’s pafling the mendian of the {hip, re-
duced to Paris time :: {o1s g4m. : to a firft number 21m,
Again, as 24h, :is to gh, 18m. : fo is the firt number
21m. : (o 2 fecond number 8m. The difterence of the
firft number 21m, and the fecond number m. 1s 13m.
which add to 26d. g2m. the moon’s declination found nearly
above, becaufe the fum of the two middle declinations is
greater than the {um of the two cxtreme declinations, and

you

3
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you have the moon's trug:-declination, a?)ﬁl- fm, N. TFhis

fubftracted from 28d. j3s5m. the moon’s zenith diftapcs,
inferred above from the obfervation, leaves the latitude of

the thip 1d. 3om. S. which is only 2m, lefs than the lati-
tude by account, carried on from the meridian -alutude of
the fun at noon. |

EXAMPLE
Of a Cakulation of the Longitude from. Obfervations of the

Diftance of the Moon from Antares, daken at Sea, May 13,
1762, in the Morning, in Sight of the Lizard Light;.

OBSERVATIQNS.

May 13, 1762, at 1h, g7m. 54f. A, M. per watch, the
apparent altitude of the bright ftar of the Harp from the
horifon of the fea was taken, 75d. 12m.  Thedip of the fea
is gm. and the error of the quadrant is 2m. to be added to
the obfervation. At this time the Lizard lights bore N.
63d. W. diftant by eftimation 13 miles, But.the latitude of
the Lizard being 49d. §7m. N. and its longitude 5d. 43m.
weft of the Royal Obfervatory at Gregnwich, the latitude of
the thip is 49d. s1m. N. and its longitude 5d. 25m, weft
of Greenwich, - |

Here follow five obfervations of the diftance of -Antargs,
or the Scorpion’s Heart, from the moon’s eaftern and re-
motett limb, together with the time fhewn by the watch,
and the correfponding altitudes of the ftar, and of the
moon’s lower limb, obferved at the fame time. There is
1m. 5of. to be added to the diftances of Antares from the

moon’s limb, for the error of the adjuftment of the qua-
O ~ drant,
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drant, -But the altitudes of the moon and ftar are only to

be correted by fubftracting 4m. on account of the dip of
the horifon. -

May 13, 1762.. Obf, dift.of Antares  Obf, alt. of D’s  Obf, alt. of

time per watch, fr. D 's remoteft limb. lower limb. Antares,
H., M. &, D. M. S D. M. D. M.,
I 55 45 43 45 25 8 49 11 58
2 0 50 43 460 35 9 9 11 45
2. 5 15 43 48 10 g 26 11 18
2 1I 5 43 51 O 9 49 11 O
2 16 30 43 53 49 10 2 10 44

. . Meanalt.of )’s  Mean alt,
Mean of times. Mcan dlﬁ', lower limb. of Antares,
2 5 53 43 43 4O 9 27 11 21

Computation of the Time by the Altitude of the bright Star of
| ; the Harp, See Chap. 111, |

Its right afcenfion at this time, by table, page 3, is 277d.
13m, and its dechnation- 38d. 34m. N,

| o I .
Obferved altitude of bright ftar of the Harp 75 12
Add for error of quadrant  —  — -+ 2
Subftract 5 for the dip, the refraltionbeing o R T
True alutude of ftar — v 75 9
Subftract from — — —_— 90 ©
‘frue zenith diftance of ftar = —_— 14 51
Dift. of ftar from eleévated or north pole =90"~=38°34'= 1. .26
Colatitude =gyo°~—49° 51'= S —- 40 9
Sum e — e e 106 20
Halt fum et —— 53 13

Arith.
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o ’
Arith. compl. of fine of colatitude 40 9 019058
Arith. compl. of fine of polar diftance * 51 26 ©0.10686

Sine of half fum —colat. =53 13'= 40° 9.... 13 4 935427
Sine half fum—pol. dift.=53°13'= 51°26'= 1 47 8.49304

Sum of four logarithms R 18.14475
Half {um oo e 9.07237
Is fine of e 6° 4y’
| 2
13 34

Doubled is horary angle, or diftance of Liyra
from the meridian to the eaft; therefore -

fubftra& it from the right afcenfion of Lyra 277 13

e

Gwes right afcenﬁon of mld-heaven ' 263 39 |

The watch being about half an hout too flow for the
fun, and the time fhewn by the watch at taking the alti
tude of Lyra, being zh 47m, 54{. the apparent time 1s about
2h. 18m. A. M. or, in altronomical reckoning, - May 12,
i4h. 18m. P. M. to this add 22m. for ¢d. 25m. of langj-
tude weft of Greenwich, gives the apparent time reduced to
the meridian of Greenwich nearly, May 12, 14h. 4om.
P. M. to which time the {un’s longitude by computation is
1S. 22d. 13m. Hence, by table, page 277, the fun’s nght
afcenfion is 49d. 47m. which fabftrafted from 263d. 39m.
the right afcenfion of the mid-heaven found above, lcaves
213d. s2m. for the apparent time in parts of the equator,
which, by table, page 3 and 4, gives the apparent time
14h. 15m. 28{. But the time by the watch was 13h. 47m.
54f. therefore the watch is 27m, 341. too {low for the {un ;
which is confirmed by feveral other altitudes of Lyra and
of other ftars, and alfo by altitudes of the fun taken in the
afternoon before, and the morning after the obfervation of

the diftance of the moon from Antares.
O 2 The
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The {hip did -not go above half 2 mile between the obfer-
eation of the altitude of Lyra, and the mean thne of the
obfervation of the -diftances of the moon from Antares.
The mean of the times of thofe obfervations by. the watch is
2h, sm. 530 to which, 27m. 34f, being added, by which
the watch is too flow for the fun, gives zh. 33m. 27{ A.M.
or, May 12, 14h. 33m. 27{ P.M. 1 aftronomical reckon-
ing, for the‘apﬁarent time of the mean of the diftances of
Antares from the moon. To this add 21m. gof. for 5d.
25m. longitude reckoned weft of ‘Greenwich, turned into
time, and we have the apparent time reduced to Greenwich,
May 12, ‘+4h, gsm. 7{ P. M,

{

Hence computing, accordmg to Chap. IV. the {un’s lo-
gitude is 15, 22d, 14m, »f. the equation of time ~—4m. of,
'to be fubftradted from the appatent time-at Greenwich, 14h.

55m. 7{. leaves 14h. srm. 71. the mean time at Greenwich,
to which computing, according: to Chap. IV. the moon's
longitude commes out 9S. 2od. gm. 3f. her latitade 4d. g5m.
171, fouth; the horifontal parallax 54m. 42f. the appa-
rent femidiameter of the moon, augmented according to
her altitude, 14m. ¢8f the hourly motion of the moon
qom, sf, 4nd the mulnphcr of the difference betwedn
‘the moon’s ldngntude computed, and’that inferred from the
obfetvations, 29+%.

The next thing to be done is to allow for the femidia-

“meter of the moon, refraction, and parallax, -in order to re-
‘duce the obferved dlﬂance of the {tar from the meoon’s lihb,
‘to the true diftance of the ftar from the moon’s centre, ac-

¢ording to- Chiap. IV,
. To
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1, "To_q.id. 48m. gef. the mean of the g obferved dift
tances of Antares from the .moon’s remoteft limb, I add
1m. 5of. for the error of the adjuftment of the quadrant,
and fubftra® 14m. §8{, the apparent femidiameter of the
moon ; whence the apparent diftance.of the flar from the
moon’s centre is 43d. 3sm. g2f.

2, To allow for refration and -parallax, the obferved al-
titude of the moon’s centre being near 10d. and that of the
ftar heing above 10d. I make ufe of them as taken from the
-quadrant, only fubftratting 4m. for the dip, according to.

'the remark at the end-of-Chap, V. which.makes the calcn-
lation fomewhat mere compendious, .as-follows .

From ¢d. 27m. the mean of the five obferved altitudes.
.of the moon’s lower limb, I fubftra®t 4m. for the dip of the
horifon, and add 1gm. for the moon’s femidiameter ;
whence the apparent altitude of the moon’s centre is gd.
39m. and the apparent zenith diftance 8od. 22m, and from
11d. 21m. the mean of the obferved altitudes of the ftar,
{ubftracting 4m. for the dip. there remains 11d. 17m. the
apparent altitude of the ftar ; whence the apparent zenith
diftance of the ftar is 78d. 43m.

.Half fum of zenith ditances of the moon and ftar

19° 32" tangent 10.7334
Half differences of zenith diftances o° 49 tangent  8.1539
Tangent of arc the firft, 4° 25 — 8.8673
Half apparent diftance of ftar from the moon’s centre,

21° 48 — e cotan, 10.3980
Tangent of arc the fecond, 10° 55’ — 9.2853

Sum .
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. The (hip did-not go above half-a-mile. between the obler-
vanon of the altitude of Lyra, and the mean time of -the
obfervation -of the -diftances of the mmoon from Antares.
The mean of the times of thofe obfervations by the watch is
2h, sm. 53l to which, 27m. 34{. being added, by which
the watch 1s too flow for the fun,gwes 2h, 33m. 25{, A.M.
or, May 12, 14h. 33m. 27{. P.M. in aftronomical reckon-
ing, for the‘appzrent time of the mean of the diftances of
Antares from the moon., To this add 21m. gof. for 5d.
2 5m. longitude reckoned welt of Greenwich, turned into
time, and we have the apparent time reduced to Greenwich,
May 12, 1~4h 55m 7{, P. M,

Hence computmg, according to Chap. IV. the fun’s lon-
gitude is '15.22d, 14m. 7{. the equation of time —m. of.
'to be fubftradted from the appatent time at Greenwich, 14h.
gsm, 71, leaves 14h. srm. 7{. the mean time at Grecnwmh
to which c¢dmputing, according' to Chap. IV. the foon’s
longitude’ comes out ‘S, 2od. gm. 3{. her latitude 4d. ¢gm.
171, fouth; the horifontal parallax §4m. g2f. the appa-
vent femidiameter of the moon, augmented according to
her altitude, 14m. 8f. the hourly motion of the moon
qom, §f, 4nd the multxpher of the difference between
‘the rmoen’s ldngxtudc computed, and'that inferred from the
obfetvations, 29+%.

The next thing to be done is to allow for the femidia-

“meter of the moon, tefraction, and parallax, -in order to re-
‘duce the dbferved diftance of the ftar from the meoon’s limb,

‘to the trae diftance of the ftar from the moon’s centre, ac-
cdrding to- Chiap. IV.

I, To
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1. ‘*Tolq.id. 48m. gef. the mean of the ¢ obferved dif-
‘tances of Antares from the -moon’s remoteft limb, 1 add
1m. §of. for the error of the adjuftment of the quadrant,
and {ubftra® 14m. §8{ the apparent femidiameter of the
moon ; whence .the apparent diftance of the ftar from the
moon’s centre is 43d. 3sm. g2,

2. To allow for refraction and -parallax, the obferved al-
titude of the moon’s centre being near 10d. and that of the
ftar being above 10d. I make ufe of them as taken from the
.quadrant, only fubftralting 4m. for the dip, according to
ithe-remark at the end-of-Chap, V, which.makes the calcn-

‘lation fomewhat more compendious, .as-follows :.

From gd. 27m. the mean of the five obferved altitudes.
.of the moon’s lower limb, I fubftra&t 4m. for the dip of the
horifon, and add 1gm. for the moon’s femidiameter ;
whence the apparent altitude of the moon’s centre is gd.
28m, and the apparent zenith diftance 8od. 22m. and from
11d. 21m. ' the mean of the obferved altitudes of the flar,
{ubftracting 4m. for the dip. there remains 11d. 17m. the
apparent altitude of the ftar ; whence the apparent zenith
diftance of the ftar 1s 78d. 43m.

.Half fum‘ of zenith diftances of the mwoon and ftar

79° 32’ | tangent 10.7334
Half differences of zenith diftances o° 49’ tangent  8.1539
Tangent of arc the firft, 4° 25 8.8673
Half apparent diftance of ftar from the moon’s centre,

21° 48 R v cotan. 10.3980
Tangent of arc the fecond, 10° 55’ e 9.2853

Sum.
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Sum of arc 2d and half diftance of moon from ftar

048 = = ung. ofor8
Moon’s zenith diftance 800 22" ' —==  cofine 9.2236
Moon’s horifontal parallax z4' 42"=z4’, 7 log. 1.7380
Logarithm of effet of parallax 5, 88=3' 53" 0.7604

To be {ubftrated by the rule, page 42, from the apparent
diftance of the ftar from the moon’s centre. -

Computation of Refraftion.

Double arc the firft, 8° 50 e tangent 0.1914
Conftant logarithm  w—  — 2.0569
Sum e 11.2483
Double arc the {econd, 21° 50 fine fubftra®,  ~9.5704

Loganthm of 44", the effett of refraftion = e 1.6779

I'rom 43d. 35m. 42{. the apparent diftance of the ftar
from the moon’s centre, {ubftra@t the effe® of parallax
—em. §3f. and add the effeCt of refration, 471, and you
have the true diftance of Antares from the moon’s dentre
very nearly, 43d. 3om. 36{. There remains only to be ap-
plied the little correction of the effect of parallax, the rule
for finding of which is given at the end of the Preface.

The principal effeG of parallax juft found, gm. ¢3f I
cali the parallax in diftance. With the altitude of the

moon’s centre, gd. 38m. and the horifontal parallax, 5sm.,
take the moon’s parallax in altitude, 54m. out of table, p. 26,

Sum of parallax in altitude, and parallax in dift. 60’ log, 1.748
Difference of parallax in alt. and parallax in dift. 48’ log. 1.681
App. dift. of ftar from the moon’s centre 43° 36’ cotan. 10.021
Conttant logarithm — e Q.94 1

Sum, abating 13 from the index — 1421
15
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15 logarithm of little correction of effet of parallax, 261
to be added to 41d. 30om. 361 the true diltance of Antares
from the moon’s centre, found nearly above ; whence the
true and abfolute diftance of Antares from the moon’s cen~
tre is 43d. 31m. 2L,

Next, from the diftance here found, 43d. 31m. 2f. and
the moon’s latitude computed from the tables, 4d. sem.

17{. S. compute the difference of longitude between the
ftar and the moon, and thence the moon’s true longitude,

according to Chap, VI.

f f!

Diftance of Antares from the fouth pole of the ecliptic, ©

by table, page 4, is —— 85 27 23
Diftance of the moon from fouth pole of the ecliptic 85 4 43
Difference of polar diftances —— 0 22 42
Halt difference — — O IT 21

Half true diftance of moon from Antares found above 21 45 31

Half dift. of ntoon from ftar ++ diff. 21° 56’ 52" fine 9.5725944.
Half dift. of moon from ftar—L diff. 21 34 10 fine 9.5654093
Polar dift. of Antares 8§5% 2% 25" ar. compl. of {ine 0.0013666
Polar dift. of the moon 85 4 43 ar. compl. of {ine 0.0016041

L]

e 19.1409744-

Sum

Half fum, 1s fine of 21° 50" 10" 9.57048%2

Doubled is 43 40 20 diff. of long. of moon and Antares.
S. O ’ "

Longitude of Antares in table, page 4, —— 8 6 26 59

Subft. 50" becaufe the year precedes 1763 by 1 year — 50

Add correction for May 13, from table, page 5 T 53

True longitude of Antares — 8§ 027 2
'To which add the difference of longitude of the
moon and Antares found above (becaufe the moon

is to the eaft of the ftar) =43° 40" 20" = I 13 40 20

True
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True longitude of moon inferred from obfervations 9 20 7 22
Longitude of moon computed from tables to time

affumed at Greenwich e 0 20 ¢ 3
Longitude of moon computed from tables, greater

than that inferred from obfervations 1 4T
Multiply by 29 the multiplier from table, p. 23, 20 1%

. )

Produ& fhews how much the fhip was eaft of the afflumed ©

longitude, according to Chap. VII. —_— o 50 E
But the longitude of the fhip, according to its bearing
and diftance from the Lizard lights, was alflumed welk

of Greenwich e ———e 5 265 W

Therefore the true longitude of the fhip by thefe ob-

fervations Is — 4 35 W
And the longltudc of the Lizard, being 18" weft of that
of the fhip, is 4 53 W

Which differs 0° 50" from the true longitude affigned to it in
the tables.

In the foregoing obfervations, from whence the longi-
tude of the fhip bas been computed, the {ea was almoit
perfectly calm, the motion thereof being very gentle and re-
gular ; fo tlmt it was rather an advantage to the obium-
tions in caufing the ftar to {fweep the moon’s Iimb, than of
any prejudice. { alfo determined the error of the adjuﬁment
of the quadrant very exactly by means of thc moon, part:-
cularly by meafuring her longeft diameter {everal times with
the reflected and direct 1mages brought alternately to con-
trary fides, with refpect to each other ; reading the numbers
oft the quadrant, in one cafe, in the uwfual manner to the
left hand of the beginning of the divifions, and, in the other
cale, to the right hand ot the fame; and taking -half the
dlf*erpm_e of the two meafures of the meon’s dmmater thus
found for the error of the adjeitment; which methed of
finding the fame 1 look upon to be s Cut..un as onv, elpe-

4 L'i.‘t”_‘/'
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cially near the time of the full moon, being more exatt
than by bringing the two images of the moon into one, and
not fefs fo than by the horifon of the fea. The night alfo
was very fine, and there was a good twilight, which af-
forded me the opportunity of taking the altitudes of feveral
ftars' pretty exaltly ; from the. comparifon of all which to-
gether, as well as with the altitudes of the fun taken in the
evening before, and in the morning after the obfervations.
of the diftance of the moon from Antares, I could be very

certain of the time of the night at the thip,

P Foxtrali

—



106 A PP ENDTIX

Extract of the fournal of a Voyage from England to St,.Helena
in the Prince Henry Eaft India Ship, correfted by Obferva-
t1ons of the Diftance of the Moon from the Sun and fixed Stars,

UESDAY, January 20, 1761, at noon, we took

our departure from the Lizard Point, which bore

then full north, diftant by eftimation 21 miles, al-
lowing its longitude to be §d. 14m, weft from London, and
its latitude 49d. 27m. north.

| Long. |Long. weft Longit.
Latitude |Wett o ‘fmm obfer.! by D

Days |per obfer- Londoniof D, re- weft of [Number of obfervations taken of the di-
of the |vation at | per |duced to [comm. |tance of the moon's E. or W. limb from
month. |noon. comm. [neareft  [reckon-{the fun or &ars to the eaft or weft.

reckon. jnoon. ing.
0 ! | © ’ 0 ) ’
_h - 30 22| 2 49|WL 8 from the {un to the W
26 47| 29 22| 2 35/\WL 10 from the fun W
22 44) 23 39| o 55/WL 2 from Regulus E
2 122 44| 23 35 o 51|EL 5 from Pollux W
281 9 6 S26 2| 29 44| 3 42|EL 8 from the fun E
25 55 30 7| 4 12]WL 2 from Aldebaran E.
24 320 29 32| 5 ofWL 1 from Aldebaran E
27 550 5 36l\WL 8 from the fun W
{27 44| 5 25{WL 1 from Regulus E
26 52| 4 44|WL 4 from Regulus E
24 50| 5 52{WL 3 from Pollux W
{ 25 5| 6 %{WL 3 from the Virgin’s Spike E
L{24 o| 5 13{WL 4 from Pollux W

.o
n
&
oy
-
g
N
N
O
Z,
N
~J
I
h'-

24 33| 5 46|WL 4 from the Virgin’s Spike E
21 41| 4 34{WL 3 from Pollux W
20 19| 4 52{WL 3 from Pollux W
22 4| 6 37|WL 1 fr.Antares E taken in hafte
5571 12 4] 6 #»EL 3 from the Virgin’s Spike W
| 4 170 9 55| 5 38{E L 1 fromthe Virgin’s Spike W
1 13] 6 49| 5 36]JEL 3 from the funE

April
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April 6,7 A, M. we came to an anchor in the harbour
Before James fort at St. Flelena, when the longitude, by
the common reckoning, was 1d. 28m, eaft of London ; but
from my laft obfervation of the diftance of the moon from
the fun, March 29, was 4d. 16m. weft of London. The:
longitude of St, Helena I find, by my obfervations of the:
ecliples of Jupitet’s fatellites, to-be 5d, 49m. weft of Green-
wicﬁ, or ¢d. 44m. weflt of London. Therefore the error
of the fhip’s common reckoning is 7d. 12m. eafterly. But.
my account, deduced from the diftances of the moon from
the fun, feven days before we made the ifland, differs only
1d. 28m. from the true longitude. Many. reckonings kept:
on board the fhip were no lefs than ten degrees er-.
LONEQUS. .

P2 Extradi
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Eatraﬂ of the Yournal of a Voyage fram ‘St. Helena to
Englerd, in the Warwick Eafi.India Ship, eorrefied by
Qéfawam; of the . Difiance qf the Moaon ffam tbe Sun
and fixed Stars, - . |

MRIDAY, Feb. 19, r762 at 10 A. M. we got under
1 fail, andat noon took our dcparture from the tﬁand
of - St. Hclm .

Feb, 2 5,;at' noon we made the ‘ifland of Afcenfion, and
at 6; P. M. the Sogar-loaf point of Afcenfion bore S. W,
diftance by eftination 12 miles. By the fhip’s reckoning
we made 6d. gom. difference of longitude from St. Helena
to Afcenfion, though the real difference, from aftronomical

obfervations, 1s 8d. 1om. {o that we were fet 1d. zom. to
the we{’cward we were alfo fet 2¢sm. 1n latitude to the

‘northward in the fame time.

Took a fre(h departure from Afcenfion, allowing it to
e, as by aftronomical obfervations, in longitude 13d. som.
weft of the Royal Obfervatory at Greenwich, and in la-
titude 7d. g7m. S.

The next night, by a mean of three diftances of the
moon from Aldebaran, I found my longitude 2z2m. lefs
than according to my departure, and diftance run from
that time ; hence, by this obfervation, the longitude of Af-
cenfion fhould be 22m. lefs than aflumed in my departure
from thence, or 13d. 37m. weft of Greenwich. But, as
the longitude found by the obfervations of the moon, with

Mayer’s printed tables, is liable to an error, fometimes of
a whole

2
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a whole degree or more, this difference of 22m. is rather
to be regarded as a proof of the exa@nefs of this method of
determining the longitude, than to be ufed to corre&t the
affomed longitude, which may be f{uppofed bett¢r efta-
blithed by aftronomical obfervatiens of a more delicate ‘na-
ture made on fhore,

Extrait of the “fournal of the Remainder of the Voyage from
our Departure taken from the Ifland of Afcenfion to our
Arrival at Plymoutb.

N. B. The latitudes and longitudes of the following table
belong to the noon of the days to which they correlpond,
the longitudes deduced from the obfervations of the moon
having been reduced always to the noon immediately fol-
lowing them, by means of the fhip’s reckoning, except to-

wards the end of the table, where the hour of the obferva-
tions is fet down, in which cafe the latitudes and longitudes

are fuch as correfpond to that hour. The bearings and
diftances of the land are alfo fet down at the times of thefe
latter obfervations, or as near to them as poffible, in order
to fhew how near the longitudes deduced from the obfer-
vations of the moon, agree both with one another, and alfo
with the known longitudes of the Scilly Ifles, the Lizard,
and Plymouth, which may be found very accurately from
the tables of the latitudes and longitudes of places at the
end of the tables,

Days
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Days of the | Latitude
month. obferved.

o

APPENDIZX

Longjtude |Longitude |Longit.
Welt of | Weft, by | by p [Number of obfcrvations taken of

Greenwich| obfervati- [Weft of] likance of the moon’s E. or W,
by com- {ons of the | comm. {limb from the fun or ftars to the

mon reck.| moon. [reckon-lealt or weft.

| oning. g,

L
L d & ‘ O

21 24] 3 1C WL 4 from Antares to E

Mar. 9, Noon| 0 24 N‘IB 14W %21 44| 3 30fWL 3 fr. Virgin’s Spike E

18, ditto 5 1g
28, ditto 15 28
29, ditto 17 3
Apr. 8, Noon|25 25

17, ditto 32 50
28, ditto 46 34

29, ditto 46 54
May 3, Noon[49 17

0, ditto 48 30

8, 10h..P.M.l48 19
9, Midoight {49 23
10, gh. A.M.|49 43

i1, 1h. A.M.|l49 52

1

12,2:0.AM.[49 50

1.4, 9h. A.M.[49 59

21 1¢| 3 5|WL 3 from Pollux W’
22 53 | 27 16} 4 26|E L 3 from the fun E
29 14 | 36 1¢| 6 56/WL 3 from Aldebaran E
|29 45 | 37 1] 7 16/WL 2 from Pollux K
22 46 [ 41 46| 9 o/WL 2 from Pollux W
128 41 | 38 28} 9 4%|E L 2 from the fun E.
{22 ¢| 7 13lWL 3 from Pollux E

22 15| 7 21{WL 1 from Regulus E
14 % 21 30| 7 32{WL 1 from Regulus E
15 33] 6 10|WL 1 fr. Virgin’s Spike E£
23 { 16 z0l » 36lWL 1 from Pollux W
) {11 411 7 14WL3fmm RegulusW
7 31 45 7 18{WL 2 from Antares E
6 8 z4] 6 48|EL 3 fr. Virgin’s Spike W
W[ 5 16} 4 5EL 3 fr. Virgin’s Spike W

_ _ _ | § 5S¢, Agnes light-houfe bore N, 28, W,
Bl 6 54 dift, ¢ leagues. ’

E L 4 fr. Virgin’s Spike' W
Scilly lights bore W. N, W, 2 W, diftant
‘4 leagues.

1 53 4 35| 6 28 EL 5.from Antares E
Lizard lights bore N. 63 W, diftant 13

miles.
Ediftone light-houfe bore N, 22 E, ditt,
1 miles,

14 56

C O QO v £ O

2.2 6 5| 6 27

2 30 | 3 58

At night, came to an anchor in Plymouth Sound, and the next
morning went on fhore.

Remarkts
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Remarks on the foregoing Extralls of the two Sournals.

1 have laid -before myreaders the forepoing extra®s of the
journals of my two wvoyages, each containing a feries of lon-
gitudes of the fhip, deduced from obfervations of the moon
from time to time, compared with a reckoning kept in the
common manner ; both as proofs of the exaltnefs of ‘this
method of finding the longitude at fea, and alfo as examples
which I hope to fee imitated by navigators in future voyages.
For tho' it 15 not very material for them to know their lon-
oitude very accurately, while they are in the middle of an
ocean, and at a great diftance from their intended port,
but more particularly neceflary when they are approachin
it within the diftance of 30 or 20, or fewer degrees : yet-
{hould rather recommend it to them, to determine therr
longitude by obfervation from time, fuppofe once in a week,
ten days, or a fortnight ; not only as it will render them
more expert both in making the obfervations and calcula-
tions, -againdt the time of their approach to their port, when
they will have moft occafion to depend upon them ; but
alfo as they will by this means enrich their journals with
materials, from whence, at leifure, very ufeful inferences

may be drawn, refpeting currents, the variation of the com-
.pafs, or other curious particulars,

The exa@nefs with which -the longitude may be found
by thefe obfervations, may be fhewn from the foregoing
abridged journals by three different proofs, The firft and
principal one is from the near agreement of the longi-
tude inferred by obfervations made within a few days or

Dhourss of making land, with the known longitude of fuch
land,

A
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A fecond proof may be drawn from the near agreement
of the longitudes of the fhip, inferred from obfervations
made on a great many different days near to..one another,
when conneéied together by the help of the common
reckoniog. |

A third argument, and, in my opinion, as cogent as any in.
proof of the certainty of this method of finding the longi-
tude, may be deduced from the near agreement of the lon-
gitudes of the fhip, deduced from obfervations of ftars on

dufferent fides of the moon, taken onthe fame night.

With refpe@ to the firft and principal proof, in my
voyage out, I made the ifland of St. Helena within 1 de-
grees of its true fituation, tho’ by cloudinefs of weather,
and the proximity of the moon to the fun, I had not had
an obfervation of the moon within eight days before : but in
my voyage home, I found the Scilly Ifies by obfervations,
which I took in the night a few hours before we made
them, within 12 miles of their true fituation, as I have
fhewn by the computation which I have diftributed through
the book, as an example of the rules. But if the fecond
correction of parallax be applied, as is done at the end of
the Preface, (and as is alfo done with refpet to the jour-
nal of my voyage from St. Helena home) the obfervations
will agree fhll nearer, or rather in a manner perfectly with

the true fituation of the Scilly ifles,

By obfervations taken the next night, being in fight of
the Scilly lights, I infer the longitude of St. Agnes light-
houfe to be 6d. 2ym. weft of the Royal Obfervatory at

Greenwich, which is only sim. lels than its true longi-
tude
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tude. Alfo by obfervations made May 8, at night, thirty
hours before we made the Scilly Ifles, allowing for the thip’s
run in the mean time, the longitude of St. Agnes light-houfe
comes out 6d. 4gm. or only 2¢m. lefs than its true lon-
gitude. In like manner, by obfervations made May 13,
in the morning, 1n fight of the Lizard lights, the longitude
of the Lizard point comes out 4d. g§3m. welt of Green-
wich, or gsom. lefs than its true longitude. The only
land which we faw in coming home was the Ifland of Af-
cenfion, and I was not able to get one obfervation of the
moon in the fpace of the fhort run from St. Helena thither,
owing to clouds and the change of the moon happening in
the intermediate time; but the next night after we had
pafled Afcenfion, I had fome very good obfervations, which
gave me the longitude of the fhip, agreeing within 22 mi-
nutes of a degree with my account, kept from the departure
I took from Afcenfion, whofe longitude I aflumed, as it has
been determined from aftronomical obfervations made on
thore ; or, allowing the fhip’s run backwards to the ifland
of Afcenfion, its longitude might be inferred from the fad
obfervations, and would differ only 22 minutes of a degree

from its true longitude. As therefore in none of thefe fix
inftances, the longitude found from the obfervations of the
moon differs a degree from the true longitudes of the
places, except in the firlt inftance, where the run of the

thip is depended upon for eight days, and where the error
of the reckoning, correted by the laft obfervations of the

moon, gives the longitude of St, Helena only 1z degrees
different from 1its true fituation, I think I have {ufficient
foundation to fuppole, that the longitude may be always
found at fea by this method, within the compafs of a de-

gree, or a very little more, which anfwers to about 40 geo-
graphical miles in the latitude of the Englith channel.

Q_ I 0o~
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I obferved, that a fecond proof of the certainty of this
method of finding the longitude, might be deduced from
the near agreement of the longitudes of the fhip, deter-
mined from obfervations made on a great many different
days near to one another,” when connelted together by
means of the thip’s run, For this purpofe I defire the rea-
der particularly to in{pect the feries of longitudes of the thip,
deduced from obfervation, being no lefs than 12 in number,
in the compafs of 11 days, between March gth and 20th,
1761, in my voyage out to St. Helena. Setting afide any
currents, as we were then in a pretty open fea, and fuppofing
the thip’s run to be rightly allowed for from the log in the
common account, during this time, the fame difference
ought to have been found between all the longitudes by
account, and the correfponding longitudes deduced from
the obfervations of the moon ; or the fame error of the
common account ought to have refulted from all the twelve
obfervations. But as there is, as might be fuppofed, fome
difference between them, I take the mean of all the twelve
errors of account, which i1s ¢d. 2om. by which we were
really more to the weft than the common account made us;
and, comparing each particular error of account with this
quantity, the difference between them, in any of the twelve
oblervations, fcarce excceds a degree ; whence I think
myfelf intitled to fuppofe, that the longitude was deduced
truly from every one of the obfervations, within the com-
pafs of a degree, or not much more.

I have fet down in the following table the error of the
common account, and the difference between gd. 2om.
the mean quantity of it, and each particular error of ac-
count ; which, except in the firft and laft obfervations, dces
not exceed three quarters of a degree,

The
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The laft obfervation, which differs moft from the me-
dium, was taken in fome hafte, on account of the pofi-
tion of the fails of the fhip, which did not allow me an
uninterrupted view of the ftar ; neverthelefs, as I was tole«
rably fatisfied with the obfervation at the tume, I do not

think proper to rejet it.

Error |Diff. from
of sd. 20m.

17 L account, jmean error

MarCh o P o '

9 4 J12j—1 8

10 5 Oj==0 20

5 36/+o 16

'3 {5 251t0 5

15 | 4 44/—0 30
17 {5 52(+0 32}

6 7|40 47

5 13|=—0 %

13 {5 46|+0 26

19 | 4 34/—o0 42

4 52|—0 2
20 {6 37|+1 17

Mean error of account, 5 20

The latter part of the extract of the journal of my voyage
home to England affords a fimilar proof of the confiftency
of obfervations with each other in determining the longitude
of the fhip on feveral nights near to one another., Having
{ufficiently fatisfied myfelf of the certainty of thefe obferva-
tions for finding the longitude, by the great number 1 made
in my voyage out to St. Helena, in the month of March,
17601, I only thought it neceffary In my voyage home to
take {fo many from time to time, at the diftance of a week
or ten days from one another, as was fufficient to corret

(;Lz the



116 A PPENUDTIX

the reckoning, without leaving room for any confiderable
error to creep into it.  But towards the end of my voyage,
at the latter end of April, and during the firft part of the
month of May, till our arrival at Plymouth, I omitted no
opportunity of making obfervations that I could gain; and
from the 28th of April to the 13th of May, that is to fay,
in the compafs of 15 days, I was {o fortunate as to obtain
no lefs than 11 different fets of obfervations, all which fhew
the error of the fhip’s reckoning the fame, within the com-
pafs of 1d. 26m, for the greateft error of the fhip’s account
from one of the obfervations May 13, is #7d. 36m. and the
leaft error of account is from the other obfervation on the
fame day, 6d. 1om. But to fet this point in a fuller light,
I have, in the following table, made a like comparifon of
thefe obfervations with the common reckoning, as I have
done above with refpet to the obfervations I made in my
voyage to St. Helena between March gth and 20, 1761.

‘ Err;.-r Dilffereucc
1762 acc(;unt. mea;TlI':'or.
Apri) —— M
7 13-+ 12

28}3 7 21;+ 20

29’ % 32|+ 31

M 10— 51

7 3'{7 36+ 35

6 { 7 14+ 13

Ity 181+ 17

8| 6 48~ 13

9 7 5+ 4

11 6 27— 34

131 6 28’-— 23
Mean error of account, 7 1

In
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In this comparifon the greateft difference between the
mean error of account and the feveral particular errors
of account, is under one degree; and therefore it feems
probable, that the greateft error made in determining the
longitude from any of thefe eleven obfervations, does
not much exceed this quantity : efpecially, fince the
greateft difference between the two errors of account

which differ moft widely from each other, is only one
degree, twenty-{ix minutes.

On this occafion I muft confefs, that notwithftanding the
many and frequent proofs I have had of the certaintyand exaét-
nefs of thefe kind of obfervations, and tho’ I am fenfible I
{pared no pains in making thofe I am treating of with all the
care in my power ; yet I am not a little furprifed myfelf
at finding fo near an agreement of fo many with one
another, particularly becaufe feveral of them are fingle ones,
and the time, in fome of them, was determined from alti-
tudes of the ftars in the night. But I would not be under-
ftood by this to mean to arrogate any peculiar merit or fkill
to myfelf in making thefe obfervations, which others may
not equally attain with the fame care and experience ; fince
I am fatisfied, from the near agreement of many obferva-
tions, taken by the officers of the Warwick, with my own,
taken at the fame inftant, that mariners properly inftruted
in making the obfervations, as I flatter myfelf they will
find themfelves to be by means of my fecond Chapter, and
moderately exercifed in the practice of them, which is their
own part, will be able to determine their longitude, by
only adhering ftri¢tly to my rules, within the limits I have
already mentioned, namely, about a degree.

The
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The third proof of the certainty of the obfervations of
the moon for finding the longitude at fea, which may be
deduced from the foregoing extraéts of my journals, 1s what
refults from the near agreement of the double longitudes of
the thip deduced from diftances of the moon from ftars on
different fides of her, taken on the fame night; for all
the moft probable kinds of error, that can be fuppofed in
the obfervations, whether arifing from a faulty divifion of
the limb of the inftrument; a refraction in the {peculums or
dark glaffes, a wrong allowance for the corretion of the ad-
juftment, or a fuppofed bad habit of eftimating the contat of
a {tar with the moon’s limb too open, affeCting the computa«
tion of the longitude from ftars on different fides of the moon
different ways ; their ill efte&, if any, muft be {enfible in the
refult. But fince in all the inftances of the double longi-
tudes thus determined, contained in the journal, the dif-
ference is very fmall, and fuch as fully juftifies what I have
already advanced, with refpeCt to the degree of exaltnefs
with which the longitude may be determined at fea, 1t 1s
evident, that by good inftruments and careful obfervations,
thefe errors may be {fo far reduced, as to be of very little

confequence,

I have one more remark to add, refpe@ing the journal of
my voyage from St. Helena to England, which I flatter my-
{elf will not be thought foreign to the purpofe ; that April
2oth and 21ft, 1762, while we were crofling the parallels
of latitude of the weftern iflands, we ought, by the common
reckonings of the thip, to have been failing thro’ the midft
of them, which could not have happened without our, at
leaft, feeing fome of them : but this is eafily reconciled from

the obfervations of the moon, by which it appears, that the
{hip
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fhip was at that time nine or ten degrees farther to the weft
than the common reckonings made it; fo that if through
diftrefs of weather, or other accidents, we had wanted to
make any of thofe iflands, we could not have done it by
the common reckonings ; but it cannot be doubted, after the
proofs that have been already given, that we might have
readily and certainly found them by means of the longitude
of the thip, correGted by the obfervations of the moon, if
we had wanted 1,
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An Acccunt of the Principles and Authority upon which the
Jollowing Tables depend.

H E depreflion of the horifon of the fea, contained in

the firft table, page I. I have made lefs by one tenth
part, than it is ftated in the common tables, deduced from
the known dimenfions of the earth ; having found, both
from theory and experiments, this correction to be necel-
{ary on account of the refrattion of the rays of light in paf-
fing thro’ the atmofphere.

The next table, which is new, thewing the depreflion of
the water’s edge of land at a given diftance, I have computed
from the known dimenfions of the earth, paying alfo a re-
gard to the effe® of refraction. I apprehend it may be very
ufeful when the horifon is land-locked on the fide it may
be wanted to obferve ; fince, if the diftance of the land ad-
joining to the water can be eftimated nearly, the quantity
of depreffion taken out of this table may be applied, inftead
of the depreflion of the horifon in the former table.

The next table 1s computed from a rule formerly com-
municated to me by the late Dr, Bradley, and deduced by
him from his obfervations, according to the principles con-
tained 1n a paper of the late Mr, Simpfon’s, in his Mathe-
matical Differtations. 'The rule is, that the refraGion at
any altitude is to §7{, the mean refraCtion at the altitude of
45d. as the tangent of the apparent zenith diftance, leflfened
by three times the refraction, taken nearly out of any com-
mon table ot refrattion : is to the radius, This is adapted
to an altitude of Fahrenheit's thermometer of 5od. and to

an altitude of the barometer of 29+ inches : and in this
2 ftate
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{late of the air has been found by Dr, Bradley to anfwer
very nearly to obfervation quite down to the horifon.  In
cthier {tates of the air, he found the refraétion to be to the

quantity contained in this table, in a ratio compounded of the
diret ratio of the altitude of the barometer to 29 inches,

and 1n a reciprocal ratio of the altitude of the thermometer,
increafed by 350 to the number 400, As failors have oc-
cahon to corret their altitudes only to fingle minutes, I
thought 1t would be more convenient for their ufe to fet
down the degrees and minutes of altitude, which an(wer to
the even minutes of refraction, than to give the table in the
common muanner. Refraction cauling the heavenly bodies
to appear higher than they really are, all alutudes obferved
ought to be diminithed by. the numbers contained in the
table ; but particularly the altitudes of the {un, taken for
computing his azimuth, in order to find the variation of the
compafs from obfervation, being generally very near the
hortfon, ought to be fo correCted. From the effet of re-
fraction allo, the fun appearing to be in the horifon, when
he is really half a degree below it; though he is really in
the horilon, when his center appears at the altitude of 29
minutes above 1t ; therefore the proper time for taking an
amplitude is not when the fun appears in the horifon, but
when his centre appears 29 minutes high, or his lower limb
15, or his upper limb 43 minutes high : but the apparent
altitude of the fun above the vifible horifon of the fea fhould

be greater than thefe numbers by the quantity of the dip of
the horifon, taken out of the fir{t table.

The catalogue of right afcenfions and declinations of ftars,
page 11, and III. 1s feleted from the Abbe de la Caille’s
obfervations, and is defigned both for finding the time and
the latitude, by altitudes taken in the night.

R The
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The next table, page III. and IV. ferves to turn degrees
and minutes of the equator into time, and the contrary, at
the rate of 15d. to 1h. and 15m. to 1m. of time, &c. Thus
the longitude from Greenwich by account is frequently
turned into time, and wice wer/Z, the apparent time in Rule
3d of the Appendix, is turned into degrees and minutes of
the equator.

The table of limits, which the difference or fum of the
moon and ftars latitudes fhould not exceed, ought to be
carefully attended to in chufing out a proper ftar for ob-
ferving the diftance of the moon from, Vide page 12,
Chap. II. The principal reafon for this is, that the moon’s
latitude, ufed in the computations of the 6th Chapter, may
fometimes err three minutes: for the latitude, as found
from the tables, is fometimes liable to an error of 2 minutes ;
and, if the fhip’s account be out gd. this will make an
error of 20 minutes in the affumed time at Greenwich, and
may therefore fometimes occafion an error of a minute
more in computing the moon’s latitude. But if the ftar be
chofen agreeable to the table of limits, an error even of three
minutes in the moon’s latitude will not occafion above 15f.
error in the refult of the computations of Chap. VI. in find-
ing the moon’s true longitude from the obfervations.

The catalogue of the longitudes and latitudes of twelve

zodiacal ftars, page IV. proper for obferving the diftance of
the moon from, in order to determine the longitude, is

taken from the beft modern obfervations.

In the table, page V. calculated for every tenth day in
the year, I have included the femidiameter and hourly mo-

tion of the fun, and have thrown together into one {um the
Increafe
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increafe of the ftar’s longitude, owing to the preceflion of
the®equinoxes from the beginning of the year, and the
aberration in longitude. But as this fum was fometimes
negative, I have in thofe cafes added the greatelt negative
quantity to every number in its refpective table, and have
{ubftralted the fame from the epochs of longitude at the

bottom of page IV, {o that the correftions of page V. are
always additive.

'The mean motions of the fun and moon are fet down
agreeable to tables of them, which I received as a prefent
from Mr. Gael Morris, being fuch as he had conftructed
himfelf from the comparifon of a great number of the late
Dr. Bradley’s obfervations. The equation of time is allo
taken from the fame tables,

The equation of the fun’s centre, and the tables of the
equations of the moon, latitude, and parallax, are taken from
Mr. Mayer’s tables, as printed in the fecond volume of the
Gottingen Ats, excepting two flight alterations, which 1
have made in order to fave a hittle trouble in the calculations,
without hurting their exaltnefs, One of the alterations I have
made is by leaving out the annual equation of the mean
anomaly and node, and making the firft equation of the
moon ferve inftead of it. This alteration, I own, may
fometimes occafion a difference of 14f. in the computation
of the moon’s longitude ; but then I find, that in Mr.
Mayer’s manufcript tables, which I have feen, the value of
the annual equation of the mean anomaly is increafed fo as
to approach towards the value of double the firft equation.
The other alteration which I have made, 1s in fubftituting
a more eafy manner of taking out the argument of latitude
the fecond, inftead of Mr. Mayer’s, which can never make

a difference of more than 8f. from the fame taken out with
R 2 Mr.,
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Mr. Mayer’s argument. The alteration I have made in
taking out equation the firft of the moon for the anrual
equation of the node, may alfo occafion a difference in the
moon’s latitade of 5f, But both thefe differences are of no
confequence, fince the moon’s latitude computed by thefe
tables 1s fometimes liable to err three minutes ; and this be-
ing of no prejudice, if the ftar be properly chofen, a fmalles
difference of a few feconds cannot be worth regarding.

- I have added, page XXIV. and XXV, three tables of
the hourly motion of the moon, conftructed by myfelf,
which were much wanted, being not to be found in any

books of tables that I have feen,

I have added a table of multipliets, page XXV, in ordes
to fave a little trouble in the computations: they are the
quotients of 15d. or goo minutes; divided by the hourly mo-
tion of the moon, or the difference of the hourly motions
of the {un and moon, which are the two firft terms of the

proportion prefcribed at the beginning of the 4th Chapter.
The table of the moon’s parallax in altitode, page XXVI.

1s uleful in computing the moon’s apparent altitude, if it had
noi been obferved, wvrae page 57 and 6o ; alfo in Article 1V,
in the refolution of the problem in the Appendix, where
the altitude of the moon is firft correGed by parallax, in
order to compute the time from : .alfo in finding the latitude
from the moon’s meridian altitude : and alfo in computing
the fecond and {mall corre&tion of paraliax, which was.
omitted 1n Chap, V. but 1s delivered at the end of the

Pl'CfaCC-

The tables of the declination and right afcenfion of the
degrees of the ecliptic, page XXVI, XXVII. and XXVIIL.

dlC
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are ufeful for finding the moon’s declination and right afcen-
fion, by the two rules in the appendix, page g4, from her
longitude and latitude given : alfo for ﬁndmg the {un’s right
afcenfion from his longitude, whether in computing the
time from the altitude of a ftar or the moon, or in com-
puting the apparent altitude of the moon and ftar from the
apparent time given,

I have added the laft table, containing the longitudes and
latitudes of places that have been determined from aftrono-
mical obfervations, as'a proper and neceflary part of this
work, and I hope it will appear an acceptable prefent to the
pubhc As the method of finding the longitude by obfer-
vations of the moon, or indeed any method of finding the
longitude, can only agree with the true longitudes of places ;
and as thofe determined from aftronomical obfervations are
the only ones that are abfolutely certain, fo I would be un-
derflood to fubmit the method or finding the longitude
propofed in this book to a trial only by a comparlfon with
the longitudes of places contained in the table ; 1 mean,
with refpect to the degree of exaltnefs which I have infer-
red from my own experience to be attainable by this me-
thod. But if the navigator, on making of land, fhould
find his account, deduced from oblervations of the moon,
to differ much above a degree from the longitudes of places
which are not contained in the table, but taken from other
authorities, I hope he will be fo candid as to fuppofe, that this
greater feemmg difagreement of his obfervations with the
land made, rather arifes from fome error in the longitude of
the land, aﬂu:ned from too infufhcient authority, than to any
defed in a method which may feem from fo many experi-
ments to be {ufhciently proved,

Ii:
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In order to render the forepoing table of longitudes and lati-
tudes of places as compleat as poffible, I have confulted all the
beft authorities I could find, In particular, I-have borrowed
all the places that are contained in the French Almanack,
called the Connoiffance des temps, for 1760, and in the ex-
planation of the annual calculations of the fame almanack,
publithed in 1762, with very little alteration, only reducing
them to the méridian of the Royal Obfervatory at Green-
wich, For the longitudes of other places which I have
here added, and which refult from obfervations made in the
latter end of the laft, or the beginning of the prefent cen-
tury, I refer the reader to the books or memoirs in which
they are defcribed, and which are to be fuppofed well
known to geographers; but I fhall give a brief account of
the authorities upon which I give the longitudes of feveral
places, deduced from more modern obfervations.  Many of
thefe are determined from the obfervations of the late tranfit
of the planet Venus over the fun,

Thus I have deduced the longitude of Leafkard in Corn-
wall from the obfervation made there by the Reverend Mr.
Haydon ; that of the univerfity of Cambridge from a mean
of the obfervations made there by feveral ingenious gentle-
men, tho’ their modefty has prevented them from commu-
nicating them to the public; that of Exeter in Devonfhire,

from the obfervation of Mr. Chapple ; that of Stalbridge
in Devonfthire, from the cbfervation of the Rev. Mr. Bolton ;

and that of Wakefield in Yorkfhire, from the obfervation of
Mr. George Gargrave,

The obfervation of the Rev. Mr, Haydon is particularly
valuable, both as it was made with good inftruments, and

as it ferves, with the help of the maps of the county of
Cornwall,
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Cornwall, to determine very nearly the longitude of Ply-
mouth, Falmouth, the Lizard Point, the Land’s-end, and
the Scilly Ifles; all which places are generally either the laft
that fhips fee in going out of the channel outward bound,

or which they make firlt upon coming into the channel
homeward bound.

The other places, whofe longitudes are deduced from the
late tranfit of Venus, are Leyden in Holland, from the ob-
fervation of Mr. Profeflfor Lulofs, (and hence alfo that of
the Hague and Rotterdam, by their known pofition to Ley-
den) ; alfo Drontheim in Norway, from the obfervation of
Mr. George N. Holm ; Carelfcroon and Land{croon in Swe-
den, from obfervations made there, but I am not acquainted
with the names of the obfervers ; Tobolfki in Siberia, from
the obfervation of M., L’ Abbe de Chappe; and St. John's in
Newfoundland, from the obfervation of Mr. Winthrop, who
failed thither with proper inftruments from New England
for that purpofe. The longitude of Fort St. George in the
Eaft Indies refults from the obfervation of the tranfit of
Venus made there by the Rev. Mr. Hirft ; that of Calcutta
in Bengal, from the obfervation of Mr. Magee ; and that of
Iflamabad from the obfervations of Meff. Knott and Plaifted.
For thefe four lat obfervations we are indebted to the Di-
reCtors of the Eaft-India Company, whoe fent out general
inftructions to all their fettlements, particularly recommend-
g this obfervation to fuch as thould be capable of it.

The longitudes of the following places I have determined
from ebfervations of the eclipfes of Jupiter’s firft fatellite, com-
pared with correfponding ones made at Greenwich, or ele-
where ; or, if not correfponding, yet happening within a few
pertods, and compared with the help.of the talsles. The longi-

3 tude
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tude of the ifland of St, Helena I deduce from my own obfer-
vations made there in the year 1761 ; the longitnde of the
Cape of Goed Hope, from the obfervations made there by Mr.
Charles Mafon and Mr. Jeremiah Dixon in the fame year.
The longitude of the lind of Rodrigues in the Ethiopic
obfervation, from tne obfervations ot M. Ringr€ ; and Cafan
in Ruflia, from two emerfions, one of the firft, and the
other of the fecond fatellite, obferved there by M. L Abbé
de Chappe, 1n the year 1761. The longitude of Cape
Francois 1. deduce from an emerfion of the firft fi-
tellite of Jupiter, obferved there in the year 1745, by
Don George Juan, one of the two Spanifh mathematicians
who went to Peru in conjunction with the French acade-
micians, to meafure the degrees of the meridian, which I
compared with a computation which I have made of the
fame, from Mr. Wargentin’s tables, publithed by M. De la
Linde, not having poflefiion of any obfervations made in
England or elfewhere at that time. ‘T he longitudes of Stock-
holm, Hernofand, and Cajancburg, all in Sweden, are taken
from the authority of Mr. Wargentin. Vide papers 39th
and 44th, Vol. LIL Part I. of the Philofophical Tranfactions
for the year 1761. 'The fame volume alfo contains moft of
the obfervations of the tranfit of Venus which have been
made ufe of in determining the longitudes of the places al-
ready mentioned, which are inferted in the table.

The longitude of Cape Clear in Ireland was determined
from eclipfes of Jupiter’s fatellites, by the obfervers appoint-
¢d by Mr. Whifton to furvey the coafts of the channel.
The longitude of the city of York. was determined by Mr.
Richard Norwood, from the fame menfurations by which
he inferred the length of the degrees of the meridian be-
tween London and York,

I am



A PP ENDI X 120

I am obliged to Mr. James Short, F.R.S. for the lati-
tude and longitude of Edinburgh, the latter refulting from
the obfervations of the eclipfes of Jupiter’s fatellites, made
there formerly by himfelf : as alfo for the longitade of Port
Royal in Jamaica, computed by himfelf from the obferva-
tion of the external contact of Mercury with the fun’s limb
in the year 17573, taken by Mr, Macfarlane, The longi-
tudes and latitudes of Louifbourg, Cape Sable, and the
Straits of Fronfac, between Nova Scotia and the ifland of
Cape Breton, are taken from M. Chabert’s accurate obfer-
vations. 'The fituation of Achem, the north-weft point of
- the land of Sumatra, and that of the ifland of Pulo Timon
in the Gulf of Siamy, I have taken from the authority of
M. d’ Aprés de Mannevillette, in his Neptune Ortentale ; as
alfo the longitude of Manilla in the Philippine iflands ; the
two firft being accurately fettled by hiun fromn their latitudes
and bearings from Malacca, and the latter {fufficiently de-
termined from feveral fhort runs of thips to and from the
ifland of Pulo Condor, which 1s fettled from aftronomical
obfervations. The longitude of Callao in the South Seas
depends on that of the city of Lima, of which it is the port,
and which is known from aftronomical obfervations.

The pofitions of Cape Lorenzo and Guaquil, likewife in
the South Seas, are fettled relatively to the city of Quito n
Peru, by the trigonometrical menfurations of the gentlemen
who meafured the degrees of the meridian in Peru ; there-
fore I have fet down their longitudes agreeable to that of
Quito contained in the tables, and the diftcrence between
the longitudes of thofe places and Quito, fuppofed in Don
George Juan’s accurate chart of the weftern coaft of South
America: the longitude of Quito contained i the tables,
and wihich refults from celiples of fupiter’s furft fatellite,

N being



170 A PPENDTIZX

being much more certain than its longitude affumed in the
chart from eclipfes of the moon,

Laftly, the longitude of Panama in the South Seas is
pretty accurately determined with refpect to Porto Bello,
lying on the other fide of the Ifthmus, from which it was
found to lie only 31 minutes of a degree to the weft, by the
eftimation of the diretion, and length of the way from the
latter place to the former, made by the Spanith mathema-
ticans who went to Peru to meafure the degrees of the
meridian,

T HE E N D



