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PR EF A CE

VERY attempt towards the clearer afcer-
| tainment of the Longitude at fea will rea-

dily be acknowledged as a point of great
importance and utility to a maritime and com-
mercial nation. Daily experience {hews the
wide uncertainty of a fhip’s place, as inferred
from the common methods of keeping a reck-
oning, even in the hands of the ableft and moft
careful navigators. Five, ten, or even fifteen
degrees, are errors which no one can be fure he
may not fall into in the courfe of long voyages.
The water is fo fluid an element, and fo eafily
put in motion by the force of the wind, or the
action of the fun and moon upon it, and thefe
motions are fo readily propagated to great di-
ftances, that 1t 1s not to be wondered at, that
hitherto no means have been found out of al-

lowing for the effe@s of fuch variable and irre-
oular caulfes.

During the courfe of my voyage to and from
St. Helena, I made frequent obfervations of the
diftance of the moon from the fun and fixed

b ftars,
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ftars, in order to determine our longitude ; and
can from fuch experience venture to anfwer,
that this method, carried into practice, will,
(without difparagement to the labours and in-
ventions of others) bring the longitude to great

nearncis.

I here prefent to the public the precepts ne-
ceflary to be followed, whether in making the
obfervations, or the calculations ; being for the
moft part fuch as I have pra&ifed myfelf: and
they W11] I hope, be found much more eafy
and conc1fc than any yet propofed. In parti-
cular, I flatter myfelf, that my two rules for
clearing the obfervations of the cffe@s of re-
fraétion and parallax, will appear to reduce to
great fimplicity that part of the computation,
which was before the moft tedious and per-

plexed.

In order that T may not lcave the diligent
mariner in want of any thing effential to his
computations, I have added correé tables of the
fun and moon. The lunar equations arc taken
from the latc Mr. Mayer’s printed tables, which
I have reafon to think, applied to c*ueful ob-

fervations, will dctcrmmc the longitude al-
Ways
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ways within about a degree, and generally within
half a degree. The reader will alfo find here
many other tables, ufeful on this, as well as on
many other occahons, which might not eafily
be procured elfewhere ; particularly, a copious
table of the longltudes of places determined
from aftronomical obfervations, or inferred by
their bearings and diftances from neighbouring
places fo determined ; many of which are de-
duced from the obfervations ot the late tranfit

of the planet Venus over the fun, or from ob-
{ervations made on that occafion ;. to which are

added their latitudes. The longitudes are rec-
koned from the meridian of the Royal Obferva-
tory at Greenwich, which is only five minutes
thirty-feven feconds of longitude to the eaft of
St. Paul’s Church in London. The tables of
the fun and moon arc likewife adapted to the
fame meridian ; and the two examples of the
calculation of the longitude, the one difperfed
through the book, as an cxample of the feveral
rules, and the other placed entire towards the

end of the Appendix, are therefore made from
the fame meridian.

Having Comprifcd in {even Chapters the ge-
neral procefs for finding the langituf,lc by ob-
b 2 {ervations
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fervations of the moon, I thought it would be
of {ervice to add an Appendix, containing a
variety of interefting rules and direétions, ufeful
in particular cafes, or tending to the improve-
ment of practical navigation in other branches.
A defire of making the treatife more complete
hath Jed me to the extenfion of the latter part
of it beyond the limits I at firft propofed ; but
fhould that extenfion give it greater utility, as I
flatter myfelf it will, I fhall not think my pains
mifemployed about it, nor my reader, I hope,
deem it fuperfluous. In particular, I conceive,
that the Problem propofed and explained in
page 61, for finding the longitude from three
cotemporary obfervations only, which is new,
may on many occafions be of great ufe.

I forefee but one material objection that can
be made to the ufefulnefs of this method of
finding the longitude at fea, namecly, the difh-
culty and nicety of thc calculations. But then
I flatter myfelf, that the rules I have laid down,
demanding only care in the computer, and re-
quiring no particular knowledgc of {pherical tri-
gonometry, or the prOJc&lon of the fphere as
moft of the methods which have been formerly
propofed do, will, in a great mecafure, obviate

this
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this obje&tion. However, I own, it is rather to
be wifhed, that fuch parts of the computations
as conveniently can, were made previoully at
land by capable perfons, and publifhed, from
time to time, for the common benefit of navi-
gation ; efpecially, as not only the much greater,
but al{o the niceft part of the calculations 1s of
this kind : for if the moon’s longitude and lati-
tude were but computed for every twelve hours
in the year, and thence her diftance from the
tun, or a proper ftar on each fide of her, was
calculated carefully for every fix hours, and the
computations publithed a convenient f{pace of
time before-hand, I do not fee why the longi-
tude might not be as univerfally found at fea by
this method, as the lattude is at prefent.

Since the book has been printed off, I find I
have omitted two particulars, the obfervance of
which will conduce to the more accurate deter-
mination of the longitude ; the one refpe@ing
the obfervations, and the other the calculations,
which I fhall here deliver, and defire the reader
will pay a proper regard to.

I have mentioned, in the fecond Chapter, the
ncceflity of giving a {weep with the quadrant,

{o
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{0 as to make the ftar feem to defcribe a tan-
gent line to the moon’s limb ; but forgot 1n the
fame place to add the neceflity of obferving this
contact as near the middle of the telefcope, or
field of view, as poflible, which is as effential a
circumftance as the other ; for, unlefs a {weep
be given with the quadrant, the diftance of the
ftar may be taken from fuch a part of the
moon’s limb as is neither the neareft nor re-
moteft ; and if the conta@ be not obferved near
the middle of the field of view, the rays by
which the moon and ftar are {een, will not pafs
parallel to the plane of the inftrument, and

confequently the angle meafured will not be
cxact.

The other particular, of which I defire to ad-
vertife the reader, refpeéting the calculations, is
a {econd {mall corre@ion neceflary to be made
to the obferved diftance of the moon’s limb

tfrom the fun or a ftar on account of parallax.

In the rule delivered in Chap. V. for the cor-
rection of parallax, which is deduced from the
fluxions of the fpherical triangle, formed be-
tween the zenith, the moon, and the {fun or ftar,
as well as 12 moft other methods that have been

1 propoled
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propofed for this purpofe, the perpendicular
dropt from the apparent place of the moon up-
on the great circle joining the true places of the
moon and fun, or ftar, is taken inftead of the
fmall arch of a parallel circle, delcribed from

the {un or ftar as a pole. This rule therefore
may fometimes err a minute, if the diftance of

the moon from the fun or ftar be thirty degrees,
and more, if the diftance be lefs ; but is eafily
corrected as follows.

Call the principal effe® of parallax, found
by Chap. V. the parallax in diftance ; and with
the moon’s apparent altitude, and horifontal pa-
rallax, take the parallax in altitude out of the
Table, page 26. Then, to the conftant loga-
rithm o0.941 add the logarithm of the fum of
“the parallaxes in altitude and diftance, the lo-
garithm of the difference of the fame parallaxes,
and the cotangent of the apparent diftance of
the ftar from the moon’s centre ; the fum, de-
du@ing 13 from the index, is the logarithm of
the number of feconds required, being the fe-
cond corre¢tion of parallax, and is always to be
added to the diftance of the ftar from the
moon'’s limb, firft corre&ed for refracion, and
the principal effect of refraction, as by Chap. V.

€XC€Pt
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except the diftance exceeds go degrees, in which
cale it 1s to be fubftra&ed.

In the example difperfed through the book,
by way of illuftration of the rules, the apparent
diftance of the ftar from the moon’s centre was
s1d. 3om. the parallax in diftance was found
20:im. in Chap. V. and the moon’s horifontal
parallax being 56:m. and her apparent altitude

12d. 26m. the parallax in altitude, by the table,
page 26. 1s 55 m.

Conftant logarithm — —_— 0.941
Sum of par. in alt. and dift. 55'+20'=7; logarithm 1.875
Dift, of par. in alt. and dift. 55 —20'=3; logarithm  1.544
App. dift. of ftar from moon’s centre 51d. Jom. cotang. g.9oo

Sum, abating 13 from the index, 1s

1.260

The logarithm of 181, the fecond corretion of
parallax, which, added to 51d. gm. 32{ the
truc diftance of the ftar from the moon’s centre,
cleared of refradtion, and the principal effe@ of
parallax, at the bottom of page 43, gives 51d.

gm. sof. the true and abfolute diftance of the
ftar from the moon’s centre. If the computa-

tion in Chap. VI. be repeated with this diftance
corre@®, the difference of the moon and ftar’s

Jongitudes



longitudes will come out $8{. greater than was
found in page 48, or grd. 12m. 231 whence
the longitude of the moon inferred from obfer-
vation fhould be 8S. 11d. 44m. 13{. and the
difference between this lengitude and that com-
puted from the tables, fee Chap. VII. will be
47{. which, multiplied by 28+, gives 1321 fe-
conds, or 22 minutes, by which the fhip is weft
of the account.

I have applied this corre@ion to the obferva-
tions made in my voyage home from §t. Helena
to England, though it has in none of them ex-
ceeded half a minute ; the reafon of which i1s,
that I never took the diftances of the moon
from ftars under 25 or 30d. but rather chofe
them at the greateft diftances, even up to god.

In my voyage out this corre@tion was lefs ne-
ceflary, moft of the obfervations being made ei-
ther about or under the latitude of 30 degrees,
where the ftars rifing and falling more nearly

perpendicular, than in higher latitudes, the angle
of pofition at the moon, contained bctween the

two great circles pafling from thence, one thro’
the ftar, and the other thro’ the zenith, will be
{imaller, and confequently the corre&ion in quel-

c tion,
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tion, being as the fquare of the fine of that
angle, will be fmaller alfo.

In ftrictnefs, a fecond corre@ion ought to be
applied on account of refraction, as well as of
parallax ; but as this can only be neceflary when
the moon or ftar are very near the horifon,
namely under three degrees of altitude, and the
obfervations ought never to be taken fo low, on
account of the variability and irregularity of the
refration itfelf, this corre&tion may be fafely
omitted, as of little confequence in practice.

CONTENTS
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T H E ..
BriTisH MARINER’s Inftru&ions

For FINDING the
L ONGITUDE
By SEA anp L A N D.

C HA P I

Of the INSTRUMENTS' neceflary to be ufed in
mabng the Obfervations.

L L the mﬁruments neceﬂ'ary for determining the
longitude by obfervations of the moon, are a Hadley'’s
quadrant, and a tolerably good watch, The qua-

drant thould be of about eighteen inches radius, and, if not
made all of brafs, thould be framed of well—feafoned wood,
with a brafs arch and index. The Vernier’s fcale muft be
made to carry the fubdivifions to fingle minutes ; and the
eye may itfelf fubdivide ftill nearer to a fraction of 2 minute,

elpecially if aflifted with a magnifying glafs.

If the inftrument be made a fextant, in which cafe it will
meafure 120 degrees, it will be very convenient for mea-
furing the diftance of the fun and moon for two or three
days after the firft, and before the laft quarter, which cannot
be done if it be made, as they ufually are, to meafure only

8 90 (e~



2 Of the Infiruments neceflary
go degrees. And the obférvatior of the diftance of the fun

from the moon cannot be rendered too frequent, being more
cafily, and, in gefleral, mbre exadly olefved,: than: the: di-
ftance of thé moon from a ftar in'the night : befides which,
it is attended with another very great advantage, that the
time of the day may be then dgeély afcertained by an alti-
tude of the {un, taken by an afliftant at the very inftant of the.
meafurement off Qhe difthnce *of the fun ftfom the ‘moon,.
without depending upon the going of a watch for fome
hours, as will be generally neceflary,, where the diflance of
the moon from'a ftar is taken in the night.

The motion of the hand alone will not be exaét and

fteady enough for moving: the mdex in thefe nice obferva-
tions of the meafurément of the diftance of the moon from

the fun.or a flar.. Therefore it will be neceflary to perforin
this motion by méans -of a- fcrew ; for, the quadrant being
often to be held"in a *very .inclined plane, it will be often
impracticable, on account of the motion of the fhip, to make
the bbfervation inftantaifeounily ; but;- by means of the fcrew,
the index may: b maved by - gentle degteés, and each time
after altering the fetew, the dquadrant muft be tarned by the
hand round-the vifual ray, geing to the flar as an axis, {o as
to make -the moor’s limb pafs by the flar, til at laft, in
paffing by, it exaltly coincides with it. -

Befides the two dark glaffes ‘commonly applied to thefe
inftruments, there muft be added a third, much lichter than
the others, in order to take off the exceflive brightnefs of the
moon,’and the glare upon the horizon glafs, which always
attends it, except when the moon’s crefcent is- {mall, or her
light is accidentally weakened by a thm cloud.

The



Jb\piaking -tke - Qlfervatiqny. 3

The Ypecukams; gs: well - 95 dark glafleg, smult be grougd
‘wuh thmr {urfaces -truly, lanc,. and, parﬁ}e) to each qther ;
for the doing of wh;ph, I underﬂ;and that fome the ap-

tical mftrument sapkesies are now mdtess of; 2 particylar and
infallible methad, : The performpnce of many qyadrants,
otheswife very exa, -is fpoiled.by an.ippesfedion, 1n’ thls

partictilar ; and therefore too much care ;capnpt be taken
about' it, | |

The contaét of a ftar wmh -the moon 'S llmb wnll be ren-
dered' mueh more difcerpible’ hy- the help of a fmall tele-
fcope, magnifying two or three,times, This myft be con-
trived to have a_motion pagall¢l to itfelf, (hke a parallel
ruler) by which it may; bf: brought nearer to, or carried
farther from, the pland;of the uadrant ; and the moon,
which is feen always, by reﬂec'tl,on, ‘will appear more or lefs
bright, according .as .mpte or lefs of her light is received
by the telefcope from the wqpickfilvered. part of the obje&t
fpeculum ; or, by' raifinp the telefcope flill higher, fhe will
be feen entirely-by refle@ion from the unfilvered part of the
{peculum, whn:h is generally the t_noﬂ: convenient.. 'The
objedt glafs :of the telefgope may be made to flide, in its
tube, in order to -adjuft 1t to the. moﬂ: perfet diftin&nefs,
for the eye of ‘the obferver.

Previous to all ebfervations, but partlcularly that of the
diftance of the moon trom the fun, or ftar, for finding the
longitnde, the obfervér fhould adjuft his quadrant with the
greatelt ‘care ; :a point'of equal confequence with the exa&
obfervation - of the diftance of the moon from the ftar:
This is fo much the more neceflary, as the adjuftment is
{ubjet to alter fenlibly, even from one day to another. The
beft ebject of all for this purpofe is the horifpn. of the fea,
when clear, and the examination is made beft without the

B 2 telefcope ;
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telefcope ‘5 only, if the obferver is at all’ thort-fighted, he
-oughit to make ufe of a concave glafs, properly fuited to his
eye, as he ought likewife to do in all other obfervations
made without the 'telefcope, as particularly in taking the
altitudes of ftars, or of the moon in the night. The ob-
ferver fhould be careful always to examine the adjuftment
of his quadrant in the day-time, when the horifon is to be
feen clearly, and particularly in the afternoon when he ex-
pects to make an obfervation the enfuing night.  Should he
have failed of making this examination the afternoon before
an obfervation, 'he may eéxamine:what the error was, if any,
the next morning, or he may make this examination by
means of the moon itfelf, in which cafe 1t will be beft to
ufe the telefcope. Inftead of freth adjufting the quadrant
‘before every obfervation, perhaps the following method of
examining and allowmg for the etror of it, may be more
advantageous. Turn the index of the quadrant till the ho-
rifon of the fea, or the moon, or any other proper object,
appears as one, by the 'union of the refle®ed image with
the obje@ feen directly ; ‘then the number of minutes, by
which o on the index differs from .o on the arch, is the
error of the adjuftment. If o ‘on the index ftands advanced
upon the quadrant before, or to the left hand of o on the
arch, that number of minutes is to be fubftracted from. all
obfcrvatlons but if it ftands oft the arch behind, or to the
right hand of o on the arch, it muft be added to the ob-
fervations, By examining the érror of adjuftment in this
Manner, by at leaft -three trials, and- taking. a’ medium of
the refults, one can fcarce err above half a minute.1n deter-
‘mining the precife quantity of the error of the quadrant,
whereas one may be miftaken a minute or more in adjufting
the quadrant, which is but a fingle operation. The oblferver

would do well to wrlte down In a book the error of adjuft-
* K ment
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ment thus found, and which way it is to be applied, whether
it is additive, or fubftraltive.

Befides this adjuftment, which is familiar to every one
who ufes the inftrument, there is another, which is too little
known, and too little regarded, the negle&t of which is often
of great prejudice in common ufe, but would entirely de-
feat the end of thefe nice obfervations : I mean, the fetting
of the little fpeculum to a parallelifm with the great one,
by the fcrews on the forefide of the quadrant. The man-
ner of doing it is this: Hold the plane of the quadrant pa-
rallel to the horifon, and the index being brought near to o,
if the horifon of the fea, feen by refleCtion in the little {pe-
colum, 1s higher than the diredt horifon, feen by the fide
of it, unﬁ:rew the neareft ferew a little matter, and f{crew
up the oppofite one, till the dire&t and refleCted -horifons
agree nearly. But if the reflected horifon is lower than the
true horifon, unfcrew the fcrew furtheft from you, and
fcrew up the neareft {crew, till the two horifons agree nearly,
taking care to leave the fcrews both tight, by {crewing them
up equally, if they are flack. If the refleted horifon fhould
not differ more than five minutes from the true one, it wilk
be of no ill confequence. This adjuftment, when once
well made, will feldom want correction, provided the {crews
are fufhiciently tight, and that they have not been touched.
Neverthelefs, for fear of any accidents, it will be proper to
examine it, from time to time, in order to be aflured that
no material alteration has happened ; for a deviation of fo

fmall a quantity as four or five minutes can be of no
prejud.ice..

CHAP
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Of the Obfervations neceffary to be made for find-
ing the Longitude at Sea, and the Manner of

_ making them.

HERE are four obfervations neceffary to be made,

- according to the method here propofed, in order to
determine the longitude at fea: The firft is an altitude of
the fun, or fome bright ftar, for regulating a watch, by which
the other abfervations are to be made, or, at leaft, for deter-
mining exaclly the error of its going. The next obfervation
15, the diftance of the moon’s enlightened limb from the fun,
or a ftar. The third and fourth obfervations are, the alti-
tudes of the moon and the {un, or the ftar, from which the
moon’s diftance is obferved, to be taken by two obfervers
affifting the perfon who takes the diftance of the moon from
the fun, or a ftar, at the very inftant, or, at the utmoft,
within 2 minute of the time he gives notice that he has
compleated his obfervation. At the fame inftant, or at moft
within a quarter of a minute, and before the obforvers at-
tempt to read off the degrees and minutes from their qua-
drants, fomebody muft note the hour, minute, and quarter
part of a minute of the watch, regulated as mentioned before,
Only, if the diftance of the moon be taken from the {un, the
altitude of the fun, taken at the fame inftant, will determine
the time without the ufe of a watch; and therefore the firft
obfervation mentioned above will not be neceffary. But if
it be propofed to obferve the diftance of the moon from
a ftar in the night, the altitude of the {fun will be ne-
ceflary for regulating the watch, and fhould be previoufly
taken in the afternoon, not {ooner than two o'clock ; b}ut
tire
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the nearer he is to being due weft, the better ; only .cats
fhould be taken, that their altitudes be not mach under five
degrees, on account of the uncertainty of refraflion neas
the horifon. Or, if an altitude of the fun was not taken
the afternoon befare the obfervation of the diftance .of the
moon from the ftar, it might be taken the next morning
after, for a good common watch would not vary above a

minute in that interval of time, which produces an error
only of a quarter of a degree of longitude.

Could the altitude of the bright ftars be taken with
certainty in the night, there would be no occafion to depend
upon the going of a watch at all. In fine fummer nights,
or when there is any fmall appearance of twilight, thofe
obfervations may be made very well: and on fuch occafions,
to make them ufeful for deriving the time, the ftars muft
be fo chofen, as not to be lefs than two hours from the
meridian : the nearer they are to the prime vertical, or fo
being due eaft or weft, the more exa& they will be for this
purpofe. But in general, the altitude of ftars admit of teo
much uncertainty for the purpofe of finding the time, though
exact enough for the ufes intended to be derived from the
third and fourth obfervations, in computing the effect of re-
fraction and parallax. The altitude of the fun’s lower
limb muft be obferved, as in the meridian obfervation, ex-
cept the air thould be foggy, and the fun’s limbs ill defined,
in which cafe 1t is better to take the altitude of his centre.

In order to take the diftance of the moon from the fun,
the obferver muft look at the moon direétly through the
unfoiled part of the hittle {peculum, and having firft let
down one of the dark glaffes ufed in taking the meridian
altitudes, and having likewife brought the plane of the qua-
drant nearly into the arch of a great circle, going through

the
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the {un and moon, he muft fhift the index gradually, and
move or fweep the arch of the quadrant alternately to the
right hand and left, till he fees the fun and moon in view
together, and has brought their neareft limbs almoft into
contat. Let him then {crew down the plate to the arch,
containing the fcrew which is defigned to give a more mi-
nute and regular motion to the index, and while he moves
the index by the turning of the fcrew, or immediately after,
he muft turn the quadrant round the vifual ray, going to the
moon as an axis, {o as to make the fun feem to pafs by the
moon’s limb. Thefe operations are to be repeated till the
neareft limbs of the fun and moon, in their apparent paffage
by each other, exadtly touch one another outwardly at their

neareft approach, without cutting one into the other, which
compleats the obfervation.

But, in order to take the diftance of the moon from a
ftar, the obferver muft look at the ftar dire@ly, and holding
the plane of the quadrant fo as to pafs nearly through it and
the moon, he muft move the index (juft as in the obferva-
tion of the diftance of the moon from the fun) till the ftar
appears almoft in contalt with the moon’s enlightened limb,
whether it be the neareft to, or furtheft from, the ftar. If the
moon’s enlightened limb be that furtheft from the flar, the
moon’s reflected image muft be brought beyond the ftar.
Only if a telefcope be ufed of the fort which fhews objects
upfide down, it muft be carefully noted, that when the en-
lightened limb is really neareft the ftar, the moon will ap-
pear as if {he were brought beyond it; and when the en-
lightened limb is really furtheft from the ftar, the moon
will appear as if fhe were only brought to it. Before the
full, the weftern limb is the enlightened limb; and after
the full, the eaftern one ; though this may be judged of

certainly by the eye, within a day of the full on each fide.
The
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The lighteft dark glafs will generally be requifite in thefe
obfervations ; and the fcrew being applied for moving the
index, muft be turned gradually, and the quadrant at the
fame time, or immediately after, turned round the vifual
ray, going to the ftar as an axis, fo as to make the moon’s
limb fecm to pafs by the ftar; which operation muft be
repeated till the middle of the flar (for it will fometimes
appear of a fenfible breadth) fhall, at the moou’s neareft
approach, appear to pafs exaltly upon her limb, without
entering further within it,  'The obfervation being thus
compleated, whether of the diftance of the fun and moon’s
limbs, or of a ftar from the moon’s limb, the obferver has
nothing to do but to read the degrees, minutes, and fraction
of a minute, which he muft eftimate by his eye, oft the
quadrant ; unlefs, which will be more convenient, he aflifts
his fight with a {inall magnitying glafs, of one and a half or
two 1nches focus.

The following cautions to be ufed in reading off the ob-
{zrvations may not be fuperfluous, To hold the quadrant
with the arch towards you, and the center directly from
you, and to place your eye fully oppofite, and nearly per-
pendicular to that part of the arch where the nonius appears
to coincide with the divifions ; holding alfo the magnifying
glafs, 1f you ufe one, ftraight before you, and parallel to
the line of the divifions, and taking care to have a full and

true light, equally illuminating the part you look at, both
to the richt hand and to the left,

It may be proper to take notice, that it will be neceflary
to invert the quadrant, that is to fay, to hold it with its
face and centre downwards, when the objec, whether it be
the moon or the ftar, which is to be feen directly, is to the

right hand of the other obje@ in the heavens, which is
C to
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to be feen by refleCtion, This will be made familiar by
a little experience.

It has been obferved above, that the two other obferva-
tions, namely, the altitudes of the moon and fun, or flar,
muft be taken by two other obfervers, at the fame inftant,
or at leaft within a minute of the taking of the diftance of
the moon from the {un, or ftar. The altitude of the moon’s
upper or lower limb muft be taken according to the illumi-
nation of her difk. A little practice will make 1t eafy to
take the altitude of the upper limb, which 1s difficult at
firft, as the moon’s upper limb, at her loweft defcent, muft
be made to {weep the horifon above her. But in dark
nights it is better not to attempt to give the fweep at all,
but to hold the quadrant as nearly perpendicular to the ho-
rifon as you can judge by your eye. Further, thefe obfer-
vations of altitudes in the night will be made better, as the
horifon will be feen much clearer, by removing the little
hole ufed in moft quadrants to limit the fight, or by looking
by the fide of it, which will produce no error that will bg
here of any prejudice.

It may be expected that I thould fay fomething with re-
fpe¢t to the degree of exactnefs that may be attained in
thefe feveral obfervations ; I {hall theretore freely deliver
my opinion in this refpe@, which I think myfelt {uthciently
warranted in doing, from the repeated obfervations I have
taken on board of thip, as well as on {hore, without ever
finding myfelf deceived. ¢ That the altitudes of the fun
“ may be taken with good quadrants to one, or, at the moft,
“ two minutes, if the horifon be tolerably clear ; therefore,
‘“ the time may generally be found by the fun, within a
« quarter, or at moft, half a minute, even in thefe great
“ northern latitudes, which i1s a degree of exaltnefs fufhi-

4 ““ clent
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cient for the purpofe. That the diftance of the moon
from the fun, or a ftar, may be taken with good qua-
drants, well re@ified, to about a minute, when the fea is
not very rough ; but even in rougher weather, if it does
not approach to a ftorm, Iapprehend, a careful obferver
cannot well be miftaken above two nmunutes in the ob-
fervation, which produces an error ouly of about a de-
ore¢ in the determination of the longitude ; and even
then, by taking a medium of feveral obfervations, he may
arrive at a ftill greater exatnefs. The altitudes of the
moon and a ftar, taken in the night, I own, admit of
much greater degrees of error ; but then, fortunately, it
1s not required to have thefe altitudes with the fame ex-
aCtnefs as is neceflary in the other obfervations ; fince an
error of a whole degree in them will feldom be of more
prejudice, than an error of a fingle minute in mealuring
the diftance of the moon from a ftar; therefore, ten or
twenty minutes can be of no great prejudice ; and a cafe
{carce ever occurred in {o many obfervations, where the
altitudes could not be taken within thefe limits. But
thould a cafe occur in practice, as it rarely will, that they
cannot be properly obferved, a rule is given at the end
for computing them.”

It has been here fuppofed, that the obferver is acquainted

with fome of the principal ftars by fight, and alfo, that he
knows which of them he ought to chufe, in order to mea-

fure the diftance of the moon from ; for every ftar is not
proper for this purpofe. -

The following direCtions will inftru@ him in thefe

particulars. 'The table in- page 4, contains a catalogue of
twelve ftars of the firft and fecond magnitude, which are
all that he will ever have need of, and therefore all that

C 2 he
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he ought ever to ufe for this purpofe, being chofen ncareft
to the zodiac. Out of thefe he muft fele&t one in this
manner, either to the eaft or weft of the moon, according

as circumflances will admut,

Let him find the moon’s longitude and latitude from any
common almanack, or ephemeris, at the time he intends 1o
make his obfervations ; or, if he is deftitute of an ephe-
meris, he muft compute the moon’s place to the given
time, reduced to the meridian of Greenwich, which 15 that
of the tables, by adding at the rate of an hour for ¢very
fiftcen degrees he is to the welt, or fubftraltine, if to the
caft of 1t, (which muft alfo be done, if he makes ufe of an
ephemeris). In making this computation, he may negleét
the equation of time, the ten {mall equations, the equation
of Anomaly, and the node, and the reduction to the cclip-
tic ; and only take 1n the equations of the centre, evection,
and variation : he may alfo neglet the correcion of the 1
titude, called latitude 2d. Having obtained the moon’s
longitude and latitude nearly, it he wants a ftar to the eaft
of the moon, he muaft lock 1 Table, p. 4. for one having a
ereater longitude than the moon ; or if he wants a ftar to
the weft of the moon, Le muft look for one having a lefs
longitude than the moon, and mutt fo felect it, that its
longitude may differ at leaft ten degrees from that ot the
moon ; how much more, does not hgmfy- and that the
difference of their latitudes, 1f they are both north, or both
{fouth, or the fum of their latitudes, if one is north, and
the other fouth, may not exceed the limits of the table in
page 4. Should he not be able to find a ftar within the
limits of the table, which will hardly cver be the cafe, let
him chufe one which approaches neareft to them. I {hould
advile always the uling one of thefe feven ftars of the ca-
talogue, Aldebaran, Pollux, Regulus, the Virgin’s Spike,

Antares,
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Antares, Fomalhaut, or Markab, in preference to any of
the remaining five ftars, unlefs the former fhould very much
exceed the limits of the table in page 4. as, being brighter,
they will be ealier found, and alfo their contat with the
moon’s limb bet:.r difcerned than that of dimmer Rars,

An eafy method now ofters itfelf for the obferver to find
the ftar in the heavens, thould he be unacquainted with it by
fight.,  He has nothing t» do but to {et the index of his
quadrant to the number of degrees exprefiing the difference
of the longitudes of the moon and ftar, and dire& his fight
either to the eaft or weft of the moon, according as the
longitude of the ftar 15 greater or lefs than that of the moon;
and having found the moon upon the little fpeculum, let
him give a {weep with the quadrant to the night and left,
and he will find the ftar he feeks for nearly in a line per-
pendicular to the line of the moon’s horns, or longer axis, or,
which is the fame thing, in the line of the moon’s ﬂlorter

ax15 produced.

In order to attain the greater degree of exactnefs, it will be
better to repeat the obfervations, ull at leaft three diftances
of the moon from the flar, and their correfponding altitudes,
are obtained ; but the more that are taken the better. The
{fum of all the oblervations of the diftances, divided by the
number of them, is to be regarded as the diftance at the
middle time, which 1s 1 like manner obtained by adding
together all the times {hewn by the watch, and dmdmg
their fum by the number, as before. In like manner, the
mean of the correfpendent altitudes muft be found. But
the interval of time between the extreme obfervations muft
not exceed haif an hour ; if it does, each obfervation muft
be cleared of refraction and parallax feparately, and the me-

dium of the diftances mult be taken, after they are thus
correted,
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correted. Or the obfervations, if numerous, may be di-
vided into feveral f{ets, each included within the limits of
half an hour, and the medium of each being taken, and
cleared of refration and parallax, their medium may be
taken as the true and correét diftance at the mean of all
the times.

I {hall now recite a fet of aGual obfervations, taken by
mylelf, and the officers of the thip, upon our coming into
the Britith channel, on our return from St. Helena, in the
night preceding the morning on which we made the Scilly
iflands ; by computations from which, I fhall exemplify
each precept as I go along, and laftly deduce the true lon-
gitude of the fhip at the ime. But 1 muft here give a ge-
neral caution once for all, and defire the obferver to take
particular notice, that the time made ufe of in the following
compatations 1s according to aftronomical reckonmg, which
begins the day from the preceding noon. The denomina-
tion of the day at noon is the fame in the nautical, in the
civil, and in the aftronomical account ; but as 1t is the cul-
tom of mariners to entitle the day’s works in their journals
by the noon at which the day’s work ends, thefe compu-
tations are to be made according to the day of the month
with which the day’s work begins ; or, in other words, the
compuatations falling in with the time of any day’s work in
the log-book, muft be made from the day of the month,
which is lefs by one than the title of the journal. Thus,
in the following example, the obfervations fall in with the
time of the day’s work in the log-book, which is entitled
May 10 ; but in the computations muft be reckoned to be-
long to May ¢, and to fuch hour, minute, and {econd, as
they follow the noon of May ¢ ; fo that if they happen af-
ter midnight, they are not to be reckoned 1, 2, 3, &c. in
the morning, but 13, 14, 15, &c. hours, counting the hours

up
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up to 24 hours, or the next following noon. In the ex-
ample, the altitude of the fun taken n the afternoon is to
be entitled May 9, 1762, ¢h. s5m. 26{, P. M. by the
watch. The mean of the three diftances of the moon from

the Virgin’s Spike, May g, 11h. 33m. 42{. P. M. by the
watch. The altitude of the fun the following morning,

May ¢, 20h. 31m. 30f, P. M. by the watch,

Obfervations made May g, 1762, on Board of the Warwick

Eafi- Indiaman, upon coming into the Channel, on our Return

Jrom St. Helena to England, a few Hours before we made
the Scilly Iflands.

May 9, 1762, time per watch, sh. som. 26{ P. M,
Apparent altitude of the flt)m’s lower limb from the horifon
of the {ea was taken 8deg. 35:m. There 15 3:m. to be
added for the error of the adjuftment of the quadrant. The
height of the eye above the furface of the fea was about 2¢
feet. Our latitude at this time, by allowing for the {hip’s run
fince noon, was 29d. 2m. N. and our longitude, by ac-

counf, 7d. 11m. Weft of the Raoyal Obfervatory at
Greenwich. -

Intending to take the diftance of the moon from fome

ftar about midnight, I turn 7d. 11m. our longitude reck-
oned from Greenwich, into time, by the table in'page 3,

which produces 28m. 44{. which I add'to 12 hours, be-
caufc we were In welft longitude, gives 12h. 28m. 441 or
12z h. P. M. nearly by the meridian of Greenwich, to which
time I ought to find the moon’s longitude and latitude by
any ephemeris, caleulated for this meridian, or that of Lon-
don. But fuppofing I had no ephemeris at hand, I mutft
then make a rough calculation, according to the diretions
given in page 12, as follows.

Mean
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Mean Long. of © Long. O’s Apog.
S. ¢ ! S. ¢ d
1762, 9 10 6 3 8 49
May. 3 28 17
D. 9. o 8 52
H. 12. 0O o0 30
M. jo0. O O I
I 17 46 —3 8 49
Equa. of O’s centre4- 1 28 1 17 46
Long of © 1 19 14 10 8 57 Mecan An. O
Mean lL.ong. b Mecan An. » Long, &
S. 0 / S. Q ’ S. v /
1762. 11 10 3I 1 11 17 1 18 13
May. 4 21 10 4 7 48 o 6 21
D. 9. 3 28 35 3 27 35 o o 28
H 12. o 6 35 o 6 32 O 0 1
M. 3o0. o o 16 o o 16 — 6 50
8 7 ¥ 9 23 28 I 11 23

Eq. of centre 4+ 5 37 Arg. XI of centre.
e e g, o 7

8 12 44 Arg XIL of eveltion 3- 12 18
Evection — 1 19 Arg. XIII of vaniation 6 22 11

8§ 11 25

Variation -+ 28

D’s Long. 8§ 11 53

P’s 8 I 11 23

Arg.of Lat. 7 o0 30
D’s Lat. 2 379,

With the fun’s longitude, 15, 19d. 14m. I take the
equation of time out of the table, p. 9, — 3m. §4{. which
ought to be fubftracted from 12 h. 3om. but being fo fmall,
I neglect it in this rough calculation,

The
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The moon's long. being thus found to be 8S. 11d. ¢3m.
and her latitude 2d. 37m S. I find, by the help of the
tables in page 4, that the Virgin’s Spike is a proper ftar to
compare the moon with, their difference of longitude be-
ing s1d. 22m. and their difference of latitude being only
cm. the Virgin’s Spike having lefs longitude, and confe-
quently being to the weft of the moon. Bat as the .full
moon is paft, the eaftern limb is the enlightened one, which
being moft remote from the Virgin’s Spike, 16 m. muft be
added to 51d. 22m, for the moon’s femidiameter, 'which
gives g1d. 38m. for the diftance which the moon’s limb
will have from the Virgin’s Spike, which is exa& enough
to fet the index of the quadrant to for obfervation, and
thence to find the ftar, if it was not known.

Sequel of the Obfervations.

1762, May g. Time by the watch, 11h., 26m. 43f.
P. M. Diftance of the moon’s eaftern and remoteft limb
from the Virgin's Spike was meafured g1d. 38m. by the
Hadley’s quadrant ; but 35m. is to be added for the error of
adjuftment, At the fame time, the apparent altitude of the
moon’s lower limb from the horifon of the fea was obferved
11d. §6m. and the apparent altitude of the ftar 2¢d. 40m,

both including the dip, about 4m. but free from any error
of the adjuftment of the quadrant.

In like manner, at 11h. 32m. 35{. and 11h. 41m. 43
P. M. by the watch, the apparent diftances of the moon’s
limb from the Virgin's Spike, by the quadrant, were 51d.
4om. and gt1d. 44 m, the apparent altitudes of the moon’s

lower
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lower limb from the horifon of the fea, 12d. 1Sm. and
12d. 39m. and thofe of the ftar 25d om. and 23d. ¢7m.

Though the altitude of the fun taken in the afternoon
might be fufficient for correcting the watch, yet for regu-
Jating it with greater certainty, another altitude of the fun’s
lower Iimb was taken the next morning at dh. 31m. 301.
or rather adding 12 hours, at 20d. 31m. 30{. P. M. and
was found 42d. 22xm. There 1s 2. m. tobe added for the
error of the quadrant. The height of the eye above the
fca was about 17 feet. Our latitude at that time was 49d.
qom, N. and we had made 39m. of longitude to the eaft,
fince the altitude of the fun taken in the afternoon,

CHAP
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To compute the apparent or folar Time from the
obferved Altitude of the Sun, or a known Star,
and thence to find the apparent Time of the

Obfervation of the Diffance of the Moon from
the Sun or Star,

HE firft thing to be done in computing the longi-

1 tude from the obfervations given, is to find the hour
of the obfervation of the diftance of the moon from the fun
or ftar. In order to this, we muft find the error of the
watch, that 1s to fay, how much it is too faft or too flow,
by the altitude of the fun or bright ftar taken for this pur-
pofe. From the obferved altitude of the fun’s lower limb,
fubftract the fum of the dip and refrattion, taken out of the
tables in page 1, and to the remainder add 16 minutes for
the fun’s femidiameter, and you have the true altitude of the
fun’s centre. Or, if the fun’s upper limb was obferved,
{ubltra& the fum of the dip, refration, and 16 min. for the
fun’s femidiameter ; but if the altitude of his centre was
taken, fubftract the fum of the dip and refraction. Sub-
ftract the true altitude of the {un thus found from go deg.

and you have his true zenith diftance.

In like manner the obferved altitude of a ftar maft be
leflened by the fum of the dip and refraction, and the com-
plement to go is the true zenith diftance. Take the decli-
nation of the fun out of the tables, which are to be found
in all books of navigation, which declination being com-

puted for the noon of fome fixed meridian, fuppofe London,
D 2 muft
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muft be correGed by allowing both for your longitude
from thence, and the diftance of the time from noon efti-
mated nearly. The beft way s to add your longitude from
London or Greenwich, turned into time, to the hour of the
day, if you are to the weft of it; or fubftrat it, if you are
to the eaft of it, which gives the true hour at Greenwich;
and fay, as 24 hours is to this number of hours, fo is the
fun’s daily variation of declination from noon to noon, to a
number of minutes, which add to the fun’s declination in
the table at noon, If it is increafing, or f{ubftract if 1t 15 de-

creafing, and you will obtain the fun’s true declination
required.

The ftar’s declinations are found in the table, page 2 and-
3. The fun or ftar’s declination, if of the fame denoinina-
tion with the latitude of the place, fubftra® from go deg.
but if of a different denomination, add to go deg. and you
have the diftance of the ftar from the pole of the world,
which is above the horifon. Find alfo the latitude of the
(hip at the taking the akitude of the fun or ftar, by allow-
ing for the fhip’s run from the latitude determined by the
laft mer:dian obfervation, and take its complement to go,
or the colatitude. Now add together the zenith diftance,
polar diftance, and colatitude, and take half the {fum ; then
add together the arithmetical complement of the fine of the
colatitude, the arithmetical complement of the fine of the
polar diftance, the fine of the half-fum found above, Jeflened
by the colatitude, and the fine of the faid half-fum, leflened
by the polar diftance; half the fum of thefe four loga-
rithms is the fine of an arc, which doubled gives the true
diftance of the fun or ftar from the meridian. Five places
of logarithms will be fufficient in this computation. The
diftance of the fun from the meridian turned into time, at
the rate of an hour for every 15 degrees, and 1 minute of

timce
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time for every 1§ minutes, and 1 fecond of time for 15 fe-
conds, which 1s expeditioufly done by the table in p. 3 and 4.
gives the apparent time of the day, if it be the afternoon ;
or, fubftracted from 12 hours, gives the apparent time of
the day, if it be forenoon.

To find the apparent time from the altitude of a ftar,
fubftra& its diftance from the meridian from its right afcen-
fion (taken out of table page 2 and 3) if it be to the eaft
of the meridian, or-add it-to the right afcenfion, if it be to
the weft of the meridian ; the difference or fum is the right
a{cenfion of the mid-heaven. To the time of the day efti-
mated nearly, add your longitude from Greenwich, turned
into time, if you are to the weft of Greenwich ; or fubftra&
the longitude turned into time, if you are to the eaft of
Greenwich, gives the time reduced to the meridian of
Greenwich ; to whichcompute the fun’s longitude, accor--
ding to the diretions in the beginning of the next chapter,
and hence find his right alcenfion by the table, page 27
and 28, making a proportion for the minutes of the fun’s
longitude above the next inferior degree. Now fubftradt:
the fun’s right afcenfion from the right afcenfion of the mid-
heaven; borrowing 360 degrees, if neceflary ; the remainder
turned into time, by table 1n page 3 and 4, is the apparent
time, reckoned from the preceding noon,

The difference between the apparent time thus found,
whetier by the altitude of the fun or a ftar, and the time
thewn by the watch, at the inftant of taking the faid alti-
tude, fhews how much the watch 1s too faft or too flow for
apparcent time, which difference heing applied as a correc-
tion to the time thewn by the watch, when the diftance of

the moon from the ftar was taken; being-added thereto if
the



22 To compute the apparent Time,

the watch is too flow, or fubftrated therefrom if it is too
faft, gives the apparent time of the obfervation.

Example of a Computation of the apparcnt Tine from tle
Altitude of the Sun, recited above, taken May g, 1702,
sh. gsm, 2614, P. M. per Watch

o !
Altitude of the fun’s lower limb by the quadrant 8 35+
Add. on account of the error of the quadrant + 3z
Altitude of the fun’s lower limb correGted 8 19
Subftract fum of dip 5', and retraction 6’ — II
True alutude of the fun’s lower imb ~ emeeee § 28
Add femidiameter of the fun mamatscane 4 16
8 44
Subftralt from e e 90 o©
True zenith diftance of the {un — 81 16
Diftance of the fun from the elevated or north pole,
=q0%—17° 28" his declination at that time =72 32
Complement of the latitude =qo---49° 21’ =40 39

Sum of zen. dift. of fun. pol. dift. of fun, and colat. 194 27

Half the fum 97 133
Ar. compl. fin. colat. 40.39 0.18613
Atr. compl. fin. pol. dift. 72.32  0.02050

Sin. of 1 fum — colat.—=¢7° 137 —40° 39'=56.34 9.92148
Sin.of 5 fum—pol. dift.=g¢7 13;—72 32 =24.413 9.62090

Sum of four logarithms e 19.7490T
Halt fum ——— 0.87450
Is fine of 48° 30;°

2

Sun’s horary angle 97 1
This,
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This, by table, page 3 and 4, gives the apparent time,
6h. 28m. 4. P.M. The time by the watch was gh.

cem. 26{. P.M. Hence the watch is 32m, 33 £ too flow

for apparent time,

I {hall now give an example of the computation of the
time from the altitude of the Virgin’s Spike, recited above,
taken May g, 1762, at 11h. 26m. 4:{. P. M. per watch,
at the time of taking the firlt diftance of the moon from
the Virgin’s Spike. But this is to be looked upon only as
an example of the method of calculation, the time deter-
mincd from hence not being to be depended on fo exaltly
as that from the altitudes of the fun, for want of a better
horifon. The latitude of the fhip at that time was 49d.
23m. N. and fhe had made 17, m. of longitude to the eaft,
fince the altitude of the fun in the afternoon. The right
afcenfion of Spica Virginis is at this time 198d. 1om. 371.
and its declination gd. 54m. 45{. S.

Obferved altitude of Spica 25 40
Subftra&t fum of dip 4', and refraction 2’ - 0
True altitude of Spica e 25 34
QO

Subftralt from go leaves true e 64 26
Zenith diftance of Spica Virginis, diftance of

Spica from elevated or north pole = go

+9° 55 = , 99 55
Colatitude =g0---499 23'= 40 37

Sum of zenith diftance of the ftar, polar diftance
of the ftar, and the colatitude === 204 358
Half fum e e 102 29

g gl -

Ar,
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Ar. compl. fin. colatitude 40.37  0.18642
Ar. compl. fin. pol. dift. 09.55  0.00654
Sin, half fum ---colat.  =102.29---40.37=01.52  9.94540
Sin. half fum --- pol. dift. =102.29---99.55= 2.34  8.05110

Sum of four logarithms 18.78940
Half fum — — 9.39473
is fine of e — 149 227
2
Doubled, 1s horary angle, 28 44%
or diftance of Spica Virginis from the me-
ridian to the weft; therefore, add it to the
right afcenfion of Spica Virginis 198 10%
Gives right afcenfion of mid heaven 226 55

To the eftimated time, which is exaCtly midnight, or
12h. P. M. add 28m. for about 7d. of longitude weft of
Greenwich, gives the time reduced to the merndian of
Greenwich, 12h. 28m. or 12:h. P. M. to which time
compute the fun’s longitude, which comes out 185. 19d. 15m.
Hence the fun’s right afcenfion, by table, page 27 and 28,
is 46d. 47m, which fubftract from 226d. 5§5m. the right
afcenfion of the mid-heaven, found above, leaves 180d. §m.
for the apparent time in parts of the equator, which, by
table, page 3 and 4, gives the apparent time 12h. om. 32f.
But the time fhewn by the watch was 11h. 26m. 4;51.
hence the watch is 33m. 47 (. too flow for apparent time.
By the altitude of the fun taken in the afternoon, the watch
was then 32m. 381, too flow for apparent time ; but fince
that time, the thip having made 17:m. of a degree of lon-
oitude towards the ealt = 1m. 1of. of time ; the watch
ought to be fo much flower than it was in the afternoon, or
33m. 43 £ too flow for apparent time, with which the ob-

{ervation of the Virgin’s Spike happens to agree exactly,

Cori=
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Computation of the Time from the Altitude of the Sun recited
above, taken May 9, 20h. 31m. 30f, P.M, by the Watch,

Obferved altitude of the {un’s lower limb 42 223
Add error of quadrant S 4 2%
Altitude corrected for error of quadrant 42 25
Subftract fum of dip 4', and refrattion 1’ — 5
True alutude of the {un’s lower limb 42 20
Add for {femidiameter of the fun <4 16
True altitude of the fun’s centre 42 36
Subftraét from g0 O
True zenith diftance of the fun 47 24
Colatitude =q0%=~49? 30'= 40- 30
Diftance of the fun from elevated or north

pole go%—179 39'= 72 21
Sum o it 160 15
Half fum ——— . 80 7%
Ar. compl. fin. colat. e 40.30  0.18746

Ar. compl. fin. pol. dift. m— 72,21  0.020094
Sin. half {um «— colat.==80.7;==40.30= 20.37+ 0.80463
Sin. half fum —e pol. dift. =80.7z—72.21= 7.46; 9,13124

Sum S e 19.14429
Haif fum — 9.57214
1§ fine of  21° 551

2

Doubled, is 43 51 = horary angle, or diftance of the fun
from the meridian to the eaft; and turned into time by table in

page 3 and 4, == zh. 55m. 24{. which, fubftratted from 22, leaves
oh. 4m. 36{. A. M. apparent time, or rather 21h. 4m. 36f. P. M.
reckoned from the preceding noon. The watch was 8h. 31m.

3of. hence the watch 1s 33m. 6f. too flow for apparent time.

I By
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By the altitude of the fun in the afternoon before, the
watch was 32m. 38{. too flow for apparent time ; therefore
it feems to have loft 281. fince that time, in 14 hours and a
half; but the fhip has made 3gm. of longitude to the eaft,
==2m. 36f. of time, in the interval ; and confequently the
watch ought to have appeared to have loft 2m 36f. of
time ; but it appears to have loft only 28{ therefore
the watch has really got the difference between 2m. 306,
and 28f. or 2m, &, in 147 hours, which agrees very well
with the- refult of all the obfervations made of late, by
which, when the change of meridians is allowed for, it gets
at the rate of about 7+m, in a day upon folar time,

As the altitude of the Virgin’s Spike was not taken to
compute the time from, nor could be had fufhciently exact
to determine it certainly within a minute, “through the ob-
{curity of the horifon, I thall deduce the error of the watch
from the altitudes of the fun, By the firft altitude of the
fun, at ¢h. sem. 26{. P. M. by watch, the watch appears
to have been then 32m. 38( too flow for apparent time,
which might be added to the _mean of the three times
{hewn by the watch at the taking of the three diftances. of
the moon from the Virgin's Spike, to find the apparent

time corredt, -

But as the watch appears, as well by_the two altitudes of
the fun above recited, as by all the obfervations made of
late, after allowing for the change of the meridians, to be
galning at the rate of about 35 m. per day upon folar time,
I wilt tuppofe it to have got at the fame rate between the
taking of the altitude of the fun in the afternoon, and the
titne of the taking. the diftance of the moon from the ftar.
The three times by the watch, at the taking of the three

“diftances of the moon’s limb from the Virgin’s Spike, were,

11h,



From the obferved Altitude of the Sun, 2%

11h. 26m. 45{. 11h, 32m, 350 11h, 41m. 45{. the fum
of which, divided by 3, is 11h. 33m. 42f, the mean time
of the three obfervations by the watch. The interval of
time between sh. gsm, 26f. the time between the taking
of the fun’s altitude in the afternoon and this is about §zh.
in which time the watch will get 45f. at the rate of 3.tm.
per day. But at ch, 55m. 26, P. M, by the watch, it was
32m. 38{, too flow for apparent time ; and at 11h., 33m.
42{. having got g45f. it will be then only 31m. g3{, too
{low for apparent time, which, added to 11h. 33m. g2f,
gives the apparent time of the obfervations of the diftance
of the moon’s limb from the Virgin's Spike, May o,
tzh, gm. 350 P. M, |

&

E 2 CHAP,
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C H A P IV

To compute the Sun’s Longitude, the Moon’s Lon-

gitude, Latitude, borifontal Parallax, Semi-
diameter, and bourly Motion, at any given

Time, by the Meridian of Greenwich.

"'I' YO the apparent time of the obfervations of the diftance

of the moon from the Virgin’s Spike, which has
been found above to be, May 9, 12h. gm. 45{. P. M. add
28m. 44{, of time, which, by table, page 37 and 4, an{wers
to 7d. 11m. of longitude weft from Greenwich, by account
when the altitude of the fun was taken in the afternoon, by
which the watch was corre¢ted. The {fum is 12h. 34m.
19{. the apparent time at Greenwich, according to the thip’s

reckoning. To this time the fun and moon’s longitude,
latitude, &c. muft be computed. If the thip had been eaft

of Greenwich, the longitude by account turned into time,
muft have been fubftracted from the apparent time. It may
be thought, the apparent time of the obfervation of the di-
ftance of the moon from the ftar ought to be reduced to the
time at Greenwich, by the longitude of the fhip by account
at that time ; but as the watch, corrected by the altitude of
the fun, muft continue to fhew the time according to the
meridian where that obfervation was made, the longitude of

the thip’s account at that time muft be ufed.

1. To find the Sun's Longitude.

*To the fun’s mean longitade for the beginning of the
year, add his mean motions to the beginning of the month ;

and likewife for the day of the month, hour, minute, and
2 jecond
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{econd of time given, according to the tables in page 6, the
fum is the mean longitude of the fun at the given time.
Only in leap year, in the months of January and February,
compute for the day of the month preceding the given day.
In like mananer, to the longitude of the fun’s apogee for the
beginning of the year, add his motion to the beginning of
the month, and for days. The fum fubftraGted from the
{un’s mean longitude, found above, is his mean anomaly,
with which take out the equation of the centre from page
7 and 8 ; this added to, or fubftratted from, his mean lon-
gitude, gives his true longitude nearly, With this take out
the equation of time from the table in page 9, and find by
the table in page 6, the motion of the fun an{fwering to that
number of minutes and feconds of time, and add it to, or
{ubftract it from, the fun’s longitude found nearly above,
according to the fign of the equation of time, gives the true
longitude of the {un.

In the example following, the mean longitude of the
fup is 15, 17d. 46m. 22{. and the longitude of his apogee
15. 8d. 49m. g7{. which being fubftratted from the for-
mer, leaves 108, 8d. sém. 25{. the mean anomaly of the
fun, with which take the equation of the fun’s centre out of
table, page 8, +1d. 28m. 38{ to be added to the mean
longitude of the fun, 1S5, 17d. 46m. 22{. whence the truc
longitude of the fun nearly is 15, 19d. sm, of. With this
take the equation of time from table, page g, ~qm. g4f. to
which the motion of the {un correfponding by table, page 6,
15 —71{. to be fubftraCted from the true longitude of the
fun found nearly, (becaufe the equation of time is fub-

firattive) leaves 1S, 19d. 14m. g3f. the true longitude of
the {un.

5, T3
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2. Do compute the Moon's Longitude, Latitude, &,

To the apparent time at Greenwich, by which the fun’s
longitude was computed, add or fubftract the equation of
time, according to its fign, and you have the mean’ time at
Greenwich by account ; to which time the moon’s longi-
tude, latitude, &c. muft be computed by the tables.

N. B. In {tiictnefs the equation of time ought to:be made
ule of which belongs to the fun’s longitude, at the time
when the altitude of the fun or ftar was taken, by which
the watch was correCted ; and not that at the time of the
obfervation of the diftance of the moon from the ftar : but
as the interval of thefe times need never. exceed 12 hours,
the error hence arifing can never. exceed a quarter of a
minute of time, which is of no confequence 'in this cale,

- In the example the apparent time at Greenwich by ac-
count is 12h. 34m. 19f. P.M. from which the equation of
time, —3m. g4f. being fubftracted, leaves 12h. 3om. 25f.
P. M. thé mean time at Greenwich by account; to which

time compute the moon’s longitude, latitude, &c. in the’
following manner. |

From the tables in page 10 and 11, take out the mean
longitude of the moon, mean anomaly of the moon, and
mean longitude of the afcending node for the beginning of
the vear, and the mean motions to the beginning of the
month, and for the days, hours, minutes, and feconds of
the mean time laft found. Add all the numbers belonging
to the mean longitude together, and likewife all belonging
to the mean anomaly together, and you have the mean

longitude and mean anomaly of the moon at the given time.
But
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But from the mean longitude of the node for the begining
of the year fubftra& the fym ot all the mean motions be-
longing to the node, and you have the mean longitude of
the afcending node at the given time. Thus, in the ex-
ample, the mean longitude of the moon comes out §S. 7d.
$m. 27{. the mean anomaly of the moon, ¢S. 23d. 28m.
24{. and the mean longitude of the afcending node, 1.
11d. 21m. 12f
( ! © ~ *

Next find the arguments of the ten firft equations in

the follow#sg manner.

1, cmnm

Equ. I The argument of the firft equation is the mean
anomaly of the fun, found above in computing the fun’s
longitude, This in the cxample is 105, 8d. s6m. There-
fore the firt equation, by table 1, of the moon, is
— 8m. 39l .

Equ. II. From the mean longitude of the moon, 885, 7d.
8m. fubftra& the true longitude of the fun,.1S. 19d. 15m,
aives the mean diltance of the moon from the fun, 6d. 17:m.
g3(. double this; diftance is 15, 5d. 46m. to-which add
the mean anomaly of the fun, 105, 8d. 56m, gives the ar-
gument .of the fecond equation, 118. 14d. 42m. whence
the fecond equation is +14{. - o,

‘Equ. III. From double the diftance of the moon. from
the fun, 1S. gd. 460 {ubftrat the mean anomaly of the
fun, 108S. 8d. §6m. gives tue argument of the third equa-
tion, 2S. 26d. som. whence the third equation 1s —1m, 2.

Equ. 1V. From argument the fecond, 118, 14d., 22m. fub-
ftract the mean anomaly of the moon, 95, 23d, 28m, gives
* = ., the

T
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the argument of the fourth equation, 18, 21d. 14m. whence
the fourth equatign 1s -+1m. 24f.

Equ. V. From argument the third, 28, 26d. gom. fub-
itradt the mean anomaly of the moen, 985, 23d. 28m. gives
the argument of the fifth equation, §S. 3d. 22m. whence
the fifth equation 13 -+ 33 1. *

Equ. VI. To double the diftance of the moon from the
fun, 185, ¢d. 46m. add the mean anomaly of the moon,
0S. 23d. 28m, gives the argument of the fiyth«equation,
108. 29d. 14m. whence the fixth equation is —-4? .

Egu. V1I. From the mean longitude of the moon, 8S.
7d. 8m. fubftra& the mean longitude of the node, 1S, 11d.
21m. gives the mean diftance of the moon from the node,
6S. 25d. 47m. from the double of which diftance; or 1S.
21d. 34m, {ubftrat the mean anomaly of the moon, 3.
23d. 28m. gives the argument of the feventh equation,
35. 28d. 6m. whence the feventh equation 18 -+ 5.

Equ. VIIL. From the mean anomaly of the moon, 98.
21d. 28f. fubftra& the mean anomaly of the fun, 10S. 8d.

§6m. gives the argument of the eighth equation; 118, 144,
32m. whence the eighth equation is —1 if.

Equ. IX. From the mean longitude of the node, 1S.
11d. 21m. fubftra@ the true longitade of the fun, 18. 19d.
1 5m. gives the diftance of the node from the fun, or the ar-
gument of the ninth equation, 115, 22d. 6m. whence the
ninth equation 1s —13f.

Equ. X. From the diftance of the moon from the fun,

65. 17d. 53m, fubftra®t the mean anomaly of the moog,
0 9.



