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S. 29d. 38m. gives the argument of the tenth equation,
gS. 24d. 2gm. whence the teoth equation 1s + 101,

Now add the fum of fuch of the ten equations as ar¢ ad-
ditive -+3m. 12{. to the mean longitude of the moon, 88,
7d. 8m. 27{, gives @S. 7d. 11m. 39{. and from thence {ub-
ftract the fum of the other of the ten equations, which are
{ubftraltive —1om. g51{ gives the longitude of the moon
correct, 88. 7d. om, 481

Equ. XI. and XII, Corre® the mean anomaly of the
moon, 9S. 23d. 28m, 24{. by adding the fum of fuch of
the ten equations as are additive -+3m, 12f. and fllbﬂif&ﬁiﬂg
the fum of the reft, which are negative —10m. §1f. an
further apply the double of the firft equation, of —17m.
- 18(. gives the mean anomaly of the moon corred, or the
argument of the eleventh equation of the centre, 95, 23d.
3m. 27{.

From the longitude of the moon corret, 85. 7d. om. ¢&f.
{fubltra& the longitude of the fun, 1S, 19d. 14m, 53, giyes
the diftance of the moon from the fun corredt, 6. 17d.
45m. gs{. from which diftance doubled, 1S. gd. 31m. 50f.
{ubftract the mean anomaly of the moon correct, or argument
the 11th, 95, 23d. 3m. 27{, leaves the argument of the

twelfth equation, the eveftion, 35. 12d. 28m. 23l

With the mean anomaly of the moon corret, 9¢S. 23d.
3m, 27{. take out the 11th equation of the centre, + sd.
38m. 30f. which, applied to the longitude of the moon
corre, BS. 7d. om. 438(. gives the longitude of the moon
corrected by the equation of the centre, 385, 12d. 39m. 27{,

F With



24 To compute the Moor's Longitude, Latitide, 65e.

With argument 12th, 3S5. 12d. 28m, 23{. take out the
12th equation, the eveltion, —1d, 1gm, 3{. which applied
to the longitude of the moon correCted for the equation of
the centre, 8S. 12d, 39m. 27{, gives the longitude of the
moon equated, 35, 11d. 20m. 24f,

Equ. XIII. From the longitude of the moon equated,
8S. 11d. 20m. 24f, fubftract the true longitude of the fun,
15. 1gd. 14m. §3{. gives the argument of the 13th equa-
tion, 63. 22d. §m. 31f. whence the 13th equation, the va-
riation is + 2g9m. 7{. which, applied to the longitude of
the moon equated, 8S. 11d. 20m, 24{. gives the longitude
of the moon reckoned in her orb, 88, 11d. 49m, 31f,

Equ. XIV. To the mean longitude of the moon’s afcend-
ing node, 1S, 11d. 21m. 12f. apply the firft of the ten equa-~
tions —8m. 39f, gives the longitude of the moon’s afcend-
ing node correted, 1S. 11d. 12m, 33{. which fubftra&t
from the longitude of the moon in her orb, 8S. 11d. 4gm.
311. and you have the argument of reduction and of latitude,
735, od. 36m. ¢8f. which gives equ. 14, the reduction —6m.
6f. which, applied to the longitude of the moon in her orb,
88. 11d. 49m. 31{. gives the true longitude of the moon in
the ecliptic, 85, 11d, 43m, 25l

Latitude I. With the argument of latitude, 78S. od,
36m, ¢81. take out latitude firft, is 2d. 37m. 17{, South.

Latitude II. To argument the gth, 11S. 22d. 6m. add
argument the 13th, 65, 22d. sm. gives argument of lati-
tude fecond, 6S. 14d. 11m, whence latitude fecond 1s 2m.
0{.8. The fum of this and latitude firft, 2d. 37m. 17[. S,

as they are both of the fame kind, gives the moon’s true la-
titude,
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titude, 2d. 3g9m. 26f. S. If thefe two latitudes had been
of contrary denominations, that is to fay, one north and the
other fouth, their difference would have been the true latie
tude of the maon, of the fame kind with the greater latitude,

With argument 11th of equation of centre, ¢S. 23d. 3m.
take out the equatorial parallax of the moon, 55m. 47f.
With argument 12th of evetion, 3S. 12d. 28m. take out
the firft equation of parallax, -+8{. and with argument 13th
of variation, 65, 22d. gm. take out the fecond equation of
parallax, +20f. which being both applied to the equatorial
parallax, gsm. 4~7{. give the horifontal parallax of the
moon corret, (6m. 15f, From hence find the horifontal
{emidiameter of the moon by table, page 23, 15m. 21f. to
which add from the table in the fame page, 3{. for the aug-
mentation for the altitude of 12d. gives the -apparent femi-
diameter of the moon, 1gm. 24f. =

From the table of the moon’s hourly motion in page 24,
with argument 11th of centre, take out the moon’s hourly
motjon, 31m. 22f. With argument 12th of eve&ion, take

out the firft correction of the hourly motion, +8{. With
the mean diftance of the moon from the fun, ufed in making
out the fecond of the firft ten equations, take out the fecond
correCtion of the hourly motion, +34{. Thefe both ap-
plied to 31m. 22f, give the true hourly motion of the
moon, 32m. 4,

F 2 An
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An Example of the Calculation of the Sun's Longitude, May

9, 1762, at 12h, 34m. 19{. P. M, apparent Time, by
the Meridian of the Royal Qbfervatory at Greenwich.

P e e e
Apperent Longitude of © Apog. of ©
Tinte. S. ¢ 7. 7.1 S ¢ 7 7]

1762, {9 10 6 28/ 3 8 49 35
May, |3 28 16 40 21
D. 9. 8 52 13 0
H. 1. 20 34 0
M. 34 1 24 o
S. 19. I o

, 1 17 46 221 3 8 49 55
Equ. O’scentre 4 1 28 38 1 17 46 =22

Long. Onearly 1 19 15 o1 8 56 2
Equ. of time — 3 54 Mean aromaly of @
Corr. mot. of © — 7 Arg. of equ. of ©’s centre.

True long.of @ 1 19 14 53

Apparent time 12 34 19 P.'M.
I quation of time -— 3 54
Mean tune 12 30 25 P M.

-4 'i)z
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An Example of the Calculation of the Moon's Longitude, Latitude, Ho-
rifontal Parallax, Semidiameter, and bourly Mbotion, May o, 1762,

at 12h. gom 258 P. M. mean Tme by the Meridian of the Royal
Obfervatory at Greenwich. -
Wlcanionz. B Meaa Bnam. D | Man

e e g
! s. 1 5. ¥
. T e e T

‘Mean Time,

Long. @
' § F i

1702. 11 10 31 g 3
%Iay. 4 21 10 3| 4
. Q 3 28 35 1
H., 12 6*;; ;é
M. 30 1b 28
S, 23, 14

Sumoftenequat. — 7 3

Long. D corr. > 5 48| Dift. D 17 s e
Equat. XI, of cen. -5 38 ;9 Doub. dit. D @ 1 5 4 Firit ten equ.

812 gg 7). A2rguments of the ten fisff equatiqns. | + ] —
Bqu. X1I. evedl. =1 ?‘; 3 | Y18, @ _:]l’—"
Long.9Eq. 8711720 ‘2y|Mean Anom. 0. G 1839
Equ. XIII. variat. _ 4+ 29 7/23 O +Arg. 1. IT. |11 14 42| 0 14
Long. Dinorb 8 11 49 312 Or—ANr[g. 1. MILJ 2 20 50 | & 2
Fqu. 14 Reduft. ~— 6 6 i\rg. z.—-Me. in.]) .{ IVV. 121 14 1 24
Long. D in eclipt. 8 11 43 26|28 Jr=Me. An. Do V. 33
i g. D m echip 43 251, ba@ +Me.An. D . N3
’ N E: Dagl-—-—Me.An. ). 1 |
Lat. I, 29 37" 177 O.[Me. An. D —Arg. 1. : Mt
!Lat. IL LI . .S.llpqg.gr-lcr?.e. IX. ] -ﬂ
True lat. P 2 39 26 S.|Da@—Me.An. ). . 10
TR h " 'Sams '3 128 5’!!
Horifontal parallax of ) . 3 12]
Arg, XI. 55 47 Sum of ten fquatdns — | 7 ol
’ 1], + 0 F 'y
ﬁ:ﬁ ﬁlil. I zg ':Mc_an anomaly of ) 9 23 28 24
_ * 1 ‘ 9 23 20 45
Hor. par. of } 56 15 owsle irfl equation. | — = 17 v
iHor. femidiam. ) lin; 21 %p&:m. D corr. Arg. XI. 9 23 3 47
A for al o it. D 2 © corre. e 6 17 45 53
ugm, 1orglt. 12% <} 3 {Doub. dift D
App.femid.iam. y 's 24 |4 ub. dik. 3 a © corr. t  § 31 g
- tg. XI1I. o.fpv,etho_n —— 3 12 28 23
— 1Arg. X11I. of variation 6 22 5 3
Hourly motion of ) ‘Mean long. of 8 = —— 1 a1 21 12
Aag. X1, 3t 227ikquat. 1. corre@ion of 8 = 8 3
.rl:g. X,.II. - 8 ’km?g. g corr, 1 11 312 33
Meandit. pa® + 14 rg. of lat. and reduftion ~ 7 o 36 Q;

True hor..mot.of » 12 A lArg. IX A4 arg, XII1.is arg. 1at. T1. 6 14 11 ;
_—'—'——-m--“_m-m—-——__“.
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C HAP V. ‘
To reduce the obferved Diftance of the Moon's

Limb from a Star, or from the Sun’'s Limb to
the apparent Diftance of the Centres, by allow-
ing the Moon’s Semidiameter, or the Sum of
the Semidiameters of the Sun and Moon ; and
to clear the apparent Diflance of the Centres
of the Effetts of Refraltion and Parallax.

1. To correct the obferved Diffance by the Moon's Semidiameter,
or the Sum of the Semidiameters of the Sun and Moon.

ORRECT the obferved diftance of the moon’s
limb from a ftar by allowing the error of the adjuft-
ment of the quadrant; and to the diftance thus corrected
add the moon’s apparent femidiameter, increafed according
to her altitude, if the limb obferved was that neareft to the
ftar ; but fubftra&® the femidiameter, if the limb obferved
was that fartheft from the ftar. This gives the apparent
diftance of the moon’s centre from the ftar. But frem the
obferved diftance of the fun and moon’s neargft limbs, firft
correted for the error of the quadrant,hféﬁﬂ& the fum of
the femidiameters of the fun and moon ; this gives the ap-
parent diftance of the centres of the {un and moon. The
femidiameter of the fun is found from table in page g,
and the femidiameter of the moon is found from her pa-
rallax by table in page 27; as is alfo the augmentation for
the degree of altitude. In this example, the mean of the
three obferved diftances of the ftar from the moon’s re-

moteft




To clear apparent Dift, from the Effcét of Refraction. 3q

moteft limb was g1d. 4om. 40f. to which adding the error
of the adjuftment of the quadrant, ym. 20f, gives the ap-
parent diftance corre&, §1d. 44m. of. from which fub-
ftrating' the moon’s femidiameter, 15m. 25{. becaufe the .
obferved limb was that furtheft from the fiar, leaves gid.

28m. 3¢f. the apparent diftance of the ftar from the moon'’s
centre,

2, To clear’ the apparent Diftance of a Star from the Mocn's
Centre, or the apparent Diflance of the Centres of the Sun:
and Moon, from the Effelt of Refrattion.

Corret the obferved altitude of the ftar by the error of
adjuftment, if any ; and fubftraGt the dip of the horifon of:
the fea, and you have the apparent altitude of the ftar.
From the obferved altitude of the moon’s upper or lower
limb, firft correted for the error of the quadrant, if any,
{fubftra the dip, and add 16m. if the lower limb was ob-
ferved, but fubftralt 16m. if the upper limb was obferved,
and you have the apparent altitude of the moon’s centre.
If the diftance of the moon was taken from the fun, add
the difference of the dip and 16m. to the obferved altitude
of the fun’s lower limb, correted for the error of the qua-
drant if any, and you have the apparent altitude of the
fun’s centre. To the apparent altitudes of the ftar, and of
the centres of the fun and moon, add three times the re-
fraCtions belonging to thofe altitudes refpectively, found
from the table in page 1, and you have the altitudes of the
ftar, fun, and moon increafed, the complements of which
to go are their zenith diftances diminithed.

Now add together the logarithm tangents of half the

fum and half the difference of the diminithed zenith diﬁance;
0
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of thé moon and ftar, or of the fun and moon. The fum,
abating 10 from the index, is the tangent of arc the 1ft.

To the tangent juft found add the ¢cotangent of half the
appatent diftance of the far from the mooh’s centre, ot the
centtes of the fun and moon ; the fum, abating 16 from the
index, is the tangent of arc the 2d.

Then to the tangent of doublé the firt arc add the con-

ftaiie logarithim, 2.0¢69, and from the {fum fubftratt the
fine of double the fccond arc, leaves the logarithm of the
number of feconds expreffing the effect of refraction re-
quired, which added always to the apparent diftance of the
{tar frontt the moon’s centte, of of the centres of the fun
annd maoh, givés the diftance cleared of refraction.

Example of vhe Compatation of the Effect of Refration.

» o ?
Mean &f thtée ‘obferved altitudes of the ftar 24 52
Etror of -adjultihent S e 0O ©
Subitrad dip s e —
Add three times tefraCtion for -altittde 25° -+ 6
Altitude of the ftar incréafed NSRS 24 54

Complement to §o is zenith diftance of ftar diminithed 65 6

e bttt

Mean of three obferved altitudes of the moon’s lower imb 12 18

Error of qéjadrhht —— — 0 ©
Subftract dip e — — 4
244 fertdiameeer of ‘the moon PRI 4 16
Add three times the refraction for altirude + 13
Altitude ‘of the moon’s centre increafed =~ —— 12 43

Coftipl. tb'4o is zenith-diftance:df the sgondmimilled 77 . 17
Zenith diftance of ftar diminifhed — b5 6
Half



To clear apparent Diflance of the Effcél sf Farailax. 41

Half fum 7:° 11" tangent — 10.46% 5
Half difference 6°¢ ;' tangent S 0.0250
Tangent of arc the firft, 15 22° 0.4051
Cotan. half apparent diftance of the ftar from the moon’s

centre 25% 4.4 ——— . 10.3170
‘Tangent of arc the fecond, 329 5§ — 9.8121
Double arc the firft, 34° 44" tang. e 9.8409
Conftant logarithm — —— 2.0509
Sum - —— — 11.8978
Double arc fecend, 65° 50" fine fubftra&. ~-3.9605
Logarithm of 86", the effect of refrattion 1.g372
Apparent diftance of the Virgin's Spike from the

moon’s centie ‘ — 51° 28" 35"
Add the effeét of refraltion — 4+ 1 26
Apparent dift. of the ftar from the moon’s centre,

cleared of refraction ———e 51 30 I

9. To clear the apparent Diflance of a Star from the Moon's Cen-
tre, or of the Centres of the Sun and Moor of the Effcét of
Parallax.

From the obferved altitudes of the ftar, and the moon’s
upper or lower limb, or the {un’s lower limb, firft correCted
for error of quadrant, fubftract the fum of the dip and re-
fraGtion from tables jn page I, and add further 16m. to the
altitude of the fun or moon’s lower limb, or fubftra&t 16m,
from the altitude of the upper limb, gives the true altitude
of the ftar, and of the centres of the fun and moon ; the

complements of which to god. are their trug zenith di-

{tances.
G Then
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‘Then add together into one fum the tangents of half the
{fum and half the difference of the true zenith diftances, and
the cotangent of half the apparent diftance of the ftar from
the moon’s centre, or of the centres of the {fun and moon
cleared from refraction ; the fum, abating 20 from the in-
dex, i3 the tangent of arc the fecond correct, (which is nearly
the fame with arc the fecond, found above in computing re-
fraction) the fum of this, and half the apparent diftance of
the ftar from the moon's centre, if the zenith diftance of
the moon is greater than that of the ftar ; or their diffe-
rence, f the zenith diftance of the moon is lefs than that
of the ftar, gives arc the third, To the tangent of arc the
third add the cofine of the apparent zenith diftance of the
moon’s centre, cleared of refration, and the logarithm of
the moon’s horifontal parallax, exprefled in minutes and de-
cimals, the fum, abating 20 from the index, is the loga-
rithm of the number of minutes exprefling the effect of pa-
rallax, in augmenting or contracting the diftance of the moon
from a ftar, which always fubftra¢t from the apparent di~
itance of the ftar from the moon’s centre, or of the centres
of the fun and moon, cleared of refraction, except arc the
third thould be the difference of arc the fecond, and half
the diftance of the moon and ftar; and at the fame time,
arc fecond be greater than the faid half diftance of the
moon and ftar, or fun, in which cafe add the efte® of pa<
rallax to the apparent diftance cleared of refrattion, gives
the true diftance of the ftar from the moon’s centre, or
of the centres of the fun and moon, cleared both of refration
and parallax., -

A ' Mean
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o }
Mean of three obferved altitudes of ftar by quadrant 24 52
LError of quadrant —_— S o o
Subftract fum of dip 4" and refraction 2 —_ 0
True altitude of the ftar EEm——— 24 40
The complement to go is the true zenith dift. of ftar 05 14

Mean of three obferved altitudes of the moon’s lower imb 12 18

Error of quadrant o o
Subftra&t fum of dip 4’ and refrattion 4 — 8
Add femidiameter of the moon O 4 16
‘True altitude of the moon’s centre —— 1 26
Compl. to go is the true zenith diftance of the moon 79 124
Zenith diftance of ftar o — — 65 14
Half {fum of zenith diftances 71% 24 tang. 10.4730
Half difference of zemith diftances 6 10 tang. 9.0336

Half dift. of ftar from the moon’s centre 25 45ctang. 10.3166

Sum, tangent of arc fecond corrett 33 39 9.8232

e 5 g S ¥ o

Sum of arc 2d and £ dift. of moon fr. ftar 59 24 tang. 10.2281

Moon’s zenith diftance == 77 34 cofine 9.3230
Moon’s horifontal parallax 56" 15"=56"2,; log. 1.7501
Logarithm of effet of parallax 20,48 =20’ 29" 1.3112

This by the rule is here to be fubftratted from gi1d.
qom. 1{. the apparent diftance of the ftar from the moon’s
centre, cleared of refraction, which gives 51d. gm. 32f. the
true diftance of the ftar from the moon’s centre, cleared

both of refradtion and parallax.

G2 N. B.
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N. B. If the altitudes of the moon and far are both more
than 10d. they may be ufed in thefc computations of re-
fration and parallax, as taken from the quadrant, only al-
lowing the error of the adjuftment, if any, and the dip, and
the moon’s femidiamcter, to reduce the altitude of the limb
to that of the centre ; and arc the fecond may be ufed for arc
the fecond corre@, without any fenfible error, which will
fave fome trouble in calculation. Four places of figures be-

fides the index, will be fuflicient in thefe computations,

CHAP.
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C H A P. VL

From the true Diflance of the Centres of the Sun
and Moon reduced from the Obfervation, and the
Moon’s Latitude found from the Tables, to com-

pute the Difference of Longitude between the
Sun and Moon, and thence to find the Moon's

true Longitude 5 or, from the true Diftance of
the Star from the Moon's Centre reduced [rom the

Obfervation, the Star’s Latitude, and the Moo’ s
Latitude, found from the Tables, to compute the
Difference of Longitude between the Moon and

Stary and thence to find the Moon’s true Lon-
gitude.

1. From the true Diflance of the Centres of the Sun and Moon,
reduced from the Obfervation, and the Moon's Latitude
found from the Tables, to compute the Difference of Longi-
tude betaween the Sun and Muon, and thence to find the Moon’s

true ngitudc.

O the cofine of the diftance of the centres of the
{un and moon reduced from the obfervation, add 10
in the place of the index, and from the fum fubftra&t the co-
fine of the moon’s latitude, the remainder 1s the cofine of

the difference of longitude between the fun and moon,
which, added to the fun’s longitude found by the tables, if
the moon is to the eaft of the fun, or {ubftraGed from the
{fun’s longitude, if the moon 1s to the welt of the {un, gives
the moon’s true longitude, <
L X~
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E X A MUP L E

Let us fuppofe the true diftance of the centres of the fun
and moon reduced from an obfervation to be 73d. 37m.
13(. and the moon’s latitude, found by the tables, to be
4d. 23m. 76f.

Cofine of diftance of moon from fun 73° 37" 13"  09.4502521
Add to index

L 10-

19.4502521
Subftract cofinc of the moon’s latitude 0.9987220

9.4515301
Cof. of dif. of long. of fun and moon 73° 34’ 14”"=2S. 13° 34’ 14

Suppofe the fun’s longitude to have been computed by
the tables 7S, 15d. 22imn, 46{. and the moon to be to the
welt of the fun, the difference 28. 13d. 34m. 14{. {ubftracted
from the fun’s longitude, 7S. 15d. 22m. 46{. leaves S. 1d.
48m, 3zf. the moon’s true longitude.

2. From the true Diflance of a Star from the Moon's Centre,
reduced from the Obfervation, the Star's Latitude, and the
Moon’s Latitude, found by the Tables, to compute the Diffe-
rence of Longitude between the Moon and Star, and thence

10 find the Moon's true Longitude.

If the latitudes of the moon and ftar are both of the fame
denomination, that is to fay, both north or both fouth, their
complements to god. are their diftances from the neareft
pole of the ecliptic : or if their latitudes are of different de-
nominations, f{ubftra& one from cod. it does not matter
which, and add the other te god. which gives their diftances

trom one of the poles of the ecliptic, which 1 fhall call their
polar diftances.

Now
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Now take half the difference of the polar diftances, and
half the diftance of the moon and ftar reduced from the ob-
fervation. Then add together thefe four logarithms, the
{ine of the half diftance increafed by the faid half difference,
the fine of the half diftance leficned by the faid half difte-
rence, the arithmetical complement of the fine of the polar
diftance of the ftar, and the arithmetical complement of the
fine of the polar diftance of the moon. Half the {um of
thefe four logarithms is the fine of an arc, which doubled
1s the difference of longitude between the moon and ftar ;
this added to the ftar’s longitude, if the moon is eaft of the
ftar, or fubftracted {rom the ftar’s longitude, if the moon is

weft of the ftar, gives the true longitude of the moon in the
ecliptic.

In making thefe calculations feven places of fizures- muit
Be ufed, befides the index, and proportion muft be made
for feconds, except Gardiner’s logarithms be ufed, out of
which the logarithms may be taken at fight, for the
neareft ten feconds. The ftar’s latitude and longitude mult
be taken out of table in page 4, and the latter muit be cor-

re¢ted by table in page ¢, and alfo by adding 5041 for cvery
year after 1763.

! r

E X A M P L E

Dift. of moon from ftar, reduced from obfervation 51 9 32
Latitude of the Virgin’s Spike — 2 2 98,
1L.atitude of the moon 2 39 268S.

Polar diftance of the Virgin’s Spike e — 87 57 51
Polar diftance of the moon — 87 20 34

Difterence of polar diftance O 37 17

Half difference e o 18 38
Half diftance of the moon from the ercrm s Spike,
reduced from the obfcrvation 25 24 40

Lalf



18 To find the Moon's true Longitude.

o ’ T,
IHalf dilt. of moon from ftar 43 diff. 25 53 24 fine 9.6401282
Hlalf dift. of moon from ftar —; diff. 25 16 & fine 9.630292;
Pol. dift. of Virgin’s Spike 879 57" 517 ar.compl. fin. 0.0002739
Pol. dift. of the moon 87 20 34 ar.compl. fin. 0.0004672

Sum ST '19.-271 1618
Half fum, fine of 25° 36" 23" 9.6355809
Doubled is 51 12 5 diff. of long. of moon and ftar.

Longitude of the Virgin’s Spike in table, page 4 6 20 éz 1
Add correction for May 9, from table, page 5th -+ 38
Subft. 50" becaufe the year precedes 1763 by 1 year — 50
Longitude of ftar correét 6 20 31 49

To which add the diff. of long. of moon and ftar

found above, 51912' 5" (becaufe moon is eaftof ftar)=1 21 12 3

T'ruc long. of moon inferred from the obfervation 8 11 43 54

CHAP,



[ 49 ]

CH AP VI and Laft.

To find the Error of the Ship’s Reckoning, and
confequently the true Longitude of the Ship.

A K E the difference of the moon’s longitude, as in-

I ferred from the obfervations by the laft Chapter, and
the moon’s longitude computed from the tables by Chap.
IV. and, if the moon’s diftance was obferved from a ftar,
{ay, by the rule of proportion, as the hourly motion of the
moon is to the faid difference, fo is goom. to the error of
the fhip’s account in minutes, But, if the diftance of the
moon was obferved from the {un, inftead of the hourly
motion of the moon, ufe the difference of the hourly mo-
tions of the fun and moon. The hourly motion of the fun
15 contained in table, page 5.  Or the error of the account
may be found more briefly thus : With the hourly motion
of the moon, or the difference of the hourly motions of the
fun and moon, according as the moon’s diftance was ob-
ferved from a ftar or the fun, take ont a number, called the
multiplier, from table, page 2:, with which multply the
difference of the moon’s longitude inferred from obfervation,
and that computed ; the produ& is the error of the fhip’s
account of longitude. And if the longitude of the moon
computed by the tables, is greater than that inferred from
the obfervation, the thip is to the eaft of the longitude by
account ; but, if lefs, the fhip 1s weft of the longitude by
account. When the fhip is eaft of the longitude by account,
the error of the account is to be added to her eaft longitude
by account, or {ubftralted from her weft longitude by ac-

count; but when the fhip 1s weft of the longitude by ac-
count, the faid error is to be fubftracted from her eaft lon-
I gitude
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gitude by account, and added to her weft longitude by ac-
count. The faid correftion may be applied either to the
thip’s longitude by account, on the noon preceding the ob-
fervation, or to the fame carried on to the next noon, or to
any intermediate time, and will give the truc longitude of
the thip at the time propofed ; which was the thing to be
found from all the obfervations and calculations,

In the example, the moon’s true longitude, inferred from
the obfervation, 1s 885, 11d. 43m. 54f, and the moon’s longi-
tude, computed from the tables, from the time aflumed at
Greenwich, according to the fhip’s reckoning, is 8S. 11d.
43m. 25, 'The difference is 29f, and fay, by the rule of
proportion, as 32m. 4{, the hourly motion of the moon,
found after the computation of the moon’s place, 1s to 29f.
the faid difference, {0 is goom. to 14m. the error of the
thip’s account. Or, more briefly, multiply 29f. by 28.%
the multiplier, taken out of table, page 25, with the hourly
motion of the moon, 32m. 4{. the product, 81:f. or 14m.
nearly, is the error of the fhip’s reckoning ; and the moon’s
longitude computed from tables, being lefs than that inferred
from obfervations reduced, the fhip is weft of account, and
her reckoning by account on the preceding noon having
been ~7d. 44m, weft of Greeriwich, her true longitude at that
time was 7d, 44m.4 14m,==7d. §8m. weft of Greenwich.

Or if it be required to find the longitude of the fhip at
the time of taking the diftance of the moon trom the ftar,
add 14m, to the longitude by account at that time, which
was 6d. gam. weft; whence the true longitude of the thip
at that time was 6d. g4m.-+14m.==7d. §m. welt of Green-
wich. Or if it be propofed to find the longitude of the thip

on the following noon, or the noon of May 10, add 14m.
to
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to the longitude by account carried on to that time, which
ts 6d. 26m. weft; whence the true longitude, May 10, at
noon, was 6d. 26m.+14m==6d, gom. weft of Greenwich.

- The reafon why the error of the fhip’s.reckoning is fo
{mall in this example, 1s becaufe it was correted by an
obfervation the night before.

At fun-rife we faw the Scilly iflands bearing N.E.b.N. by
the compafs, or 14d. E. of the true north, and diftant by
eftimation about fix leagues ; and we had made 40im. of
departure =1d. 5m. of longitude to the eaftward fince noon;
therefore our longitude by account was 6d. 41m. W. But, by
the obfervations of the moon, 14m. is to be added to correét
the longitude by account ; therefore the true longitude at
this time is 6d. 4Im.+14m.==6d, §¢6m. W, But by the
bearing and eftimated diftance, the middle of the Scilly iflands
muaift be 7m. of longitude to the eaft of the fhip; and there-
fore their longitude, as deduced from the obfervations of the

moon, is 6d. §sm—>7m.=0d, 48m. W,

At g A.M. the light-houfe on St. Agnes, one of the Scilly
iflands, bore N. 8zd. W. by the compafs, diftant by eftima-
tion § leagues; and we had made 47 miles departure =1d.
12m. of longitude to the eaft fince noon. Therefore, our
longitude by account 1s 6d. 32m. weft ; or, corretted by the
obfervation of the mcon, 6d. y2m.-+14m.==6d. 46m. W,
But, by the bearing and eftimated diftance, St. Agnes light-
houfe was 12m. of longitude to the weft of the fhip ; there-
fore its longitude, deduced from the obfervations of the
moon, 15 6d. 40m.+12m.=6€d. 58m. W, This longitude
differs 1om. from the longitude of the middle of the Scilly
ilands, according to their bearing and eftimated diftance at
{un-rife, tho’ it {hould feem, that it ought to agree nearly

H 2 with
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with it. But this fmall difference may be eafily accounted
for, if it be confidered, that thefe iflands extend near half a
degree from eaft to weft, and that the fame part may not
appear to be the middle of them at a diftance at fea, as does
1n the charts ; not to mention our being in a tide’s way,
and the difficulty of eftimating diftances with exaltnefs.
But, which-ever of thefe determinations is taken, it will not
differ above 18 or 20 minutes of longitude from the beft
charts, which make but 12 miles in this latitude.

Having had a good obfervation, May 10, at noon, deter-
mining the latitude of St. Agnes, I fhall fet it down, though
it be a little deviation from my prefent fubject. The lati-
tude of the fhip, by the faid obfervation, was 49d. 48m. N.
and the light-houfe of St. Agnes at that time bore N, 38d. W.
by the compafs, diftant by eftimation five leagues ; whence
its latitude thould be 49d. §6m. N. which is 1om. more
than is given to it in Whifton’s Chart of the Channel,

APPENDIX.
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A PPENTUDI X

Containing fome additional Rules, ferving to find the Moon's right
Afcenfion and Declination, and thence to compute ber Altitude ;

as alfo to compute the Altitude of the Star, [uppofing they
avere not obferved : and alfo a particular Problem for finding
the Longitude from three cotemporary Obfervations only,

A S it may fometimes happen, though very rarely, that,
at the obfervation of the diftance of the moon from
the ftar, the altitude of the ftar, and even that of the moon,
cannot be taken with fufficient certainty, I fhall here {ub~

join the method of computing them,

In order to this it is neceflary firft to know their right
afcenfions and declinations, and alfo the right afcenfion of
the fun at the time, The right afcenfions and declinations

of all the principal ftars are contained in the table, page 2
and 3 ; the right afcenfion of the fun is to be found from

his longitude, by table page 27 and 28. I now proceed to
fhew how the right afcenfion and declination of the moon
may be readily found with fufficient exactnefs.

The Longitude and Latitude of the Moon being given, to find
the Right Afcenfion and Declination.

This may be done very expeditioufly from Halley’s or
Senex’s map of the zodiac, or any map of the like kind,
containing circles of latitude with their parallels, and circles
of declinations with their parallels ; or even by a large globe,
accurately conftructed. But left the obferver thould be un-

provided with thefe helps, 1 ofter him the two following
eafy
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eafy rules for this purpofe, which are fufficiently exa&t to

find the moon’s right alcepfion and declination true to
two minutes.

PREPARATION,

Take out of the tables of the declination of the degrees of
the ecliptic, page 26, the declination anfwering to the moon’s
longitude, and note whether it be north or fouth. Sub-
{tra& three figns from the moon’s longitude, and take out of
the fame tables the declination correfponding, and alfo note
whether it be north or fouth.  Alfo take out of the tables of
the right alcenfion of the degrees of the ecliptic, page 27
and 23, the right afcenfion anfwering to the moon’s longitade,

R UL E "L
To find the Moon's Declination.

To the fine of the moon’s latitude add the cofine of the
declination of  that point of the ecliptic, whofe longitude is
lefs than the moon’s by three figns; the fum, abating 10
from the index, is the fine of an arc, the fum of which,
and the declination of the point of the ecliptic belonging to
the moon’s longitude, provided that the moon’s latitude and
the faid declination are of the fume kind, that 1s to {av,
both north, or both fouth ; or their diffcrence, if they
are of contrary denominations, gives the true declination of
the moon, of the fame kind with the greater,

R U L E IL
To find the Moci's right Afcenfion.

To the fine of the moon’s latitude add the fine of the de-

clination of that point of the ecliptic, whofe longitude is
lefs
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lefs than the moon’s by three figns, and from the fum fub-
ftra& the cofine of the declination of the point of the ecliptic
an{wering to the moon’s longitude, leaves the fine of an
arc, which add to the right afcenfion of the point of the
ecliptic belonging to the moon’s longitude, if the moon’s
latitude is of the fame kind with the declination of the point
of the ecliptic, whofe longitude is lefs than the moon’s by
three figns ; or fubftract it if they are of different kinds ;
the refult is the true right afcenfion of the moon.

E X AMPL E

Of the Computation of the Moon's Declination and right Aften-
Sfion from the Longitude and Latitude given,

I thall adapt the example to the time of the obfervations
above recited, and fhall firft of all compute the moon’s right
afcenfion and declination, by which we fhall be enabled af-

terwards to compute the altitude of the moon, fuppofing it
had not been obferved. ~

PREPARATION.

At the time of the obfervation of the diftance of the Vir-
oin’s Spike from the moon, above recited, the moon’s lon-
oitude was computed by the tables 85, 11d. 43m. and la-
titude 2d. 3gm. S. leaving out the feconds. By, table p. 26,
the declination anfwering to the moon’s longitude, 8. 11d.
43m. 1s 22d. 14m. S, Subftract three figns from the
moon'’s longitude, leaves §5. 11d. 43m, the declination an-
{wering to which 1s 7d. 11m. N, By table, page 27 and 239,
the right afcenlion anfwering to the moon’s longitude, 88,
11d. 43m. 15 250d, 11m.

Ta
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To find the Moon’s Declination,

Sine of the moon’s latitude 29 39’S. e 8.66497
Cofine of declination anfwering to longitude 5S. 11° 43’
or moon’s longitude, 8S. 11° 43'—3S5.  7° 11" N, 9.99658

L L - - ]

Sine of 2° 38’ — e 8.66155

The fum of this and 22d. 14m. S. the declination anfwer-
ing to the moon’s longitude, becaufe the moon’s latitude and
the faid declination are of the fame kind, is the moon’s de-
clination, 24d. §2m.S.

To find the Moon’s right Afcenfion.

Sine of the moon’s latitude 29 39'S. 8.66497
Sine of declination anfwering to longitude of the moon,
— 3 figns, or 53, 11° 43 7° 11" N, 9.09706
17.76203
Subftra& cof. of dechination anfwering to the moon’s
lonpitude 22° 14 2 —0.96645
Sine of 0° 21’ e 7.79558

Which fubftra& from 2s50d. 11m. the right afcenfion an-

{wering to the moon’s longitude, becaufe the moon’s la-
titude, and the declination anfwering to the moon’s longi-
tude — 7 figns, are of contrary denominations, leaves the
right afcenfion of the moon 249d. som.

RULE



AP PENDIX 57

R UL E IL

To compute the apparent Altitude of the Moon or a Star, af
the Time of the Qbfervation of the Dujlance of the hissue
from the Star. -

Turn the apparent time, corrected by allowing the error
of the watch, as found by the altitude of the fun, into de-
grees and minutes, by table, page 3 and 4,  and add it to the
fun’s right afcenfion, taken out of table, page 27 and 28,
with the fun’s longitude, computed in Chap.-1Y. The fum
is the right afcenfion of the mid-heaven néarly. Corret
this by the longitude made by the fhip fince the . taking of
‘the altitude of the fun in the afternoon, by which the watch
was corrected, adding it, if the fhip has gone to the eaft,
or fubftrading it, if {he has gone to the weft, gives the right
afcenfion of the mid-heaven corre& ; the difterence between
which, and the right afcenfion of the moon or ftar, is their
hourly angle, or diftance from the meridian, If the moon
or {tar's declination is of the fame denomination with the
latitude of the hip, fubftract it from god. but, if it be of
the contrary denomination, add it to god, and you have the
diftance from the elevated pole. To the cofine of the hour-
ly angle add the cotangent of the latitude of the fhip ; the
fum, abating 10 from the index, i1s the tangent of arc the
firft, the difference of which, and the diftance of the moon
or ftar from the elevated pole, 1s arc the fecond. To the
cofine of arc the {econd add the fine of the thip’s latitude,
and from the fum fubftract the cofine of arc the firft, give
the fine of the true altitude of the moon or ftar. And to
find the apparent altitudes, add the refration from table,
page I, to the true altitude of the flar, and {ubftract the dif-
ference between the refrattion, from table, page 1, and the

I nioon s
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moon’s parallax in altitude, from table, page 26, from the

moon’s true altitude : gives the apparent altitudes of the
moon and ftar,

E X A MUP L E

Of the Computation of the apparent Altitudes of the Moon
and Star.

The apparent time was found 12h. gm. 35{. at the end
of Chap. HI, which, turned into degrees and minutes by
table, page 3 and 4, 1s 18xd. 24m. And, by table, page
27 and 28, the fun’s right afcenfion an{wering to his longi-
tude, 1S. 19d. 15m. computed in Chap. IV. 15 46d. 49m,
The fum is 228d. 11m. the right afcenfion of the mid-

heaven nearly ; to which add 17m. of longitude, which the
thip has made to the eaft, fince the altitude of the fun in

the afternoon, by which the watch was corrected, gives
223d, 23m, the right afcenfion of the mid-heaven correct.

To find the apparent Altitude of the Virgin's Spike.

The declination of the Virgin’s Spike, by table, page 2, is
¢d. ssm. S, whence the latitude of the fhip being north,
the diftance of the ftar from the elevated pole 15 ggd. 5sm.
The right afcenfion of the Virgin’s Spike, by table, page 2,
is 198d. 1om. the difference of which, and 228d. 23m. the
right afcenfion of the mid-heaven, is the hourly angle of.
the Virgin’s Spike, 30d. 18m.

Cofine of hourly angle of Virgin’s Spike 30° 18’ 9.93621
Cotan. of latitude of fhip 49° 23’ 0.93325
Tan, of arc the itk 36° 31’ —— 9.86950

The



The difference between which and ggd. 55m. the diftance
of the Virgin’s Spike from the elevated pole, gives arc the
{fecond, 63d. 24m.

Cofine of arc the fecond, 63° 24 e 9.65104.
Sine of latitude of fhip, 49° 23’ —— 9.88029

* 19.53133
Subftract cofine of arc the firft, 36° 3¢’ —q.90508

Sine of true altitude of the Virgin’s Spike, 25° 1’ - 9.62625

Add 2m. of refraction at this altitude, by table, page 1,
gives apparent altitude of the Virgin’s Spike, 2¢d. 3m.
It was obferved 24d. s2m. or taking off 4m for the dip,
24d. 48m.

To find the apparent Altitude of the Moon's Centre,

The declination of the moon has been computed above,
24d. 52m. S, therefore, the latitude of the thip being north,
the diftance of the moon from the elevated pole is 114d.
sam. The right afcenfion of the moon has been computed
above, 249d. som. the difference of which, and 228d. 28m.
the right afcenfion of the mid-heaven, is 21d. 22m. the
hourly angle of the moon.

Cofine of hourly angle of the moon, 21° 22 0.96907
Cotan. of latitude of the thip, 49° 23" o 9.93329
Tangent of arc the firft, 38° 37’ e 9.90236

The difference between which, and 114d. g2m, the di-
ftance of the moon from the elevated pole, gives arc the
fecond, 76d. 15m.

| g Cofine
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Cofine of arc the fecond, 76° 135 — 9.37600
Sine of latitude of the fhip, 49° 23’ — 9.88029

‘ 19.25029
Subftrat cofine of arc the firft, 38° 3% ~—9.89284
Sine of the true altitude of the moon, 3° 21" 9.30345

From which fubftra&t the difference of 4m. the refration,
by table, page 1, and 5sm. the parallax 1n altitude, by ta-
ble, page 26, gives the apparent altitude of the moon, 12d.
qom, The altitude of the moon’s lower limb was obferved
12d. 18m. from which fubftradting 4m. for the dip, and
adding 16m. for the moon’s femidiameter, the apparent
altitude of her centre from the obfervation i1s 12d, jom,
which happens to agree exaétly with that computed.

A PRO-
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A P R O B L E M

To detcrmine the Longitude at Sca o Land from three corei-
porary Obfervations only, namely, the Diftance of the Moon's
Limb from a Star, and the apparent Altstudes of the Moon
and Star, provided the Moon be not lefs than two Hours
diffant from the Meridian.

T has been faid in Chap. II. that four obfervations are

~generally neceffary to be made, in order to find the lon-
oitude, according to the method defcribed 1n the following
chapters ; namely, an altitude of the fun, or a bright ftar,
n order to regulate a watch, by the time of which all the
obfervations are noted down ; the diftance of the moon’s
limb from the fun, or a proper {tar, and the apparent alti-
tudes of the fame ftar, and of the moon’s upper or lower
limb. It has, however, been remarked in the fame place,
that the neceffary obfervations are reduced to three, when
the diftance of the moon from the fun is obferved ; the al-
titude of the fun, taken at the fame inftant, being fufficient
to determine the time, without the ufe of any other altitude
of the fun, or a ftar, and even without the aid of a watch.
For the {ame reafon, the altitude of the ftar, from which the
diftance of the moon’s limb i1s meafured, being taken at the
fame inftant, will alio determine the time with fuflicient
exattnefs, provided the horifon be tolerably enlightened, and
the ftar be at leaft two hours from the meridian, without
requiring the altitude of the {un, or any other ftar, and even
without the ufe of a watch.

For



62 APPENIDTIX

‘For the very fame reafon, the altitude of the moon like-
wife, taken at the fame inftant with the obfervation of her
diftance from the ftar, will ferve equally to determine the
time, provided fhe be at leaft two hours from the meridian,
and the horifon be fufficiently enlightened, fo that her alti-
tude may be taken with fome exactnefs, But as the moon’s
right afcenfion and declination, which are both neceflary to
be known 1n this cafe, are continually varying, and cannot
be afflumed, near enough, from the eftimated time of the
day, and the longitude of the thip by account, as the decli-
nation of the {un may, this cafe requires another procefs,
and demands a particular method of computing the longi-
tude, diftinét from that explained in the preceding pages,
which hath not, that I know of, been yet thought of, or, at
leaft, not recommended to the public for this purpofe. I
have therefore propofed it as 2 problem, and now proceed
to give the folution. I fhall only firft remark, that this me-
thod, as it requires only the three eflential obfervations taken
at the fame inftant, {o it may often be of very great ufe,
efpecially where the watch, which the obfervers ufe, 1s fo
indifferent as not to be depended upon within one, or even
two minutes, for the {pace of fome hours ; and that, in ma-
ny cafes, it may be full as exact as the general method,
which I have hitherto propofed, as the altitude of the moon,
efpecially if not very high, may be often taken at {ea in the
night, by the help of her own light illuminating the horifon,
to almoft as great a degree of exatnefs, as the altitude of the
fun in the day-time ; whereas the altitudes of ftars, which
do not lie in the fame vertical with the moon, cannot be
taken with the fame certainty, the horifon under them be-
1ng not enlightened in the {ame manner.

The
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The followsing Steps -muff be obferved in the Solution of the
* Problem propofed.

1. Aflume the apparent time of the obfervation as near as
you can, which may be done very well, within half an hour,
either by common watches, or the glaffes of the thip; only
take care.to allow for the.fhip’s change of longitude, at the
rate of four minutes for every degree you have made fince
they were laft correéted, adding this corretion if you have
been going eaftward, or fubftracting it if you have been go-
ing weftward. To the time {o aflumed, add or fubftract
your longitude from Greenwich, turned into time, by table,
page 3 and 4, according as you are to the weft or eaft of
Greenwich. To this time compute the fun’s longitude, and
the moon’s longitude, latitude, &c. as in Chap. IV.

2. From the three given obfervations, the diftance of the
ftar from the moon, and the altitudes of the moon and ftar,
and the moon’s horifontal parallax, find the true diftance of
the ftar from the moon’s centre, by correting the obferved
diftance of the ftar from the moon’s limb, for the moon’s
{femidiameter, and for refraction and parallax, according to

Chap. V.

7. With the true diftance of the ftar from the moon’s
centre thus found, and the moon’s latitude computed, find

the difference between the longitudes of the moon and ftar,
and thence the moon’s true longitude, according to Chap. VI.

4. From the moon’s longitude thus found, and latitude
computed above, find her right afcenfion and declination,
by the two rules after Chap. VII, with the help of the tables,
page 26, 27, and 28 ; and from the fun’s longitude, com-

puted
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puted above, find his right afcenfion, by table, page 27 and
28. From the obferved altitude of the moon’s lower limb
{fubftract the fum of dip and refraction ; add 16m. for- the
moon’s femidiameter, and add the parallax 1n altitude, taken
out of table, page 25, with the moon’s apparent altitude and
horifontal parallax: or from the obferved altitude of the
moon’s upper limb, fubftract the fum of dip, refraction, and
16m. for the moon’s femidiameter, and add the parallax in
altitude, and you have the true altitude of the moon’s centre,
the complement of which to god. is the zenith diftance of
the moon. With this, and the moon’s declination, and the
latitude of the fhip at the time, find the moon’s diftance
from the meridian, according to Chap, 111, which add to,
or fubftract from, the moon’s right afcenfion, found above,
according as fhe 1s to the weft or eaft of the meridian, gives
the right afcenfion of the mid-heaven, from which {ubftraét
the fun’s right afcenfion, found above ; the remainder, con-
verted into time by table, page 3 and 4, 1s the apparent time
required.  In ftrictnefs, the time thus found fhould be cor-
rected at the rate of 1f. upon every 6m. of the difference be-
tween the fuid time and the thne aflamed, to be fubftraGied
if the firft 15 greateft, and added if the fecond is greateft.
The computation is to be performed according to Chap, 111,

¢, Take the difterence between this time and the time at
futt atlumed, and, by the rule of proportion, as 6om. of
time Is to this ditference, {o 1s the moon’s hourly motion
(found after computing the moon’s place) to a number of
minutes and decimals of a minute, which add to, or {ub-
ftract from, the moon’s lonaitude computed to the aflumed
time, reduced to Greenwich, according as the time found
by the altitude of the moon, exceeds or falls fhort of the
time aflumed, and you have the longitude of the moon
acrceable to the tables, at the time found by th: alutude lof
2 the
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the moon, reduted to Greenwicly, according to the fhip's
account. |

6. By comparing this longitude of the moon, refulting
from computation, with that inferred from the obfervation,
find the error of the thip’s account, and thence the true lon-
gitude of the fhip, according to Chap. VII.

E X A MZPL E

Of the Determination of the Lowgitude from three cotemporars
Obfervations of the Diftance of a Star from the Moon's Limb,
and of the Altitudes of the Moon and Star, according to the
Problem. -

I thall make ufe of fome of the fame obfervations as 'I
employed in the illuftration of the general method.

May ¢, 11h. 33m. 42{. by the watch, the diftance of the
Virgin’s Spike from the moon’s remoteft limb was meafuted
¢1d. 4om, 4of. but 3m. 20f. is to be added for the error of
the adjutment of the quadrant. At the fame inflant, the
altitude of:the ftar from the apparent horifon of the fea was
taken, 24d. s2m. and the altitude of the moon’s fower limb
above the fame, 12d. 18m. both free from any error of the
quadrant, but including the dip and refraltion. The lati-
tude of the fhip was 49d. 23m, and the longitude by ac-
count, 6d. 53m. weft of Greenwich.

Article I. I fhall afume the time to be r1h, 40m. P, M.
the longitude from Greenwich, at this time, by account, is
6d. 53m. W.=27m. j32f. of time, by table, page 3 and 4 ;
this, added to the time afflumed, 11h. 4om. P. M. gives the

affumed time reduced to Greenwich, 12h, 7m, 32, P. M.
K Hence
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Hence the fun’s longitude, computed by the tables, is 15. 1¢d.
13m. 48{. The equation of time — 3m. 54{. the mean
time at Greenwich, by affumption, 12h. 3m, 38f, P. M.
Hence the moon’s longitude, computed by the tables, is 8 S.
11d. 29m. 6f. the latitude 2d. 38m. 17{ S. the moon’s
horifontal parallax §6m. 15{. horifontal {femidiameter 1 gm.
21{, and hourly motion 32m. 4{.

Art. II. From the obfervations given, the true diftance of
the ftar from the moon’s centre 1s found, cleared of refrac-

tion and parallax, g1d. gm. 32f. in Chap. V.
Art, I1I, With the true diftance of the ftar from the

moon’s centre, ¢1d. gm. 32{. and the moon’s latitude, 2d.
38m. 17{.S. find the difference between the longitudes of
the moon and ftar, and thence the moon’s true longitude,
according to Chap. VI. making the computation, the diffe-
rence of longitude between the moon and ftar will come out
g1d. 12m, 4f, differing only 1f. from what was found in
Chap. VI. though the moon’s latitude is taken above a mi-
nute lefs in this computation than it was in that ; the reafon
of which 1s, that the latitudes of the moon and ftar are both
of the fame kind, and fo nearly agree together. But even if
the difference of their latitudes is greater, provided it does
not exceed the limits of the table 1n page 4, an errqr of 1m.
~m, or even 3m. in the moon’s latitude, (which we may
poliibly be fometimes f{ubject to in this computation, whe-
ther from the imperfection of the tables in this refpect, or an
crror in the affumption of the time) can be of no prejudice
in the refult,

The longitude of the Virgin’s Spike, by table, page 4,
ecorreCted by table, page 5, and alio by fubftracting sof. is
65, 20d, 31m. 49f. to which add the difference of longitude
+ between
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between the moon and ftar, found above, gi1d. 12m. 4{.
=15, 21d. 12m, 4f. becaufe the moon was eaft of the ftar,
gives the true longitude of the moon inferred from the ob.
{ervation, 88, 11d. 43m. 53f.

Art. IV. From the moon’s longitude, juft found, 8S. 11d.
A4m. and latitude computed before, 2d. 38m. S. find her
right afcenfion and declination by the two rules after Chap.
VII. with the help of the tables, page 26, 27, and 28. The
moon’s declination will be found 24d. g1m. S, within a mi-
nute, as it is in the example to the rules, and her right af-
cenfion, as in the example there, 249d. som. With the
{fun’s longitude, 15. 19d. 14m. find his right afcenfion, b
table, page 27 and 28, 46d. 46m. From the obferved alti-
tude of the moon’s lower limb, 12d. 18m. {ubftra& the fum
of dip 4m. and refrallion 4m. and add 16m. for the moon’s
{femidiameter ; alfo add the parallax, §sm. an{wering to the
altltude, 12d. 18m. taken out of table, page 26, with the
moon’s horifontal parallax, 56m. hence the true altitude of
the moon’s centre 1s 13d. 21m. and her zenith diftance,
26d. 39m. Her declination being found, 24d. §1m. §. and
the latitude being 49d. 23m. N. ” the diftance of the moon
from the elevated pole is god.+24d. §1m.= 114d. §Im,
and the colatitude god.~—49d. 23m. = 40d. 37m.

Computation of the apparent Time from the obferved Altitude of
the Moon. Vide Chap. III.

7

Zenith diftance of the moon  vewea — 76 39
Dift. of the moon from the elevated pole 114 51
Colatitude e _— 40 37

Sum of zenith dift. of moon, polar dift. and colatitude 232 7
Half fum ——— —— 116 3

K 2 Arith-
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Arith. compl. of fine of cdlatitude 40 37 0.18642
Arith. compl. of fine of pol. dift. of moon  ¥14 51 "0.04219

Sine of half fum —-colat =1 16“3 — 40“37 = 75 20 09.9858I
Sine half fum—pol. dift.=116°3'~114°51'= 1 12 . 8.32103
Sum of four logarithms — 18.52545
Half fum, fine of 10° 402 e 9.26772
Douybled s dift. of moon from meridian | —21 21
Which fubftrac from the moon’s right afcenfion, the

moon being caft of the meridian, — 249 50
Leaves right afcenfion of mid-heaven 228 29
Subftra& the fun’s right alcenfion, found above, —46 46
Remainder — e 181 43

h. m. |

Apparent time, by table, page 3 and 4, 12 6 52P. M
But this excceding ri1h. gom. P. M, the time

afflumed, by 27m which contains 6m. four )

times, fubftratt e 4

Apparent time corret from altitude of moon 12 6 48 P. M.

Art. V. The difference between the apparent time thus
found, 12h, 6m. 48{. and the time aflumed, 11h. 40m. be-

hor. mot. )

ing 26m, 431, fay, as 6cm. : 26m. 43{. :: 32m. 4f. : 14m.
20f. which add to 85, 11d. 29m. éf. the moon’s longitude,
computed from the tables, becaufe the time computed from
the altitude of the moon c:xceeds the time ailumed, gives the

iangitude of th¢ ‘moon from computatlou corret, 69, 11d.
4.3, 2 6f,

Art,
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Art. V1. The longitude of the moon juft found, 89. 11d.
43m. 264, is-lefs-than that inferred from the obfervation in
Art, II. 8S. 11d. 43m. 53{. by om. 271 which comes
out the fame within 2{. as in the example in Chap. VII.
The ecror of the thip’s account will therefore be found, asin
the fequel of that Chapter, 14m, the thip being fo much to
the weft of her account ; whence her true longitude, at any
afligned time between the noons of May g and 10, is eafily
found, as is exemplified in the latter part of the fame
Chapter,

A coneife
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A concife Method of finding the Latitude, from
two obferved Altitudes of the Suny with the In-

terval of Time given by a common Watch.

HE common pradtice of navigation, being incapable

of giving the longitude with any certainty, requires,
on that account, a more exact knowledge of the latitude ;
and it is generally fuppofed, that this can be fufficiently de-
termined, at all times, from meridian obfervations of the
{fun, It may indeed be thus inferred, to more than a fufh-
cient degree of exatnefs, by the ufe of that invaluable
mftrument, the Hadley’s quadrant, if no clouds or fogs
intcrvene at the time. But what are we to do in this
latter cafe ? The meridian obfervation being only that of a
fingle inflant, or, at the moft, of a few minutes, if a cloud
{hould happen to come at that time, even though it pafs oft
again prefently, 1t may either prevent the obfervation, or,
at leaft, render it very doubtful ; for, without the obferver
can fce the fun both rife and fall, or, at leaft, ind him con-
tinue in a manner ftationary for fome minutes, he cannot
be fure that he has obtained the meridian or greateft
altitude.,

To prevent thefe inconveniencies, the mathematicians
have propofed a problem, to find the latitude from two ob-
ferved altitudes of the fun, with the interval of time mea-
fured by a common watch, By this method, provided the
two altitudes can be obtained between the hours of nine in
the morning and three in the afternoon, with a proper in-
terval of time between them, the latitude may be deter-
mined nearly, as exact as by the meridian obfervation ; and

23
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as in cloudy weather it affords an incomparably greater
chance of fuccefs, than the meridian obfervation only, it
cannot but be of the greateft ufe, perhaps next in value to
the method of finding the longitude. It is therefore to be
hoped, that every diligent mariner will pratice this im-
provement, as occafions may require, efpecially as it is at-
tended with very little trouble, either on the part of the ob-
{ervations or the computations. I need not obferve, how
nearly the art of practical navigation would be perfected by
the addition of this more general method of finding the la-

titude, to the method of finding the longitude, explained in
the preceding treatife.

The following method of calculation is taken, for the
moft part, from a paper of Dr. Pemberton’s in Part H. of
the ¢1ft Volume of the Philofophical Tranfalions for 1760,
and is more expeditious and convenient, than that by Har-
rifon’s logarithmic {olar tables, publithed in 1759, as it re-
quires, befides the common tables of logarithms, only a table
of logarithmic verfe-fines, and a table of natural fines, both
of which are to be found in Sherwin’s exalt tables of loga-
rithms, which ought alfo to be ufed in the computations of

the longitude, as being the moft exact and compleat tables
extant,

I have fubjoined {fome cautions that ought to be ufed 1n

the choice of the times of the obfervations, to enfur¢ the
{uccefs of the computations,

PREPARATION.

If both the altitudes of the fun were taken in the morn-
ing, or both in the afternoon, fubftract the time {hewn by
the watch at the firft obfervation, from the time fhewn by

the
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the watch at the fecond obférvation:: ‘but if one was taken in
the forgnoon, and the other in the afternoon, add 12 hours
to the latter, from which fubftradt the time of the forencon
obfcrvation ; the difference is the elapfed time. Turn the
clapfed time into parts of a circle, at the rate of 14d, to 1h,
and 1 zm. to 1m. of time, &c. or more briefly, by the table,
page 3, and to the degrees and minutes thus found, add the
longitude made by the fhip in the interval between the ob-
fervations, if it has been failing eafterly, or fubftratt i, if it

bas been failing wefterly ; the fum, or difference, is the
clapfed angle, of which take the half,

Correct both altitudes of the fun in the following manuer.
I'romn the obferved altitude of the fun’s lower limb, correéted
for the error of the quadrant, if any, fubftra@ the fum of
the dip of the {ea and refraltion, by tables, page 1, and add
16m, for the {un’s femudiameter : or from the obferved al-
titude of the fun’s centre, correéted for error of quadrant, if
any, fubftrad the fum of the dip and refraction, and you
have the true altitude of the fun’s centre ; the complement
of which to god. is the zenith diftance of the fun.

N. B. The meridian altitudes of the fun ought always to
be corrected in this manner for computing the latitude; and
in very hazy weather, when the limbs of the fun are very

il 'defined, it is more exa&t to obferve the altitude of the
centre.

Take the fun’s declination for the day at noon, as 1in com-
puting the latitude from a meridian obfervation ; by correct-
1ng, as In that cafe, the declination contained in your ephe-
meris, or printed tables, for the difference of longitude from
London, to which thofe tables are adapted. Lattly, cafting

up your log-book, find the latitude of the fhip by account
at
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at noon, which is the fuppofed latitude, to be made ufe of
in the following calculations, in order to find the true
latitude.

Now add together the fine of half the fum of the zenith
diftances, the fine of half the difterence of the zenith di-
ftances, the arithmetical complement of the cofine of the
fun’s declination, the arithmetical complement of the cofine
of the fuppofed latitude, and the arithmetical complement
of the fine of the half-elapfed angle ; the fum of thefe five
logarithms, abating ten from the index, is the fine of the
half time from noon, or the middle time between the two
obfervations from noon, i parts of a circle. The difference
of this and half the elapfed angle, is the diftance of the ob-

{fervation of the greateft altitude from noon, whether it be
before or after noon, |

Next add together the verfed fine of the diftance of the
greateft altitude from noon, the cofine of the fun’s declina-
tion, and the cofine of the fuppofed latitude ; the fum of
thefe three logarithms, abating 23 from the index, 1s the
logarithm of a number, which, added to the natural fine of
the greateft obferved altitude of the {un’s centre, correCted
as above for dip, refrattion, &c. taken out of Sherwin’s ta-
bles, is the natural fine of the fun’s meridian altitude ;
whence the meridian altitude of the fun is found by the

{ame tables, and the latitude 1s thence found in the ufual
manner.

N. B. If a table of natural fines was ufed, confifting only
of fix or five places of figures, when greateft, inftead of fe-
ven, as Sherwin’s, then, inftead of abating 27 from the

index of the fum of the three logarithms above, 24 or 25
muft be abated.

L I
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If the diftance of the obfervation of the greateft altitude
from noon, found by the calculation in parts of a circle, be
turned into time, at the rate of 1h. to 15d. and 1m. of time
to 15m. &c. or, more briefly, by table, page 13, and be
compared with the time given by the watch, it will thew

how much the watch is too faft or too flow for apparent
time,

E X A MUP L E

Of the Campzzz'czz‘z'on of the Latitude Jfrom two obfcrved Alti-

tudes of toe Sun, with the intcrmediate Time nmeafured by
a Watch.

Jan. 22, 1761, at gh. 24m. 21{. A.M. by a watch, the
apparent altitude of the {fun’s lower limb from the hLorifon
of the fea, was obferved 13d. 44m. and at 10h. 56m, 3810
20d. 16m. There is 2m. to be {ubftracted for the error
of the adjnftment.

PREPARATION.

Subftra& gh. 24m. 21{. the time of the firft obfervation,
from 10h. g6m. 381, the time of the fecond obfervation, the
diftcrence, 1h. 72m. 17{ is the elapfed time, This turned
into parts of a circle, at the rate of 1h. to 15d. and 135m,
to 1m. of timc, &c. or, morc briefly, by the reverfe of table,
page 3, gives 23d. 4m. from which fubftract 3m. of longi-
tude, which the fhip has made to the weftwaid, in the in-
terval between the obfervations, leaves 23d. 1m. the clapfed

angle, half of which 1s 11d. jom.

From 17d. 24m. the firft alatude of the fun oblerved,
{ubftract 2m, for the ecmror of the quadrant, and likcwile
fubfiract
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fubfira& the fum of the dip 4m, and refration 4m, accord-
ing to tables, page 1, and add 16m. for the fun’s femidia-
meter, gives the true altitude of the fun’s centre, I3d som,
the complement” of which to god. or 76d, 10m. is the z:-
nith diftance of the fun.

In like manner, from 2od. 16m. the fecond obferved al-
titude of the fun’s lower limb, {ubftra& 2m. for the error
of the quadrant, and fubitract the fum of the dip g4m. and
refraion 2m, and add 16m. for the femidiameter of the
{un, gives 20d. 24m. the true altitude of the fun’s centre,
the complement of which to god or 6gd. 36m. 1s the ze-
nith diftance of the {un.

The {un’s declination this day at noon at London is 19d.
34m. S. but being 6d. 4om, weft of London, and the fun’s
daily variation of declination decreafing, bemg 14m. 3m.
fhould be fubftratted on this account, which is of no
confequence.

I fhall fuppofe the latitude to be 48d. ;om. N.

Calculation of the Latitude from two obferved Altitudes, with
the intermediate Time meafured by a Watch,

Half fum of the zenith diftances %29 57’ fine 9.93032
Half difference of zenith diftances 3 14 fine 8.75795
Sun’s declination, 19° 34 arithmet, compl. of cofine  0.02583
Suppofed latitude, 48° 30" arithmet. compl. of cofine  0.178%3
Flalt elapfed angle, 11° 30’ arithmet, compl. of fine  0.70034

Sine of angle of middle time from noon =26° 5 9.64317

L 2 The
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The difference of this and half elapfed angle, 11° 30
s diftance of greateft altitude from noon, 14° 35’

verfed fine —_— 8.50809
Sun’s declination, 19% 34" cofine — 0.97417%
Suppofed latitude, 48° 30" cofine e 9.82126

28.30352
Subftraét from index —— 23
Logarithm of natural number 201150 5. 30-;;;

Natural fine of greateft altitude of fun’s cen-
tre — 20° 24 by Sherwin’s tables — 3485720

3086870
Sum 1s natural fine of the fun’s meridian ¢ '
altitude — 21 38
Add fun’s declination 19 34S.
Complement of latitude —_— A1 12
Lautude e e 48 48
It was obferved 48 45

Diftance of greateft altitude from noon found above, 149 35" in
time, by table, page 3, 58m. 20f whence the time is 1rh.
1m. 4of. A.M. But the time of the watch was 1oh. 56m. 381,
Hence the watch 1s gm. 2f. too {low for apparent time.

The following Cautions are proper to be ufed in choofing out
the Times of the Obfervations.

1. The two obfervations muft be always taken between
g in the morning, and 3 in the afternoon ; but the nearer
they are to noon, the better, provided there be a fufficient
interval between them. The following diretions will fhew

what mterval is proper.

2, If both obfervations are in the forenoon, the interval of
time between them muft not be much lefs than half the di-
(tance of the firft obfervation from noon,

7. If
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3. If both obfervations are in the afternoon, the interval
between them muft not be much lefs than the diftance of
the firft obfervation from noon.

4. If one obfervation is in the forenoon, and the other
in the afternoon, the interval of time between them muft
not exceed 4+ hours.

¢. If the fun’s meridian zenith diftance be confiderably
lefs than the latitude of the place, then the obfervation muft
be taken proportionably nearer to noon. Thus, if the la-
titude be double the fun’s meridian zenith diftance, the firft
of two obfervations taken in the forenoon muft not be be-
fore g A.M. nor the fecond before 103 A.M. or the firft
of two taken in the afternoon, muft not be after 15 P. M.
nor the fecond after 2; P.M. Or if one obfervation be
taken in the forenoon, and the other in the afternoon, that
in the forenoon muft not be taken before 93 A. M. nor muft
the interval between that and the afternoon obfervation be
above 3+ hours. If the latitude be three times the {fun’s me-
ridian zenith diftance, the firft of two obfervations taken in
the forcnoon muft not be before 10 A. M. nor the fecond
before 11 A. M. or the firft of two taken in the afterncon
muft not be after 1 P. M. nor the fecond after 2 P. M. Or,
if one be taken in the forenoon, and the other in the after-
noon, that in the morning muft not be before 10 A. M.
and the interval between them muft not be above 3 hours,
If the latitude be five times the {un’s meridian zenith di-
ftance, the firft of two obfervations taken in the forenoon
muft not be before 105 A.M. nor the fecond before 11+
A. M. or the firft of two taken in the afternoon muft not
be after ol P. M. nor the fecond after 1. P.M. or, if one
be taken in the forenoon, and the other in the afternoon,

the morning one muft not be before 107 A.M. nor the
2 interval



interval between them be above 2% hours, If the latitude
be twelve times the {fun’s meridian zenith diftance, the firft
of two oblervations taken in the forenoon muft not be be-
fore 11 A. M. nor the fecond before 11 A. M, or the firft
of two taken In the aftcrnoon muft not be after o3 P. M.
nor the {econd after 1 P. M. or, if one be taken in the fore-
noon, and the other in the aftcrnoon, the morning one muft
not be before 11 A. M. nor the interval between them be
above 1% hours, But if the fun’s meridian zenith diftance
be ftill lefs in proportion to the latitude, it will be neceflary
to take thc obfervations {o much nearer to the noon,

that the advantage of the method will be very much di-
minithed. |

If the above cautions are ufed, the latitude computed will
be at leaft five times nearer the truth than the latitude
{uppofed ; and therefore the error of the latitude computed
will not be above ;th of the difference between them ; from
whence a judgment may be formed, whether 1t will be nea
ceflary or not to repeat the calculation over again with the

latitude found, inftead of the latitude firlt fuppofed.

Cautions the 2d, 3d, and 4th, are given to prevent the
unavoidable errors in taking the altitudes of the fun, or in

the meafure of the elapfed angle by the watch, from pro-
ducing a greater error than themielves in the latitude com-
puted. They are founded upon thefe two theorems; 1.
.That the error produced in the latitude computed is to
the error 1 either of the altitudes, as the fine of the fun’s
azimuth at the taking of the other altitude, to the fine of the
difterence, or {um of the azimuths, according as they are of
the fame or different fides of the meridian. 2, That the error
in the latitude computed is to the error in the meafure of the
terval of time, turned into parts of the equator, as the

product
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product of the fincs of the two azimuths, and the cofine
of the latitude, to the product of the fquare of the radius,
and the fine of the difference, or fum of the azimuths.

The error in the meafure of the interval of time by a
common watch, i1s moft to be apprehended ; but where a
watch Is ufed, whofe rate of going is very regular, there
the cautions 2d, 3d, and 4th, need not be obferved {o very
finctly, and a lefs interval of time may be admitted be-
tween the obfervations, when made both in the afternoon,
or both in the forenoon ; or a longer interval may be ad-
mitted between one obfervation made in the forenoon, and
the other made in the afternoon. The time of the watch
fhould be eftimated to 5m. or lefs if it can be done, if it
has no fecond hand.

Caution sth, 15 neceflary to be obferved, in order that
the error in the fuppofed latitude may be diminithed five
times in the latitude computed, and 15 taken from the efti-
mation of the crror of the calculation, made 1n the above-
mentioned paper in the Philofophical T'ranfactions.

I have only onc remark more to add, that the latitude
thus found 1s that at noon, provided the change of the
(hip’s latitude between tae obfervations and noon be tole-
rably uniform, and the meridian {un be not very ncar the
zenith ; the error arifing in the calculations from the neg-
lect of the fhip’s change of latitude, 1 this cafe, very nearly
compenfating itfelf, and carrying on the latitude to the time
of noon, as will be found upon tridl,  Therefore 1t is only
necefiary to allow for the thip’s change of longitude between
the obfervations, as 1s done in the precepts above,

Some
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Some  Remarks on the proper Length of the
Log-Line.

S the defire of imparting my beft afliftance to the

diligent mariner was my motive to undertake the
foregoing work, fo the fame reafon induces me to recom-
mend to his ferious notice the great importance of the ad-
jultment of the log-line to its true length. Until this be
donc generally, not only will our fhips be incapable of
making the beft dead reckonings poffible in the common
method, which will, for many reafons, be always proper,
notwithftanding the introduction of the method of finding
the longitude, but alfo it will be impofiible to make the
reckonings of any two fhips, even when failing the fame
voyage, and in company with each other, to agree tolerably
together ; for while one thip has a line of 42 feet between
knot and knot to a glafs of 28 feconds ; another, one of
42 feet to a half-minute glafs ; and another one of 48 feet
to a glafs of 28 feconds ; all which proportions are very com-
monly uled, their accounts muft differ as muoch from one
another, as moft of them do from the truth; for, as only
one can be right, all the reft muft confequently be wrong.

It 1s not difficult to fee that the want of a fixed ftandard
in this particular carries a very evil influence along with it
upon the practice of navigation, fince a fhip making any
particular voyage hereby lofes the greateft part of the ad-
vantage which it might otherwife receive from the jour-
mls of fhips who have gone the fame tra¢t before. For,
of what great ufe can it be to me, to be informed, that a
fhip has made a certain number of degrees between any two
ports, as long as 1 am uncertain whether its log-line was

divided
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divided at the rate of 42 or of 5o feet to a half~-minute glafs?
I am here left in an uncertainty to the amount of ¢ or .} of
the length of iy whole voyage ; for I am uncertain, whe-
ther I ought to make the fame quantity of longitude as that
fhip did, or § or % morc or lefs.

It may perhaps be urged, that the difference of longitude
between any two places may be taken from books of na-
vigation and corret charts, without recurring to fhip’s jour-
nals at all. To this I an{wer, that though the longitudes
of all places could be found in thefe books or charts to a
futhcient exa@tnefs, yet, unlefs my own log-line be properly
alvided, I cannot expect to make a true and corre@ reckon-
ing. DBut I muft alfo obferve, that the longitudes of places
are far from being laid down generally in books and charts,
with that degree of exactnefs that it was to be withed they
were, for the benefit of navigation. Thofe longitudes only,
of places which have been found from aftronomical obfer=
vatioas, or which have been referred to other places, fo
fettled, by accurate trigonometrical furveys, are to be looked
upon as certain.  The longitudes of all other places, not fo
fettled, muft depend either on the uncertain maps of coun-
tries not at all, or, at leaft, not well furveyed ; or on the
journals of fhips, the uncertainty of both which, efpecially
in confiderable diftances, is too apparent to need any point-
ing out. As therefore the difficulty of procuring aftrono-
mical obfervations to be made in all parts of the globe will
always oblige us to depend upon the runs of fhips, or maps
of countries, for the longitudes of many places, it is plain,
that the prefent uncertain manner of dividing the log-line as
well prevents us from knowing, with that certainty we
otherwife might, the longitudes of thofe places, which can
be known only from fhips runs, as alfo from keeping a.
corret reckoning, even when we know with certainty the

M longitudes
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longitudes both of the port we depart from, and that we
are bound to.

~ There is another argument, which adds much ftrength

to the foregoing ones, and greatly enforces the neceflity of
a uniform and corrett length of the log-line on board of
all fhips ; that in many parts of the ocean, efpecially be-
tween the tropics and near moft headlands, there are con-
fiderable currents, which muft confequently introduce a
fre(h error into the reckoning ; and if this error thould hap-
pen to combine with that already produced by a wrong
length of the log-line, as it* may, as well as not, it is not
ealy to fuy how far the total error of the reckoning might
go, or to what Inconveniencies or dangers the fhip might
be expofed on that account, But if the juft and proper
length of the log-line was ufed on board of all thips, they
would be then liable only to the errors of the currents
themfelves ; and even thefe, as far as they are conftant and
regular, might be found out and afcertained from the jour-
nals of feveral thips, which would then agree much nearer

with one another.

After infifting fo ftrongly on the necefiity of adjufting the
knots of the log-line to a proper length, it is time that I
fhould mention what that length is. This, by the teftimo-
ny of all mathematicians, is §o or 51 feet to a glafs which
runs out In 3o feconds, or half a minute. But if the glafs
take a longer or fhorter time to run out, the diftance of the
knots fhould be made longer or fhorter in the fame propor-
tion, according to the following Table.
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