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NAVIGATION.

DEFINITIONS, ETC.

(1) Two distinet methods are used for navigating a ship
from one place to another: the first i3 an application of the
common rules of plane triconometry; the other requires a
knowledee of spherical trizonometry, and of' the principal
definitions and facts in astronomy.  The latter is for this
reason ealled Nawtical cAstronomn : the characteristic name
of the former being Navigation or plane soiling.

(2 The necessary angles and measurements in the fiest
method are supplied by means "
of the compass and log-line ; in v
the second and more exact me-
thod they are obtained by astro- |
nomical observations.

Dcfinitions in Navigation. oA

Let s and v represent two ‘ '
places on the surface of the
carth (considered as a sphere),
rv, rz, their meridians, r the
pole, and vz an are of the equa-
tor. Throuch A and r draw a

curve line ¥, cutting all the T
intermediate meridians, pv, pw,

&c., at the same angle. This common angle is called the

course from A to ¥, and the arc Ar (in nautical miles) is
B2




4 DEFINITIONS.

called the distance. Draw the parallels of latitude AX and
Fo; the are s v is the latitude of 4, and Fz the latitude of
F; vz, or the angle ar, is the difference of longitude
between A and ¥. The are 04 is the difference, or, as it is
called in Navigation, the ¢rue difference of latitude between
Aand F.

Suppose the intermediate meridians »v, pw, &c. to be
drawn through points 1,¢, &c. taken on the arc AF indefinitely
near to one another, and through B,c, &c., suppose arcs of
parallels s, cr, &e. to be drawn ; on this supposition the
clementary triangles Amir, Bet, & may be considered as
right-angled plane triangles, of which the sum of the sides
AB, BC, &c. is the distance, the sum of the sides am, 81, &e.
is equal to the true difference of latitude, and the sum of the
sides Bu, c1, &e. is ealled in Navigation the departure.

The chart used at sea for marking down the ship’s track,
and for other purposes, exhibits the surface of the globe on
a plane on which the meridians are drawn parallel to each
other, and thercfore the parts Bu, c1, nk, &e., ares of
parallels of latitude, are increased and become equal to the
corresponding parts of the equator vv, vw, &c. Now, in
order that every point on this plane may occupy the same
relative position with respeet to each other that the points
corresponding to them do on the surface of the globe, the
distance between any points A and o, and a and F must be
increased in the same proportion as the distance Fo has been
increased. The true difference of latitude, Ao, is thus
projected on the chart into what is called the meridional
difference of latitude, and the departure, Bu4c1+pE+ ...
into the difference of longitude. A chart constructed in
this manner is called 8 Mercator’s Chart.  From these defi-
nitions and principles are deduced certain trigonometrical
formule, and these expressed in words form the common
Rules of Mercator and Parallel Sailing. For the proof of
these formule and rules, the student is referred to the
author’s volume of * Astronomical Problems and their
Solutions,” (p. 122.)



PRELIMINARY RULES IN NAVIGATION.

PRELIMINARY RULES IN NAVIGATION.

Rule (a).

To find the true difference of lutitude, having given the
latitude from and latitude in.*

(1.) When latitude from and latitude in have like names,
that is, are both north or both south.

Under the latitude from, put down the latitude in, take
the difference and reduce the same to minutes; place N, or
S. against the result aceording as the latitude in is north
or south of the latitude from; the remainder is the frue
difference of latitude.

(2.) When latitude from and latitude in have wnlike
names, that is, one north and the other south.

Take the sum of the two latitudes, reduce it to minutes,
and attach N. or 8. thereto according as the latitude in is
north or south of the latitude from ; the result is the true
difference of latitude.

EXAMPLEN,

1. Find the true difference of latitude, having given
latitude from = 42° 10' N, and latitude in 50° 48' N,

lat. from 427 10" N.
lat.in 50 48 N.

§ 38
60
T. D. lat. 518 N.

* The latitude of the place left is called the latitude from; the
latitude of the place arrived at is called the latitude ix.
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2. Find the true difference of latitude, having given
latitude from 3°42' N, and latitude in 2° 50’ S.
lat. from 3° 42' N,
lat.in 2 350 8.
6 32
GO
T.D. lat. 392 8
Find the truc difference of latitude in each of the
following examples:

Lat. from. Lat. in. Answers.
3. 33°42'N. 40" W'N T.D.lat.= 418 XN.
4. 40 40 N. 33 42 N. = 418 8.
3. 342 8. 1 40 N. = 322 N.
6. 3 § 8 1442 S, = (94 8.
7. 6S 48 N, 38 30 N. =1818 8.
8. 14 14 N. 0 0 = 554 8.
Rule (b).

To find the meridional difference of latitude, having given
the Iatitude from and latitude in.

Take the meridional parts for the two latitudes from the
table of meridional parts; subtract, if the names be alike,
and add if the names be unlike; the result is the meridional
difference of lutitude, N. or 8. being attached thereto
according as the latitude in is north or south of latitude

from. EXAMPLES.

9. Tind the meridional difference of latitude, having given
latitude from 42°10’'N., and latitude in 50°48'N.

lat. from -$2¢ 10'.\' . mer. parts 2795-2
lat.in 50 48 N. mcr. parts 35108 1\.

mer. diff’ lat. 7546 N.
10. Tind the meridional difference of latitude, having given
latitude from 3°42' N, and latitude in 7°32' S.

lat. from 3°42'X, mer. parts 222:2 N
Iat.in 7 328, mer. parts 453-3 s.

mer. diff. lat. 6755 S.
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Find the meridional difference of latitude in each of the
following examples:

Lat. from. Lat. in. Answers,
11. 34°42'N. 33°15'N. M.D.lat.= 1049 8.
12 1+ 14 N, 30 1+ N. . =1041'7T N.
13. 84 10 N, §0 30 N. =1681-5 N,
14. 2 88 3 10 N\. = 3181 N,
13. 4+ 5N 4 5N . = 4904 N,
16. [\ 2 45 N. = 1651 N.
Rule (c).

To find the middle latitude, having given the latitude from
and latitude in.

The names being supposed to be alike, that is, both north
or both south.

Add together the two latitudes, and take half the sumj;
the result is the middle latitude.

‘When the names are unlike, the mid. lat. (which is scldom
required but for obtaining the departure) should be found
by means of a table; but in this case it may perhaps be as
well to avoid the use of the middle latitude in any of the
common problems in navigation.

EXAMPLES.
17. Find the middle latitude, having given latitude from
3-42' N, and latitude in 13°52' N.
lat. from 3°12'N.
lat.in 13 52 N,
2)17 34
mid. lat. 8 47 X.
Find the middle latitude in cach of the following
examples:
Lat. from, Lat. in. Answer«,
18, 382 42'N, 30°30°N., mid. lat. 31°36" N.
19. 62 17 8. 62 30 N, e 62 2318,
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Rule (d).

To find the difference of longitude, having. given the longi-
tude from and longitude in.

(1.) When the longitude from and longitude in have like
names ; that is, are both east or both west.

Under longitude from put longitude iu, take the difference,
and reduce the same to minutes; place E.or W. against the
remainder according as the longitude in is east or west of
longitude from; the remainder will be the difference of
longitude.

(2) When the longitude from and longitude in have
unlike names, that is, one east and the other west.

Take the sum of the two longitudes, reduce it to minutes,
and attach E. or W. thereto according as the longitude in is
cast or west of the longitude from ; the result is the true
difference of longitude.

NoTE-- I thedilferenee of longitude found by this rule excced 180°,
it must be subiructend rom 360 . and the remainder brought into minutes
must be considered the difference of longitude, with the contrary letter

attached to it.
EXAMPLFS.

20. Find the difference of longitude, having given the
longitude from =110 -12° W, and longitude in 100°42' W.
long. from 110° 42" W,
long. in 100 42'W.

10 0
60
difl’ Jong. 600 E.
21. Find the difference of longitude, having given long.
from 12°10" E,, and long. in 2°45 W.
long. from 12°10 E.
long.in 2 45 W.
11 55
60
dift. long. 595 W.
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Find the difference of longitude in each of the following
examples :

Long. from. Long. in. Anawers.
22, 33°WE. 40°10'E. Dift. long. 390 E.
23. 104 OW. 110 30 W. 390 W.
2t 245 W. 3 30E. 375 K.
25. 0 0 4 10W. 250 W,
26. 3 10W. 3 10K 380 E.
27 179 OE. 179 OW. 120 E.
Rule ().

To find the latitude in, having given the latitude from and
true ditference of latitude,

(1.) When the latitude from and true diflerence of latitude
have like names.

To the latitude from, add the true difference of latitude
(turned into degrees and minutes, it necessary) 5 the sum
will be the latitude in, of the same nane as the latitude from.

(2.) When the latitude from and true difference of latitude
have unlike names.

Under the latitude from put the true difference of latitude
(in degrees and minutes, if necessary) @ take the less from
the greater; the remainder, marked with the name of the
greater, is the latitude in.

EXAMPLES,

25. Find the latitude in, having given the latitude from

42930" N, and true difference of latitude 342' N,

60)B-42" N, lat. from 42°30°N.
5 42N, T.D.lat. 5 42N,

lat.in 45 12N,
29. Find the latitude in, having given the latitude from
2° 40’ S., and true difference latitude 342" N.
60)342' N. lat. from 2°40'S.
5°42'N. T.D.lat.5 42 N.
lat.in 3 2N.
B3
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Find the latitude in, in each of the following examples:

Lat. from. T.D.lat. Answers.
30. 30°10°N. 182'N. Lat. in 33°12'N.
31. 3 28. 190 N. .. 0 8N.
32, 2 48 8. 368 N. .. 320N,
33. 2 48 N, 2588 N. .. 2 ON,
34, 4 48 N. 269 8. .. 00
35. 0 10N. 294 N, ... 358N,
Rule (f).

To find the longitude in, having given the longitude from
and the difference of longitude.

(1.) When the longitude from and diff. long. have like
names.

To the long. from, add diff. long. (turned into degrees if
necessary) ; the sum will be long. in, of the same name as
long. from.

(2.) When thelong. from and &iff. long. have unlike names.

TUnder long. from, put diff: long. (in degrees and minutes,
if nceessary) ; take the less from the greater : the remainder,
marked with the name of the greater, is the long. in.

Note.—If the long. in, found as abuve, cxceed 180°, sulitract it from
3G0°, and attach to the remainder the contrary uame to the ene directed
in the Rule.

EXAMPLES.

36. Find the long. in, having given long. from 3~ 12°W,,

and diff. long. 381:5" "W

60)3814°5 long. from 387 127,
G215 W dift. long*® 6 215W.

long.in 45 65W.
Find the longitude in, in cach of the following examples :

Long. from, DIff. Jong. Aunswers,
37. G2oR2'E, 1000-5'W. long. in 45°51'-5'E.
38, 2 30 E. 126-6 E. 4 366 E.
39. 3 40 W, 2200 E. 00
40. 0 0 100-+ W, 1 404 W.

41 179 59 W. 20 W ... 179 590 E.
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THE COMPASS AND LOG-LINE.

—_——

Tur Compass card is represented above; each quadrant is
divided into eight equal parts, called points; cach point
therefore contains 119153, The names of the points are
formed as follows:

Middle point between N. and E. is formed by putting these
letters together, thus . . . . N.E
Middle point between N. and N.E. 1s formed thus N.N.E.
Middle point between E. and N.E. is formed thus E.N.E.
Oune point from N. towards E. is N. by E.or . . N.D.LE
E. .. N.isEbyN.or . . EbLN

N.E ... N.isN.E byN.or NEDN.

N.E .. EisNEbyEo NEDE

The points of the compass are frequently referred to with
respeet to their position to the right or left of the cardinal
poiut towards which the spectator is looking; thus, N.E. is
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said to be 4 points to the right of N; E.b.N. is 7 points to
the right of north. Each point, moreover, is subdivided into
quarter points, and named from the adjacent points; thus,
2} points to the right of north is N.N.E.}E.; 7§ points to
the right of north is E.b.N.{E. or E.{N.

The other three quadrants are divided and referred to in a
gimilar manner. )

Attached to the compass, and coinciding with the line
N. 8., is a maguetic bar of steel, by means of which the eard,
when balanced on a fine point near its centre, will indicate
the compass bearing or direetion of any object beyond it.

Thus, the compass being placed near the helm, the bearing
of the ship’s head is seen at onee, and the direction in which
the ship is steered is readily noted.

The Log-line.

The log is a flat picee of thin wood of a quadrantal form,
londed in the eircular side with lead suflicient to make it
swim upright in the water; to thisis fastened a line about
150 fathoms long, called the log-line, which is divided into
certain spaces called Anots ; the length of each knot is sup-
pused to be the sume part of a nautieal mile (6120 feet) that

6120

half a minute is of an hour, henee 1 knot = o0 = 51 feet.
1f, therefore, 1 knot runs out in half a minute (shown by a
half-minute glass). the rate of the ship is supposed to be
1 mile an hour; i 2 knots, the rate is 2 miles an hour, and
8o ou.  The length of the knot is very rarely so much as 51
feet, and the hour-glass used is not always a half-minute
glass ; various modifications of the two instruments are
made, to Tender this method of measuring the =hip’s way
tolerably correet 5 these will be more clearly seen in the use
of the instruments themselves.

Correcting Courses.

Three corrections are sometimes necessary to be applied
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to the course steered by compass, to reduce it to the true
course ; and the converse.  These are called :

(1.) The variation of the compass.
(2.) The deviation of the compass.
(3.) The leeway.

(1.) The Tariation of the Compass.

The magnetic needle seldom points to the true north,
Its deflection to the cast or west of the true north is ealled
the variation of the compass: it is different in different
places. and it is also subjeet to a slow change in the same
place.  The variation of the compass is ascertained at sea by
observing the magnetic bearing of the sun when in the
horizon, or at a given altitude above it.  From this observa-
tion the true bearing is found by rules given in nautieal
astronomy.  The difference between the true bearing and
the observed bearing by compass determines this corvection.

The method of correcting the course for variation will he
more readily understood by means of an example.

Suppose the variation of the compass is found to be
2 points to the cast, that is. the needle is directed 2 points
to the right of the north point of the heavens: then the
N.NW. point of the compass eard will evidently point to
the true north, and every other point on the card will be
shifted round 2 points. M. therefore, a ship is sailing by
compass N.N.W_, or, as it is expressed, the compuss course
i8 N.N. W, hier trae course will be north 5 that is, 2 points
to the right of the compass course. In a similar manner it
may be shown that, when the variation is 2 points westerly,
the truc course will be 2 points to the loft of compass course.
Hence this rule:

Rule (g).
To find the true course, the compass course being given.

Easterly variation allow to the right.
Westerly .. ... left.
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From the preceding considerations it will be easy to
deduce the converse rule, namely :

Rule (k).
To find the compass course, the true course being given.
Easterly variation allow to the left.
Westerly ... . right.
EXAMPLLS TO RULES () AND (h).
42. Find the true course, having given the compass course
N.W.1W. and variation 3} west.
pts. qrs.
Compass course . 4 2 left of N,
variation . . .3 1 left”
truccourse . .7 3 leftof N.=W.]IN.
43. Find the compass course, having given the true course
W.1N. and variation 3} W.

pts. qrs.

True course . . 7 3 left of N.
variation . . .3 1 right.

compass course . 4 2 left of N.=N. W W,

Find the true course in cach of the following examples:

Compass conrwe. Var. Answers,
4t N.N.E. REA NAW.
13. N.W. 1; L. N.NAWIWL
46. S. W W, 15, W.NWLEW,
47, S. RAN S.SE
18, W, 2K NoW.bAVIW,

Find the compass course in each of the following
cxamples:

True conrse. Vi, Answers.
49, N.N.E.LE. W N.NEY
50, N. 1}E. NbW.i W,
51, S8V, 2W. S.W.
52, S.W. 0 S.W.
53. N.b. Waw. W, N.

* When names are alike, (that is, both left or both right,) edd : when
unlike, subtract, marking remuinder with the name of the greater,
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(2.) Deviation of the Compass.

This correcfion of the compass arises from the effeet of the
iron on board ship on the maguetic needle, in deflecting it
to the right or left of the magnetic meridian. The increased
quantity of iron used in ships, especially in steamers, has
caused this correction to be attended to now more than
formerly, as its cffects and magnitude have become more
pereeptible.  The amount of the deviation arising from this
local cause varics as the mass of iron changes its position
with respect to the compass. When a fore and aft line
coineides with the direction of the magnetic meridian, the
iron in the ship may be supposed to be nearly equally dis-
tributed on both sides of the needle, and its effect in deflect-
ing the needle may be inappreciable.  In other positions of
the ship with respeet to the magnetic meridian, the iron may
produce a sensible defleetion of the needle; and this deflee-
tion or deviation will in general be the greatest when the
ship’s head points to the east or west,

Various methods are used to determine this correction.
The one usually adopted is to place a compass on shore,
where it may be beyond the influenee of the iron of the
ship, or any other loeal disturbing foree, and to take the
bearing of the ship’s compass, or some objeet in the same
direction therewith; at the same time, the observer on hoard
takes the bearing of the shore compass; then, iff 180° be
added to the bearing at the shore compass, so as to bring it
round to the opposite point, the difference between the
result and the bearing at ship’s compass will be the amount,
of the deviation of the compass for that position of the
ship. Thus, suppose the following bearings are taken when
the direction of the ship’s head is N.

Shore (reading off,. Ship (rending off).
NoO177 WL N.20°E.
1%0 N.17 L.

SO 17TW.  Dev. 3 E.
or N.17 E.
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From this it appears the deviation, when the ship’s head is
north, is 3° easterly. The ship is then swung-round one or
two points, and a similar observation made; and thus the
local deviation found for a second position of the ship. This
being repeated for every point or two points of the compass,
the deviation is thus known for all positions of the ship. A
table, similar to the one below, is then formed, and the
courses corrected for this deviation by the following rules;
which resemble those already given for correcting  for
variation.

Deriation of Compass of H. M8, -——uee | fur yiven positions of the

Ship's Head.

Direction of Deviation of Direction of Deviation of
ship's head. compuss. ship's head. COmpR8K.
nearly nearly
N. | D s ipt N W, 8% 0" or § pt.
N.b.E. k. b, SShWL W. 42 or},
N.N.K. Ko T 30or] 00 SSW, W, 5 voerl}
N.E.b.N. E. ¢ oori 0 S.W hs W, 6 Tord,
N.E. 10 0ord SoWL W T oord
N.E.bL.E. E 1o biorl S.W bW W, T2 ord
F.NE. EoT10 40 or1 WS W, W, Thvory
EK.hN. K. 0 Lhord W. LS. W, 8 200ry
K. E. 8560 oryg W. W. s boory,
E.b.S, BT 1hord W.b.N. W, s leory,
B8 K Lo b 3hor ) L W.NW, W. 6 h0ord,
S Kb E Eo 3400} N W.bh.W. W, b4vord,
S E. 15bvor) . N W, W. 4 50ory
S.E.b.S. E. 020 0r0 N.W.L. XN, W. % 2oory,
S8.1 W, 086 oro.,  N.NW W. 1400ro,,
S.boE W, 2200}, 0 NLW L lloore,

To find the true course, having given the compass course
and the deviation.
Easterly deviation allow to the right.
Westerly . . left.
EXANPLES.

54. Correct the compass course W.b.S. for deviation 3 W.
(known from table, above).
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Pis.  gqra.
Compass course . . 7 0 right of N.
deviation . . . .0 3 left.

true course . . .6 1 right of 8.
or W.S. W4 W,

53. Correct the compass course N. W.2W. for deviation
1W. (from deviation table, p. 16), and also for variation o1
compass 3} W.

Pta. grs.
Compass course . . 4 2 LN,
deviation . . 0 2]
variation . .3 11

— 3 31

true course . . .S 1 LN,

16
or truc course. . . 7 3§ r.S.=W. ]S

Find the true course in each of the following examples, by
correcting for deviation from table, p. 16, and for variation :

Compass conrse, Var. Answers,
56. N.NE 21W N.LE.
57. N.W. 1, k. NN WOW.
H8. SOWLWL 1,k SAW. B WO W,
59. S, 2W. SNELE.
60. W, 2)E. W.N WW,
61. W.IN. 1 W. WS WiW.

To find the compass course, having given the true course
and deviation.
Easterly deviation allow to the left.
‘Westerly e . right.
Note.—The true course should first be corrected for variation (if any)

by Rule (&), (which is similar to the abuve), 80 as to get a compass course
nearly, and then this courae for deviation, from table, p. 16,
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EXAMPLES,
62. Required the compass course, the true course being
‘W.8. W.1W., variation 0, and deviation ] W. (see table.)

pts. qrs.
True course . . 6 1 r.S.
deviation . . .0 3r.

compass course . 7 O r.S,, or W.Db.S.
63. Required the compass course, the true course being
S.W., variation of compass 2} E., and deviation as in table,
p- 16.

pts. qrs.

Truccourse . . . .4 Or.S.

variation . . . . .2 11

compass course nearly . T 3 rS,or S.LW.IW.
deviation . . . . .0 2r

compass course . . . 2 1rs. =8.8.W.1W.

Required the compass course in each of the following
examples (for deviation, see table, p. 16) :

True conrse. Var. Answers,
Gt N.IE 21 W, N.N.E.
63, NNWAW.  1IE AW
6U. SAWDLWEW, 1LE S.OWLW.
67. SS.ELE 2W. S,
6N, W.NWIW, 21K W.
G0, WS Wiw. 11w, W.EN.

(3.) Leeway.

This correction is the angle which the ship's track makes
with the direction of a fore and aft line: it arises from the
action of the wind on the sails, &c. not only impelling the
ship forwards, but pressing against it sideways, so as to
cause the actual course made to be to leeward of the apparent
course, as shown by the fore and aft line. The amount of
leewny differs in different ships, depending on their con-
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struction, on the sails sct, the velocity forwards, and other
circumstances.  Experience and observation, therefure,
usually determine the amount of lecway to be allowed.
Rule (I).

The method of correcting for leeway will be best scen by
the following example:

Suppose the apparent course is 8.8.W.1W., and leeway
2 points, the wind being S.E., re-
quired the correct course. !

Draw two lines at right angles to i
each other towards the cardinal -~ —— - s
points of compass, and a line, as
ca, to represent (roughly) the
course of the ship, and another i
to represent the direction of the -
wind (as the arrow in fig.) ; then it
will be seen that the corrected
course, as ¢ 1, will be to the right of the apparent course ; the
observer being aliways supposed to be at the centre, ¢, and
looking towuards the cardinal point from whence the course is
measured ; hence

Prs. grs.
Apparent course . .2 2N,
leeway . . . . .2 O
correeted course . . 1 2 S =8 WLLWL
EXAMPLES.
Correct the following courses for leeway, so as to find the
true courses :

Apparent course. Wind, Leeway. Answers,
70. N.N\E W.NWL 1 N.EN.
7L NW. N.X.E 2 W.N.W.
72. E.S.E. N, 21 E.}N.
73. E. N.b.E. i E.i8.

Correct the following compass courses for deviation, varia-
tion, and leeway, 80 as to find the true courses. The
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deviation is found in table, p. 16, and the variation of
compass is supposed to be in each example 25 W.

Course. Wind. Leeway. Answers.
74. NW.IW. W.SW. 2 N.WIW.
75. S.E.\E. E.N.E. 2 S.E.AE.
76. W3S, S.NW. 2 W.S.WAW.
77. Naw. W.b.N. 1 N.b.W.iW.

These examples may be worked out in the following

manncer:
qre. pts.

Ex.7t.  Compaxs course . . 4+ 1 LN.
deviation . . 0 21,
variation . 22
— 3 01l
7 1 LN.
leeway . L2 2o
true course 3 LN.=NWIW,

RULES IN NAVIGATION.

Rule 1.

To find the course and distance from one place to another,
having given the latitudes and longitudes of the two places.

(1.) Find true difference of latitude, meridional difference
of Iatitude, and ditference of longitude: reduce the true
difference of latitude and difference of longitude to minutes,
attaching thereto the proper letters.  Rules (a), (8), (d).

(2.) To find the course. From the log difference of longi-
tude (increased by 10). subtract the log. mer. diff. latitude ;
the remainder is the log. tan. course, which find in the
tables, and place before it the letter of the true difference
latitude, and after it the letter of the difference longitude,
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to indicate the direction of course. At the same opening of
the tables, take out the log. secant course.

(3.) To find distance. Add together log. sccant course,
and log. true difference latitude; the sum (rejecting 10 in
the index) will be the log. distance, which find in the
tables.

EXAMPLES,
78. Required the course and distance from A to B.
lat. A 45°15' N. long. A 35°26'W.
lat. B 47 10 N. sm.r. long. B32 15 W.
lat. A 45°15'N. 30512 N, long. A 35°26' W.
lat. B 47 10 N. 32174 N, long. B32 15 W,
155 M.D.at. 1662 N, 3 11
60 60
T.D.lat. 115 N, diff. long. 191 E.

log. diff. long. + 10, 12-251033
log. M.D.lat. . . . 2220631
log. tan. course. . 10:060K02 . . . log. sce. course 0182767
.*. course N. $8°58' E. log. T.D. lat. . 2:060698
log. dist. . . . 2243165
.+, distanee 175
Required also the compass course in the above example :
var. of compass being 2 points W, and deviation on account
of local attraction, as in table (p. 16).  See Rule (k).
True course . . . 48°58'r. N.
pts. qrs.
or4 1r. N
variation. . . . .2 Or,

compass course nearly 6 1 r. N.= EN.E}]E.
deviation . . . .1 OL

.*. compass course . 5 1 r.N.=N.E.b.E.}E.
Examples in Navigation are usually worked without
attaching to each logarithm taken out its name or designa-
tion, as in the following example :

* Degrees are converted into points, or the converse, by moans of
the table for that purpose in the nautical tables.
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Required the course and distance from A to B.
Lat. A 51°31'N. Long. A 0°G'W.

B 51433 N Mp B35 E
51°31"' N. 3618 0° 6¢W.
54 83 N. 3921 3 5 E

3 2 M.D. lat. 303 311
60 - 60
Diff. lat. 182 N. Diff. long. 191 E.
12:281033
l;ih‘]‘lm
9799590 . . . . . . 0072630
N.32°13'30" E. 3260071
Course. 2:332721

2151 dist.
Required the course and distance from A to B in cach of
the following examples, by Rule 1, or Mercator’s method :

Tat. from and Long. from and Answers.

1at. in. long. in. Conrse and distance.
70.  int. A 4052 S, long. A 17°22°W, course N. 26" 36" E
, B4213 8. . B1150 W,  dist. 5139 miles,
§0. lat. A 49 10 N. long. A 99 17 W, course N. 37° 48' W.
» B 5645 N, s B39 5 W, dist. 676 milea.
81. lat. A 50 48 N, Jung. A 110 E course N. 41° 55 W,
s DB 5235 N, « B 125 W, dist.  143'8 miles.
82. lat. A 58 24 N, long. A 412 W, course N. 32° 34'E.
» BG3IT N, » B 213 K dist. 3476 miles.
83. lat.A 237 N, long. A110 42 W, course 8.75°11W.
s B OO w B120 36 W, dist. 614 miles.
84 lut.A 330 N. long. A 33 40 E. course S. 42° 3I'E.
s B 410 8. . D40 42 E dist. 624 miles.

Required also the compass courses in examples 82, 83,
and 84, the variation of compass being 2 points E., and
deviation as in table, p. 16.  Sce Rule (%).

ANSWERS.
82. compass course N.}E. nearly.
83. ... ee  SW.b.W.IW. nearly.
8+&. .. .. ESEIE »
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To find the latitude and longitude in. karing given the
Course and Distance.

Rule 2.

(1). To find latitude in. Add together log. cos. course ®
and log. distance, the sum (rejecting 10 in the index) will
be log. true difference latitude, which find in the tables:
reduce to degrees and minutes, and place the letter N, or 8.
against it, according as course is northward or southward.

(2.) Apply true difference latitude to latitude from, so ax
to get the latitude in.  (Rule ¢.)

(3.) To find longitude in. Take out the meridional parts
for the two latitudes, and get M. D. Lat. (Rule 2.)

(4.) Add together log. tangent course and log. meridional
difference latitude; the sum (rejecting 10 in the index) will
be the log. difference longitude, which find in the tables:
reduce to degrees and minutes, and place the letter E.or W
against it, according as the course is castward or westward.

(56.) Apply difference longitude to longitude from, so as
to get longitude in.  (Rule f)

EXAMPLES,
85. Sailed from A, N. 37710 E., 472:6 wiles ; required
the latitude and longitude in.

Jat. A 27220 N, long. A 257 12K,
log. cos. course 9-90139+4 log. tan. course 9.879740
log. dist.. . . 2:67419+4 log. M.D. lat. 2:641474
log. T.D. Iat. . 2575888 log. diff. long. 2521214
... T.D. lat. 376:¢' diff. long. 3321

or G°17"N. M.P. or 5°32'E.
lat. from 27 20 N. . .. 1706 N.  long.from 25 12 E.
lat.in 33 87 N. ... 214 N. long.in 30 41 E,

M.D. lat. 438

* Take out, at same opening of tablex, log. tan. course and place ita
little to the right.
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A ship in latitude 27°0’ 8. and longitude 123° W. sailed
S.8.E.1E,, 150 miles : required the latitude and longitude in.

S.8.E.JE. = 25° 730"

9945430 9727957
2176091 2:176091
2121521 1901048
6,0)13,23 80'.1
Diff lat. . ... 2°1218S.  amp.  1°20° 6'E.
Lat. from. . . 27 0 0O S. 1683S. 123 0 O W.
Lat in L2912 18 S, 18338, 121 89 51 W.

150 Long. in.

Required the latitude and longitude in, by Rule 2, or
Mercator’s method, in each of the following examples, baving
sailed from A as follows:

Course and dist. Auswers,

from A. Lat. AL Long. AL Tt fu. Loug. in.
Ba. N.26°%6° L. HID 4052 8 1w W, 4Prs, 150" W,
87, B 48BN W, 1762 47 10N, 8 45 15 N, 85 26 W,
88, N.20 10 E. aJwd n2 10 N, 57 W% N, 12 15 W.
H. N.31L 4 W, 3188 b7 40 N, o @2 18 N, 17456 W,
00, Ra7 7 L. Siorn T4 N 2h W K. THh o8 3R b k.
1. N.47 47 K. 2024 016 8. 1610 L. 47 12 8, 20 16 E.

To find the course and distance by Middle Latitude method.
Rule 3.

(1.) Find the true difference latitude, middle latitude,
and difference longitude (a). (¢), (d).

(2.) To find the course. Add together log. cos. mid. lat.
and log. diff. long., and from the sum subtract log. true
difference latitude; the remainder is the log. tan. course,
which find in the tables, and mark it with the same letters
as the true difference latitude and difference longitude.
From the same opening take out the log. secant of course.

(8.) To find distance. To the log. secant course just
found, add the log. true difference latitude; the sum
(rejecting 10 in index) will be the log. distance.
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EXAMPLES.

92. Required the course and distance from A to B, by
middle latitude method.

lat. A 50°25' N. long. A 27°15' W
lat. B 47 12 N. long. B 30 20 W.
lat. A .. 50°25'N. . . .. 50°25'N. long. A 27°15'W.
lat. B .. 47 12 N. . . .. 47 12 N. long. B 30 20 W.
313 2)97 37 35
60 mid. lat. 48 48 _6o
T.D. lat. 193 S. diff. long. 185 W.
log. cos. mid. lat. 9:818681 log. sce. course 0-072849
log. diff. long. . . 2267172 log. T. D. lat. . 2:285557
12:085853 log. dist.. . . . 2:358 106
log. T.D. Iat. . . 2:285557 .. dist. 2282

log. tan. course . 9800296 .-. course 8. 32°16' W.

Required the course and distance from A to B in each of
the following examples, by middle latitude method :

Lat. from and Long. trom and Anawers.
lat.in, long. in. Course and dist.
93. lat. A 49°52'S, long. A 17°22' W N. 26°40' E.
Iat. B 42 13 S. long. B 11 50 W. 5136
94. lat. A 21 13 8. long. A 030 W. 8. 14°87'E.
lat. B30 27 8. long. B 210 E. 5705
95. lat. A GO 15 N. long. A 14 55 E. S. 3250 K.
lat. B 65 36 8.  long. B 22 30 E. 382

Middle Latitude method.

Rule IV,
To find the latitude and longitude in, having given the
course from a given place, and distance.
(1) To find latitude in. Add together log. cos. coursc*
and log. distance; the sum (rejecting 10 in the index) is

* Take out at the same time log. sin. course.
c
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the log. true difference latitude, which find from tables,
and mark N. or 8. according as the course is northward or
southward.

Apply true difference latitude (turned into degrees and
minutes, if necessary) to the latitude from, and thus get
latitude in. (Rule ¢.) Find the middle latitude. (Rule ¢.)

2. To find longitude in. Add together log. sin. course,
log. distance, and log. sccant middle latitude; the sum
(rejecting 20 in the index) is the log. difference longitude,
which find in tables, and mark E. or W. according as the
course i8 eastward or westward. Apply the difference longi-
tude (in degrees and minutes) to the longitude from, and
thus get longitude in.  (Rule f.)

EXAMPLE.
06. Sailed from A, S. 37210°' W, 472:6 miles; required
the latitude in and longitude in (by middle lat. method).
lat. A 27720' 8. long. A 25°12' W,
log. cos. course . 9901394 log. sin. coursc. . 9781134
log. dist. . . . .. 26749t log. dist. . . . .. 2:674194
log. T. D. lat. . . 2575888  log. sec. mid. lat. 0064531

.. T.D. lat. 3766 log. diff. long. . . 2:520159
or G°17'S8. .. dift. long. 3313

lat. from 27 20 S.

latin. . 33 37 8.
2)00 57

mid. lat. 30 28

or 5°31'W.
long. from 25 12 W.
long. in. . 30 43 W.

Required the latitude and longitude in, by middle latitude
method, in each of the following examples, having sailed

from A as follows:

Course and dist.

from A. Lat A.
7. N. 25°42° W, 497:8* 64°10'N.
8. 8. 4388 W, 1752 47 10 N
0. N. 34 48 W, 337 50 25 N.

Answers.

Long. A. Lat. in. Long. In.
40°15' W, 70°88' N APIT W,
32158 W, 4513 N 35 2% W

34 E. 5 40 N IAUW



RULES IN NAVIGATION. 27

Parallel Sailing.

In parallel sailing the ship is supposed to be kept on a
parallel of latitude, as TS, fig. p. 3. The course will
evidently be due east or due west, and the distance between
two places as T and S, will be the are TS between the two
meridians passing through the places.

Rule V.

To find the course and distance, having given the latitude
of the two places, and their longitudes.

(1.) Find the difference longitude.

(2.) The course is evidently due east or duc west,
according as the longitude in is to the cast or west of
longitude from.

(8.) To find the distance. Add together log. cos. latitude
and log. difference longitude; the sum (rejecting 10 in
index) is the log distance, which find in the table.

EXAMPLES.
100. Required the course and distance from A to B.
lat. A 80° N, long. A 3°50' B,

lat. B 80 N. long. B6 10 W.
long. from . ... 3°50'E.  dist. = diff. long. . cos. lat.
long.in . . . . .. 6 10 W. log. cos. lat. . . . 9239670
10 0 log. diff. long. . . 2778151
60 log. dist. . . ... 2:017821

600 W. o dist. 1042

.". the course is west.
Required the compass course and distance from A to B.

lat. A . . 50°48'N, long. A . . 106°0'E.

lat. B . . 50 48 N. long. B . . 101 0 E.
c2
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Variation of the compass two points E, and deviation as
in table, p. 16.

long. A . . 100°E. 9-800737
long. B . . 101 E. 1778151
1 1-578888
%
60 E. 879 = distance.
pts. qrs.
True course . . . ... 8 OrofN.
Variation . ...... 2 ol
Compass course nearly 6 0 rof N =EN.E.
Deviation . . .. ... 1 01
Compass course . . . . 5 O rof N.

or N.E. by E.

Required the true course and distance from A to B, in
each of the following examples:

Anawers,

lat. Aand B, lLong. A. Long. B, Course and dist.
101. 70°10° S, 1610 E. 22°15' E. East 1442
102. b0 48 N. 5 0W, 5 0FE Fast 3792
103. 50 10 N. 40 25 W, 50 10 W, West 3747
104, 48 10 N. 100 0 W, 110 0 W. West 400-2
105. 75 13 N. 15 20 E, 0 OE West 2347
106. 80 15 N. 179 0 E. 176 0 W.° East 508

Parallel Sailing.
Rule V1.

To find the longitude in, having given the course and
distance, and latitude and longitude from.

Add together log. scc. lat. and log. distance, the sum
(rejecting 10 in the index) will be the log. difference longi-
tude. Find the natural number thereof, and turn it into

* In this example it is evident we must modify the general rule;
for the diff. long. is never considered to be greater than 180°. When,
therefore, the above rule gives the diff. long. greater than 180°, subtract
it from 360°, and apply theroto a contrary letter to the ome directed
by the rule; the result will be the diff. long. to be used.
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degrees, and mark it E. or W. according as the course is F.
or W. Apply difference longitude to longitude from, and
thus find longitude in. (Rule 1)

The latitude in is the same as the latitude from.

EXANPLE.

107. Sailed from A due cast 1000 miles, required the
latitude and longitude in.

lat. A 32°10'S. long. A. 28°42' W,
diff. long. = dist. . sec. lat.
log. see. lat. . ... .. 0072372
log. dist. . ....... 3-000000
log. diff. long . . . . .. 3072372
.*. diff. long. 1181’, or 19°41'E.
long. from . ... ...28 42 W.
solongiin Ll 9 1W.

and latitude in = lat. from = 32°10'S.

Required the latitude and longitude in, in each of the
following examples :

Answers,

Course and dist. Tat. from. Long. from. Lat. in. Long. in.
108.  East 4925 52°10°N.  0°29W. 52°10°N. 12°54'E.
109.  East 1752 60 ON. 510W. 60 ON. 53 14E.
110.  East 560 5732 N, 13 5W. ITO02N. 418 W
111, West 740 60 O N. 50 0OW. 60 ON. 7440W,

The preceding rules are the principal oncs used in
navigation. 1t would be easy for the mathematical student
to make for himself others, by means of the relations between
the several terms course, dist., dep., &c., as shown by the
fig. p. 151, in the author’s volume of Astronomical Problems :
he would find then no difficulty in solving problems similar
to the following :

Sailed from A, in long. in 3°10' W, 300 miles due caat,
and altered my longitude 10 degrees; required the latitude
and longitude in.
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1o find latitude.

dist. _ 300
cos. lat. = T Tong. = 0= 1
.*. lat. in = 60°, and long. in = 6°50' E.

Wishing to make a small island, 1 took the ship to wind-
ward of it in the same latitude with the island, namely,
50°48'N. The longitude of the ship by chronometer was
20° 35’ W., and the long. of the island was 23° 50’ W.
‘What was my distance from the island ?

In this example of parallel sailing we have given lat.
50° 4%, and diff. long. 3°15, or 195, to find distance.

dist. = diff. long. . cos. lat.

log. diff. long. . . . . 2:290035
log. cos. lat. . . ... 9800737
log. dist. . ... ... 2:090772

.+ dist. 1232 miles.

The Day's Work.

To find the place of the ship at noon, that is, its latitude
and longitude, having given the latitude and longitude at
the preceding noon, the compass courses, and distances run
in the interval, the deviation of the compass for each course
on account of local attraction, the variation of the compass,
the leeway, the velocity and direction of current (if any) &e.,
constitutes what is called the Day's Work.

Rule V1. (the Day's Work).

(1.) Correct each course for variation (Rule ¢), deviation
(Rule 7), and leeway (Rule /) ; thus get the true courses,
and arrange the same in a tabular form, as in the example,
p- 84 Add together the hourly distances sailed on each
course, and insert the same in table opposite the true course.

(2.) Take out of the traverse table the true difference
latitude and departure for each course and distance, putting
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them down in the columns headed with the same letters as
in course. Previously to opening the traverse table, fill up
the columns of true difference latitude and departure not
wanted, by drawing horizontal lines; this will frequently
prevent mistakes.

(3.) If the ship does not sail from a place whose latitude
and longitude are known, her bearing and distance from
some near object, as a church-spire, &c., must be ascertained,
and also its latitude and longitude. Then the ship is
supposed to sail from this known object to her anchorage,
her course being the opposite to the bearing of the objeet
from the ship. This course must be corrected like the rest
for variation and deviation, and inserted in the table as an
actual course, with the distance of the object as a distance.

(4) If a current sets the ship in any ascertained diree-
tion, and with a known velocity, these also may be conceived
to be an independent course and distance, and must be
corrected for variation, and should be for deviation also, if
the latter correction is appreciable, which is rarely the
case.

(5.) To find the latitude in. The quantities in the four
columns of truc difference latitude and departure being
added up separately, the difference between the north
difference of latitude and south difference of latitude, with
the name of the greater, will give the true difference of lati-
tude, made at the end of the day. The departure is found
in & similar manner. Apply true difference latitude to
latitude from, 8o as to obtain the latitude in.

(6) Tv find the longitude in. Add together log. scc.
mid. lat. and log. departure, the result (rejecting 10 in the
index) is the log. difference longitude. Find this in table,
and thus the longitude in is found.*

The following example, worked out in detail, will perhaps

* Or thus:—To find diff. long,, add together log. M.D. lat. and log.
dep., and from the sum subtract log. T.D. lat.; the remainder is the
log. diff. long,, which find in the tables.
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be sufficient to explain the operations directed in the above

general rule,
EXAMPLE.

112. April 27th, 1852, at noon. A point of land in
Iatitude 36° 30’ 8. and longitude 110° 20" W.. bore by compass
E.N.E.JE. (ship's bead being S.E. by 8. by compass),
distant 14 miles ; afterwards sailed as by the following log
account ; required the latitude and longitude in, on April
28th, at noon.

{
i

g e )
g ] ‘ Courses. Winds. l"": I::I,:" Remarks. ;
=% "

1] 25" swaw. S.b.E. 2} | 4L rw [
2|34 ' ]
3| 23! :
4|32/ Wbsgs. | SbW. 2} gl i
5|44l | ]
623 i Variation of com- |
z 23| WhNAN. | S.W. {2 14l pssliE |

33 ' ) i
0|4 i ! !
10 | 64! | i : :
11| 424 i !
12| 44 ; | !
1]33 NNWAW. , W.bS32S |24 4L |ax i

o2l sy | i

RN : .

B B ] A current set the i

C 5| 63 W.bS. S.4W. 13 . 71| ship the last & |
6! a7 ‘ hours, by com-
PR ' ; pass, E. IS, 2

Y] wiles an hour. ,

[ois2lsw, S SLE 2. 4L

10§ 34 | ! i

11 63 l : |

112 | 54 o i
——em aan e s e ettt e v i o e e _.-.._k. PUSIRUI S ——— P i

(1.) The column in the above table headed deviation
should be formed from the general table of deviations (p. 16)
previously to correcting courses. Thus, in the first course
in the preceding table, the ship’s head is S.W.} W.; looking
in the deviation table we see that the corresponding correc-
tionis 4 W.or } 1. (Rulei.)



RULES IN NAVIGATION. 33

(2.) Form a table such as below, by writing down the
headings, points, courses, &c., over the seven columns which
are to be filled in with the corrected courses, &e.

I

i DM ll( l)nparmn-
Courses. Distance.

Polnts. .
. 7

(3.) T correct the courses.
The courses arc more readily corrected by drawing two
lines at right angles, to
represent the N, S, E,
and W. points of the com-
pass, and then a line to
represent  (roughly) the | ~ \l
compass course of the ship. ~ w-+ —— - A
The direction in which the
correction for leeway must
be applied will then be
casily seen.
After some éxperience in
correcting courses, they can
be made mentally, and the diagram dispensed with.
To correct the departure course which is W.8.'W.}W.

(the opposite bearing to E.N.E.4E.).
c3
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Draw a line roughly in the fig. W.S.W.4W. as Cl; it is
then seen that

pis. qrs.
compass course . . . .. . . 6 2r8.
variation . . . . .. 1 3r.
ship’s head S.E.b.8.. .dev. 0 0 (See table, p. 16.)
— 1 3r
true course . . . ... ... 8 1r8.

or 7 pts. 3 grs. left of N., or W.3N. dist. 14-.
Insert this course and distance in table below.

8 | | DIff. lat. | Departure.
E Courses. Vo Dist, | — !
z i CONC LR | E W ‘
73 “7.11\‘. | 140 | o0 . 140
8 i’ g2 82
6 | winw, o9 | ' o2
8 | NW.LNJW. | 286 | 1w 41|
§1 Ngw. 143 | 149 21 |
6| wWNwaw, Lars o os 0 D e !
Tl WS, Coaon | Po1e g .| 208
5 | S.EDLEJE 160 ! 68 | M5 R
4 H i 1
| D427l T8 1 | 846 |
! [T | 45|
' | T.DatsioX. { Dep.701W.|

First Course.—SW. L W.
Draw a line in fig. 8. W.}W. as C2; then

M. grs,
compass course . . . . . . . 4+ 2r 8
variation . . . . . . 1 3
deviation . .. .. 0 2L

- 1 1r

5 3r8S

leeway (wind S.b.E). ... 2 1r
truc course . .. ...... 8 0 r.S.ordueW.82.

The distance 82’ is found by adding up the hourly dis-
tances until the course is altered, at 4 o'clock. Insert this
course and distance in the table.
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Second Course.—\W.b.S.18.
Draw a line in fig. W.b.S.18. as (3.

pta. qrs.
compass course . . . . . 6 2r8
variation . . . . 1 3r.
deviation. . . . 0 31
— 1 Or
7 2r8
leeway . . . ... .. .. 2 2
true course . . . . . . 10 O0r S
or 6 OLN

= W.N.W. 99,
Insert this course and distance in the table.
Third Course.—W.b.N.7N.
Draw a line W.b.N.7N. as (4.
compass course . . . . . 6 1LXN.

variation . . . . 1
deviation. . . . 0 8L

5 1 LN.
feeway . . .. ... ... 2 Or
true course . . .. ... 3 11LN.

or NNW.b.N.21W. 236"
Insert this course and distance in table.

Fourth Course—~N.W.}W.
Draw a line N.W.} W, as C5.

compass course . . . . . 4 2LN.
variation. . . . 1 3r
deviation ... 0 1

3 1LN.

true course . ... ... 0 3LN.
or N.iW. 143
Insert this course and distance in the table.
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Proceed with the 5th and 6th courses in the same manner,
thus:

Fifth Course. Sixth Course.
pts. qrs. . qrs. '
W.b.8. 7 0r S asCs. SW. .4 0r.8
1 3r 1 3r.
0 3L 0 21
—— 1 Or 1 1r
§ Or N 5 1r8S.
1 2r 2 2r
9 2r N 7 3r8
or 6 21X\, or W.18. 208
= W.NW.IW.
Ppta. qrs.
Current course E.}S. 7 2 1. 8.
variation . ... ... 1 3r.
true course . . . . . . 5 318

or S.E.b.E.{E. 160

Previously to opening the traverse table to take out the
difference latitude and departure corresponding to cach
course and distance in the above table, fill up the columns
not wanted : thus in the first course W.4N. the N. and W.
columns will be wanted ; fill up the 8. and E. columns by
drawing a line under 8. and E. In the second course W.
the three columns N., 8., and E, will not be wanted ; fill
them up with lines. In the same manner proceed with the
other courses.

(&) v find difference latitude and departure for each
course and distance, by traverse table.

Enter traverse table, and take out the difference latitude
and departure corresponding to 7} points, and distance 140.
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(Look out rather 7} points and 140 distance, the diff. lat.
and dep. for which are 6'9 and 139'8; move the decimal
points one place to the left,) and put down the result to the
nearest tenth, which are *7 and 14'0. Insert them in the
spaces left unmarked under N. and W.

The second course being due W. 8:2, the departure will
be 82 (the same as the distance).

‘With third course 6 points and distance 99 (looking for
99, and making the proper change in decimal points) the
diff. lat. is 38’ and dep. 9-2".

In a similar manner find difference latitude and departure
for the other courses.

‘When the four columns arc added up, it appears that the
ship has sailed N. 42:7' and 8. 7'8'; therefore upon the whole
the true difference latitude is 349" N.; and her departure
has been 145’ E. and §46' W.; hence the departure made
good in the 24 hours is 70'1' ' W.

(5.) To find the latitude in, apply the true difference lati-
tude to the latitude from, in the usual manner, to obtain the
latitude in.  (Rule e.)

(6.) To find the longitude in.* With the latitudo from
and latitude in, find middle latitude. Add together log.
secant mid. lat. and log. departure; the result (rejecting
10 in index) is the log. difference longitude, which, found in

* Or thus: To find long. jn (by inspection).
o dep.
Since T — o courso
dep.
diff. long.

and = cos. mid. lat. = sin. complement mid. lat.

1f, therefore, the traversc table is entered with complement of wmid. lat.
as a course, and with the given departure, the distance corresponding
thereto will be the difference of longitudo nearly.
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the tables, and applied to the longitude from, gives the
longitude in. Thus:

To find latitude in. To find longitude in.
T.D.lat. . 0°34'54'N. log. sec. mid. lat. 0-093148
lat. from . 36 30 OS. log. departure . . 1'845718
lat.in. .. 353535 6. log. diff. long. . . 1938866

2)72 25 6 .*. diff. long. 87’
mid. lat. . 36 12 33 or 1027 W.

long. from . . 110 20 W.
long. in. ... 111 47 W.

Mercator’s Chart.

To find course and distance on Mereator's chart between
two known places.

To find course. Apply the edge of a ruler to the two
places, and then ascertain at what degree a straight line (as
the edge of the same or another ruler) placed parallel
thercto, and passing through the centre of some adjacent
compass, cuts the circumference. This will indicate the
bearing or course required.

To find distance. This may, in gencral, be found by
applying the distance on the chart to the side of chart, so
that the chart distance may be so placed that the middle
point may coincide with the middle parallel between the
two places; then the degrees of lat. covered by the chart
distance will be the distance nearly.

More concise methods for solving many of the preceding
problems might have been given, by employing the traverse
table, &c. But these will suggest themselves to the learner
after he has had some practical experience in nautical matters.

The following examples formed part of examination papers
given at the Royal Naval College, at the monthly examina-
tion, in navigation, of lieutenants and asslstant-mnaters in
her Majesty’s Royal Navy.
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113. Required the course and distance from A to B.

lat. A . .. 50°25 N. long. A. .. 34 E.
lat. B. .. 55 40 N. long. B...225 W.

114. Find the course (by compass) and dist. from A to B.

lat. A . .. 70°10' N. long. A. .. 15°5'E.
lat. B...70 10 N. long. B...205E.

The deviation is given in table, p. 16.

115. June 20, 1852, at noon, a point of land in latitude
47°12' N. and longitude by account 8° 10’ W. bore by
compass E.N.E, the ship’s head being South by compass,
distant 17 miles (variation of the compass 3} W.); after-
wards sailed as by the following log account: required the
lat. and long. in, on June 21, at noon,

= . 5
gl & | =
118 & EbNJN.
3 2|
3 4
43 Variation of the
3 W.N.W, | ditto. compass 3§ W.
6, 4|1 For local devia-
7816
§° 87
0 4] 288w
N.N.W, .
213 ! A current sot the
31 4 ! | ship the last 4
40 4 | i hours, by comp.
5. 4 S.E.3E. T S.8W, LM S 8WW, 2
6 { 3 | : | miles an hour,
71 8 ' | { The current noed
81 4 ’ ! not be corrected
R | 3} | for local devin-
10 l 4 : tion.
|11 !4
121 5
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116. Required the course and distance from A to B.

lat. A...47°50N. long. A... 32020 W.
lat. B...45 10 N. long. B...35 40 W.

117. Required the course (by comp.) and dist. from A to B.

lat. A. .. 70°10’'S. long. A ... 5°0W.
lat. B. .. 70 10 S. long. B...50E.

Variation of compass 2} W. For local dev. sce p. 16.

118. March 5, 1852, at noon, a point of land in latitude
57°12' N. and longitude by account 75° 34’ W. bore by
compass E.N.E. (ship’s head being N. by compass), distant
18 miles (variation of the compass 1} W.); afterwards
sailed as by the following log account ; required the lat. and
long. in, on March 6, at noon.

i
|
|

S~ — |

ElE )« . i "  Lee- | .
é i :E‘S | Course. { Wind. !w:;‘% ,
| el [ NAW. WAN g

- Y H
’ 3| 4| 2] , |

41 87 ' ! Variation of the
[ 61 21 0 SWbS | ditto. 1 2] compass 1} W,
O - - ' ' For local devia-
X 7021 4 . ! tion see table,
PRS00 KNELE NWAN }2 p- 16.

vl 32 '

|25

|32

12|26 \

i
!

W.4N. CNON.WL 27 |
! ! A current set the
' i ship the last 6
Lours, 4 milcsan
[ s.w. 0 | hour. N.N.W.
i { (by compass.)
l
1

|
[SRTYELT) :—-:é
|

AN TS ORI DTI= T T

i The current need

i not be corrected

W.8. W, 3 | for local devis-
tion.

b bk ok bk wT D DN

oy |
KOOI NSO — |
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119. Required the course and distance from A to B.

lat. A . .. 72°20'S. long. A. .. 13°25'W.
lat. B. .. 65428 long. B. .. 2010 W.

120. Find the course (by compass) and dist. from A to B.
lat. A. .. 70°10'N. long. A. . . 15°5'E.
lat. B. .. 70 10 N. long. B...20 35 E.
Variation of compass 2 W. For local deviation, see p. 16.
121. June 1, 1852, in longitude 18°28' E, and latitude
34°28'S,, a point of land bore N.W. (ship’s head N. by
compass), distant 10 miles (variation of the compass 2§ W.);

afterwards sailed as per log: required the latitude and
longitude in, on Junc 2.

- 5 |
5 g -§E ; Course. ! Wind. :{T‘"
1] 5] 4 ! NLEJE | NWgw. 2
c2 512 ’ o
41 6 (1 | ; Variation of the
5] 6| 5 1SSW [ N.w. } i compas 23 W,
6 T3 | ' For loceal devia-
T Tl ‘ . tion see  table,
8l 72| I ' p o 16
9| 6 8 | N.W.LW, S E. ot
‘101 6] 5 .
nle| 1 A
12| 51 8 [ ShWW. [ SEE |2
1,610 |
20615 ' A currcut set the
31 61 8 } ship the last §
" 47 6] 4 | NNE i N.W. 2 hours, by com-
5,610 i puss N W, 2iles
6 61! 5 | | an hour.
7161 8 | NW L i 0 | The current need
81 21 4 \ not be corrected
.91 3 | 6 | for local devia-
10040 ; tion,
1 3 | 5 '
o 21w H
T e ‘

1
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122. Required the course and distance from A to B.

lat. A. .. 3°30'N. long. A. .. T4 E.
lat. B, . . 220 S. long. B. .. 59 17 E.

123. A ship sailed from A 380 miles E.S.E.1E.: required
the latitude and longitude in.

lat. A . . 39°12'N. long. A . . . 7850 W.

124. May 2, 1852, at noon, a point of land, in latitude
§5°10' 8. and longitude 67°20° W, bore by compass N.EJE,,
ship’s head N., distant 12 miles (variation of the compass
3} W.); afterwards sailed as by the following log account:
required the latitude and longitude in, on May 3.

£ 8|, . )

H 2 1 Course. Wind. e

1138/ 8(N | WNW. |3y

2 ! 3|7 !

g3l 41

40 3 9 WSW.gW.. NW.hN. |24 | Variation of the
5181 8 | compass 3] W.
G| 40" For local devia-
T4 1 : tion sce table,
g3, 7 NWIW ! NNE 23 | p.16.
P29 i

10. 218,

n'e: s

12 1 7K SbEJE | 2]

1)1} 7 )

2,11 6 . A current act the
3121 4 ship the last 5
4] 2] 5| SSWAW. | SEJS 3 hours, by com-
6127 | pass 4} miles an
6l 8|9 | hour, E. §S.
71381) 8 { The current need
82| 7 i not be corrected
9| 8| 4 |NjJE EXN.E 1 | for local devia-
101 413 | tiom.

1m! 4143 o

12146 I
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125. Required the course and distance from A to B.
lat. A. . . 21°15'8S. long. A. .. 0°30'W.
lnt.B...3027S. long. B...210E
126. Required the compass coursc and dist. from A to B.

lat. A. .. 15°30'N. long. A. .. 2°10'FE.
lat. B. . .15 30 N. long. B...3 0 E.
Variation of compass 2} E. Ior local deviation see p. 16.
127. March 6, 1852, at noon, a point of land, in latitude
47° 10’ N. and longitude by account 10° 4G W., bore by
compass E.b.N.1N. (ship’s hend being 8.8.E. by compass),
distant 20 miles (variation of the compass 2} W.); after-
wards sailed as by the following log account : required the
lat. and long. in on March 7, at noon.

¢ o3 0 . | ' ! )
g ! § é‘ I Course. , Wind. ‘l‘,ﬁ'l
- L = {
1 8 2 ssw;w S E. '2
2' 315
340 |
4 4.0 |8SW S.EbLS. 1 1} | Variation of the
H' 3 6 | i compass 2] W,
| [ A | ' For local devin-
7,8 . 2| ENE | Sk 2} | tion sce tuble,
& 3 o . ! p. 16.
Rl 4 0 i
10 41 2 |
1n 7! 0|NE S.E. o
1208 2 | !
1| 7 2 N.EJE N.N.WL 2
2138 4 A current set the
3) 4 2 : ship the last 4
4,3 7! | hours, by com-
5/ 4]0, NEbE | N.bW 94 | paas W.b. N, 2
6| 31 6| miles an hour,
T8 .7 The current need
8| 4, 2 not be corrected
89| 410 for local devia-
f10l 81 o | NW, s, ' | tion.
‘e |
1210 - i
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128. Required the course and distance from A to B.

lat. A. .. 9°30'S. long. A ... 24 W.
t.B...7108. long. B...130 E.

129. Two places in the same latitude N. whose difference
of longitude is 700 miles, are distant from each other 400
miles; required the latitude they are in. (Sce p. 30.)

130. Jan. 10, 1852, at noon, a point of land, in latitude
46°12’'S. and longitude by account 2°10' W., bore by
compass E.b.S.1S,, distant 20 miles, the ship’s head being
East by compass ; afterwards sailed as by the following log
nccount : required the latitude and longitude in, on Jan. 11,
at noon.

1
1
¢

s . |

|| g H ! ] ! Course. ! Wind. I‘l::':'

=% -2 ! [

1 1] 3! 5 SWAW., [ SULEJE ;2
2.3 2 |

' 3,8 6 i
413 7 ; LN | Variation of the
51 3 o NJLE NV B com 1} E.
6, 3 2 . ! For m Icle\'it»
718, 6. \ tion sec table,
814 - ! p. 16.
@ 3 2 SbLEJE SW. AW, 29

102, 5} !

umiz'a :

12010 ¢ | '

LT |
113! 2} WULS S.b.W. 21
213 - i A current set the
3] 2: 6 ] " ship the last b
4 3 85 ! i hours, by com-
513 2,KENE | SE 2y pass, SW.4W,
613, 5, : 4} miles an hour.
T4, 0 ' The current need
818 ' ¢ SSWIW SE 1  not be corrected
93, 7 : for local devia
102 ‘ tion.

1mnj 246 !

12217,
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In the following examination paper the ship's compnsses
are not supposed to be affected by the iron on board.
131. Required the course and distance from A to B.
lat. A. .. 7T8°12'N. long. A. .. 80°15'W.
lat. B... 73 50 N. long. B. .. 89 10 W.
182. Sailed from A 5556 miles due N.; required the
latitude and longitude in.

lat. A. .. 3°15'S. long. A. .. 100°W.
133. On June 5, 1852, at noon, a point of land, in latitude
70°15’' N. and longitude 7° 13" E,, bore by compass N.-W.3\W.,
distant 18 miles (variation 1} W.); afterwards sailed as by

the following log account : required the latitude and longi-
tude in, on June 6, at noon.

] 3 13 . i v !l.m-
é E 52 Course. : Wind. i way. ! :
1130 5| 8w | Wb NN 2f e i
2! 3 | 2 I ) | !
3 2 7 ' | E
als, - ] ; |
5 41 - NNE | E 2 '
6:2 5 [ ; |
T8 - | i I Variation 1§ W.
8 2:6 , | ' |
9! 31 - ISSWIW SE Py |
10 2] 5 I P !
1m, 3 - . , |
122 ! !
o e
L] | |1 t
18+ - | 8w N. co ) a
2| 8} - :
3] 8" -
4 ’ 8 -
5 81 -
6| 8 -
71 81 -
81 716 .
9| 8| - |
100 7] - .
m! e - |
12 I 9| - l i
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113.
114.
115.

116.
117.
118.

119.
120.
121.

EXAMPLES IN NAVIGATION.

ANSwERS TO QUEsTIONS 113—133.

Course N. 34°49'' W, distunce 384-5.

Compass course E.iN., distance 101'8.

True courses, &c., S.S.W. 170'; EN.E.1E. 143;
S.W.IW.149; S.E.151; NW.N.151; Eb.N.
15:6; SW.1W.16:9'; S.JE. 80. Lat.in46°37" N.,
long. in 3°9 'W.

Course S. 40° 12 W, dist. 211°0.

Compass course S.E.b.E.4 E,, dist. 203-6.

True courses, &c., 8. W.7 W. 180: North 17-4;
S.b.EAE 67; N.EIN. 1+5; S W.AS8. 94;
ES.E.I8. 2¢5; S.b.E1E 5% ; NW.IW. 210.
Lat. in 57°20' N, leng. in 75°31' W.

Course N. 19° 52 W., distance 423-2.

Compass course E.S.E.3 E,, distance 101'8.

True courses, &c., E.S.E. 100; N.N.E. 22:5; S.b.E.
280'; WAN.19¢; SHLW.IW. 25-1'; N.N.E.LE.
18:0; W.N.W.IW. 232, W.NW.1W. 100.
Lat. in 34°36'S,, long. in 17° 57" E.

122, 8. 69914 W, 0871

125.
126.
127.

128.

3. Lat. in 37°22' N, long. in 71° 8" W
. True courses, &e., S.b. W. 1 W. 12/0'; North 11:6';

S.3E 1585 SW.W. 1195 N.N.E}E 74,
S.bW.IW. 156 W.NW.IW. 166'; N.E.{ E.
22-5'. Lat. in 55°23'8,, long. in 67° 37" W.

S. 14°36' E., 570-4.

N.E.1E. 86'7.

True courses, &c., S.W.3W. 20:0'; S.b.W.2W. 107,
S.8.W.AW. 113'; N.N.EE. 144; N.N.EJE.
152"; N.E{E. 18§5'; EN.E. 195'; W.NWAW.
27°0'; W.S.W.JW. 80". Lat.in 47°26¢'N., long.
in 11°3' W.

N. 56° 32'E,, 253-9.
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129. Lat. 55°9' N. (See similar Ex. p. 30.) This example
iy worked out as follows: From the logarithm of
the distance (increased by 10) subtract log. diff.
long. : the remainder is the log. cos. latitude, which
find in the tables.

130. Truc courses, &c., N.W.JW. 20:0'; W.b.S.18 140
N.N.E}E. 13¢'; S.Eb.S. {5 94; W.NW.IW.
128'; EN.E}N. 107; S.W.bh.W. 1y
SW.b.W.IW. 225, Lat. in 46°6° 8. ; long. in
P2W.

131. 8. 26°4 W, 2917,

132. Lat. 6°0'36" N.; long. 100° W.

133. True courses, &c., 8. E.b.E.J E. 18 dep. course; N.JE.
12:4; NONWL 121 S8 W LWL 105 Sob. B
95-5'. Lat, in 68° 48’ N.: long. in 8° 2% E.






NAUTICAL ASTRONOMY.






NAUTICAL ASTRONOMY.

SECTION L

DEFINITIONS IN NAUTICAL ASTRONOMY, EXPLANATION AND
OF NAUTICAL ALMANAC, AND PRELIMINARY PROBLEMS.

CHAPTER 1.
ASTRONOMICAL AND NAUTICAL TERMS AND DEFINITIONS,

1. Navmican Astrovomy teaches the method of finding
the place of a ship by means of astronomieal observations.

2. The following pages will contain the principal rules for
determining the latitude and longitude and the variation of
the compass, and a series of examples under cach rule will
be given for practice. The requisite clements from the
Nautical Almanac will be printed after each bateh of
examples, in order that the student may learn as early as
possible the use of that important volume.

3. By the combination of theory with astronomical obser-
vations, the motions of the sun, moon, and plancts have
been determined with great accuracy, so that their places
may be computed beforehand.  An account of these motions
and relative positions of the heavenly bodies is printed cvery
vear in England, under the name of the Nautical Almanac.
In France a similar work is published, called the Connaissance
des Tems.

D2
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Before we enter upon the explanation of the contents and
uses of the Nautical Almanac, we will give definitions of the
most important terms used in Nautical Astronomy.

Astronomical Terms and Definitions.

4. To a spectator on the earth the sun, moon, and stars
seem to be placed on the interior surface of a hollow sphere
of great but indefinite magnitude. The interior surface of
this sphere is called the celestial concave, the centre of
which may be supposed to be the same as that of the earth.

5. The heavenly bodics are not in reality thus situated
with respect to the spectator; for they are interspersed in
infinite space at very different distances from him : the whole
is an optical deception, by which an observer, wherever he
is placed, is induced to imagine himsclf to be the centre of
the universe. For let us sup-
pose that ¢ p ¢ be the earth,
pr z M the celestial concave,
and m and n heavenly bodies
at different distances from a
spectator placed at o. Then
the spectator not being able
to estimate the relative dis-
tances of m and n, would
imagine both the bodies to be
situated in the celestial con-
cave al z and M, at the same distance from him. This
figure will enable us to explain the terms frue and apparent
place of a heavenly body. The body m viewed from the
surface of the carth would appear to a spectator a to be at
o in the celestial coneave : if it were scen from the centre
of the earth, the point occupied by m would be st’, the ex-
tremity of a line drawn from the centre c¢ of the earth
through the heavenly body to the celestial concave. u is
called the apparent place, and M' the true place of the
heavenly body m.
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6. The aris of the earth is that diameter about which it
revolves : the poles of the earth are the extremities of the
axis.

7. The terrestrial equator is that great circle on the carth
that is equidistant from each pole.

8. A spectator on the carth, not being sensible of the
motion by which in fact he describes daily a circle from
west to east with the spot on which he stands, views in
appearance the heavens moving past him in the opposite
direction, or from east to west. The sphere of the fixed
stars, or as it is more usually called, the celestial concave,
thus appears to revolve from cast to west round a line which
is the axis of the carth produced to the celestial concave:
this line is therefore ealled the axis of the heavens.

9. The poles of the heavens are the extremitics of the axis
of the heavens.

1Q. The celestial equator is that great circle in the celestinl
concave which ix perpendicular to the axis of the heavens;
or it may be defined to be the terrestrial equator expanded
or extended to the celestial concave.  The poles of the
celestial equator und the poles of the heavens are therefore
identical.  While the carth thus performs its daily revolu-
tion, it is carried with great velocity from west to cast
round the sun, and describes an elliptic orbit once every
year. This annual motion of the carth round the sun,
causes the latter body, to a spectator on the carth, insensible
of his own change of place, to appear to describe a great
circle in the celestial concave
from west to east. This may
be explained by a figure. Let
Ae, A, be the earth’s orbit, 8 the
sun, and 8, m 8, the cclestial
concave ; then, to a spectator at
e,, the sun is seen at a point s, in
the celestial concave, a little, we
will suppose, to the west of a fixed star at m; but when




great circle thus described by the sun i inti

11. The axis of the ea.rth;;a it is thls.sc:ll:r(ile? Z::xlﬁh:l;e
sun, continues always parallel to itself, and is supposed, on
apoount of the smallness of the earth’s orbit (small, when
compared with the distance of the heavenly bodies), to be
always directed to the same points in the celestial concave,
aamely, the poles of the heavens. ’
o B From observation, the celestial equator is found to be
umhned to the ecliptic at an angle of about 28°28'. This
mcl.mdnon of the equator to the ecliptic is called the
M of the ecliptic. The axis of the earth, therefore,
which is perpendicular to the equator, is inclined to the
ecliptic, or, a8 it is in the same plane, to the earth’s orbit,
at an angle of 66° 32",

18. In consequence of the whirling motion of the earth
about its axis, the parts near the equator, which have the
greabest velocity, acquire thereby & greater distance from
the centre than the parts near the poles. By actual measure-
ment of a degree of latitude in different parts of the earth, it
is found that {he equatorial dismeter is longer than the axisor

polar dismeter by 26 miles: the former
being about 7924 miles; the latter
e . about 7898 miles,* and that the form of

the earth is that of an oblate spheroid

¥ resembling the annexed figure, in which

p p, is the axis and ¢ ¢ the equator. It is usual, however,

A

* Sec the author's Problems in Astronomy, &c., and Solutions,
page 56, where the investigation of this p blem is given, and the values
of the equatorial sud polar diameters calculated.
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in drawing the figure of the earth to exaggerate very much
its ellipticity : this is done for the sake of drawing the lines
about the figure with greater clearness ; for if it were con-
structed according to its true dimensions, the line pp,
(being only about the g}5th part of itself less than e ¢) would
appear to the eye of the same length as e ¢, and we should
see that the figure that more nearly resembles the earth
would be a sphere.

14. If a perpendicular A @ be drawn to the earth’s surface
passing through A, the angle A @ g, formed by the line with
the plane of the oquator is the latitude of the point a.

If a line be drawn from a to c, the centre of the earth,
the angle A c ¢ is called the reduced, or central latitude of a.
The difference between the true and reduced latitude
is not great : it is, however, of importance in some of the
problems in Nautical Astronomy. This correction has
accordingly been calculated,” and forms one of the Nautical
Tables.

Sections of the carth passing through tho poles, as p a ¢,
are called meridians of the carth. If the earth is considered
a8 a spherc (which it is very nearly), the meridians will be
circles: on this supposition, moreover, the perpendicular A @
would coincide with A ¢, and the latitude of a place on the
surface of the earth may be, on this supposition, defined to
be the arc of the meridian passing
through the place, intercepted be-
tween the place and the equator. If
@ A be produced to meet the celestial
concave at z, the point z is the zenith
of the spectator at A. 1f ¢ A be pro-
duced to the celestial concave at z',
then 2’ is called the reduced zenith of
the spectator at o. The point opposite to z in the celestial
concave is called the Nadir. In the figure the terrestrial

* Sce the author's Astronomical Problems and Soulutions, page 59,
for the investigation of this correction.
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equator ¢ ¢ is extended to the celestial concave, and there-
fore ¢ ¢ @ is the plane of the celestial equator.

By means of the figure we may define the zenith, reduced
zenith, latitude, and reduced latitude, as follows : —

The zenith is that point in the cclestial equator which is
the extremity of the line drawn perpendicular to the place
of the spectator, as z.

The reduced zenith is that point in the celestial con-
cavewhich is the extremity of a straight line drawn from
the centre of the earth, through the place of the spectator,
us z'.

The latitude of a place A on the surface of the earth, is
the inclination of the perpendicular A 6 to the plane of the
equator: thus the angle A ¢ @ is the latitude of A. The are
2 Q in the celestinl concave measures the angle A ¢ @; hence
% Q, or the distance of the zenith from the celestial equator, is
equal to the latitude of the spectator.

The reduced latitude of the place 4, is the inclination of
z'c or Ac to the plane of the cquator: or it is the angle
Acq or arc z'q, which measures the angle. Since the
curvature of the earth diminishes from the equator to the
poles, the reduced latitude 2z’ ¢ must be always less than the
true latitude z g, and therefore the difierence z 2" must be
subtracted from the truc latitude to get the reduced latitude.

The visible horizon is that

/ ’ circle in the celestial concave
which touches the earth where

[ the spectator stands, as 2 A r;
‘ ~ and a circle parallel to the
H R visible horizon, and passing

through the centre of the
carth, is called the rational
horizon: thus @ ¢ R is the
rational horizon. These two
circles, however, form one and the same great circle in the
colestial concave: thus & and r in the figure must be sup-
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posed to coincide. This may be readily conceived, when we
consider that the distance of any two points on the surface
of the earth will make no sensible angle at the celestial
concave ; therefore cither of these two circles isto be under-
stood by the word horizon. The poles of the horizon of any
place arc manifestly the zenith aid nadir.

Great circles passing through the zenith are called cireles
of altitude or vertical circles.  Thus, let 7 be the zenith of a
spectator, where the horizon is represented by the cirele
NWBSE then Nzs, wzE and
z o are circles of altitude. That
circle of altitude which passes
through the poles of the
heavens is called the celestial
meridian. Thus, suppose the
point r to be that pole of the
heavens which is above the
horizon (and thercfore called
the elevated pole), then the
circle N rzs is the celestial
meridian of a spectator supposed to be on the earth below z
The points of the horizon through which the celestinl
meridian passes are called the north and south points. A
circle of altitude at right angles to the meridian is ealled
the prime vertical: thus w z  is the prime vertical.  This
last cirele cuts the horizon in two points called the east and
west points. The cast and west points are manifestly the
poles of the celestial meridian.

Since the horizon and cclestial equator are both perpen-
dicular to the celestial meridian, the points where the
horizon and cclestial equator intersect each other, must be
90° distant from every part of the meridian (Jeans’ Trig.,
P. II, art. 65) ; that is, the celestinl equator must cut the
horizon in the cast and west points. If, therefore, r is the
pole of the heavens, take p @ = 90° then the celestial equator

must pass through @, and as we sec it must also pass through
b3
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the east and west points, the curve w Q E, in the figure, will
represent the celestial equator.

The preceding terms are frequently explained by means
of a figure projected on the plane of the celestial meridian,
a8 thus: Let the circle P z Q represent the celestial me-

ridian, the pole ¢ is cither the
east or west point; let H R
N be the horizon and r the pole
\e of the heavens above the hori-
zon; the line p ¥’ may repre-
sent the axis of the heavens,
and @ @, drawn at right angles
to it, the celestial equator; the
poles of the horizon will be
z and 2/, the zenith and the
nadir, and z ¢ 2/, the circle
passing through the cast and west points, is the prime vertical.

The ecliptic is divided into twelve parts, called signs,
which reccive their names from constellations lying near
them. These divisions or signs are supposed to begin at
that intersection of the celestial equator and ecliptic which
is near the constellation Arics.

Great circles passing through the poles of the heavens
are called circles of declination ; and great circles passing
through the poles of' the ccliptic are
' Py called circles of latitude. Thus, let
Vo A Q represent a part of the celestial
\ / ; equator, A ¢ a part of the ecliptic,
Xy _L-~¢ A the first point of Aries, and there-
M fore angle ¢ A @ the obliquity of the
ccliptic: let » be the pole of the
heavens, or of the celestial equator, and »’ the pole of the
ccliptic, then r x B is a circle of declination, and ¥’ x M is a
circle of latitude.

Parallels of declination and of latitude are small circles
parallel respectively to the celestial equator and ecliptic.

W
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Tho declination of a heavenly body is the arc of a circle of
declination passing through its place in the celestial concave,
intercepted between that place and the celestial equator:
thus let x be the placo of a heavenly body, then xR is its
declination.

The right ascension of a heavenly body is the are of the
equator, intercepted between the first point of Aries and
the circle of declination, passing through the place of the
heavenly body in the celestial coneave, measuring from the
first point of Aries, castward, from 0° to 360°; thus the arc
A R i the right ascension of the heavenly body x.

In like manner, if a circle of latitude be drawn through any
point X, in the celestial concave, the part of it between the
point and the celiptic is called the latitude of the point; and
the arc of the ecliptic, extending castward from the first
point of Arics to the circle of latitude, is called the longitude
of the point: thus the latitude of xis x », and the longi-
tude A M.

The altitude of a heavenly body is the are of a cirele of
altitude passing through the
place of the body intercepted
between the place and the
horizon. Thus, if z 0 be a
circle of altitude, and NwsE
the horizon, then are x 0 18w - -
the altitude of x. o

The azimuth, or bearing of a
heavenly body, is the arc of the
horizon intercepted between
the north and south points
and the circle of altitudo passing through the place of the
body ; or it is the corresponding angle at the zenith between
the celestial meridian and the circle of altitude passing
through the body : thus the arc s o or x o, or the angle x z 0,
or 820, is the azimuth of x.

The amplitude of a heavenly body is the distance from the
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egt pomnt at which it rises, or the distance from the west
pomt st which it sets, the ares or distances being measured
on the horizon; thus suppose the heavenly body x to rise
at 0, and after describing the arc » x 1, to set at D, then
the amplitude of x is either v £ or p'w.

The hour angle of a heavenly body, is the angle at the
pole between the celestial meridian and the circle of decli-
nation passing through the place of the body; thus, zpx is
the hour angle of x.

CHAPTER 1I.

ON TIME.
The Solar year, and Sidercal year.

15. A solar gear is the interval between the sun’s leaving
the first point of Aries, and returning to it again.

A sidereal year is the interval between the sun's leaving
a fixed point, as a star, and returning to that point aguin.

The equinoctial points have an annual motion of 50”1,
by which they are carricd back to meet the sun in its
apparent motion among the fixed stars, from west to cast.

On this account a solar year is shorter than a sidereal
year by the time the sun takes to deseribe 50™1.

The length of the solar years is found to differ a little
from cach other, on account of certain irregularities in the
sun's apparent motion, and that of the first point of Aries.
The mean length of several solar years is therefore the one
made use of in the common division of time, and called the
mean solar year.

To find the length of the mean solar year.

16. By comparing observations made at distant periods,
it was found that the sun bad described 36000° 45' 45" of

2 L2
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longitude in 86525 days. Now in one solar year the sun
separates from the first point of Aries 860°, taking into
consideration its own apparent motion from west to east,
and the actual motion of the first point of Aries in the
opposite direction.
Let, therefore, # = the length of a mean solar year;
then, 36000° 45'45” : 360° : : 36525¢ : x
.. & = 3654 5t 48 51%6 = 3654242264 *

To find the length of the sidereal year.

17. Since the first point of Arics moves with a slow
annual motion of about 50”1 from cast to west to meet the
sun, the arc of the ccliptic described by the sun from the
first point of Aries to the first point of Arics again, must be
360° — 50™1 = 359° 59’ 9”9, and this s the are deseribed
by the sun in a mean solar year; but in a sidereal year the
sun describes 360°; hence a sidereal is greater than a solar
vear by the time the sun takes to move over the are of 50"1.

Let & = the length of the sidereal year.
then sidereal year : mean solar year :: 360° : 360° — 50™1
or, sidereal year : 36592422G4 : : 360" : 359° 59’ 9”9
.. sidereal year = 3654 gh 9 1185 +

The sidereal day, the apparent solur day, and the mean
solar day.

18. The sidereal day is the interval between two suceessive
transits of the first point of Arics over the same meridian.
It begins when that point of Aries is on the meridian.

The apparent solar day is the interval between two suc-
cessive transits of the sun’s centre over the same meridian.
1t begins when that point is on the meridian.

* According to Bessel the formula for determining the length of the
mean solar or tropical year is
36542422013 — 00000006686 X ¢
where ¢ is the number of years since 1800.
+ The length of a sidercal year according to Bessel ix
3659256374322 = 3654 6* 9= 10*7423 mecan tie.
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The length of an apparent solar day is variable from two

causes :—

1st. From the variable motion of the sun in the ecliptic.

2nd. From the motion of the sun being in a circle inclined

to the equator.

19. To cxplain briefly these causes of variation, let us
suppose the two circles A Q, A 1,
to represent the eclestial equator

, and ecliptic, and 8 8" the arc
/ described by the sun in one day.
4 The angle at », between the two
circles of declination, is measured,
s ¢ not by the are s 8 described by
TR the sun, but by the arc B =’ of
- the equator.  Now,
1st. The velocity or motion of the sun in the ecliptic is
variable, on account of the earth moving in an elliptic orbit ;
it sometimes describes an are of 57° in a day ; at other times
the are described is about G1': this is one cause of the
inequality in the length of the solar days.

e 2nd. But even supposing the ares
aof the ecliptic deseribed by the sun
to be equal, yet the angles at » be-

/,’ tween the meridians ax ® P R (in
the three figures) will not be so,
since these angles are measured by
=5 F ¢ theare m ® of the equator to which
s 8’ will be differently inclined ac-
cording to the place of the sun in

f the ecliptic. At the equinoxes, or

when the sun is at A, the arcs 8 s’
and = R will be inclined to each
other at an angle of about 23° 27’

SN (see fig. 2). At the solstices they
,‘4 [ >y wro parallel (see fig. 3). This is the
TR second cause of the inequality.
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20. To obtain a proper measure of time, we must proceed
therefore as follows: an imaginary, or as it is called a mean
sun, is supposed to “move uniformly in the equator with the
mean velocity of the true sun. A mean solar day may there-
fore be defined to be the interval between two successive
transits of the mean sun over the same meridian. 1t begins
when the mean sun is on the meridian.

To find the daily motion of the mean sun in the equator.

21. The mean solar year, or the time the sun takes to
return again to the first point of Aries, has been found to
be equal to 36542422, Let us suppose the mean sun to
describe the equator in this time, then we shall find its daily
motion in the equator as follows :—Let # = daily motion,

36542422 : 14 :: 360° : & = 079856472 = 59’ §"33
or, the mean sun's daily motion in the equator from west to
east is 59’ 8"33.

To find the arc described by a meridian of the earth, in a

mean solar duy.

22. Let » & M & represent the meridian of a spectator a,
drawn in some planc; ax,
for instance, that of the
paper; E @ the celestial
equator which must there-
fore be supposed at right
angles to the paper. Sup-
pose the mean sun to be at m on the meridian of a, and
therefore in the plane of the paper; and let m m’ be the are
of the equator described by the mean sun in one day,
namely, 59' 883. Now, let the earth be supposed to
revolve about P ¥, from west to cast, until the meridian
again passes through the mean sun, which has arrived at »'.
Then the whole number of degroes described by the meridian
of the spectator will evidently be one complete revolution,
or 360° (by which it is agnin brought into the plane
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of the paper), together with the arc M M' = m .m', or
59 8"83. Ilence in a mean solar day a meridian describes
360° 59’ 8™33. .

Sidereal time, apparent solar time, and mean solar time.

23. Sidereal time is the angle at the pole of the heavens
between the cclestial me-
ridian and a circle of de-
clination passing through
the first point of Aries,
measuring from the me-
ridian westward ; thus, if
r @ be the celestial meri-
dian, A the first point of
Aries, A @ the cquator, then the angle @ P A is sidercal time.

24. Mean solar time is the angle at the pole between the
celestial meridian, and a circle of declination passing through
the mean sun, measuring from the meridian westward : thus
let m be the mean sun considered as a point, then Q ¥ is
menn solar time.  Similarly, if s be the place of the true
sun in the ecliptic a 1, the angle @ P 8 measured from r @
westward is apparent solar time.

25. The equation of time is the difference in time between
the places of the true and mean sun: thus, the angle mes
is the equation of time.

Sidereal clock, and mean solar clock.

26. A sidereal clock is a clock adjusted so as to go 2t
hours during one complete revolution of the carth; that is
during the interval of two successive transits of a fixed star:
or supposing the first point of Aries to be invariable between
two successive transits of the first point of Aries.

A mean solar clock is a clock adjusted to go 24 hours
during one complete revolution of the mean sun; or while

a sidereal clock is going 24" 3™ 56*535.
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CHAPTER 1II.
INTRODUCTORY OR PRELIMINARY RULES IN NAUTICAL ASTRONOMY.

Nautical day and Astronomical day.

27. The nautical or civil day begins at midnight and ends
the next midnight. The astronomical day begins at noon
(Art. 20) and ends at noon, and is later than the civil day
by 12 hours. Again, in the astronomical day the hours are
reckoned throughout from OF to 24%; in the nautical day
there are twice 12 hours, the first 12 hours being before
noon, or before the commencement of the astronomical day
(denoted by A.M., ante meridiem) ; the latter are afternoon,
and distinguished by the letters ».M. (post meridiem.)

Rule 1.
Given civil or nautieal time at ship, to reduee it to
astronomical time.
1. If the nautical time at ship be v, it will be also
astronomical time, P.M. being omitted.
2. If the nautieal time be .z, add 12" thereto, and put
the day one back; thus—

(1.) April 27, at 4* 10™ p.u. (cival) ix April 27, at 4% 10™ @stro.)
(2) April 27, at 4 10 aaa (civih) is April 26 at 16 10 (astro.)

Reduce the following civil or nautical times to astronomical

times.
Civil times. Astrunomical times.

(1) Sept. 10th, 45 10" pat.  Ans. Sept. 10th, 4V 10w
2) June 3 2 42 A , June 2 14 42
B) July 1 6 18 am. , dJune30 18 18
(4) Dec. 10 3 42 px. , Dec. 10 3 42
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Rule 11.

Given astronomical time at the ship, to reduce it to civil
or nautical time. .

1. If the astronomical time is less than 12 hours, it will
slso be nautical time r.u.

2. If the astronomical time be greater than 12 hours,
reject 12 and put the day one forward; the result will be
civil time A.M.; thus—

(L) April 27, at 4" 10™ (astro.) is April 27, at 48 10™ P (eivil).

(2) April 27, at 16 10" (nstro.) ix April 28, at 4 10 aM. (civil).

EXAMPLES.

Reduce the following astronomical times to nautical or
civil times. )

Astranomiceal timex, Civil times,
(5.) Sept. 10th, 4 32m Ans. Sept. 10th, b 32m poy.
(6.) July 5 16 32 W oduly 60 4032 A
(7.) July 10 18 42 W Jduly 11 6 42 am.
(%) Dee. 21 23 59 . Dee. 22 11 59 an

Given the time at Greewwich, to find the time al the same
instant at any other place, and the converse.

28. To find the time at any place, as Greenwich, corre-
sponding to a given time at any other place, or the converse,
we must remember that sinee the earth revolves through
360° in 24 hours, from west to east, or 15° in 1 hour, and
therefore through 1° in -4 minutes, or 1’ of are in 4 seconds
of time, at a place 15° to the eastward of a spectator the
sun will be on the meridian 1 hour before, and at a place
15° to the westward, the sun will be on the meridian 1 hour
later than at the place of the spectator: henee, when it is
10 o’clock at a given place, it will at the same instant be
11 o’clock at a place 15° to the castward, and 9 o’clock at a
place 15° to the westward. If, therefore, the longitude of a
place is known, that is, the number of degrees it is to the
cast or west of Greenwich, we can readily tell what time it



IN NAUTICAL ASTRONOMY. 67

is at the place corresponding to a given time at Greenwich,
and the converse. To find the time at Greenwich, corre-
sponding to any given time at a place, is required in almost
every nautical problem; aud even if the lougitude of the
place and time are only known nearly, the approximate
true time at Greenwich, deduced from the estimated longi-
tude and time at the place, is an important clement in
nautical astronomy. The time at Greenwich, obtained in
this manner, is called an approximate Greenwich date, or
more frequently the Greenwich date.

To find the Greenwich date, we shall require the following
rules for reducing degrees into time, and the converse.

Rule 111.

To reduce degreces into time.

(1.) Divide the degrees by 15, the quotient is hours.

(2) Multiply the remaining degrees, it any, by t; the
result is minutes in time.

(3.) Divide the minutes in are by 13; the quotient is
minutes in time.

(+.) Multiply the remaining minutes of are, if any, by 43
the result is seconds of time.

(3.) Divide the scconds in are by 15; the quotient is
seconds in time, carried to decimals if necessary.  The sum
will be the are in time.

ENAMI'LE,

Reduce 34° #4' 34" into time.

310 = 20 16m ¢
H o= 2 56
3 = 2:26

L3P 3 = 218 5426
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TABLE

To reduce degrees into time, and the converse.

P=0m 4] 2= 1m20 41 = 2udde, 1= 0b dni 100 = Ob dom
=0 8. w= , =0 8! 2= 1 2
=012 2= =012, =2 0
=016, 2¢ = =0 16 ' 4= 2 40
v:om!m: =02 : 0= 3 %
6 =0 24 ;| 2= =0 2([ 60 = 4 0
7’=0‘Ml27'= =028, 70°= 4 40
8 =0 4 = =032 8= 5 2
=0 56 W= =03 0= 6 0
W =0 40 W= =0 4 [ 100= ¢ 4
w=0 4" 8= =0 4 1= 7 2
=0 48] B2 = =048 [ 120= 8 0!
o0 2| 3o =0 b2 1= B 40
= I =0 OB M= 8 W
) =1 0 10 =1 0
i =1 4 10 =10 40
I =1 K 0=1 2
| 3 =1 12 : 0
! 0w 3 a1 16 1900 12 40
| Gy =4 0 W=1 N

w0 = 13 20 |

Or, thus, by means of the Table to the nearest minute.
30° = 2 gm
4 16
1 = 3 nearly.
e 3 B = muearly.‘

i

In some nautical tables, the angles in the log. sinc table
are given both in arc and time.  The reduction from degrees
to hours, and the converse, is by means of such a table
readily made.

EXAMPLES.
Reduce the following ares into time.
(9.) 54°42°30" Ans, 5" 38m 38
(10.) 96 10 45 » 028 43

* The table is computed to the nearest minuto of arc ; when seconds
aro to bo reduced (which 1s seldom required) the student must proceed
as pointed out in the preceding example aud rule,



IN NAUTICAL ASTRONOMY. 69

(11.) 108° 24 22" Ans. 7Th 13" 554

(12) 178 48 45 » 11 85 15

(13.) 140 32 10 » 922 866

(14) 230 32 10 » 16 2 866
Rule IV.

To reduce time into degrees.

1. Multiply the hours by 15; the result is degrees.

2. Divide the minutes in time by 4; the quotient is
degrees.

3. Multiply the minutes remaining, if any, by 15; the
result is minutes of are.

4. Divide the séconds of time by 4; the quotient is minutes
of arc.

5. Multiply the seconds (and parts of seconds) remaining,
if any, by 15; the result is seconds of are.

The sum will be the are in degrees.

EXAMPLE.
Reduce 21 18™ 58526 into degrees.
2h = 3000 0
18m = 4 30 0

11 330
Bkt 339

HS-26

2k 15m 56426

Or thus, by means of the table, to the nearest minute.
2 18m 5826 = 2 19" nearly.
oh — ’
= 30° 0
6" = 4 0
3 = 0
2419w = 3t 15
EXAMPLES.
Find the ares corresponding to the following times,
(15) 3h52m 4s Ans. 58° 17 0"
(16) 17 8 22 » 227 530
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(17) 8h17m 155 Ans. 124°18'52"5

(18) 12 14 1675 5, 183 34 1125

(19) 913 8 . 13817 0

(20) 15 17 184 . 229 19 36
Rule V.

To find the Greenwich datc, having given time at ship
and the longitude.

1. Express the time at the ship astronomically (p. 65).

2. Reduce the longitude into time, and put it under ship
time (p. 68).

3. If west longitude, add longitude in time to ship time;
the sum, if less than 24 hours, will be the time at Green-
wich, or the Greenwich date on the same day as at the ship.

But if the sum be greater than 24 hours, reject 24 hours;
the result will be the Greenwich date on the day following
the ship date.

If cnst longitude, subtract longitude in time from ship
time, the remainder will be the Greenwich date. If the
longitude in time is greater than the ship time, 24 hours
must be added to the ship time before subtraction is made,
and the Greenwich date will be the remainder on the day
preceding the ship date.

ENAMPLE.

June 10th, at 6" 10" r.a1., in longitude 32° 42" W, required
the time at Greenwich, or the Greenwich date to the nearest
winute.

Ship, June 10th, at 6" 10
long. in time . .2 11'W.

Gr. June 10th . . § 21
July 12th, at 4h 5™ a.m,, in Jong. 63° 45° W, required the
Greenwich date.
Ship, July 11th, at 16" 5»
long. in time . . 4 15 W.
Gr. July 11th . . 20 20
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EXAMPLES.
Required the Greenwich date in each of the following
cxamples.
Ship times. Answers, Greeawich dates,

(21) Mar, 7,at 3* 15" ant Long 15" 45°E. . Mar. 6.at1l4h 12m
(22) Mar.15,,10 385 ra .. 43 SHE . Mar15, 7 43
(23) May 12,, 4 30 A . 45 BOW. . May1l . 190 33
(24) May 9, 5 16 ryx. , 00 35E. . May 8 ., 23 14
(25) May 5 .11 30 px. .. 55 4TW. . May 5 .15 13
(26) May 20 ,. 10 25 anm. . 150 15W. . May20 , 8 25

Second Method of finding a Greenwich Date.

The Greenwich date is more correctly found by means of
n chronometer, whose error on Greenwich mean time is
known.
Rule V1.

To the time shown by chronometer, apply its error on
Greenwich mean time; adding if error is slow, and sub-
tracting if error ix fast, on Greenwich mean time ; the result
i3 the Greenwich date in mean time.  Sometimes 12 hours
must be added to this result, and the day put one back.
This uncertainty may be removed by getting an approximate
Greenwich date in the usual way by means of ship mean
time and the estimated longitude; if the difference between
the Greenwich dates found by the two methods is nearly
12 hours, then the Greenwich date by chronometer must be
increased by 12 hours, and the day put one day back, if
necessary, 8o a8 to make the two dates agree both in the
day and hour nearly.

The following examples will remove any doubt as to
putting the day one back, or not.

EXAMPLE.

July 10th, 1853, at G" 34" r.3. mean time ncarly, in
longitude 60° W., a chronometer showed 10" 42m 3, ity
error on Greenwich mean time being 2™ 10# fast ; required
mean time at Greenwich, or the Greenwich date.
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Groenwich date by el Greenwich dat approximately.
July 10th, chro. . 10t 42m 3% Ship, July 10th 6b 34m
Erroron G.M.T. 210 long. in time . 4 OW.
Gr. July 10th. . 10 39 53 Gr. July 10th 10 34

As these two results come out near to each other, the
correct Greenwich date is July 10th, 10* 39= 53,

EXAMPLE 2.

Aug. 3rd, 1853, at 5" 42™ p.y. mean time nearly, in long.
by account 150° 30" W., a chronometer showed 3" 23™ 15¢
and its error on Greenwich mean time was 10m 1054 slow;
required the Greenwich date.

tirecnwich date by chronometer. Greenwich date approximately.
Aug. 3rd, at . 3h23m 158 Ship, Aug. 3rd.  5b 42m
Error . . . 10 10t long. in time .10 2.

Aug.3rd . . 3 33 25t Gr. Aug. 3rd . 15 44
Add . . . .12

Gr. Aug. 3rd . 15 33 254
In this example 12 hours must be added to the Greenwich
date by chronometer, without putting the day one back.

BXAMPLE 3.

March 10th, 1833, at 24 10m .M. mean time nearly, in
longitude 20° 42" E,, a chronometer showed O 22 50%, and
its error on Greenwich mean time was 45™ 16¢ slow ; required
the Greenwich date.

Greenwich date by chronometer. Greenwich date approximately.
Mar. 10th . . O" 2m50¢  Ship, Mar. 9th. 14t 10=
Error . . . 15 16 long. in time . 1 23 E.

Mar,10th . . 048 6 Gr. Mar. 9th . 12 47
Add . . . .12

Gr. Mar. 9th . 12 48 ¢
In this example 12 hours must be added, and the day put

one back, to bring the chronometer Greenwich date more
nearly alike to the estimated Greenwich date.
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Find accurately the Greenwich dates iu the following

examples.
M. T. nearly. : Long. Cbro.show. ' Err. of chro. Aniwens

(27 Aug. 10 1* m'l'.l.! 857 42 W, 4b 2m 1w 18w 45 4efast (10 80 43m 2ge
(28) July 13 3 42 A 150 50 W. 1 80 0,10 Kré r.lovlla 1 & Mg
(29) June 10 10 42 v, 42 O K 7 44 10 R eslow, 10 7 a2 22
(30) June 19 G 42 am. 50 50 W.10 14 15 12 37 fast /I8 2 2 111
(1) Sept. 8 10 42 ax. 1 15 E. 9 10 45 12 153slew; 2 21 28 0B
(32 Dee. 30 11 45 ra. 110 85 W T 10 30 8 5O fast |30 19 1 25

CHAPTER 1V.
EXPLANATION AND USE OF THE NAUTICAL ALMANAC.

Tiue Navrican ALManac contains the declination, right
ascension, &c., of the principal heaveuly bodies, for certain
fixed times at Greenwich.  The deelination and right ascen-
sion of the sun and planets are given for every day at
Ok Om 0% for the moon, for every hour at Greenwich.  To
obtain these quantities for any other time, we may cither
apply the common rules of proportion ; or—which is in most
cases the simplest method—make use of certain tables
computed for the purpose, called tables of proportional
logarithms. The tables of proportional logarithms contained
in most colleetions of nautical tables are the following :—

1. The proportional logarithms (properly o ealled).

2. The Greenwich date proportional logarithm of the
sun.

3. The Greenwich date proportional logarithm of the
moon.

4. The logistic logarithms.

Their use will be best seen in the following rules and
examples.
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Rules for taking out of the Nautical Almanac the sun’s
declination, §c.

The sun’s change of declination, and the method of deter-
mining its amount at any given time, may be illustrated by
means of a figure.

Let 4 x be the eclestial equator, A o the ecliptie, s, and s,

the places of the sun on the
o 85 27th and 25th April, 1846,

KT"_ "o at  Greenwich mean noon;
74'}‘_&;‘-_ - ‘tllvn at 10 a'clock on the
27th it must be at some in-
termediate point. as at s: and s, v, s, 1, are the declination
of the sun on the 27th and 28th at noon, and s » the
declination at the required time. Draw 8, m, parallel to
the equator, then &, m s the change of the sun’s deelination
in 24 hours, and s m the change in 10 hours, and if we .
ruppose the sun's motion in the ecliptic during the 24 hours
to be equable, and s, w, a few minutes only, xo that the
lines drawn in the figure may be considered as straight
lines, we have this proportion :
Sz 8, m, t: 10h : 24h
Henee s m is casily found, since s, m,, the change in 24
hours, is known by means of the Nuutieal Almanac.  And
in a rimilar manner may be explained the method of taking
out, for any required time at Greenwich, the other quantities

given in the Nautical Almanac.

Rule V11.
To take out the sun's declination.

First method. By proportional logarithms.

1. Get a Greenwich date; thus, put down the ship mean
time expressed astronomieally.

2. Under which put the longitude in time.

3. Add in west, subtract in east longitude (adding or
subtracting 24 hours, according to the Rule I, p. 71).
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4. Take out of the Nautical Almanac the sun's deelina-
tion for two consecutive noons between which the Green-
wich date lies.

5. Take the difference of the declinations when their
names are alike ; but when the names of the declinations
arc unlike, take their sum; thus finding the change of
declination in 24 hours.

6. Add together Greenwich date logarithm for the sun
and proportional logarithm of the change in 24 hours; the
result is the proportional logarithm of change of declination
for the given time, which tuke from the Tables and apply to
the deelination at first noon, either by subtracting or adding
it, according as the declination is scen to be deereasing or
increasing.

Tule VIII.

Second method. By hourly differences.

Another method of taking out the sun's declination, is
to make use of the hourly changes of declination given in the
Nautical Almanac.

1. Find a Greenwieh date as before.

2. Take out of the Nautical Almanace the declination at
noon of the Greenwich date, and put down a little to the
right thereof the difference for one hour found in page 1 of
the Nantical Almanac.  Multiply this quantity by the hours
in Greenwich date, and the fractional parts of the hour if
necessary, the product will be the change of deelination in
the time from noon; apply thiy, reduced to minutes and
seconds, to the declination taken out, adding it if the
declination is seen to be increasing, and subtracting if
decreasing.  The result is the declination of the sun at
the time required.®

* The corrections of the quantitien tuken out of the Nautical
Almannc are often made by ingpection : the results thus obtained are
generally considercd sufficiently corroct.

2
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1. March 2, 1853, at 4" 23m p.M., mean time, in long.
32° 42' W, required the sun's declination.

Ship, March 2 . . . 4h 23m
Long.intime . . . 2 11 W.

Greenwich, March2 . 6 34

Sun’s declination. Or thus, by hourly difference.
Mareh2 . . . . . T 7 oS March2 . . . 7 7 0S8
w 3 . . . . . 644 28  Howlydiff. . 574 decreasing
22 58 6
Greenwich date &) . . 56287 3‘)4 4 diff. for 6
m 2 -
Prop. log. 22 587, . . 80417 30m. g 297
o 3.4 29
1:45704 1.3 9
Y 8 L 60+ 5700
Sun's declination . . 7 0 43 8. Cor. . 6169
Oor . . . 617

March 2 . 7T 08
Sun'sdecl. . . 7T 0488
2. March 21, 1851, at 10" 42™ A.x. mean time, in long.
15° 30" W., required the sun’s declination.
Ship, March 20 . . . 22t 42w
Long.intime . . . 1 2 W.
Greenwich, March 20 . 213 44
20, . . . 0° 16" 42" N,
20, . . . 0 6 59 N.
23 41
00485
88083
88508
Cor. . . . . 2325
Sun'sdecl. . .0 643N



USE OF NAUTICAL ALMANAC, 7

(33.) May 20, 1850, at 5" 30™ p.\. mean time, in long.
95° 30’ E., required the sun's declination.
Ans. 19° 57' 22" N\,
(3+) May 16, 1850, at 7" 50™ A.M. mean time, in long.
120° 0' E,, required the sun’s declination,
Ans. 18° 57" 48" N.
(35.) March 23, 1850, at 3" 20™ p.y. mean time, in long.
9° 0 W, required the sun’s declination.
Ans. 1°3' 53" N.
Elements from Nautical Almanac.
May 19  19° 45’ G"N. . May 20 19° 57 49N,
May15 18 50 52 N. . Mav16 19 4 55 N.
March23 1 0 6 N. . March2t 1 23 43 N.

Rule IX.
To take out the equation of time.

1. Get a Greenwich date.

2. Take out the equation of time for two consecutive
noons between which the Greenwich date lies, and take
their difference.

3. Add together the Greenwich date logarithm for sun
and proportional logarithm of difference s the sum iy the
proportional logarithin of correction, which find from the
table, and apply it with its proper sign to the equation of
time firt taken out; the result is the cquation of time
required.

Or thus, by hourly differences.

1. Take out the equation of time for the noon of Green-
wich date and the hourly difference opposite thereto.

2. Multiply hourly difference by the hours of the Green-
wich date, and, if great accuracy ix required, by the frac-
tional parts of hour in the Greenwich date; the result will
be the correction to be applied with its proper sign to the
equation of time taken out.
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EXANPLE.
July 12, 1853, at 5% 8™ .M. mean time nearly, in long.
160° W, required the equation of time.
Ship, July 11. . . . 17 §m
Long. in time. . . . 10 40 W.
Greenwich, July 11. . 27 48
Grecnwich, July 12. . 3 48

Equation of time. Or thus, by hourly difference.
12. &m 15~7  Diff for 1 hour. . 0*308 incr.
13. . 5 2311 8
T 0-024
Greenwich d. log. sun. 080043 304 154
Prop.log. 74 . . . 316410 1L 077
Prop. log. cor. Tywoger Cor.ooo.oLL L 10155

Cor. . . . . . 12 Or, . . 12

Equation required . . 5 16y 12, . . . ., 52157
LEynation requived 5 169

Find the equation of time in the following examples :—

(36) March 2, 1853, at 6" 10™ py. moan time in long. 38° 42''W,
870 . 16 ., . b 42 am . . 152 45 W.

(3%) . 20 ., , 10 42 anm " . & s E

Elements from Nautical Almanac.
Diff. 1 hour.

Fq. of time March 2 1w 221 . March 3 120 9%3 . 053
" w 16 8 484, w 17 8 308 . 072
" w 28 0 90, W 20 4 504 L 077
Answers to (36), (37), (38):—
12m 17%4 8 45%5 om 3e7
Rule X.

To take out the moon's semidiameter and horizontal parallar.

The moon’s semidiameter and horizontal parallax are put
down in the Nautical Almanac for every mean noon and
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mean midnight at Greenwich: to find these quantities for
any other time we may proceed as follows :—

First. To find the moon's semidiameter.

1. Get a Greenwich date.

2. Take out of the Nautical Almanac the moon's semi-
diameter for the two times between which the Greenwich
date lies, and take the difference. To the Greenwich date
logarithm for moon add the proportional logarithm of the
differenee just found ; the result will be the proportional
logarithm of an are, which being found and andded to the
semidiameter first taken out, or subtracted  therefrom
(according as the semidiameter is increasing or deereasing),
will be the semidiameter at the given time,

8econd. To find the moon’s horizontal parallax.

Proceed in a similar manner to that pointed out above
for finding the moon's semidiameter,

EXAMPLES,

1. August 3, 1853, at 4" 10™ r.a. mean time nearly, in

long. 45 42 W, required the moon’s semidiameter and hori-
zontal parallax.

Ship, August 3 . . b 10m
Long. intime . . . 3 15 W,
Greenwich, Aug. 3 . 7 25
Moon's semidiameter, Maon's horizontal parallux.
Logust 3, ut noon o 15 676 August 8, at woon . bEY 2078
”» mid. . 15 106 " mid. . 55 358
40 47
Gr. 4 Loz for moon, 15064 Gr. d. log. for moon, 16004
Prop. log. for 470 . 343136 Prop. log. for 1477 . 286611
Prop. log. cor. . . 841200 Prop. log. cor. . . 304676
Cor. . . . . . . 26 Cor. . . . . . 07
Required semi. . . 15 ¢ 2 Required hor, par. . 55 303

2. July 14, 16533, at 6b 42™ A.M. mean time nearly, in
long. 30° W, required the moon's semidiameter and hori-
zoutal parallax. .
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Ship, July 13 . . . . 18t 42m
Long. in time . 2 OW

Greenwich, July 13. . 20 42

e e e

Moon's semidiameter,

July 13, mid. . .16 27
» 14,n00n . . . 16_ _':'5
48

Gr. d.log. moon for 8* 42=* 13966
Prop. log. 4”8 345218
Prop. log. cor. 49184

Cor.. . . .

Required semi. .

Moon's horizontal parallax.

July 13, mid. . 58 45”8
» 14,noon. . 59 385
177

(ir.d.log.moonfor8°42= 13966
Prop. log. 1777 . 2:78545
Prop. log. cor. 292511
Cor. . . . . 12 -8
Required hor. par, . 58 58 6

Find the moon’s semidiameter and horizontal parsllax in
the following examples :—

(39.) March 2,1853 . . at G* 42" pa. . . in long 100> W,

(40.) s 14, cat 330 A, . .o 120 0W,

1) . 24, .atlo 10 pm.. ,, 60 42E

Elements from Nautical Almanac.

Moon's semidiameter. Moon's horizontal paratlax. Answers.
March 2, mid, 16" 51 Mid, 58 54”7 Semi. 16 477

“ 3, noon 16 21 Noon 58 436 H.P. 58 534
March 13, mid. 14 480 Mid. 54 157 Semi. 14 479

» 13, noon 14 478 Noon 54 1175 H.P. 54 117
March 24, noon 16 18 7 Noon 59 446 Semi. 16 21 °1

» 24, mid. 16 237 Mid. 60 N H.P. 59 53°1

* When the Greenwich date exceeds 12 hours, as in this example,
look out the Grvenwich date logarithm mooen for the excess of the
Greenwich date above 12 hours. It is better, however, in examples of
this kind, where the differences are small, to estimate the correction
at sight, without using logarithms ; after some experience this is easily
done; the above method, however, by meuns of logarithms, should be
adopted by beginners.
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Rule XI.
To take out the sun’s right ascension.

1. Get a Greenwich date.

2. Take out the right ascension for two consecutive noons
between which the Greenwich date lies, and take their
difference.

3. Add together the Greenwich date logarithm for sun
and proportional logarithm of difference; the sum will be
the proportional logarithm of correction to be added to the
right ascension for noon of Greenwich date.

EXAMILE.

July 13, 1853, at 6" 31™ a.M. mean time nearly, in long.

172¢ 10" W., required the sun’s right ascension.
Ship, July 12 . . . . 18k 3]m

Long. in time . . . . 11 20°W.
July12. . . . . . 30 0
Greenwich, July 13, . 6 0
Sun's right ascen. July 13 T80 307
" W 1F 07T 3433
4+ 3
‘GO206
1-G7N2
D248 1 1 Cor.

Sun’s right ascen. required . 7 31 31

Find the sun's right ascension in the following examples: —
(42.) March 11, 1853, at 6* 42 p.M. mean time, long. 42° 417 W,
43) , 21 , , 10 10 am N » 100 41 E.
44) L, 21 ., ., 0 0 . 142 14 W.

Elements from Nautical Almanac.
Sun's right asc. March 11 23 26= 263 March 12 23 30= 66
” s 20 23 59 200 » 21 0 2 082
» . 21 0 2 382 s 22 0 6 364
Answers to (42), (43), (44) :—
23h 27m 5343 ok 0™ 100 Ob 4m 2482
E3
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Rule XII.
To take out the moon's declination and right ascension.

The moon’s declination and right ascension are recorded
in the Nautical Almanac for the beginning of every hour of
mean time at Gireenwich.  To find them for any other time
we may proceed as follows :—

First. To find the moon’s declination for any given time.

1. Get a Greenwich date.

2. Take out of the Nautical Almanac the moon’s declina-
tion for two consecutive hours between which the Greenwich
date lies, and take the difference.

3. Add together the logistic logarithm of minutes in
Greenwich date and proportional logarithm of difference,
the sum will be the proportional logarithm of correction,
which take from the table and apply it to the declination
for the hour of Greenwich date, adding or subtracting
according as the declination is seen to be ivereasing or
decreasing.  The result is the declination required.

Second. To take out the moon's right aseension.

Proceed in a similar manner {o that pointed out above
for finding the moon’s declination.

EXAMPLES,
January 24, 1852, at 5% 10™ p.y. mean time, in long.
G607 10" W, find the moon’s right ascension and declination.

Ship, January 24 ar . . 3b 10w
Long.intime . . . . ¢+ 11W.

Greenwich, January 2¢. 9 11

Moon's right asccunsion. Moon's declination.
Jan. 24, at 0F . | 23% 9= 16 Jan. 24, at %, 10° 14" 28”S.

W 0. .92 111 W 10. .10 4 58
1 55 10 18
73676 73676
197278 124244
27094y 0 21 197920 1 53

28 ® 37

10 12 30!
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(45.) June 2, 1852, at 21 30™ p.xr. mean time, in long,
53° 15" W, find the moon's right ascension and declination,
Ans., Right ascen. 174 11m 53¢
Declination. 21° 15" 54" 8.
(46.) Sept. 7. 1832, at 4% 15* a.M. mean time, in long.
56° 30" E., find the moon’s right ascension and deelination.
Ans, Right ascen. 5% 5w 17
Declination  21° 17" 12" XN,
(47.) July 10, 1833, at 9 30™ A, mean time, in long.
44° 20° W, find the moon's right aseension and declination.
Ans, Right ascen. 108 36m 34
Declination 14 14 32" N,

Elements from Nautical Almanac.

Moon's right nscension. Moow's declination,

June 2,at 6% 17 11w g5 0 219 15 36" N
“ T 1y T . . 021 21 3t S
Sept. 6, at 12 S 4 13 . . . 21 14 3t N.
“ 13 5 6 22 . . . 21 20 1N,
July 10,2t 0 10 85 85 . . 1+ 19 42 N,
“ 1 10 37 3 . . . 1+ 8 13N,

TRule XIIT.

To take out the right ascension of the mean sun (called in the
Nautical Almanac sidereal time).

The right aseension of the mean sun, or the sidereal time
at mean noon, is given in the Nautical Almanac for every
day at mean noon.  To find it for any other time we may
proceed as in the rule for finding the right ascension of the
apparent or true sun; but as the motion of the mean sun is
uniform throughout the year (the motion in every 24 hours
being 3% 56*555), the change in any given number of hours,
minutes, and secouds is more easily found by means of a
table. This table is given in the Nautical Almanac, and
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may be sought for in the Tndex under the title of  Time
Equivalents, table of.”
EXAMFLE.
July 23, 1853, at 2b 42m p.u. in long. 80° 42" E., required

the right ascension of the mean sun.

Ship, July 23 . . . 2t 42w

Long. in time . . . 5 23 E.

Greenwich, July 22 . 21 9

Right ascension mean sun. Or thus, by table.
July 22 . . . . . Kb w35 July22 . . . . § 0= 35
P T I 4 Cor. for 21* . . . 3 27
3 57 o 9 15
05490 8 4 85
165868
1-T185K 320

Right agc. meunsun & 4 4

Find the right ascension of mean sun (ealled in the
Naautical Alimanac sxidereal time) in the following examples:—
(48.) March 2, 1853, at Jo* 42 rm. mean time in long. 48° 100 W,
), 15, L 6 6 A " 100 0 W.
50y, 21, . 10 10 rw ” 100 0 E

Elements from Nautical Almanac and ansicers.
Sidereal time March 2, ut noon, 224 40m 4409 . Ans. 224 43m 2

" w10 " 28 w2 o1 ., 23 82 76

» w21 " 28 56 394 ., 28 56 139

Rule X1V,

To take out the lunar distances for any given time at
Greenwich,

1. Get a Greenwich date.

2. Find two eonsecutive distances in the Nautical Almanac
at times between which the Greenwich date lies.  Take the
difference of the distances. To the proportional logarithm
of the cxcess of the Greenwich date above the first of the
times taken from the Nautical Almanac add preportional
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logarithm of difference of distances: the sum will be the
proportional logarithm of an arc; which are being applied
to the distance at first time with its proper sign will be the
distance required.

EXAMPLE.

September 24, at 6* 10™ p.M. mean time nearly, in long.
60° 15" W., required the distance of Aldebaran from the
moon.

Ship, Sept. 2¢. . . . ¢h 10m
Long.intime. . . . + 1W.
Greenwich, Sept. 24th . 10 11

Distance of Aldebaran,
At 9% . L I8¢ 5T 3y
12 . . 20 23 47
Proportional log. . . 32061 . . 1 26 2
Prop. log. 14 11m . . 40401

Cor. . . LoLoLT2e2 0 0 0 33 56

Dist. of Alde lmrnu at 6" 10m . . 19 31 81

Required the distance of the moon from certain stars in
the following examples :—

(51.) Jan. 24, at 4% 30™ p.y. mean time nearly, in long.
80° 30" E,, required the distance of Regulus from the moon.
Ans., 69° 33’ 6",
( 2.) May 20, at 6% 20m o.x. mean time nearly, in long.
0° 0’ E., required the distance of a Pegasi from the moon.
Ans., 56° 59" 7",
(53.) June 10, at 9b 40™ p.M. mean time nearly, in long.
32° 45' W., required the distance of a Aquile from the
moon. Ans,, 70° 32" 35",
(3+) July 2, at 7h 20™ .M. mean time nearly, in long.
30°0' E, requlred the distance of Jupiter from the moon.
Ans., 54° 16’ 52",
(55.) Sept. 19, at 10* 30™ A.M. mean time nearly, in
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long. 63° 15’ B., required the distance of Aldebaran from
the moon. Ans., 72° ¢/ 51".

(86.) Dec. 15, at 22 0 p.M. mean time nearly, in long.
19° 40’ E., required the distance of Pollux from the moon.
Ans., 58° 56" 47",

Elements from Nautical Almanac.

Distance of Regulus at noon 68° 11’ 177 . at 3% 69° 50/ 50"
o Pegasi ,, 10t 7w 6 . , 18 b5 56 9
a Aquile ,, 9 o5 46 ., 12 T4 28 9
Jupiter  ,, 15 18 . ,, 18 53 52 44
» Aldebaran ,, 18 9 14 . , 21 70 40 29
Pollux  ,, noon 32 50 ., 3 60 17 54

CV -7 & =) e
@ e S <1
S
-

In the rule for finding the longitude by lunar observa-
tions, we have to ascertain the frue distance of the moon
from some heavenly body at the time of observation. If
the hoeavenly body is one whose distance is recorded in the
Nautical Almanae for every three hours, we may find the
mean time at Greenwich corresponding to the true distance
computed for the time of observation as follows :—

Rule XV.

I find the time at Greenwick corresponding to a given distance
of a heavenly body from the moon.

1. Under the given distance put down the two computed
distances of the same heavenly body found in the Nautical
Almanae between which the given true distance lies.

2. Take the difference between the first and second, and
also between the second and the third.

3. From the proportional logarithm of the first difference
subtract the proportional logarithm of the second difference,
the sum is the proportional logarithm of the additional time
to be added to the hours of the distance first taken out of
the Nautical Almanac; the result is the mean timeo at
Greenwich corresponding to the given distance.
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EXAMPLES,

November 22, 1853, tho true distance of Saturn from the
moon was found to be 770 52' 45", required Greenwich mean
time. '

By observ. true distance . . 77° 52 45"
In Naut. Almanac dist. at . 8% 77 14 40
6 78 47 24
Prop. logarithm 67454 . . 88 5§
28804 . .1 32 44
38650 Cor. 1b 11m 550
Adding 3
Greenwich mean time Nov. 22 4 11 55

Find mean time at Greenwich from each of the following
observations :—

(57.) November 24, 1853, when true distance of Alde-
baran was 93° 38 45", Ans., 3h H7w 18

(58.) Sept. 21, 1833, when true distance of Regulus was
58 45’ 8", Ans, 164 3m G~

(59.) May 27, 1853, when true distance of the sun was
110° 8 50", Aus., 14 2m 22,

Elements from Nautical Almanac.

Dist. Aldebaran, Nov. 24, at 8%, 48”7 577 at 6%, 04" 447 L2
» Regulus, Sept. 24 .0 15 . b 16 16, 18, b7 47
» Sun, May 27 . . ., mido L 111 12 57, 15,100 8 88

To take out a planet’s right ascension and declination.

Proceed as in the similar rules for finding the sun’s right
ascension and declination (pp. 74, 81).

The rules above given are sufficicnt to enable the student:
to acquire a knowledge of the principal contents of the
Nautical Almanac. They will be continually referred to
in the subsequent rules for finding the latitude and

longitude.
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‘We have supposed in the above examples the motion of
the heavenly body to be uniform in the interval between the
Greenwich times taken out of the Nautical Almanac. This
is seldom the case, although in most of the questions in
Nautical Astronomy it may be so assumed without any
practical error.  When, however, very accurate results are
required, a correction must be used, called the equation of
sccond diffrrences.  The investigation of this equation, and
examples of its application, must be postponed for the
present.

CITAPTER V.

PRELIMINARY PROBLEMS AND RULER IN NAUTICAL ASTRONOMY.
CORRECTIONS FOR PARALLAX, REFRACTION, CONTRACTION OF
THE MOON'S SEMIDIAMETER, AND DIP.

Given, mean solar time, and the equation of time, to find
the apparent solar time; or,

Given, apparent solar time, and the equation of time, to
find mean solar time.

Rule XV

1. Get a Greenwich date (p. 70.).

2. Correet the equation of time for this date (p. 77).

3. Apply the equation of time with its proper sign (as
shown in the Nautical Almanac) to the given time.

4. The result is the time required.

1. April 27, 1846, at 9" 10 p.y., mean time, in long.
16° W, required apparent solar time.
Ship, Apnil 27. . . . 9b 10
Long.intime. . . . 1 4W.
Greenwich, April 27 . 10 14
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Equation of Time.
(Page it. Nautical Almanac.)

... .2 26%9 add to
28. . 2 864 m. time,
Yo
Ship, April 27  10® 0* m, time Frop. logs.
Eq. of time . 2 310 q:"?:g
Ship, April 27 9 12 310 app. time —_—
required. 412500 41

2 31-0eq.oftime.

2. June 22, 1852, at 5% 42m p.yr., apparent solar time, in
long. 100° 30" E,, required mean solar time.

Ship, June 22. . . . 5h 42mpy,
Long.intime. . . . 6 42 E.

Greenwich, June 21. . 23 0

Fquation of time. Ship, June 22,
{Page i. Nautical Almanac.)
Difference for 1 hour, 054,
. o R B ® aq.
21 . . . . 1% 279 add to ..mean time. . 5 43 396

09
=2

.o 42m o
K. of time. . . 1 3964

« « « 1 40-2 app. time.
130
23x:54 . 124

(60.) July 4, 1853, at 6" 10™ p.ar. mean time, in long.
100° W, required apparent solar time,  Ans., 6" 5™ 532,
(61.) Dec. 10, 1833, at 4% 42" p.m. apparent solar time,
in long. 80° 45’ W, required mean solar time.
Ans,, 4h 35m 181,
(62.) Feb. 23, 1848, at 108 40m &M, apparent solar time,
in long. 1° 6" W, required mean solar time.
Ans., 108 53m 4395,

Elements from Nautical Almanac.

Equation of time July 4 . 4™ 1% mub. July 5 . 4™ 11%7 sub,
”» Dec. 10, 6 535mb. Dec.11 . 6 25 8 gub,
" Feb.22 . 13 51:0add. Feb. 23 . 13 43°ladd.
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Rule XVIIL
Given, mean solar time, to find sidereal time.

1. Get a Greenwich date (p. 70).

2. Correet the right ascension of the mean sun by the
table (p. 83), or by proportional logarithms, or otherwise for
the Greenwich date.

8. Add together the corrected right ascension of mean
sun and mean time at the ship.

4. The sum (rejecting 24 hours if greater than 24 hours)
will be sidereal time.

EXAMPLES,
Feb. 24, 1848, at 10% 40w 30 A, mean time, in long.
1° 6" W, required sidereal time.
Ship, Feb. 23 . . . . 224 40w 300
Long. in time. . . . 0 % 24
Greenwich, Feb, 23, . 22 41 5]

Right ascension mean sun.
23 .. . 0L 2ok Jow ge52

Cor. for 22v | 3 368
. HM oL 723 L by table.
w 54 :

Right asc. mean sun 22 13 47 74

Ship mean time . . 22 40 30°-00

Sidereal time. . . 20 54 17-74
(rejecting 21 hours.)

(63.) July 10, 18533, at Ob 42m 10¢ p.M. mean time, in
long. 84¢ 42" W, required sidereal time.
Ans., 74 56w 29+7,
(6+.) Scpt. 30, 1853, at Gh 42m 10* .31, mean time, in
long. 100° £2' W', required sidereal time.
Ans,, 7t 18™ 5859,
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(65.) Dec. 8, 1853, at 10 10= 42* p.x., mean time, in
long. 18° 32’ E., required sidereal time.
Ans., 3t 20m {7,
Elements from Nautical Almanac.
Right ascen. mean sun, July 10 . 7% 13w 17%14
Sept. 30 . 12 36 34 G4
Dee.§ . 17 8 8696

”

”»

Rule XV1I1.
Given, apparent solar time, to find sidereal time.

1. Get a Greenwich date (p. 70.)

2. Correct the equation of time and also the right ascen-
sion of the mean sun for Greenwich date (pp. 77, 83).

3. Apply corrected cquation of time to ship apparent
time, and thus get ship mean time. Then, as in the last
rule,

4. Add together ship mean time and right ascension of
mexn sun.

5. The sum (rejecting 2t hours if greater than 24 hours)
will be sidereal time.

EXAMPLES.

May 24, 1853, at 6" §™ 40* A.:m. apparent solar time, in
long. 20° 20" W, required sidereal time.

Ship, May 23 . . . ISh 8m Hp
Long. intime . . . 1 21 20W.
Greenwich, May 23 . 19 30 0

Fquation of time. Right neeension mean sun,

23 . . . . 8™ 432 sub. from 23rd, ntneon . . . 4P 4w 2437
24 . . . . 3 283 app tiwe. e L L 8 Tur
e Bom oL 403

Ooum I R A meansun . . 4 7 1447
ShipM.T.. . . .18 5§ 1880

334323

343341, . . . 40
Eq.of time 3 292
S.app. T. 1R 8 4000
May 23 . 18 § 1%€ Ship mean time

-1

Sidereal time., ., . 22 12 253
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(66.) July 4, 1853, at 3t 42™ oM. apparent solar time, in
long. 84° 42' W', required sidereal time.
Ans., 22k 35m 1153,
(67.) Oct. 21, 1853, at 8" 48™ p.M. apparent solar time,
in long. 88° 8' E,, required sidereal time.
Ans., 22b 32m 30%87,

Elements from Nautical Almanac.

Fequation of time. Right ascen. mean sun,
July 3, 3™ 50%1add 4, 4™ 1*1,add . . on 3, 6" 45" 41*24
Oct. 21,15 19°1sub. 22, 15 28°1,8ub. . . , 21,13 59 2226

Rule XIX.

Given, mean time, or apparent time al the ship, to find what
heavenly body will pass the meridian the next after that
time.

1. Get a Greenwich date (p. 70).

2, Find the right ascension of the mean sun (and, if the
Greenwich date is in apparent time, find also the equation
of time., p. 77) for that date, so as to get mean time (p. 88).

3. Add together ship mean time and the right ascension
of mean sun.

4. The sum (rejecting 21 hours if greater than 24 hours)
will be sidereal time, or the right ascension of the meridian.

5. Then that star found in some catalogue of fixed stars,
whose right ascension is the next greater, will be the star
required.

EXAMILE.

Feb. 21, 1833, at 4% 42" .M. mean time nearly, in long.
100° E., tind what bright star will pass the meridian the
next after that date.

Ship, Feb. 24, . . . 4b 42w
Long.intime . . . 6 40 E.

Greenwich, Feb. 23, . 22 2
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Right ascension mean sun.
28 . . . . . 22 13™ 900 Ship, Feb, 24 . . . 4% 40= (»
b, 3 368 Right asc. moan sun 22 16 46
2% . . % Rightose of merid. 2 5% 46
22 16 46°1
Looking into the “ Catalogue of the mean places of 100
principal fixed stars” (Nautical Almanac, p. 432), we find
the star whose right ascension is next greater than 2h 58m js
a Persei; therefore a Persei is the bright star that will come
to the meridian the next after 4% 42m p.y. on Feb. 24,
Sometimes it is required to find what principal stars will
pass the meridian between certain convenient hours for
observing their transits: as, for instance, between 88 and
118 p.m. To do this, we must find the right ascension of
the meridian for these two times by the above rule; then
the stars whose right ascensions lie between will be the stars
required.
EXAMPLES.
Oct. 3. 1853, in long. 90° W.. find what bright stars put
down in the Nautical Almanac will pass the meridian be-
tween the hours of 9 and 12 vy,

Ship, Oct. 3 . . . . 9hqm Ship. Oct. 3. . L L 12 om
Long. intime. . . . 6 oW, Lomgintune . . . 6 0 W
Greenwich, Oct.3 . .15 0 Greenwich, Oct. 3.0 . I8 0
Right ascension mean sun. Right necension mean wun.
Oct.3 . . . . . 128 48 24 Qct. % . . . . . 120 48m 24
b /L 2 27 DL 2 07
0 12 01 21
Ship, Oct. 3 . . . 9 0 6 ShipOct.3 . . . 12 0 0

Right asc. meridian. 21 50 51  Right asc. meridian 0 51 21

In Catalogue p. 432, Nautical Almanac, the stars whose
right ascensions lie between 21% 50™ 51* and O 51 21* are
from a Aquarii to § Ceti inclusive.® .

* In the “ Handbook for the Stars,” published by the author, there is
a table of the times of the trausits of the principul fixed stars. Tbis
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(68.) What bright stars put down in the Nautical Almanac
will pass the meridian of a ship in long. 40° E., between
8t and 10" .M. mean time on Nov. 20, 1853 ?

Ans., From a Andromede to a Arietis.

(69.) What bright star will pass the meridian of a ship in
long. 30° W. the first after 10" 30™ p.x. on Oct. 10, 1853 ¢

Ans., a Andromede.

(70.) What bright stars will pass the meridian of a ship
in long. 56° W. between the hours of 6 and 10 ».M. on
March 10, 1853 ? Ans,, From 3 Tauri to y Argis.

(71) What bright stars put down in the Nautical
Almanae will pass the meridian of Greenwich between the
hours of 7 and 9 r.M. mean time, on August 20, 1653 ?

Ans., From ¢ Urse Minoris to 3 Lyre.

(72.) What stars named in the Nautical Almanac will
pass the meridian of a ship in long. 86° E., on Oct. 20, 1853,
between the hours of 10 a1 and midnight ?

Ans., From « Andromeda to a Eridani.
(73.) What bright star will pass the meridian of Green-
wich the first after O r.u. on Sept. 12,1553 ¢
Ans., a Cygni.

Llements from Nautical Almanac.

Right ascension mean sun,

November 20 . . 15h 57m 34s
March 10 . . . . 23 12 17
October10. . . . 13 16 0
August20 . . . . 9 5t 56
October20. . . . 13 55 26
September 12 . . . 11 25 37

table enablos the observer to find the uame of the bright star that is
on the meridian at any given time, and at any place, without
calculation.
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Rule XX.
Given, sidercal time, to find mean time.

1. Take out of the Nautical Almanac the right ascension
of the mean sun (called in the Nautical Almanac sidercal
time), for noon of the given day.

2. From sidereal time (increased if necessary by 21 hours)
subtract the quantity just taken out, the remainder is mean
time nearly.

3. Find. in the table of the acceleration of sidercal on
mean solar time, the correction for this time, and subtract
it from the mean time nearly.

4. The remainder is the mean time required.

NorteE—In strictness we ought to have entered the table with the
correct mean time, instewd of that used: but it ix evident we may
obtaiu a still closer approximation to the trath by repeating the work,
using the last approximate value instead of the preceding one. Forall
practical purposes thig repetition is unnecessary.

1. April 27, 1516, when a sidereal clock showed 34 40m 45,
required mean time.

Sidereal time . . . . . . L 8h 40m 430
Right as. mean gun at mean noon 2 20 2138

Mean timenearly. . . . . . 1 20 2342
Cor.. . . 1. . 9%K6
Naut. Alm.  20m | 3-2%
p.592. 23 . 06

13:20. 1320

Mean time required . . . . . 1 .20 10-22

2. March 2, 184S, when a sidereal clock showed 3% 40™ 450,
required mean time.
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Sidereal time . . . . . 3b 40m 45%0

Right asc. m. sun at m. noon 22 41 35 94

Mean time nearly . . . . 4 59 906
Cor. 4h . . 3943

59 . . 969
9o .. 02
49 14 4914

Mean time required . . . 4 58 1992

The clock of an ohservatory used for taking the transits
of a heavenly body is generally adjusted to sidereal time:
the above rule will show how to determine the error of a
solar clock, or a chronometer regulated to mean time; for
we have only to note the time shown by the two instruments
at the same instant by comparing the chronometer with the
sidereal clock at some coincident beat, the error of the latter
being supposed to be known.

EXAMPLE.

Greenwich, March 3, 1853, when a sidereal clock showed

Gt 10m 20 a chronometer showed 7 82™ 100, required the

crror of the chronometer on Greenwich mean time; the
error of sidereal clock being 2@ 42+5 slow.

Sidereal clock . . . . . . . G 10™ 20¢

Error . . . . . . . . .. 2 425 slow
Sidereal time . . . . . . . 6 13 25
Right asc. mean sun at mean noon 22 44 4148
Cor.7h . . 1m R8»99 7 28 2102
28m 4 60
21, . . 05
1 136t 1 1364
Required mean time . . .7 27 738
Chronometer showed . . 7 82 100

or of chro. on Gr. mean time 5 262 fast
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When the calculations are made for any other meridian
than that of Greenwich. for which the quantities in the
Nautical Almanae are caleulated. we must take into con-
sideration the change of the mean sun’s place arising {rom
the difference of longitude.  For example, the tables of
the Connaigsance des Tems are computed for Paris, the long
of which is 9m 22 to the cast of Greenwich @ as iu that time
the mean sun moves to the castward through an are of 1¥53
in time (for 288 9m 22v 03w 5655 ¢ 1433), 1t follows that
we must add 1953 to all the right aseensions of the mean
sun in the French tubles to obtain those of the mean sun at
wean noon at Greenwich.

EXAMPLE.

April 27, 1841 the right ascension of the mean sun at
wean noon at Paris, by the Connaissance des Tems, was
24 21w 10509, required the same for Greenwich mean noon.

Greenwich, April 27 . . Ob gm0t
Long. in time . . . . 0 22 W,
Paris date April 27 . | 9 o0
Right axc. mean sun at Paris . . 2h 21w 1009
Cor. 9m 1% s
b 05
153 158

Right asc. mean sun at Greenwich 2 21 1162

The longitude is usually found at sea by means of a
chronometer showing Greenwich mean time at the instant
the mean time at the ship is known.  The mean time at the
ship ix deduced from the hour angle of & heavenly body, and
this hour angle is caleulated by means of the altitude of the
body observed with a sextant and certain clementy found in
the Nautical Almanac.

Rules for finding the hour angle of a heavenly body will
be given hereafter. We will therefore suppose the hour
angle known, and proceed to show how mean time might be
found from it.
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Rule XXI1.

Given, the hour anyle of a heavenly body, fo find mean time
at the ship.

Hour angle found by table of haversines.®

When the heavenly body is west of meridian, take the
hour angle out at top of page of haversines and add thereto
the right ascension of the heavenly body: from the sum
(increased if necessary by 24 hours) subtract the right
ascension of mean sun (correeted for estimated mean time
at Greenwich or Greenwich date), the result (rejecting
21 hours if greater than 2% hours) is the mean time
required.

When the heavenly body is east of meridian. take the
hour angle out of the table at dottom of page of haversines,
then procecd as direeted above.

I the heavenly body observed is the sun, the hour angle
taken out will also be apparent time (p. G4, art. 24) ; the
mean time will then be found by applying the cquation
of time with the proper sign as shown in the Nautical
Almanac.

Hour angle found by any other table.

The angle taken out turned into time (if necessary) will
also be the hour angle if the body be west of meridian ;.
but it the body be east of meridian, subtract the hour angle
from 24 hours, and then, as in the former case, add thereto
the star's right ascension, and from the sum subtract the
right aseension of mean sun as pointed out in the rule.

¢ 24 — Star's hour angle can be taken out of Inman's table of

versines by ingpection : when, therefore, the longitude by chronometer

und by means of this table, the above rule applies whether the
1y body is enst or west of meridian.
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EXAMPLE.

August 11, 1846, at 8" 50" p.y., mean time nearly, in
long. 90° W, the hour angle of Arcturus was 3% 56 55
west of meridian, required correet mean time at the place.

Ship, Aug. 11 . . . &b 50w
Long.intime . . . 6 0OW,

Greenwich, Aug. 11 . 14 50

Right ascension mean sun Star's hour angle. RUNE AL A AT
Aug. 11 0 o @ AN 16T Sears right ase. L 140 8 40014
Cor. 144 . FEE i U 185 _.
Fawm . ‘ .
Rt. axe. mean sun - 9 20 427

Ship mean time . 8 44 L2

This result is slightly incorreet, arising from the estimated
mean time, 8" 50", being different from the true time. When
great aceuracy is required, the operation should be repeated,
using mean time last found, namely 8% 45", instead of the
one used before ; thus,

The operation repeated.

Ship, Aug. 11, . . . 8b 45w

Long.intime. . . . 6 0

Greenwich, Aug. 11, . 11 43
Right ascension menn sun, Stw's hour angle. 3% 56 L5e0
Aug 11 . L 0 s IS Sprightoase. . 14 K 4012
h . =), ————————
MY d 170 TR

45m . . T gy

Rt. asc. mean xun - 9 200 4] 8o

1 . "
DR AN oo i mean . 8 44 50 08

(7+) Nov. 22, 1853, at 7" 15™ pr.M., mean time nearly, in
long. 22° ¢/ W, the hour angle of Aldebaran (a Tuuri) was
5% 10™ 20% east of meridian, required mean time at the place.

Ans., 170 30m 518,

(75.) Junec 23, 1553, at 8b 15™ A.M., mean time nearly, in

2
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long. 1007 40 E., the hour angle of a Lyre was 3b 42™ 40°
west of meridian, required mean time at the place.
Ans., 16" 11m 68,
(76.) June15, 1853, at 108 10m p.yr., supposed mean time
nearly, in long. 10° 42° W, the hour angle of Arcturus was
20 2m 308 cast of meridian. required mean time at the place.
Ans.. 6" 30™ first approximation ;
G4 30m 35* more exactly.

Elements from Nuutical Almanac.

Right ascension mean sun Right ascension star.
Nov, 22,1658 . 16v 5w 32« Aldebaran . 4b 27m 320
June 22, o602 1o 0 . D ebyre . L1832 0
June 16, H 04 4% . . . Arcturus . 14 8 50

Rule XXI1.

To find at what time any heavenly body will pass the
meridian.

1. Take out of the Nautical Almanac the right ascension
of the given star, and also the right ascension of the mean
sun for noon of the given day.

2. From the right ascension of the star (inereased if
necessary by 24 hourn) subtract the right ascension of the
wean sun, the remainder is mean time at the ship nearly.

3. Apply the longitude in time, and thus get a Greenwich
date; with this Greenwich date correct the right ascension
of mean sun for Greenwich date.

+. Then from the right ascension of the star subtract the
right ascension of the mean sun thus corrected, the re-
uainder is the mean time when the heavenly body is on the
weridian.

*in the last problem, the table of acceleration ought to
en entered with the correct mean time; but the error
ctical purposes is inappreciable.
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At what time will Sirius pass the meridian of a place
long. 65% 30’ W. on Nov. 20, 1845 ¢

Star's right ascension . . b 38w 235 4 24h
Right asc. m. sun at noon . 15 57 26

Ship, Nov. 20 . . . . .1+ W 57 M. T nearly
Long.intime . . . . . 4 3t 0
Greenwich, Nov. 200 . .19 15 57

Right asconsion mean sun.

Nov. 20, . . 1O 5T 260 Ntar's rt.oasc. o 241 0 300 Jam g
1ev 0L 3 7 Rtascomesnsun . 16 035
16 . 2 Ship Nov. 20 . . . 14 47 s

Rt asc. meansun . 16 0 3

(3}

Therefore the trausit of Sirius is at 1# 37 48 on Nov, 20,
or at 20 37m 485 oM. on Nov. 21,

To find at what time it will pass the meridian on the
morning of Nov. 20, we must evidently begin one day back
and take out the right ascension of the mean sun for
Nov. 19,

(77.) At what time will a Pegasi pass the meridian of
Portsmouth. long. 176 W, on Nov. 25, 1853 ¢

Ans., Nov. 25, G4 38m 58¢

(78.) At what time will the star Reculus (a Leonis) pass
the meridian of Land’s End, long. 5 12" W. on May 30,
18457 Ans., May 80, 54 270 455 pow.

(79.) At what time will Antares pass the meridian of
Portsmouth, long. 126" W, on Aug. 20, 1815 ¢

Ans., Aug. 20, 6Y 2¢m T]*

(50.) At what time will @ Leonis pass the meridian of
Lisbon, long. 9° &' W., on Junc 1. INH; ?

Ans., June #, 5 Om s,

(81.) At what time will the star Antares pass the meri-
dian of Copenhagen, long. 12° 35" E.. on Aug. 20, 1846 ¢

Ank, Aug. 20, Gh 25m 218,
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(82.) At what time will the star Fomalhaut pass the
meridian of Calcutta, long. 88° 26" E., on Nov. 20, 1846 ?
Ans., Nov. 20, 6b 52m 348,

Elements from Nautical Almanac.

Right ageension mean sun. Right ase. of star.
Nov. 25,1853 . . 16 17w 22s | 22h 57w 2(Gs
May 30,1845 . . ¢+ 31 25 . .10 0 9
lug. 20, . . .9 5 43 . .16 19 58
June 4 IS . . 4+ 50 11 . .10 O 11
Aug.20, , . . 9 53 45 . .16 20 2
Nov.20, ,, . .15 56 25 . .22 49 11

We will conclude this chapter by giving brief explanations
of some of the principal corrections required for reducing
the observations used for finding the latitude, longitude,
time at the ship, and variation of the compass—the subjects
of the next chapter.

Correction for parallar.

The place of a heavenly body as seen, or supposed to be
seen, from the centre of the carth, is called its true, or
geveentric place: the place of a heavenly body as seen from
any point on the earth’s surface is called its apparent place.

Thus, let o be the place of a spectator on the surface of

St the carth, p any heavenly body, as
b the moon. Through p draw the

/ e ) straight lines & poaw, ¢ p m from the

! o - \ surface and centre to the celestial
v A concave ; then m is the true place,
TR | —| and m, the apparent place of the

heavenly body p. The are m m,

or angle & p ¢, is called the diurnal parallax.
It appears from the figure, that the effect of parallax is to
depress bodies in a plane passing through the reduced zenith,
which coincides nearly with a vertical plane; the diurnal
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parallax A p ¢ is therefore usually called the parallar in
altitude. If u be the heavenly body in the horizon of the
spectator, the angle anc is called the horizontal parallur
of p.

It iz also evident from the figure that the parallax of a
heavenly body is greatest when in the horizon, and that it
diminishes to zero in the reduced zenith ; that the parallax
for different bodies will differ, depending on their distanee
from the spectator: that the nearer the body is to the carth
the areater will be its parallax: thus the moon's parallax is
the greatest of any of the heavenly bodies: the fixed stars,
with perhaps a few exceptions, are at such an immense
distance, that the earth dwindles to a point so indefinitely
small that the line a ¢ subtends no measurable angle at a
star: hence the fixed stars are considered to have no parallax.

Since the form of the carth is considered 1o be an oblate
spheroid, the equatorial diameter being about 26 miles longer
than the polar diameter or axis, the hovizontal parallax of »
heavenly body, as observed from some place on the ¢quator,
will be greater than the horizontal parallax of the same
heavenly body if observed from
the poles of the carth. For let
g be a speetator at the equator,
and 1 a heavenly body in his

horizon, then the angle 1 is the / i
equatorial horizontal parallax of / i

) . | ! — e —
the body at u. Similarly to o — =3+ (=

spectator at p the pole of the ef— == i
earth, the horizontal parallax of
the same body would be m,
which is evidently less than n, sinee it is subtended by a
smaller radiuy of the earth; thus it appears from the figure
that the horizontal parallax is greatest at the equator, and
that it diminishes as the latitude inereases. The moon’s
horizontal parallax put down in the Nautical Almanac is
the equatorial horizontal parallax. To find the horizontal




104 MOON’S AUGMENTATION.

parallax for auy other place a correction must be applied,
which is evidently rubtractive: this correction is seldom
made in the common problems of nuvigation : in finding the
longitude by occultations or solar eclipses, it ought not to
be omitted. It is inscrted in most collections of Nautical
Tables.

Correction or awgmentation of the moon’s horizontal
sculdiameter.

The moon’s xemidiameter given in the Nautical Almanac
18 the borizontal semidiameter.  When the moon is above
the horizon its diameter appears under a greater angle, since
the body has approached nearer the
carth ; for the distunce of the moon
at. a from the centre of the earth
being a little more than sixty times
the radius of the carth, cm=60x c1.
As the horizontal parallax. ¢ m o, is
about 1 only, the line m o is nearly
equal to m . Henee two observers placed, the one at o,
the other at 1, would see the moon, the first in his horizon,
the other iu his zenith: but o would ~ee the heavenly body
distant a little more, and 1 a little less, than sixty times
the radius: the dinmeter in fact would appear to the former
about 307 less than to the latter. At any intermediate
point as at m, the moon’s semidiameter would evidently
appear to be greater than at o and less than at 1. The cor-
rection to be made to the moon's horizontal semidiameter
on this account is ealled the avgmentation. 1t has been
computed for every degree of altitude, and may be found in
the Nautieal Tables.

Correction for refraction.
vy of light passing obliguely from one medium to
of greater density, is found to deviate from its
wourse, and to bend towards a perpendicular to
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the surface of the denser medium. Henee 1o a spectator ou
the earth’s surface, a heavenly body seen through the
atinosphere appears to be raised, and its true place, on this
account, is below its apparent place.  Observations show
that refraction is greatest when the body is in the horizan
(about 3+'), and that it diminishes to zero in the zenith,
A table of refractions for every altitude has been formed
and inserted in the Nautical Tables.

The corrections for parallax and refraction are frequently
combined, so that ther form one correction, ealled the
* correction in altitude.”  The two tables of the correction
in altitude for the sun and moon may also be found in most
collections of nautical tables.

Correction for the contraction of the moon's semidiameter
on account of refraction.

When the moon is near the horizon its dise assumes an
clliptical form resembling 1, A 1. in consequence of the
unequal cffeet of refraction at low
altitudes, the lower limb being
raised more than the centre, and
the centre more than the upper
b, If, therefore, in a lunar
wbservation a contaet is made be-
tween a distant object s and some
point A on the moon's limb, the
contracted semidiameter ¢ A must be added to the are A »
to obtain the distance s ¢ of the centres, and not ¢ n, the
moon’s uncontracted semidiameter. which is evidently too
great. This correetion has been ealeulated, and may be found
in the Nautical Tables.

bl

Ny

Correction for dip.
The altitude of a heavenly body, observed from a place
above the surface of the earth, as on the deck of a ship,
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will evidently be greater than its altitude observed from the
surface, since the observer brings the image of the body
down to his horizon, which is lower than the horizon seen
from the surface of the sca immediately below him.  The
differcnce of altitude from this cause expressed in minutes
and sceonds, is culled the dip of the sca horizon. Let a
tangent at B, the point on the surface
beneath the speetator supposed to be
at T, meet the celestial concave at ,
; r and through t draw the tangent T u,
wo— - - ®  touching the carth at ®; then, if 3 be
' S ) the place of a heavenly body, the are
’ M1 is its altitude observed at 1, and
M 11, the altitude observed by the spece-
tator at T: the are ¥ u, is the dip due to the height 3 T of
the speetator above the surface of the sea, and is evidently
subtractive, to get the true altitude.  This correction is
found in all colleetions of naatical tables.
The use of the preceding corrections and reductions will
be best seen in the following examples.

Rule XXI11.
Gicen, a star’s observed altitude, to find its true altitude.

The stars are such a distance from the spectator that
(exeepting probably a few) the carth's orbit subtends no
angle at the star: hence a star is considered to have no
parallax: and the only corrections used for reducing the
abserved altitude to the true are the index correction (the
correction of the quadraut or sextant used) the dip, and
refraction.  Henee this rule.

1. To the observed altitude apply the index correction
with its proper sigu.

2. Subtract the dip (taken from table of dip of horizon).

3. Subtract the refraction (taken from table of refraction).

. The result is the true altitude of star.
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EXAMPLE.

The observed altitude of Arcturus was 365 10" 207, index

correction + 27 42, and height of eye above the sen was
20 feet, required the truce altitude.

Observed altitude . . . 36° 10" 20
Index correction . . R R
36 13 2
Dip . . . P2k
Star’s apparent altitude . —3_(»—_;_3:
Refraction . . 120
Star's true altitude . 36 7 1S

(83.) The observed altitude of Aldebaran was 13 ¥ 307,
index correction — 10" 4, and height of eve above the sea
was 16 fect; required the true altitude.

Ans, 1285 1y

(SE) The observed altitude of y Tauri was 6212 15",
index correction 4+ 0" B, and height of eye above the sea
was 20 feet: required the true altitude.

Ans, 6203817

(83.) The observed altitude of a Canis Majoris (Siriuy)
was 327 12 307 index correetion was —= 3" 307, and height
of eye above the sea was 12 feet: required trae altitude.,

Ans, 3234 07

Rule XXI1V.
Given, a planct's observed altitude, to find its (rue altitude.

The effect of parallax on the truc altitude of a heavenly
body is to diminish it (p. 102) : the correction of parallax
in altitude must therefore be added to the observed, to get
the true altitude. IHence this rule.

Correet the observed altitude for index corrcetion, dip,
and refraction, as in (1), (2), (3), p. 106.
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(4.) To the result add the parallax in altitude (taken out
of the table of parallax in altitude of sun and planets).
(5.) The result is the true altitude of the planet.

LAAMPLE.
January Hh, 1848, the observed altitude of Mars was
21" 41 107, index correetion 21 feet : horizontal parallax in
Nautical Almanae heing 10-1 1 required the true altitude.

Observed altitude . . . 21 411 107
Index corvection . .. 212+
21 13 52
Dip . . .. 110 —
T
Refraction . . 2 27
21 36 306
Parallay in altitude 0+
True altitude . 21 36 45

(S6.) Jan. 26, 1518, the observed altitude of Mars was
98 30%, indey correetion 3117 and height of cyve
above the sea 16 feet: reguired the true altitude.  The
hovizontal parallay frome Nautieal Almanac was 8”3,

Ans 8 DY 3.

(87.) Feb. 3, 1815, the observed altitude of Venus was
25787307, index correction —- 10 507 and height of eve
above the sea 12 feet. required the true altitude.  The
horizontal parallax from Nautical Almanac, was 81

Ans, 2+ 32 17",

(S8.) Jan. 30, 1515, the observed altitude of Jupiter was
100 20° 107, the index correetion was 4 (F 14, and height
of eye above the sea IN feet: required the true altitude.
the horirontal parallax in Nautical Almanac being 2-0.

Ans, 10° 11" 07



TO FIND THE TRUE ALTITUDE. 109

Rule XXV.
Given. the sun’s observed altitude, to find the true altitude.

The true altitude of the sun's eentre ¢ n is found by
abserving the altitude of cither the upper or
lower limb A" 1 or A u, and then subtracting
or adding the semidiameter ¢ a taken from te
the Nautical Almanac; the other corrections, \
namely, for the instrument, dip, refraction,
and parallax, being made as in the preceding
rules.  In some of the nautical tables, the two
corrections for refraction and parallax of the
sun are combined in one table, and called the
*correction in altitude of the sun.”

Henee this rule.

1. Correet the observed altitude for index correction and
dip, as in article (1), (2). p. 106.

2. To this add the sun’s senidiameter, if the altitude of
the lower limb is observed : but subtraet if the upper limb
s observed : the result s the apparent altitude of the sun's
centre.

3. Subtract the refraction and add the parallax taken
from the proper tablea: or rather take out the “correction
in altitude of the sun,” and subtract it.

+. The remainder is the sun's true altitude

ANl

FXAMPLE

The observed altitude of the sun’s lower limb (L. L.) was
47732157 the index correction was + 2107, and the height
of the eye above the sea 15 feet : required the true altitude
of the sun's centre: the semidiameter in Nautical Almanac
heing 15 49",
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Observed altitude . . 477 32" 15"
Index correction . . 2 10 +

17 34 25

Dip . . . . .. 349 —
47 30 36
Semidiameter . . . 15 49 +
Apparent altitude. . 47 16 25
Correction in altitude A7 —
True altitude . . . 47 13 38
(89.) The observed altitude of the sun’s L. L. was
57 300 157, index correction — 2 50, and height of eve
above the sea 15 feet: required the true altitude, the
semidinmeter being 15 557, Ans, I8 38 167

(90.) The observed altituwde of the sun's L. L. was
- 2167, index eorrection + 5 10", and height of eve above
the sea 20 feet: required the true altitude, the semidiameter
being 16° 17, Ans, 1058 67

(91.) The observed altitude of the sun’s upper limb
(UL L) was 55757 127, index correction — 3' #)') height
of eye above the sea 19 feet: required the true altitude,
the semidiameter being 167 67, Ans, 55 43 ¢

(92)) The observed altitude of the sun's L. L. was
397 253" 157, index correction == 3 15" height of exve above
the sen was 15 feet s required the true altitude, the seni-
diameter being 16" 37, Ans, 3933117

Rule XXV1.
Given, the moon's observed altitude, to find the true altrtude.

The moon's horizontal parallax and semidiameter change
so perceptibly that they cannot be considered (as in the
corresponding case of the sun) to be constant for 24 hours.
The parallax and semidiameter taken out of the Nautical
Almanac must therefore be corrected for the Greenwich
date in order to find the borizontal parallax and horizontal
semidiameter at the time of the observation.  Moreover
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since the moon is nearer the earth when observed than when
it was in the horizon, tho horizontal semidiameter must also
be corrected for augmentation (p. 104). The correetion
of the moon’s apparent altitude for parallax and refraction is
found inserted in most of the nautical tables: it is entered
with the corrected horizontal parallax at top, and the
apparent altitude at the side.  Henee this rule.

1. Get a Greenwiceh date.

2. Correet the moon's semidiameter and  horizontal
parallax, taken from the Nautieal Almanae, for the
Greenwich date (p. 75).

3. Add to the semidiameter the augmentation, taken
from the table of augmentation.

£, Correet the observed altitude for index correction,
dip, and semidiametoer, as in the preceding rules (p. 106).

5. Add the moon's correction in altitude, taken out of
the proper table.

6. The result is the moon's true altitude.

ENAMILL.

April 701833, at #1470 pov, wean time nearly, in long.
10° W, the observed altitude of the moon’s L. L. was
720 15’ 0", the index correction was - 4 207, and height of
eye above the sea 15 feet: required the true altitude.

Ship, April 7. . . 47w
Long. intime . . 0 10W.
Greenwich, April 7. 5 27
Muou s wenndiamcter. Mooi's natzontal paratlax.
Tth noon . . . 15 4w Noon . 57 3270
wid. 15 47 Mid . R L]
14 %
3427 BT
3325405 . 275027
360864 cor, L L L 23 310206 cor, | . S5
15 43 w0 Cor, Lor, par. 57 {05

Aug. . . . L 15 2

Aug. sewi . . . . . 15 034
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Obgerved altitude . . . . 72 1% o

Index correction . . . . . 4 20—
T2 10 40
bip . . . . .o 2 49 -
T2 60561
Semidismeter . . P lﬂ_ji
Apparent altitude 72022 4

—e
e

Correction w altitude .
True altitude . . . . . . 72 80 6y

(93.) July 12, 16845, at 9% 180 p.ag, mean time nearly, in
long. 417 40" W, the observed altitude of the moon’s L. L.
was 27° 56" W, the index correction + 2' 20", and height
of eye above the sea 20 feet, required the true altitude.

Aus., 28 56" 9"

(914) May 15,1818, at 108 25 p, mean time nearly, in
long. 55° 40" W, the observed altitude of the moon's L. 1.
was 219 14 10%, the index correction < 2" 207, and height
of eve nbove the sea 15 feet, required the true altitude.

Ans, 22 15717

(95.) May 15, INES, at 109 22% p.y. mean time nearly, in
long. 415 30" W, the observed altitude of the moon’s U, L.
was 45° 20" 807, the index correction + 17 107, and height
of eve above the sea 20 feet, required the true altitude.

Ansc 450 127317

Elements from Nauwticul Nlniae

Muoon « semidismeter Moon ~ horizontal puaradiay.
July 12, mid. . 0 14 Lhw P 1 O
1%, noon ., 14 ho -3 .. . noon an 0l
May 1A od 0 14 42 0 0 0 0 amde . 53 AT
16, noon . . 14 423 . Lonoen SR OLT Y
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SECTION I1

RULES FOR FINDING THE LATITUDE, LONGITUDE, ERROR AND
RATE OF CHRONOMETLERS, AND VARIATION OF THE COMIPASS

CHAPTER VL.
RULES FOR FINDING THE LATITCDE.

To find the latitude by the meridian altitudes of a heavenly
body abore and below the pole.

Let ¥ w 8 E represent the R
horizon of the spectator, #z the Lo L
zenith, ¥ z 8 the celestial me- Lo
ridian, ¥ P the altitude of the N
pole. w @ E the celestial equa- y

tor. Then N v (the altitude o ' "
of the pole) = latitude of spee-
tator. Let A 54’ bea parallel
of declination deseribed by a
heavenly body about the pole p,

then A’'~ = meridian altitude below pole

AN = - ahove pole

and A ¥ = o p = star's polar distanee

.o aA'N = pN — a"p = lat. ~ star's polar distance

and AN = rN 4+ 4 p = lat. 4+ star’s polar distance

adding A"~ + 4 N = 2 ]at.

orlat. = } (a’'N 4+ a~) = hall’sumn of latitudes.

* For ZN = PQ (each being 91 )
or, PN ~ PZ =17 + 7Q
. PN = Z4 = latitude of spectator.  See “ Problems in
Astronomy,” by the Author.
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If the heavenly body when passing the meridian above
and below the pole, is on different sides of the zenith, so
that the altitudes are taken from opposite sides of the
horizon, subtract the greater altitude from 180° so as to
reduce it to an altitude taken from the same point of the
horizon as the other altitude (see Exercise 2, p. 115).

Henee this

Rule XXVIL

To find the latitude by the meridian altitudes of
a circumpolar slar.

1. Correct the altitudes for index correction, height of
eye, refraction and parallax (or as many of these as are
applieable to the case), and thus get the true meridian
altitudes.

2. Add together the true meridian altitudes (reckoning
from the same point of horizon), and half the result will be
the latitude of the spectator.

EXAMPLES.

1. The meridian altitudes of a Ursee Majoris were observed
above and below the north pole to be 74" 10' 10" and
327 42 15" respeetively (zenith south at both observations),
index correetion — 2" 107, and height of eye above the sea
20 feet, required the latitude.

Obaalt. . . . 747 10" 10~

Indeseer. . . 2 10 - Ohsoalt. . 0 0 32 427 15
I Indexcor. . . . 2 1v

Dip ... 4 24— w240 A
T3 3 Dip ... i

Refr. . . . 17 32 55 1

Ist trucalt. . 74 3 19 Refr.. . . . T3

2od ,, ., . . 82 34 10 ... Truealt B - T I 1]

2) 106 37 20

Latitude . . . 33 18 445 N,
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2. The meridian altitudes of « Aurigo (Capella), werv
observed above and below the north pole to be 81°10' 32°

(zenith north of star), and LN
3° 42’ 32" (zenith south), index S \\
correction — 8’ 107, and height . - °
of eye above the sca 1k feet,re- /! Lp
quired the latitude. L
Obs. alt. . 342 52" \\ A
Index cor.. 3 10 - \ ! /
330 12 ~
Dip. . . 3 41— s
3 86 1
12 56— () reckoned trom
Truealt. . 3 23 5 () N. point of hor.
Observed altitude . ST 10 527
Iudex correction .. 310 —
817 42
Dip ) 3 4l -
St ]
9 —
True altitude, A.S. . N1 3 52
10 0 o
True altitude, AN. . 98 56 S (a)
32 5

2)102 19 13
Latitude . . . . . 51 9 4653 N.

(96.) The meridian altitudes of a star were observed
above and below the north pole to be 69° 20° 15" aud
6° 14 30" respectively (zenith south at both observations),
index correction — 17 45", aud height of eye 16 feet, re-
quired the latitude. Ane, lat. 87° 37 853" N,
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© (97) The meridian altitudes of a star were observed
above and below the north pole to be 83°10° 10" and
10° 10" 10" respeetively (zenith south at both observations),
index correction, — 2 40", and height of eve 20 feet,
required the latitude. Ans., Int. 47¢ 30" 24" N.
(95.) The meridian altitudes of a star were observed
above and below the north pole to be 77° 8 10" (zenith
north of star), and 3 40" 45" (zenith south), index correc-
tion + 1' 42", and height of eve 12 feet, required the
latitude. Ans, lat. 53- 10' 7" N.
(99.) Augnst 12, 1550, the meridian altitudes of a star
were observed above and below the south pole to be 85 1.4 15"
(zenith south), and 4 52" 0" (zenith north), index correc-
tion --—- 8" 14", and height of eye above the sea was 30 feet.
required the latitude.
Ans., lat. 49° 13" 39" 8.

To find the latitude by the meridian altitude of a heavenly
body above the pole, and the declination.

Let x w s E represent the horizon, 8 z s the celestial
N meridian, p the north pole of the
ST T heavens, and w @ . the celestial
: N meridian. Then zq is the lati-
v tude of speetator (p. 113 note).
First. Let the declination of
u . the body and the Jatitude be of
the same name, as when the body
isat A then A @ is the declina-
tion of the body, A s is its me-
ridian altitude. and z a its zenith
distance, and 2@ = 24 4+ A Q;
or, lat. = meridian zcnith distance + declination.
Second. Let the declination and latitude be of different
names (cne north and the other south) ; as when the body
isat A’

vi
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Then zQ = z'A — 'AQ;
or latitude = meridian zenith distance — declination.
‘When the zenith of the speetator is to the north of the
body it ix said to have a meridian altitude, zenith north.
When the zenith is south of the body, its meridian altitude
is called a meridian altitude. zeaith south. By constructing
figures similar to the above to suit different cases we shall
find that the latitude ix equal to the sum of the zenith
distance and declination when the declination and zenith
distance have the same names, namely, both north or both
south and of the same name as either; and that the latitude is
equal to the difference of the zenith distanee and declination
when they are of different names, and the latitude will be
of the same name (N, or N.) as the greater.
Henee the following rules for finding the latitude from
the meridian altitudes of diflercnt bodics.

Rule XXVIL

To find the latitude by the merddian altitude of the sun,
and its declination.

1. Find a Greenwich date in apparent time.

2. By means of the Nautical Almanac find the sun's
declination for this date (p. 7). Tuke out also the sun’s
semidiameter, which is to be added to apparent altitude
when lower limb is observed, and subtracted when upper
limb is observed.

3. Correct the observed altitude for index correction, dip,
semidiameter, and refraction and parallax, and thus get the
true altitude (p. 109), subtract the true altitude from 907,
the result will be the true zenith distance.

4. Mark the zenith distance N. or 8. according as the
zenith is north or south of the sun.

5. Add together the declination and zenith distance if
they have the same names ; but take the difference if their
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names be unlike ; the result in each case will be the latitude,
in the former of the name of clther, in the latter of the
name of the greater.

EXAMPLE.

April 27, 1853, in long. 87° 42° W, the observed
meridian altitude of the sun’s lower limb was 48 42' 30"
(zenith north), the index correction was + 1' 42", and the
height of eve above the sea was 18 feet, required the
latitude.

Ship, April 27 Lo (m
Long. in time. . . 5 51W.

Greenwich, April 27 5 51

Sun's deelination ‘at app noov . Obs, alt. . FE R P T
2 S 18 AW BN Index cor 142
s 0oL N —_——
o8 . 14 2 7N T~ 112
w4 Dip. . . 411 -
61306 —_—
X'T 00 4 401
- Semi. .. L LI
1- m\m. .o 4 38 -
. e eemes 0 App. alt centre . 4y 05 6
Sun's declin. . . lJ J‘l 15 N Cor. in alt 45
Trucalt. . . . 45 50 10
o0
Truc zen. dist. . 41 4 J0 N,
Declination . . 13 00 154 N,
Latitude . . . & 44 &N

(100.) January 14, 1833, in long. 7F 42" W. the
observed meridian altitude of the sun’s L. L. was 32 42" 10"
(Z. N.) the index correetion + 2 10°, and height of eve
abave the rea 14 feet, required the latitude.

Ans., lat. 35° 50' 34" N.

(101.) March 20, 1853, in long. 72° 42' E. the observed
meridian altitude of the sun’s L.L. was 45° 4' 20" (Z. 8.),
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index correction — 3' 4", and height of eye above the sea
20 feet, required the latitude.  Ans, lat. 44 56° 54" 8.
(102) July 4, 1833, in long. 100° 0" 'W. the observed
meridian altitude of the sun’s L. L. was 62° &' 7" (Z. N.),
index correction — 8’ 0", and height of eye above the sea
15 feet, required the latitude.  Ans,, Iat. 507 34 59 N.
(103.) March 21, 1853, in long. 622 0° W, the observed
meridian altitude of the suns U L. was 50° 10 5" (Z. N)),
index correction 4 7' 107, and height of eye 14 feet, required
the latitude. Ans., lat. 40° 26" 47" N.
(104.) Sept. 24, 1853, in long. 33 0" K, the observed
meridian altitude of the sun’s U, L. wax 42¢ 315" (4. N.),
index correction — 1 4°, and height of eye above the sca
I8 feet, required the latitude.
Ang, lat. 47749 39" N.
(105.) June 3, 1853, in long. 175 830 W, the observed
meridian altitude of the sun’s Ul L. was 167200 (0" (4. N.),
index correction + 3" 30", and height of eye above the sea
20 feet, required the latitude.
Ans., lat. 51" 35 39" S.

Elements from Nautical Almanac.

Sun's declination at apparent neon,

Jano ML L2116 4TS 1. .21 & TN % 18”
Marchlw. . 0 27 504 S 200, 0 4 13 8 6 b
July 4..22 53 & N, b, .22 4T Bw N, 5 46
March2l. . o 10 2« N 22, ., 0 43 7 N, 6 &
Sept. 23.. 0 & 3 8 24.. 0 31 2~ N 5 Oy
June 3. .22 20 42 N 4. v 27 b0 N 3..16 48

When the altitude of a heavenly body is observed by
means of an artificial horizon, the reading off on the instru-
ment will be the angular distance between the heavenly
body and its image in the artificial horizon, and thix will be
double the altitude as observed from the true horizon. This
will be easily seen by the following figure. Let 8 4, 8 ray
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of light proceeding from the body at s, be reflected by
means of an artificial horizon placed at a, in the line o E.
Then, if the spectator’s eye is in the line A E, as at E, the
image of the body will appear in the direction E A coming
from a point s* below the hori-
zon A. Now the observer ix

&

“E L
R L supposed to be placed so near a
N U — . o
! N that the distance kA is inappre-
o ciable when compared with the

- distance 4 s of the heavenly body,
that is, the angle observed between s and s+, namely, sE8" may
be considered to be =8 a 8" and this angle 5 A 8" ix manifestly
double s a1, the altitude above the horizontal plane n n.
For by the principles of opties it is proved that the
angle 8 A B ix cqual to 1., which is equal to the vertical
or opposite angle 8'a 1, that is, the horizontal line A1 biscets
the angle observed.  Hence the following rule for finding
the true altitude from an observed altitude in the artificial
horizon.

Rule XXTIX.

Given, the observed altitude of a heavenly body in an artificial
horizon, to find the true altitude.

1. Correct the observed altitude for index correction.

2. Half of the result will be the apparent altitude of the
point observed.

3. Then proceed as in the preceding rules to find the true
altitude.

EXAMFPLER

1. The observed altitude of the sun’s lower limb in
an artificial horizon was 958° 14’ 10,” index correction —
4° 10" required, apparent altitude of sun’'s lower limb.
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Observed altitude . . . 98 14 10~

Index correction . . . 4+ 10 —
298 10 0

Appar. alt. sun's L limb. 49 5 0

2. Oct. 21, 1853, in long. 1¥ G W., observed the
meridian ahitude of the sun's lower limb (in quicksilver
horizon) to be 36° 14 07 (Z. N.), index correction — @ 10,
required the latitude.

Ship, Oct.21. . . . b gm
Long. in time . . . + W,

Greenwich, Oct. 21, . 0 ¢

Sun & deel for app. noon. Obs.alt. . . . &ho 14 o
21 : L N (T . (IRl
e e : —eer
a8 . P KU1 9 ae 1n o
21 —_—
KItEm s G 0h
0 Sewi. . .o 166 .
SR " App.oult. centre 2so2n L
N Cor. in alt. 1 4o
Sun's dechn Toondoun s R,
True alt. . o 8o
wn
True zen. dist. . 61 38 0t

Dieehmation . 10 35

Latitude .. I B

(106.) Oct. 9, 1833, in long. 19- 20" W, the observed
meridian altitude of the sun's lower limb (in artificial
horizon) was +4* 30' 15" (Z. 8.), index correction — 2' 107,
required the latitude. Aus, lat, 737 53 28" 8.

(107.) June 10, 1653, in long., 23wy E. the observed
meridian altitude of the sun’s lower limb (in quicksilver
borizon) was 72+ 15° 20" (4. N.), index correction + + 57,
required the latitude. Ans,, lat, 76° 87" 45" N,

(10s.) Aug. 7, 1833, in long. 62° 11' E,, the observed
meridian altitude of sun’s lower Limb (in artificial horizon)
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was 83°30' 0" (Z. N.), the index correction — 8’ 157, required
the latitude. Ans., lat. 65° 0' 22" N.
(109.) May 3, 1553 in long. 14° 20" W. the observed
meridian altitude of sun’s upper limb (in artificial horizon)
was 30¢ 2' 30" (4. 8.). index correction — 1’ 15", required
the lutitude. Ans., lat. 59° 34" 14" 8,
(110.) July 17, 1853, in long. 72° 30" E, the observed
meridian altitude of #un's upper limb (in artificial horizon)
was 52¢ 30" 0" (4. N.), index correction + 2' 107, required
the latitude. Ans., lat. 85° 15’ 16" N.

Elements from Nautical Almanac.

Sun's declination, Bun's semi
Oct. 9., 6" 20" 10N, 100, 6" 427 LS 9. .10 4
June 9,022 57 36 N, . .23 2 20 N, 0..15 44
Aug. 6..16 40 46 N, T..16 24 4 N, 6., 15 48
May 3..15 43 50 N, 4..18 1 18 N, $..15 5%
dJuly 16 . . 21 21 46 N. 17,21 11 48 N, 16.. 15 44

FRule XXX.

To find the latitude by the meridian altitude of the moon,
and its declination, §e.

Since the moon’s  declination, &e.. are given in the
Nautical Almanac, for Greenwich mean noon, we must get
a Greenwich date in mean time.

1. Find a Greenwich date in mean time.

2. By means of the Nautical Almanac find for this date
the moon's declination, moon’s semidiameter, and moon’s
horizontal parallax, augmenting the moon's semidiameter for
altitude.  (Rules X, X11))

3. Correet the observed altitude for index correction, dip,
semidismeter, and parallax and refraction, and thus get
the true altitude; subtract the true altitude from 90°, and
thus get the true zenith distance.

4. Mark the zenith distance N. or 8. according as the
zenith is north or south of the moon.
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5. Add together the declination and zenith distance, if
they have the same names, but take their ditference if their
names be unlike, the result in cach case will be the latitude,
in the former of the name of cither, in the latter of the
name of the greater.

EXAMPLES,

November 12, 1S53, at 28 20™ p.y., mean time nearly,
in long. 607 42" W. observed the meridian altitude of the
moon’s lower limb to be 300 30 0" (Z. N.), the index
correction 4+ 10" 42", and height of eye above the sea
16 feet, required the latitude.

Nov.12,at . . . . . 2% 20w

Long. . . . . . . { R
Greenwich, Nov, 12, | t-——;
Moon's deehination, Muoon's semi. Hor par
Nov J2oara™ .02 447207 N0 Naon o L 10 674 RO Wi
; N Mal5 2T eG4
13 0
41642 27418 BN RRY
g R 22 U
Tggis log, 1—.»707—.: ho6 ,r. 2 :’.-la:t-'.';-) T
Bed .2 N e sz
Aug, ___:‘-,'_" +
15 11w
Moonxalt. . . . . . 307 30 4o
mceor. ... L To 42
30041 '.:M‘.;
Dip . . . .. .. 5on
Semt. . ... . 15 12 .
B 6z 4w
Cercinalt, . . . . { 15 a6
10
True alt.. . . RS B LS
Zenith dist. . . . . . 5~ U1 34

Declin. . Lo . 249 26
Latitude . .. . . 6l 11 2N
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(111.) Jan. 10, 1853, et 7" 40™ p.x;, mean time nearly, in
long. 5° 30’ £, the observed meridian altitude of the moon’s
lower limb was 10° 20' 30" (Z. N.), the index correction
— 2'20", and height of eye 14 feet, required the latitude.

Ans., lat. 56° 37 46" N.

(112.) Feb. 4, 1853, at 5@ 40™ A.M., mean time nearly,
in long. 72° 1% W, the observed meridian altitude of the
moon’s lower limb was 40¢ 20°15" (Z. N.), index correction
+ 340", and height of eve 15 feet, required the latitude.

Ans, lat. 25 17 10" N.

(113.) March 7. 15853, at 34 20™ p.m., mean time nearly,
in long. 197 200 W, the observed meridian altitude of the
moon’s lower imb was 197 17 18" (Z. 8.), index correction
— 1" 15", and height of eye 16 feet, required the latitude.

AnsodatSs 0 7 S

(114.) July 5.1853, at 1" 7% p.y.. mean time nearly, in
long. 33 30" E., the observed meridian altitude of the moon’s
upper limb was 25 42" 30" (Z. N.), the index correction

+ 27157, and height of eve 20 feet, required the latitude.
Ans., lat. S8 22 37" N,

(L15.) Aug. 12, 1853, at 5% ™ oM., mean time nearly, in
long. 91 40" E., the observed meridian altitude of the moon's
upper limb was 72° 200 0" (Z. 8.), the index correction
+ 3 10", and height of eye 22 feet, required the latitude.

Aus., lat. 31° 53" 8" §.

(116.) Deec. 27, 1853, at 9" 120 4 xm. mean time nearly, in
long. 157 20" W, the observed meridian altitude of the
moon’s upper limb was 19~ 50" 47 (Z. 8.), the index corree-
tion — 0’ 80", and height of cve above the sea was 24 feet,
required the latitude. Ans., lat. §7° 35’ 20" 8.
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Elements from Nautical Almanac.

Mouu v declination. Moon's sewi. thor par
Jan, 10, at Th . . 227 1 1478, noon 167 0”1 48 3y
oo N 21 55 8 N . mid. 15 04 2 SN 1w
Feh. 8, at22 .23 20 81 N mid. 16 8 2 O 6
w280 02y M 480N noon 16 6 6 A SUNSRTIR)
Mar 7.at 4 . . 18 25 4 S . poon 15 B84 L b8 ON B
o e & 18 10 51 8 . mild. 15 208 RN E
July 4, ar22 S2E33 1N mid, 14 507 . 04 220
PG L2 35 e N noon 14 5Hd v Y T
Aug. 11, at lv 14 4 15N noon 16 600 NECUNN N |
U AR B I I THENY mid. 16 92 U U
Dec. 26, at 22 | 17 66 14 N wad. 16 27 4 RIS CH
UL H 18 7T 0N noon 16 33 2 RCHUNE EH

Rule XXXI1

Lo find the latitude by the mevidian altide of a fixed
star, and its declination.

The declination of a fixed star changes so slowly, that we
may. without any practical error, take it out of the Nautieal
Almanae by inspection ; a Greenwich date will therefore be
unnecessary.

1. Correct the observed altitude for index correction, dip,
and refraction, and thus get the true meridian altitude:
subtract this from 90 to obtain the true zenith distance.

2. Mark the same N. or 8. according as the star is north
or south of the zenith.

3. Take out the star’s declination by inspection from the
Nautical Almanac, and apply it to the true zenith distance
in the manner pointed out in Rule XXVIIL, Art. 5. and
thus get the latitude.

Feb. 10, 1853, the observed meridian altitude of « Hydre
was 33° 50' 1" (zenith north of star), the index correction



126 LATITUDE.
was + 2 10", and height of eye O feet, required the

latitude.
Observed altitude  35° 50' 40"
Index correction . 2 10 +

Refraction . . . 1 14—
True altitude . . 35 51 36
90

True zenith dist. . 5 8 24 N.
Declination . . L 1 29 8. (Naut. Alin. p. 455.)

Latitude . . . 4b 6 553 N.

(117.) May 21,1853, the observed meridian altitude of
a Bootis was 62¢ 42" 107 (Z4. N.), the index correction
— 4" 4", and height of eye I8 feet, required the latitude.
Ans., Int. 470 23 32" N,
(118) June 16, 1553, the observed meridian altitude of
a Lyre was 77 17 50" (Z. N, index correetion + 2’107,
and height of eve 16 feet, required the latitude.
Ans., Iat. 51° 39 4" N,
(119.) May 6, 1833, the observed meridian altitude of
« Virginis was 16 52' 5" (Z. NX.), index correction + 1 45",
and height of eye 20 feet, required the latitude.
Ans., lat. 62¢ 50" 4" N.
(120.) Oct. 26, 1833, the observed meridian altitude of
a Piscis Australis was 70° 10" 07 (Z. 8)), the index correc-
tion — 4' 5. and height of eve 10 feet, required the latitude.
Ans. lat. 507 21 23" S.
(121.) May 10, 1853, the observed meridian altitude of
ot Centauri was 104" 15" (7. X)), index correction — 2' 10",
and height of eve 20 feet, required the latitude.
Ans,, Iat. 9¢ 54 9" N.
(122. Au" l 1853, the observed nltn’ude of a Aquile
was 50° ¢+ 157 (Z. N)). index correction — 4’ 107, and
height of eve 14 feet, required the latitude.
Ans,, lat. 48° 33" 32" N.
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Elements from Nautical Almanac.

Deel. 19° 56" 57 N.

May 21 . a Bootis .
38 38 55 N.

June 16. o Lyre . . . “
May 6 . «Virginis . . . 10 23 W S
Oct. 26 . a Piscis Australis ., 30 23 53 N,

bR

May 10 . o Centauri. . . 60 13 31
Aug. 1 . a Aquile. 7

g

S 20 7

.

kule XXXIL

To find the latitude by the meridian altitude of a planet,
and its declination.

1. Find a Greenwich date in mean time.
2. By means of the Nautical Almanac find the planet’s

declination for this date; and when great accuraey s

required take out the planet’s semidiameter and horizontal
parallax.

3. Correet the observed altitude for index correction, dip,
refraction (and if necessary for semidiameter and parallax
in altitude), and thus get the true altitude.  Subtract the
true altitude from ¥ to get the true zenith distance,

4. Mark the zenith distance north or south according s
the zenith is north or south of the planet.

5. Proceed then as in Rule XXVIIL, Art. 5.

EXAMPLE.
November 20, 18533, at 64 INm A, mean time nearly,
n long. 62° 42 E. observed the meridian altitude of Mars’
lower limb to be 52° 10" 453" (Z. N.), the index correction
+ + 0", and height of eye above the sea 16 feet, required
the latitude.
Ship, Nov. 19 . . . 18" 18"  Planet's semi. 3"
Long. in time 4+ 11E ,» MH.P G
Greenwich, Nov. 19 . 14 7
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Planet's declination. Obs.alt. . . . 6210 45

1% ... 1278 3N ncor .. . 4 0+

20 . . .. . 12 4T 1N 52 14 45

1% 85 Dip. . .. . 3 56

o . FaTET
04615 62 1

Semi. . . .. 3
121663 . . 10 58 i

Planot's decl. :""12 44 40 N,

Refr. . . . . 45 —
52 10 7
Par.inalt. . . 4 +
Trucalt. . . . &2 1o 11
o0
True zen. dist. . 37 49 49 N
Planet's deel. . 12 44 40 N.
Latitude . . . bu 34 29 N.

1f the small corrections of the plinet’s semidiameter and
parallax in altitude are neglected, the above example will be
worked thus:

Ship, Nov. 19 . . INb]se
Long. in time . . . + 11E
Greenwich, Nov. 19 Lo 7
Plunet's declination Obe, aldt. 52 1w 4L
19 R L 1 (i In.cor. . . . 4 0 4
i L1 T N YT,
IR Dip S 3 56
UETIYRY
RO A T 3
121663 1055 Refr. S
i U o =
Planct's declin, . 12 44 o N, Trucalt. "2 10 d

i

True zen. dist . 37 44 56 N.
Declin. . . 12 44 40N
Latitude . . 50 34 86 N.

EXAMFPLES.
(123.) May 4, 1853, at 28 45™ A.M., mean time nearly, in
long. 42° 10° W, the observed meridian altitude of Jupiter’s
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centre was 16° 42' 10”7 (Z. N.), index correction + 11' 427,
and height of «ye above the sea 20 feet, required the latitude.
Ana,, lat. 50° 30" 38" N.
(12+) July 12, 1853, at 98 36™ r.y., mean time nearly.
in long. 307 30" E., the observed meridian altitude of Jupiter's
centre was 10° 10' 50" (Z. N.), the index correetion — F 4,
and height of eve above the sea 10 foet, required the
latitude. Ans., lat. 577 45" 37" N,
(123.) Novembher 27, 1853, at 6% 3" AM., mean time
nearly, in long. 1007 0 W, the observed meridian altitude
of Mars™ centre was 320 W 10" (Z. 8)), index correction
— N W and height of eye 16 feet, required the latitude.
Aus, lnt 2745 078
(126.) Sept. 13, 1853, at -1 20M g.v, mean time nearly,
in Jong. 1070 6 W, the observed meridian altitude of
Saturn’s ceatre was 197 42 10" (Z. N.), index correctioy
— 6" 145", aud height of eve 12 feet, required the Iatitude.
Ans, It 8865 217 N
(127 Jan. 12,1853, at 78 9™ pove, mean time nearly, in
Tong. 32 0" W, the observed meridian altitude of Saturn’s
centre was G212 107 (4. 8.), index correction — N 107,
and height of eye 20 foet, required the latitude.
Ans, lat. T 36" 417N,
(125 June 701833, at 3% 40m e, mean time nearly,
w long 72 30" B the observed meridian altitude of Venus
was 30 K 107 (Z. 8., index correction 4+ 4 207, and
height of cye 21 feet, required the latitude,
Auna., lat. 35 39" 30" S,

Elements from Nautical Almanac.

Planct's declinatiom,
May 3. . 22° 43" 11"\, .
R T 1} 8. Jupiter.
July12. . 22 16 1v

L1300 22 15 49 }5 Jupiter.

L
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Planet's declination,

Nov.27. . 11 48 44}

. 28. . 11 40 44 N. Mars.
Sept.14. . 18 24 50} .

L 15. . 18 24 g SN Saturn.

Jan. 12. . 12 54 5 } .
13, . 12 51 o4 JN- Saturn.
June 7. . 23 42 15} .
&, 93 as 1SN Venus

Rule XXXIII.

To find the latitude by the meridian altitude of a heavenly
body below the pole, and the declination.

Let x be the place of a heavenly body on the meridian.
below the pole of the heavens p;

LN then ¥ X = meridian altitude below
SN pole, r x = polar distance = 90° —

/ " declination. Now, N = altitude of
W . t+ pole = latitude of spectator, whose
zenith s z, and ¢ N or latitude =

' ¥ X + P X = altitude 4+ 90° = de-
~ 5 e clination. Hencee this rule for find-

ing the latitude from the meridian
altitude below the pole.

1. Find the declination of the heavenly body at the time
of observation.

2. From the observed altitude get the true altitude.

3. Add 90° to the true altitude, and from the sum sub-
tract the declination ; the remainder will be the latitude.

EXANPLES.

1. April 27, 1853, the meridian altitude of a Crucis below
the south pole was observed to be 14° 10’ 30", the index
correction was + -4 4, and the height of eye 20 feet,
required the latitude.
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Observed altitude. . 14° 100 30"
Index correction . . + 44+
1+ 14 3¢
Dip . . . . .. 4 24—
14 10 10
Refraction . . . . 34T —
True altitude . . . 1+ 6 23
90
104 6 23
Star’s declination . . 62 17 10
Latitude . . . . 41 49 138,

181

2. June 18, 1853, at apparent midnight, in long. 100"
W.. the observed meridian altitude of the sun’s lower limb
below the north pole was 87 42' 10", the index correction
— 3, and height of cye above the sea 1t feet, required the

Iatitude.
Ship, June 18 . . 194 (m
Long. intime . . 6 40W,
Greenwich, June 16 18 40
Xun's declination ‘spp. noon . Obs. alt. . LI P
I8 . 02 2 B8N 1 eor 4
10 . . . . . 23 9% 49 N, [,
1 3 ; :
10915 Dip. :
223408 8 3
e Semi. . 15
2:34323 . . 0 49
3. '_ d l' :l—_l_- - n \" & 51
Suw's declin. . . 23 26 25N, Cor. in alt. I3
8 45
90

Sun's declin.

Latitude .

98 44
23 26

10¢

10
41 -
29
46 4
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(129.) Teb. 10, 1853, the meridian altitude of a Argis
below the pole was observed to be 6° 41’ 15", index
correction — 2’ 10%, and height of eye above the sea 14 feet,
required the latitude. Auns,, lat. 43° 50" 18" 8.

(180.) January 11, 1853, the observed meridian altitude
of a Urse Majoris, below the pole, was 14° 14" 30", the
index correction — 4’ 5", and height of eyc 20 feet, required
the latitude. Ans., lat. 41° 29" 47" N.

(131.) April 20, 1853, the observed meridian altitude of
n Argiis. below the pole was 207 14 15" the index cor-
rection — F 5", and the height of eye 10 feet, required the
latitude Ans., lat. 51- 9 27" 8.

(132.) June 1, I853, in long. 30° 52' W, the observed
meridian altitude of the sun’s lower limb. below the pole,
was 107 42" 07, the index correction + 2° 10", and height of
eye 20 feet, required the latitude.  Ans, lat. 77- 4170" N,

(133.) June 10, 1853, at 20 0™ 4.5, mean time nearly.
in long. 30- W, observed the meridian altitude of the
moon’s lower limb. below the pole, to he 1+ 307 107, index
correetion 4+ 27 15° height of eye 11 feet. required the
latitude. Ans, lat. 81 32317 N,

(134.) Jduly 1, 1853, at 98 30" par, mean time nearly, in
long. 622 W, the observed meridian altitude of Mars below
the pole was 107 32" 307, index correction — 3" 07, and
height of eye 18 feet, required the latitude.

Ans., lat. 79~ 8 82" N.

Elements from Nautical Almanac.
Btar's declination
Feb. 10 0 aArgis. . . 527 36 718
Jan. 11 .« Urse Majoris 62 32 26 N.
April20 . yArgis. . . 55 54 59 8.

sun's declination Sun's semidiameter.

June 1. . 22 % 15"} . gt
2. w013 WS 15748
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Moon's declination. Moon’s semi. Hor. par.
June 9, at 16* . . 24° 8 51”N. . . mid. 15 0"4 . . 54’ 57”6
, 17 ..24 011 N. .. noonlb 40 . .5511+0
Planet's declination.
Juy1l . . . 21°7 5"}N
w2 .. . 2115 9 ’

»

Latitude by observations off the meridian.

In the volume of astronomical problems* will be found
several methods for finding the latitude depending on some
particular bearing or hour angle of the heavenly body : as,
when it bears due cast, or, when 1t is in the horizon, or
when the hour angle is 6 hours, &c.; but sinee it is dificult.
to determine the precise moment when the heavenly body is
in either of these positions, the methods referred to are of
little use in practice.  Problem 131, however, is one from
which a useful rule may be derived, as it depends on the
declination, altitude and hour angle of the heavenly body.
The altitude and declination are easily obtained at sca; the
hour angle is only known accurately when the ship time is
given, and this is a quantity somewhat diflicult to discover
independently of an observation: the ship time, howover,
may always be considered to be known nearly. To render
therefore a rule for finding the latitude, depending on the
declination, altitude and ship time of practieal value, we
must ascertain in what position of a heavenly body an error
of a few minutes in the ship time will produce the smallest
error in the latitude deduced from it: and this we find will
be the case, if the observed altitude is taken when the body
is mear the meridian. 1t is for this reason that single
altitude observations taken off’ the meridian for finding the
latitude are confined to bodies within half an hour of the
meridian, when the time at the ship is uncertain to 3 or
minutes.

* “Problems in Astronomy. &c., and Solutions,” pp. 33, 34, &e.
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To find the latitude from the hour angle, altitude, and
declination of a hearvenly body.

Let r 7 @ be the celestial meridian, p the
pole, z the zenith, and x the place of a
heavenly body.

Then in the triangle P X 2 are given the
hour angle », the polar distance » x = 90
+ declination, and the zenith distance
%z x = 90 — altitude, to find p z the colati-
tude, and thence the latitude.

Investiqation.

Let fall a perpendicular X 3 upon the meridian r g, thus
forming two right-angled spherical triangles »x M, z x a0
Letex=pzx=ar=~h
alsorM =, 2M = y XM=z
Then colat. »z = . — y, when the perpendicular x M does
not fall between the pole and the zenith, and vz = o + »,
when the perpendicular does so full, a position casy to
discover by observation.

First. To find x or P M.
In triangle pX M . . cos. b = cot. p tan.
cotanor = cos. ko tan. p.
= cos. hour angle cot. decl. (1).
Second. To find y or z v
In triangle XPM . . cos.p = c08. 2 . cos. &
In triangle zXM . . cos.a = cos. y . cos. 2
COS.p 08 x
" Cos.a " cos. v

dividing, so as to eliminate cos.

12]

.. COB. ¥ = €O08. @ . Cus. . 8CC. p.
= cos. x . sin. alt. cosee. decl. . . . (2).

Formule (1) and (2) determine x and y and thence the
latitude, since colat. = & + y.
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EXANPLE.

Given, hour angle = 3b 5™ 36%, declination = 10°54' 26"\ .,
and altitude = 85° 4’ 7’, to find « — y the colatitude.

Tan. 2 = cot. d, cos. k. Cos. y = cosec. d, sin. alt. cos, r.
Cot.d . . . . . 0715072 Cosee.d . . . . (172209
Cos. b . . . . . 0833610 Sincalt. . .. . 9Thu3s2
Tan.r . . . . . 10558682 Cos.r .o 430025

r="4 23 T Cos.y . . . . . DUI2848
y=235 11 30 = 35° 11" 30"
30 11 87
Q0
Latitude . . . 50 48 23 N,

A rule deduced from the above formule ix open to the
objection of a distinetion of eases. For, first, if the perpen-
dicular x M fall upon » z, between the pole and the zenith,
then the colatitude pz is cqual toa 4+ yor the two ares
must be added, instead of being subtracted as in the above
example.  Secondly, 1f the declination and latitude are of
ditferent names then tangent = ix negative: this is evident
by a figure. To find & in the latter case the are taken out of
the tables must be subtracted from 180°, 11 the student is
able to discover these distinetions, the above formula is
valuable, as he can derive from it a uscful and practical
rule.

We will now proceed to give another rule, which is free
from the objection mentioned above; this rule, however,
will require the latitude to be known within a quarter of »
degree of the truth, otherwise it may be necessary to repeat
a part of the work, perhaps more than once,

To find the latitude from the altitude of a heavenly body
near the meridian, and its declination and hour angle.

Let » be the pole, z the zenith, P z @ the celestial meridian,
pQ = 90° then z¢ = latitude of spectator.
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Let x be the place of a heavenly body near the meridian.

Draw the circle of declination » x and circle

, * ofaltitude z X through x, then in the spherical

triangle » z X are given the hour angle », the

s polar distance »x, and the zenith distance

/-7 2%, tofind the colatitude pz. This may be

* done by dropping a perpendicular from x

; upon g, in the manner pointed out in

> Problem 131 of the Astronomical Problems :

. but the dircet method of solving it being

long and tedious an analytical formula is

obtained for this purpose (see astronomical problems, p. 201).
from which the following rule is deduced.

Rule XXXI1V.
To find the latitude from an altitude of the sun near the
wmeridian.

1. Find the Greenwich date in mean time.

2. Take out the declination and equation of time for this
date.

3. Lo find the sun’s hour angle.  To the Greenwich mean
time found as aceurately as possible apply the longitude in
time; subtracting if west, and adding if cast ; the result will
be ship mean time : to this apply the equation of time with
its proper sigu to reduce mean time into apparent time ; the
rosult will be the sun’s hour angle.

4. Add together the following logarithms,—

Constant log., 6:301030
Log. cosine declination.

Log. cosine estimated latitude.
Log. haversine hour angle.*

reject 80 in the index, and look for the result as alogarithm,
and take out its natural number.

* Or, instead of log. havensine. twice the log. sine of lalf the hour
angle (rejectiug in this case 40 from the index).
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5. Correct the observed altitude for index correction, d.ip,
semidiameter, correction in altitude, and thus get & zenith
dm;l.mlc‘i)m the versine of zenith distance subtract the
natural number found as above. The remainder will be
the versino of o meridian zenith distance, which find from
the tables.

7. Under the meridian zenith distance put the declination,
and proceed to find the latitude by one of the preceding
rulos for finding the latitude by a meridian altitude.

Nore~—If the latitude thus found differ much from the estimated

Iatitude used in the question, the work should be corrected by using
the last latitude found, in place of the former one.

LXAMILES,

August 22, 1853, .M., in latitude by account 507 48' N,
and long. 1° ¢ W., a chronometer showed 114 50m 204
error on Greenwich mean time being 40°2¢ fast, when the
observed altitude of the sun’s lower limb (in artificial
horizon) was 101 14 10" (Z. N.), index correction + 307,
required the latitude.

Chro. showed . 11% S0™ 22 Am. To find the hour angle

Error of chro. . 40 2 fant  Chro. showed . . 110 Som 220
T T— Error on G. M. T. 40 2.

11 4y 418
19 G.M.T. 12" + 11 40 41§
Gr. Aug 21° A-‘J‘J ™ - Loug. iu time . 4 24 W
Ship M.T.. . .28 45 178
Eq. of time . . 2 3b0
Hourangle . . 23 47 568
Sun's declination. Equation of thne.
22 .12 4 BTN L L Lo 2w B wdd
902 .. .. 11 44 60 N0 L. 208
20 7 15
‘00308 VU308
95172 2:85733
95475 . . 19 oY 286036, . . . 15

Declin. . . 11 44 58 N 2 8y
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Obs. alt. in horiz. 101° 14/ 10”7
In. cor. 30 +

2)101 14 40

Constant log. 6301030 5 37 20
Log. cos. dec. . . 9990803 Semi, . . . . 15 51
5 Cos. cst. lat. gROOTST 50 53 11
» o hav.HA. L 030449 Cor. in alt. @
2932010 50 52 29
Nat.No. . . . . 855 o 0
Vers. zon. dist. . BHEZ g, dist. 397 81
Nat. No. . 855
Ver. mer. zen. dist. 223877 . . . are. . . 39 2 51 N.
220 Declin. . 11 44 58 N.
157 Latitude. 50 47 44 N.

Ax this latitude differs from the estimated latitude, one
part of the above operation should be repeated, using
lat. 50° 47’ 49" instead of H50° 48, thus—

Constant log. . 6301030
Log. cos deel. 990803
Log. hav. H. A, G839 449
Log. cos. 50 47 497 9-800776
2932058

855

The same natural number as before, which shows that the
erroncous latitude used in the first operation produced no
practical error in the resulting latitude.

The above example worked by formula. p. 134.

tan. @ = cot. deel. cos. hour angle
cos. y = cosee. decl. sin. alt. cos. .

Cat, deel. . . 0881957 Cosec. decl. 601153
Cos. h P90u300 Sin. alt. . QR80TY2
Tau.r. . . . 10651856 Cos..x 504423
x .. T8 14 b7 Cos. y . UNu03g08

vy . . 30 1 bin

oo . T b

o~y 39 12 11

90

Latitude . 50 47 49 N.
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(135.) May 10, 18533, A.M., in latitude by account 50°
50 N, and long. 2° 10’ W, a chronometer showed
11* 51™ 58, error on Greenwich mean time being 11 31s
fast, when the observed altitude of the sun’s lower limb
was 56° 19° 30" (Z. N.), index correction — 3' 207, and
height of eye 18 feet, required the latitude.

Ans,, lat. 50° 51 34" N.

(136.) Nov. 14, 1833, par, in lat. by account 87° 41" 8.
and long. 1° 0" W, a chronometer showed OB 25m 275, crror
on Greenwich mean time being fast 5™ 56-7% when the
observed altitude of the sun’s lower limb was 20° 2¢' 20"
(Z. 8.), index correction — 2’ 20%, and height of eye 10
feet, required the latitude, Ans., lat. 877 427 15" 8.

(137)) June B0, 1853, a.m., in lat. by account 63 20" N,
and long. 28° 30" W, a chronometer showed 110 30m 155,
error on Greenwich mean time being 7m 820 fast, when the
observed altitude of the sun’s upper limb was 410 207 22
(Z.N.), index correction 4 2 207, and height of eve 14 feet,
required the latitude, Ans., lat. 63 21" N.

(13%.) July 10, 1853, a.m. in lat. by account 57 24’ N.
and long. 3 -0 W..a chronometer showed 110 20m 15% error
on Greenwich mean time being 30" 300 slow, when the
observed altitude of the sun's lower Emb was 54 17 19"
(7. N.), index correction —- 2 40", and height of cye 20
feet, required the latitude, Ans,, lat. 57 257 25" N,

(139.) May 20, 1853, A.M, in lat. by account 79° 48 N,
and long. 41 30 E, a chronometer showed 11% 30m 08,
error on Greenwich mean time being 15 200 slow, when the
observed altitude of the sun's lower limb (in artificial hori-
zon) was 51° 30 20" (4. N.), index correction — 4' 307,
required the latitude. Aus., lat. 79° 45" 30" N,

(140.) June 16, 1853, r.ac, in lat. by account 52¢ 25' N,
and long. 1° 6' W, u chronometer showed 16 2 90 error on
Greenwich mean time being 40m 300 fast, when the observed
altitude of the suu’s lower limb was 60° 37' 50" (Z. N.),
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index correction — 2' 10", and height of eye 17 feet, required
the latitude. Ans,, lat. 52° 24' 15" N.

Elements from Nautical Almanac.

8un’s declination. Equation of time. Sun's semi.

177 24 37"N. . . 3m 4508

M:y lg,. 1; i:\ ‘IT’: f{ P 48’67}"0 beadded . . 15 52
Nov.14, 18 18 5 8. . .15 229
» 15, 18 33 30 8. . .15 128
June2y, 23 14 31 N.. . 3 37
o 80, 23 11 3 N.. .38 1546
July 0, 22 21 48 N.. . 4 5o
» 10, 22 14 22 N.. . 4 505
May 10, 10 48 45 N.. . & 477
W 20020 1 23 N.. 03 HY
Junels, 23 22 15 N.. . 0 188
W 1023 24 8 NLL L0 31

, added . . 16 13
» Bubtracted. 15 46

46

(5]

,» subtracted. 1
w o added . 15 50

. subtracted. 15 46

L s o

1o find the latitude by Inman's vule for doulle altitude.

The most general rule for tinding the latitude by a double
altitude of a heavenly body is the one selected by Dr. Inman :
the labour of reducing the observations is somewhat greater
than in the one known as lvory’s Rule, which follows : but
the great advantage of the method adopted by Inman is that
it may be applied to the same or different heavenly bodies,
observed at tho same instant or at different times : wo will
give examples of its application
toall the cases that usually oceur,
referring the student for more
complete information on the
subject to the Appendix to
“Inman’s Navigation.”

Let » be the pole, z the
zenith, x and y the same heavenly
body observed at different times;
or different heavenly bodies ob-
served at the same instant, or different heavenly bodies
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observed at different times. Let zX zy be their zenith
distances. Then in the figure we know by observation zx
and z y, and from the Nautical Almanac we can find the
polar distances Px and Py; also by means of the elapsed
time as measured by a watch, or from the right ascension of
the bodies, or from both, we can compute the polar angle
X Py; the colatitude ¥z may then be computed in the fol-
lowing manner by the application of the common rules of
spherical trigonometry.

1. In triangle 2y X are given two sides »x, ry and the
included angle x p y to find x y, which call arc 1.

2. Intriangle vx y are given three sides v X, »y and are
1, to find angle rxy, which eall are 2.

3. In triangle zxy are given three sides zx, zy and
arce 1, 1o find angle z x y, which eall are 3.

+ Are 2 —are 8 = mngle vxz = are 4. But if the are
xy drawn through x and y pass when produced hetween » and

N z the pole and the zenith, then

) it is cvident by the annexed

> figure that the are 2 4 are 3

i e =vrxz orarel. If the are

X ¢ produced pass near 2, the
bodies X and » in sueh a posi-

N\ T tion should not be observed.
AN . Lastly. In trimgle »x z are
~ N given the two sides px and zx
h and are 4 (namely, the in-

cluded angle »xz), to find rz the colatitude, and thenee
the latitude.

Correction for run.

If the ship have moved in the interval hetween the
observations, the second altitude will in general differ from
what it would have becn if both observations had been
taken at the same place. On this account it is usual to
apply to the first altitude a correction so as to reduce it to
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what it would have been if taken at the place of the second
observation ; this quantity is called ““the correction for run
of the ship,” and may be calculated as follows.

When a ship deseribes an are on the surface of the sea,
the zenith describes a similar are in the eelestial concave :
let, therefore, 2 be the zenith of the
ship at the first observation, z’ its
zenith at the second observation;
\ " then arc z #” measures the distance

"\ run in the interval. Let s be the
place of the heavenly body at the
V' first observation: with centre s at
distance 8 7', deseribe an are cutting
8 7, fig. 1. or 8 z produced in b, fig. 2;
then the triangle z2'Dp being small,
may be considered as a right-angled
plane triangle, and z b is the correction to be applied to zs
in order o get z's the distanee of s from the zenith at the
second observation.

Now zp = 72 cos. 2’2 p

= distance run x cos. angle between the diree-
tion of the ship's run and the bearing of the
sun at the first observation.
This correction z b may be readily found by means of the
traverse table, for since (Astronomical Problems, p. 122),

Diff. Jat. = dist. cos, course: if therefore in triangle
zz'p the angle 22 p be considered as the course, and z #'
the distance, the correction z p for run will correspond in
the table to the difference of latitude.

The angle 27z p is the difference between the course of
the ship in the interval and the true bearing of the body,
when the run of the ship hay been towards the place of
the body, as in fig. 1; and what this augle wants of 180°
or 16 points when the direction of the ship’s run has been
from the place of the body, as in fig. 2. Inthe former
case it is manifest that the correction z p for run must be

7y
2

Fig. 1. rig. 2.
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added to the first observed altitude. and in the second sub-
tracted, in order to get the altitude of the body, the same
as it would have been if it had been also observed at the
place of the ship at the sccond observation.

Rule XXXY. (for run).

1. Enter the traverse table with the distance run as a
distance, and the angle (supposed less than 8 points)
between the true bearing of the heavenly body at the first
observation and course of the ship, as a course, and take
out the corresponding diff lat., which add to the first true
altitude (the tenths in the diff. Iat. being turned into
seconds, by multiplying them by 60) ; the result will bo the
altitude corrected for run.

2. But if the above angle be greater than 8 points, sub-
tract the same from 16 points. and look out the remainder
as a course, and subtract the dift. lat. corresponding thereto
from the first true altitude; the result will be the altitude
corrected for run.

ENAMPLEN,

1. The course of the ship was N.W.1W. 10 milex, and
bearing of the sun E. by S, required the correetion for the
first altitude for run.

The angle between N W. 3 W.oand E. by S, ix 13} points,
snbtracting 13} from 16 points: enter traverse table with
the remainder, namely, 2} as a course and 10 miles as
distance : the corresponding diff. lat. is 85 = 8§ 48" to he
subtracted from the true altitude.

2. The course of the ship was E.N.E. 25 miles, and
bearing of the sun E. by 8., required the correction of the
first altitude for run.

The angle between E.N.E. and E.by 8. is 3 points;
entering traverse table with 3 points as a course, and
25 miles as a distance, the corresponding diff. lat. = 288
= 20" 45" to be added to the true altitude.
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(141.) The true course of the ship was S.W.4W. 15 miles,
and the true bearing of the sun 8. by E. } E,, required the
correction of the first altitude for run.  Ans., + 5 42",

(142.) The true course of the ship was W. } N. 19 miles,
and the true bearing of the sun was 8.byE.} E,, required the
correetion for run. Ans.,, — 7' 18"

Rules for finding the latitude by double altitude.
Rule XXXVI.

First. When the object observed is the sun.

1. From the estimated mean time at the ship at each
observation, and the longitude, get two Greenwich dates.

2. By means of the Nautical Almanac find the declination
for each Greenwich date.  Take out also from the Almanace
the sun's semidiameter.

3. Find the polar distance at each observation by sub-
tracting the declination from 90°, if the estimated latitude
and deelination are of the same name; or by adding 907 to
the declination, if the estimated latitude and declination are
of differeut names.

4. Correet the two observed altitudes for index correetion,
dip, semidiameter, and correction in altitude.

5. Correet also the first altitude observed for the run of
the ship (p. 143).

6. Subtract the true altitudes thus obtained from 90° and
thus get the zenith distances.

7. Find the polar angle or clapsed time hetween the
observations. by subtracting the time shown by chrono-
meter at the first observation from the time shown by
chronometer (inereased if necessary by 12 hours) at second
observation.

Note.—When great accuracy is required, this clapsed time should

be corrected for rate of chronometer, and also for the change in the
equation of time in the interval: but these corrections are scldom made.

8. To find arc 1 (using Inman’s Tables). Add together
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log. sin. polar distance at greater bearing. log. sin. polar
distance at lesser bearing. and log. haversine of polar angle :
reject 10 in the index and look out the result as a log.
haversine; the are corresponding thereto is are 1 nearly.

9. To find are 2. Under are 1 put polar distance at
greater bearing, and take the difference, under which put
polar distance at lesser bearing ; take the sum and differcuce
of the two last quantities.  Add together the log. coseeants
of the two first ares put down, and halves of the log
haversines of the two last ares put down; the sum, rejeeting
10 in index, is the log. haversine of are 2, which take from
the Tablex.

10. 7o find are 3. Under are 1 put zenith distance at.
greater bearing, and take the difference, under which put
zenith distance at lesser bearing : take the sum and difference
of the last two quantitics.

Add together the log. coseeants of the two first ares put
down, and halve the log haversines of the two last ares
put down: the sum, rejecting 10 in index, is the log. haver-
sine of are 3, which take from the Tables.

11. Zo find are t. The difference between are 2 and
are 3 is are 4.

Note.- When the are joinmg the places of the wun at the two
observations passes, when produced, between the zenith and pole
(which the ohxerver may easily diseover at the time the observation i
taken), then the sum of ares 2 and 8 is are 4.

12. To find are 5. Add together log. sin. polar dist. at
greater bearing. log. sin. zenith distance at greater bearing
and log. haversine of arc 4, the sum. rejecting 10 in the
index. is log. haversine of are, which take from the Tables,
and call arc 5.

Take the difference between the polar distances at the
greater bearing, and the zenith distance at greater bearing.

Add together versine of are 5 and versine of the differ-
ence just found; the sum is the versine of the colatitude,
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which take from the Tables, and subtract from 90°; the
result is the latitude required.

EXAMPLE.

Oct. 11, 1845, in latitude by account 54° N. and long.
83°15' W,, the following double altitude of the sun was
observed.

Maean time nearly. Chro. Alt.sun's L. L. Bearing.
T 40m Am 110 40 15 9 0 20" ES.E}E
1035 A 2 13 2 25 3 30 S.S8.E

The run of the ship in the interval was 8. by W. 15
miles, index correction 4+ 5’ 10" and the height of eye above
the sen was 18 feet: required the true latitude at the
second observation.

At gremter bearing At less bearing
Ship, Oct. 10, 100 ghm Ship, Oct. 10 22 85w
Long. intime . . 5 23 W, 5 23 W.
Oct 10 . . . . 20 18 Oct.70 . . . . 28 8
Gr.Oct. 11, . . 1 18 Gr.Oct. 11 . . . 4 B8
Dreel, at greator bearing Decl. at less hearing.
L8 I T L 1. m. . .. .7 4 %8S
2 .. 7T 1S 2. ... . 72158
w237 22 87
1-26627 76301
POORY ‘90084
2'16?11 cor. l“ 14 11_?_617_5 cor. 3 54
7 6 528 T 8 328
90 80
N.DPol. dist. . . 7 & b2 N.Pol. dist. . 97 8 32
At greater beartug At less bearing.




SUN DOUBLE ALTITUDE. 147

Sun's altitude as greater bearing. Ran’s altitude at leas bearing.
Obealt. . . . 9° 0" 20" Obs.alt. . . . 25" ¥ 3u
Incor. . . . 5 10 + In.cor. . . . 5 10
9 5 30 25 8
Dip . . . . 4 11—  Dip . ... «n
9 119 B 4
Semi. . . . 16 3 + Semi. . . . . 16 8
9 17 22 25 82
Refr. . . . . 5 33 — Refr. . . . . 1 54
¢ 11 49 Truealt. . . . 25 1 45
Cor. for run . 2 12+ w0
Truealt. . . ® 14 1 L
) At leaw bearing.
Z. D P O T i

At greater bearing
To find are 1.
Chiru. times. Sin. IV DL at LB . 90ndRel
1R 40% 15 Sin. Pobvat LR vy
LR LIS Log. hav. pol. angle 08122
Polangle . . 2 33 b Hav.arel . . . :;-(".747»;
Arc.1. . 37T L% o0

To find are 2.

Arc. 1 .o A O A UL . comee. L (0r2104Ry

Pol dist. at G.B.. w7 & 52 P 1O (RTIYE H

me . . B U S ]

Pol. dist. at L. B.. 67 R w2

Sum . . 156016 24 L 0 0 Bhav, o $000GTE

g . . . 880 40 . . . L fhav. L 45120
Hav.are 2 . . . #717718
Arc2 . . . . 42 31" 45

To find arc 3.
Arcl. . . . . 3788 0", . . . cosec. . 021098
ZD.atG.B . . _ﬂ_ﬂ.’;ﬁ_ .. . . cosee. . (005664

Dif . . . . . 42 47 59
Z.D.atL.B . . 64 41 22
Sam . . . . .107 20 21 . . . . }bhav. . 4008540
Dif. . . . . . 21 53 23 . . . . {hav. . 427K481
Hav.arc8 . . . 9401667
Arc3 . . . . 60" 1T O

a2

-
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To find arc 4. To find are 5.
Arc2 . . . . 92 31’ 45  Sin. pol. dist. at G. B. 9996661
Arc8 . . . . 60 17 0  Sin. zen. dist. at G.B. 9994336
Arc4 . . . . 82 14 45 Hav.arcd . . . . 8887148
Hav.arc5 . . . . 8878145
Pol. dist. at G.B. 97° & 52' Are5. . . . . 31° 54 15

Zen. dist. at G. B. 80 45 59
Diff.. . . . . 16 1% 58

Vers. 317 54’ 157 . . . . 0151066
Vers. 16 19 53 . . . . 0040349
Very. colat . . . . 0191415

. Colat. 36° 2/ 32"
00
Latitude . . . . . . . 53 57 28 N.

(143.) June 3, 1847, in latitude by account 52° N,
and long. 72° E,, the following double altitude of the sun
was observed.

Mecan thne nearly. Chro. Alt.san’s L. L. Bearing.
o8 H0m AN W 52w 280 517 17 45 S.E.bh.8.
11 15 am 11 14 20 50 32 15 S.b.E.

The run of the ship in the interval was W. by 8. 10 miles,
index correction — 0’ 40" and height of eye 12 feet, required
the true latitude at the second observation.

Ans., 50° 48' N.

(144.) April 11, 1647, in latitude by account 50° 20’ N.
long. 10° 80" E,, the following double altitude of the sun
was observed.

Moean time nearly. Chm, Al sun'x L. L. Rearing.

1% 0™ an ™o 407 10 157 S.S.E
2 0 rum 10 6 10 35 15 4o SW.b.W.

. The run of the ship in the interval was N.N.E. 29 miles,
index correction + 2' 10" and height of eye 18 feet; required
the true latitude at the second observation.

Ans., 56° 56’ N.
(145.) April 13, 1847, in latitude by account 41°20' N,
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long. 156° 18’ E,, the following double altitude of the sun
was obscrved.

Mean time nearly. Chro. Alt.sun’s L. L. Bearing.
100 45= AM. ™ 3u= 200 53° o 207 S.E b8
2 45 ra 11 29 40 40 59 10 SW.bW.

The run of the ship in the interval was S.5.E. 25 miles,
index correction was — 5' 20" and height of eye 14 feet.
required the true latitude at second observation.

Auns., 41° 23" N.

(146.) April 22, 1847, in latitude by account 50° 48" N..
and long. 148° 30" E,, the following double altitude of the
aun was observed.

Mean time nearly Chr. Adtwun's L. L. Bearing.
108 om AN, 100 um 25 44 200 07 S EWS.
11 24 A 1 24 54 50 20 0 S.hE.

The run of the ship in the interval was 0, index correction
+ 40" and height of eye 0, required the true latitude at
second observation. Ans, 50° 41' N.

(147.) Oct. 15, 1848, in latitude by account 53° N., and
long. 54° E., the following double altitude of the sun was
vbserved.

Mean time nearly. Chro. Alt. sun’s L. L. RBearing.
11% 20" A 11* 15% 500 277 317 5o SboE.
1 20 ru 0 5 32 2h 45 b NEW.

The run of the ship in the interval was S.by W. 14 miles,
index correction + 2' 55" and height of eye above the sca
15 feet, required the true latitude at second observation.

Ans., 533° 17N,

(148.) Qct. 24, 1849, in latitude by account 50° W' 8.,
and long. 142° W, the following double altitude of the sun
was observed.

Mean time nearly. Chro. Alt. sun's L. L. Bearing
1™ 0™ an 100 12 34 4“4 20 0 8.E.L.8.
11 24 ax 11 34 34 50 20 © *8b.E

The run of the ship in the interval was O, and height of
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eye above the ses 0, required the true latitude at second
observation. Ans., 50° 45' 8.

Elements from Nautical Almanac.

Bun's declination. Sun's semi.
June 2, 22° & B50”N.  June 3, 22° 16’ 34"N. . 15 47/
Aprill0, 7 49 12 N, April11, 8 11 21 N. . 15 58
April12, 8 83 22 N. April13, 8 55 14 N. . 15 b7
April 21, 11 44 26 N. April22, 12 4 46 N. . 15 56
Oct. 14, & 1f 13 8. Oct. 15, 8 40 28 8. . 16 4
April 24, 11 49 82 8. April25, 12 10 19 8, . 16 7

Second. When the objects observed are two stars taken
at the same instant.

Rule XXXVII.

1. Correct the observed altitudes for index correction,
dip, and refraction, and thus find the true altitudes, which
subtract from 90° for the true zenith distances.

2. Tuke out of the Nautical Almanac the right ascension
and declination of the two stars, and get their polar dis-
tances ax in (3) p. 144

3. To find the polar angle. The difference between the
right ascensions of the two stars is the polar angle.

4. To find arc 1 (using Inman’s Tables). Put down the
two polar distances under each other, and take their differ-
ence.  Add together the log. sin of the polar distance at
greater bearing, the log. sin. of polar distance at less bearing,
and the log. haversine of polar angle; the result, rejecting
10 in the index, is the log. haversine of an arc, which take
from the tables and call arc A.

Add together versine of arc A and versine of the differ-
ence of polar distances: the sum will be the versine of arc 1.
which find in the tables. Then proceed to find arc 2, &c.,
as in Rule 36, p. 145.

EXANFLE

January 1, 1846, in latitude by account 88° 10' N,,
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the following altitudes of the stars o Pegasi and a Aquile

were taken at the same instant.

Obs. alt. & Pogaal.
20° 4w 27

Bearing.
EbS

In. cor. — 15*

Oba. alt. a Aquila, Bearing.
57° 20 507 S.8.E
In cor. — 15

The height of the eye was 41 feet, required the latitude.

Observed alt.
Index correction

Dip .

Refraction . . 1
True alt. .

Zenith distance .

Star's declination

P.D.atG B

At greater bearing.
- .
29" 49 27
15 —
49 12
6 18
42 04
42
12

29

29
0
60 15 4%

41

o
LRI v (U

R A a Pogan 220 57= O
R A aAquile . 18 43 15
Polar angle . $ 13 51

147 22 50”7 N.

At Jean bearing,
a Aquilw,

Observed alt.
Index correction

57
Dip.

.obv ey

[
15

20 35

[IRLE

57 2J 17

Refraction

Truewlt. . . . &7
00

0w
-

o 37 -
1

Zeuith distance .

Star's declivation
(N

8 28

3.. 37 2

2°N.

Pol. dist.at L.B. &1 81 bs

Pol. dist. at G. B.

%5

Diff. pol. dista, . 5

To find arc 1.
Sin. polar distauce at greater beariug . . #°986177

Sin. polar distance at lcaser lma.rmg

Haversine polar augle

Haversine arc A
Arc A .

Vers.arc A .

Vern. difference polar distauces .

Vers.arc 1 .,
Arel .

#up5241
@226458
Y207876
477 22 30

0322696

107

53819

. 0328122
. 47 AT 16"

53T 1
Pol. dist.at L. B. 81 31 5

I8

[Z L]
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PD.UGR |1 ar 10 | e | o
. KA P .. 00
Difference . . . 27 49 B4 e
P.D.atLB . . 81 81 58

fum @§) . . . .100 21 52 § haversine

: [ 4911662
Difference (D). . . 53 42 4 . . . . 4 haversine 4654808

Haversine, arc 2 . . 9710675
Arc2 . . . . 9I°84¢

To find arc 3.
Arel . . . . . 447167 . . . . cosec. . . 0130382
Zen, dist. at G.B. . 60 18 48 . . . . cosec 0061110
Difforence . . . 12 81 32
Zen. dist. at L.B. . 32 387 20
Sum(S) . . . . 46 8 52 . § haversine 4:584171
Difforence M) . . 20 5 485 . . . . 4 haversine 4241725
Haversine, arc 3 . . 9017888
. Arc3. . . . 37° 38 307
Tv find arc +. To find are 5.
Are2 . . . . . 0173 O Sin. pol. dist. at G. B. 9986177
Ared . . . . 37 88 80 Sin. Z.D.at G.B.. . 0038890
Ared . . . . . 53 B85 Bu Havorsine, arc 4 . . 9812877
Havemsine, are . . . 9288044
Are . . . . . AW w5
Vem wre. . - . . 0345019
nD.atG.B . . 75 87 1w 55
Z2D.atGB . . 60 18 45, . Vors difference . . 0035443
Differonce . . . 15 18 22 N
Yers.are 5 . . . .- 0381445
383
%2
Are s . . . 51”47 22
0

Latitude . . 38 12 38 N.
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(149.) Sept. 17, 1844, in latitude by account 86° 45' N,
the following altitudes were observed at the same time.
Obs.alt. s Orionis.  Bearing.  Oba.alt. a Leonls. Beariog.
55° 14 30 88.W. 45° 1y 307 8E
The index correction was 4 55" and height of eye was
8 feet, required the true Iatitude. Ans,, 36° 44' N.
(150.) Feb. 20, 1846, in latitude by account 36°40' N,
the following altitudes wero observed at the same time.
Obe. alt. Sirius. Bearing. Oba. alt. Bplea. Rearing.
Rraig S.W. 127 oo ESE
The index correction was 4 1-and height of eye abue
the sea 10 fect, required the true latitude,
Ans, 36° 37' N.
(151.) May 1, 1845, in latitude by account 4120 N. the
following altitudes of stars werce taken at the same instant.
required the true latitude.

True alt a Pegasi. Bearing Truo alt. a Tauri. Bearing
62 447 S bk 197 208 20 E
Ans, 41°22' N.
(152.) March 2, 1545, in latitude by account 41° 20' N.
long., 60 E., the altitudes of the two following stars were
obeerved at the same time, required the true latitude.
True alt. a Andromeds.  Hearing. True alt. « Tanri. Bearing.
T S b E 18" 27 3u” E.
Ans., 41€23' N.

(153.) January 2, 1847, in latitude by account 358° 10" N,
the following altitudes of the stars a Pegasi and a Aquils-
were observed at the same instant.

Obs. alt. & Pegasl. Bearing. Ohs. alt. a Aquils:. Bearing.
227 49 27" E.b.S. 57 20 507 8.8.E

The index correction — 15" and height of cye above the
sca 41 feet, required the true latitude. Ans., 82° 43' N.

(154.) Dec. 27,1847, the following altitudes were observed
ns
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at the same instant, in latitude by account 87°10° N., required
the true latitude.

True alt. 8 Orionts. Bearing. True alt. & Hydre. RBearing.
8 1 S8.W.b. W, 39° 47" 38~ SE. 48
Ans., 37°18' N.

Elements from Nautical Almanac.

Btar's right ascension. Btar's declination.

o Leonis . . 5% 46m 479 . 12° 43 24" N.
aOrionis. .10 0 68 7 22 23 N.
Spica . .18 17 74 10 21 80 S.
Sirius . . 6 88 238 16 30 52 S.
aTauri . . 4 27 380 16 11 30 N.
aPegasi . .22 57 40 14 22 24 N.
¢ Andromede 0 0 234 28 14 11 N.
a Pegasi . .22 57 K3 14 23 8 N.
aAquile . .10 43 182 8 28 12 N.
BOrionis. . 5 7 155 8 23 & 8.
a Hydre . . 9 20 &2 8 0 15 8.

Third. When the objects are two heavenly bodies
ubserved at diffurent times.
Let x, figs. (a) and (b), be the place of the heavenly body

first observed, and y the place of the second body when its
altitude was taken, and let y be the place of the second
body when the first altitude was taken. Then in the elspsed
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time (¢) between the observations (which measures the
angle y P y), the second heavenly body has moved from
¢ to y, and the polar angle between the two observed
places of the bodies, namely, xry is equal, in fig. (), to
APX—APY +t= (APX + () — APy, and, in fig. (b), to
APY —aPX—1t=4aPy — (APX + f) (¢ the clapsed time
being expressed in sidereal time). Hence the preceding
rule for tinding the latitude may be adapted to this casc,
using the angle xpy (the polar angle between the two places
observed) instead of x py the difference of the right ascen-
sions of the heavenly bodies.
The polar angle x Py may be found by the following

Rule XXXVIIL

1. Subtract the time shown by the chronometer ut the
first observation (increased if necessary by 12 hours) from
the time shown at the second observation, and thus find
the elapeed time.

2. * Correet the elapsed time for rate of chronometer, if
any, either by proportional logs. or by the common rule of
proportion.

3. Add to the elapsed time so corrected, the acceleration of
sidereal on mean solar time (taken from table in Nautical
Almanac or eclsewherc). The result is the clapsed time
cxpressed in sidereal time.

4. Add this elapsed time to the right ascension of the
heavenly body first observed, and take the difference between
the sum and the right ascension of the second heavenly
body; the remainder (subtracted from 24 hours if greater
than 12 hours) will be the polar angle required.

EXAMPLES.
1. The dfititude of a Pegasi was observed when
the chronometer showed 6 42= 10%, and the altitude of

* When great socuracy is not required, and the elapsed time is
small, these two corrections in 2 and 3 for rate of chronometer and
acceleration may be omitted.
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a Aquile was observed when the chronometer showed
8 82 B¢, required the polar angle between the two places
observed ; the rate of the chronometer being 125 gaining.

Times by chronometer.
At second observation
At first observation

Gr. date log. sun for 1* 40™ . 111697
Prop. log. for 125 . . . . 263651
4:05348

In. . 986

49 . 805
i . 15

18406 .

Elapred time in Widerea! time .
Right ascen. a Pegusi .

a Aquilie .
Polar angle required .

8 32m 5

. 6 42 10

1 49 55

1=
1 49 54

L1943 25

Ho4 1

2. The altitude of Sirius was observed when the chro-
nometer showed 2" 10m 20, and the altitude of Spica was
observed when the chronometer showed 3 20 154, required
the polar angle between the two places observed; the rate

of chronometer being 2%5 losing.

Times by chronometer.
At recond observation .
At first observation .

Rate of chronometer .

Accoloration . . . 1", . . 0w
Ll 15
fd °1

114

Right ascen. Sirius

Spica .

N .

3k 20m 15

.2 1020

1 0 0
0

1 ¢ 55

¢ 114+
1 10 84
6 38 254

7 48 318
13 17109
5 28 391
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(155.) The altitude of 3 Orionis was observed when
the chronometer showed 6% 10m 25%, and the altitude of
o Hydre was observed when the chronometer showed
78 17m 35", required the polar angle between the two places
observed, the rate of chronometer being 68 losing, and
the right ascension of ;3 Orionis 5* 7™ 15% and of « Hydre
b 20m §%-2, Ans., 34 5m 32,

Rule XXXIX.

Given, the altitudes of two heavenly bodies observed at
different times, to find the latitude.

1. Proceed as in (1) and (2) p. 150.

2. Find the polar angle as in Rule 38, p. 155.

3. Find arc 1, as in (4) p. 150.

4. Then proceed to find arcs (2) (3) (4) &, a8 in Rule
36, p. 145.

EXAMPLE.

Sept. 27, 1846, in latitude by nccount 43° 30" N., the
following altitudes of the stars a Pegasi and a Aquile were
observed at different times.

Otmerved altitude. ‘Time by chron. Rearing.

a Pegasi . . 20° 49 30" . T 35m 100 . KE.

aAquilem. .54 29 0 . 8 2 10 . S4W,

The run of the ship in the interval was 8. 10 miles,
the index correction 4+ 1° 10" and height of eye above
the sea 20 feet, required the true latitude at the second
observation.
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At groater bearing. At less bearing.
« Pegasi. « Aquile.
Obeerved alt. . 29° 49 80 Observed alt. . 54° 200 0
1 10+ 1 v
20 50 40 54 30 10
4 24— 4 24—
20 46 16 b4 25 46
1 41— 0 41—
29 44 35 b4 25 5
T8+  Zonith distauce. 35 34 55
29 51 4]

Zenith distance . 60 8 19
Right asc. a Pegasi, 22} 57= 9o,
Declination, 14° 23’ 9” N.

Right asc. a Aquilwe, 10* 43= 19"
Declination, 8" 28’ 9 N.

To find the polar angle.
Chronom. showed at first observation . 7% 35™ 10
" second . &2 10
Flapsed time . R U A U
Right ascension a l‘egmu .22 57T 0w
293 240
Right ascension a Aquiln: . 10 43 1
Polar angle . 3 40 5Su
Io find arc 1. To find arc 2.
Pol. dist. at . B. . 756° 36" 517 Arc 1. . 54° 1% 4
Pol. dist. at L. B. . . 81 31 41 Pol dist. at G, B 75 3¢ 5)
Diff. pol. distancos . 5 b4 bu Inff. . 21 17 47
) . Pol dist st L B. . & 31 41
Sin. pol. dist. at G. B.. 9986161 —_—
Sin. pol. dist. at L. B.. 995286 Sum - <102 4y ::
Hav. pol angle . . . ossisay D . fo3
Hav. arc A 9:318235  Cusec. arc. ] . [T
Arc A . . 58° 50’ 3u” Conec.pol. dis.at G. B. 01348y
Ve arc A 0411274 { hav. sum . 4893016
117 | bav. diff. . 4700498
Vers. diff. pol. dista. . 0005297 Hav arc2 . 9607662
23
o
. 4
Vers arcl . .. 04161 Arc2 80" dw 45
Arcl. . . 5" 1p 4 605

1R
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To find arc 8. . To find arc 4.
Arc.1. . . . . . B419 47 Arc2. . . . . . B9 4¥ 44
Zenith dist. at G.B. . 60 8 1% Arc3. . . . . . 42 4 45
Dif. . .. ... 549015 Arcd. . . . . . 4T 40
Zenith dist. ot L. B. . 85 34 55
Sum . . . . . . 41 24 10
Dif. . . . . . . 2045 4
Cosec.arcl. . . . 090308
Cosec. zen. dis. atG. B. ‘061869
Jhav.sum . . . . 4548400
Jhav. diff . . . . 4409623
Hav.ared . . . . 9110201
Arcd . . . . L. 42T ¥ 45"

To find the lutitude.

Log. sin. polar dist. at greater bearing . 9986181

Log. sin. zenith dist. “ . 9988131

Log. hav.arc ¢ . . . . . . . . . 9214308

Hav.arcb. . . . . . . . . . . #138660

Arcd . . L L L L L 488y

Versareb . . . . . . . . .. 0275227

Vers. dif. polar dist. and zeuith dist. . 36214

41
0311482
M

48

46° 20’ 14"

90
Latitude. . 43 80 46 N.
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Latitude by Ivory's rule for double altitude.

Let x and y be the place of the sun or a star at the times
when ita altitudes are taken.

Then we have given the polar distances py, P X, the zenith
distances zy and zx, and angle xpy to find the colatitude »z,
and thence the latitude.

Bisect xy (an arc of a great

P circle passing through x and y)

A \ in M, join M and zM and

/ N draw zE at right angles to

/ AN ry. Then »px is ot right

W o e Fo T2 ly nngles to x y, and z M X is the
i kY "'/ -1 complement of z x ».

‘We have to compute the
following ares :
\\/ XM, MP, ZE, EM, and M P
-~— EM = PE.
Then knowing z E and P E in the right-angled triangle z P E,
we can find P2 the colatitude.
If the great circle drawn through x and Y pass when
* produced between the pole and the zenith, the perpendicular
z £ will fall without the triangle Pz M; in this case M p +
EM = PE, and P £ is formed by adding M r and E M together.
‘We may, however, determine whether the sum or differ-
ence is to be taken, by considering that since Pz must
always be less than 00°, PE must likewise be less than 90,
and therefore if M P + E M exceeds 90°, we may be sure that
PE == M P— EM or that P is found by taking the difference
between M r and E M.
The investigation from which the following rule is deduced
will be found in the author’'s volume of * Astronomical
Problems and Solutions.”
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Rule XL. (Irory’s Rule.)

1. From the time shown by the chronometer or watch
at the second observation (incressed if necessary by 12
hours) subtract the time shown at the first observation,
divide by 2; the result is the half polar angle in time.

2. To the estimated mcan time at the ship at the first
observation add the half polar angle; the sum will be the
ship mean time at the middle time between the observations.

8. Apply the longitude in time, and thus get a Greenwich
date.

4. Take out from the Nautical Almanac the declination
for this date, and also the sun’s semidiameter in the adjacent
column.

5. Correct the observed altitudes for index correction,
dip, semidiameter, and parallax and refraction.

6. Correct also the first true altitude for run of ship in
the interval, and thus get the true altitudes for the same
place.

7. Put the first true altitude under the second true
altitude, take their sum and difference, and also the half
sum and half difference, call the half sum 8. and the half
difference D.

8. Under the log. sin. half polar angle put log. cos.
declination : at the same time take out and put a little to
the right, the log. sin. declination.

9. Add together the two logs. first taken out, and call
the sum sin. are 1.

10. At the same opening take out sec. arc 1, and put
it under the log. sin. declination; take out also and put
down in the same horizontal line the log. cosec. are 1 and
also log. sec. arc 1.

11. Add together log. sin. declination and log. sec. are 1;
the sum will be log. cos. arc 2; the arc corresponding thereto
found in the Tables will be arc 2, if the latitude and
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declination are of the same name, but if the latitude and
declination are of different names, subtract the are taken out
from 180°, the remainder is arc 2.

12. Under log. cosec. 1, and log. sec. 1, just taken out,
put the following quantities :—

Under log. cosec. 1 put log. cos. 8.

" see. 1 - sin. S.
” cosec. 1 " sin. D.
” sec. 1 " cos. D.

Add together log. cosee. 1 and the two logs. placed
beneath it; the sum will be the log. sin. arc 3.

13. Take out the log. sec. arc 3, and put it down twice,
onee under log. cos. 1D, and again a little to the right.

11. Add together the log. see. 1, and the three logarithms
beneath it; the result is log. cos. arc 4, which find in the
Tables.

15. Under arc 4 put arc 2, and take the difference in all
cases when the line drawn through the places of the sun
at the two observations will when produced not pass through
the zenith and pole (that is, the, difference must be taken,
if' it is scen that their sum would exceed 90°), otherwise take
their sum ; the result is are 5.

Lastly. Under log. see. are 3, already taken out, put log.
wee. are 5; the sum will be the log. cosec. of the required
latitude.

The arrangement on the paper of the logarithms to be
taken out, as directed by the rule, will be better seen in the
following blank form: and it would also facilitate the work-
ing out questions in other rules of Navigation if blank
forms, similar to the one now given, were constructed on
thick drawing paper by the student for each rule.
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(156.) Oct. 11, 1845, in. latitude by account 54° N., and
long. 83° 15" W, the following double altitude of the sun
was observed.

Mean time nearly, Chronometer. Alt. sun's L. L. Bearing.
™ 45% A 11 40= 15 9 0 20”7 ESE.
10 85 am 2 13 20 25 8 30 S.8.E

The run of the ship in the interval was S. by W. 15 miles,
index correction 4+ 5 10", and height of eye above the sea
was 18 feet, required the latitude at the second observation.

Ans,, 53° 54 N.

(157.) March 20, 1845, in latitude by account 52° 10' N.,
and long. 55° 15' W, the following double altitude of the
sun was taken.

Mean time nearly. Chronometer. Alt.sun'n L. L. Bearing.
8% 35 AM. o 3gm 20" ¢ 30~ S.Eb.E
1 45 ra 2 40 34 5 30 S.W.b.S.

The run of the ship in the interval was N.W. by W. 10
milos, index correction 0, and height of eye 20 feet, required
the latitude at the second observation.  Ans., 52° 27’ N.

(158.) Dee. 11, 1845, the following double altitude of the
sun was observed.

Mean time noarly. Chronometer. Alt. sun's L. L. Bearing.
6 0™ aAM. 6 3= Joe 19° 40 25 Eb.8.
10 30 AN 10 4 25 50 20 40 N.E

The run of the ship in the interval was E.N.E. 25 miles,
index correction — 1' 50", and height of eye 16 feet,
required the latitude at second observation, the latitude by
account being 60° 8. and long. 79° 15’ W.

Ans,, 56° 59’ 8.

(159.) Nov. 10, 1846, in latitude by account, 35° 30' N..
long. 94° 30" E. the following double altitude of the sun
was obsorved.

Mean time nearly. Chronometer. Alt.oun's L. L. Bearing.
1» 15~ rou. 1% 4515 33° & 407 S.8 W,
3 45 P 4 15 17 12 55 10 SW.b.W.
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The run in the interval was 8.8.E. 15 miles, index correc-
tion 4+ 4' 10", and height of eye 18 feet, required the true
latitude at the second observation. Ans,, 85° 31’ N.

(160.) Oct. 30, 1846, in latitude by account 52° 10 N.,
and long. 159° 45’ E., the following double altitude of the
sun was observed.

Mean time nearly. Chronometer. Alt. sun'’s L. L. Bearing.
11* 15% A 11% 21= 15¢ 25° 2¢° 20" S.E.
11 30 A 11 387 55 25 65 0 S.{E

The run of the ship in the interval was S.by W. 1 mile,
index correction + 3' 50" and height of eye above the sea
was 20 feet, required the true latitude at second observation.

Ans., 49° 56’ N.

(161.) March 5, 1846, in latitude by account 60° N., and
long. 46° W, the following double altitude of the sun was
observed.

Mean time nearly. Chronometer. Alt.sun's L. L. Bearing.
10% 10 AN, 108 10 5 197 307 407 S.8.E
3 10 rwM. 3 10 40 15 2 30 S.W.

The run of the ship in the interval was S'W.by W. 15
miles, index correction 4 2’ 10" and height of eve 20 feet,
required the true latitude at second obscrvation.

Ans,, 59° 69’ N.

Elements from Nautical Almanac.

8un's declination. Hun's semi.
Oct. 11 .. 7° 4 38“8. 12.. 7° 27 158, 1¢ 3
Mar.20.. 0 5 40 S. 21.. 0 1% N. 16 4

1
Dec. 11..28 1 55 8. 12..23 6 b4 S 16 16
Nov. 9..16 51 68 10..17 & 68 16 1
Oct. 29 ..18 26 6 8. 30..13 45 568 8. 14 8
Mar. §.. 6 4 458 6.. 5 41 83 8 16 8

A valuable extension of this problem has recently been
made by Mr. Riddle, the head master of the Greenwich
schools. It consists in finding the hour angle z pu with
very little additional labour, and thence apparent time at
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the ship. For since in the triangle zPE, sin. 4 = sin. arc
8, sec. lat., we have only to add to sin. arc 3, already taken
out of the table, the log. sec. lat. to determine the hour
angle &, which will also be ship-apparent time, if »M or
what it wants of 24 hours if a.M.; by applying the equa-
tion of time we obtain mean time at the ship. If therefore
we know, by means of the chronometer, mean time at
Greenwich, at the same instant, we can readily find the
longitude in time by the following rule.

Rule XLI.

Rule for finding the longitude by means of the observations
of the sun for latitude by double altitude.

1. Find the equation of time for the Greenwich date.

2. To the log. wee. lat. add log. xin. are 3 already known,
the sum will be log. sin. hour angle at the middle time
between the observations.

3. If ».u. at ship at the middle time, this will also be
ship apparent time.  If a.m., subtract the hour angle from
24 hours, the remainder is ehip apparent time.

4. Apply the equation of time with its proper sign, and
thus get ship mean time.

5. To the mean time shown by chronometer at the middle
time between the observations (found by taking half the
sum of the times by chronometer at first and second obser-
vations), apply the error of chronometer, and thus get
Greenwich mean time.

8. The diffcrence between Greenwich mean time and ship
mean time is the long. in time. If the Greenwich time is
the least, the longitude is east, otherwise west.
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CHAPTER VIIL

RULES FOR FINDING THE ERROR AND RATE OF CHRONOMETERS,
BY SINGLE ALTITUDES AND BY EQUAL ALTITUDES.

To find the error and rate of chronometers.

Tuere are two methods of determining the error of &
chronometer on mean time, the one by a single altitude of
a heavenly body observed at some distance from the meridian,
the other by means of equal altitudes of a heavenly body
observed on both sides of the meridian.

The mean daily rate of a chronometer is found by
dividing the increase or decrease in its error by the
number of days elapsed between the times when the obser-
vations were taken to determine its error; thus, suppose
on April 27, at 9% 30m Az, the error of a chronometer was
found to be fast 10m 105 on (ireenwich mean time, and
that on April 30th about the same hourits error was found
to be 10™ 40> fast : then it appears that in the three days
clapsed between the observations the chronometer has
gained 30, hence its mean daily rate is 10" gaining.

Before going to sea, the error of the chronometer on
Greenwich mean time, and its daily rate, are supposed to
have been accuratcly determined, either at an observatory
by means of daily comparisons with an astronomical clock,
or by observations taken with a scxtant at a place whose
longitude is known.

‘When the error and rate of a chronometer are given we
may determine what its error will be on some future day,
provided the rate of the chronometer continues uniform in
the interval, by the following rule.
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Rule XLII.

Given, the error of a chronometer on Greenwich mean time,
and also its daily rate, to find Greenwich mean time at
some other inatant, as when an gbservation iz taken, &e.

1. Get a Greenwich date.

2. Find the number of days and part of a day that have
elapsed from the time when the error and rate were deter-
mined by the hour of the Greenwich date.

8. Multiply the rate of the chronometer by the number
of days elapsed, and add thereto the proportionate part for
the fraction of a day, found by proportion or otherwise.
The result is the accumulated error in the interval.

4. If the chronometer is gaining, subtract the accumu-
lated error from the time shown by the chronometer; if
losing, add.

5. To the result apply the original error of chronometer,
adding if slow, subtracting if fast (increasing the time
shown by chronometer by 24* if necessary, and putting the
day one back). The result, (rejecting 24b if greater than
24 and putting the day one forward), will be mean time
at Greenwich at the instant of the observation.

Nore.—If this time differs from the Groenwich date by 12 hours
nearly ; in that case 12 hours must be added to the Greenwich time,
detormined as above, to get the astronomical Greenwich mean time.

EXAMPLES,

1. June 18, 1851, at 10% 52™ p.M., mean time nearly, in
long. 60° W., an observation was taken when a chronometer
showed 2t 50 42%. On 'June 1, its error was known to
be 8= 10*2 fast on Greenwich mean time, and its mean daily
rate was 35 gaining, required mean time at Greenwich
when the observation was taken.

Ship, June18. . . . 10t 52=
Long.intime. . . . 4 O W.
Greenwich, June 18. . 14 52



| W o, "
' Dellyrets . . &3
Interval from June 1 0 it
Jus M ntl0 6™ is 1»iad] 420
lﬂlﬂl’:l"l’mﬂyl | P | l-'::
Acoumulated rate . : . . 443 gaining
Chronometershowed . . . B 50= 4390
2 4 878
Original error . . . . . 3 102 famt
Gresnwich, Jume 14 . . 3 46 T8ax

.*s Grosnwich mean time. . 14 $6 47 6 when obssrvation
was taken.

.

3. Aug. 10, 1853, at 3* 42™ Ax., mean time nmesrly
in long. 100° 30’ W., sn obsurvation was taken when s
chronometer showed 10* 80= 45+5,

On Aug. 1, its error was known to be 122 105 slow on
Greenwich mean time and its rate 11*2 gaining, required
mesn time at Greenwich when the observation was taken.

Ship, August 9 . . . 15 42
Long. in time 6 42 W.
Greenwich, August 8 . 23 24

Dally rate . * 112
8

Interval from Aug. 1 to 1Disy. . 898

Ang. 0.0 3 34 ia 8.4 .. 5¢

L 2,4, .. 87

U, Inearly| 9
-
. 1009
Assumulated ervor 1" 409
Chronometer showed 108 80 456
10 29 545

Origloaj errar . . . . . 1310 slow

Grosmwich, Angust 10 . . 10 €1 189 ax
Or, Grosnwich, Auguat 9 . 28 41 1690

Y
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If the Greenwich time thus determined differs consider-
ably from the Greenwich date used, the work should be
repeated, using for the Greenwich date the approximate
Greenwich time first found.

EXAMP'LES,

(162,) Nov. 20, 1851, at 6" 42» p.x., mean time nearly,
in long. 82° 0’ E., an observation was taken when a chrono-
meter showed 40 30m G°,

On Oct. 9, its error was known to bhe 5™ 52*4 slow om
(treenwich mean time, and its rate 247 Josing: required mean
time at Greenwich when the observation was taken.

Ans., 1t 36™ 52+3.

(163.) Dce. 81, 1851, at 10" 10 AM. menn time nearly,
in long. 150° K., an obscrvation was taken when a chrono-
meter showed Oh O™ 223,

On Nov. 20, its error was known to be 3w 5254 slow on
Greenwich mean time, and its rate 2@
mean time at Greenwich when the observation was take n.

Ans, 120 6m 400,

(164) April 11,1851, at 3" 14" pM. mean time nearly,

in long. 56° 42 W., gn observation was taken, when o

- .
7 losing: required

chronometer showed 74 20 105,

On Mareh 15, its error was known to be 17 327 fast,
on Greenwich mean time. and its daily rate 6*3 losing :
required mean time at Greenw ich, when the observation was
taken. Ans, 70 m 207,

To find the error of a chronometer on mican time at the place
of observation, by a single altitude of the sun.

Let » be the pole, z the zenith, and x the place of the sun,
bearing as nearly east or west as possible, A Q the celestial
equator, A the first point of Arics, and m the place of the mean
sun. Then in the triangle z»x are given the zenith dis-
tance z x, the polar distance P x, and the colatitude of the
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spectator Pz, to find the hour angle % rx, which is also the
apparent solar time, if the sun

is west of the meridian, or /':T
what it wauts of 24 hours if /
the sun is east of meridian., // '
To this apparent solar time /

thas found, apply the cquation e / x

of time X P with its proper A g ——q

sign, as given in the Nautieal

Almanac, the result will be @ ¥ m, or mean time at the place
of observation: the difference between which and the time
shown by the chronometer at the instant of the observation
will manifestly be the error of the ehrouometer on mean
time at the place.  Henee this rule.

Kule XLIIL

1. Find a CGreennich date.

2. Correet the sun'’s declination and equation of time for
this date. Take out ol the Nantival Alnanae the sun's
semidiameter, at the sawe time the declimation and equation
of time are tuhen ont,

3. Correct the observed altitnde for index eorreetion, dip,
semidinmeter, and correction i altitude, and thus got the
true altituide : subtract the true altitude from 907 to obtain
the zenith distanece. '

+. o find ~hip appareat time (using log. haversines®).

* If the student have no table of Laversives, he may proceed as
follows to find appurent solar thnue @ -

Under the latitnde put the sun's declination, and, if the names be
alike. take the difference ; but if unlike, take their sum,  Under the
result put ti.c zemth distauce, and hud their sum and differenco, and
alf-sum and ball-difference.

Adi together the log. secants of the two first terms in this form
(rejecting the tens in index) and the log. mines of the two last, and
diride the suw by 2; look out the result as a log. sine and multiply the
angle taken out by 2,

12
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Under the latitude put the sun's declination, and, if the
names be alike, take the difference; but if unlike, take
their sum. TUnder the result put the zenith distance, and
find their sum and difference. Add together the log. secants
of the two first terms in this form, and the halves of the
log. haversines of the two last; and (rejecting the tens in
the index) look out the sum as a log. haversine, to be taken
out at the top of the page if the sun is west of the meridian,
but at the bottom of the page if the sun is cast of meridian.
The result is apparent solar time at the instant of
obscrvation.

5. To find wmean time. To apparent solar time apply the
cquation of time with its proper sign, as directed in the
Nautical Almanac; the result is mean time at the place.

6. The difference between mean time thus found, and the
time shown by chronometer at the obscrvation, will be the
error of the chronometer on mean time at the place.*

Rule XLIV.

To find the error of a chronometer on mean time at Greenwich
by a single altitude of the sun.

Find mean time at the place of observation as directed in
preceding Rule.  See 1,2, 3, 4, and 5.

6. To the mean time at the place thus found apply the
longitude in time; adding if west, and subtracting if cast
(rejecting or adding 24 hours if’ necessary) : the result will
be mean time at Greenwich at the time of the observation.

Reduce tho anglo thus found iuto time, and if the sun is west of
meridian, the same will be appareut time; but if east of meridiadll
subtract the angle from 24 hours ; the remainder will then be apparent
solar time at the instant of observation.

* A similar observation being taken a fow days aflerwards, the mean
daily rate may be found as pointed out in p. 167.
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7. The difference between which and the time shown by
chronometer will be the error of the chronometer on Green.
wich mean time.

BRXAMPLE,

May 10, 1842, at 8t 4% ant, mean time nearly, in
Iatitude 50° 48' N, and long. 1° 6 W, when a chrono-
meter showed 8 262 59*7, the observed altitude of the sun's
lower limh was 30° 14 30", index correction 4+ 4 24" and
height of eye above the sea 20 feet, required the error of the
chronometer on mean time at the place, and also its error
on Greenwich mean time.

Ship, May 9 . . . . 200 4pn
Long. in time . . . +W.

Greenwich, May 9. . 20 48

Xau's declinatiou, Fquation of time, Bun's semi.
9@th . . . 17 19 24"N, Oth . . . 3"40*2mub 1& 517
Tth . . . 17 36 18 N, Toth . . . 3 491

15 5 ST
04215 5215
105348
111603 13 46 25
Declination 17 85 10 N, AP

Olwerved altitude . . . . 39" i 30~

Index correction. . . . . 4 2+
w18 54
Dip . . . . .. ... 4 24—

Semidiameter. . . . . - 15 01 4

Correction in sltitude . . . 1 33—

Zepith distance . . . . . M J0 42
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To find ship apparent time (using haversines).

174

Latitude . .
Declination .
Difforence . .
Zenith distance .
Sum . . . .
Difference .

. 50”48 O”N. Sec. . . 0799263
.17 3% 10 N, See. . . 0020710
33 14 50

50 30 42
. 83 46 u2 . . . . lhaver.. 4824491
1915 52 0 . . . ) haver. . 4176307
Hav. ofangle . . . . . . . . 922771
.. Ship apparent time . . . 20 47w 30u
Equation of thme . . . . . 3 427
Ship mean time, . . . . . 20 43 4173
Chronometer showed . . . . 200 26 597
Error of chronom. on mean} -

time ab place . . . . . 16 416 slow.

To find error on Grecnwich mean time.

Ship mean time . . . . L L L 20" 43% 4103
Longitude in time . . . . . . | 4 L0W,

Greenwich wesn e . 0 . . L 20 48 563

v

Chronoweter showed . . . . . . 20 26 597

Errvor of chro. on Gr, mean time . . 21 5%

To find ship apparent time (using the common lables of

Latitude
Declination

Zonith distance .
Sum. .
Difference .

§ Sum .

§ Difference .

log. sines, §e. Note, p. 171).
BTN 0N, . . . See. . . 0199263
17 3% 10 N. . . . See. . . 0020710
48 14 ho
50 By 42
.83 45 82
17 15 42
41 52 46 . . . . Sin. . . 0824491
837 M ... . . 8in. . . 9176700
2) 19220764
Siv. . . 9v10882
1k 86= 150
-2
S 12 30
24



BY SINGLE ALTITUDE OF BUN. 176

If the computed ship mean time differ several minutes
from the estimated ship mean time, it will be advisable,
when great accuracy is required, to recaleulate the sun's
declination and the hour angle ; using the approximate ship
time just found to determine the Greenwich date; the
following example will illustrate the mode of proceeding :—

March 16, 184#, at 10% 10m A.mM, mean time nearly,
in lat. 50° 48' N, and long. 176" W, when a chronometer
showed 108 15m 472, the observed altitude of the sun’s
lower limb was 58" 16 30" (in artificial horizon), the index
correction + 1° 207, required the error of chronometer on
Greenwich mean time.

March 15. . . . . 224 |Qw
Long. in time . . . 4 W,

Greeuwich, March 15 . 22 14

Sun'~ declination. Faquation of time. Hun's soml.
16th . . . 17 5B 29”8, Ith . . . 9= 1*Tadd 16 b
Tth . . . 1 34 45 K 16th . . . & 444
2 43 178
03321 RIRRRS
8RO 27638
-9_[343 21 5 16 ¢
Declination 1 36 3u S, N 4T
Observed altitude . . . . . Oy” 48 S0
Index correction . PR 1 204

Semidiameter . . . . . . 16 8
29 40 0

Correction in altitude. . . . R L
) 208 26

Yo

Zenith distance . . . . . . o0 21 34
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Latitude . . . . 50°48 O”N. . . . 8ec. . . 0199268

Declination . . . 1 36 30 8. . . 8Sec. . . 0000171

Bum, . . . . . 52 24 30

Zenith distance . . 60 21 34 .

SBum. . . . . .112 46 4 . . . . jhav. . 4920520

Difference. . . . 7 57 4 . . . . jhav. . §_84_0§(j§

Hav.. . 8960820

Apparent time . . . . 21 39= 14°
Equation of time . . . 8 457 4
Mean time. . . . . . 21 47 597
Long. in time . . . . 4 240W.
Greenwich mean time. . 21 52 237
Chronomoter showed . . 22 15 472

Error of chronometer on
Greenwich mean time .

o

3

(%]
e

0.
v

The mean time at the place is found to be 21" 47™ 597,
but the mean time used for computing the declination and
cquation of time was 224 10m,  Now this has rendered the
declination slightly incorrect, and therefore the time com-
puted from it. When it is desirable to obtain mean time at
the place ax correctly as possible, we must reealculate the
declination and apparent time, using the approximate mean
time for finding & more correct Greenwich date ; thus the
mean time at the place is found above to be 214 47m 5287,
assuming therefore the mean time to be 21% 48, obtain
a sccond Greenwich date, and recompute the sun’s decli-
nation and hour angle as follows:—

March 15, mean time . . 21 48m
Long.intime. . . . . 4+ W.
Greenwich, March 15 . . 21 52



BY SINGLE ALTITUDE OF SUN. 177

Sun'a declination.
i%h . . . . . 1° B8 28”8
16th . . . . .1 3 458

23 43
04043
88022
92085 21 36

Declination. . . 1 36 528 . . . See.. . . 0000171
Latitude. . . .80 48 O N., . ., Sec.. . . 0109263
52 24 862
Zenith distance . 60 21 84
Sum ., . . . 112 46 26 . . . . Yhav. . . 4020540
Difference . . . 7 56 42 . . . . lhav., . 3840830
8-960605
Apparent time . . 21% 39= 17

Whenee the error of chronomneter is fast 237 20§
on Greenwich moan time.

(163.) May 20, 1847, at 5" 20 p.m., mean time nearly,
in lat. 47° 20' N., and long. 94° 30° E, when o chronometer
showed 111 5™ 207, the observed altitude of the sun's lower
limb was 20° ¢r 15", the index correction -~ 4 10" and
height of eye above the sea 20 feet, required the error of
chronometer on Greenwich mean time,

Ans., fast O™ 41%4,

(166.) Feb. 3, 1847, at 10" 30m .M., mean time nearly,
in lat. 49° 30' N, and long. 22° W, when a chronometer
showed O" 2™ 30%, the observed altitude of the sun’s lower
limb was 10° 21’ 30" the index correction + 3’ 20%, and
height of cye above the sea 18 feet, required the error of
chronometer on Greenwich mean time,

Ans., fast 10m 7+4,

(167.) March 25, 1547, at 3% 20™ p.M., mean time nearly,
in lat. 52° 10’ N, and long. 36° 58' 15 W, when a chrono-
meter showed 5% 40™ 58°, the observed altitude of the sun’s
lower limb was 25° 10’ 20%, the index correction — ¢’ 107,

13
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and height of eyc above the sea 20 feet, required the error
of chronometer on Greenwich mean time.
Ans., 9m 25%2 slow.
(168.) May 19, 1847, at 3" O™ p.3r, mean time nearly, in
lat. 49° 50’ N, and long. 21° 4' 45" E., when a chronometer
showed 1% 23w 208 the observed altitude of the sun’s lower
limb was 42- 50" 30", the index correction + 4107, and
height of eyc above the sca 20 feet, required the error of
chrouometer on Gireenwich meau time.
Ans., 10" 3756 slow.

Elements from Nuutical Almanac.

Run's declination. Equution of time. Semi.

May 19 . . 19" 41V 37N 3™ 4B wub. . . 15 497
w 20. .19 B4 Y N, Vo462

Feb.2 . .16 &4 7 8 . . .18 vSadd . . 16 14
w o d o0 U160 36 41 N 14 56

‘March 25 . 1 40 56 N. 6 138add. . . Jo 3
s 26 . 2 4 2w N, 5 052

May19 . .19 41 37 N. . . . 2 495sub . . 15 40
s 20, .10 3 26N . . . 3 469

Second.  When the object observed iy a star.

Rule XLY.
To find the error of chronometer on mean time at a place
by a single altitude of a star.

1. Get a Greenwich date.

2. Take out of the Nautical Almanac the right ascension
and declination of the star, and also the right ascension of
the mean sun for mean noon of the Greenwich date.

3. Correct the right ascension of mean sun for Greenwich
date (p. 83).

4. Correct the observed altitude for index correction, dip,
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and refraction, and thus get the true altitude, which subtract
from 90° for the true zenith distance.

5. To find star’s hour angle (nsing haversines®). Under
the latitude put the star's declination ; add it the names bo
unlike, subtract if like : under the result put the true zenith
distance of star, and take the sum and difference Add
together the log. secants of the two fiest terms in this form
(omitting the tens in cach index), and halves the log,
baversines of the two last; the sum, (rejeeting 10 in the
index) will be the log. haversine of hour angle, to be taken
out at top of page if heavenly body be west ot meridian, but
at bottom if east of meridian.

6. To the hour angle thus found add the star's right
axeension. and from the sum (inercasal i necessary by
24 hours) subtract the right ascension of mean sun; the
remainder is mean time at the place at the instant of
obxervation.

7. Under mean time at place put the fime shown by
chronometer ; the difference will be the crror of chronometer
on mean time at place.

Ao find the erroe of clronmeter on Greenwicly mean time.

Proceed ax in the corresponding ruls for the sun, p. 172,

EXNAMILL,

June 3, 18420 at 12% 9% por, mean time nearly, in
Iat. 50° 48" N andlong. 1 63 W. observed the altitude of
a Boutis (west of meridian) to be S97 337307 in artificial
horizon, when a chronometer showed 0% 14w 223 the
index correction was — 107, required the error of the
chronometer on mean time at the place, and alsu on Urecu-

wich mecan time.
* If the student have the table of log. sines, &c.. ouly, the hour

angle may be found in a sumilar manner as in note, p. 171, au | exawple,
p. 174,
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June3. . . . . . . . 12v o=
Long.intime . . . . . 4
Greenwich, June 3 . . . 12 13

Observed altitude . . . . 89> 53 80"
Index correction . . . . 10 —

2)89 53 20

44 56 40
Refraction. . . . . . . 58 —

44 55 42

20

True zenith distanco . . . 45 4 18

Star's right nscension . . . 14* §™ 30%5
Star's declination . . . . 207 0" 15" N,

Right nucension of meansun . . . 4% 46 701
Correction for 12* . . . . . . . 1 583
W=, ... 21

Right ascen. of mean sunat 120 13» , 4 48 75

Latitude . . . . 50° 4% O"N. . . Sec.. . . . 0199263

Declination . . . 20 0 15 N. . . See.. . . . 002702
30 47 45

Zenith distance . . 45 4 18

Sum. . . . . . T 562 3. . . . Lhav . . . 4788689

Difference. . . . 14 16 83, . . . Ldhav. . . . 4004305

Hav. hour ang. 9109208

Hourangle . . . . . 20 48= &
Star's right asconsion . . 14 8 305

16 56 385
Right ascon. meansun. . 4 48 75

Meun time at place. . .12 8 81-0
Chronometer showed . . 12 4 223

Error of chronometer, fast 5 513
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To find the error of chronometer on Greemwick mean time.

Mean timeat place . . . . . 12 §= 310
long intime . . . . . . . 4 242W,
Greenwich mean time. . . . . 12 12 552
Chronometer showed . . . . . 12 14 2275
Error of chron. on Gr, mean time 1 271 fast.

(169.) May 4, 1847, at 4% 40™ A.x., mean time nearly, in
lat. 40° 10" 20" N, and long. §1°47' 15" E,, when a chrono-
meter showed 11t 13™ 508, the obscrved altitude of a Bootis
(west of meridian) was 20° 45’ 45, the index correction
was — 2' 10", and the height of eye above the sea was
18 feet, required the error of the chronometer on Green-
wich mean time. Ans., 0m 353 slow.

(170.) Feb. 10, 1847, at Ot 22m par, mean time nearly,
in lat. 28° 30" N., and long. 27° 15" W., a chronometer
showed 11t 17m 208, when the observed altitude of a Leonis
(cast of meridian) was 42° 107 07, the index correction
— 3 20", and height of eye above the sea 20 fect, required
the error of the chronometer on Greenwich mean time.

Ans., 40 57%3 fast.

(171.) April 18, 1848, at O 40m 5. M., mean time nearly,
in lat. 46° 32° N, and long. 43° 36’ 15" E., when a chrono-
meter showed 100 13™ 458, the observed altitude of the star
a Aquile wasr 14° 45 15" (east of meridian) the index cor-
rection + 4’5", and height of e¢ye above the sea 18 feet,
required the crror of the chronometer on Greenwich mean
time. Ans., 19= 31%7 fast.

(172.) Aug. 11, 1848, at 8 10" r.»., mean time nearly,
in lat. 50° 20' N., and long. 29° 53' 15" E., when a chrono-
meter showed 6* 6 20%0, the observed altitude of a Bootis
(Arcturus) was 39° 5’ 10" (west of meridian) the index cor-
rection — 2' 10", and height of eye nbove the sea 18 feet,
required the error of the chronometer on Gregawich, mean
time. Ans., 117 17*8 slow.
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Elements from Nautical Almanac.

Right ascen. mean son. Right ascen. and decl. of atar.
May3 . 2243 3%3 . . aBootis. . 14" 8m42%4 . 19° 58 46" N.
Feb.10 . 21 19 460 . . aLeonis. . 10 0 153 .12 42 30 N.
April 17. 1 42 573 . .aAquile .19 48 22°7. 8 28 16 N.
Aug. 11. 9 20 17°6. .aDoovtis. .14 8 45-0.19 58 39 N.

Tb find the error of a chronometer on mean time at a place
by EQUAL ALTITUDES of the sun.

When the son’s centre is on the meridian of any place,
the apparent time is then either 0% or 244 To obtain mean
time at the same instant, we have only to apply the equation
of time with its proper sign.  We thus find mean time at
the instant the sun is on the meridian: and if we can also
ascertain what a chronometer showed at the spme instant., it
is manifest that the error of the chronometer on mean time
at the place is known, since it will be the ditference between
the two times.

To find the time shown by the chronometer at apparent
noon, we have recourse to the method of equal altitudes,
which consists in noting the time shown by the chronometer
when the heavenly body has the same altitude on both sides
of the meridinu : half the interval between the observations
being added to what the chronometer showed at the first
observation will be the time shown by the chronometer when
the heavenly body is on the meridian, it the declination
is supposed to be tmvariable in the interval between the
observations.

For let ¢ and ¢, be the times shown by the chronometer
when the heavenly body is at x and y. at the same altitude
on both sides of P % the meridian; and suppose ¢, greater
than ¢ (that is, if the hour hand has arrived in the interval
to 12% we @ontinue to count 13k, 14, &e., instead of 1%,
2b &c.). Now, if the rate of chronometer has been uniform
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in the interval, the time elapsed is t, — ¢, and the heavenly
body has deseribed the angle z P x, or half y» x in the time
1 @t —t). To this half interval add the time ¢ shown by
the chronometer when the body was at x, we find that the
instant that the body arrived at the

meridian the chronometer must have N

showed £ + 1 & = 3¢ =) (1, + 0). i
The difference between I (£ + ) N
and mean time at noon will be the 7 ! \
error of the chronometer on mean L, - ’1 Tl \
time at the place. For, let us suppose 4 N
that the equation of time at noon is

4m 244 gubtracted from apparent time: then mean time at
‘the place when the sun is on the meridian is 280 — 4m 248
= 28b55m 36", Now., if ! (7,4 £) is found to be 23" 10~ 264
the difference -45™ 10+ is the crror of the chronometer slow
on mean time at the place.

But the sun's declination is not invariable during the
interval ¢, —— ¢, but increases or decreases by a small quan-
tity, so that the angle zpx differs from half the interval by a
few seconds.

The foliowing rule cnables ux to find the number of
seconds which must be applied to the half interval to obtain
zrx. This quantity of time is called the equation of equal
altitudes.

\

Rule XLVT.

To find the error of a chronometer on mean time by equal
altitudes of the sun.

1. Find mean time nearly of apparent noon at the place
by taking out of the Nautical Almanac the equation of time
to the nearest minute, and applying it with its proper sign
to 0% or 248, according as the Nautical Almanae directs it to
be added to or subtracted from apparent time, putting the
day one back in the latter case.
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2. To mean time nearly thus found apply the longitude in
time, adding if west, and subtracting if east ; the result will
be a Greenwich date. ‘

8. Correct the equation of time for this date. -

4. From the p.m. time when the second altitude was
taken (increased by 12 hours) subtract the a.m. time when
the first altitude was taken; the remainder is elapsed time
as shown by the chronometer: take half the clapsed time
and subtract it from the above date (increased if necessary
by 24 hours and the day put one back), the remainder iz a
second Greenwich date.

5. Take out the sun's declination for this date.

6. To find the equation of equal altitudes. Under heads
(1) and (2) put down the following quantitics.

Under (1) put A taken from annexed table.

, (2putB .

» (1) put log. cotangent latitude.

w  (2) put log. cotangent declination.

»  both (1) and (2) put proportional log. change of
declination in 24 hours.

7. Add together logarithms under (1) and (2) and reject
the tens in the index; look out the result as a proportional
logarithm, and take out the seconds and tenths corresponding
thereto.

8. Mark the quantitics under (1) plus (+) if the declina-
tion is decreasing, and of the same name as the latitude;
or, if increasing and of a diffcrent nume. Otherwise mark
the quantity minus (—).

9. Mark the quantity under (2) plus (4 ) if the declination
is increasing, but minus (—) if decreasing.

10. Take the sum or differcnce of these quantities,
nccording as they have the same or different signs; the
result will be the correction or equation of equal altitudes
required.

11. Add together a.M. time and half clapsed time, and to
the same apply the correction just found with its proper
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sign: the result will be the time shown by the chronometer
when the sun's centre is on the meridian.

12. Find mean time at the same instant by applying the
equation of time to O or 24* with the proper sign as directed
in the Nautical Almanac.

13. Put down under each other the results determined
in (11) and (12), and take the difference, which will be the
error of the chronometer on mean time at the place.

14. To find error of the chronometer on Greenwich mean
time. To mean time at the place as found in (12) apply
the longitude in time, and thus get mean time at Greenwich,
under which put the time shown by chronometer as found
in (11); the difference will be the crror of the chronometer
on Greenwick mean time.

EQUATION OF EQUATL ALTITUDES.

-y - e e e e T
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EXAMPLE.

Aug. 7. 1851, in latitude 50° 48’ N, and long. 1°6' W,
the sun had equal altitudes at the following times by

chronometer.
AN,
oh 25m 42+5

Required the error of chronometer on mean time at the

place, and also at Greenwich.
August 7
Equation of time

Long. in time

Greenwich, Aug. 7 .
} Elapsed time .

QGrecuwich, Aug, 6 .

Equation of time.

P.X.
2k 59m 556

O* 0 gpparent time

5+

05

4

mean time

0y 1stdate
24

21 22 2ud date.

Diff. for 1 hour,

August 7 . . 5w 33003 10 is § | 3 sub.
' 5. .Jows
L 32-98 +
rM . 14% 59 556
A, .09 23 425
Elapsed time . 5 34 131
} Elapsod time 2 47  6°55
Hun's doclination.
6th . 16° 49 127N,
7th . 16 32 38 N.
16 34
05048
1-03604
108652 14 45
Declination . 16 34 27
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Q). @.
A. .. 193608 B . . . 205096
Cot. lat. . 991147  Cot. decl. 052631
Prop. log. . 103604  Prop. log. . 103604
Prop. log. 288359  Prop. log. 362281
2465 —
142 4+
255 —
Equation of oqual altitud 11 65 4
AN . L. L L. O 2542
dBlapsedtime . . . . . 2 47 65
012 40405
Equation of equal altitude . 1165 +
Time by chro. at app. noon . 13 050
Apparent time at apparent noon”. om0
Equution of time . . . . . . . b5 32984
Mean time at appareut noon . . . 0 5 3208
Time by chro. ut appurent noon . . 0 13 070
Error of chronometer at place . . T 27T fant

o find error on Greenwich mean time.

Moan time at apparent noon o5 3298
Long. in time . . . . . . . 4 2400 4
Mean time at Greenwich. . . . 0 9 5898
Time by chronometer. . . . . 0 18 070
Error of chro. on Gr. mean time . 3 372 fost.

(173.) Aug. 7, 1851, in latitude 50" 48’ N.,and lougitude
1°6' W, the sun had equal altitudes ot the following times
by chronometer.

AM. PM.
gh 3m 42+31 3b 21w 54e-22
Required the error of the chronometer on Grecnwich mean
time.

For Elements from Nautical Almanac, sec preceding

example. Ans., 3™ 848 fast.
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(174.) Aug. 21, 1851, in latitude 50° 48’ N., and longi-
tude 1° 6' W. the sun had equal altitudes at the following

times by chronometer.
AM. M.
10k 49m 15%4 1h 27m 27°6
Required the error of the chronometer on Greenwich mean
time. Ans., 1m 8"83 fast.

Elements from Nautical Almanac.
Equation of time 3™ 1*94 + difference for 1 0606 —
Declination 20th 12° 34’ 59" N. 21st 12° 15" 9" N.
* (175.) Sept. 10, 1851, in latitude 50° 18' N., and longitude
1° ¢' W, the sun had equal altitudes at the following times
by chronometer.

s AM. ..
b 45m 552 2b 90m 399
Required the error of the chironometer on Greenwich mean
time. Ans., 3™ 47*28 slow.

Elements from Nautical Almanac.

Fquation of time 2™ 5843 + difference in 1" 0~866 +
Declination 9th 5° 27’ 27" N, 10th 5° 4’ 45" N.

(176.) May 14, 1844, in latitude 50° 48’ N, and longitude
15° 0' W., the sun had equal altitudes at the following
times by chronometer.

AM. P
10t 46m 370 1b 3gm 420
Required the error of the chronometer on the mean time
at the place and also on Greenwich mean time.
Ans., Fast on mean time at place 17= 4*7.
Slow on Greenwich m. time 42m 55*3.

Elements from Nautical Almanac.

Equation of time 8= 538 — difference in 1* 0*01 —
Declination 18th 18° 28’ 49" N. 14th 18° 43 21" N.
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To find the approximate time by chronometer iwhen the
P.M. altitudes should be observed.

After taking the observations in the morning it will often
be convenient to estimate nearly at what time by the
chronometer the observer should prepare to take the ..
sights. To do this the error of the chronometer on mean
time a¢ the place must be supposed to be known within a
few minutes. Thus suppose (as in the last example) a
chronometer is known to be about 17 minutes fust of mean
time at the place, the time of the a.x. observation was by
chironometer at 10b 4G 57°, equation of time 4 minutes
subtractive from apparent time. 1t is required to find the
time the chronometer will show in the afternoon when the
sun has the same altitude.

Let ¢ = cstimated error of chronometer on mean time

at place (supposed fast).
¢ = time shown by chronometer at A.M. observation.

Then £ — @ = mean time at A.M. observation nearly.

Let & = equation of time (supposed subtractive from

apparent time).

.. t —a 4+ r = apparent time at A.3. observation

.12 — (¢t — a + ¥) = apparent time from noon.

= apparent time of r.. observation.

12— ((—a + E) — t = mean time of p>. obser-
vation.

And12 — ({ —a 4 E) ~— £ 4+ a = mean time of r.ar.

observation by chronometer.

.*. Mean time of r.a. observation as shown by the chro-
nometer = 12 — ({ —a + £) —E + 4

=12—¢ + 2 (a—E).

Thus (see ex.) let £ = 102 46% 57%, a = 179 £ = 4™

.. Time by chronometer = 1t 13™ 3* 4 26w = 1k 39m,

It appears from this that the observer need not prepare
to take his p.u. sights until 1* 30® by chronometer.

A similar formula may be made to suit any other case.
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CHAPTER VIIIL

KULES POR PINDING THE LONGITUDE BY CHRONOMETER AND
BY LUNAR OBSERVATIONS.

TaE two principal methods for finding the longitude at
sea, by astronomicnl observations, are by means of a chrono-
meter, whose error is known on Greenwich mean time ; or
by observing the distance of the moon from some well
known star, and calculating from thence Greenwich mean
time: ship mean time i3 to be obtained in both methods
by the same kind of observation. To find the longitude
by chronometer, an altitude of a heavenly body is to be
takon—an operation requiring very iittle skill in the ohserver.
To find the longitude by lunar observations, the distance of
the moon from rome other heavenly body must be observed
with considerable accuracy; the skill necessary to do this
can only be acquired by practice: for these reasons the
method of finding the longitude by chronometer is the one
chiefly in usc, although the longitude dedueed from it depends
on the regular going of a time-keeper. whose rate from
various causes is continually liable to change, while the
other, which in fact is (within certain limits) corrcet and
independent of all errors of chronometer, is rarely applied.
Another objection usunlly urged against the use of the method
of finding the longitude by lunar observation, is the labour
required in reducing the observations ; but we will endeavour
to show that this ought not to deter the student; for that
the work, although certainly more laborious than that
required by the other method, is simple, and no ambiguity or
distinction of cases need occur to distract the observer.
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From our own impression of the utility of lunars we feel it
right to devote more than usual space to this method of
finding the longitude, and we shall therefore give a variety
of distinct rules to suit such cases as most commonly occur.

Longitude by chronomeler.

‘When a chronometer is taken to sea, the error on Green-
wich mean time, and its daily rate are supposed to accom-
pany it: knowing then the error and rate, it is easy to
determine the Greenwich mean time at any instant after-
wards by applving its original crror and the accumulated
rate in the interval: the corresponding mean time at the
ship may be found by cbserving the altitude of the sun,
or any other heavenly body, when it bears as nearly east or
west as possible. The difference between the two times
is the longitude of ship.

To find the longitude by an observed altitude of the sum.

Let ~wse represent the
horizon, ¥ zs the cclestial me-
ridian, z the zenith of the
spectator, p the pole,andwo
the eelestial equator. Then
z Q is the latitude, and if \ be
the place of the sun at the
time of the observation x 0 is
its altitude, and z x the zenith
distance; draw the circle rxw,
then x M is the sun’s declination known from the Nautical
Almanac: hence in the triangle zrx the three sides are
known, namely, px the polar distance, zx the zenith dis-
tance, and pz the colatitude, to find the hour angle zex,
from which mean time at the ship is’easily found as pointed
out in p. 172,
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Rule XLVIL

First. When the object observed is the sun.

1. Get a Greenwich date.

2. Find Greenwich mean time at the instant of the obser-
vation, by bringing up the error of the chronometer by
Rule XLII. p. 167.

8. Take out of the Nautical Almanac both the declina-
tion of the sun and the equation of time, for the noon
before and the noon after the Greenwich date; take out also
the sun's semidiameter.

4. Corrcet the declination and equation of time for the
Greenwich date (or rather for the Greenwich mean time as
shown by the chronometer), cither by proportional logarithms
or otherwise.

5. Correct the observed altitude for index correction,
dip, semi., correction in alt., and thus get the true altitude,
which subtract from 90° to obtain the zenith distance.

To find apparent time at ship (using log. bn\:ersimm).“
Under the latitude put tho sun’s declination, and, if the
names be alike, tuke the difference; but if unlike take
the sum. Under the result put the zenith distance, and
find the sum and difference. Add together the log. secants
of the two first terms in this form (omitting the tens
in each index) and the halves of the log. haversines of
the two last, and (rejecting the ten in the index) look out
the sum as a log. haversine, to le taken out at the top
of the page if the sun iz west of the wmeridian, but at the
bottom of the puge if the sun is east of the meridian ; the
result is apparent time at the ship at the instant of
observation.

7. To find ship mean time. To the apparent time just
* If the stndent have no table of haversines be may

proceed as
pointed out in the note, p. 171, and exmmple, p. 174, ta find ship
apparent time.
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obtained, apply the equation of time, with its proper sign
as directed in the Nautical Almanac: the result is mean
time at the ship or place of observation.

8. Tv find the longitude. Under ship mean time put
Greenwich mean time as known by the chronometer; the
difference is the longitude in time, west, if the Greenwich
time is greater than ship time, othurwisc east.

1. Scpt. 23, 1845, at 4* 45™ p.ar. mean time nearly, in
latitude 50° 30" N., and longitude by account 110°0' W,
when a chronometer ghowed 11t 59™ 30%, the observed
altitude of the sun's lower limb was 11° 0' 50", the index
rcorrection — 3' 20" and the height of the eye above the sea
20 feet; required the longitude,

On August 21 the chronometer was fast on Greenwich
mean time 0™ 45*5 and its daily rate was 57 losing.

Ship, Sept. 23 . . . 4 45m Daily rate . 5*7 loving
Long.intime . . . 7 20W. Iuterval . 384
Greeuwich, Sept. 23. 12§ 171
Interval from Aug, 21 to _l_.‘._l____
Greenwich date, 339 12', 12083, L] 1881
or 33} days. 24
6:0) 1900

3= 109 lost
Chronometer showed . . 11 50 300

122 40°9
Original error. . . . . 0 45°5 fast
Greenwich, Sept. 28 . . 1¢ 1 564

Or the mean time at Greenwich when the obscrvation was taken.
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Bun's declivation. Equation of tme. Sun's seml.
23rd . . 0* 6 568, 23rd . 7= 420 sub. 1¥ 58
24th . 0 30 21 8, 24th 8 246
23 25 206
‘29983 29983
272167
1-18568 11 45 §'02l.'y(!__ mlO'S»
Sun's decl. 0 18 418. 7 528
Obrerved altitude 11° 0" 50"
Index correction . 3 20 —
10 57 80
Dip . 4 24 —
To 3 6
Semidiameter . 15 58
11 9 4
Correction in altitude . 4 38 —
True altitude . 11 4 26
Zenith distance . 78 55 34
Latitude . 50° 30' 7 N. Sec. . 0197718
Declination . 0_18 418 Sec. . 0-000006
50 48 41
Zonith distance . TR 55 34
Sum . . . . 120 44 15 § havers. . 4956810
Difference . 28 6 53 1 havers, . 4:385444
Havers.. . 9:539978
Apparent time . 44 48= 35¢
Equation of time . 7 523 -
Ship mean timo . 4 40 427
Greenwich mean time. , 12 1 554
Long. in time 7 21 127TW.

2. April 18,1844,

.. Long. = 110° 1§ 15" W.

at 9" 18™ A.M. mean time nearly, in lati-

tude 50° 48' N., and longitude by account 1° ' W., when
a chronometer showed 9® 27 483, the obscrved altitude of
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the sun's lower limb was 76° 16' 46" (in artificial horizon),
index correction 8' 46— ; required the longitude. On
April 1, the chronometer was fast 1™ 587 on Greenwich
mean time, and its mean daily rate was 11*2 gaining.

Ship, April 17. . . . 21t 18w
Long. in time . . . . 4
Greenwich, April 17. . 21 22

Iuterval from April 1 to Greenwick date, 16¢ 214~

sun's declination. Yauation of ime,
15th . . . 10° 36 49"N.  ITth . . . 0= 31*3 sub.
Isth. . . 10 57 46 N. I8th . . . 0 4511
20 b7 133
05020 05020
V3409 2-89354
'98}29 . 18 40 294374 123 ]
10 55 29 N, U 430 sub.

Sun's semi. 15 56",

Dailyrate . . . 112

128 in }

28
7
0,0) 1883
% 3 gained
27 4840
9y 24 397
Original error . . . . . 1 587 fast

Qreenwich mean time. . . 9 22 41°0
Add 12" (p. 71

Creenwich mean time . . 21 22 41-0

>

Chronometer showed .
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Obeerved altitude . . . 76° 16’ 46”
3 46 -
2)76 13 0
38 6 30
Semidinmeter . . . . 15 56
38 22 26
Correction in altitude . 1 7~

True altitude . . . . 38 21 19
90

Zenith distance . . . 51 38 41
Latitudo . . . 50" 48 o . . . Sec. . . 0199263
Declination . . 10 55 20 . . . Sec. . . 0007043
30 52 31
Zenith distance. 51 38 41
Sum . . . . 01 31 12 ., . . Lhav.. . 48551738
Differcuce . . 11 46 10 . . . 4 hav.. . 4010890
Hav. . . 0073264
Apparent time. . . 21 10m %0
Equation of time . . 0 430
Ship wean time . . 21 18 16+4
Greenwich mean time 21 22 410
Long. in time . . . 4 246

Longitude . . 1° 6’ 9 W,

(177.) Sept. 25, 1845, at +h 20= r.\., mean time nearly,
in latitude 59° 30’ N, and longitude by account 112° 30/
‘W., when a chronometer showed 11" 44™ 20%, the observed
altitude of the sun’s lower limb was 10° 50’ 107, the index
correction + G’ 10" and height of eye above the sea 18
feet, required the longitude. On Sept. 20, the chronometer
was fast on Greenwich mean time 0® 30%7 and its daily
rate was 105 losing. Anps,, 112° 33" W.

(178.) May 30, 1845, at 3" 10 p.¥., mean time nearly,
in latitude 30° 12’ 0” 8., and longitude by account 156° 0/
E., the observed altitude of the sun’s lower limb was
21° & 40" when a chronometer showed 4% 44m 56*; the
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index correction — 1’ 10”, and height of eye above the sea
30 feet; required the longitude. On May 19, the chrono-
meter was fast 5™ 16* ou Greenwich mean time, and its
daily rate was 3*5 gaining. Ans,, 156° 20’ E.
(179.) July 8, 1849, at 1* 40™ p.\., mean time nearly,
in latitude 50° 48' N., and longitude by account 1°1' W.,
the observed altitude of the sun’s lower limb, taken by the
artificial horizon, was 109° 54 44" the chronometer showed
1b 44m 149 the index correction + 1' 25%; required the
longitude. On July 1, the chronometer was slow on
Greenwich mean time S™ 18+4, and its daily rate was 3*3
losing. Ans, 1°6'0" W,
(180.) January 20. 1846 at G* 40" a.v., mean time
nearly, in latitude 56° 20’ 8., and longitude by account
8$3°10' W, when a chronometer showed 0% 11m 508, the
observed altitude of the sun’s lower limb was 20° 20" 307,
the index correction — 1° 30", and the height of the cye
above the sea 20 feet #required the longitude.  On Jan. 2,
the chronometer was fast on Greenwich mean time 5m 209,
and on Jan. G it was fast 4@ 525, from which may be found
its mean daily rate. Ans, 83°5' 45" W,
(181.) Feb. 10, 1846, at 7® 50", A.M., mean time nearly,
in latitude 50° 48’ N,, and longitude by account 170° 30
E., when a chronometer showed 9t 59 2359, the ohserved
altitude of the sun’s lower limb was 51° 9’ 107, the index
correction — 3’ 20", and the height of eye above the sen
18 feet, required the longitude. On Jan. 31, at Greenwich
noon, the chronomcter was fust 1" 34" 43% and its daily
rate was 20%6 losing. Ans, 170° 34 15" E,

Elements from Nautical Almanae.
Run's declination. Lyuation of time. Seml.
Sept. 25 . . 0" 5% 4778, . 8= 23*0sub.. . 1& 58"
s 26 . .1 17 12S.. . 8 434

May20 . .21 38 48N.. . 2 Léhsub . . 15 47
. 30 . .21 47 AT N.. . 2 485 .
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8un’s declination. Equation of time. Bemi.
July8. . .922° 200 9'N.. . 4= 40*9add . . 15 45
w 9. . .22 22 TN. . 4 501
Jan.20 . .20 8 228 . .11 192add . . 106 16
Feb. 9 . .14 41 338 . .14 810add . . 16 13

» 10 . .14 22 11 8. .14 3820

Rule XLVIIL
Tv find the longitude by star chronometer.

Object obscrved, a star.

1. Get a Greenwich date.

2. Find Greenwich mean time by bringing up the error of
the chronometer to the instant of observation by Rule XLII.

8. Take out of the Nautical Almanac the right ascension
and declination of the star, and also the right ascension of
the mean sun (called in Nautical Almanac sidereal time),
for mean noon of the Greenwich date.

4. Correct tho right ascension of the mean sun for
Greenwich date.

5. Correct the observed altitude for index correction, dip,
and refraction, and thus get the true altitude, which subtract
from 90° to obtain the zenith distance.

6. Tb find the star's hour angle (using log. haversines®).
Under the latitude put the star's declination; add if the
names be unlike, subtract if like; under the result put
star’s zenith distance, and take the sum and difference. Add
togother the log. sccants of the two first terms in this
form (omitting the tens in each index), and the halves of
the log. haversines of the two last, the sum rejecting
ten in the index, will be the log. haversines of star's

* If the student have mo table of haversines, he may proceed as
dirocted in the note to p. 171, and Ex. p. 174, to find the sun’s hour
anglo or apparent time, using the star's declination instead of sun's, so
as to get the star's hour angle.
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hour angle, to be taken out at top of page, if heavenly
body be west of meridian, but at bottom, if east of meridian.

7. To find mean time at ship. To the hour angle thus
found, add the star's right ascension; and from the sum,
increased if necessary by 24 hours, subtract the right
ascension of the mean sun; the remainder is mean time at
the place at the instant of observation.

8. To find the longitude. Under ship mean time put
Greenwich mean time as known by the chronometer; the
difference is the longitude in time, west, if Greenwich time
i3 greater than ship time, otherwise cast.

EXAMPLES,

1. Sept. 10, 1854, at 7h 15™ p.M., mean time nearly, in
latitude 48° 20" N., and longitude by account 32° E.,, when
a timekeeper showed 5% 1™ 28% the observed altitude of
a Bootis (Arcturus) W. of meridian was 31° 5 40", the
index correction — 4’ 107, and height of eye above the sen
20 foet; required the longitude. On Aug. 25, the chrono-
meter was slow on Greenwich mean time 2" 404 and its
daily rate was 4*3 gaining.

Ship, Sept. 10 . . . . T 1~
Long. intime . . . . ¢ 8 k.
Greenwich, Sept. 10 . . & 7
Interval, 164 5% Daily rate. . . 4*3
1
258
43
sy :8_8—
1,4 .. 07
02
6,0 697
Accumulated rate . . . . 1= 9%7 gained
JChronometer showed . . . 6§ 1 2840
30 188
Originalerror . . . . . . 2 40°0slow

Greenwich mean time ¢ . . 5 2 883
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Observed altitude . . . 31° & 40~
Index correction . . . 4 10 —
31 1 30
Dip. « o . .. . . 42—
30 57 6
Refraction . . . . . 1 37 —
30 55 29

=

lw
3

Zenith distance. . . . 59 4 31

Right ascension mean aun.

10th . . . . . . 11t 18 28%15

moL. 49-28
omeL . 49
11 19 17y
Star's right asccusion . . . 14» & 34%65

Star's declination . . . . 19° 59’ 44" N,

Tatitade . . . 48° 200 "N, . . See. . . 0177312

Declination . .19 59 44 N. . ., Secc. . . 0027003
25 20 14

Zenith distance . 59 4 1

Sum. . . . .87 24 47 . . . Jhav.. . 4839453

Difference. . .30 44 15 . . . Jhav.. . 4423205
Hav. . . 9467063

Hourangle. . . . . . 4b 22= 15
Star's right ascension . . 14 8 8446
18 30 496

Right ascen. mean sun . . 11 19 179
Ship mean time . . . . 7 11 317
Greenwich mean time . . 5 2 583

Longitude in time . . . 2 8 334
Longitude . . 32° & 217E.

2. May 24, 1844, at 118 11™ p.xr., mean time nearly, in
latitude 50° 48’ N, and longitude by account 1°'0' W. when
a timekeeper showed 11b 12m 11%§, the observed altitude
of a Lyre (Vega) E. of meridian was 109° 29' 18" in
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artificial horizon, the index correction — 8’ 46", required
the longitude. On May 14, at Greenwich mean noon the
chronometer was slow 1™ 15%8 and its mean daily rate was
74 losing.

Ship, May 24 . . . . 11} 1=

Long.intime . . . . 4

Greenwich, May 24 . . 11 15

Dailyrate . . . %4

Tuterval, 104 11» 15~ 10
Sisy 740
2 .} 28
1,4 6
15m, | __L
G, 772 lost
Accumulated rate . . . ™ 172

Chronometer showed . . 11 12 11§
11 13 200
Original error » . . . . 1 168

Greenwich mean time . . 11 14 448

Observed altitude . . 109 20 18~

Index correction, . . 3 44 —
T
hi 4-*.1.:;
Refraction . . . . . 1 —
5 42 5
00

Zenith distance . . . 35 1T 55

Itight ascension mean san,

Uth . . . . . 4h 5= 4356
JRLINN 1 4542

=, . 2-30

4 . . 13

4 10 344

Star's right ascension . . 18 31= 422
Star's declination. . . . 38° 88 24" N.
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Letitude . . .50° 4% O*N. . . 8ec. . . 0199263
Declination . .38 38 24 N. . . Sec. . . 0107300
12 9 36
35 17 65
Sum. . . . . 47 27 31 . . . }hav.. . 4804673
Difference. . .23 8 10 . . . {hav.. . 4302209
9213445
Hourangle. . . . . . 200 49= 13¢
Star's right ascension . . 18 31 422
39 20 552
Right ascen. meansun. . 4 10 844
Shipmean time . . . . 11 10 208
Greenwich mean tie . . 11 14 448
Longitude in time . . . 4 240

Longitude == 1° 6’ W.

(182.) Aug. 20, 1845 at 0" 30™ a.M., mean time nearly,
in latitude 50° 20" N. and longitude by account 142° 0’ E.
when a chronometer showed 28 41m 12°, the observed
altitude of the star a Aquile (Altair) was 36° 59’ 507,
west of the meridian, the index correction 4+ 6' 30" and
height of eyo above the sea 20 feet; required the longitude.
On Aug. 1 the chronometer was slow on Greenwich mean
time, 17™ 4520 and its daily rate was 453 losing.

Ans, 142° 14’ 15" E.

(183.) Sept. 10, 1844, at 44 21w A.M., mean time nearly,
in latitude 40° 36’ N.. and longitude by account 73° E.,
when a chronometer showed 11* 21™ 565 the observed
altitude of B Geminorum (Pollux) was 39° 0' 107 east of
meridian, the index correction — 4’ 10" and height of eyc
above the sea 20 feet, required the longitude. On Aug.
20, tho chronometer was slow on Greenwich mean time
3% 1929, and its daily rate was 9*3 gaining.

Ans, 72° 45' 45" E.

(184.) January 16, 1845, at 8" 0™ pas, mean time
nearly, in latitude 49° 56' 50" N., and longitude by account
94° 80' W,, when a chronometer showed 2* 24w 308, the
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observed altitude of a Leonis (Regulus) was 8" 4’ 20", E-
of meridian, the index correction — 4’ 20”, and height of
eye above the sea 25 feet, required the longitude. On
January 1, the chronometer was fast on Greenwich mcan
time 5= 30*5 and its daily rate was 555 Josing.
Ans., 94° 24 45" W.
(185.) January 20, 1846, at 84 30™ p.M., mean time nearly.
in latitude 50° 48’ N., and longitude by account 7° 10' W..
when a chronometer showed 8 32m 50* the observed altitude
of ¢ Leonis was 25° 0 10" east of the meridinn, the index
correction — 6’ 20", and the height of eve above the sex
20 foet ; required the Jongitude. On January 2, the chrono-
meter was fast on Grreenwich mean time 30™ 30% and its
mean daily rate was 15%5 losing. Ans, 7° 18 K.

Elements from Nautical Almanac.

Right asoen. mean sun. Star's right aseon. Htar's decl,
Aug. 19 . . Oh 5Om 465 . . 19h 43m 170, . B° 28 TN,
Sept. 8 . .11 14 316 . . 7 85 48+6. .28 2% 40 N
Jan. 16 . .19 43 T2 . . 10 0 8%, .12 43 6 N

Jan, 20 . .19 57 559 . . ® 37 8. .2 ¢ 3N

Longitude by lunar obzerrvation.

The time at the ship is obtained by the same kind of
observation as that for tinding the longitude by chronometer.
The time at Greenwich is found by caleulating the truc
distance of the moon from the sun or some other heavenly
body, and comparing it with the distance of the moon from
the same heavenly body as recorded in the Nautical Almanac
for some given time at Greenwich.

To find the true distance.

The true distance is found by clearing the observed
distance of the effects of parallax and refraction, by the
following or some other similar methods.
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Rule for clearing the distance by the common logarithmic
tables.

Let 8, be the apparent place of the sum, then in con-
sequence of the effects of parallax and refraction, the latter
raising the sun more than the %
former, depressing it in alti- -
tude, its true place will be .
below 8, as at 3. k;

Let u, be the apparent place ** \S1
of the moon, then its true s
place will be above M, since the moon is depressed by
parallax considerably more than it is raised by refraction ;
let therefore M represent the true place of the moon.

Through M, and s, draw the arc of a great circle u, 8,;
this will be the apparent distance found by observation, draw
also a8 an arc of a great circle through the true places of
the sun and moon, then the are M s will be the true distance
of the heavenly bodies at the time of observation to Je
computed.

Let z bo the zenith of the spectator ; then if we suppose
the effect of parallax to take place in a vertical circle, the
arcs 7z X, 7 8 are circles of altitude.

The true distance M8 may be computed by means of the
comumon rules of spherical trigonometry, as follows:

1. In trinngle M, zs, the three sides are given, namely,
the two apparent distances z M, and z 5, and the observed
distance M, 8, to find the angle z.

2. In triangle Mz s are given the two sides Mz and sz
the truo zenith distances of the heavenly bodies and the
included angle z just found, to compute the third side 2 s,
the true distance required.

The practical inconvenience of this method arises from
the necessity of taking out the log. sines, &c., to the
neavest second, a work of considerable labour with the
common tables of logarithm sines, &c., which seldom give
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the ares nearer than 15”. To obviate this the true distance
is now usually found in terms of the versines, the arcs in
the table of versines being given to the nearest second.

Investigation of the Rule for clearing the distance by means
of a table of versines.

Let z M the true zenith distance of moon =z
» E8 » of sun or star = 2,
» % M, the app. zenith distance of moon =90 —a
» 28, » of sun or star = 90 — g,
(where @ and a, are the apparent altitudes of moon and sun
or star)
3, 8, apparent distance of bodies . . =4
and M 8 their true distance . . . . =ur

. COS. o — COS. Z CO8. &
IntrianglezMs . cos.z = "l T

sin, 2 sin. 2,
cow. d — gin. a sin. a,

In triangle zM,8, . cos. 2 =
CO8. @ co8. a,

.". CO8. X — CO8. 2 cos 2, _ cos.d — gin. a 8in. a,

sin. 2 sin. z, CO8. « Cus. @,
adding 1 to both sides, and multiplying up
cos. £ — (cos. z cos. 7, — sin. 2 sin. )

sin. & sin, 7,
_ cos. d — sin. a sin. a, 4+ Cos. a Co8. @,
- o ' cos:- a ’.'05.‘7”" oo
or cox. a — cos. (= + 2) _ cos. d 4 cos. (4 + a)
Usinzminr, T cosacosa
"o CO8. & — cos. (2 + z) ) .
sin. z sin. 2,
COB. a cos. a,
= (cos. & + €08. & + «). 2 con. A
sih. 2 sin. z,
©08. @ co8. «,
=2cos. dcos. A + 2 cos. (6 + a,) cos. A

= (cos. d + cos. a + a).

(Assuming =2 cos.A). . cos. &—cos. (2 + z)
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=¢08.(a+ 4) +cos.(d—1) +cos.(a +a,+ ) + cos.(a+a,—4):
transposing cos. (z + 2,) end subtracting each term from
1 we have
l—cosz=1~—cos. (z42) +1—cos (a+ 4)
+ 1—cos. (d—4a) + 1 —cos. (a+a + 4)
+ 1 —cos (a+a —a)—4
Or in tabular versines (see the suthor’s Trigonometry.
p- 80.)
.. tab. ver. « = tab. ver. (z + z) + tab. ver. (d + a)
+ tab. ver. (d — A) + tab. ver. (a + a4, + A)
+ tab. ver. (¢ + a, — A) — 4000000.
The auxiliary angle 4 is found in the Nautical Tables of
Inman, Riddle, Norie, and others.
The student will be able to determine the relative
value of the two methods, by working an example by each.

EXAMPLE.
Required the truo distance of the moon from the sun,
having given

App. alt. sun . . 34721°32" Truoalt.sun . . 34° 20" 14"
App.alt.moon . . 57 11 26 Truealt. moon . 57 40 11
And apparout distance of centres . . . . . . . 35 47 24

First method.—By the common rules of trigonometry.

Y. To find angle 2, in triangle s 2y, @

Sun's app. genith dist. . 55° 38" 28" . Cosec. . . . 00832731
Moon's app. zenith dist.. 32 48 85 . Cosec. . . . 02661208
22 49 53
Apparent distance. . . 35 47 24
Sawm . . . . . . . 88 U7 1V
Difference . . . . . 12 57 31
dsum . . . .. . . 20 18 985, Sin . . . . 06807023
§ difference . . . . . 6 28 455 . Sin . . . . 90524788
2) 19-091666¢

Sinj:. . . 95458330
3. . . 20 84 285
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2. To find s M tn triangle 8 7 M.

Const. log.. . .

Sin. sun’s true zenith dist. .
Sin. moon’s true zenith dist.
Twice sin. § ¢

Vers. arc.

Log. ver. arc .

Ver. diff. of zenith distances

Vers. distance

63010300
9°9168391
97281939

. 190916660
50377290

1090076
81669
107

1908562

.. True distance = 354" 59’ 14",

207

Second method.—The true distance found by veraines, the
auxiliary angle (taken from the table) being 60° 25’ 16".

Sun’s true zen. dist. .

Moon's true zen. dist. .

Sum .

Apparent distance |
Aux. angle (A)
Sum .
Difference
Sun's apparent alt. .
Moon's apparent al2.

Aux. angle (A)
Sum .
Difference

557 39" 467
32 19 bo
&7 59

30 47 24
£0 516
9 12 40 vers.
24 87

133

57 11 25
3421 a2

60 25 16

L1151 55 I3 vers.
81T 41 vers.

36 vers. .

52 vers.

964810
1107994
00885
1882674
143883
4190251
605
41008566

vers, 190806

Parts fin

Reeonds
174
194
104
Ju
Toe
(M)

.+ True dist. 36" 69’ 15

In practice it is not necessary to take from the table of
versines more than the last five figures, rejecting also all but
these last five in the sum, since the true distance will be
always either in the same column with the apparent distance
or the adjacent one. Thus, taking the preceding example,
it may be worked thus:—
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55° 39’ 46"
3

_...2__.’.?_.E‘l Vers. l;:;:‘;n:
87 59 86 vers. 64810, . . 174
o5 47 24 07999 . . . 195
60 25 16 90885. . . 104

80 =5 16 82674. . . 30
96 12 40 vers. 43883 . . . 102

vo 40883 . . . 102
24 37 52vers. 00251 . . . 605
5 11 25 . Sos
34 21 32 90836 . . 35° 59’
91 32 57 82
60 25 16 4. . 15"
151 58 13 vers. True dist. . . 35 59 15

31 7 41 vers.

Hence this rule for clearing the distance by means of an
auxiliary angle.

Rule XLIX.
o clear the lunar distance.

1. Under the sun’s or star’s true zenith distance put the
moon's true zenith distance; take the sum which mark vers.

2. Under the apparent distance of the two centres put
the auxiliary angle A; take their sum and difference, against
both, which mark vers.

3. Under the sun’s or star’s apparent altitude put the
moon’s apparent altitude and take their sum ; under which
put the auxiliary angle A; take the sum and difference,
against both which mark vers.

4. Add together the five last figures of the versines of
the quantities marked vers., rejecting all but the last five in
the result, which look for in the column of versines under
the apparent distance, or under the adjacent one: take out
the arc corresponding thereto, which will be the true dis-
tence required. See example, above.
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EXANPLES,

(186.) The apparent altitude of the moon = 50° 54’ 38"

,, true zenith distance - =38 80 40

» apparent altitude of the sun = 30 29 48

,» true zenith distance » =59 31 44

and the apparent distance of the two centres = 88 49 38
and the auxiliary angle A . . . . . . =60 24 12
required the true distance. Ans, 88 24 17
(187.) The sun’s apparent altitude 54° 20" 83"

., moon’s apparent altitude. . = 5 25 59
., moon’s zenith distance = 83 48 29
., sun's zenith distance . = 85 31 3
., auxiliary angle A = 60 211
,» apparent distance . =105 5 47

required the true distance. .\m 104 26 18
(188.) The sun’s apparent altitude is 17° 39" 317, the
moon’s apparent altitude 24° 13' 45, the moon’s zenith
distance 64° 56’ 457, the sun’s zenith distance 72° 23’ 227,
the auxiliary angle A 60° 12’ 33", and the apparent distanco
111° 20’ 45”; required the true distance.
Ans., 110" 56' 0",
(189.) The sun's apparent altitude is 51 47’ 4", the
moon’s apparent altitude 21° 20’ 1”7 the moon’s zenith
distance 67° 51' 57, the sun's zenith distance 35 13' 327,
the auxiliary anglo A 60° 10 +1", and the apparent distance
71° 16’ 44”; required the true distance.
Ans, 70° 3§' 5"
(190.) The sun’s apparent altitude is 12° 19’ 307, the
moon’s apparent altitude 20° 40’ 187, the moon’s zenith
distance 68° 28’ 197, the sun’s zenith distance 77° 44/ 42",
the auxiliary angle A 60° 1¢’ 53", and the apparent distance
124° 44/ 32”; required the true distance.
Ans., 124° 19' 11",
(191.) The sun’s apparent sltitude is 57° 53' 52", the
moon’s apparent altitude 35° 3' 2, the moon’s zenith
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distance 54° 11’ 56", the sun’s zenith distance 32° 6' 40",
the auxiliary angle A 60° 17' 54", and the apparent distance
85° 84/ 42" ; required the true distance. _
: Ans,, 64° 58 10",
(192.) The sun’s apparent altitude is 15° 43' 48", the
moon’s spparent altitude 16° 5' 5°, the moon's zemith
distance 78° 1’ 82", the sun’s zenith distance 74° 19' 28",
the auxiliary angle A 60° 8' 36", and the apparent distance
119° 44’ 81”; required the true distance.
Ans., 119° 19 51"
(193.) The apparent altitude of a star is 20° 13’ 26, the
moon's apparent altitude 31° 17' 22", the star’s zenith
distance 69° 49’ 11", the moon’s zenith distance 57° 57’ 44",
the auxiliary angle A G0° 15’ 21”, and the apparent distance
72° 42' 16"; required the true distance.
Ans, 72° 33 4",
(194.) The apparent altitude of a star is 28° 59' 16, the
moon’s apparent altitude 32° 30’ 107, the star’s zenith
distance 60° 2’ 24, the moon’s zenith distance 56° 41' 83",
the suxiliary angle A 60° 17’ 23", and the apparent distance
58° 44/ 19", required the true distance.
Ans., 58° 30 21"

Rule L.
To find the longitude by lunar observations.

Objects observed, sun and moon. Altitudes taken. Ship
mean time determined from sun’s altitude.

1. Get a Greenwich date.

2. Take from the Nautical Almanac and correct for
Greenwich date the following quantities :—

Sun’s declination and semidiameter.

Equation of time (noting whether it is to be added to
or subtracted from the ship apparent time).

Moon's semidiameter and horizontal parallax.
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8. Correct the sun’s apparent altitude for index cor-
rection, dip, semidiameter, correction in altitude, and thus
get the sun’s apparent and true altitudes. Subtract the
true altitude from 90° for sun’s zenith distance.

4, Correct the moon's observed altitude for index cor-
rection, dip, semidiameter (augmented), correction in alti-
tude, and thus get the moon’s apparent and true altitude.
Subtract the true altitude from 90° for moon’s zenith
distance.

§. When the moon’s correction in altitude is taken out
of the Tables, take out also at the same opening the ausiliary
angle A.

6. Correct the observed distanco for index correction,
and to the result add the semidiameter of the sun and moon
(augmented), and thus get the apparent distance of the
centres.

7. To find ship mean time." Under sun's declination put
the latitude of the ship; take the sum if their names be
unlike, the difference if the names be alike. Under the
result put the sun’s zenith distance; take the sum and
difference of the lnst two lines put down. Add together
the log. sccants of the two first quantities in this form
(omitting to put down the tens in the index) and half of
the log. haversines of each of the two last quantities. The
sum will be the log. haversine of the ship apparent time.
‘When the sun is west of the meridian, the time correspond-
ing to the haversine must be taken out at the top of the
page; but when the sun is enst it must be taken out at the
bottom. The result is apparent time at the ship: to this
apply the equation of time with its proper sign and the
result will be the ship mean time.

8. Tb calculate the true distance, and thence Greenwicl
mean time.

* If tho student bave no table of Laversines he msy procoed a«

pointed out in the note p. 171, and Ex. p. 174, to find ship apparent
time.
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Add together the zenith distances of the sun aud moon,
and mark the sum v.

Add together the apparent altitudes of the sun and
moon, and under the sum put the suxiliary angle A : take
the sum and difference of the last two quantities, and mark
each with the letter ».

Under the apparent distance of the centres put the
auxiliary angle A and take the sum and difference and mark
each result with the letter «.

Add together the five last figures of the versines of each
of the quantities marked v. The five last figures in the sum
being looked for in the column of versines under the
apparent distance or in the adjacent column, the arc
corresponding thereto will be the true distance of the sun
and moon at the time of the observation.

9. To find Greemcich mean time corresponding lo thiz
{rue distance.

Take out of the Nautical Almanac two distances of the
sun and moon three hours apart, between which is the true
distance just caleulated : place the first distance taken out
under the true distance, and the one three hours after under
the other distance iaken out. Take the difference between
the first and sccond, and also between the second and third.
From the proportional logarithin of the first difference
subtract the proportional logarithm of the second difference;
the remainder is the proportional logarithin of a portion of
time, which take from the table, and add thereto the hours
corresponding to the first distance taken out of the Nautical
Almanac. The result is Greenwich mean time when the
observation was taken.

The difference between ship mean time found above and
Greenwich mean time is the longitude in time ; turn it into
degrees, and mark it “east if the Greenwich time is the
least, and west if the Greenwich time is best.”
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EXAMPLES,

Feb. 12, 1848, at 2t 86m p.., mean time nearly, in
1at. 53°80’ N., and long. by account 15° 30’ E., the following
lunar observation was taken :—

Oba. alt. sun’s L. L. Obs. alt, moon's L. L. Obs, dist. N. L.
29° 17 167 25° 40’ 20" 99° 27 30~
Index cor. 2 10 1 10 0 50 —

The height of the eye above the sea was 20 feet; required
the longitude.

Ship, Feb. 12, . . . 2k 34m
Long. intime . . . 1 3K

Greenwich, Feb. 12 . 1 3

Sun’s derlin. Equa. of thor. Moon’s semni. Hor. par
19th . . 1887 18 S.. . 14~ 33*add 12th noon . 35’ 58 . . . , 5w 38
18th . . 13 82 218, .14 32 v Wid. .15 54 ., MW
19 57 1 4 13
seor, O *RERES
13 81 3 8.

Bun's sewi. . 18 13

Sun’s alt. Moon's alt. Insiaure.
Obx.alt, . . 29° 17 2 Ohs.alt, . .25 400 20 w2 30
In.cor. . . 2 10— Inecor. . . t 10 Inoeor. . . 0 50~
9 15 16 D3 10 0 26 4
Dip. . . . 4 24 - Dip. . . . 4 24 Fun'sreml. . 16 13
0 10 52 w5 4 4o Moon'ssemi, 18 &
Semi. . . . 16 13 Semf. . . . 155 68 58
2% %W 5 <5 W bl
Cer.in alt. . 1 35-- Cor.fuslt. . b 13 60’ 13 40
W B W M [
80 2 41 85

Sun’s Z.D. . 60 34 » >
Moon's Z.D, 63 18 25
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(195.) March 25, 1847, at 3b 30™ p.u., mean time nearly,
in Iat. 52° N., and long. by account 38° W., the following
lunar was taken : —

Obs. alt. san's L. L. Obs, alt. moon's L. L. Oba. dist. N, L.
23° 10’ 20" 23° 50° 10" 112° 56’ 30"
Index cor. 6 10— 5 04 4 20 =
The height of ‘the eye above the sea was 20 feet ; required
the longitude. Ans., 32° 59’ 30" W.

(196.) April 20,1847, at 2% O™ r.M., mean time nearly, in
lat. 50° 50' N., and long. by account 1° 40’ E,, the following
lunar was taken :—

Obs. alt. sun's L. L. Oba. alt. moon’s L. L. Obs, dist. N. L.
43° 18’ 30" 24° 39’ 20" 69° 120 0"
Index cor. 0 10 + 0 20 — 0 50 —

The height of the eye above the sea was 20 feet ; required
the longitude. Ans,, 1°20' 30" E.

(197). May 19, 1847, at 2b 50™ .M., mean time ncarly,
in lat. 51° 30’ N,, and long. by account 20° 4 E., the fol-
lowing lunar was taken :—

Obs, alt. sun's L. L. Obs. alt. moon's I.. L. Obs. dist. N. L.
42° 500 30" 25° 10" 20" 61° 40 20"
Index cor. 4 10 + 6 10— 2 10 4+
The height of the eye above the sea was 20 feet ; required
the longitude. Ans., 20° 42' E.

(198). Feb. 6, 1851, at 3k 30™ ».M., mcan time nearly, in
lat. 60° 20' N., and long. by account 26° 45’ E., the follow-
ing lunar was taken:—

Obs. alt. sun’s L. L. Obs. alt. moon's L. L. Obs. dist. N. L.
24° 200 0" 33° 10 0" 57° 30r 10"
Index cor. 2 30 4+ 1 204 2 04

The height of the eye above the sea was 11 fect ; required
the longitude. Ans., 28° 85’ E.
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(198). Feb. 20, 1850, at 8% 50= p.M., mean time nearly,
in lat. 10° 20’ N,, and long. by account 7° W, the following
lunar was taken :—

Obs. alt.sun’s L. L. Obs. alt. moon’s L. L. Obe. diat. N. L.
30° 15 40" 24° 10" 10", 100° 55 10"
Index cor. 3 10— 1 104 0 30 4
The height of the eye above the sea was 20 fect; required
the longitude. Ans., 74 W.

(200.) Jan. 9, 1851, at 2t 50™ .\, mean time nearly, in
lat. 56° 10’ 20" N., and long. by account 20° 40’ E, the

following lunar was taken :— .
Obs. alt. sun's L. L. Obs. alt. moon's L. L. Obs. dist. N. L.
19° 10 207 25 80 10~ 70100 207

Index cor. 2 10 4+ 1 20— 2 20—

The height of the eye above the sea was 20 feet; required
the longitude. Ans., 20° 35’ E.

Elements from Nautical Almanac.

Bun’s deelin. Eg. of time. Moon's semi. Hor. par. 8Sun's semi.

Mar.25. 1740 6 N, . . 6~13*8add . . 14 89 . , B¢ 69 . . 160 §
n 26,2 4 BN . .5 82, .. 14055 .. 066 M4
Distanco at 3 hours, 111° 33 34 ; at 6 hours, 112° 57’ 16 .

Apr.20 11 23 H4N. . . 1 Sdsub. . . 15 237. . 56 296. ., 15 56
» 21.11 44 26N, . . 1 1688 , . , 15 170, . 56 B8
Distance at noon, 66> 14* 43 ; at 3 hours, 69° 43 48,

May10.19 41 87N, . . 3 4938mub.. . 16 116. . 55 465. . 15 49
, 90,10 64 N, . . 3 4690 , . . 15 63. . 55 /T
Distance &t noon, 61> 0’ 55 ; at 3 hours, 627 27* 36 .

Feb.6 .15 42 19 8. . .14 2X5ladd. . 14 0550. . 54 443. . 16 14
o T .15 33 38, . .M 216 ,, . . 14 B350, . B4 591
Thstanco at O hours, 57" 9* 21 ; at 3 hours, 58° 32’ 3¢ .

Feb,20.10 55 83 8. . . M4 17add . . 18 44. . B33 562. . 16 11
n 20,10 34 168 . .13 847 ., . . 18 96. . W 180
Distanco at 3 bours, 100" 7* 50 ; at 6 hours, 101> 45 50 . :
Jan, 9.2 0 928 . . 7 194add . . 14 B5K. . B4 472. ., 16 17

w 10,9 0888 . .7 41, ..15 02 .35 36
Distance at 0 hours, 76° 45° 42 ; at 3 hours, 79 8 46 .



IQNGITUDE BY SUN LUNAR. 217

Ship tims obtained from moon’s allstude.

‘When the sun or star is near the weridian, the ship mean
time must be obtained by computing the hour angle of the
moon and deducing from thence the ship mean time. This
may be done by the following rule.

Rule LI.

Objects observed, moon and sun. -Altitudes taken.

8hip mean time obtained from moon’s altitude.

1. Get a Greenwich date.

2. Take out of Nautical Almanac and correct for Green-
wich date the following quantities:—Right ascension of
mean sun and sun’s semidiameter; right ascension and
declination of moon; semidiameter and horizontal parallax
of moon.

8. Correct the sun’s altitude for index correction, dip,
semidiameter, aud thus get the apparent altitude: from the
apparent altitude subtract correction in altitude ; the result
is sun’s true altitude, which subtract from 90° for sun’s
true zenith distance.

4. Correct the moon’s altitude for index correction, dip,
semidiameter (augmented); the result is the moon’s apparent
sltitude. To the apparent altitude add the correction in
altitude, the result subtract from 90° for tho moon's true
zenith distance.

5. When the moon's correction in altitude is taken out,
take out also at the same opening of the book the auxiliary
angle A.

6. Correct the observed distance for index and semi-
diameter.

7. To find ship mean time.

Under the moon’s declination put the latitude of ship:
take the difference if the names be alike, but their sum if
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- the names be unlike: under the result put the moon’s
zenith distance, and take the swm and difference. Add
together the log. secants of the two first quantities in this
form (rejecting the tens in index) and the halves of the log.
haversines of the two last; the sum is the log. haversine of
the moon’s hour angle, to be taken out at the top of the
page if the moon is west of the meridian, but at the bottom
of the page if the moon is east of meridian. To the hour
sngle thus found add the moon's right ascension, and from
right sum (increased if necessary by 24 hours) subtract
the ascension of the mean sun; the remainder (rejecting
24 hours if greater than 24 hours) is ship mean time at'the
instant of observation.
8. Then proceed as in p. 211, arts. 8, 9.

EXAMPLER

May 22, 1844, at 11" 15® A, mean time nearly, in
lat. 50° 48’ N., and long. by account, 1° W., the following
lunar observation was taken :—

Obe. alt. suo’s L. L. Obe, lt, moon's L. L. Obe. dist. N. L.
57° 5% 0" 22° 58 2" 56° 20° 6*
Index cor. 0 354 0 20— 0 85 —

The height of eye above the sen wus 24 foet; required the
longitude.
Ship, May 21 . . . . 2315~
Loung. intime . . . . 4 W,
Greenwicl, May 21 . . 23 19

Right ascon. mcan sun. Mcon's right ascen. Moow’s declination.

Mab. . . . SAOEmBIE 2B . . . . TSR B, . . 1P & 1N,
... 840 0 ....T78 W O0...6 5 1N,
W, 31 T 6 8 1

T oa9 090 9940
148358 -BI508
Swn'ssenl. . 15 49 MOMB 0 W i *m

T8 4 W 3 8K
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Meca's semi. Moon's hor. par.
Slst,mid . . 1¥ 18 . . . & T8
23ad,m000 . 3 8T . . . 55 287

44 161
Cor.. . . . 40 . . . 120
15 53 65 198
o Avg.. . . . 55
15 108
Sau's altitnde, Moon's altitude, Obosrved distsnor.
Obalt, . 57° 853 O Obealt. . 0¥ 2 o % &
Index cor. . %+ In.oor. . 0 20— 35 -
o7 83 38 22 83 4% 5 3 8
Dip . .. 4 49—~ Dip. . . 4 49— 1B 1
37 48 48 " 47 53 B e
Hemb. . . 15_® 15 1 0 56 31
Appalt. . 58 4 85 App.alt. . B 3 4 Aus. A,
Cor. inalt. . 98— Cor. fnalt, 8 9 0 11 3
8 3 8 17 ‘
%0 ey 81 48 L]
don's Z.D.. 31 54 1 0 6 11 B

Zen.dist. . 66 8 18

Moon's declination. 17° 2 40" N, . Sec.. . 0019510
Sec,

Latitude . . . . 50 48 O N, 0199263
83 45 20

Moon's gen. dist.. . 68 8 18 .
Som, . . . . . 99 63 88 3 hav. . 4-883032
Difference. . . . 32 22 58 { hav, . 4445378
hav.. . 9548068
Hourangle . . . . . 19 8= 17
Moon's rightascen. . . 7 068 4
2T 24 2

Right asc. meansun . . 4 0 455
Ship mean time. . . . 23 38 875
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To find Grmmbmtme
Mﬂldilt.. . 81" 8¢ 1" Versines.
Zenith dint. ., . 68 8 18 40825 . . 91
Bam . . . . 98 4 19vems 80612 . . 5¢
66008 . . O
App.alt.. . . 58° 4 35" 56063 . . 48
App.slt.. . . 5 01608 . . 2 -
81 7 89 44611 . . 191
Aux.angle . . 60 11 389 190 e aist.
Bum . . . .J41 1y 18vers.  44801.56 16 32
Difference . . 20 56 0 vers. 55 15 36.ab21 b
56 41 20
App. dist. . . 56° 56 31° 47042 1 0 56
Aux. angle . . 60 11 389 32212 1 25 44
Sum . . . . 117 8 10 vem. 14830 . 28 7w 56+
Difference . . 3 15 8 vers. 21
Greenwich mean time . 23 7T 56
Ship mean time . . . 28 3 875
Long. in time . . . . 4 186
Longitude . . 1° 4 37" W,

(201.) May 16, 1850, at O 50 p.m., mean time nearly,
in lat. 42° 30’ N, and long. by account 29° 6’ W, the
following lunar was taken : —

Obs.altsuns L. L OBl mony L. L. Obs. dist. . L.
61° 44* 30" 39° 307 20 63° 10 0"
Index cor. 2 10— 110 — 0 20 4+
The height of the eye above the sea was 20 feet ; required
the longitude. Ans, 20°5' 0" W.

(202.) May 18, 1850, at 1% 0= p.x, mean time nearly,
in lat. 43° N,, and long. by account 41° 86’ W., the follow-
ing lunar was taken :—

Oba.sitsansL.L,  Obfelt moous L. L. Obe. dist. N. L.
64° 30’ 10° 18° 10 9207 90° 30 10"
Index cor. 2 104 1 10 — 1 20 4

The height of the eye above the sea was 15 foet; required
the longitude. Ans, 41°33 45" W.
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Eloments from Nautical dlmanac.

Mean oun's R. A, Weosn's seml. Hor, par. Mooe's R. A, Meon's decl. Biw's som!
10th . § 3~ 214 Noon, 10 16+4 50 4370 T 88=16~79 18°B1' 36 N. Ib B~
MM, 16 139 50 340 8 O 4801 18 47 43 N,
Distance at noon, 61> 27* 96*; at 3 hours, 63° 7* 50,

1&!& 3 43 1525 Noom, 16 43 53 588 9 87 498 1S17T B N. W
Mid. 18 08 58 45°3 9 50 2388 13 8 B N,
Distance at 3 hours, 89° 31* 39*; at @ hours, 81° 0 1+,

Rule LIL
Ship time obtained from star's altitude.

1. Get a Greenwich date.

2. Take out of the Nautical Almanac and correct for
Greenwich date the following quantities:—star’s right
ascension and declination ; right ascension of mean sun;
moon’s scmidiameter and horizontal parallax.

8. Correct the star’s observed altitude for index correc-
tion and dip; the result is the star’s npparont altitude ;
from this subtract refraction; the remainder is the star’s
true altitude, which take from 90° to find star's true zemth
distance.

4. Correct the moon’s altitude for index correction,
dip, semidismeter (augmented), and thus get the moon’s
spparent altitude; to this add the correction in altitude:
the result is the moon’s truo altitude. Subtract the moon’s
true altitude from 90°; the remainder is the moon’s true
zenith distance.

5. When the correction of the moon’s altitude is taken
out, take out also at the ssme opening of the book the
auxiliary angle A.

8. T find ship mean time.

Under star’s declination put latitude of ship: take the
sum if the names be unlike ; but if the names be like take
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the difference: under the result put the star's true zenith
distance: take the sum and difference of the two last
grisntities put down.
- Add together the log. secants of the two first: quantities
“in this form (rejecting the tens in the index) and the halves
of the log. haversines of the two last; the sum will be the
log. haversine of the star’s hour angle, to be taken out at
the top of the page when the star is west of the meridian,
snd at bottom when east. To the hour angle thus found
add the star’s right ascension, and from the sum (increased
if necossary by 24 hours) subtract the right ascension of
tho mean sun; the result (rejecting 24 hours if greater
than 24 hours) will be ship mean time.
Then proceed as in p. 211, arts. 8, 9.

EXAMFLES,

June 2, 1849; at 10t 17= p.m., mean time nearly, in

lat. §0° 50’ N., and long. by account 41° W., the following
lunar observation was taken :—

Gt it Regulue Obs. alt. moow's L.L. Dist. N. L.
. 20° 21’ 40" 31° 11' o 72" 3¢ 30"
lndex. eor, 8 50— 4 10 — 9 10—

The height of the eye above the sea was 20 fect ; required
- the longitude.

Ship, Jupe? . . . . 108 I7™
Lopgintime. . . . 2 44 W
Groeuwich, June 2 . . 13 1
Right aacen. meus sun, Moot's semi. Her, pex.
Wd .. 4 4amSep Star'sR.A. 100 O~ 200 nd, mid. 14’ €8¢, B¢ B
13 £ 81 Biu'adecl 12 42 4 N. Mlﬁuﬂ’ M 15
4«5 ma 2 s
Cor. ... 0. 0
Mo M
Awg. . 7 :

",
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Btar's altitade. Moow’s altitede, Obeerved divtance,

Obe.alt.. . 20° 31’ 40  Olm.alt . 3 11 O ™w W M
Index oor. . 3 80— Indegoor.. 4 30— Indexeorn.. 8 10—
0 17 80 n 6 79 W
Dip . 4 M— Dip . 4 Seml .. W
App.wit. . 20 18 8 31 298 Appéit.. 72 43 18
Cor. ta alt. . S 37— Seml 14 86
20 10 €9  App.ait. . 81 17 3% Aux. ag. A.
20 Cor. In ait. “ % . 018 1
Zoo. dist. . 60 48 U 0 ... 7
2 318 @ 15 &
20
Zen.dist. . 57 &7 44
To find ship mean time. '

Star's declination . 12° 42° 4"N. . Sece.. . 0010765

Latitude . . . . 50 30 ON. . Sec.. . 01998578
38 T 56

Star's zenith dist. . 69 49 11

SBum. . . . . .107 67 7 . . {hav. . 4007823
Difference . . . . 31 41 16 . . jhav. . 4:436186

Hav. . 90654344
Star's hour angle . . . 4% 54=11s
Star's right ascension . 10 0 20

14 84 31
Right aseen. mean sun . 4 46 29

——

Ship mean time . . . 10 9 2
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To find Greemwich méam time.
Star's son, dist.. 69° 49 11" Verstass.
Moon's gen dis. 57 57 44 81360 . . l::

127 46 55 vers. 23483 . .

7 VS ot .. 212
Star'sapp. alt. . 20° 13’ 26" 70828 . . ;1 ,
Moon's app.alt. 31 17 22 Tsed .. 2

51 30 48 "’f:f SR A
Aux.angle A. . 60 15 21 Au
Sum . . . .111 46 Oves 70146.72° 3% 4

: 127 72 19 35at12hours
D .. ETY
ifference 8 44 33 vers 19 73 40 270t 15hours

‘' 112548 13 29
30167 1 20 52

-82381 . 0 27 O

12
Greenwich mean time . 12 27 0
Shipmoantime . . . 10 9 2
Loug.intime . . . . 2 17 58

Longitude . 34° 20’ 30" W,

(203.) Jan. 8, 1851, at 7: O™ p.M., mean time nearly, in
lat. 50° 40' N., and long. by account 4° E., the following
lunar was taken :—

Obs; alt- Aldebaran — (ypg, alt, moon's L. L. Obi, diat. ¥. L.
45° 200 10" 30° 30 0" 71° 31 10"
Index oor. 2 20— 2 10 + 3 30 —
The height of eye above the sea was 18 feet ; required the
longitude. Ans., 3° 46’ 30" E.

(204.) Jan. 9, 1851, at 7% 50™ p.M., mean time nearly, in
lat. 49° 40' N, and long. by account 10° E.,, the following
lunar was taken :—

Qbe. ult. Pollux Obe. alt. moon's L. L. Obe. dist. F. L.
37° 100 10 31° 50 10" 108° 20 0
Index cor. 1 10— 1 20 4 1 30 ¢

The beight of eye above the sea was 18 feet; required the
longitade. Ans,10°19 16°E. -
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(205.) April 18, 1850, at 9% 40= p.x., mean time nearly, "
in lat. 56° 10’ N., and long. by account 28° E., the following
lunar was taken :—

Obe.git o« Vimins  Obe. alt. moon's L. L. Oba. dist. ¥. L.
19° 400 0" £8° 400 20 91° 30 20°
fndex cor. 1 104 120 + 0 30 —
The height of eye above the sea was 20 feet; required the
longitude. Ans,, 28° 8' 30" E.

(208.) April 17, 1850, at 8" 45™ p.a1., mean time nearly,
in lat. 51° 20' N, and long. by account 5° 10' E., the fol-
lowing lunar was taken :—

Obs.alt o Virglnls Qb alt. moon's L. 1. Obs. dist. F. L.
18° 15 30" 36° 25 10" 105° 33 28"
Index cor. 1 104 1 20— 0 20 4
The height of cye above the sea was 20 feet; required the
longitude. Ans,5°8' E.

(207.) November 17, 1847, at 2h 50m .M., mean time
nearly, in lat. 44%480’ N, and long. by account 121° E,, the
following lunar was taken :—

%3 ait- & Arletls Obs. it. moon's L. L. b, dist. X, L.
29° 58 10" 32° 200 90~ 58° 30' 20"
Tndex cor, 5 30 4+ 2 10 — 2 15 —

The height of eye above the sea was 20 feet ; required the
longitude. Ans,, 121° 5' 45" E.

(208.) March 20, 1845, at 74 50™ p.x., mean time nearly,
in lat. 49° 50' N, and long. by account 1° 80' E., the follow-
ing lunar was taken :—

Obe. alt. Aldebaman (b alt. moow's 1. L. Oba. diat, N. L.
37° 4 30 38° 17 20" 75° 15 10
Index cor. 2 4— 1 64 0 20 +
The height of .eye above the sea was 20 feet; required the
longitude. Ans., 1° 34’ 80" E.



Bloments from Neutisal Almanac.

Right asoen.sesen syn. .  Mosw's seml. Hor. par. v
Jan. 8., 19 9= 45+72 . Noem 14 46-8 . 64* 218  StarsR.A,. 0 27m 0T
+ Mid, 14 520 .54 338  Starsdecl . 16°12/ 13" X.
Distance at 6 hours, 712 1/ 577 at 9 hours, 60° 32" 16~. .

dJan.9 . 19 13 42497 . Noon 14 558 .54 473 StarsR.A.. 7 36= 12
Mid. 16 0-2.85 86 Btar'sded .2°2% 40 X.
Distance at 6 hours, 103’ 8’ 4/; at 9 hours, 101° 37" 51",

Aprilis t 44 5862 .Noon 16 B8 .5 154  BtarsR.A.. 130 17e 10
Mid. 16 8°7.50 148 Star'sdecl . 10° 22 &' 8.
Distance at 6 hours, 02?10’ 13; st § honrs, 90° 24’ 38*, .

Aprit17 1 41 207 . Noon 168 8-2.[9 131 StarsR.A.. 18 17910
Mid. 16 8°7.50 149 Starsdecl. . 10°22 41 B.
Distance at 8 hours, 106° 16’ 11”; at 9 hours, 104> 30' 26,

Nov.16. 15 39 4450 . Noon 16 2°1.05%8 500  Stars R.A.. 158 38
Mid, 16 75.5 106 Star's decl, . 23° 44° 0" N.
Distance at 21 bours, 50° 37 26”; at 0 honrs, 48° 44' 36", -

Mar.90 923 51 50°11 . Noon 15 123:2 .55 478 StarsR.A.. 4 20e3
. Mid. 15 17°4.566 67  Starsdecl, . 16° 11 30" N
Distance st 6 honrs, 74° 7 127; at 9 hours, 75" 42 9°.

L
Rule LIIL
Ship mean time obtained from moon’s altitude.

Objects observed, moon and star.

This differs very little from Rule LI, p. 217.

1. Get a Greenwich date.

2. Take out of the Nautical Almanac and correet for
Greenwich date the following quantities :—Right ascenaion
of mean sun ; moon’s right ascension and declination ; semi-
dismeter, and horizontal parallax.

8. Correct the star's altitude for index correction, dip,
and thus get the apparent altitude: from the star’s apparent
altitude subtract refraction; the result is the truo altitude,
which take from 90° for the star’s true zenith distance.

Then proceed as in 4, 5, &e., n. 217.



Skip moan tims from plawet's altitude,
Objects observed, moon and planet.

1. Get a Greenwich date. :

2. Take out of the Nautical Almanac and correct for
Greenwich date the following quantities :—Right ascension
of mean sun; planet's right ascension and declination;
planet’s horizontal parallax (if great accuracy is required) ;
moon's semidiameter and horizontal parallax.

3. Correct the planet’s observed altitude for index correc-
tion and dip, and thus get the apparent altitude ; from the
apparent sltitude subtract the refraction and add the
parallax in sltitude (usually neglected, being very small) ;
the result is the planet's true altitude, which subtract from
90° to get the true zenith distance.

4. Correct the moon’s altitude as in 4, p. 221.

5. Get the auxiliary angle A as in 5, p. 221.

6. To find ship mean time as in 6, p. 221, using planet's
declination and right ascension instead of star's.

7. Then proceed as in arts. 8, 9, p. 211.

EXAMPLE.
September 24, 1849, at 7% 50 p.M., mean {ime nearly, in
lat. 47° 50’ N., and long. by account 2°30' W, the following
lunar observation was taken:—

Qoo it Baturn Obes. alt. moou's L. L. Obw. dist, F. L.
16° 55 0" 15° 80 45° 89> 51’ 86"
Index oor. 3 5— 3 10 — 3 0+

The height of eye above the sea was 20 feet ; required the

Ship, Sept- 24. . . . T 50=
Tong intime. . . . 10 W,

Greenwich, Sept. 24. . 8 0
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Right ssoen. mean sun .

LONGINIDE BY PLANET LOWAR. -

Ship mean time .

Riglet Macen. monn sun. Mommum .
Mt .. L BRI S . O 2=ER . . . . 003 S8
[ A 1188 Gi.. .0 8 B0 . L0178
1214 72 17-2 1 B4
) Cor. . 60  Cor. . 28
Planet's bor. par. 1°0. 0 21 4 oaM 1B
Moon's hor, par. Moow’s semi.
S Obe.dist, . 80° 81 80 Noon. . . . b4 196 . . . . . . 0 68
index cor. . 8 O+ Mid. . . . .54 182 . .. ... 14 478
o o4 % 28 07
Seml., . . 4 51—~ Corv. . 17 Cor. 05
App.dist. . % 32 & 84 153 14 471
Aung. . . 39
14 81
Plaget's altitude. Moon's altitode.
Oba.alt.. .16° 55 0" Obs. alt. . 15° 80’ 45"
I, cor. 38 5— In.cor. 3 10—
16 51 85 15 27 35
Dip . . 4 24— Dip . 4 24—
App.alt.. .16 47 31 13 23 11
Refr.8 11 ~ Semi. . 14 51 4
Par. 14 8 10— 15 38 2 Angle A.
16 44 21 Cor.inalt. . 48 36. .60° T 29"
90 14 2
Zon. dist. . 73 15 39 16 26 52 9O
90 60 7 3
Zen. dist. .73 33 8
To find ship mean time.
Latitude . 47° 80 O"N. Sec. . 0178090
Declination 0 32 18 Sec. . 0-000019
48 22 1
Zenith distance . %3 15 389
Sam. . . . . 121 87 40 4 bav. . 4941087
Difference 24 53 388 3 hav. . 4:333480
Hav, 9447626
Hour angle . .. 18 44= 160
Planet's right ascen. . 0 21 44
20 6 0

12 14 72

7 51 5%
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To find Greomvick mean time.

Zeaith dist. . . 73° 15 39" Versines.
Zenith dist. . . 73 83 8 36764 . . 126
44491 . . 19
146 48 47
' YT qum L.
App.alt.. . . 16° 47’ 31" 34128 .. 8
Appalt.. . . 15 38 2 20981 . . 33
32 25 33 89::: KT
Aux.angle . . 80 7 81
Sum . . . . 92 88 dvems D0132. 80720 &

Difference . . 27 41 58vers, — 110 90 26 30at6hours
99 88 & 4

App. diet. . . 89° 39’ 45" 47412 1 0 25

Aux.angle . . 60 7 31 ‘30877 1 29 26

Sum . . . . 140 47 16vers. 17085 2 1= 3¢

Difference . . 20 32 14 vers. 8
Groenwich mean time . 8 1 36
Ship mean time . . . 7 51 53
Long. in time . . . . 9 43W.

Longitude . . 2° 25' 45" W.

Longitude by lunar — Altitudes calculated.
To find ship mean time.

The error of the chronometer on ship mean time is found
8 little before or after the Junar distance is taken. For
this purpose the observer selects any heavenly body whose
bearing” is ‘nearly east or west, so that the error in the
altitude mayproduce the smallest error in the resulting
hour angle (see Rule XLIIL) Then the time being noted
by the same chronometer when the distance is taken, ship
meen time is known at the same instant, by applying the
error found by the above observation.



280" ' SUN LUNAR:AETIPUDES CATCULATED. -

Rule LV.

Objects observed, moon and stars.

1. Get a Greenwich date. .

2. Take from the Nautical Almanae and correct for the
Greenwich date, the following quantities: sun’s declination, -
equation of time and semidiameter, right ascemsion of
mean sun. Moon’s right ascension and declination, moon’s
semidiameter and horizontal parallax.

8. To find the sun’s hour angle.

To the time shown by chronometer at the observation-
apply the error of chronometer with its proper sign, and
thus get ship mean time; to this apply equation of time, the.
result is ship apparent time, and also the sun’s hour angle.

4. To calculate the sun's altitude.

Under the latitude® put down the sun’s declination, take -
the sum if the names be unlike, but the difference if the
names be alike; call the result »; add together constant
log. 6301080, log. cos. latitude, log. cos. sun's declination,
and log. haversines sun's hour angle, reject 80 in the
index, and look aut the result as a logarithm, and take its
natural number to the nearest unit.

Add together this natural number and the versine of the
quantity ¢ found above: the sum is the versine of the
sun's irue zemith distance, which find in the tables and
subtract from 90°: the result is the sun’s true altitude.

Tb find the sun's apparent altituds.

To the true altitude just found, add correction in altitude
(for parallax and refraction) the result will be the sun’s
apparent altitude very nearly.t

® When' great accureoy is required, the latitude and horizontal:
paraliaz akiould be corrected for the spheroidal figure of the sarth.

+ In atrictuess the. table for correction of altitude ought to have
Mmufodnwtheuppmtdmude,mmdofunmwgﬂu
vorvection in altitude ; but the above is sufficiently correck: - -
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8. To find the moon's hour angle.

To right ascension of mean sun add ship mean time, and
from: the sum (increased if necessary by 24 hours), subtract
the moon's right ascension; the result is. the moon’s hour
angle (rejecting 24 hours, if greater than 24 hours).

6. To find the moon’s true altitude.

Under the latitude put the moon’s declination, take the
sum if the names be unlike, and the difference if thre names
be alike, call the result v. Add together the constant
quantity, 6801030, log. cos. latitude, log. cos. moan’s
declination, and log. haversine of moon’s hour angle, reject
30 from the index, and look out the result as a logarithm,
and take its natural number. To this natural number add
the versine of the quantitywv, found as above; the sum is
the versine of the moon’s true zenith distance, which find
in the table and subtract from 90°; the result is the moon’s
true altitude.

To find the moon’s apparent altitude.

Consider the moon’s true altitude just found as the
apparent altitude; enter the table with it, and take out
the correction in altitude thus approximately ; subtract this
correction from the moon’s true altitude, and thus get the
moon's apparent altitude nearly. Then cnter the table
again with this corrected altitude, and thus take out the
correction in altitude more exnctly; subtract this correction
from the moon’s true altitude, and the result will be the
moon’s apparent altitude very nearly.

Take out at the same opening of the table the auxiliary
angle A.

Correct the moon’s semidiameter for augmentation. Then
proceed as in arts. 6, 8, 9, p. 211.

kO
EXAMPLE.

‘August 19, 1843, in lat. 50° 48’ N., and long. by account
1°6''W., when & chronometer showed 11% 10= 108 a.m.,
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the observed distance of the nearest limb of the sun and
moon was 76° 51' 26", the error of the chronometer on
ship mean time being fast 7= 29+8, and the index correction
1’ 85" + ; required the longitude.

R Bun’s deelination, Eq. of time.
Timebyehro. . . I1* 10198 1&h . 18° 15° 12N, . . 8= {92 uub.
Errorofchro. . . . 7 20°3fast 19th . 12 85 47N, . . 3 301
Shipmeantime . . 23 2 506 40 35 181
Lowg.in time. . . 4 UOW., 01629 01629
Green, date, Aug. 18 28 7 -s4s3 201615
Bhip mean time . . 25 9= 508 L 3 b ot 196
Equa. of time . . . 3 806 sub. 18 54 17N 3 06
Fun's hour angle. . 22 50 199 Sun'ssemi, . 15 49%

L]
Moon's right aseen. Right ascen. meas sun. Moon's declis.
TBthat28h ., . 4h 2720 18th. . . 8% Hm40-22 28> 48 18"N.
, U .4 W4 3 3884 23 43 27 N.
IR S N 0 1
“H3305 9 48 26-% 83306
uam ShipM.T. 23 2 5050 ‘tdqm‘g
saens xens 0 16 32 61 1870 334923 [
T4 o a1 MARA_4 7 80 23 43 15 N.

MsH.A. 4 23 3370

Moon's semi. Moon's hor. par.

18th,atmid. . . 14 59"7. . . . . . . BY 1"8
10th,atmoon . . 16 4°5. . . . . . . 56 191
48 173

03321 08821

3-35218 2'79588
A _3‘_83539 4_:4_ _2‘82869 16_'9
15 411 56 17-8
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To caloulate eun's oltitude.
Latitude . . . 50° 48 O'N.
Sun’s declination 18 §¢ 17 N.

36 53 430

6301080
9800787
9987085
8-240938

4°328790
21369
0200141

124

0221634
574

60

Coust. log. . . . . .
Cos. sun’s dec. .
Hav. sun's hour angle .

Nat. No..
Vers. v. .

Vers. sun's zen. dist.. .

28 5% 20"
90

Sun’s zenith dist. .

Sun's truealt. . . 51 6
Cor.inalt. . . . 0

Son'sapp.alt. . . 51 7

Aux. angle A.
60° 16 4"
4
3

60 16 11 Arc A.

Observed distance
Bun’s semi. .
Moon’s semi. . .

Apparent distance . .

To calowlate moon's altitude.
Laditude . . . 50° 48 O°N.
Moon'sdec. . . 23 43 15 N,

27 4 46 v,
Const. log.. . . . 6301030
Cos.lat. . . . . . 9800787

Cos. moon's dec. . . 9961882
Hav. moon’s hour ang. 9470952

Log.. . . . . . . b334551
Nat. No. . . . . 342418
Vers. v,. 0109522
1]

Vers. moon's zen, dist. 0452034
1060

84

Moon's zenith dist.. 56° 46’ 21

90

Moon's true alt. . 33 18 39
Cor. in alt. 43 42

M.'s app. alt. nearly 32 20 &7

44 58"

10

True cor. in alt. 44 3
Moon's true alt. 33 18 39

Moon's app. alt. .. 32 28 36

. . 78° 51 26
. e 15 49
15 12

w2 22




© o To find Greenwick mean time.

Sut'wwonith disk . 38V 5% 20°  Venin.
Moop's senith dist. 56 46 21 ~ 98451 1: '

. o647 .

Sum . . ... 06 39 dle Jo0 Lo

Sursappalt. . . 51 7 21 :ﬁ:: . ‘;’:

Moon's app.alt. . 32 28 86 ———e

Som . . . .. 83 85 67 “:::' . A3

Ave. A, .. L. 60 16 11 —— ;mdh;."

Bum . . . . . 13 62 8w "23 a ';’1 4‘:’ o

mcum...zslomv. T5 7w 24 3

Mpdst. ... U R 47436, 1 0 28

AteA. . . .. 60 16 11 32619 . 1 24 56

Sem . . . . .137 40 33w ‘14817 . 2 T 58

Differenco . . . 17 8 11w 21
Greenwich mean time . 28 7 58
Ship mean time . . . 23 2 50
Longitude in time. . . 5 8

Longitude . 1° 17 W.

(209) Scptember 16, 1843, in latitude 50° 48’ N., and
long. by account, 1° 6 W., when a chronometer showed.
0b 34m 6*6 A.M., the observed distance-of the nearest limb
of* the sun and moon was 96° 26' 18*, the index correction
being <+ 1' 82", and the error of chronometer on ship mean
time being fast 7™ 59%, required the longitude.

Ans., 1° 85' 80" W.

(210,) October 14, 1848, in lat. 50° 48' N., and long. by
acoount. 1° ' W, when a chronometer showed 9t 58m 5751,
A, the observed distance of the nearest limb of the sun
snd moon was 114° 58' 22°, the error of the chronometer
being slow 8% 27+, and the index correction + 1' 82%
required the longitude. Ans., 180’ 80" W.

(211.) October 16, 1843, in lat. 50° 48" N, and long. by
soccount 1° 6’ W, when a MMO‘S&'N
t-l.,tha obeerved distance of the nearest limb of the tun



and moon was 91° 45’ 88", the error of the chronometer
being slow 3= 26%5, and the index correction 4+ 1' 80"
required the longitude. Ans, 1° 31 30"'W. -

(212) August 17, 1843, in lat. 50° 87’ 30" N., and
long. by account 1° 6’ W., wheh a chronometer showed
10> 42= 28%7 A.m., the observed distance of the nearest
LimB of the sun and moon was 99° 22' 85", the. error of
the chronometer on ship mean time being fast 7™ 44%, and
the index correction + 1' 55"; required the longitude.

Ans., 1°17''W.

(213.) May 25, 1848, in- lat. 50° 48' N., and long. by
acoount 1° 6' 'W., when a chronometer showed 11h 19® 15+1
A, the observed distanco of the nearest limb of the sun
and moon was 42° 48’ 48”3, the error of the chronometer
on ship mean time being slow 3™ 20*7, and the index cor-
reetion + §' 30 ; required the longitude.

Ans., 1°5' 45" W.

(214.) May 25, 1843, in lat. 50° 37" 30" N, and long.
by account 1° 6’ W, when a chronometer showed 11k 4m 1202
A.M., the observed distance of the sun and moon's nearest
limb was 43° 1' 3, the error of chronometer on ship
mean time being fast 12% 53*5, and the index correction

+ O’ 57"; required the longitude. Aps., 1°33' W,
Elements from Nautical Almanac.
Sul’s declination, ‘Equasion of thme.. Menn. sus's right saosn.
Sept.18 . 3° 11 98'N. . . . 4md2Sadd . . . . 15th . 11% 33= 1leTd
w 18 .2 48 1BX. .. .8 86 '
Moen’s rigivt meen. Moow’s deslin. Moon's soml. Hor. por.

15th, at 21 . 4% S0= 11vT , 28° 46 38~8 . Mid. , 14 8871 . B4 BEE
w .5 1 B7 , 93 47 90 . Noom.16 28 . 56 1371
Distance at 21 hours, 96° 43 147; st noon, 96° 1 50,

Sen’s daclivation. Equaties of time, Mane sun’s right seom.
Och1) . 7°3¢ 1T°H.. . . . 1893008dd. . . . . 18th . W W=D .
»HM .8 0O K.,. .13 02 : :
© Meou's right sseen. Moca’s dealin. Moon's semi. Hov. por.

Asth ates . 540~ 101 . 33° 2 2°N. . MM . I¢ 5°B . B¢ B4
w W .54 HE . B 19 SN . Non.15 21 .8 0%
co . Distanee atXi Tniaw, 130" 57 48"} abnoon, 1347 999" : .



o' dectiantion, Pewation oftime.  Moan e right seben.

Veh 15 . 8930 1748, . . . 14= SBadd . . . . 15th . 13 50w 9881
1.8 45 1568 . . . 14 108 .

', Mson's vigt anren. Mooe’s deelin. Moen's semsl, Tier. gor.

15th,at3s , D IOmE8 . 19°4F 6N, . MW .15 180 . 58 §9
p 3 .7 9 19 . 19,87 46N . Nooun.15 %3 . 18 21
Distance at 21 hours, 92> 27’ 487; at noon, 90> 8’ 57°,

iﬂl declination. Eqaation of time. Mean suw’s right sacen.

Oct. 16 ., 13°68 U'N. . . . 4= 7=Dwub. . . . . 16th . O 86= 5O12
w17 13 M 4N .. 3 &8

. Woww's right ascen. Moon's deslin. Moon's semi. for. par.

T6h, st 38 |, 22 42% 86 . 10" 40~ N. . Mid .14 45 . 4 108

p BB .2 ¢4 29 . 19 47 S8 N, ., Noon.I4 495 . 36 '8

. Distance at 21 honrs, 90° 59 6”; at noon, 98° 37’ 11~

Bgu’s declination. Equatios of time. Mean sun’s right ascen.

Oot.24 . 90° 42 10°AN, . . . . = 30w9add . . . . 24th . £ 5= 422
wo . 2 8 1866N.. . . . 3 258

Moow's right sseen. Moon's deelin. Moon’s semi. Hor. par.

24th, at 23 . 1 8= 48¢11 . 12990 158 . Mid .14’ 48 . 6 &8
w 240 .1 10 3896 . 12 40 479 . Noom .14 457 . M 108
Distance at 21 bours, 44° 0 587; at 0 hours, 42° 39" 15",

Rule LVI.
Longitude by lunar.— Altitudes calculated.

Objects observed, moon and star.

1. Get a Greenwich date.

2. Take from the Nautical Almanac, and correct for the
Greenwich date, the following quantities: star’s declination
and star’s right ascension, right ascension of mean sunm,
moon's right ascemsion and moon’s declination; moon’s
somidiameter and moon’s borizontal parallax.

8. b find star's hour angle.

To the right ascension of mean sun add mean time at

- ship,® and from the sum subtract the star’s right ascension ;
" tho remainder is the hour angle of the star,

. » Ship mean time is found by an dﬁmd:hunﬁybodyhku'
Almhbémm-mulbolumudnuud.p
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4.. b find the moon’s hour angle. ,

From the same sum (viz. right ascension of mean sun
and ship mean time) subtract the moon's right ascension ;
the remainder is the hour angle of the moon.

5. To caleulate the star's true altitude.

Proceed as in 4, p. 230, using the star’s declination
instead of the sun’s.

b find star’s apparent altitude.

To the true altitude just found add the refraction; the
result is the star’s apparent altitude.

6. To find the moon's true and apparent altitude proceed
as in 6, p. 231.

7. Proceed then as in former rule (arts. 6, 8, 9, p. 211).

EXAMPLE.

May 16, 1842, in lat. 50° 37 30" N, and long. by account
1° 6 W., when a chronometer showed 10b 39 26 ».x.,
the observed distance of the star a Virginis from the moon’s.
farthest limb was 64° 1' 50", index correction + 0’ 40, the
error of the chronometer on ship mean time being fast
47 14*; required the longitude.

Star's declination. Right ascen. mees sun.
Time by chro. 10* 38= 36 1° 20 2 8. 16th . . . 8 5= 900
Error of chro. 4 14 1 %56
Sbip m. time . 10 36 12 840
Long. in time K] i d
Gr.May1s . 10 % 38 Siar's right asem, 3 20 8400
18% 16 58470 o & 1300
4 12 L’{P ........ 14 13 80
Starshourangle . . 0 5 103 9 1® %9
Moon'shourangle . 4 58 98°07
Moon's right ascen. Moon's derlin. ‘oon’s eemi. Hor. por.
16th, at 10» ©* 18~ 095 13° 25" I8'N. Noen . 100 70 W 5
p 1109 20 244K 13 11 /N, Mid. . 168 81 5 126
2 14 1 % 11 41
18048 18046 06183 06188
142090 CAN07 399208 349004
100068 1 3008 K043 $ 52 404968 10 tqu-o
[N IR 4 13 16 N, 16 80 M 121
. B3



To caloulats star's altitule. o calowlate moow's disitude.

Latitnde . . . 50° ¥ M°N.
Star's declination 10 20 25 8.
—————

60 57 6 ».
Comstlog. . . . . . 6801080
‘Comlat . . . . . 9802859
Con. star’s dec. . . . 9992887
Hav. star’s hour angle . 8158880
log. . . . . . . . 4255108
Nat.No.. . . . . . 17093
Versinev. . . . . . 0514427

v 232
Vers. star’s zen, dist. 0532652
Star's geu, dist. . 62* & 16"

90
Starsérnenlt. . . 27 651 44

Cor.dnalt. . . . +
Starsapp.alt. . . 27

1 60
53 34

Anx. Ang. A.
60° 100 47"
1

0

60 10 48 ArcA.

Tatitude . . . 50° 87" 30" N,
Moon'sdea. . . 3 16 &1 N.

8 A 9w,
Const. log.. . . 6801080
Com.lat. . . . . . 9802359
Cos. moon’s dec.. . . §°988005

Hav. moon's hour ang. '9-549884

log . . . . . . . 5641868
Nat. No, . . . . 487802
Vers. 7. . 0205056

26
Vers. moon's zen. dist. 0842074

Moon’s senith dist. 69° 4’ 56"
20

—————————

M's. tr, alt. (vearly) 20 55 4

Cor.inslt.. . . . — 52 86
Ap. alt. (nearly) . 20 2 28"
52’ 48*

5

True cor. in lat. 62 58
Moon's true alt.. ., 20 55 4

Moon's app.alt. . . 20 2 11

‘Observed distance . 64° 1’ 50"
Index correction. . . 0 40 +
64 2 30
Moon's ssmidiameter . 16 14
Apparent distance . . ¢3 46 18



Wb find Greesmwich meon time.
Sters senith dist. . -62° 8 16" Versines.
Moon's penith dist. 69 4 56 m:: . 4;
: SIS, 10876 . 18
Summ .. oo 0. . Bl 12w ol Y
Streepp.alt.. . 27 53 % m: . 1:
Moou's app. alt. . -20 2 11 a2
Smm . . . .. &7 55 45 “;”27 . 28
AvcA. . . . . 6 10 48 223 os'fmdh;.s
Sem . . . . . 108 6 88w 59000 . . . 26 56
Difference 12 15 s:: _T61 66 24 13at0
239 62 38 17
App. dist. 63 46 16 49712, 0 87 18
ArcA. . . . . 60 10 48 23024 . 1 45 86
Som . . . . . 128 57 4w 20688 . Iv §7m 220
Difference 8 35 28 @
Oreenwich meagtime . . 10 87 22
Shipmeantime . . . . 10 85 12
Longitude in time . 2 10
Longitude . 0° 32 30" W.

(215.) April 20, 1847, in lat. 50° 37' 12" N., and long.
by account 1° 6’ W, when a chronometer showed 8b 58= 45+
P24, the observed distance of the star a Leonis from the’
moon’s farthest limb was 46° 2’ 12°, index correction + ¢/ 80°,
the error of chronemeter being fast 3™ 22¢; required the
longitude. Ans., (° 55 45" W,

(216.) December 10, 1845, in lat. 50° 37’ 80" N, and
long. by account 1° ¢ W., when a chronometer showed
9k 24m 48¢3 p.x., the observed distance of the star Pollux
from the moon’s farthest limb was 65° 28’ 0%, index correc-
tion 4 0 80", the error of the chronometer on ship mean
iime being fast 12= 50+8; required the Jongitude.

. Ans, (°44' 1 W.

(217.) April 19, 1847, in lat. 50° 48' N., and long. by
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account 1° 6 W., when a chronometer showed 8t 40= 18
2., the observed distance of the star Regulus from the
moon’s farthest limb was 59° 11’ 1”6, index correction
480", the error of the chronometer on ship mean time
being fast 9= 80*4 ; required the longitude.
Ans, 1°7' W.
(218.) September 1, 1843, in lat. 50° 87' 30" N. and long.
by account, 1°6' W, when a chronometer showed &b 2= 544
P.M., the observed distance of the planet Jupiter from the
moon’s farthest limb was 64° 19' 57", index correction
.4 160" the error of the chronometer on ship mean hme
being fast 2™ 2%6; required the longitude.
Ans,, 0° 85' 15" W.
(219.) September 5, 1843, in lat. 50’ 48" N., and long.
by account 1° 6 W, when a chronometer showed 8° 52’ 89"
P.M., the observed distance of the planet Mars from the
moon's nearest limb was 45° 11’ 233, index correction
<+ 1’ 50", tho error of the chronometer being fast 4™ 474 ;

required the longitude. Ans, 1°19' 45" W.
Elements from Nautical Almanac.
Star's doclin. Btar's right ascon. Mean sun's right ase.
April20 . 1842 80°N. ., 10 0= 1546 . . 1M Si= 4900
Mooa's right aseen. Moon's declin. Moen's seml. Hor. par.
S0th, at8 . & 51 3R . 17° 3% 51"N. . Noon. 1¥ 38*7 . 5@ 898
9, 8 B3 1868 . 17°96 40 N. ., Mid. . 156 170 . 568 &3
Distanoo at 6 hours, 46° 81’ 27°; at © hours, 45° 16 3",
Btar’s declin. i Htar’s right ascon. Mean sun's tight me.
10th . 98° 23 2N, . . T 2 0 . . I 1= 10O

Moon's right asonn. Moon’s dectin. Moow’s semi. Bor. yet.

10th,at O, i 54» 1938 . 16° 40 G'N. . Nom. 15 11" . & W0

s 10°. 2 36 774 . 16 47 6 N. . M. 16 77T . 65 0P
Distance at 9 hours, 65° 1% 567; st mid, G3° 41’ 18~

Stare declin. Star's right sscen. Mosa sea's vightane.:
19th . ® 4 0O°N. . . 100 0= 1585 .1 e 1tk
* Sesn's Nt ascen. Mooa's deelin. Meon's semd. oy par.

et .5 66 41v13 . 18° % 96N, . Noon .15 984 . 5 55
e A5 B8 RS . 18 9 ITAN. . MW .1¥ 209 . 86 81
: " Distanes st 6 bovrs. 59° 48 2573 .uuu-,waf "
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Star’s declin. . Star's right aacen. Mean vwn’s right se,
st , 15°46 668 . . W/ P13, | 10 I~ 598
d . 15 48 MHS. . -oan 3683

Moon's right ase, Moou's declia. Moou’s sem, Hor. par,

I, atS , 1T Om3P . 20°86 578 . Noon. 15 B8 . 8 940

s B . 173 23 .28 56 3448, . Mid . 15 &5 . 88 45
Distanos at 6 hours, 65° 7 44°; at9 hours, 63° 24 57",

Star's declin, Biar's right ascen. Moan aun's right asc.
Gth . . 20°% 58 .. 1 g 8 . . 100 B5= 40viD
6h . . % 84 W68, . . 17T 3 38

Moov’s right ascen. Boon's declin. Noon's semi. Hor. par.

Sthyatth , 200 1= 160 ., 15° ¥ 28, . Noou .y 187 , B8 0¢
w B . 2 43 207 . 16 50 47 8. . Mid .13 11T , 8 &S
Distance at 8 hours, 44 14’ 50~; at 9 hours, ¢5° 45° 38",

The variation of the compass.

The deflection of the magnetic needle from the true
North, or, as it is usually called, the variation of the compass,
is found at sea either by computing the true bearing of
the sun from an observed altitude, the compass bearing
being noted at the time of the observation; or, without
taking an altitude, determining the true bearing of the
sun when in the horizon, its compass bearing being observed
at the same instant. The difference between the compass
bearing and true bearing thus found is the variation of the
compass. :

Sometimes it is necessary to correct the variation of the
compass determined as sbove for the deviation of the
compass itself, arising from the following local causes, The
iron on board draws the needle to the east or west of the
magnetic meridian, and this effect is greater or less on the
needle according as the iron is distributed more or less
unequally on different sides of the magnetic meridian. The
devistion of the compass due to this cause is discovered,
previously to the ship going to sea by swinging her round
and noting the deflection of the needle from the magnetic
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meridisn on different points ; a table is then formed similar
to the one in p. 244, from which the correction of the com-
pess for different positions of the ship’s head may be readily
found (see p. 16). The method of determining whether
the variation of the compass is east or west will be best seen
by means of the following examples.

EXAMPLES.

1. Suppose the true bearing of the sun was found by
observation to be N. 100° 10/ E., when the compass bearing
was N. 90° 42' E.; required the variation of the compass,
the ship’s head being N.E.

Let ¥ represent the true north point of the horizon, and
X 8 the true meridian, measure (roughly) 100° 10’ from

north towards east as the angle

c X 27T; then T represents the place

i of the sun when the observation

was taken. From T measure back

w towards ¥ the compass bearing

v 90° 42, as Tz c; then 2 0 is the

St direction of the magnetic needle,

and the angle Nz ¢ is the vari-

) ation of the compass, which is

evidently easterly, since the com-

pass north is to the east of the true north: hence in this
example the variation is said to be east: thus,

N

True bearing ¥z . . . N.100°10’'E.
Compass bearing cz T . . N. % 42E
Apparent variation. . . . 9 28 E

Now if the iron on board had no effect on the mneedle,
this would be the true variation, but referring to the table
it appears that the needle itself is drawn or deflected 10°
to the east, in consequence of the disturbing effects of the
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iron when the direction of the ship's head is N.E.: placing
the 10° ¢ E,, under the above 9° 28' E, and sul ing we
have the true variation of the compass corrected for local
deviation : thus,

Observed variation . . . P 2WE.
Deviation . . . . .10 OE
True variation . . . . 0 82 W.

2. The true bearing of the sun was found by obser-
vation to be 8. 60° 42' E, when the compass bearing was
8. 50°10' E.: required the varistion

of the compass, the ship's head c ¥
being N.E. |
Let x 2 8 represent as before the l
true meridian, draw zT, making ]
the angle szT, equal to 60° 42' ~_
(roughly), then T represents the ~1

trae place of the sun; from T mea-
sure back towards s, the compass
bearing T2 ¢, equal 50° 10/, then s
¢ in the direction of the magnetic needle, and the angle
s2C or Xz is the observed variation of the compass, to be

¢

corrected for deviation (if any).
Thus,
Truebearing. . . . . . 8.60° 42'E.
Compass bearing . .. 8.50 10E.
Observed variation. . . . 10 32 W.
Devistion . . . . . .. 10 OR

True variation . . . . . 20 32 W.

For by the table it appears that the needle, by the effects
of the iron, is drawn 10° to the eastward; if there had
been no iron on board the needle would have been directed
10° to the westward of its observed place. Hence may
‘e deduced the following rulc to find tho varistion of the

compass.
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DEVIATION OF THE COMPASS OF HMS. ——,

(Wb]ﬁebﬂlmwmq/the&sp)fwmmmmqfﬁe

Ship's head.
e | e Ren | Coeme
I 45’E"§," 8 | 8 ow.
N.byE. ‘o —_%E“S‘byw Tl wm
TUNNE .78 | ssw. 5 0
NEbyN. | 9 0 . SWbys 6 7
NE. |10 o sw. 7 0
NEbyE "*1'0.“;:%' SW.byW. | 7 o1
ENE 040 L WAW. 1 8
"EbyN | o5 | Wiys . 8 2 |
E_sm W law
"E byS. broas W.byN. | 8 10
T 5 35 ’“?54 WXW. | 6 50
SEbyE | 3 40 | NW.byW. | 5 40
8E 1 56-”“"73 N.W. 4 50
BEbyR | 0 wE i* NW.byN. | 8 20
"88E. | o 5sw (1 NNW. | 1 40W.
S.byE 2 20 ;, NoyW. | 1 1R
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Rule LVII.

Given the true boaring and compass bearing and deviation,
to find the variation of the compass.

1. Reckon the compass bearing and the true bearing from
the same point, north or south.

3. Take the difference of the two bearings when mea-
sured towards the same point, but the sum when
measured towards different points; the result is the apparent
varistion of the compass; east when the true bearing is
to the right of the compass bearing, west if the true bearing
is to the left of the compass ; the obeerver being supposed
to be placed in the centre of the compass, and looking
towards the heavenly body.

Norx.—The name of the variation, whether east or wost, may alao
be readily found by making a figure similar to those in the preceding
examples.

8. If there be no deviation to be allowed for local attrac-
tion, the above is the true variation.

4. To corvect for local deviation (if any). Under the
apparent variation just found, put the correction from the
table of deviation, with the opposite letter to that given in
the table.

5. When the names put down are alike add, putting the
common letter to the result: if the names put down be
unlike, subtract the less from the greater, putting to the
remainder the name of the greater. The result will be
the variation of the compass corrected for deviation, and
tharefore the true variation.

The true bearingofthemnuN 117° 82' E., and com-
be-rmg ° 10 E.: nqmredtheh-ueunwwn.
slnp bemngE. and therefare the deviation
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of the compass 2° 20’ W. (see Table). The.compass
bearing reckoned from the same point as the true bearing
is, N. 108° 50’ E.

True bearing . . . . . N.117° 89'E.
Compass bearing . N. 108 &0 E.
Apparent variation "8 WE
Deviation . . . . . . 2 20E
True variation . . . . . 1 9E

The truc bearing is E. 10° N., when the compass bearing
is E. 8° 8.; required the true variation, the ship’s head

being 5. W.

True bearing. . . . . . E.10°N.
Compass bearing . E 88
Apparent variation 18 W
Deviation 7E
True variation . 1 W.

Tho true bearing is 8. 80° W, when the compass bearing
is N. 108° W.; required the true variation, the ship's head
being S.W.b.W., and therefore the deviation by Table
°W.

True bearing . ... . B.S0° W.
Compass bearing. . . . 8.72 W,
Apparent variation . . . 8 E
Deviation . . . . . . 7% E.
Truo variation. . . . . 15} E.

(220.) The true bearing of the sun was N. 86° E., when
the compass bearing was N. 24° B, the ship’s head being
W.4N,; mqumdthenmt\onottheeompau.

BPR
The true bearing was N.llO"ﬂ'W._,whenﬂn‘
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eunpl.bnnngm N. 00° 24' W, the ship's head being
8.8.W.; required the variation of the compass.

Ans., 15°18' W,
(222.) The true bearing was 8. 48° 30’ W., when the
compass bearing was N. 182° 83' W, the ship’s head being
S8.W.b. W.; required the variation of the compass.
Ans, §° 30' E,
(228.) The true bearing of the sun was E. 20° 20' N,
when the compass Learing was E. 82° 45' N,, the ship’s
head being W.; required the variation of the compas.
Ans, 21° 15 E
(224.) The true bearing of the sun was W.12° 82 8,
the compass bearing was W. 2° 10’ N., the ship’s head
being W.b.S.; required the variation of the compass.
Ans, 6°22' W,
(225.) The true bearing of the sun was W. 30° 10’ N,
the compass bearing was W. 20° 42 N, the ship's head
being N.b.E.; required the variation of the compass.
Ans., 4°81' E.

The variation of the compass is found at sca by either of
the following problems.

1. Given the latitude of the ship and the sun’s declination
when in the horizon, to find the bearing or amplitude.

2. Given the latitude of the ship, and the altitude of the
sun and declination, to find the true bearing or azimuth.
" 8. Given the latitude and time at the ship and tho sun’s
declination, to find the true bearing or azimuth. .

The compass bearing being obscrved at the time of
observation, the difference of compass and true bearing,
that is, the variation of the compass, is readily found, by

the preceding rules.
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Variation by amplitude.

Let x be the heavenly body
in the horizon. Then in the
quadrantal triangle »pzx are
given Pz = colat. Px = codecl.
or polar distance, and zx =
90°, to find the angle Pz x, and
thence its complement xz E the
amplitude.

By trig. (p. 68.)

CO8. PX = 8in. P % CO8. PEX.
or sin. decl. = cos, lat. gin. amplitude
a. amplitude = sin. decl. sec. lat.

Rule LVIII.

1. Get a Greenwich date.

2. Take out of the Nautical Almanac the sun’s declina-
tion for this date.

8. Add together the log. sin. of the declination and log.
secant of latitude; the sum, rejecting 10 in the index, is
the log. sin of lmplitude, which take from the tables.

. 4. If the body is rising, mark it east, if setting west:
mark it also north or south according as the dechnahon
is north or south.

5. The result is the amplitude or true béaring.

8. Under the true bearing put the compass bearing,
and determine the variation of the compass by the preceding
rule. ‘

EXAMPLE

September 19, 1851, at 5* 51 A.M., mean time nesrly;:
"in latitude 47° 25' N, and long. 72° 15' W, the sun
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by compass E..12° 10’ N.; required the variation, the
ship’s head being E.b.S. :

Ship, Sept. 18 . . . 17 5I=
Long.intime . . . 4 Bl W.

Greenwich, Sept. 18 . 22 42

Bun's declination.

18th . . . .. ‘2® ¢ 81N, Sin.decl. . . . . . 8+457103
wh .. ... 1 87 14N, Bee.lat.. . . . . . 0169628
23 17 Sinampl . . . . . 8626781

ottt . Truebearing . . E. 2° 2&N.
— Comp, bearing. . E 12 10 N.
U3 B2 T Appvaristion. . . .9 WK
Declination . . 1 38 20 N. Deviation . . . . . 7 15W.
True variation . . . 2 30 E.

(226.) May 6, 1846, at 5% 30™ oM., mean time nearly,
in lat. 50° 48’ N., and long. 47° 12' E,, the sun rose by
compass E. 2° 10’ 8.; required the variation, the ship’s
head being 8.b. W. Ans, 24°21'30" W.

(227.) Nov. 14, 1846, at 6> 45 p.M., mean timo nearly,
in lat. 82° 14 8., and long. 100° E., the sun set by compass
‘W. 15° 40' 8. ; required the variation, the ship’s head being
N.E Ans, 16°1' 80" W.

(228.) January 10, 1846, at Gb 58= a.M., mean time
nearly, in lat. 81° 56’ N. and long. 75° 30 W., the sun
rose by compass E. 30° 10 8.; required the variation, the
ship’s head being N.E.b.E. Ans, 67°14' 45" W,

(229.) March 21, 1848, at 6% 0™ A.M., mean time nearly,
in lat. 42° 18’ N, and long. 90° E., the sun rose by compass
E. 11° 40’ 8.; required the variation, the ship’s head being
W.b.8. Ans., 8°20'16" W,

(280.) March 31, 1850, at 6* 0™ p.u., mean time nearly,
in Ist. 42° 18’ N. and long. 124°W., the sun set byoomp.u
W. 11° 80’ 8.: uqmud the varistion, the ship’s bead
bemg N..
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{281.) Dec. 4, 1851, st 7:-50= s, mean time nearly,
in ist. 50° 40’ N., and long. 94° W., the sun rose by
compass E. 10°42’ 8. ; required the variation of the compass,
the ship's head being N.E. Ans., 67° 20 45" W.

ZElements from Nautical Almanac.

Sun’s declination.
May5. . 16° 18 22'N. . . . 6 . 16° 80 22"N.
Nov.14 . 18 13 228 . . . 15 . 18 28 54 8
Jan, 10 . 21 658
March 20. 0 11
March81. 4 7
Dec.4. . 22 18

8

8.
7S . . . 21 .
4 N. . . . 82 .
9 8

-

Rule LIX.
Variation by azimuth.

Given the altitude of the sun, and the compass bearing, to find
the variation of the compass.

. Let x be theplace of theheavenly
body when its compass bearing is
observed : then in the triangle
P % X are given three sides, to find
an angle, namely Pz = colat.
PX = codecl. or polar distance,
and £x == zenith distance, to
find the angle Pz x the trme
bearing or asimuth.
1. Get » Greenwich date.

" 2, Take out of the Nantical Almanac the sun’s declina-
tion for this date, and also the sun's semidiameter. . ..
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- 8. Find the polar distance, by adding 80° to the decli-
nation, when the latitude and declination have different
names, or by subtracting the declination from 90°, when
the Jatitude and declination have the same names.

4. Correct the observed altitude for index correction,
dip, semidismeter and correction in altitude, and thus get
the true altitude.

5. Put down the latitude under the altitude and take
their difference; under which put the polar distance; take
the sum and difference.

6. To the log. secants of the two first terms in this
form (omitting the tens in the index) add the halves of
the log. haversines® of the two last, the result, rejecting
10 in the index, is the log. haversine of the true bearing
or azimuth, which find from the table.

7. Mark the true bearing N. or 8. according as the
latitude is N. or 8., mark it also E. or W., according as
the heavenly body is E. or W. of the meridian.

8. With the true bearing thus found and the compass
bearing, find the variation of the compass by Rule 57, p. 245.

EXAMPLE,

June 7, 1851, at 5% 50™ a.M., mean time nearly, in lat.
50° 47" N., and long. 89° 45 W., when the sun bore by
compnes 8. 92° 36 E., the observed altitude of the sun’s
lower limb was 18° 85’ 207, index correction + 3’ 10", and

phgight of the eye above the level of the sea was 19 feet ;
the variation, the ship’s head being N.E.

Ship, Juned . . . 17 50=
, Long. intime . . . 6 39 W.

Greenwich, June 7 . 0 29

i 'K&Mhnnomdhmmmru,uw
bearing, may be found in » similsr manner to that pointed out in
w171 ‘



. . 'Bon's deelin, Bun’s sl . Opsalt.
Hh, ol 20 4V 49N, 15 46" 18?:&30'
. .22 49 N Incor.. . . 810+
’ 5 45 ) 18 38 80
160507 Dp . .. 4 M-
;148660 18 84 18
819187 0 7 Semi. . . . 15 46
22 48 66 N. App.alt. . . 18 49 59
- 20 _ Cor. imalt. . 2 41 —
Pol. dist.. . 67 16 4 Truealt.. . 18 47 18 °
Latitude . . . . 50" 47 0" . . Bec.. . 0199108
Altitude . . . . 18 47 18 . . Sec . . 0028779
81 59 42
Polardist.. . . . 67 16 4
Sum. . . . . . 99 15 46 . . }hav. , 4881893
Difference. . . . 35 16 22 , . jhav. . 4481384
9-586164
True bearing . . . N.76° 46’ 30"E.
Compass bearing. . N.87 2¢ O E
App. variation . . 10 87 80 W,
Deviation . . . . 10 0 O0W.
True variation . . 20 87 30 W.

‘When the ship is in harbour, or in any position where
the sight of the horizon is intercepted by land, or obscured
by fog, so that the altitude of the sun cannot be taken,
the preceding methods are inapplicable. The following rule
may then be used, in which it is supposed that the hour
angle at the ship is known, or can be found by means of
the chronometer, or the time at the place.

Rule LX,
Variation by azimwth (kour angle being known).

Given the hour angle at ship and the compass bearing, lo find
the variation of the compass.

Lotx(ﬂg p- M)Nthphnoofthehmenlybody
Mihmpmbeamguobmed then in the trisngle-
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rnx'ue given two sidéy and the included angle, to find:
one of the remaining angles: namely, » £ = colat, »'x

= polar distance, and £ » x the hour angle, to find the mgle
? 8 X, the true bearing or arimuth.

1. Get a Greenwich date.

2. '.l‘:ke out of the Nautical Almanac for this date, the

of time and sun’s declination.

8. Find the polar distance, by adding 90° to the decli-
nation, when the latitude and declination have different
names, or by subtracting the declination from 90° when
the latitude and declination have the same name.

4. Under the colatitude (found by subtracting the latitude
from 90°) put the polar distance, take the sum and difference,
and the half sum and half difference.

5. To find the hour angle at ship.

Correct the time shown by chronometer when the compass
bearing was observed, for its error on Greenwich mean
time, and thus get the mean time at Greenwich ; to mean
time apply the equation of time to obtain apparent time;
under this put the longitude in time, adding if east and
subtracting if west ; the result will be ship apparent time,
and also the hour angle if rar.; but if A at ship,
subtract the apparent time from 24 hours, the remainder
will then be the hour angle required.

6: Divide the hour angle by 2. Then under heads (1)
and (2) put down the following quantiies.

7. Under both (1) and (2) put log. cotangent of half hour

angle.
Under (1) log. cosine Y of half difference of polar distanee
(2) log. sine. and colatitude.
(1) log. sec. of half sum of polar distance snd
(2) log. cosec. colatitude.

8. Add together the log. under (1) and (8) separately;
and take out the angles corresponding to each as a log.
tangent. Put one under the other, and take their sum, i€
‘the polsr distance is greater than the colatitude, or their
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differenoce if the polar distance isless than the colatitade;
the result will be the true bearing of the sun at thehmo'
of observation,

. 8. Then proceed to find the mhonumR\ﬂeLVII.

June 23, 1847, at 10t 58= u.M., mean time nearly, in
lat. 50° 48’ and long. 1° 6' W, when a chronometer showed
11b 8= 373, the bearing of the sun was observed to be N.
178°10' E, the error of the chronometer on Greenwich mean
time being 0™ 54¢ fast; required the variation.

Equation of time. Bun's declination.
Jone 83, at . . 2 58~ 2%nd . . 1m20e78 . . . . ... 20 37 SIVN.
Long. in time . 4+ %rd . .1 4364sub . ., ., 23 26 88 N.
Gr.duness . . 8 3 1292 -3

01788 01786
Colat, . . . 8° 1 o 299288
Pol.dist. . . €6 85 0 20009 120
Bom. . . .106 45 © 1 4292 8w o
Diffsrence. . 27 €1 O
jum ... 68 B Polardist. 6 8 0
§ difference . 13 40 %0
(1 @
Time by chro.. 11% 8= 872+13% Cot.§ h.ang.. 10856578 . . . . . 10856573
Err. onGr.am. ¢ O S4fast Con §diff.. . 9967511 Bin. § diff. . SITB6TL
Greenw.3%od . 23 3 48 8ec. § sum. . 10219283 Cosec.}sum 10098367
Eq.of time . . 1 43wub, Tan.. . . . 11068867 Tan. . . . 10-89861¢
App.time . 28 1 1 85° 8 80 uiu.iy,.
Long. In time 4 MW & 51 45
Shipapp.time 33 56 37 Trueb. N.149 85 18 E.
A% Compb.N.178 100 E.

B Varistion, 28 14 45 W.
a

(282.) April 27th, 1847, at 1® 10= p.x., mean time
nearly, in lat. 50° 48’ N, and long. 1° 6 W., when &
chronometer showed 1% 15 515, the bearing of the sun
. was observed to be 8. §1° 58’ W, the error of the chrono-
meter on Greenwich mean time being 1= 18¢ fast ; required
‘the variation, Ans., 28° ' W



.(238.) Deo. 14, 1847, at 10 22® 4., mean time nearly,
in lst. 52° 10" N, and long. 1° 80' W,whens chronometer
showed 10t 30m 48%, the bearing of the sun was observed
to be N. 179° 20' E.,, the error of the chronometer on Green-
wich mean time being 8= 88¢ fast ; required the variation.

Ans.. 21° 23’ 158" W.

(284.) Dec. 14, 1847, at 1» 55 p.u., mean time nearly,
in lat. 48° 50' N, and long. 1° 30’ W, when a chronometer
showed 1b 59% 55, the bearing of the sun was observed
to be 8. 51° 40’ W., the error of the chronometer on
Greenwich mean time being O™ 5° fast; required the
variation. Ans., 22° 25' 15" 'W.

(285.) Dec. 14, 1848, at 11k 11® A.M., mean timo nearly,
in lat. 89° 40’ N., and long. 0° 40’ E,, when a chronometer
showed 11t 19m 48s, the bearing of the sun was observed
to be N. 167° 50 E., the error of the chronometer on Green-
wich mean time being 3= 88 fast ; required the variation.

Ans,, 2° 50’ 13" E,

(286.) March 7, 1844, at 8 59™ A.M., mean time nearly, in
Iat. 48° 48' N, and long. 1° 10' E,, when a chronometer
showed 10 24m 8¢, the bearing of the sun was observed to
be N. 164° 51' 40" E,, the error of the chronometer on
Greenwich mean time being fast 20= 48¢; required the
variation. Ans., 20° 26' 40" W,

(287.) May 26, 1851, at 9* 48= A.M., mean time nearly,
in lat. 50° 48’ N., and long. 1° & W, when a chronometer
showed 9t 47™ 879, the bearing of the sun was observed to
be 8. 81° 7' E,, the error of the chronometer on Greenwich
mean time being 8™ 17¢ fast ; required the varistion.

Ans., 28° 85' 15" W.
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Questions.—No. 1.
Required the course and distance from A to B.
lat. A . . 56° 358 Long.A . . P 1FE.
B. . 51 108 B.. 3 10W
Required the course and distance from A to B.
Lat A . . 61 10 N. Long. A . . & 40E.
B. . 61 10N, B. .16 10E

A ship bore from me S.1E., and a current ran in

the intermediate space S.W. } W. 4} miles an hour; how
must I steer a boat to fetch the ship, supposing I can pull
6 miles an hour in still water ?*

4.

On May 8, 1835, at noon, a point of land in lat.

48°10' N, and long. 2° 2 W, bore by compass E.by 8.} 8.
distant 20 miles, (variation 3} E.); afterwards sailed as
by the following log account; required the latitude and
longitude in at noon, on May 9, 1835.

T T
Koow.|Pytbe.l Coarse. | Wind.  (leeway

1 3 0 INNW.gW. NE. | 9§ | PN,

2 { 8| 8 i i

3! 3| 4« g !

e 2| 7

5| 23| 4 Evysis] Do |8

6| 2| ¢ ; Variation 8} E.
7] 3| s |

8| 8| g }

9] 3/ 2 |

10| ¢! 0| ESE | Soth 2§

nl <« 2 ]
4B !

o : { | {Remarke in F1.0.5. Méy %, S8,

1] 5] 2 (NNEJE: NW. 12 | AN

24 6| 3 .

3 1 2 i

4 7 ] i

51 8{ 0 .

e 6| 2! WsW. : Do 33

7] 6] 2 i

8 [} . i

o | 8| 4 i

0] 6 s

i 6! 3

‘1®} 7 0
* The carrent miling question is now amitted in the Navigation Paper st the

i

:

College. It sometimes appears among the quastions fu trigonometry.
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5. What. bright star will pass the meridian of Canton.
in' Chins the first after mean midnight on June 15,1885,
and how far N. or 8. of the zenith ? .
© 8, June 15, 1885, in long. 100° 32' E. the observed
meridian altitude of the sun’s lower limb was 20° 15’ 40"

~ (zenith 8, of the sun), the index correction was + 2' 507,
and the height of the eye above the sea was 14 feet;
required the latitude.

7. April 28, 1885, at Ot p.M., mean time nearly, in long.
5° 100 W., the observed meridian altitude of the moon’s
lower limb was 88° 40’ 45", (zenith N. of the moon), the
index correction was — 2’ 50, and the height of eye above
the sea was 20 feet ; required the latitude.

8. June 18, 1835, the observed meridian altitude of the
star a Scorpii (Antares) was 20° 10’ 50" (zenith north of
the star), the index correction was 4 4' 507, and the height
of the eye above the sea was 18 feet; required the latitude.

9. June 12, 1835, the observed meridian altitude under
the 8. Pole of a' Crucis was 6° 40’ 10", the index correction
was + 8’ 40°, and the height of the eye above the sea was
18 feet; required the latitude. .

10. December 10, 1835, at 2t 10™ A.M., mean time nearly,
in long. 76° 12' E,, the observed altitude of a Urse Minoris
(Polaris), was 47°50' 26" the index correction was — 4/ 107,
and the height of the eye above the sea was 18 feet ; required
the latitude.

11, September 16, 1835, observed the following double
altitude of the sun. .

Moan time nearly.  Chronometer.  Obs.alt.suw'sL.L.  True baring.

10" 40=a.m. 10% 22= 36 40° 34 80~ 8.b.E.E

11 40 ax 11 22 45 4212 0
The run of the ship in the interval was E.b. N. 12 miles,
the index correction was 4+ 3’ 50%, and the height of the
eye above the sea was 18 feet ; required the true latitade,
the latitude by account bemg 51° N, and the lonmde
50° 10’ W. ,



12. March 2, 1835, at 7 44 oM., mean time nearly,
in lat. 44°25’ N, and long. by sccount 58°E., a chronometer
showed 5% 10m 42+5, and the observed altitude of « Arietis
was 80° 10’ 40" W, of meridian, the index correction was
4+ 4 20", and the height of eye above the sea was 18 feet;
reqiiired the true longitude.

February 24, at Greenwich mean noon, the chronometer
was fast on Greenwich mean time 1* 11m 22% and its daily
rate was 2*2 losing.

18. Sept. 3, 1835, at 6% 10™ p.Ar,, mean time nearly, in
lat. 80° 10’ N, and long. by account 91° §' E., the following
lunar observation was taken.

Obe. alt. w Attetle Obe. alt. moon's L.L. Obs. dist. F. L.
10° 15 40" 86° 12 30~ 99° 27 50¥
+1 00 —1 10 —0 80

The height of the eye above the sea was 12 feet ; required
the true longitude.

14. July 5, 1835, at 7¢ O™ p., mean time, in lat.
80° 63’ N., and long. 120° 10’ E,, the compass bearing of
the sun was W. 10° 16’ N, and the observed altitude of
its lower limb was 9° 40’ 0", the index correction was
+ 8 50%, and the height of the eye above the sea was
18 feet ; required the variation of the compass.

15. On Deec. 20, 1835, at 4 30™ p.M., mean time nearly,
in lat. 41° 12' N, and long. 110° 45" E., the sun set by
compass 8,W.; required the variation.

16. Reqmred the time of high water &t A., on June
10, 1835, a.u. and P.u.

Change tide . 8% 40= a.x. app. timo. Long. A. , 65° W,

. Norz—In this and the following examination papers the compass is
supposed to have no deviation arising from local attraction. In the
Meroantile Navy the correction for devistion iz not generally sttended
%0; bud in Her Majesty’s Service all ships are now swung previoualy
to their going to ses, and & table ofdnvhﬁommnmuddnﬂhrh
&tmhpﬂ(lﬁrtbommﬁmotm&c.



280 | BOYAL NAVAL COLLEGK

- Elemente from Nontisal Almonao and Anroers.

1. N.80°20' 15" W. 3772 miles.

2, E. 188°1 miles.

. 8. 8E 8

i.CmvectedcoumsNW%NﬂO’ course,
N.bW.3W.123; 8.148; SE.bL.E.E. 12°7; E. 4 N. 84’*1'
‘W.8.W. 42"7. Lat. in 48° 6’ N., long. 2° 18' W, :

5. Right ascension mean sun on June 14, at Greenwich
mean noon, 5 32® 11%85. 4 Draconis, 28° 23' N. of zenith.

6. Sun’s declination on June 14, at Greenwich mean noon,
28° 15 26" N.; on June 15, 23° 18’ 24" N., semidiameter
15'46°. Lat. 46° 14 16" 8.

7. Moon’s declination on April 22, at 21* Greenwich
mean time, 11° 35 68" 8., at 22%,.11° 28’ 53" 8.; moon’s
horizontal semidiameter April 22, at Greenwich mean mid-
night, 15’ 41, April 23, at Greenwich mean noon, 15’ 0";
corresponding horizontal parallax 55' 178 and 55 2*8.
Lat. 38° 57 50" N.

8. Declination a Scorpii (Antares) 26°8' 84" 8. ILat.
48° 47' 84" N.

9. Declination a Crucis 62°11' 25" S, Lat. 84° 20’ 28" 8.

10. Right ascension mean sun on June 16, at Greenwich
mean noon, 17k 10= 2¢21; lat. 47° 51' N.

11. Sun’s declination on Septomber 15, 8t Greenwich
mean noon, 2° 49’ 54" N., on September 16, 2"26’42’N.,
semidiameter 16" 56°, * Lat. 50° 20’ N.

12. Right ascension mean sun March 2, at Greenwieh
mean noon, 22t 38™ 18+55. Right ascension a Arietis,
1» 572 51%5; declination a Arietis 22° 40’ 42° N. Hour
mglpd‘s'l"%'w Long. §9°12' 16" E. .

. 18. Right ascension mean sun September 3, at Gveammh
mean noon, 10t 47= 86*87. Right ascension, a Arickis
1A 57m 56+3; declination a Arietis 23° 4 56" N. Horigontal
semidiameter moon September 8, at Greenwich mesn noap
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15 51"7, at Greenwich mean midnight 15 48™3; corre-
sponding horizontal parellax 58’ 125, and 57' 59*9. True
distance 98° 59’ 4"; distance from Nautical Almanac at TIT.
99° 2' 58, at VI. 87° 22' 28". Hour angle 17 54 56 W.
Long. 89° 28' 80" E.

14. Sun’s declination on July 4, at Greenwich mean noon
22° 56' 87" N., on July §, 22° 51' 24" N.; semidiameter
16' 45". True bearing N. 65° 41' W. Variation 14° 4’ E.

15. Sun’s declination on December 19, at Greenwich
mean noon 23° 25’ 35" S.; on December 20, 28° 26’ 46" 8.
Troe bearing W. 81° 55’ 80" 8. Variation 18° 4 30" E.

16. Moon’s Greenwich meridian passage June 10, 128 2m,
June 9, 11* 0=; moon's semidiameter 16’ 36”. Equation of
time 1™ 8. to apparent time. High water 8% 2™ s, and
3 33™ p.u.

Norz.—The right ascension of mean sun is found in tho Nautical

Almanas in page II. of each month under the heading of “Sidereal
Time.”

Questions.—No. II.
" 1. Required the course and distance from A to B.

Lt A. . 40° 25'N. Long. A . . 2 10E.
B.. 35 2N B..140W

2, Required the course and distance from A to B.
. Lat A . . 50° 48'N, Long. A . . 100°E.
B. . 50 48 N. B. . 101 E

8. A ship bore from me W. { N,, and a current run in
this intermediate space N.N.W. 4} miles an hour ; how must
'IMﬁofetehtheshlp,luppoangImpullmmllm ‘
ﬂmileolnhwr? ,

4 May 10,1887, st noon, » point of land in lat. 88°17' N,
‘s long. 56° 19’ W., bore by compass W. b. 8. } 8. distant
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174 miles (variation of compass 2% E); a&erwmhnﬂd
as by the. following log account; required the latitude and
lmph:dein,szll a4 noon.

Hours. Knots.| Yoths.[  Course. Wind.  {Leeway
1 1 4 B.S.K. E. 2t | PM.
] 5 8
8 [ 9
4 4 8
5| ¢« | 8 lsawaw.| w. 2
6] ¢ 7 Variation 8} E.
7 ] a
8 8 2
il 1] 1
10 [] 0 W.AW. BIW 2%
11 [] 4
13 6 8

H.M.8. May 11, 1896,

AM.

W.N N.N.E. 0

During ihe }ast 7 hours
nmmmtutmcm
3 miles an hour, N.N
by compass.

-

Rh8crwanswwn~
KWW s SO
VPNASARTIETE

5. What bright star will pass the meridian of Greenwich
the first after 10® r.at., on Oectober 20, 1837, and how far
N. or 8. of the zenith ?

8. October 19, 1837, in longitude 88° 49" E., the observed
meridian altitude of the sun’s lower limb was 58° 37’ 56"
(senith N. of the sun); the index correction was + 8’ 88",
and the height of the eye above the sea was 17 foet ; reqmred
the latitude.

7. August 10, 1887, at 6 40™ r.u. mean time, in
50° 17 K., the observed meridian altitude of the mocd

- lower limb was 45° 47' 89" (zenith N. of the moon), the
index correction was — 8' 18", and the height of the eye
sbove the mea was 24 feet; required the Iatitude. - -

8. Juna 8. 1887 thobnmdmu:&andhhﬂnafﬂ-
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star s Canis Majoris was 43° 29’ 47" (zenith 8. of the star),
the index correction was — 8' 147, and the height of the
eye above the sea was 16 feet; required the latitude.

9. Febrnary 18, 1887, the observed meridian altitude
of the star a Ursw Majoris under the North Pole was
538° 28' 477, the index correction was — 8' 49", and the
height of the eye above the sea was 18 feet; required the
latitude. )

10. February 9, 1837, at 10% 20™ p.x. mean time, in long.
85°32° W ., the observed altitude of a Urss Minoris (Polaris)
was S0° 25’ 30, the index correction was — 4 10", and the

t of the cye above the sea was 15 feet; required the
latitude.

11. Junc 9, 1887, the following double altitude of the sun
was observed.

Mean time nearly. Chronometer.  Obs. alt. sun's L. .. True bearing.
1d 3= pu. 1% 10= 50¢ 52° & 407 8.8.W.
7 6 ru 7 12 48 14 &7 30 W.N.W.

The run of the ship in the interval was N.N.E. § miles, the
index correction was — 1’20 and the height of the eye
above the sea was 17 fect ; required the true latitudo at the
second observation; the latitude by account being 59° N,
and longitude 47° 18' E.

12. August 25, 1837, at 9% 45® .. in lat. 60° 2' N. and
longitude by account 59° 16’ E. when a chronometer No. 10,
showed 5t 42™ 16%, the observed altitude of the star a
Andromede was 39° 32' 28" E. of the meridian; the index
correction was + 5 17, and the height of the eye above
the sea was 15 feet ; required the true longitude.

On May 15, 1837, at Greenwich mean noon, No. 10 was .
alow on Greenwich mean time 8™ 40*5, and its daily rate
was 7+8

13. May 14, 1837, at 2% 20= p.M. mean time nearly, in
lat. 50° 48’ N., and longitude by account 60° 62'1,&0
following lunar obgervation was taken. :
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Obe. slt. sun's L.L. Moon's L. L. Oba, dist. X. L.
R Lk 45° 4T 387 108° 58' 45"
Indexcor. + 8 10 —1 12 +2 18

The height of the eye above the sea was 10 feet; required
the true longitude. -

14. May 20, 1837, at 4% 47 A.x. mean time nearly, in
lat. 18° 42' 8. and long. 160° E., the sun rose by compass
E. 21° 18’ 80" N.; required the variation.

15. March 7, 1837, at 2! 50™ p.M. mean time nearly, in
1at. 51° 10’ N, and long. 86° E., the compass bearing of the
sun was 8. 74° 42' W.; and at the same time the observed
altitude of the sun’s lower limb was 21° 40’ 45", the index
correction was — 2' 18”, and the height of the eye abave
the sea was 14 feet; required the varistion.

16. Bequired the time of high water at A on August 27,
1887, A.M. and P.M.

Change tide at A . 5 18= p.x. app. time. Long. A . 98° E.

Elements from Nautical Almanac and Answers.

1. S.81°43 30" W. 344"5.

2. E. 879.

8. BW.3W.

4. Corrected courses E.b.S.38.17°5; S.W.b.8. 20"7;
8.8.W.i1W. 25"1; NW.iW. 381"8; NW.iW. 206;
E.18.18"4; NNE 1 E. 21'. Lat.in 88° 20’36’ N. Long.
in 56° 52' W.

5. a Andromedm 23° 177 10" 8. of genith.

6. Sun’s declination on October 18, at Greenwich mean
noon, 9° 89 16" 8.; on October 19, 10°1' 3" 8. ; semidiameter
16' 5". Lat. 21° ¢ 20" N.

7. Moon's declination on August 10, at 8%, Greenwich
mean time, 23° 15 12" 8.; on August 10, at 4%, .28° 24
87" 8.; moon's horizontal semidiameter on Aungust 10, at
Greenwich mean noon, 15’ 48"8; on August 10, at Green-
wich mean midnight, 15' 51"-8; correction horizontal ptrlﬂn'
57 43™5 and 58’110 Iat.20°7' 1" N.
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8. Declination of a Canis Majoris 16° 20 49~ 8. Lat.
68°8' 14" 8.

9. Declination of o Urse Majoris 62° 37'42" N. Lat.
80° 42’ 22° N.

10. Right ascension mean sun, on February 9, at Green-
wich mean noon 21% 17= 284.28. Lat. 50° 83' N.

11. Sun’s declination on June 8, at Greenwich mean
noon, 22° 51' 58" N.; on June 9, 22° 57' 10" N.; scmi-
diameter 15’ 46”. Arc (1) 81° 40’/ 15°, Are (2) 68° 82' 15",
Arc (8) 38° 4 0". Lat. 60°11' 51" N.

12. Right ascension mean sun on August 25, at Groen-
wich mean noon 10t 14m 98,84 ; declination of'¥: Andromeda*
28°11' 40" N. Hour angle 20" 4m 23* W. Long. 56°15'0".

13. Sun's declination on May 13, at Greenwich mean
noon, 18°24 17" N.; on May 14, 18°38' 55" N.; correction
equation of time 3™ 55%.3 A and 3= 559 A; moon's hori-
zontal semidiametor on May 13, at Greenwich mean midnight,
14/ 58".2; on May 14, at Greenwich mean noon, 15' 59",
correspouding horizontal parallax, 54’ 45”1 and 54 58°.9.
True distance, 108° 87’ 59”; distance at XXI, 108° 4/ 49";
distance on 14, at Greenwich mean noon, 109° 28’ 44"
Hour angle 2b 24 5%, Long. 62° 15" E.

14. Sun’s declination on May 19, at Greenwich mean
noon, 19° 47° 14" N.; on May 20, 19° 59’ 54" N. Truc
bearing E. 20° 59 45” N. Variation, 0° 18" 45" E.

.15. Sun's declination on March 6, at (reenwich mean
noon, 5°37' 27" 8.; on March 7, 5° 14’ 8" §.; semidiameter,
16' 8". True bearing N. 130° 5G' 30" W. Variation,
25° 38' 30" W.

16. Moon’s Grreenwich meridian passage on August 27,
22 827, August 26, 21 19™.9; moon's semidiamcter,
14’ 45". Equation of time 1™ 19% from mean time. High
water 2b 18® a.x. and 2b 42m p g,

Nore.—The right ascension of mean sun is found in the Nautical
Almanac in page IL of each month under the heading of * Sideres!
Time.”

x



268 ROYAL. NAVAL OOLIEGE.

Questions.—No, II1.

1. Required the course and distance from A to B.

Lat. A .. 70° 158. Long. A .. 3 10/ W.
B..75 208 B..2 15 E

2. How many miles are there in 10° of longitude in the
latitude of Portsmouth ?

3. A ship bore from me 8.8.W.{ W, and a current ran
in the inte iate space S.S.E.]E., 74 miles an hour;
how must I sbeer a boat to fetch the ship, supposing I can
pull in still water 103 miles an hour ?

4. March 4, 1837, at noon, a point of land in lat. 50° 48’
N., and long. 1° 6" W ., bore by compass N.N.E. } E,, distant
16 miles, (variation 2{ W.), afterwards sailed as by the
following log account; required the latitude and longitude
in, on March 5, at noon.

1 i ] .
n«uu,! Knots. ! 1';&-. I Course, Wiad. la:n.y’
| 11 s 5 (NNWAW. NE 13 | M. i
2, 4 1 . ; ;
3 4 3 : | ) B
4 2 7 ERE. ! Do. 2
' o 3 [ ! {
[] 3 2 Varlation 2} W.
7 4 0
B 5 [} RIE. ES.E. 2%
L) b 2
10 ] ]
[ Y 4 b I
12 4 [ )
|  Remarks in H.M.5. Mas.b, 1987
1 . 7 | NEN . De. 1} AM,
20 4] 2 ! .
3 4 4 | '
4 ] 7 : .
» 2 2 | A current set the ahip
! 4 3 5 W.IN., . RRW. 1} N.E. the last 6 bours at
-1 4 ] : the rate of 34 miles por
8 3 ] i hour.
. ] 4 4 ! ¢
10! 81 6| NbyE. | BSouth. | O i
‘ 1m0 2 | i
{ 12 10 3 ' !
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5. At what time will the star « Lyras pass the meridian
of Portsmouth on May 11, 1887, and how far N. or 8. of
the zenith ?

6. March 8, 1837, in long. 89° 48’ E, the observed
meridian altitude of the sun’s lower limb was 51° 49 307,
zenith north of the sun, the index correction was — 3' 17",
and the height of the eye above the sea 15 feet ; required
the latitude.

7. March 16, 1837, at 8" 2™ p.u., mean time nearly, in
long. 110° E,, the observed meridian altitude of the moon's
lower limb was 48° 47' 36", zenith north of the moon, the
index correction was — 2' 47", and the height of the eye
above the sea was 13 feet ; required the latitude.

8. July 7, 1837, the obscrved meridian altitude of the
star a Cygni was 53° 29° 88", zenith north of the star, the
index correction was — 5’ 12", and the height of the eye
above the sca was 16 feet; required the latitude.

9, Oct. 16, 1837, the observed meridian altitude of the
star a Urse Majoris under the North Pole was 6° 26' 10,
the index correction was — 2 10", and tho height of the eye
above the sea was 17 feet ; required the latitude.

10. Sept. 10, 1837, at 3 42™ ao.m., mean time, in long.
83° 14/ E., the observed saltitude of « Urse Minoris was
30° 47' 4%, the index correction wns + 8' 45", and the
height of the eye above the sea was 17 feet ; required the
latitude.

11. April 10, 1837, the following double altitude of the
sun was observed.

Mean time nearly. Chronometer.  Obs.alt. sun's L.L.  True bearing.

10 4= am 100 9=40° 410 1H 45” SE

11 47 am 11 43 28 46 43 12 SbyE
The run of the ship in the interval was N.W. 6 miles, the
index correction was — 4’ 24", and the height of the eye
above the sea was 20 feet; required the true latitude at the
second observation, tho latitude by account being 51° N
and the longitude 1° ¢ W.
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12. May 10, 1887, at: 8% 10™ p.u., mean time, in lat.
48° 12 N., and long. by acconnt 45° 10’ E,, when a chrono-
meter showed Ob 10® 42%, the observed altitude of the
sun's lower limb was 37° 20' 10", the index eorrection was
+ 810", and the height of the eye above the sea was 18
feet ; required the true longitude.

On May 1, 1887, at Greenwich mean moon, the chrono-
meter was fast on Greenwich mean time 9@ 50%, and its
daily rate was 32 gaining.

13. January 16, 1887, at 3t 4m p.M., mean time nearly,
in lat. 50° 50’ N., and long. by account 65° E., the following
lunar observation was taken.

Obs. alt. sun's L. L. Obs. alt. moon's L. L. Oba. dist. N. L.

8° 8% 20~ 15° 42 30~ 121° 10" 30~
Indexcor. 4+ 1 10 + 5 47 — 5 47
The height of the eye above the sea was 16 feet: required
the true longitude.

14. May 18, 1837, at 4% 50™ .M., mean time nearly, in
lat. 18° 45' 8., and long. 99° 18’ E., the sun rose by compass
8. 80° 12’ E. ; required the variation.

15. March 7, 1837, at 9% 10m s, mean time nearly,
in lat. 61° 10’ N., and long. 89° 12’ E,, the compass bearing
of the sun was S. 74° 50’ E,, and at the same time the
observed altitude of the sun’s lower limb was 21° 40’ 43",
the index correction was — 2' 18", and the height of the
eyo above the sea was 14 feet; required the variation.

16. Required the time of high water at A. on March
10, 1887, A.M. and pat.

Change tide at A . 6 457 r.x. app. time, Long. A . 98°E.

Elements from Nautical Almanac and Answers.
1. 8.17° 23 E, 319"4.
2. 8792
8. W.b.8.18.
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4. Corrected courses S. 3 W. 15, or WSW.31 W.;
departure course W.b.N.iN. 11"9; ESE.{E. 129;
S.4W. 2574; N.20"2; W.48.14"7; N.b.W. } W.30.
N.b.E.{E.2V. Latitude in 51° 14' 54" N. Longitude in
1°85' 24" W,

5. At 15" 12m 42+: 12° 10’ 11" 8, of zenith.

6. Sun’s declination on March 7, at Greenwich mean
noon, 5° 14’ 8" 8. ; on March 8, 4° 50’ 46" S. ; semidiameter
16' 7. Latitude 33° 5’ 44" N.

7. Moon's declination on March 16, at 0b, 26° 48'39” N.;
at 1b, 26° 44’ 20" N. moon’s horizontal semidiameter on
March 16, at Greenwich mean noon 14’ 45°1; on March 16,
at Greenwich mean midnight 14’440 ; corrected horizontal
parallax 54' 8”1 and 54' 74. Latitude 67° 14' 36" N.

8. Declination a Cygni #4° 41’ 59" N. Lat. 81-22' 12" N.

9. Declination of a Ursre Majoris 62°387' 28" N. Latitudo
32°33' 1" N.

10. Right ascension mean sun, on Sept. 9, at Greenwich
mean noon, 11* 13 18%15. Latitude 38° 24’ N.

11. Sun’s declination on April 9, at Greenwich mean
noon 7°36'29” N., on April 10, 7°58' 43" N. Semidiameter
15' 68”. Arc (1) 23° 18’ 15", Are (2) 88 17' 307, Arc (3)
65> 27' 0. Latitude 51° ¢’ 47" N. ‘

12. Bun’s declination on May 10, at Greenwich memm
noon 17° 38" 34”; on May 11, 17° 64 7" N., correct
equation of time3m 5082 8., and 3™ 5245 E.; semidiameter
15'51”. Hour angle 3% 81= 21*.  Longitude 51° 47' E.

13. Sun’s declination on January 15, at Greenwich
mean noon, 21° 6' 42" 8., on January 16, 20° 55’ 23" 8.,
correct equation of time 9™ 49*1 A and 10™ 9*8 A, ; moon’s
horizontal semidiameter on January 15, at Greenwich mean
midnight 15' 2"1, on January 16, at Greenwich mean noon,
14 58"0; corresponding horizontal parallax 55' 10”6 and
54 55"3. True distance 121° 20 29% distance ot XXI.,
120° 32' 5%, st XXIV., 121° 55’ 25”. Hour angle 2b 54= 7*,
Longitude 64° 55' 45" E.
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14. Sun’s declination on May 17, at Greenwich mean:
noop, 16° 20/ 58" N., on May 18, 18° 34 14" N, true
bearing E. 20° 84’ 45" N. Variation 80° 22' 45" W.

15. Bun's declination on March 6, at Greenwich mean
noon, §° 37’ 27" S, on March 7, 5° 14 8" 8., semi-
diameter 16' 67, true bearing N. 181° 9’ 15" E., variation
26° 69’ 16" E.

16. Moon's (ircenwich meridian passage on March 10,
3b 18® mean time on March 9, 2k 26 ; moon’s semidiameter
15’ 37% equation of time 11 8. from mean time, high
water 9 1™ p.y. and 80 87m A.m.

Nore.—The right ascension of mean sun ia found in the Nautical
Almanac in page IL of cach month under the heading of “Sidereal
Time.”

Questions.—No. IV.

1. Required tho course and distance from A to B.

Lat. A . . 60° 25'S. Long A . . 35° 22K
B..64 128 B..30 10E

9. Sailed from Ushant due west 492'5 miles; required
the latitude and longitude in.

8. A ship bore from me N.E. 1 E. and a current set in the
intermediate space N.1 W., 5 miles an hour; how must
1 steer a boat to foteh the ship, supposing I can pull in atill
water 74 miles an hour? )

4. May 1, 1885, at noon, a paint of land in latitude
51° 10' 8., and long. 8° 15' E,, bore by compass SS.W i W.
distant 25 miles, variation 21 E., afterwands sailed as by
the follawing log account ; required the latitude and longi-
tude in.
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5. What bright star will pass the meridian of the Land’s
End the first after 6 42™ A.M. mean time on August 17,
1835, and how far N. or 8. of the zenith ?

6. August 18, 1835, in long. 110° 32’ E., tho observed
meridian altitude of the sun's lower limb was 50° 26’ 107,
zenith N. of the sun, the index correction was — 2' 507,
and the height of the eyc above the sca was 15 foet;
required the latitude.

7. August 18, 1835, at 8% 0™ A.M, mean time nearly,
in long. 92° 10' W, the observed meridian altitude of the
moon’s lower limb was 26° 42 107, zenith B. of the moon,
the index correction was — 8’ 40", and the height of the
cye above the sea was 14 feet ; required the Iatitude.

8. December 7, 1835, the observed meridisn altitude of
the fixed star a Arietis was 40° 25’ 10”, wemitk N. of the
star. the index oorrection was — 2’ 107, and the height of
the eye sbove the ses was 18 feet ; roquired the lstitude.

12. Deceomber 7, 1885, the observed meridian aititude
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of a Urss Majoris, under the N. Pole was 11° 10’ 107,
the index correction was -+ 8' 20", and the height of the
eye above the sea was 19 feet ; required the latitude.

10. December 7, 1885, at 1b 20™ o.\., in long. 78° 80 E.,
the observed saltitude of a Urse Minoris (Polaris), was
50° 4 15", the index correction was — 5'10” and the
height of the eye above the sea was 12 feet ; required the
latitude.

11. July 30, 1833, observed the following double altitude
of the sun.

Mean time nearly. Chronometer.  Obs.alt.sun’s L.L.  True hearing.

110 58™ A.M. 0b Om 100 57° 20 45" S.3°E.

0 4 pM 0 6 17 57 29 30 8.8°20'W,
The run of the ship was none, dip none, the index correction
was + 0' 30"; required the true latitude, the latitude by
account being 51° N., and the longitude 1° W.

12. May 14, 1835, at 9% 30™ a.xr., in lat. 50° 48' N, and
long. by account 2° W, a chronometer showed 9" 26™ 18,
and the observed altitude of the sun’s lower limb was
46° 48 77, the index correction was 3' 10" 4 and the height
of the cye above the sea was 10 feet; required the true
longitude.

May 1, 1835, at Greenwich mean noon, the chronometer
was slow on Greenwich mean time 4™ 2* and its daily rate
was 3*5 losing.

13. September 3, 1835, at 7" 32™ r.x., mean time nearly,
in lat. 30° 10’ N, and long. by account 36° 10 W, the
following lunar obagrvation was taken.

Ubs. alt- & Pogual (Markab)  pa, alt. moon's L. L. Oba, dist.F. L
9° 50’ 407 18° 10 507 55° 46 207
Indexcor. — 1 10 +1 30 — 0 30

The height of the eye above the sca was 15 feet ; required
the true longitude.

14. August 23, 1885, at 7b 0™ r.M., mean time nearly,
in lat. 50° 48' N., and long. bynwount 140° 25' E,, the
sun set by compass W. 5° 10’ 8.; required the variation.
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15. August 23, 1835, at 5" 50™ o.M, mean time nearly,
in Iat. 51°10’ N., and long. 185° 40’ W., the sun bearing
by compass was 8. 22° 10’ E., and the observed altitude
of its lower limb was 7° 40’ 50", the index correction was
— 2' 50, and the height of eye above the sea was 15 feet ;
required the variation.

16. Required the mean time of high water at A, on
Aug. 2, 1835, o.M, and p.M.

Change tide . 8" 40= app. time. Long. A . 76°W.

Elements from Nautical Almanac and Answers.

1. 8.82°32 15" W. 2(9"3.

2. Lat. in 48°28' N. Long. in 17° 25’ 48" W

3. E.b.N.

4. Corrected courses N.E.b. E. ] E. 25 doparture course,
SSE. 188; N.J] W. 35"8; SSW.JW.383; SE 8
47"8; N.b. W.{ W.20. Lat. in 51° 29" 54" 8. Long.
in 4°0' 18" E.

5. a Tauri 33° 54' 8. of zenith.

6. Sun’s declination on August 17, at Greenwich mean
noon, 18° 85 52" N., on August 18, 13° 1¢' 403 N.,
semidiameter 15’ 49”. Latitude, 52° 48' 51" N.

7. Moon's declination on August 18, at 2" (ireenwich
mean time, 24° 12’ 3" N,, at 3%, 24° 17' ¢" N., moon’s
horizon semidismeter on August 18, at Greenwich mean
noon, 14/ 516, at midn. 14’ 545, corresponding horizontal
parallax 54’ 31"'8 and 54 427, Latitude 38° 10’ 36" 8.

8. Declination of a Arietis 22° 41' 5" N. Latitude
72°23' 24" N.

9. Declination of a Urs® Majoris 62°37' 57" N. Latitude
38° 26' 29" N.

10. Right ascension mean sun on Dec. 6, at Greenwich
mean noon, 16* 58= 12+52. Latitude 50° 16’ N.
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11. Bun's deelination on July 31, at Greemwich mean
noon, 18° 89’ 18" N, on August 1, 18° 24’ 47" N, semi-
diameter 15’ 47”. Latitude 50° 58’ 30" N.

12. San's declination on May 18, at Greenwich mean
noon, 18° 16’ 82" N.; on May 14, 18° 81’ 18” N; corre-
sponding equation of time 3™ 45*9 8., and 8™ 56*9 S.;
semidiameter, 15' 50" ; hour angle, 21* 36= 45* W. Longi-
tude 0° 26' 0" E.

18. Right ascension mean sun September 3, at Greenwich
mean noon, 10% 47™ 36*37; right ascension a Pegasi
224 56™ 35%2; declination 14° 19’ 23" N.; moon’s hori-
zontal scmldmmc-ter on September 3, at Greenwwh mean
noon, 156’ 51"7, at midnight, 15' 48”8 ; corresponding hori-
zontal parallax 58 12"5, and 57 59"9; true distance
55° 32 23”; distance from Nautical Almanac at VI.
56° 49’ 7", at TX. 55° 19’ 61”; hour angle 18" 11= 57 W.
Longitude 33° 48' 0" W.

14. Sun’s declination on August 22, at Greenwieh mean
noon, 11° 57' 49" N, on August 23, 11°387' 37" N.; true
bearing W, 18° 88’ 45" N. 'Variation 23° 48' 45" E.

15. Sun's declination on August 28, at Greenwich mean
noon, 11° 37 37" N.; on August 24, 11° 17" 14" N.; semi-
diameter 15’ 51" ; true bearing N. 81° 6' 80" E. Variation
6° 43' 80" W.

16. Moon's Greenwich meridian passage August 2, 6k 88=;
August 1, 5t 46m; semidiameter 16’ 10”; equation of time
6= 8. from mean time. . High water 9* 12™ aac, and
Ok 88™ p.u.

Nome.—The right ascension of mean sun is found in the Nautical
:\il::l‘lm in page . of sach mouth under the heading of *Sidereal
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Questions.—No. V.

1. Required the course and distance from A to B.

Tat A .. 85° 258, Long. A .. 9 89'W.

N

B..73 4258 B..4 2K

2. Required the course and distance from C to D.
Lat.C.. 70° 13'N. Long. C . . 15° 25'E.

.. 70 15 N. D..20 25E

8. A point of land bore from me S.8.W.[W., and :
currcnt set in the intermediate space S.8.E. 47 miles m
hour; how must I steer a boat to fetch the point of land
supposing I can pull in still water 8§ miles an hour?

4. October 23, 1837, at noon, a point of land in latitud
34° 28'S., and longitude 18° 28' E, bore by compass N.'W
distant 10 miles (variation of compass 2¢ W.), afterward
sailed as by the following log account ; required the latitud:
and longitude in, on October 24, at noon.

]
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5. At what time will the star a Aquile (Altair) pass the
meridian of the Land’s End, on December 8, 1887, and how
far N. or 8. of the zenith ?

6. December 10, 1837, in long. 55° 20’ E., the observed
meridian altitude of the sun’s lower limb was 25° 52' 5”
(zenith N.); the index correction was — 2'10", and the
height of the eye above the sea was 17 feet; required the
latitude.

7. August 10, 1837, at 6" 40™ P.M. mean time nearly, in
long. 50°17' E., the observed meridian altitude of the moon’s
lower limb was 456° 47' 89" (zenith N. of the moon); the
index correction was — 3’ 18", and the height of the eye
above the sea was 24 feet ; required the latitude.

8. October 15, 1837, the observed meridian altitude of a
Aquilm was 50° 25' 30" (zenith N.); the index correction
was — 8’ 20% and the height of the eye above the sea was
18 feet; required the latitude.

9. October 16, 1837, the observed meridian altitude of a
Ursse Majoris (Dubhe) under the North Pole was 5° 2610";
the index correction was — 2’ 10”, and the height of the eye
above the sea was 17 feet ; required the latitude.

10. March 17, 1837, at 9 43™ p.M. mean time, in long.
93° 14 W., the observed altitude of « Urse Minoris (Polaris)
was 32° 49’ 14”; the index correction was + 7’ 49", and the
height of the eye above the sea was 12 feet; required the
latitude.

11: March 14, 1887, the following double altitude of the
sun was observed.

Mean time nearly, Chronometer. Obs, alt. sun’s L. L. True bearing.
1% 5% r g 2m 25 41°20 45  SSW.4W.
5 6 ru. 12 3 30 7 20 30 W.byS. 48
The run of the ship in the interval was N.E. 18 miles;
the index correction was — 3' 20”, and the height of the
eye above the sea was 28 feet ; required the true latitude at
the second observation ; the latitude by account being 45° N.
and the long. 50° 20’ W.
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‘12. February 10, 1887, at 9% 20™ p.ar. mean time nearly,
in lat. 28°20' N. and longitude by account 31° 2' W., a
chronometer showed 11t 16= 25¢, and the observed nlhtudc
of the star a Leonis (Regulus) was 41° 55’ 10" E. of the
meridian ; the index correction was + 1' 20", and the height
of the eye above the sea was 25 feet; required the truc
longitude.

On February 1, 1837, at Greenwich mean noon, the
chronometer was fas¢ on Greenwich mean time 5™ 20*6, and
its daily rate was 247 losing

13. April 27, 1837, at 25 30™ A.M. mean time nearly, in
lat. 45° 20’ N, and longitude by account 46° W, the following
lunar observation was taken.

Obs. alt. & Virginls

W. of meridian, Obs. alt. moon’s L.L. Oba, dint. F. 1.
16° 30’ 50~ 15" 38" 56~ 987 2 07
Indexcor. + 2 20 + 65 52 +1 &

The height of the eye above the sea was 12 feet; required
the true longitude.

14. June 15, 1837, at 8" 10™ p.M. mean time, in lat. 50°
48’ N, and long. 73° 19’ E,, the sun set by compass W. 30
29’ N.; required tho variation.

15. June 15, 1837, at 9" 39" 4.M. mean time nearly, in
lat. 50° 48’ N., and long. 99° 29 K., the compass bearing of
the sun was S. 38° 19' 50" E,, and the obsecrved altitude of
the sun’s lower limb at the time was 40° 58’ 87"; the index
correction was 4 10’ 43", and the height of the eye above
the sca was 12 feet; required the variation.

16. Required the time of high water at A on February
17, 1837, a.M. and r.M.

Chango tide at A . 11* 42* p.u, app. time. Long. A . W
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Elomonts from Nouticsd Almanac and Ahwoers.

1 8.17°19 16" E. 5206.

2. E. 1013,

3. BW.iW.

4. Corrected courses E.b.8.18. 10’ departure course;
N.b.E4E. 22'5; S4E.28; W.iN.19"4; Sb.W.IW.251;
N.b.E4E. 26"7; W.b.N.iN. 39"3; W.b.N.{N. 10. Lati-
tude in 34° 17 54" S. Longitude in 17° 32' E

5. At 2t 34m and 41° 37' 8. of zenith.

0. Sun's declination on December 9, at Gireenwich mean
noon, 22° 51' 14” 8. ; on December 10, 22° 56' 49" S.; semi-
diameter 16’ 16”. Lat. 41° 8' 48" N.

7. Moon’s declination on August 10, at 35..28°15'12" 8.;
at 4h..28° 24/ 37" 8.; moon’s horizontal semidiameter on
August 10, at Greenwich mean noon, 15’ 43”8 ; on August
10, at Greenwich mean midnight, 15’ 51"'8; corrésponding
horizontal parallax, 57' 43”5 and 58 110. Lat. 20°7' 1" N.

8. Declination of a Aquils 8°26' 42" N. Lat. 484 8' 58" N.

9. Declination of a Urse Majoris 62° 37' 28" N. Lat.
32°33'1" N.

10. Right ascension mean sun, on March 17, at Green-
wich mean noon, 23k 89w 24823, Lat. 38° 47’ N.

11. Sun’s declination on March 14, at Greenwich mean
noon, 2°29' 26” 8.; on March 15, 2° 5' 46" 8.; semidinmeter,
16°6*. Aro (1) 60° 12 45", Arc (2) 91° 26' 30", Are (3)
40° 23’ 30". Lat. 48° 59' 28" N.

12. Sun's right ascension on February 10, at Greenwich
mean noon, 21k 21m 24+83; right ascension a Leonis, 9%
59 48+, declination, 12° 45' 40" N. Hour angle, 20t 43® 400,
Long. 27° 60 45" W.

13. Right ascension mean sun on Apnl 26, at Greenwich
mean noon, 2t 17® 6+41; right nscension of o Virginis,
13 16= 38%; declination, 10° 18’ 40” S.; moon's horizontal
semidiameter on April 26, at Greenwich mean midnight,
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16’ 8"8; on April 27, at Greenwich mean noon, 16' 8“4

corresponding horizontal parallax, 59’ 13"-5 and 59' 13"7.
True distance, 97° 30’ 29" ; distance at XV, 96° (¢’ 34" ; at
XVIII, 97° 46' 47". Hour angle, 8" 84~ 26* W. Long.
45° 19 80" W.

14. Sun’s declination on June 15, Greenwich mean noon,
23° 19 80* N.; on June 16, 23° 22 11" N. True bearing
W. 38° 48' 45" N. Variation, 8° 19’ 45" E.

15. Sun’s declination on June 14, at Gireenwich mean
noon, 23° 17" 5" N.; on June 15, 23° 19' 50" N.; semidiameter,
15' 46". True bearing N. 119°53' E. Variation, 21° 47’
10" 'W. *

16. Moon's meridian passage on February 17, 100 21m9;
on February 16, 9* 32™2; scmidiameter, 14’ 43", Fquation
of time, 14 8. from mean time. IHigh water, 9% 32m a.x.
and 9% 57= p.M.

Nors.—The right ascension of mean sun is found in the Nautical

Almanac in page 1I. of cach wonth under the heading of “Sidereal
Time."

THE END.
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