








PREFACL.

The wozk now submitted to the judgment of the Public
has for its ohject the determination of time, at day or night,
within linits sufliciently accurate for all common purposes,
and by means so simple and easy as to be attainable by
persons of every description.

The writer was led to this undertaking some years ago
by the extreme difficulty which exists this Country in pro-
curing Sun-dials, or other instrumonts by which the data
necessary for calculating time may be obtained ; and although
e cannot flatter himself that he has entirely succeeded in
his endeavours, he has still rcason to believe that as far as
universal dials are concerned, the Tables now submitted to
publicenotice, will, in a great measure, supersade the use of
them, both in point of accuracy and the facility with which
time may be determined.

fﬁ

In a work of this nature, it 18 not o be expected that the
theoretical principles on which it is founded can be render-
ed very plain and infelligible to those unacquainted with
the elements of Astronomy and Mathematies, but the writer

has endeavoured to state them as clearly as possible con-
sistently with the nature and limits of the work, and he

hopes that the practicaland most useful part of the various
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rules, will be ecasily understood and applied even by
persons o¢ the lowest capacit ¥, * -

The primary object of the Tables bemg the regulation
of watches, great care has been bestowed in rendering them
accurate and free from typographical errors. The writar
however, regrets to state that notwithstanding the utmost
exertiﬂﬁa made in this respect, a few errors of the latter
description have crept into the work, which arve given in a
table of Errata. and may be easily rectified.

W. G.

ERRATA.

Page 7, line 2. Dele the quotation marks.
»» — s 8 from bottom, For measuremsnt read measurement,
» 12, 1ast ine. For 8], 30im. and 3h. 92m. read 8h, 333m.
and 3h. 61m. respectively. i
* 13, hines 5 and 9. For 2h. 12m. read 2h. 2m,
» 94, line 7. TFor characters read character,

» 36, ,, 4 from bottom. For on read or.
0w — 4, 2 from do. For latitudes read latitude.

-» 43, ,, 18. For ascending read equinoctial,—the point ra('erred to being
the interseetion of the Moon’s orbit with the eguinoctial,

» 0l,in N, B. For aboye Table, read secend Table.

» 79. Alter the list of places so as to correspond with that at page B1.

1 906. Opposite to 3f, bin., in column headed Mar. 23 to Mar. 25, for 27
read 37,



CONSTRUCTION AND USE OF THE TABLES.

T

The astronomical problem for the determination of Time
requires, as is well known, three clements for its solution,
viz. the latitude of a place, and the declination and -altitude
of the celestial body which is the object of our observation.
Two of these elements, viz. the latitude and declination,
are always Lknown ; the former, by being "an invariable
quantity, and the latter, either by its being constant, or va-
riable within certain limits, or by its being capable of deter-
mination by calculation. The third element, viz. the aiti-
rude can be deduced from observation only, and the simplest -
method of doing this, is by the following process which 18
sufficiently correct for most ordinary purposes.

.ot ABC be a horizontal plane, and S the place of the
Sun or Moon, then, holding a rod DB perpendicularly on

the level surface at B,

)

A I/ C

't is obvious that its shadow will be projected to the point
A, which is in the same line with D and S. But ABD

being a right-angled triangle, BD is the tangent of the
BD

angle BAD to radius 45 ; whence Y is the trigonome-

rical tangent of the angle BAD, which represents the alti-
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tude of the Iummary S, Hence" the altitude may be easily
ascertained.

Now let A represent the altitude of any celestial body
thus determined, D its declination, and Z the latitude of the
place where the observation is made ; then, since the co-lati-
tude of the place and the polar and zenith distances of the
luminary, form a spherical triangle, having the angle which
represents the distance of the object from the mfridian, op-
posite to the zenith distance, we have,

Cos. Mer. Dis. = 05 Zen. Dis.~ cos, Co-lat.xcos. Pol. Dis,

sin. Co-lat.xsin. Pol. Dis.

Or, substituting % for the meridional distance in angular

measure, and P for the Polar distance,

sin, A — sm. L. cos. P

COA, h - e
cos, 1, sin. P

But 2 sin.z.g =] —cos, £,

sin. 4 —sin. L. cos, P
cos. L. sin. P

_ cos. L.sin, P+sin. L. cos. P-—sm A
cos. L. sin. 2

_ sin, (P+L)~sin. A
B cos. L. sin, P

ces. } (P+ L+ A).sin. 1 (P+L—A)} .

2 h

S 28, =1
a2

= ¢os. L. sin, P{

and in logarithms,
2 log. sin. _g=20 +log. cos. 3 (P+L+.4)
+log. sin 1 (P+ L—A)~log. cos. Li=log. sin. P.

2. The above is the formula usually given in astronomi-
cal works for the determination of %, but the operations it
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involves are tedious, and bring out the results with & pre-
cision altogether superfluous for the purposes intended by
the accompanying Tables. 'We shall therefore prome_d_tq.xin-
vestigate another formula, which, though wanting in general
utility, is, ﬁevertheless, in our particular case, of more 635y
application, and equally correct in its. results,

Reverting to the expression,

A Sint A —_— ﬂin- .Lg CO8. £ X
- cos. L. sin. P

and, dividing the numerator by the denominator, we have,
cos, 4 = sin. 4. sec. L. cosec. P~tan L. cotan, P,

&£
O,

Or, substituting for P, its &quivalgnt 92N° % D,

cos. & = sin. 4. sec. L. sec. D5 tan, L tan. D, ..
where the upper or lower sign is to be used, according as

the declination and latitude are of the same or different

names. |

4. This is the formula by which the accompanying
Tables have been computed ; amd although it is not adapted
to logarithmic caleulation, yet by the aid of subsidiary Tablex
showing” the values of its terms for every degree of latitude
and declination, it will be found to afford facilities of calcu-
lation, not easily attainable by any other rmula.

4. The nriginal-cbmputatiens by means of the above ex-
pression for cos. A, were made Yor every degree of latitude
and declination, and for the altitudes chrres]_:mndiﬂg tu-evary
second term of the tabulated shadow. The results of these
computations were obtained to the nearest tenth of a minﬁté,
~ and interpolated with second differences ; and when any of
the intermediate quantities did not appear to be sufficiently
accurate, they were rectified by independent calculation,

5. The apparent altitndes, deduced from the measured
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shadow were correkted for refiraction, before the formula

was applied, but the effect of parallaz has been disregarded,
not only because 1t varies with every celestial body, but also

because it 1s of a perceptible amount only in the case of the
Moon, and it will be shown hereafter how the shadow mea-
sured in Moounlight, should be corrected, to obtain that which
corresponds to the true altitude of the planet. |

6. The manner in which the results of the preceding
E&lLchli’lﬂl]S and the elements necessary for their determina-
tion, have been arranged in the accompanying Tables, is so

obvious, as to require only a very brief explanation.
. 7. Each table, it will be seen, contains two double- pdges

having the latitude for which it is computed marked at the
top, and the principal places to which it is .applic&b-le at the
bottom of the pages. Although frem the circumstance of the
Fables being intended expressly for the southern part of
India, we have inserted therein only such places as are to be

found in the Madras and Bombay Presidencies, yet it is obvi-

ous that the table may be used at any p'iace 1n the northern
hemisphiere of the globe situated on the same paralle? of lati-
tude ; and likewise in the southern hemisphere, by merely
changing the word. north for south, and south for nor th, and
altering the other parts of the table accordigly,

Tn the first vertical column of each double-page, 15
given the length of the shadow of a rod of 4 feet from 1 in.
to 20 feet, which comprehends all altitudes, from 11° 19
to 69° 27, .

. The thild"ﬁlrrument viz. the declination is inserted in

ERT )

the lowest Lorizontal culumn of the Tables, azcompanied by
one of the suffixes + or — , the former of which denotes north,

and the latter south, declnmtmns. Corresponding to these de-
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clinations, and 1n the firgt and second hofzontal columng ()
are insertad the two periods @ of the year, during * which
each vertical culu-mn-lnay be used, in ordinary cases, for the
determination of time by the Sun. The two days by. which
these periods are limited, answer respectively to- the.. Selar
declinations which form the means between every tabulated
degree, and the next preceding and succeeding one. Hence
the days which correspond exactly to. the declinations ingert.
ed 1n the lowest horizontal column, are sitnated nearly in
the centre of the above periods, in those cases where the de-
clinations are in arithmetieal progressian,. while - in others,
their situation corresponds to the situation of the declinations
between the means to which the hEmi t{i;ng,igl_“;_:ya_..ﬂqf,;wer,_ Thus,
1t the two periods which answer to 5° South declination, the
. limiting days March 9th. and October Oth, answer to the de-
clination nearest to 4%° on the side of the above declination,
and the days March 7th, and October Tth, answer in. hle
manner, to the declination nearest to 54°. Again as the
period in the first horizontal column contains 8 days, “and
the declipation 5° 1seq;ally digtant. frﬂmthfnﬂxt . p:g_ggegl-'
ing and succeeding declination, the day answering to it, _.is
-nearly in the centre of the above period, and is therefore
about the 8th. of March, o
S0, in the two periods which .r:m'respﬂnd to 11° North
declinstion in the table for 15° N. latitude, the days April
17th. and August 27th. answer to 107, and the days Aprll
25th. and August 20th. answer to 13°, on the side of 11° ;

and, as the declination in question is situa

"

ted nearer to 9°

(1) By the * first" horizontal coluinn is meant that at the top of the Tables,
and by the * secornd,” the upper of the two horizontal colurmns at tha faot of
each Table. ' Dec, 22 |

{2) The periods are thus represented, 10 ; ivhich moans from Dec, 224.

| Deec. 29
to Dee, 20th . a
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than to 15°, the differences being in the proportion of1 : 2,

the days answering to it, are approximately the 20th of
April, and the 24th of August.

10. In the body of each Table, are inserted the intervals
in hours and minutes, between noon and the time of the ob-
~ gervation of the shadow ; the hours being marked on the
left hand side, and the minutes on the right hand side of
each vertical column. To avoid a multiplicity® of figures,
the kours have been omitted wherever their repetition would

be unnecessary ; and it is to be observed that in all such
cases, the number of hours marked immediately above or be-

low the vacant places, is understood. Thus, in thec second
vertical column of the Table for 15° North latitude, and in
correspondence to 8¢ 4in in the first page, we find only 31
minutes, which stands for 8t 81=; and in the third. vertieal
column of the same page opposite to 5S¢ 2 we find 27
minutes, standing for 2& 27=

11, Since the quantities inserted in the body of the
Tables, represent the intervals between noon and the time
of the observation of the shadow, it is evident that when the
observation is made in the afiernoon, .the.above quantities
represent at oncethe time of the day ; and that when it 1s
made in the forenoon, they must be subtracted from 12 hours
to obtain the time in ordinary reckoning—Thus, in the-table
for 13° North latitude, corresponding to 9¢ 4, we find
in the second vertieal column of the first page, the quantity
3t 49w, This would represent 49 minutes after 3 o'clock,
if the observation of the shadow were made in the afterncow;
but 3t 49m 20 12 o'clock, if in the” forenocon. _ In the ‘i'atter
case, therefure, the time would be 12" less I 49m

8k 11‘“ & M, in ordinary reckoning. It is ev1dent that 111-
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order to avoid, the compound*subtraction, “we might simply
say, “ 4Uminutes 0 9 o'clock ; the -9 o’'clock “in this” case
being obtained by mentally subtracting the tabulsted hour |
3 from 12 hours. . I A S

12.  From the nature of the calculation by which -the rew
sults embodied in the Tables, are obtained, it is evident-that
these resuligaare strictly correct only to the latitudes marked
at the top of the Tables, the declinations inserted in the low-
est horizontal column, and the altitudes. ‘corresponding to
the shadow in the first vertical column. These - conditions,
it is obvious, can but seldom exist together. Hende: it - bes
comes necessary to show, how the results in question may
be modified so as to answer every possible change which can
take place, in either one, or all, of the elements upon ‘which
they depend. |

18. Before, however, we prﬂcez'd to this part of the sub-
ject, it is important to observe, that as the elements of de-
clination and latitude are generally known before hand, the
accuracy of the result obtained in any practical case, depends
materialfy tpon a correct measurement of the shadow, which
should therefore be performed with great care. The ground
selected for this purpose should be the moat level that can
be obtained ; the rod® which is to be 4 feet long,® should
be held between the thumb and forefinger, and be suspend-
. ed above the ground for a few seconds until it restsin a per-
pendicular position by virtue of its own gravity. It should

(I) The rod should be eylindrical, being abouf one . ineh in diameter: and
should be made of teak, or some other heavy wood to resist the effects of slight
currents of air.  For facility of measuremsnt, it should also be ‘graduated with
feet and inches, ) o

(2) We have fixed upon 4 feet, as the most convenient length for' practical
purposes, but it is obvious that the rod may be of any length whatever, though
to render its shadow a proper argument for the Tables, it would bhe neceasary
to reduce it to the corresponding shadow of a rod of 4 feet, either by propor-
ti t?r? or by messuring it with a scale, of which the linear unit is the 48th part
of the rod. -
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then be gently lo#ered, and at the instant it touches the

ground, the shadow shauld be noted and measured. |
14, On holding a rod in sunlight, it will be perceived

that a circular penumbra is formed at the ;extremity of its

shadow. . This is caused by the rays which proceed from the
upper and lower limbs of the sun and intersect one another

at the top of the rod, the dark edge repr esenmu the posi-
tion of those which proceed from the upper lizab. . When
the sky is clear, and the sun eonsiderably above the horzon,
the extent of this shadow is not great, and the limits of it
are so clearly defined that the distance of its centre from the
foot of the rod may be easily measured to obtain the shadow
which corresponds to the ceéntre of the sun ; but as this orh
descends, the penumbra inereases rapidly, attaining to about
12 inches when the dark shadew measures 20 feet, and its
boundaries beceme so faint and indistinct, as to render it
difficult to trace them clearly. Under these circumstances,
the length of the dark shadow must be increased by a quan-
tity, obtained by calculation and inserted in the subjoined
table ; and it is to be carefully borne in mind that shis cor-
rection is always supposed to be made, before the result of

any measurementpcan be applied practically.

TaBLE.

Correction. |

Correction.

3 |Correction Correction.

Length of
" dark
shadow
Length of
dark
shadow
Length of
dark
shadow
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Rure 1.

15. Having thus obtained the length of the shadow,
look for it in the first column of the Table, which is headed
by the latitude of the place, or by the degree nearest to it”;
then, in a line with that shadow, and in the vertieal column
adapted to the given day will be found the irue or apparent

interval betsween noon and the time of the observation.
-

KxavpLEe 1.

In the forenoon of the 8th. of March, in latitude 157 N.
I measured the shadow of a rod of 4 feet, and found it to be
3t 6in,  Required the time.

Turning over to the Table which bas the 15th. degree of
North latitude marked at the top, we find, in the horizontal
line corresponding to 3% 6", and in the vertical column
headed by the period March 7th. to March 9th, which includes
the given day, the quantity 2t 25m for the interval between
noon and the time of the observation ; consequently, the time
required 1s 25 minutes to 10 o’clock, or 9" 35m a, M. Had
the obsarvation been made in the afternoon, the time would

have been simply 2" 25m,() or 25 minutes past two.
ExamrLeE 2. "

At Madras, on the 17th. of November, I measured the
shadow of a three-feet rod, and found it to be éxacﬂy 21
feet. Required the time.

Since the shadows of different rods taken at the same

instant, are proportional to their lengths,

25 X 4,

we have,3: 4 : — 3% feet=23" 4in. for the cor-

(1.) Both these times, and in fact, all the results of the suecceding examples
unill art. 19, require to be corrected by the Equation of time. The amount
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responding lengthgf a four-feet rod. Therefore, turning to
the table which has the 13th. degree of North lafitu_tjie marked
at the top, we find, in a line with 3% 4 and in the column

containing the given day in the second horizontal eolumn, the
quantity 1® 36™, for the interval between noon and the time
of the observation. Hence, the required time is either 36

minutes () to 11 o’clock A. M., or 1" 36m p. M.

Rure 1I. "

16. When the length of the shadow® is not found
exactly in the Tables, towards the latter part of which it
increases successively by several inches, take the difference of
the intervals corresponding to the next less and next greater
tabular inch ; and find the proportional pz;'t of it due to the

situation of the given shadow. Apply this correction to
either of the above times, as the case may require, and the
true interval will be obtained.

EXAMPLE.

In the afternocon of the 11th. of December in latitude 18 °

North, I found the shadow to be 10f 4 when my watch
indicated 51 minutes past 3 o’clock. Required the error
of the watch. -

The intervals corresponding on the given day to 10% and
10t 6inp the Table for 16° N. latitude, are 3t 49m and

3t 54m  respectively, where a difference of 5 minutes

of this equation on the given day ascertained from the table in art. 28 is +
11 m. ; so that the mean time sought is either $h, 46m. A. M. or Zh. 36m. P, M.
(1) The equation of time on the given day is —15 m. ; so that the cor-
responding mean time, or the time that would be shewn by a well regulated
clock, is either 10 h. 9 m. a. M., or 1 h. 21 1. P, ™.
(2) Whenever this term is used absolutely, it is always “intended to signify
the shadow of a rod of 4 feet, answering to the centre of the sun, and obtained

either by measuring to the centre of ihe penumbra, or by allowing for it as
shown in art, 14,
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is produced by a variation of 6 inches in ®he length of the
shadow, ‘.CG;ISEQHEIHI}T we have the following proportion;

~-:l$(?l":4::5:5w:4E

= 3} minutes, which is thz correction due

to 4 inches. Hence 3% 49m + 3lm— 31 521m js the time re-
quired, and the watch having indicated only 3 51™, it was
therefore 11™ too slow. |

17. It will be perceived that in laying down the preced-
ing rulesin articles (15) and (16), we have assumed that slight
variations of declination and latitude cannot mate rially
affect the results obtained from the Tables. Thisis not
strictly true, but the deviations from accuracy are so small,
that except for the single purpose of regulating watches, we
may consider the rules as generally applicable, Even for
this purpose, by measuring the shadow at times favorable
for abservation, the deviations of the corresponding results
may be reduced within very narrow limits. Shouid it how-
ever, be required to allow for changes of declination and lati-
tude, 1t may be done in the following manner,.

Rure III.

18. Case 1st. To correct for changes gf declination.

In the table adapted to the given place, find by the prit:-
cess mentioned in art. 9, the two days of the year which

answer to consecutive declinations,® and have the given day
situated between them, Then, proceed asin articles (15) and
(16), to determine the interval corresponding to the measured
shadow, and each of the days just found. Take the propor-

(1) The equatioft of time on the given day bemga'?m, the time required 1s
properly 3h. 453m. so0 that the watch was, in fact, 5jm. too fast.

(2) These dd}'s may be ascertained by inspection unly from Table Il or IT
of the general Tables attached te this wark. .
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tional part of therdifference between these two intervals,
due to the situation of the given day, and apply it to one of
themn by addition or subtraction, as the case may require,

when the interval sought will be obtained.

EXAMPLEL.

At Bellary, on the Tth. of October, I measured the shadow,
which I found to be 5% 3in.,  Required the time. -

In the Table for 15° North latitude, we find by art. 9
that Oct. 9 and Oct. 6 are the two days, which answer to
consecutive declinations viz. 6° and 5°, and Bave the given
day situated' between them. Now by art. 16, the intervals
corresponding to 5% 3 and the above days are 3t 15m and
a" 17mrespectively, where a difference of 9m, is produced
in 3 days. Hence the difference due to one day is 2™ con-
sequently, the interval sought is 3t 17m.—2m_— gn l6lm. and
the time required 8" 432m A. M. or 3t 161m p, .01},

Case 2d. To correct for changes of latitude.

Having, asin the preceding case, determined the two inter-
vals which correspond to the measured shadow, the given day,
and the degrees of latitude next less, and rext greater, than
the latitude of the place of observation, take the dlﬂ'erence
between these intervals, andfind the proportional part of
it, due to the situation of the given latitude. ‘Apply this
cotrection to cither of the intervals, as the case ma ¥ require,

and the interval Sﬂught will be obtained.
Exampere 1.

At Cuddapah, on the 16th. of "\Tovembﬂ I foand the shadow

(l} The equation of time on ihe given day is — 10m. Therefore, the eor-
responding mean time is either 8h. 30im. A, M., or 3h. 9%m. p, .
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to. be 3¢ 11in, when my watchsshowed exaesy 10 45 p. m.
Required the error of the watcl). |
The intervals corresponding to the 16th. of November, and
3. 11in. of shadow, in the Tables for 14° and 15° North
latitude, determined as in case 1st. of this rule, are 24 12m and
Ih 574m respectively, the difference between which, 1s 44m,
Therefore, since Cuddapah is 1n 14° 28" North latitude, we
41 X 28
60

above difference due to its situation. Hence 20 12m — 2w —

have

=== 2m 11{*&11‘];}?, for the proportienal part of the

2k Om  js the correct interval at the time of the observation.

Consequently, the watch was 156™ too slow.(U

ExampLE 2. |
At Trichinopoly, in latitude 10% 50" N. I measured the sha-
dow on the 3d. of January, and found it to be 3% 9., Re-
quired the time of the day, and the error of my watch, which
indicated 108 131m &, M. at the time of observation.
From Table II. of the general Tables attached to this work,

we find that Jan. 2nd. and Jan. 6th, are the days which answer
to consecutive declinations viz. 23° and 221 ° and have the

given day situated between them. Now by art. 15, the inter-
vals corresponding to 3t 9ir- and Jan. 2nd. and Jan. 6th. in the
Table for 10° latitude, are 1B 54™ and 1D 56™ respective-
ly ; whence the interval corresponding to Jan. 3rd. is 1% 54
+ (3 of 2m) =1t 54im, [In like manner, the interval cor-
responding to the given day and shadow in the Table for
11° latitude, is 1b 49m Consequently, in the latitude of
10° 507, we have 1t 50m nearly, for the interval answering

to the given day and shadow. Whence, the time required

ok

ey

(1) The equation of time in the given day being — 15m, the Watch was really
not in error, ‘ s
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| is 10k 10m 4, M, and the error of the watch 4 35®, or 31
minutes too fast. o ) -

EXAMPLE 3.

At Bangalore, in latitude 12° 58 N., the sky being par-
tially clouded, I found the dark shadow on the 13th. of May

to be 2t 7.,  Required the corresponding time.
Ans. 10® 431m A, M., or 2% 163™ P. M.

ExaMmpLE 4.

At Vizagapatam, in latitude 17° 42° N., 1 measured the
dark shadow on the 8th. of November with a three-feet rod,
and found it to he 5 43", Required the corresponding
mean time. Ans. 9b 18m A, M., or 3® 10™p. m. nearly.

19. Those who are conversant with astronomical calcu-
Jations, will be aware of the fact, that in all observations de-
pendant upon the motions of the heavenly bodies, there are
certain times, at which the results of the observations are ob-
tained with greater accuracy, than at others. Thus, in the
problem which forms the subject of the present work, alti-
tudes taken too near to the horizon, will be affeeted with the
uncertainties of refraction, whila those obseryed too near to
the zenith will be liable to error, in consequence of the slow- |
ness of the motion in altitude. The former inaccuracy, how-
ever, does not take place within the limits to which the ac-
companying Tables extend ; but the latter does, and to such
a degree, as to render observations taken too near to the me-
ridian liable to much uncertainty. A cursory inépection of the
Tables will be sufficient to convince us of this fact ; for while
a difference of one inch in the shahﬂw dnes not create more

(1) Cﬁrrected for the equation of time from the Table in art 28, thlE tlmEt
b ecomes 10h, 15m. A.M,s0 that the watch was 1§m. too slow.
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than a few seconds’ differencg in the comgsponding time,
when the sun is near the horizon, or when the shadow mea-~
sures abaut 20 feet, it will be perceived that the same varia-
tion causes a difference of as much as 20 'minutes, when the
sun ig close to the meridian in extreme south declinations.
Hence it becomes necessary, before we determine upon the
accuracy of any practical result, to ‘ascertain what error a
small difference of shadow is likely to create in it, assuming
for this purpose, a deviation of one-quarter of an inch in the
measured shadow. When the Sun is more than two hours
distant from the meridian, an errer of this magnitude - will
not affect the corresponding result in a sensible manner, so
that a single observation will, in general, suffice to determine
the time accurately to the nearest minute ; but when the

sun is not so distant, it is necessary to repeat the observa-
tions at short intervals, and to consider the mean of the cor-

responding results as the true one.
ExampLE.
At Bellary, on the 1st. of October, I took the following ob..
servations of the shadow, viz.
1f- 9 when my watch indicated 10® 41m A, M.
1. 8l do. 100 451m |
1t 74t do. 10r 533m
Required the error of the watch.

The time detefm-ined_frum the first observation, as direct-
edin the foregoing rules, is 10t 583=. Hence, theerror of the
watch is — 17§™ ; or 173™ too slow.. By the second observa-
tion, the time is 1 1» 2i=, and the error of the watch — 17m,
In like manner, by the third observation, the time is | 1n 115,
and the error of the watch — 18=. Consequently, taking the
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mean of all the theee errors, we.have — 173m for the true er-
ror of the watch.(n), ..

20. The results obtained from the Tables according to
the above rules, are, ‘as we have already mentioned, in #rue
or apparent time. This is the time . indicated by a corrcet
sun-c{ial; and belng dependant upon the motion of the Sun,
is never of the same value between two successive revolu-
tions of that orb round any parficular meridian. But the
motion of a well regulated clock being equable, can never
correspond with that of the Sua. - T'hus, the clock, if it goes
true all the year round, will be before the sun from the 24¢h.
of December till the 15th of April ; from that day, till the
15th. of June, the Sun will be before the eclock; from the
15th. of June, till the 81st. of August, the clock will be again
befure the Sun ; and frnm thence to the 24th. of December,
the Sun will be faster than the clock. Hence, the times
shown by a well regulated clock and a -good sun-—dml are
never exactly the same, except:_un the 15th. of April, the
15th. of June, the 31st. of August, and the 24th. of December.
. The difference between these two times, is techuically de-

nominated the Equation of Time, and depends relatnrely to
its causes, upnnrtwu mrcumstances, viz. the nbhqulty of the

ecliptic to the equator, and the unequal motion of the Sun
1n 1ts orbit,

21, In order to explain the first cause, let us suppose
two Suns to set out, at. the same instant, from the vernal
equinox, or the first point of Aries, and to trairel equably ;

the real sun in the ecllptm and the 1man'1nary sun in the

rm

-

- (1) The equatmn of time on the given day being — 10nf}, the watch was only
?%m tooslow. It is to be observed, thatwhen the equation of time is to be apphed

to-the error of a watch in appareut time, it must be done with a sign eontrary
to that interposed in art. 28,
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equator ; the mntmn of the lajter orb beimg, cansequently,
the measurg of mea time, or the tume shown by a well re-
gulated clock. Aftera lapse of time, both Suns will have ad-
vanced the same number of degrees in their respective or-
bhits. Let S denote the place of the real sun in the ecliptic,
$’ the corresponding position of the imaginary sun in the
equator, 4 the first point of Aries, and g the obliquity of
the ecliptic #o the equator. Then, supposing a mendian to
pass through 8, it will intersect the equator at some point
P, the relation between which and the point §, will be ex-
pressed by the following formula, deduced {from Napier’s
analogies ; V1z.

tam. A4S X cos, 8§ = tan. AP.

Now since 8 is about 23 28/, its cosine 1s less than the
radius, which is here considered to be unity ; hence, tan, AP
is less than tan. 4S5 ; consequently, in the first quadrant of
the ecliptie, A is less than A4S, or 1ts equal 457, Whencs,
the right ascension of the real Sun, is less than the right as-
cension of the imaginary Sun; and the former orb, therefore,
comes to the meridian sooner than the latter, -or sclar noon
precedes noon by the clock. The real Sun thus continues to
precede the imaginary, till bothare 909 distant fram A4, when
their right ascensions being the same, both Suns will come
to the meridian at the same nstant.

92 When the Suns have passed the solstitial colure, and
havé entered the second quadrant of the ecliptie, the ares 48
and 48 are each of them greater than 90° ; hence, their tan-
gents ave negative : and, hecause In arcs greater than 90°, a
greater arc has humerically a less tangent, and vice versa,
we have, from the analytical relation above adduced, the are



18 CONSTRUCTION AND USE

AP greater thap<the arc A4S, orits equal 45", ) Cﬁns&*q-ﬁent- |
Iy, in the second quadrant, the right ascension of the imagi-
nary Sun is less than the right ascension of the real Sun.
Mean noon, therefore, precedes the apparent, and it conti-
nues so 1n advance, till both Suns come to the auntumnal
equinox, when they again pass the meridian at the same in-
stant. | |

23. 1In the remainder of the ecliptic, the same phenome-
na are exhibited as in the first two quadrants, with this ex-
ception enly that the real Sun iow moves in the southern
hemisphere. Hence, in the third quadrant, apparent noon
precedes mean noon; andin the fourth quadrant, is itself

preceded by the latter.

24, To explain the second cause, let us suppose the earth_
to be situated in the focus of an efhpse representing the or-
bit of the Sun, and two Suns starting  simultaneously frnm
the apogee, and travelling the same way round it, the ima-
ginary Sun with a velocity equal to the mean motion of the
real Sun. Then, since the velocity of the real sunis slowest

at the apogee, in consequence of his being there at the great-
est distance frum the earth, it is clear that the i imaginary Sun
will at once take the lead of the former ; hence, any terres-

trial meridian comes sooner to the real Sun, than to the ima-
ginary, or solar noon precedes noon by the clock. The ima-
ginary Sun continues to precede the real, till the accelerated
velocity of the latter reaches ite mean value, when the'two
Suns will be at their greatest separation. The real Sun now
begins to gain upon the other, and finally over takes him at

the perigee ; when both Suns being in cunJunctlnn, solar and
mean noons happen at the same instant, |
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25. On passing the perigee, the accelssyted motion of
the real Syn ila,ving there attained its maximum, carries him
befere the imaginary Sun ; hence, the same meridian- comes
sooner to the imaginary, than to the real Sun, or mean noon
precedes apparent noon. The real Sun continues in advance
with a decreasing velocity, till his motion reaches 1ts -mean
value, when the fwo Suns will be again at their greatest se-
paration. ¥rom this moment, the imaginary Sun gains upon
the real, and finally overtakes him at the apogee, where, as
before, both suns being in conjunction, solar and mean noons

happén at the same 1nstant. .

- 26. Thus we see, that in relation to the first cause, the
equation of time vamshes at the equinoxXes and solstices ;
and in relation to the sccond cause, it vanishes at the perie
helion and aphelion points, which do not coincide with any
of the former, Hence, under the operation of both causes,
it will vamsh at none of the six points above mentioned, but
at four intermediate ones ; which, when determined by- cal-
culation, are found to be the pointsin which the Sun 1s situ-
ated on the dates mentioned in article (20).

27.  The equation of time computed for every day in the
year, is inserted in the principal almanacs published at
Madras, for the purpose of dedncing mean solar from appa-
rent time. In order to regulate its application, the signs -
and —, are interposed in the column which contains its seve-
ral values ; and it is to be observed, that when the interpos-
ed sign is + , the equation of time must be added to, and
when the sign is — , it myst be subtracted from, apparent
time, to obtaid the currespnndmg mean time.

28. The subjoined table exhibits the equatmn of time
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for every day pkthe year at Madras ; and as the quantities
inserted in it vary but imperceptibly for longityde, it may
be used in any part of India.

TasLE oF Tue EguatioN ofF TiME,

) ek ek D KD

- R
Sgl & | B 8| = | 21§14 B g
el Bl B E Bl 5| 2| 2l 221 E| B8
A S|l alE|l<s|=212|2| 2| 8|3|=]4
|+ 4|+ 1413+ 4— 3]- 8l+ 3|+ 6+ 0/-10—-16—-11
2| 4/ 141 13 4 3 21 4| 6/~ o 10 16 11
3 5 14/ 12| 3 3 2 4 6 1 1Y 16 10
4 5 14/ 12 9 3| 2 4 6 1| 11| 16 10
5 6 141 120 8 38 2 4| 6 1 11 16/ 9
6 6 14 12} 3 4 2 4/ 6 2 12 18 o
76l 14| 11) 2| 4 2 4 6 2 12/ 16 8
8| 7| 14] 11} 2t 4 1 5 5 2 12| 16 8
9 7 o1 1 2 4 1y 5 B 8 13 16 8
100 8 15 11} 1 4 14 5 & 8 13| 16| 7
11 8 15 10 3 4 1, 5 5 3] 13| 16/ 7
120 9| 15 10| 1| 4 1} 5| 5 4] 13} 16 6
13 9 15 100 1 4 o 5 5 4 14 18 6
14) 9| 15 100 o 4 o 5 5 4 14 15 5
15| 100 14{ 9+ Of 4(— of 5 4 5 14 15
16) 10| 14 9|— 0| 4|* O 6 4 b 14 15 <
17] 10| 14 9 o 4 o 6 4 & 14 15 4
18| 11 14/~ 8 1| 4 1 6 4 6 15 15
19 11| 14] 8| 1| 4] 1| 6 4 6| 15 14
20! 11| 141 & 1 4 1l 6 38 6 15 14
21 120 14 71 1 4] 1| 6 8 7 15 14
290 12| 14 7 1 4| 1| 6 3 1 15 14
23| 12| 14 7 2 4 2 6 3 % 15 13
o4f 120 14| 71 2 4 2 6 2 8 16/ 13.
25 13 13| 6 2| 38 2 6 2 8 16 13, ¢
26| 13| 18} 6 20 8 o ¢ ¢ 8§ 16 13 1
27| 13 13| 6 2 3 8 6 1 gl 16| 12| 1
28| 13+13] 5 8 & 3 6 1 79 16 12} 2
29 13 5 8 38 8 6 1 9 16 12
80 14 5. 3 38, 8 € 1.10 16_11 3
31+l.4'| + 4*| — 3 + 6+ 0 ~16 + 3
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29. We shall conclude this part of tlesgubject, by an-
nexing a table of the latitudes of the principal places in the
Madras Presidency and the southern parts of Bombay ;
from which, the latitude of any intermediate place, may be

found approximately by the usual method of interpolation.

ExaMPLE 1.

Requned the latitude of Putticonda,  which is 18 miles
from Gnmty on the main road to Adoni, suppusmg the dls--
tance between these two places to be 38 miles.

The difference of latitude between Gooty and Adoni, be-
ing 37 minutes, we have, 38:20::37:19% minutes, for
the difference of latitude between Gooty and Putticonda.
Consequently, 15° 127 + 1937 =15° 31” nearly, 1s the Ilati-
tude required.

ExamrLe 2.

" Required the latitude of Ramiapatam, which is situated
on the high road from Nellore to Ongole, and is 33 miles

from the latter place,
By reference to a Road- bﬂuL we ﬁnd that the distance be-

tween Nellore and Ongole is 78 miles ; and as the difference

of latitude between them, 1s 1° 27 or 627, »
we have, 78 : 331 : 627: 263 mmutes.
. 15° 80 — 26’ = 15° 4’ is the latitugde required.

ExAMPLE 3.

Required the latitude of Adamancottah, which 1s situated
on the road from Bangalore to Salem, and 18 36 miles from

the latter placey and 34 miles from Royacottah.
Ans. 12° 13" North, nearly.
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TABLE OF .LATITUDES.

{ North | Districtor” ' North | District or
Name of Place.|y i:i1de.| Province. Name of place. Latitude.| Province
Adoni 15° 3¢ {Bellary Hurryhur 14° 29 [Mysore
Alleppy G 21 !Travancore Hyderabad 17 12 |Hyderabad
Ahmednuggur | 19 § {Abmednuggur}Itchapoor 19 6 |Ganjam
Anantapoor 14 41 (Bellary Jaulnah 19 52 {Hyderabad
Arcot 12 54 [N. Arcot Jeypoor 18 47 Jeypoor
Arnee 12 41 De. Kulladghee _ 16 "12 {S. Mahratta
Aurungabad 19 56 |Hyderabad Kurnool 15 50 |Kurnool
Avenashy 1t 8 [Uoimbatore |Linga Soogoor | 16, 7 Hyderabad
Bangalore 12 58 [Mysore Madras 13 5 |Chingleput .
Baugapiily 13 47 Do. Madura 1 9 55 [Madura
Beejapoor | 16 50 [Sattarah Mahe 11 41 (N. Malabar
Belgaum 15 53 [S. Mahratta | Malligaum 20 28 [Candeish
Bellary 15 9 |Bellary Manantody 11 41 ‘IN. Malabar
Berhampore 19 18 {Ganjam Manargoody 1¢ 23 [Tanjore
Bombay i8 56 {LUoncan Maypgalore 12 52 [Canara
Calicut 11 15 |S. Malabar | Masulipatam | 16 9 [Masulipfam
Cannanore 1t 51 |N. Malabar ]| Mercara 12 2§ Coorg
Chicaeole 18 15 jGanjam Mominabad ‘18 42 |{Hyderabad
Chingleput 12 41 |Chingleput Muectul “116 30| Do
Chinvoypatam 12 55 |Mysore Mysore 12 18 |Mysore
Chittledroog 13 56 | Do Nagercoil 8§ 11 |Travancore
Chittoor 13 12 |N. Arcot Negapatam 10 46 |Tanjore
Cocanada . 16 &7 |Rajahmundry | Nellore 14 28 |Nellore
Cochin 9 58 |Cochin Nellmnboor 11 13 |5. Malabar
Coimbatore 11 0 |[Coimbatore ]Nuggur 13 50 [Mysore
Colapoor 16 47 [Sattarah Nundidroog 13 923 Do.
(Combaconum 10 57 |[fanjore = [Ongole” 15 30 [Nellore
Coonoor 11 20 [Coimbatere Qossovor 12 44 [Salem
Coringa 16 48 [Rajahmundry |Ootacamund 11 23 |Coimbatore
Cottayam 0 36 |I'ravancore Palameottah 8 44 {Tinnevelly
Cranganore 16 12 |Cochin Palaveram - 12 57 [Chingleput
Cuddalore 11 43 |S. Arcot, Palmanair 13 11 IN. Arcot
Cuddapah 14 29 jCuddapah Paulghautcherryy 10 47 |8. Malabar
Cumbum 15 "34 Do. Pondicherry | 11 58 |French Terry.
Cuttack 20 27 |Cuttack Poodoocottah 10 23 [Madura®
Dharwar 15 25 [8. Mahratta Poonah 18 30 |Poonah
Dindigul - 10 22 Madura ° |Poonamallee [ 13 4 [Chingleput
Ellore 16 45 |Masulipatam [ Porto Novo It 29 8. Arcot
French Rocks | 12 "18 [Mysore Pulicat 18 25 |Chingleput
Ganjam 19 22 |Ganjam Quilon 8 53 |lravancore
Goa 15 29 {Portuguese ]Rajahmundry |17 ¢ jRezjahmundry

Territory | Ramapatam 15 5 |Nellore

Goomsoor 19 53 |Ganjam Ramnad 9 90 [Madura
Gooty 15 12 !Bellary Royacottah 12 31 [Salem
Gopalpoor 19 15 jGanjam Russeleondah 19 56 |[Ganjam
Guntoor 16 18 |[Guntoor Ladras . 12 382 [Chingleput
Hingolee 19 36 |Hyderabad Salem " 11 39 |Salem - .
Honawar 14 17 |N, Canara Samulcottah 17 3 {Rajahmundry
Hoonsoor 12 19 |Mysore Sattarah 17 40 |Sattarah
Hospet 15 - 16 {Bellary Sattimunglum 11 3t |Coimbatore

' oo e
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| - orth | Distriet or worth | District or

Name of place. Latitide.| Province. Name of place. Latitude.{. Province,
Secunderabad 17° 27’ [Hyderabad Trevandrum 8° 31/ Travancore
Sedashegur 14 51 {Canara Trichinopoly 10 50 [Trichinopoly
Serah }3 44 [Mysore Trichoor 10 3l |Cochin
Seringapatam 12 32 { Do. Trippasore 13 8 IC hinglerut
Sheemooga 13 52 | Do. Tutacorin 8 47 |Tinnpevelly
Sholapoor 17 41 |Sholapoor Vellore 12 54 |N. Arcot
Sirey | 14 37 |Soonda Bilgy | Vingorla 15 49 |S. Conean
St. Thos.” Mount| 13 ¢ Chingleput  {Vizagapatam. |17 42 Yizagapatam
Tanjore 10 47 |Tanjore Vizianagrum 18 8 Do.
Tellicherry 1} 45 |N. Malabar | Wallajahbad 12 4G [Chingleput
Finnevelly ° 8 44 [Tinnevelly Waltair 17 48 |Vizagapatam
Teorncoor 13 18 [Mysore Yelwal 12 20 Mysore
Tranquebar Al 2 [Tanjore

GENERAL TABLES.

30. Having thus given a short, but we trust sufliciently
clear, explanation of the first set of Tables .comprised in
this volume, which are applicable only to the Madras Presi-
dency, and the sauthern.parts‘ of Bombay, we now proceed to
explain the .succeeding set, or General Tables, which are
adapted to the whole of British India. -

31. It has already been stated in article (1), that when
the shadow of a rod of 4 feet is given, the determination of
the cnrrequﬁding time is effected by the solution of a sphe-
rical triangle, the three sides of which are kI]UWH.; and 1n ar-
ticle (2) we gave the formula, | .

* cos. h==sin. A4, sec. L. sec. D ¥ tan L. tan. D,
as the one best adapted to that sofution ; but it is obvious
that the operations indicated by the above expression, can-
not be, readily performed without the aid of subsidiary Ta-
bles, showing the values of

sllin. A, see. L. sec. D, tan. L. tan. D, and cos. 2,
for given quantitigs. The gefieral Tables which we propose
to explain are, in fact, the subsidiary Tables here alluded to,

and the mamer of using them is, consequently, indicated by
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the relation whiZi subsists between the terms of the above
formula. " -

32. It is necessary to observe in this place, that as the
term sin. 4. see. L. sec. D of the second membex of the for-
mula, contains three factors, it gives rise to a process of mul-

tiplication between the quantities repy esented by sin. A4 and
sec. L. sec. JD. 'This multiplication, it is plain, may be avoid-

ed, by making the subsidiary Tables exhibit the ogarithmic,
instead of the natural, values of sin. 4 and sec. L. sec. D),
and by adding one more Table, from which "the number ‘an-
swering to the sum of any two of those logarithms may be
ascertuined. With these modifications, therefore, -

33. TasLe I. contains the logarithms of siu, 4, for every
inch of shadow from O to 20 feet, the altitudes .denoted by
A, being in the first instance, corrected for refraction. “The
feet are inserted in the first vertical, and’ the inches in the
first horizontal column ; and, the log. sin. 4 answering to
any measured shadow, 1s found in the horizontal line marked
with the feet, and the vertical column headed by the inches.
Thus, the log. sin. 4 corresponding to 6+ 7 is 9.7151,
the index 9 being common to all the tabulated numbers.
When fractional”parts of an inch occur in the shadow, the

log. sin. 4 answering thereto must be obtained by interpo-

lation in a manner similar to that directed in article (16).
'[hus, the log. sin. A for 10t 411 is 3.5557.

34. TasLg LI. expresses the logarithmic values of sec. L.
sec. 1) for every degree of latitude and declination ; -the
former argument being ranged 1n the left hand column, and
the latter in the third horizontal row of the Table. The
Jogarithms are carried to four decimal places, and have 20
for their index ; but the significant parts only are expressed
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in the Table, so that both.tha index.and tiewpmitted cyphers,
will have tp be supplied when deemed necessary, To ob-
viate a reference to other books, the days of the ‘yean on .
which the Sug arrives at each degree of declination, are
inserted in corresponding columns; and by means of these,
the value of sec. L. sec. D for any other given day may
be readily ascertained. For instance, let it be required to

find the value of see. L. sec. D for the 24th. of May.in lati-
tude 15° N. ; then, since the values of sec. L. se¢c. D for the

21st. and 26th. of May are 2070421 and 20°0449 rspectively,
we have a difference of ‘0028 created in 5 days; whence the
difference due to 3 days is 0017 nearly, and the required
number is, therefore, 20:0421 4 0017 ==20-0438, When the
latitude contains fractions of a degree, a similar interpolation
must be performed.

35. Tasue III. is one of anti-logarithms, and differs
from the tables in common use, by ha.vmg the natural num-
bers inserted in the place of the logarithms, and v1ce versi ; so
that a. nqmber is found from its Inganthm by the same pmcess
as that which ordinarily finds the logarithm frc om the number
Thus, let it be required to iind the natmal number corres-
. ponding to 0:8567. The first two figures 85 being found in
the first golumn, and the third figure 6 at the top of the page
we have, opposite the former and under the latter, the num-
ber 7-178 for the quantity answering to the first three figures
of the given lﬂgarlthm The proportional part to be added,
for the fourth figure 7, is 12, which 1s obtained from the co—'
lumn headed ¢ Proportional parts” by looking in the sanie
line with the number 7-178 already found, and under the given

ﬁgu.ré 7, so that the nagural number requiréd is 7.190. In
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like manner, thr'natural nunrber answering to 9.4567 1s
2863 ; and that answering t0.9°8963 is -7875. .

36. TaBLk IV. gives the significant patts of the sfatural
values of tan, L. tan. D for every degree of latitude and
declination, and is arranged in the same manner as Table 11;
but it is to be observed that the numbers inserted in it (be-
ing natural)-have no index, and that they are additive when
the declination is sonth, and subtractive when itr is north(l,

37. Tapre V. contains the significant parts of the natu-
ral values of cos. & for every fifteen minutes of angular
measure converted into minutes of time. When the obser-
vation of the shadow is made in the forenocon, the corres-
ponding time is obtained from the Table by looking for the
hours at the top, and for the minutes in the left hand co-
lumn ; and when in the afternoon, by looking for those
quantities respectively in the columns opposite to the former.

38  The mode in which these Tables are applied is now
obvious.—Having ascertained from Table I, the logarithm
answering to the measured shadow, add to it the logarithm
from Table II., corresponding to the given day and-latitude;
and reject 20 from the index. Find the natural number
answering to this sum from Table I1I, and add to, or sub-
tract from it, the number from Table IV. corresponding fo
the given day and latitude, according as the declnation is
" south or north. Finally, look for this sum or difference in
Table V. ; when the corresponding time will be supplied by

the upper and left hand columns, if the observation be made

in the forenoon ; and by the lower and right hand columns,

if in the afternoon. | o

(1) Asregards the Sum, the numbers are subtractive from March 2lst to
Sept.-23d. during which his declination is north, and additive from Sept. 23d.
to March 21at. during which it is south, |
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~ ExawurLE 1.
In the forenoon of the 19th. of April, I measured t.he sha-

dow at Bellary, and found it to be 3% Vir-. Required thecor-

responding mean time.

Number from Table I. answering to 3¢ 7., 9:8720
do. Table II.  do.  April 19th.
and 15° 10/ latitude... 200234

Sum rejecting 20 from the index............ 9-8954
Natural number answering to it from

Table IHHL.......coooi i *7859
Number from Table 1V. answering to

April 19th. and 15° 10" latitude......... 0527
Difference,—the declination on the given =

day being north................, - 7832
Apparent time from Table V. answer- |

ingto. T332, ... Oh gm pearly

Equationof time............cciiiniiinn, “ 1
Mean time required ................... erineeiana % 8m A, M.

It 1s obvious that by rejecting all the figures and points
not essestially necessary to the calculation, the computation
might stand simply as follows :—

Number from Table | SRS . 8720
do. Table II......... ereras 234
' 8954
Natural number from Table I11........ 7859
Number from Table IV .................. - 527
Difference.......cviivieiniiriiiiarinnes - 1332
Corresponding apparept time............ 9t Om
Equation «of time................... PO - —1

Mean time required............. e 9h 8m 4, L
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Examrar 2.

At Trichi'ﬁnpuly, in the afternoon of the 26th, ¢f J aﬁnary?
I measured the shadow and fuund it to be 2 7,  Required
the corresponding mean time. | -

9243
316

9559

9035
650

9685
(i H8m
413 Equation of time.

1t 11™ p. M. Timerequired.

The computations by means of these Tables, are so readi-
ly made, that when the interpolations mentioned in Rule IIT,
have to be performed, it would be decidedly preferable to re-
sort to them. -

'39. By means of these Tables, the time of Sun-rise and
Sun-set at any given place may be easily determined ; for it
1s to this form, that the general problem is reduced when
the Sun’s real altitude is supposed to be 0, or the measured
shadow to be infinitely great. In this case, as sin. A4 is 0,
the formula given in article (81), becomes mmply, -

cos. b= % tan. L. tan, D,
the double sign denoting that A is greater than 90° when the -
declination 1s north, and /less when it is south; or that the
‘semi-diurnal arcs are, in the nne.ﬁcaae, greater, and in the
other, less than 6 hours. To find these arcs, therefore, we
have merely to take from Table IV, the number correspond-
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ing to the given day and latitpde, or the-given declination
and latitudg, and to look for it in Table V ; when, if the de-
clination be North,(*} the sem1-d1urnal arc would be given by,
the upper and left hand columns, and if it be South, by thé
lower and right band columns. Thus,

Exampre 1.

Let it be required to find the time of Sun-rise and Sun-set
on the 16th. of May, at Calcutta, in latitude 21° 2 N.

~ Here the number from Table IV, answering to the given

day and latitude 1s 1324 ; consequently, looking I Table V.

for this number, we find (as the declination on the given day

is North), that the semi-diurnal arc is 6 30}m nearly.

Hence, the Sun risesat 128 — G* 30im == 5k 201m } apparent

and sets at....................... 6b 3)1m time.

IixamMpPLE 2.

Let it again be required to find the time of Sun-rise and

Sun-set at Aurungabad, in Iatltude 19° 56" North, on the
2d. of January.

Herethe number from Table IV IS 1540 : a.nd a8 the de:

clination on the given day is South, the semi-diurnal are from
Table V., corresponding to this number, i# 5" 24im,
"Henee, the Sun rises |

at 6" 354™ of apparent, or 6* 391" of mean time, .
and sets at 5" 244™ of do. or 5" 284m of do..

40. Itis to be borne in mind, that the times of rising
and setting thus obtained are the times when the Sun is
really 1n the eastern and western horizan, and not the times
of his appearance and disappearance ;. which phenomena, in-
consequence of refraction, take place when he is 32 56

F

(1) Vide note to art. 36.
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below the horizgns The time required to pass through this
arc, which 1s about 2} minutes, must therefore be subtracted
from the computed time of rising, and added to that of set-
ting, to obtain the times of actual appearance and disappear-
ance. 'L'he results of the preceding examples being thus
modified, would stand as follows,
5" 2¥™ apparent time of rising.
gh 33m do. of setting.
In the .secnn 2 example, Gt 37 mean time of 1'isif1g.

. or 3Im  do of sstfing.

41. Hitherto we have confined ourselves to observations

In the first example, {

of the shadow made in sun-light, but it is evident from the
nature of the problem, that there is nothing in it to restrict
the application of the Tables to such cases only, and that the
declination and altitude of the Moon, or a Star, with the cor-
responding measured or determined shadow, would furnish
equally good data for calculating its meridional distance at
the time of observation. There is however, one pecuharity
with reference to the Sun, which deserves notice. His mo-
‘tion being the immediate measure of our day and mght, the
intervals afforded by the Tables express at once the required
times in ordinary‘reckoning, while in the case of any other
luminary, they would represent merely the horary distance.
of the object from the meridian at the time of observation,
and therefore require not only a correction on'account of its
easterly motion in right ascension, but also a subsequent ap-
plication by addition, or subtraction, to the time of transit.
But these operations are readily and easily made ; and as the
advantage of possessing some means of deternmening time at
night is great, particularly with travellers, we shall devote a

few pages to a brief consideration of the subject. ’
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42, Next.in importance ¢o the Sun, Msethe Moon, the
light reflected from which exjyibits a perceptible and mea-
surable shadow when intercepted, but to render it available
for the determination of time, it must undergo two correc-
tions ; one, for the phases of the Moon, and the other, for her
parallax.

43.  As the Moon is an opaque body and depends for its
light upon the Sun, it is obvious that the illuminated portion
of 1ts surface is always turned towards that orb, so that if a
plane were drawn through its centre perpendicular to a
straight line joining it to the centre of the San, it would be
divided into two hemispheres, one luminous, and the other
dark. But to aspectator situated on the Earth’s surface,
only that portion of the disc is visible, which is cut off by a
plane passing through the centre of the Moon perpendicular
to a straight line drawn from it to the céntre of the Earth.
Hence, whatever portion of the illuminated surface is com-
mon to the two hemispheres will appear bright, while the rest
of the disc will be invisible. ‘When the Moon is new; i.e. |
when itslongitude and that of the Sun are alike, the circle of
" illumination is directly oppostte to that of vision, so thatno
portion of the Moon’s surface can be visible®to us; but as it
recedes from that luminary, the above circles gradually slide
upon each other, thereby exhlbltzrg more and more of the
bright surface to the earth, till in quadrature i. e. when the
Moon’s ¢longation, or distance from the Sun, is 90°, half of
the disc appears bright, and the other half, dark. 'The lumi-
nous portion continues to increase till the circles of vision
and illuminatian coincide, when the whole of the bright sur-
face is presented to us. At this time, the Moon is said to be
full, and has attained its greatest distance from the Sun,
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viz. 180°. Similér phenomena are exhibited as the Moon
returns to that luminary in the other half of her ~orbit, but
in a reverse order, till at length it comes 1n eanjuncltiﬂn and
totally disappears, to begin a new monthly revolution, and
undergo similar changes.

44. 1t is therefore clear that in the first quarter of her
orbit, the Moon appears entirely to the west of the meridian
after Sun-set, and has its lower limb perfect. In the second

quarter the perfect edge is turned upwards while: the Moon

is to the east of the meridian, but downwards after it has
passed that circle. In the third quarter, 1. e. after Full-
Moon, the perfect limb is turned downwards “before coming
to the meridian, but upwards after passing that cigcle ; and
in the fourth quarter, the Moon is entirely to the east of the
meridian before Sun-rise, and has its lower limb perfect.
The magnitude of the illuminated portion may, in every case,
be easily computed, by the well-known theorem that it varies
in proportion to the versed-sine of the Moon’s elongation.

45. When the perfect limb is turned upwards, the shadow
corresponding to the ¢entre of the Moon may be found by
measuring to the dark shadow, which would be that of the
upper limb, and‘correcting it by the quantities inserted 1n
the Table of article (14), for the apparent diameters of the
Sun and Moon are nearly alike, and may be assumed to be
- exactly so for our purposes.

46." When the limb is turned downwards, the dark shadow
would be that of the imperfect edge, and would consequent-
ly be greater or less than the true shadow according as the
Moon is at the time less, or more, than half-full. In a case of
this nature, the requisite correction may be ebtained from
the subjoined table, by looking for the measured shadow in
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the left hand column, and for the number ofdays from or fo

the neatest quarter at the top, and taking out the number
auaumnw thercto s which will be additive if the Moon is

more, and subtractive if less, than hall-fail.

TABLE,
_MW
E 2 | Number of days from or to the nearest Quarter.

§ 27—

=@ | 2 3 1 5 6

Fedl - Ia. In. I, In. In: I |
2 01 01 :2 1 03 ¢+ 03 0-3
4 ] 01 | 02 | 03 | 04 | 04 | 03
G -2 0-3 O3 06 07 -7
8 | 02 04 07 0-8 1-0 1-1
10 0-3 06 09 | 1'2 =14 i-5
12 { 04 | 08 | 13 | 17 | 19 | 21
14 05 1-1 1-7 2:2 25 28
16 0-7 14 21 2:7 31 35
18 1. 09 |18 | 27 | 35 | 40 | 45
20 1-2 2-3 34 44 50 55

47.  As the line joining the cue:ps of the Moon is not ne-
cessarily parallel to the hm*iﬁm, but1s more or less inclinedh
to it according to the ‘position of the Sun, (for the above
Hine must alwa}s be perpendicular to that joining the centres
of the two Iumnmrleq) it 18 obvious that the numbms insecrt-
ed in the above table would not always appl;. , but theif
deviationis from  the accurate results would be so small
in any real case,- as to make this'a matter of no consi-
deration. . - | r

48. 'When the Moon is more than six days distant from
her quadratures, she must be- regarded as New or Full. Alsa,

when her enhﬂ*htened surface 1s not bright enﬂué,h to eause
a visible shadnw, a different IﬂEthﬂd of prucedure must b&

adopted ; fﬂr “hmh, see ar tigle (8.})
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49. 'The sccend correction to be made in the measured
shadow arises from the consideration of parallax.-.

50. In astronomical processes, all heavenly bodies are
assumed to be observed from the centre of the Earth ; because
that being a fixed and invariable point, the phenomena which
are supposed to be seen from it, would partake of the same
characters. With regard to the Stars indeed, whose dis-
tance is so 1mmense, that even the diameter of the Earth's
orbit does not bear any sensible proportion to 1t, it i1s a mat-
ter of perfect, indifference from what point they are observed :
but it is not so with the Planets. Their nearness to the
carth renders their apparent places liable to be much affect-
cd by the observer’s situation, and therefore, before we can
apply observations made under such circumstances, it is ne-
cessary to reduce the apparent to the ¢rue places.

Let C be the centre of the earth, P any place on its surface
and ' the position of the Meon, or any other planet; then,

as seen from P, the body would é?idénﬂy be referred to the
point S“ in the heavens, which is its apparent place, while
from C it would be referred to 5, which is the #rue place,



OF THE TABLES. 890

The difference between these two places, or the angle €52
“is denominated parallax, and it is obvious that the nearer the
planet is to the earth, the greater would be the amount of

this parallactic angle.—

-

Since P§: PC::sin. POS:sin, PSC,

" L)
A

‘we have, sin, PSC == FL sin. 2CS

rc.
But 53 1s very ncarly constant for the same heavenly

body ; thercfore, sin. PSC varies _as sin. PCS, or as Lhe
sine of the Zenith distance ; and because.in small ares, the
sines vary as the arcs: themselves, the angle PSC varies as
sin. PCS, or which is the same thing, as the cosine of the al-
titude. Now, the cosine of an arc is the greatest when the
arc is equal to 0, because then, the cosine is equal to the
radius, or unity; hence the parallax is the greatest when the
body is in the horizon, and at any other altitude1tis equal to

the hor. par. X cos. alt.

51. Now to see what effect the Moon’s parallax has up-
on the shadow of a rod intercepting its light, let us assume
the measured shadow to be 108 G-, Then by article (1),
108 @i : 4520 1 (radius) @ *380052 == tan, of 20° 517 167,
which is, therefore, the appareat altitude corresponding to
the given shadow. Again, because the Moon’s horizontal
parallax 1s 577 1%, ¥ have 5771 X cos. 20° 51" 16" =571
% ‘9345 — 53 22" for the parallax in altitude at 209 517 167 ;
hence, (since parallax always depresses an object) 20° 517 167
4 53 22" == 21° 44" 38" s the true altitude of the Mﬂmi,

subject to a correction for refraction, The shadow corres-

-

— — —

-* The Moon's horizontal paraliax varies from 54 to-1° I, hut for our pur-
* [ ] [ ] - - [ ] If .
poscs it will be suffizlent to take its menn value, which is 577 1,

»
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- &Teet -4
Pﬂﬂd}llg to th}s aﬂtltud& hemg 15 Ad 35';;, ' TBOR83L
=10% 029——10" 03“1 the corréction to; be apphgd 1o the

méasured shadow on account of parallax, is — §°7 inches.

o2. By“ procceding 1n this manner for every six inches
“of shadow,; we derive the ft’]ilﬂwii-:fr'

T ABLE showing the reduction to be made on the mea:aured

shadow on ac{:ﬂunt of the M{mn s Ruailax. -
e REIE RN
__E.._g_ A E_,g_l .E . E = .'-g B B .E
2d.| 2 |85 |.2 1873 B A =h
ﬂ?ﬁ W O 'E L TE - ? = 'E )
= 3 |=% m (2R 2 jEe @
fooodnl| S dn g dn | f il i |f wmc)f o wmf
0 0:i000]|5 6l0o18]1r olo62t6 611 1L
6! Olfée of 21} 6| 67h7 ol . is}
1 o 02} 6 24112 "0 721 6| 26%
o 6 o3}7 o| ‘=l 6| 79§18 o| -84}
2 6] 04| 6| 31]13 o 84f 6] 42
~81 o068 of 35} -6 "orfro-al- g
3 o 07 6| 3914 o 96f 6! 59
.6 ogl9 O 43 6| 103 20 01 @81
4 0 11 61 47115 0O 109 6. 77
. 6| 130 ol 52 610116{21 o!l. 8¢
5. 01016 6057|166 o1 o8] 6|1 95

-

53, When the measured shadow is not fﬂuud exm,t]y in
the above Table, the reduction cnrrespnndmg to it must be
 found by mte;pmldtmn. I‘hus, the reduetion fm lﬁf 4in.
would be If 0in ‘8, and s6 on.” | -

54. Having thus corrected the Shaduw measured in moon-
light, the interval b:,twl;en the tlme of oWservation and the
Moon's meridian passage eurlespﬂndmg thereto, mﬂy be
- found from the first or second set* of _Tflbles, by “the rules

Ll - ol

* When the Moon’s declination exceeds 24° the numbers .i'rﬁm:'Tab]c IX on
IV, corresponding thereto, must be found by lﬂnkmg for the declination in: the
| column of latitudes, and for the latitudes in the column of declinations, as ex-

plained in art (61. )
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1alread}' gne*n : bat it is to be carefu’ﬂy._nutlced that the
days inserted: oppﬂmte to the declinations in either of these
Tables: ﬂpply to tlle Sun osly, ﬂnd l:h&t in determining “time
by the Moon, or Stm s, thelr deu!nm.l:mns muat ke llllelclbh’x
used. @ Thus,_ '

EXAMPLE.

Let it-he I‘unll‘f"d to ﬁnd the mterval cm'respnndmﬁ' tn,.
4r. 100 the shadow mieasured in Mooulight at Madras on the
25th. afJanuary 1840,

C{}I'I'E,Etlng‘ the apparent - shadow for parallax,- we. have
4f 10w — 1%'“ == 45 84in. for the true shadnw’ at the, «tmle of
'obsm mtmn. Tharefmerturmng to the table adapted fo the
given pldce, and looking opposite to 4 8%“1 ﬁwe,ﬁﬂd,ﬁcur -
respondente to 14° 23’, (the Moon’s. dechuatwn at the! time
of ﬂbSEwatmn,) the. quantity 2h A7m, which ﬂnnsequently was
-the Moon's dlstanne in tlme ﬁ om the meudxan, when the
shadow was. mEdSuI‘Ed o o S |

55. Baut the 111terval thus nbhlned 1&111 nﬂ,t express cor-
rectly the time: that the Moon would take tﬂr reach the me-
ridian ;- nr intonsequeénce of: Her prope;r “motioii rotind the |
ear th-in a direction contrary to her apparent course,” the’ lat-
ter is retarded daily at an average vate of about 52 minutes,
dr hourly at the rate of about 2% minutes; so that a correcs
tion on aceount of thm retrogride movement must be added
_tﬂ the cmnputed mtewal to obtain the real tun@ ol 1161 leﬂgh-

111g the meridia, The difference between the. times of two
successive transits of ‘the moon, ascer tmned from an alipa~

nac, will give arcurately the amount of the daily retardatmn,_. |
the propor ttonal part of which due to any distance from the

meridian’ may “then be ascertained from the aeccmpanymﬂ-_
Table,
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*‘E 5 Daﬂy retnrdatmn of the Mﬂan 8 paasmg' the* Mendmn
sSE_ ST S P N
=P 5l om (4908 |4dm [46m. ¢sm.l.snm. 52u1.|54m 356 .| 581m. 160m. ﬂzmiﬁm.-ﬁﬂm.
heom| m| om| m| m| o m| ml om| m] ml o om| m] | m.
¢ o 00; 0:0] 00} 00} 00 0-0) Q0] 0:0} 00| 00| 0-0 60, 00| 0°0
20| 05| 06! 06| 06] 06| 07| 07{ 07) 07| o8] 08| 08®09| 09
40| 1 PR 2] 12} 18 13|14 i4f V5| 1°5) 16{ 17| 17 18
1 of 161 1'7] 1:8] 19} 1'9] 20| 21| 22| 22| 23] 241 25] 2.6} 26
ool 22 281 24| 25| 26} 27| 28 2:9| 30{ 31} 3-2{ 3-3] 34| 35
40| 27| 281 80] 31| 32f 34| 35| 36| 87! 39| 40} £1| 43| 42
2 ol 8234|3687 89| 40| 4243 45 ¥#6| +»] 50[ 51|53
20] 38| 40| 41| 43! 5[ 47| 40| 51| 52| 54| 56} 58| 60| 61
0 43| 45| +#7] 50| 52| 54| 58| 58| 60f 62| 64| 68| 68| 70
3 0 49|51|53]586|68|60| 63656t rol 12 74! 77 @-_9
20, 54| 57159] 62| 64167 70| 72075} 77} 30 53| 89| 88
40; 59| 62| 651 68|11 74| 77{ 80} 82] 85| 88| 91| 94| 96
& QO 6:5] 6837174778184 87]90)|93|96]90[102185
200 70 741 77| 80| 841 88| 91 94| 97 [10010°4[10:7 [11-2 |[1-4
40| 760791 83| 87] 90| 95| 98104 [10-5 [t08 {11°2 [11'6]11-9[12°3
5 0 818589 93| 97 /(101 }05{10811:2 1161120 [12°4 128 151
20 86 911 95| 99|10°3[10°8{11-2 116 [12°0 [12°4{12:8 {1 3-2]13:6 1140
40| 92| 96 10:1 }10°5[11°0{11°5 {119 112-3 127|132 {136 |14-0 |14-5 [14°0
6 0 97102 [10-7 11-1 {1176 [12°1{12-5 |18°0 [13:5 [13-9 1144 1146 {153 |15°8
20{10°3 110°8 [11:3 [t1-7 123 |12°8 [18-2 {13-7 1142 |14-7 {15:2 1157 {16°2 {16°7
401108 |13:3 {11-8 (12412 9 13-5 |18°9 {145 ]15°0 {154 1.6'11;16'5 17°0.[17°5

: . M g - ot

58. . We shall now pruceed tu Exemphfy the precedmg

¥ emar ks and obser vatmns.

Ex AMPLE 1,

At Bﬂllary,- on the 5th. M.-.ly 1841 about 9 o'clock i the
evening, I measured the ‘shadow nf' atod of four feet in Moon-

light, and found 1t fo be 7% 8in.  Required the time of the
night.
By referring to the Nautical Alimanac for 1841, we obtdin
the fulluwmg data e

Moon’s muxdmn passage “at Bellary on the

4th. UfMﬂy 1841 [1iv Jfm

do. ~ do. - bth. . do... 12 O
Cuusequenﬂy, the rd*ﬂil-.}".l.;E.‘iJTZ;I:.dilt;.Dﬂ._..- ....... .0 0 49

Mﬂnn s declination at the approximate time

of u‘b;af.,rv:!.tml ..... v neaaee e o tesaen. . o B1c 9¥ G
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And the time of Full-moon.......... veoc...n. . the given dd}"

Therefere, tlle cﬂmputatmu stands as fnlluws,

Given shadow... 7t 8n

Correction to the Moon’s centre. .. 4+ 1
Do. for parallax...... . — 32

7T 08

Intewal from the Table for 15° N. latitude

corresponding to 7% 508 and .

| 21222’ 8. declination............ . 3h 25m
Proportional part of the daily retardation cor-

IESPDndIHg to the'aboWilinterval . 65

True interval required... 3 315
- Moon's meridian .passage..; 12 0

Mean time required;.. 8 28-5p. M.

The results thus obtained do not require any correction on
account of the equation of time, that _cqrrectidn being al-
ready made in the meridian passages inserted in the Almanac.

ExaMpLE 2, -

At Mzdras, the shadow measured being 5% 9 — required.
the time of the night, supposing the Moon's culminatiﬁﬁ' to
 be at 15" 6m-7 ; the daily retardation, 48 minutes : the declina-
tion at .the time of observation, 15° 20/ N. : and the number
of days elapsed since Full-modn, three. .

- Hence, thé number of days to the fourth quarter is four ;
and the computation stands as follows,

Given shadow.. BL. Qin.

~ Correction fo the Moon's centre... + 06
Do. *  for pamll‘a‘x.‘... — 1

-

5 86

=
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Quantity from the Tuble for 13° N, latitude an-
swering to 5480 -6 and 15° 2¥N. decln,® gh 47m

Proportional part of the daily retardation cor- ;
lcvqpunfhng to oM 4d™ L .+ 78

- -

True interval reqmred 3 546
Moou’s meridian passage... 15 67

Mean time required.., 1! 121

When the time of observation is not very far ffmﬁ} that of
the Moon’s culinination, and 1t 1s hecessary to rEp eat thé
observations at short 1*1#&}3 a8 l_ec{;:mmeuded’ln artiele (19),
1t will he sufficient, in finding the several intervals from  the
" meridian, to use that declination only whmh cmr‘eepunds to

the middle of the observed tlmes.

57. The clements of declinatiun and  meridian passage
made HSI.?. of in the fdregningﬁxmnples, and ﬁrhich are es-
sential .to the solutions, were obtained from the Nautical Al-
manac, The meridian passage, howevef, 1s inserted in the
Almanacs published at this Presidency, but it 'is to be re-
gretted that so important an element  as the declination of
the Moon should be omtted from those publicatiﬁns, espe-
-cially when one of the ﬁﬂmn Litiesﬁnecéssar}r for the determi-
nation of its place is virtually given. It appears to the aus
thor that the declination calculsted to the time of t{’ﬂl_lﬂifirmﬂx;
be conveniently inserted in one of the columns a$ present oc-
cupied by the times of the rising and setting of the Moon ;
for as only one of these 'phenﬂmeni 1s of pl‘at'bl:ica.l uti'li'ty iil;
“consequence of the other’s happening - during the, o Presence
of the Sun, it is evidgnt that the latter may be ﬂﬂlltted and

that therefore, both phenomena may be incorporated and ex-

hibited in the same column.
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58. Were the above suggestion adoptéd, and carried into
eftect 1n the fu-ture 1ssues of the Madras Almanace, ¥ would
no doubt prove a great convenience ; but in the absence of
this being done, it becomes necessary to provide within
this Work, the means of determining the Moon’s declination,
to such a degree of accuracy atleast, as may be sufficient
for the purposes of the accompanying Tables.

59.  The Moon’s declination, unlike that of the Sun, is
dependant upon quantities that are very variable. The in-
clination of its arbit to the ecliptic -fluctuates between 50
and 5° 187, while the nodes themselvesvretmgrade (or travel
na directioncontrary to the order of the twelve signs) at the
rate of 19° 19”7 annually. Inconsequence of the disturbing
forces of the Sun, Earth, and the other Planets, but especially
of the first two, even the latter quantity is not constant,
and in fact, every element of the Moon’s orbit is subject
to a perpetual variation.

60, In the three Tables which follow, and from whieh it
1s intended to find the Moon’s declination, the obliquity of
the Lunar orbit, has heenluppnsed to be constant, and equal
to 3% 9”; and the regression of the nodes eg.uﬁble. It will
be seen, therefore, that a great many equations depending
upon solar perturbation, have been omitted, and that the de-
clinations given by the Tables cannot Inconsequence be pre-
cise. The greatest error, however, does not exceed 10 or

11 minutes, and this happens only when the Moon is in sy-
zygies or quadratures.

61. Assu-ming the equable regression af the nodes, Ta-
ble 1. exhibits in time for the first day of every month of
the years from 1845 to 1860, the distance between the first
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point of Aries, € d the intersecfion of the Moan's orbit with
»

the equator ; the arc being determined by the solution of a
spherical triangle in which two angles and the included side
ate given, or, by taking the difference of the two arcs, whose

tangents are

> . tan. § 1 . tan. 3 Ir tively;
cos. § (@ T 2) tan. § Jand = 1 _H;)tan L [respectively;
LK

where I denotes the longitude of the Moon’s ascending node,
o= 5° 9, and w=23° 28’, the obliquity of the ecliptic to

the equator.
62. Table 2, exhibits the angle of this _intersection,

varying from 18° 19 to 28° 37/, and may be calculated, with
the aid of the results embodied in Table 1, by the expression

sipp . sin. ®

)

Sin- I —_— ]
s1m. ¥

where I represents the inclination sought, and r the results
of Table 1:or, independe'nﬂy of those results, by the formula,

cos. I == cos. . sin. ©. 51n, & — COS. 7. UUS.;w.

which.is well adapted for the computation of Tables, by the
expressions sin.ev. sin. w, and cos. v, €oS. being invariable.

63. Table 3, shows generaﬂy the declinations cnrrespuﬁﬂ-
ing to-any given right ascension and obliquity, and has been
calculated by the formula .

tan. decn.==tan. obly. X sin. rt. ascn. ;

but, as in the case of the Moon, the interéectinn of its orbit
with the equator does not coincide with the first point of
Aries, it is evident that the Right ascensiong registered in the
Table are equal to the real Right ascenstons of the Moom, m-
¢reised or diminished by the tiuanﬁfies in Table L. o
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64. Hence, before we can find the Moen's declination at
any given time by these Tables, it is necessary first to de-
termine its right ascension., This may be done by taking the
Sun’s right ascension on the given day, applying to it the
equation of timeV with a contrary sign, and adding to the
result the Moon’s méridian passage converted into sidereal
time by the addition of one minute for every six hours.(%)
The sum (deducting 24 hours if necessary,) will be the Moon’s
" right ascension at the time of transit, and will therefore re-
quire to be corrected by the addition or subtraction of a pro-
portional part of the daily retardation® according as the

given time is subsequent or antecedent to that phenomenon.

65. The Moon’s right ascension being thus obtained,’
the declination corresponding to it may be ascertained as
follows. To the former quantity apply the number from
Table 1, answering to the given day and year. The result
will be the Moon’s modified right ascension, or that reckon-
ed from the ascending node. Also, from Table 2. determine
the obliquity of the Litnar otbit to the, equatgr. Then look
{for the modified right ascension (diminished by 12 hours if
necessary) in the first or last vertical column of Table 3, and
for the obliquity at the top, and take out~the declination
sought ; which will'be north, if the modified right ascension

be less, but south if it be greater, than 12 hours,

(1) Properly speaking, the equation should be reduced to sidereal time before
being applied. The sum or difference will be the sidereal time at mean noon ;
and may also be found by the tables given in article (73). -

(2} A sidereal day being equal in length to 23h, 56m. 4509 of mean time
21 hours of the latter are equal to 24h. 3m, 565535 of the former ; consequent-
Iy G hours of mean time are equal tg 6h, Om. 59s-14 of sidereal time. Hence

the reason of the rulg, , *
{(3) Strietly, the daily increase of right ascension.
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Tasne 1. Showing the correction to be applied te the Moon’s Right
ascension to obtain the first areument ofvTable 3.

1 I i L i L -
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1860 |+ 3371 .1+ 3]+ 331 |+ 3670 lj- 36°9 4+ 37513387 +305 |+ 403 |+ 141 | 4+ 118 |+ 425
! i b
ot e —— ) o — PP P ——

TAaBLE 2.

Showing the obliquity of the Moon’s orbit to the Equator, which forms
the second argumer® of Table &.

A pril

| May
June
July
August
September
October
November
December

1835 |21°85%21° 261 21° 187 21710/ 21° 2’} 20° 547 20° 477} 20° 3971 20° 31/ 20° 24| 20° 167 20° 9
1846 |20 2|10 55119 48|19 42119 36110 30(19 24|19 18[19 13119 8|19 3|18 58
1847 {18 53118 4918 45|18 41 (18 38|18 35|18 32118 29|18 26 |18 24|18 22|18 2]
1848 |18 20|18 20|i8 19|18 19118 19|18 19|18 20{18 21}18 22|18 24|18 26|18 28
1849 |18 31 |18 3418 3718 41|18 45|18 49|13 53118 57§19 2|19 718 12|19 17
1850 (19 23|19 29|19 35{19 41119 47119 5420 1|20 8]20 15 20 2320 30|20 38
1851 120 46|20 5121 171921 9|21 17|21 25121 34|21 43|21 51|22 0|22 922 17
1852 |29 261922 21(22 42192 51|28 0|23 8|23 1723 26|23 35123 44|23 53|21 1
1853 124 9|24 18121 26|24 34|24 43024 51|24 89|25 7|25 15125 22125 3025 38
1854 |25 451925 53196 0|26 7{26 14{26 21|26 27|26 34|26 41|26 47 {26 b3 |26 59
1855 127 5127 11127 16127 21|27 26127 31|47 86|27 41|27 16|27 50~*:-7 54|27 58
1856 198 2|98 6128 9198 12|98 15{23 18|28 21|28 24 %3 6|28 2828 30|28 32
1857 |28 33028 34|28 25|98 36| U8 36 {28 37|28 87 |28 37 |28 8728 4628 50|28 o
1838 |28 34|28 33|28 52|28 30[28 28128 26|28 24 28 2228 1928 1628 13|28 10
1850 128 Tlo8 4]v8 027 56197 52127 48|27 45,07 38 2; 34 (27 29127 24(27 19
1860 | 27 13127 7127 1126 53|26 4926 4326 37026 31126 25|26 1826 Y1 26 o
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"TABLE 9.

Right ascension, and obliquity of its orbit.

Showing the Declination of tRe Moon corresponding to any given

501

106 |

ZE ~ = E ~
H %:"5 Obliquity of the Moon’s orbit to the Equator, g EE:
Bala . = e
- L, Ea
238118°[10°120° [21° |22° 280 |24° |25° 126° (27° {28° |29° R
—-- \ . =82
. m. o fF| o ! D PN - oo 1y bl oo ’ o Lo F|l o PR Frl o ¢ | hoom.
0 0[0 00 00 GO0 00 000 00 00 00 00 00 00 Q12 0
tolodo 05103405671 111 41 7110001 13 1 16 12001 2311 50
20| 1 37 1 43] 1 49/ 1 55/ 2 12 7 213/ 220 226/ 2 32 2 89 246 40
30 226 234 243 2523 113 1003 26{ 3 29! 3 30{ 3 48/ 3 58/ 4 8 30
401314 826 337734014 1 413] 4235438450 5 3517530 20
0 30%4 1416 4304435 0515530 546/ 6 2|6 18/ 6 341 6 50 10
1 o!l448 3 6 5 231 5 10] 5 58/ 6 16| 6 34| 6 53| 7 12} 7 31| 7 50; 8 10{11 ©
10! 5 43 5 550 6 15 6 85 6 55/ 7 16| 7 37| 7 59/ 8 20P 8 43| 9 5| 9 28010 50
201 6 20, 6 43| 7 G 7 29| 7 520 5 16/ 8 10l 9 4 9 28 9 53(10 18010 44 40
30| 7 50780 7568218479 14 94010 710 3411 211 3011 59 30
40 7 49 8 16| 8 45 9 13| 9 41,10 10010 39{}1 9[I1 39|12 9112 4013 11| 2
¢ 50 8 3209 2093210 3110 3411 5|11 3712 9(12 42{13 14113 4814 21} 10
1 01 9 14| 9 46|10 1910 532(11 2511 59|12 33113 813 42{14 18j14 53[15 30110 0
101 9 5410 2911 4|11 39]12 1512 5413 27|14+ 414 4115 19115 57116 35 9
20 110 33[11 1011 48{i2 2518 313 41{14 20{14 5915 38]16 1816 5817 38 40
30 |11 1111 5012 30{13 913 49{14 29(15 10{15 5116 32]17 14j17 56{18 39] 30
40 |11 48|12 2913 10/13 52114 24115 1615 58/16 4117 24/18 818 5219 37} 20
2 50 |12 23(13~ 6{t3 4914 32115 16116 0l16 45117 29{18 1419 ¢19 45120 32| 10
3 012 5613 41,14 2615 11|13 5716 43i17 2918 15|19 219 4920 36{2]1 24| 9 ¢
10 |13 2814 16]16 115 4816 3517 23{18 10{18 5819 47120 3521 24122 14. 8 50
20 |13 5914 47|15 35|16 2317 1218 1118 5019 4020 2921 2022 10/23 1
30 [14 2715 17)0¢  7{16 5617 4G{18 3719 2720 1821 9[22 1|22 5223 45/ 30
10 [14 54115 45/16 36(k7 26/18 1919 1120 220 55[21 47/22 4023 5224 26) 20
3 50 (15 1916 12017 4117 56{18 44119 42120 3521 2822 2223 15124 91250 3] 10
1 0|15 43|16 3617 30(18 23119 17120 11121 521 5922 5423 4924 43125 391 8 0
10 (16 516 50[17 54|18 4819 43120 3821 32122 2823 24124 1925 1526 1) 7 50
20 |16 25{17 20118 16119 1120 7121 3121 5922 5523 51124 47125 1426 41| 40
30 |16 43117 30l1s 3519 32[20 2821 2322 2223 18124 1525 13126 1027 7| 30
10 {16 5017 56/18 53(19 50[20 47121 45122 4223 40[24 37,25 8526 3427 31/ 20
+ 5017 13018 11119 920 621 422 223 023 5924 57125 5526 53127 52| 10
5 017 23]18 24[10 22(20 2021 1922 1§23 1624 1525 13|26 1227 11128 10 7 0
10 117 36|18 3510 34120 33121 32122 31:25 30121 29(25 28,26 2727 26128 25 6 50
20 [17 45018 1419 43120 42021 12022 4123 40124 40125 3996 39,27 3828 38 40
20017 52(18 31119 3120 5021 5023 50:23 4921 49\25 4826 18527 4828 48] 30
10 |17 56|18 56/19 56|20 5621 5522 55,23 5524 5525 55\26 55127 55128 54| 20
5 50 [17 59118 50119 5920 5821 3922 5923 5924 59|25 59|26 5927 59|28 59| 10
s 0018 019 010 021 622 023 024 025 026 027 028 029 06 0

e A s S e e L -
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_ ExampPLE 1.
Required the declination of the Moon at 2 o'clock A. M.
on the 28th of May 1845, at Madras.

The given time being, in astronomical reckoning, the
14th. hour of the 27th. of May, we have the following com-
putation.

Sun’s right ascension on the 27th. of May

from the almanac... ............. e & 16m
Equation of time on do. with a contrary sign. + 3
Sidereal time at mean DEON.......oeuneens v e 4 19
‘Moon's meridian passage on the 27th., viz.
17b 58m converted- to sidereal time..... ] 17 55
®

.. Moon’s right ascen. when on the meridian. 22 14+
The retardation on the 27th. being 51m, the
proportional part of it due to 3k 52™,
the interval betweenr the given hour
and the moon’s transit, 1s...............00. 78

. 'Mooun’s right ascension at the given hour. 22 62

Number from Table 1.... <+ 476

Modified Right ascension... 22 538

The quantity from Table 3, answering to this right ascen-
e e . - ..
sion (diminished by 12 hours) and 20° 55 the obliquity om,
the given day, is 6°12’, which is, cﬂnsequeuily, the required
" .declination ; and it is south, since the modified right ascen-

sion is greater than 12 hours.
ExamerLe 2.
Required the Moon's declination at Sedashegur in longi-
tude 74° 13’ E. on the 1Gth. of Marldh 1845, at 9 o’clock p. M.
- J
Since the Moon passes the Meridian of Madras on the

“piven day at 6% 27™, and the difference of longitude betweens
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Sedashegur and Madras is 80° 15" — 74* 13 -==6° 2, or %
48 (the daily retardn.}

_—

" |
of an hour in time nearly, we have — Y

z2 =% of a mmute, for the difference between the times
of transit at Madras and Sedashegur : hence, the moon cul-
minates at the latter place at Gh 27 + m ==6" 272
Therefore, we have the following computatiof:.

Qjdereal time at mean noon on the 16th. of

- March, from the Tables in article (78).... ~ 23 35™
Moon’s meridian passage at Sedashegur con- ,
verted to sidereal time................00 6 29
.» Moon’s right ascension at transit........ 8 4
Proportional® part of the daily retardation
due to 20 52™ ..... PR e+ 8
. Moon’s right ascension at the given hour... 6 9
' Number from Table ... 4+ 49
Modified right ascension... 6 58
J X

“The obliquity on the given day bemng 21° 147, the decli-
nation gequired is found from Table 3, to be 20° 37’ N.

6G. An allowance for difference of longitude has been
made in the preceding example in reducing the transit of
*he Moon as registered in the almanac, from the meridian of
Madras to that of Sedashegur. This correction was obvious-
ly-necessary as its omission would have produced an error of
nearly one minute of time in the result ; but it is at the
<ame time to be borne in mind-that the example we have se-
lected is an extreme case, and that for places situated in other
parts of the Erehidency;‘ihe reduction would hardly have

been called for. When any instance of this kind presents
<itself, it will rest with the obsetver to determine whether al-
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lowances for differerce of longitude need be entertained in
his calculations with reference to the degree of accuracy he
may expect from the final results.

67. DBearing 1n mind the observations made with refer-
cnce to the Sun in article (39), we may, by a process analo-
cous to that deseribed in it, find the times of the rising and

etting of the Moon on any given day.
ExaMmrLr.

Required the time when the Moon rose and set at Ma-
dras on the 1st. June 1845, on which day her wausit was at
21* 46™, and daily retardation 47m L,

By proceeding as in Example 1 or 2 of article (65), we
find that the Moon’s right ascension when on the meridian

| ™

was 2h 28m, 'Cﬂusequently, her declination ascertained from
Table 3, is 16° 2 N. The number from TasLe IV. of the
General Tables answering to this declination, and 13° 5’
latitude, is 667, the semi-dinrnal arc corresponding to
which from TasBLe V. is 6 159, Since the Moon’s re-
tardation was 47™1, the change of right ascension due to
6t I5™is by article (55) 1220 Hence the Moon’s right
ascension when rising, was 2h 28m _ [9m 20 [gm ; and
when setting, 2" Z8n 4 12m — 2h 40m . The declinations
answering to these right ascensions being 15° 19’ N. and 16°

.3

43" N, the semi-diurnal ares at the times of 'rising and set-
ting are Gb 14m 3 and G 16m respectively.  Consequently,
217 46m — (6h 14m 2 4 12m) — 15" 19™ 2 was the time of the
Moon’s rising, and 21t 46m - (G 16m  12m) =4k I4m of
the Znd. of June was the time of setting required.

68. DBut, as observed with regar& to the sur in art. (40),
the times of rising and setting thus obtained, are the times
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when the Moon is really in the eastern and western horizon,
and not the times of her appearance and dlsappealance ‘
which phenumena, mwns&queuce of her parallax exceeding
the amoht of refraction by about 247, take place when she
is so much above the horizon. The two semi-diurnal ares,
therefore, must be reduced by the time required to pass

through this are (which is about one minute and a half)), be-
fore being applied to the meridian passage ; or, which 1s the

same thing, the times of rising and setting computed as in
the foregoing example, should be increased and diminishid

respectively by that quantity, to obtain the times of the
Moon’s actual appearance and disappearance.

69. Thus, with the exception of the meridian passage,
we have provided every thing necessary for the determination
of time by means of observations of the shadow made*¥n
Moon-light. In the case of the fixed stars, upon the con-
sideration of which we now propose to enter, their transits
may be easily predicted, and the only operation invoiving
any difficulty is that of finding their altitudes. |

70. Ag the time denoting the transit of a Star is reckon-
ed from mean noon, and represents the period elapsed since
the occurrence of that phenomenon, it is obvjous, that if it be
comverted into sidereal time, it would be equal to the differ-
ence between the right ascension of the Star (increased by
244 | if necessary,) and the right ascension of the meridian
at mean noon. Hence, since the first term is very neariy a
constant quantity, the determination of the suught transit
rests exclusively on a knowledge of the right ascension of
the meridian, or as it is geperally called, sidereal time at
mean noon, |

71. The motion of the earth round its axis being perfect-
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ly uniform, and egual at all times of the year, any terrestrial
nicridian revolves from a Star to the Star again 1n the same
quantity of time, viz. 23" 560 4s ‘09 ; while its mean revo-
lution from the Sun to the Sun again is performed in 24 hours.
Hence, a sidereal day falls short of a mean solar day by
3m B535s -91 of the latter reckoning, or 3™ 56 *55* of the
former, Consequently, if the sidereal time at mean noon of
Jan. 1, of any year be known, the sidercal time at mean noon
of any other day may be found by multiplying 3= 564 +55 by
the number of days elapsed since Jan. I, and adding the pro-

~

duct to the given time.

72. The first of the following Tables, accordingly, repre-
sents to the nearest tenth of a minute in the lnngitude of
Madras, the sidereal time at mean noon of Jan. 1. of the
years from 1845 to 1860, calculated by the formula,

S =180 42m 41s 44 4 ¢ 1* -84038 + ¢2 0= -000008 —
f. 59 139 -4 Equation of the equinoxes ;

where § denotes the sidereal time required, ¢ the given
vear reckoned from 1800, and f for the 19th, Century, the
number of years from the preceding leap year. Vide, Pre-

face to the Nautical Almanac.
~

73. The second Table exhibits with like precision the
multiples of 3m56¢ 55 corresponding to Jny given day and
month; so that the sidereal time at mean noon for that day
is found by simply adding thg quantity inserted in it, te
the quantity from the first Table answering to the given
year, and rejecting 24* from the sum when it exceeds one
sidereal day.

[

-

* This quantity is styled in astronomical language, the dall]" acceleration
of sidereal on mean time. |
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a ExamrLE 1.
Required the sidereal time at mean noon of May 27th. 1845.

. - ” B ",
Quantity from the lst. table ans® to 1845 18 43-]1
do. from the second table answering

to the 27th. of May ............... -9 856 -

Sidereal time required...” 4 18'%

ExampPLE 2.

i

Required the sidereal time at ﬁwan noon of March 16th. 1845.

k. i
Quantity from the first Table..........! . 18 43-1
do. trom the second do. ............ 4 H1‘8

Sidereal time required... 23 -34-‘5;

JTxAaMPLE 3.

What will be the sidereal time at meannoon of May 26th, 1848.

Stuce the given year Is a leap year, and the given day is

subsequent to February 28th., we have, b om
Quantity from the first table............... 18 402
do. trom the second do. answering
to the 27th, of May...... 9 <350

Sidereal time required... 4 158

rl-

I'xamMPLE 4.

Required the transit of Regulus, or @ Leonis on the 27th.
of May 1845, its right ascension being 10t Om 1,

Sidereal time at mean noon of the given day 5 .
as determined in example 1......... PO 4 187
Right ascension of the given star

Sidereal interval between Mean% noon ane
(T 7 § 5 414
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which, being converted into mean time,%gives 5b 40m -5 p. M,
for the tune “of transit requlred )

74. It is to be carefully observed that the sidereal time
at wean noon is the quantity to be always subtr acted from
the Star's vight ascension, the latter being increased bj 24b |
when it is less than the former. Thus, in the preceding ex-
ample, had the sidereal time been 10" Om°1 and the Star’s
right ascengion 4% 187, the sidereal interval would have
heen 184 187 -6 instead of 54 41™ 4,

75.  The right ascension of @ Leonis adduced in the pre-
ceding example has been obtained from the Nautical Al-
manne, but as this Ephemeris may not be accessible to all_
persons, we shall for the convenience of our readers, subjoin
a list of such of the principal fixed Stars, as, with reference
to their declinations, fall within the limits of the accompa-

nying Tables.
Mean places of 57 prmmpal fixed Stars for Jan. 1. 1848,
_____—____________—_——-————-’———"—_—_-_-—_

. ; Rizht Annual . s Annual
Stat’s name. éﬂ aace:?aien. Variation Dt;clulatlun* Variation

- A, m. m. @

a Andromeds {Alpherat) | 1 0 05| + 005 N.28
v Vegasi (Algenid). ... .. 2:3 0 54 ‘05 | N. 14
B Ceti sieieens 2.3 0 360 05 | 8, 18
gt Coti b 3 1 164 05 TS, 9
Arirtl Ceewenna| O I 556 06 | N, 22
L E a0 8 9 354 05 | N. 2
a Ceti {Mewkar} .ot 28 2 643 ©¥5 | N. 3
n Vauni(Pleides)........ 3 3 484 06 { N, 23
vt Brideni.. ..o avane, 23| 38 509 33 18. 13
a Tanri ( Aldebaran) . 1 4 2v2|. 06 [N.16
8 Orionis (Rigel} .. 1 5 72 ‘05 {S. B
8 Taurl . eieeaens 2 5 167 06 | N. 28
. Orionis (Bei.?ntrm:} 2 5 171 05 | N. 6
g Orionis ool s 42| 4+ 0580

M

e
x “ince a sideregl day is equal to 23h. 56m. 4s°09 of a mean solar day Gh,

of the fyrmer are equal to 5h. 59m. 15°02 of the latter. Hence, sidereal time
may ! e converted into mean time by deducting at the rate of &9s. or near-

1y one minute, for every six hours,
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Mean places of 57 jprincipal fixed Stars for Jan. 1, 1848.

ku W

' - Righte | Annual . et | Anmual
, Star's name. 3 asceniun Variation Declination. 'y, iation
-~

. h- . m. 0 ! F
4 Orionis .["Bﬂté’fgﬂﬁr) St 3 68| + 005 | N. 7 224] + 00
g Geminorum. . «..| 8 6 137 06 | N. 22 352 | -~ 02
a Coan. Maj, (S:rms) 1 6 384 04 | S, 16 297 ‘07
a? Geminorum (Castor).| 3 7 249 06 | N. 32 1.0 ‘13
a Can, Min. (Procyon) ..|1'2 1 7 31'3 05 | N. 5 366 14
8 Geminorum {Pollur}...| 2 7, 370 ‘D6 | N, 28 438 ‘13
15 Argus.ivenenarenna, 34 8 I'} 04 | 8, 23 498 17
e Hydree. . 4 8 387 ‘06 N 6 o554 21
a H}rdrm (Cﬂrr Hydn:z) 2 9 2001 ‘05 |85, 7 466 26
€ Leonis.............. 3 9 372 6 | N, 24 283 7
a Leonis (Regulus).. .. .. 1 (10 03 05 | N. 124 42°5 29

4 Leonis .. ....0u.. e | 2 |10 116 06 | N. 20 369 .
d Leonis ....ovvv i, 3 | 11 60 05 | N. 21 214 32
Leonis (Dcneb) 23|11 41'3 ‘05 | N. 15 258 33
B Corvi . 23|12 264 5 | 8. 22 286 "33
¢ Virginis (deﬂmmtn.:} 3 12 o646 ‘05 [ N. 12 467 32
e Virginis {Spma) 1 |13 172 ‘05 | S. 100 175 -31
5 Bootis .............. 3 |13 474 05 (N.19 98 0
n Bootis (drcturus) Cavees 1 i4 &7 ‘05 | N. 19 386 ‘31
¢ Bootis ( Mirac).. 18 114 884 ‘04 | N, 7 431 26
B8 Libree ... ... .00t 23115 88 ‘05 |S. 8 459 5
a Cor. Bor. {4 phem) 2 | 1§ 283 04 | N. 27 138 "1
a Serpentis,...... ceo|23 | 15 368 05 |N. 6 545 20
Bt Scorpii...... trenna 2.| 18 566 06 | 8. 19 206 17
& Ophiuehi............} 8§ {16 64 ‘05 |8, 3 156 *'16
g Scurpu (dﬂtt;rﬂs) |1 16 201 06 | S, 26 34 d B
a Herculis (Ras Algeﬂu) 34117 77 95 | N. 14 341 08
¢ Ophiuchi (Rmddhngue) 2 |17 279 05 [ N. 12 406 — €5
st Sagittarii 34} 18 47 06 | S, 21 d6 |~ 01
8 Lyra 13 [ 18 445 04 | N. 33 114 06
{ Aquile L. 8 1B 684 05 | N. 18 386 08
3 Aquile voagl8d 119 178 05 | N. 2 490 ‘§
v Aquilae ...f 8 118 800 05 [ N, 10 148 ‘14
a Aquile (Aitair ) 1'2 |19 433 05 | N, 8 292 ‘15
a2 Capricorni A3 |20 96 96 | S. ¥4 31 18
e Cygni |8 |20 404 ‘0¢4 | N. 83 239 2
¢ Cygni (8 [21 65 04 | N. 29 364 24
8 Aquarii el 3 |21 235 05 |8, 6 178 ‘6

e Pegasi .. 083121 367 05 |N. 9 109 27 ]

a Aquarii Gl 3121 680 05 1S, Vv T4 -G
¢ Pegasi ...1l8 |22 838 ‘5 [ N. 10 2% +31
a Plsﬁuqtralla(FﬂmaEhﬂﬂt) 1 122 492 06 | 8. 3¢ 360 ‘32
2 22 872t + 05 (N.14 233 + -di

a Pegasi-(Markab)
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76. Although the declinations of some.of the Stars in-
serted in the above list, exceed 24°, (the limit to which the
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General Tables Nos. 1], and IV. are catried), yet it is to be
remarked thitt they are not on this account without the limits
of those Tables; for the formula in art. (31) being symme-
trical with Iegard to the quantities L and D, it i1s obvious
that either of them may be substituted for the other without
altering the nature of the expression ; so that when we have
a declination greater than 24° to deal with, we have merely
to look for it in the column of latitudes ; and for the lati-
tude, in the column of declinations; and then to find out
- the number sought in the usual manner,

77, The altitude of the Stars which is the on! y . element
now remaining to be determined, may be easily ascertained.
by means of a quadrant, sextant, or any other instrument
for measuring vertical angles ; and then by calcuiating the
shadow corresponding to that altitude, the time required
may be evolved by a process similar to that employed in the
case of the Sun and Moon. But as the use of such expen-
sive instruments would not accord with our purpose, we
must have recourse to some other expedient for. dscertaining ..
the shadow. | - |

78. If a plane reflecting medinm were interposed hori-
zontally between"the eye and a Star, and the eye be moved’
backwards and forwards until the image of the Star appear

“in it, the height of the eye above the plane of the reflecting
surface, would evidently be the co-tangent of the angle of.’
reflection to a radius equal to the distance of the eye from
the point of incidence : but the angle of reflection is, by a
well-known optical law, equal to the aungle of incidence,
which, in the case of a Star, represents the zenith distance-
of that luminafy. Hence, the co-tangent of the zenith dis-
tance, or the tamgent of the altitude, is equal to the height
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of the eye divided by, the aforesaid distance, and consequent-
ly when the h-eigflrt of the eye is four feet, its diStance irom
the cathetus, or perpendicular at the point of incidesice
weuld, by art. (1) represent the length of the shadow of a

rod of the same height intercepting the rays emitted fromn
the Star,

79. To find the shadow corvesponding to the altifude of
any Star, therefore, place a wirror or looking glass on the
ground, in a horizental position(? between vourself and the
star; and with the eye resting on the top of a, rod of four
feet, or viewing through a sight placed there, retire back-

~wards, until the image of the Star becomes visible in the
mirror ; at which instant, observe the position of the radiant
point, and measure the distance between it and the foot of
the rod, for the shadow required.(® |

80. The above rule, if strictly attended to, will furnish
the required shadow with great accuracy, but in the practical
application of it there are circumstances which detract from

its usefulness. The levelling of the mirror is an operation

involving delay and difficulty ; the contraction of the~field of
view as'the eye retires from the reflecting surface, renders it
extremely difficult,to identify any particulafr star ; and the
distance from it at the time of observation .makes it almost”
impossible to note correctly the position of the radiant point,

For these reasons, the following rule seems to possess great-
er advantages, ' "

81. Fix the rod perpendicularly :on a level piece: of

(11 The horizontality of the glahs: may be tested by holding .a plumb-line
over its surface and seeing whether the reflected image of it appears in the
game straight line with the direet one.

(2) .If the mirror be elevated above the ground ou a fl'Efl!E, the lower end
of the rod must be raised to the same level.
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ground, by attaching it to seme support,” as. the frame of a
chair &c. 5 then, retiring backwards In a straight line with
the rod and the star, place the mirror on the ground in such
a position that the reflected images of the Star and the top
of the rod may seem to coincide. Note the point of the sur-
face in which the coincidence appears to take place,* and
measure the distance between it and the foot of the rod for
the shadow required. |

82. In the above method, as the point of incidence only
of the raysisswing from the Star and touching the top of the
rod, is observed, and the course of the emergent rays is to-
tally disregarded, it is obvious, that whatever be the incli-
nation of the mirror to the hﬂrizun; it can have no effect up-
on the distance of the point of coincidence from the rod, pro-
vided both of these be on the same level; a circumstance
which is essential to the operation, by the very hypothesis of

article (78).

83. Having thus obtained the shadow corresponding to
the altitude of any Star, the interval between the time of ob-
servation and that of transit, may be ascertained from the
Tables in the usual manner, (see article 54;) but the interval
must be diminished on aecount of the acceleration of side-

real time, before being applied to the computed mean
time of transit.

84. The following examples, which are a faithful tran.
script of the observations made by the author, will elucidate

® Care Is requisite in determinjng this point acourately, for the slightest
motion in the eye of the observer will cause a2 corrésponding change in it
position on the surlace of the glass.
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the preceding rules.

Fxamprre 1.

At Bellary, on the 13th of June 1845, the following ob-

servations were made,

A m,
Moon-Shadow 2f 4 Time by watch 7 481 p. M.
& Scorpil,.... Gf 53 do, 7506,
B Leonis...... Qf. [in, do. 5 3

Required the error of the watch by each of the above ob-

. T
servations.

By TaE Moon.

L ]

From the Almanac it appears that the Moon’s meridian

passage on the given day was 6" 15™, her retardation being

46™, Also, as she was in the meridian about the time of sun-
sct, she must have been in her first quarter,

k. m,

From Table 1. art. (73) we get for 1845...... 18 43-1
do. 2, for 13th. June... ... ....... . 10 426

. Sidereal time at mean noon... ... ...... 5 257

Moon's meridian passage in sidereal time..... 6 180
Moon’s right ascension at tramsit... ... ... 11 417
Proportional part of retardation.... ... .. + 28
Moon’s right ascension at the - given hour,., 11 445
Number from table 1 art. (65).... ..... vore T+ 472
Modified right ascension.... ... ... ... 12 31-7

The obliquity on-the given day ascertained from Table 2,
of art. (65), being 20° 51/, we obtam from Table 3. of the
same article, 3° 8. for the Moon's declination at the time
of cbservation,
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. f. i,
Again, measured shadow... ... e e 2 4
Correction for parallax... ... — 05
True shadow... .... v e e e, 2 3O
Interval from the Tdee fm 15° N. latitude 7 m.
answering to 2% gin-5; and 3° 8. Dec.... 1 86
Proportional part of retardation.... + 28
Tirue 1nterval... 1 388
Moon’s meridian passage.. 6 150
Mean time of observation... ... ... ....... " 538
Tihne by wateh... ... ... . <. .. 7 485
Watch slow... ... ... .. i el e, 0O 53
By THE STARS.
a Scorpii g Leonis
. m. R, .
Sidereal time at mean noon... 5§ 25>7....... 5 257
Rightascension... ... ...... 16 20:0....... 11 41-2
Sidereal interval to transit.... 10 54-3....... G 155
Mean time of transit............ 10 b25....... 6 14-5
Intervals corresponding to
declination and shadow re-
duced by amount of ac- |
celeration... ... ..o ... 2 S0:3...2.. 1 537
Mean time of observation e, 8 22, . 8 B2
Time by watch.... ... .. 15600, 8 30
0 52

Watchslow... ... ... ... 0 62....

The results afforded by the Moon and 8 Leonis agree
very nearly, and are more trust-worthy than that given by
e Scorpit, which being a very southern star, his motion in
altitude is slow, and consequently a trifling- error in the mea-
surement of the shadow would have a sensible effect upon’
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the corresponding issue of the caleulation. ermn practica-
ble, it is always more advantageous to select a star whose mo-
tion 1s as ncar as possible vertical at the time of observation,
than another whose course is more inclined. - |
ExamprrE 2,
At Bellary, on the 27th. June 1845, the following stars

were observed.

f.  im, h, wm
o Leonis...... Shadow... 8 3 Time by watch...8 8
g Leons...... do., ... 8 4% do. 8 12
& Ophiuchi... do. ... 2 2 de. 8 20}
« Ophiuchi... do. ... 38 & do. 8 206
Required the error of the watch by each of the aliove ob-
~ servations.
k. m.
From table 1, art. (V3) for 1845, we have. .... 18 43-1
do. 2, ~ for 27th. June......... 11 37-8
Sidere:ﬂ time at mean noon.., .., ...... 6 209

Hence, we have by

a Leonis {3 Leoms & Ophinchi ¢ Ophiuchi
Pec. N, Deec. N. Dec. 8.  Dec. N.
12° 43" 15 20 3° 16’ 12° 431/

R, . h. M. h. m. A m.
Sid. time at M. noon.... 6 209 6 2009 6 2009 _6 209
Star’s R. A.... ... ... 10 0211 41°2 16 62 17 278

——— gy

Sidereal intervals, .... 3 393 5 203 9 453 11 69

M. time of transit. .... 3 387 5 194 9 437 11 5+
Intervals to. deelination, ’ | |
shadow, and latitude
corrected for aceelera-

tton... ... ... ... 4215 2445 1 275 2 430

M. time of observation. 8 82 8 30 8 162 8 221
Time by watch..... ... 8 80 '3 1220 8 2006 8 260

——

Watch fast... .... ... 0 48 0 §1 {}r 4_‘_3_ 0 389

[ —— = ——— 1§ [~ ———% ———j

The results clearly show that some error must have been’
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committed in determining the shadows cofresponding to
B Leonis, Therefore, rejecting the observation of this star,
and taking the mean of the three others, we get 4™ nearly,
as the quantity by which the watch was too fast,

ExaMrPLE 3.

At Madras, on Nov. 9, 1847, the following observations

were made.

e §f. T
Aldebaran—shadow... 2 6'4 Time by watch 11 1 4. m.
Rigel......... do. ... 413 do. 11 115

Required the error of the watch.
Aldebaran Rigel

Sid. time at mean noon on the given #* ™ A om

day......... 15 113 15 113
e e, 42115 72

Star’s right ascension..,

Sidereal intervals... ... ... ... ... 13158 13 559

p— L

Mean tifne of transit.... ... ... ... 13 136 13 536
Intervals to shadow, latitude, and decli-

nation reduced by acceleration... ... 2 129 2 424

Mean time of ebservation... .... .... 11 7 11112

Time by watch... ... ... ... .. 11 1:0 11 115
Watch fast.... ... ... i . . 0,03 0O 03

The results given by the two stars dgree exactly. This
circumstance must be attributed to the care with which the
shadow was determined, for in order to note correctly the
position of the point where the Star and the top of the rod
appeared together, a line was drawn across the silvered surs
face of the glass, and duriug the observation, the mirror was
moved about #ll the above point appeared on the line.

Then, the required distance was accurately measured by
means of a three-feet rule graduated to tenths of an inch,
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85. The aboveanethod of finding the shadow correspond-
ing to the altitude of the stars may, it is ﬂbvimils,rbe employ-
ed with advantage in determiuring that of the Moon, when
from the obscuration of the sky, or from the circumstance
of her belng near her conjunction, her light is not hright
enough to cause a perceptible shadow. Iusuch a case it will
be best to observe her perfect limb, and correct for the cen-
tre by the addition or subtraction of the quantities.dn

art. (14), according as that limb forms the upper or lowér one.

86. It only remains for us to show how the times of the
rising and setting of a star may be determined from the ac-
companying tables, The method of procedure is as follows.
Take out from Table IV. of the General Tables, the nmnber
corresponding to the latitude of the place, and the declination
of the star, and from Table V. the semi-diurnal arc answer-
ing thereto, which being corrected for acceleration, must be
subtracted from the mean time of transit to obtain the time
of the star’s rising, and added to it, to obtain that of setting.
The results being then corrected for refraction as in the case of
the Sun (art. 43) will give the timcs of the Star’s actual ap-
pearance and disappearance.

ExamprLe 1.

-

Find the times of the rising and setting” of Aldebaran at

Madras on the 11th. of November 184'7.

k. m.
Table 1, art. {73) for 1847... e e ... 18 412
do. 2, for 11th, Nov.... ... ... ... 20 380
Sidereal time at mean noon... ... ... ... 15 192
Star’s right ascension.., cer e e . 4271

Sidereal interval... ... cee e 180079
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Mean time of transit. .. i e ... 13 B7
Number from Table 1V, c{;rrespm]ding to
13° 57 lat. and 16° 12" dec. being 675, the
serni-diurnal arc is 6% 13m -5, which being
corrected for acceleration and refraction

gives for the true semi-divrnal are... ... 6 167

Hence the time of risingis... ... ... ... 06 49-0pr.M,

And that of setting... ... ... .. ... ... 19224 or
» Th 22m -4 A, M. of Nov. 12th,

ILxAMPLE 2.

lequired the times of the rising and setting of Sirius at
Rajahmundry on 12th. Nov. 1847.

' h. .
Table 1, art, 73, for 1847... ... ... ... 18 412
do. 2, for 12th. November:.. ... ... ... 20 419

Sidersal time at mean noon.., ... ... ... 13 231
Star’s right ascension.., ... 6 884

]

b |

Sidereal interval..., ... cve eee . 15 158

Mean time of transit... ver wee o 1D 128
Number {rom table IV, corresponding to
17° Lat. and 16° 30’ Dec. being 906, the
semi-diurnal arc is (since the dec. 1s S.)
5 39m -2 which being corrected for accele-
ration and refractionis... ... ... ... 5 405

Hence, the starrisesat... ,.. ... ... ... 9 323pr. M

A

And setsat... ... ... ... e eee e 20 833 or
8t 53m -3 A. M., of 13th, Nov.



od CONSTRUCTION AND USE

87. Tn conglusfbn we shall add a few examples in further

illustration of the rules.

LEXERCISES.

(1). Suppose at Madras, on the 21st. of Janvary 1348,
the shadow measured in Moon-light be 5¢ 442, what would
be the time of night ?

(2). At what time does the Moon rise and set at Bellary
on the day mentioned in the previous example. Also the
stars Sirius and Regulus ?

(3). Being anxious to know the time at Seringapatam
on the 12th. December 1847, and not having a rod of 4 feet,
¥ stood directly between the corner of a building and the
star ¢ Orionis in the East, and then imeasuring the height of
my eye and the point bf the building which the star appeared
to touch, found that the latter was Gf 4in- above the former,
while the distance between the two points was 20 8i=., Re.
quired the time of night ? ‘

(4). What would be the length of shadow corresponding
to the altitude of Sirius at Madras on the 21st. of January
1848, at 10 o’Clock pP. M, ?

END OF THE EXPLANATION,
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TABLES.

RuLe,—Having carefully measured the length "of the shadow of a rod
| of four feet, held perpendicularly on the ground in sun-light, look for
it in the first column of the Table which is headed by the latitude of
the place, or which has the place of observation mentioned in the list

at the hottom. A

so, find the period which contains the day of observa-

tion. Then, in a line with the former and under the latter, will be

found the interval
of observation.

in hours and minutes between noon and the time

When the shadow is not found exactly in the first column proceed as

in Rule II. page 10. Also, wheil it is necessary to allow for changes of

declination and latitdde proceed as in Rule IIL page 11, or adept the

quicker process explained in art. (38) page 26.

60
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GENERAIL TABLELES,

For THE DETERMINATION OF TIME,
APPLICABLE TO ANY PART OF BRITIsa INDIA.

RULE

Having measured the shadow of a rod of four feet held per-
pendlcuhtly on the ground, take out the foilowing numbers
from Tables I, II, and IV, viz:

From Table I, the number answering to the length of the

meaaured shadow.,

From Table 1I, that answering to the given-day and latitude
in the case of the Sun, but given deelination
and latitude in the case of the Moon and Stars.

* From Table TV, the same as from Table [T,

'Then, to the quantity from Table I, add that from Table
II, and find the natural number answering to the sum from
Table 11I. Add to, or subtract {rom it, the number from
Table IV, according as the declination 1s South or North,
Fiually, look for this sum or difference in Table V, when th:
corresponding time_will be supplied by the upper and left hand
columns if the observation be made in the forenoon ; and by the
lower and left hand columns, if in the afternoon,

The following examples are subjoined as exermses additional

to those in article (38).

=

EXFRCISES,

1. At Candx‘f in lat. 7° 253" N, given the shadow 12+ 10 _ on

the 16th of April; required the time.
Ans. T 5= A M. or 4* 55 P.M:

2. At Moulmein in lat. 11° 45” N. given the shadow 7 8n, on
the 21st of May ; required the time.
Ans. 'Th 87n A M, or 4+ 157 P M,
3. At Colombo in lat. 7° 2° N. given the dark shadow 12/ Tin,

on the 10th of QOctober ; required the time.
Ans. Tk 17 A M., or 4% 33m P.M.

4, At Trincomaleeinlat. 8 317 N. giverrthe darkshadow 4/
31 on the 5th of December; required the tine.
- Ans, 9% 25= A M. or 2¢ 17= PM,
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TagLe I1.

Giving the significant paris

Days of the year

answering to the
sun's declination.

|\ arch

21

23

26

March Mamh Macchj

28

March
31

Hept.
23

Sept.

21

Sept.

18

Sept.
16

Sept,

13

April PApril

J

Sept.
10

5

Sept.
8

Aprii
8

Bept.
3

April
11

April
13-

.| Aug.

30

April
15

April
i9

Aprii
22

Aug.
28

Aug.
25

Lat.

O
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4(_’?

50
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6:‘.}

TG

QD
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11°

Aug.
22

12°¢
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e T 0D =1 O
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oo

B R bt et e e el el
e O 00 G = S 1D e

22
243
21
23
26
27
23
29

30

31
3
33
34
35

24
32
42
54
30
96
143
131

1al|

172
194
218
243
270
298
328
360
393
427
483
a1
541
HEY,
625
669
T16
764
Bl4
868

24
33
43
B
07
81
97
113
132

172
195
219
244
271
299
229
ot
393
428
464
a2
o41
oBY
625
67 (N
716
T65
815
867

151}

29
35
45
56
69
83
99
115
184
153
174
197
221
246
273
301
331
362
395
4304

466}

204
43
o84
627
672
718

767

817
869

30

38

48

6¢)

T4

84
102
119
137
156
177
200
224
2449
276
804
334
366
399
433
469
507
Y. ¥
H88
631
675
T22
770
820
872

34
43
243
64

Ly
i

g1
104
123
141
161
181
205
228
204
281
309
339
370
405
458
YL
ol2
551
592
635
6880
T26
775
825
877

40

49

59

70
83

u7
112
129
147
167
188
211
234
260
287
315
345
376
410G
444
430
518
557
598
611
636
132
TR1
831
883

P

48
a8
06
78

91

i0t
120
137
155
174
195
218
242
267
204
322
352
o84
417
451
437
52
564
606
648
693
740
788

838|

890

51s
65
75
88

113

128

991

145
163
183

204 :
226( .

200

276| :

303
331
361
392
425
460
196
b4
273
614
607
702
TAB
T97
847
899

78

86

96
108
129
- 134
150
167
185
204

995
i 2R

272
297

3| 324

354
382
413

5 _446

481

1T
- 509
GHEY
- 636

7. 878

724

770
Bl#

868

920

40
94
109
12¢)
134
147
1o
179
197
217
238
200
284

310|

337
305
395
426
4 5%
495
530
H6b
607
648
691
1364
T82
831
881
9334

104
113
123
134
147
10l
i78
193
211
251
252
273
208
324
351
379
409
414
4743
506
a4 4
o8 A
621

120
125
13&
150
1634
176
192

209
9537

= ai |
215
267
2949
314
33

3 66

394y

42

454
484
523
559
597
637

662 6778

705
75
196
84 H
895
g5

721

(}L"Tha

8312
3640

910

963

Irays of the year
AnEwering

to the

Sun’s declination.

Sept.
23

Sept.
28

Sept.
28

Oet.
1

Owet,

Qct.
6

Get.

Oeot,
11

March
21

March
18

Mareh

16

March

b 13

March
11

March

8

Mgreh

March

Feb.

Oct.
i9

Oct,
22

Feb.
23

Feb,

20

Oet.
25

Fab,
19
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0

*-..h

the logarithmic values of sec. L. sec. D,

Sun's declination.

April
25

Aptil
28

May
1

Meay
5

May
8

May
12

Mo
16

May
21

Aug,
19

Ang.
168

Aug.
12

AUg.
0

Aug.
L3

Aug.
2

July
28

b | DaYS of the year
answering te the

=

b ]

13°

14°

16°

17°

18°¢

19°

July
24

20°

May
26

J ml‘yr
19

June

July
12

June

10

July

33° 28" N.

The Sun attaine
on June 22,

21°

22°

23°

24°

ol
o O - "

| 411

| 576

137
145
155
167
174
193
209
225
244
263
284
307
381
356
383

441
472|
905
040

614
653
694
737
782
829
877
927
979

155
163
178
185
197
211
227
244
262
281
302

325

349
374
4{r1
4298
459
491
924
208

594

632
672
713
756
800
847
895
945

997

the

DaAys of the year
ATLAWeTIn

x to

Bun’s declination.

Ouet.
28

Qct.
31

195
204
214
225
238
254
267
284
302
322
343
366
389
415
442
470
500
531
564
599

635
673

712
753

796t

841

B87[

936
986
1038

, 218
226
236
248
260
275
290
307
325
345
366
388
412
437
464
492
522
554
587
621
657
695
785
176
819
863
910
958
1008
1060

242
250
260
272
284
298
314
331
349
368
389
412
436
461
488
2l6
246
578
611

645

681
719
759
800
843
887
934
982
1032
1084

267

2761
286

297
310
324
339
356
374
394
415
437
461
487
513
542
572
603
636
670
707
744
784
825
868
918
959
10017
1058
1110

294
304
314
324
337
351
366
383
401
421
442
464
488
513
240
268
D98

663
697
733
771
811
852
895
039
986
1Q34
1084
1136

630y

322
331
341
3562
3690
379
394
411
429
149
470
492
516
542
569
597
627
658
691
726
7162
800
839
880
923
967
1014

1063]

1113
1165

352

371
382
395
409
424
441
459
479
500
522
546
572
598

657
687
721
756
792
829
869
8190
953
998
1044
1092
1143
1195

361}

384
392
402
413
426
440
456
472
491
510
531
554
578
603
630
658
63"
719
152
787
823
861
900
941
984
1029

1124
1174
1226

Nov.

6

Nov,
10

Nov.
13

Nov.

17

Nov.

22.

Nov,
27

Dec.
11

Feb.
14

Feb,
11

Fed

Feb.

. Jan.

29

J&T.

Jan.

21

25

Jan.

16

Jan.

10

10751

The Sun attaines
23° 88 8.
bn December 22,
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“Pance IV. Giving the significant parts

3 3 Z{Mareh MasehMarch|March|March Xpril ] Aprit} April | Aprit| Aprit { April | April] Aprid
~2%| 2123|2628 (31|31} 5| 8 |11]13}158]|19 |.2%
e — e |t
=% = Sept. | Sept. |[.Bept. Sept, | Sept. | Sept. | Sept. | Sept. | Sept.- | Aug. | Ang. |-Ang. | Aug.
5¥E128 |21 (18 (16|13 (10| 8 | & |'2 [ 309282522
ARm® . _
Tat.| 0° [ 19| 29| 3° [ 4°7| 5° | 6° | 7° | 8° | 9° | 169 | }1°| 13}
6 0 18l 37 53 73l 92| 110 120] 148| 166 185| 204| 22
71 0f 21| 48] 64| 8¢ 107 1290 151 173| 194] 216 239 241
8| O 24 49 ‘74| 98 123| 148| 173| 197| 223 248} 273 299
o O 28 53] 83] 111{ 139 165 194] 223! 251} 279 308| 337
100 o 31| 62 92| 123|154 185 216] 248 279] 311{ %43| 375
11| 0| 34 68| 102| 136| 170 204} 239F 273| 308] 343| 878 413
12 o] 87 74| 111} 149 186] 223] 261 299) 337 375 418} 432
13| 0| 40| 81| 121 161] 202| 243| 283] 324] 366 407 449 49)
14] 0| 43| 87 131 174| 218| 262 306] 350 395 440] 485] 530
15| of 47| 94] 140 187! 2341 282 320 377 424 473| 521| 569
161 0| s50i 100 1501 200 251 304 353] 403 454 506| 557 6Q9
171 O 53i 107 160 214] 267 321 375 430{ 484} 538 584{ 63
18| O p7] 113 170! 227! 284| 341] 399| 457 515] 673! 32| 691
19| O] 60] 120 180] 241| 301| 362! 423| 484] 545] 607 669} 732
200 0| @3t 1271 191 254! 318] 382 447 511| 576| 642{ 707} T
21| 0] 67| 124] 201 268 336] 403| 471 5391 608; 677 146 816
22| 0 70| 141] 212] 282] 353] 425| 4961 568| 640 712 785| 839
23 0] 74l 148| 222] 207 871] 446] 521| 597 672 T48] 825 99:
24| 0| 78t 1551 233} 311] 389| 488| 547]. $26{ 705! 785| B65] 946
35 O 81] 163} 244| 326] 408| 490| 573 655] 739, 822 908, 991
26, 0 85 170] 256 341} 427} 513] 599] 685] 772| 860| 9481037
a7l 0 89| 178 267 356| 446] 535] 626] 716] 80T 898| 99011083
28] O 93} 186] 279] $72| 465 559] 653] T4 84%3] 9371033{113(
20| O 97 194! 290| 388| 485 583] 681| 779 878 97T IOTI1TE
30 o] 101 202 308 404| 505 607} 709| 811 914/1018/112541227
31 0| 105 210 815| 420 526{ 6311 738} 844} 952|1059(1168[1277)
32| O 109] 218| 827 437 547| 65671 767 878 990{1102|1215(1328}
33 3113; 227| 340; 154] 568] 683! T97| 913[1028|1145/1262(138C
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TABLES POR DRETERMINING TIME,

| of the natural values of tan. L. tan. D.*
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TABLES FOR DETHERMINING TIME,

TapLe V. Showing the natural values §

Min. § 60 b 8h gh
0 0| 2588 | 5000 | 7071
1 44 | 2630 | 5038 | 7102
2 87 | 2672 | 5075 | 7132
3 131 | 2714 | 5113 } 7163
4 174 | 2756 | 5150 | 7193
5 218 | 2798 | 5188 | 7224
6 262 | 2840 | 5225 | 7254
7 305 | 2882 | 5262 | 7284
8 349 | 2924 | 5209 | 7318
9 3038 | 2965 | 5336 | 7843
10 436 | 8007 | 5373 | 73873
11 480 | 8049 | 5410 | 7402
12 528 | 3090 | 5446 | 7431
13 567 | 3132 | 5483 | 7461
14 610 | 3173 | 5519 | 7490
15 | 654 | 3214 | 5556 § 4818
16 698 | 3256 ; 5592 | 1547
17 741 | 8297 | 5628 | 7576
18 785 | 3338 | 5664 | 7604
19 828 | 3399 | 5700 | 7632
20 872 | 8420 | 57468 | 7660
21 915 | 3461 | 5771 § 7488
29 ¢58 | 8502 | 5807 | 7116
23 | 1002 | 3543 | 5842 | 7744
24 | 1045 | 3584 | 5878 | 7771
95 | 1089 | 3624 | 5913 | 7799
26 | 1132 | 3665 | 5948 | 7826
97 | 1175 | 3706 | 5983 | 7853
98 1 1219 | 837468 | 6018 ] 7880
29 | 1262 | 3786 .| 6053 | 7907
Min. | b5 4h 3h 2h

106 | 11t | Afin.
8660 | 9659 | 60
8682 | 9670 | 59
8704 | 9681 | 58
8725 | 9692 | 57
8746 | 9703 1 56
8767 | 97131 55
8788 | 9724 | 54
8809 | 9734 |. 53
8829 | 9744 | 52
8850 | 9753 | 51
8870 | 9763 ¢ 50
8890 | 9772 1 49
8910 | 9781 | 48
8930 | 9790 | 47
B949 | 9799 ) 46 |
8969 | 9808 1 45 |
8988 | 9816 | 44 |
9007 | 9824 | 43
9026 | 9832 | 42 |
9044 | 9840 | 41
0063 | 9848 | 40
9081 | 9856 | .39
9100 | 9863 | 38
9118 | 9870 | 47
" 31385 | 9877 F 36
9153 | 9884 | 385
9171 1 98990 1 34 |
0188 | 9896 ] 33
9205 { 9903 | 32
9222 - 9909 | 31
1k ok
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TABLES FOR DETEKMINING TIME.

Jor cos. h. for every minute of time.

—

10~

11y

' 21‘1‘

1h

gb Min,
7933 | 9239 | 9914 | 80
7960 | 9255 | 9920 | 29
NORG [ 9272 [ 99251 28
8013 | 9288 | 9931 | 2%
8039 | 9304 [ 9936 ] 26
BOB4 | 9320 | 9941 | 25
| 8090 | D336 | 9945 | 24
8118 | 9351 | 9956 ] 23
8141 | 9367 | 9954 23
8166 | 9382 | 9958 | 21
8191 | 9397 | 9962 | 20
8216 | 9412 { 9966} 19
8241 | 9426 + 9969 | 18
8266 | 9441 | 9972 § 17
8290 | 9455 ; 9976 | 16
8315 | 9469 | ¥979 Y 15
8339 | 9483 { 9981 | 14
8363 | 9497 | 9984’} 13
L 8387 | 9511 | 9986 | 12
8410 | 9524 | 9988 | 11
8434 | 9537 { 9990 § 10
8457 | 9550 1 9992 O
8480 { 9563 | 9994 § 8
8503 | 9576 | 9995 F 7
8576 | 9588 [ 0997} 6
8549 | 9600 | 9998 ¢ 5
8572 | 9415 | 9998 F 4
8594 { 9625 | 99909 ¢ 8
8616 | 96348 | 100600F 2
8638 | 9648 1 10000F 1
oh §F Mia,

120
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ND. 2-.
To draw a Meridian line,

The tracing of the meridian lind, or the determination of
the North point is an impoitant problem, useful for many

purposes. The common method of effeetingiity, is-as.follows,
~ Drive a thin staff or picket vertically in a level piece of
ground, ‘and describe three or four. concentric. circles about
1t with different radii. Observe the points of each circle which
- the shadow thrown by, the picket touches both in the fora-
noon and afternoon. Bisect the arcs contained between
these points, and draw a line from the picket through the
mean of the several bisections, and it will trace the meridian
nearly. | S

~ Another method flore commonly used is by means of a
compass needle, but the magnetic North differs so considera-
bly from the true point, and the amount of variation is so
uncertain, that this method cannot be depended on to any
degree of accuracy. '

At night, the North point may be determined very nearly
by observing the Pole star* at the instant of its.upper or
lower culmination which may be easily computed by the rules
given in this work; or, by the upper culmination of a
~ southern star which may notbe far from the horizon at the time.

It will be observed, however, that these*methods while giv-
ing the meridian line with sufficient aecuracy for common
purposes, do not engble us to find that line at any particular
moment it may be required. The method we now propose
- to explain obviates this difficulty. |

Place a table on a level piece of ground in sun-light and
suspend a plummet over it attached to a fine string. When
the lead has become sigady, note two points of the shadow
projegted by the string on the table, and at the same instant
find the shadow of a rod of four feet as directed in article
(14). Then, the sun’s azimuth (Z) or the angle which the
meridian makes with the line drawn through these points
may be computed by the formula | |

Cos, Z. = + sin D, sec. L. sec. 4. — tan: L. tan A.

where the upper or lower sign is to be used according as the
~ declination is North,or South. -

- The above formula, it will be perceived, is symmetrical
with thyt at page 23, and if we substitute A4 for D, and D for

¢ The Mean right ascension of the Pole Star (a Ursa Minoris) for Jan. |
1848 ts Jh. 4m'4 the annual variation bejrg + Om-:9.
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A in the forier, and find lag. sin. D from any Trigonomeirical
tables, the rest of the computations might be performed
by means of the geperal Tables given in this work, when the
Sun's altitude does not exeeed 35°, or the measured shadow
is not less than 5% 9=, For mstance,

Eet it be required to find the Sun’s azimuth, when the
shadow measured on the 4th March 1848, at Madras, is 10f. din.
" Here A == 20° 58 (From No. 1 of the Appendix.)

‘ L =1325 (from page 22,)

| D = 6° 217 8. {from the Madras Almanac.)

- Considering £ as D, and D as 4, we have the foillowing

eompusation.

Log. sin 6° 21’ (from Trig. Tables)............... ceeereen 0438
N umber from Table 1I answering to 13°°%” and 20° 58”7 411
Sum......ocoeamenas 90849

Natural npumber answering to it from Table - Il -
(being negative because the declination is South)....—1216
Number from Table IV, answering to 13° & and 20°
58" (to be always subtracted).c.ccovaiiiiiiinicnniiies .— 891

Result............ —2167

The guantity answering to 2107 from Table V is erther
6h 48m. 7 or 58 11m- 3, but as the sign of 2107 is negative we
must take the former quantity. Reducing 48™ 7 to degrees
apd minutes, and adding 90° thereto on account of the 6%, we
get 102° 10° for the Sun’s azimuth at the time of observation.-

Hence, by drawing a line making this angle with that in-
dicating the position of the shadow of the string on thé Table,
we shall obtaini the direction of the meridian required.

In applying the formula to particular cases, due regard
must be paid to the signs of the terms of the second member.
When the declination is North, the first term is positive, and
may be numerically greater or less than the second term. In
the former case, cos. Z is positive, and therefore Z is less
than 90°. In the latter case, it is zegative, and therefore Z is
greater than 90°, 'When the terms are equal cos. Z =0, and
Z = 90° showing that the Sun is then in the priine vertical,
Again, when the declination is South, cos. Z is always nega-
tive; therefore, the resulting value of °Z is always greatei
than 90°. e ] |

The remarks made in art.
feferice to cases arising from ¢
probletn. -

i’li’ 6) hold equally good with re-
1e practical applications of this
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No. 3.
On the Principles of Dialling.

A dial isa p]mmvs_urface‘ﬂn which a system of lines is
drawn in such a manner that the shadow of a wire, or of the
upper edgd of another plane erccted perpendicularly on the
former shows the true or apparent time of the day.

2. 'The edge of the plane by which the time of the day
is found is called the stile, gnomon, or axis of the dial; the
line ou which the plane is erected, the substile; the angle
included between these two, the eleration of the stile; and
the system of lines, kour-lines.

3. Dials ave distinguished from each other according to
the position o thelr planes with reference to the horizon,
or any other great circle of the celestial sphere.  When the
plane is parallel to the horizon, the dial 1s said to be /lorz-
zontal, and when it i1s perpendicular, vertical. 1f the plane
of the dial facing the north and south, is perpendicular to
the Meridian and makes an oblique angle with the horizon,
it is termed dnclining.

4. When the dial is vertical, but inclined at an obligue
angle to the plane of the Meridian, it is termed declining. In
dials of this deseription, the substile always makes an angle

with the 12 ¢’clock hour hine, or wmi'ﬁfi’imﬁuf the dial.

5. A dial whose plane is neither pavallel nor vertical to

the horizon, nor perpendicular to the. Meridian, 1s*called an
oblique dial, *

- 6. When the plane coincides with the Meridian, it 1s call-
ad an east or west dial, and sometimes a Meridian dial.
The hour lines on such a dial should be *described on both
faces ; because both sides are illuminated by the Sun daily,
. 7. When the plane is perpendicular to the Meridian, and
ﬂPar:ﬂlel to the Earth’s axis, the dial 1s termed pofar, because

if produced, it would pass through the celestial poles. This

dial does not differ frem that adverted to in the preceding
article except in its position, as will be shown hereafter,
8. ‘I'he nature of all dials whatever may be their form or
. figure, may be easily explained by supposing the earth to be
transparent, the equator,to be divided into 24 equal parts
by meridian ¢jrcles, and the axis of the earth to be opaque.
It is obvioys that when the sun is situated on any of these
gevidians, the shadow of the axis would fall on the opposite
haif of that circle, so that if we conceive a plane to pass
through the centre of the earth parallel to the plane of the
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dial which we wish #0 construct, and showing the intersec-
tions of the meridian planes with it, we shall have the repre-
sentation of a true dial on whick the shadow of the earth’s
axis would exhibit the correct time of the day. In 1eality,
however, we have neither a transparent earth, nor is it pos-
sible to draw a plane through its centre. We can therefore
only approximate to the position of such a natural dial, by
making the plane and axis of the artificial one cﬂrrebpnnd
in direction to thuse of the former ; and although the situa-
tions of the two dials would differ by half the’ dmmeter of the
earth, yet this difference is so minute compared with the
distance of the Sun, thatno perceptible variation would
arise in the direction of the hour-lines on the latter.

9. Dials may be constructed by means of a terrestral
globe, by dialling scales, by stereographic projection, and by
the rules of Geometry and Spherical Trigonometry. but we
shall touch upon such methods only, as with reference to the
“accuracy and expeditiousness of construction nay appear
niost suitable.

ProrrLEM 1.

10. To construct a horizontal dial.

If we elevate the pole of a terrestrial globe to the lati-
tude of a place, and bring any meridian under the zenith,
_the points where thé other meridians cut the artificial hori-
zon will give the angles from the north point at which the
~ hour lines on a horizontal dial ought to be ipclined to its
meridian. But the arc of the horizon contained between the
North point and any meridian is obviously one side of a
right-angled sphe:ical triangle, the other side of which is the
elevation of the pole or the latitude of the given place, and
the hypothenuse, the arc of the meridian contained between
the pole and the horizon. Hence, we have in such a tri-;
angle, one of the sides, and the angle included by it and the,
hypothenuse, given, viz. the hour distance of the Sun from
noon. Consequently, the other side, or the angle which
the corresponding hour.line would make with the me-
ridian of a horizontal dial, may be computed by the formula,*

Rad. x sin, L = cotan. H ¥ tan. k. :
where L denotes the latitude of the place, H the horary dis-
tance of the Sun from Noon, and 4 the angle sorresponding
to that distance on the dial. -

By transposition and reduction, the above formula becomes;:

Rad. X tan. 4 == sin. L. X tan, H, (1)

* Deduced immediately from Napier's Rule,
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Or, in logarithms, \ -
Log. tan, A == log. sin, L + log. tan, H — log. rad.
. .EXAMPLE,

Let it be required to construct a horizontal dial for the
latitude of Madras. '

The latitude of Madras being 18° 5, the computation for
the hour line of XI in the forenoon, or I in the afternoon
would be as follows. ‘

Log. tan. horary angle 15°.............. 9-42805
Log. sin. lat. 13° & ...cccciiiininnnnin 9-35481
Log. tan. 8° 28"........... ... .eees 878286

Hence the hour liges for XI in the forenoon, and 1 in the
afternoon, must each make with the meridian ot the dial, an
angle of 3° 28,

In the same manner, the angles which the remaining
hour-lines make with the meridian of the dial may be com-
puted, and will be as follows ;

Hour lines of X and Il......cceeee.... e 27
CIX and I .eennnnnnians 12 45

VIHI and IV.eeriiieaiae... 21 25

VI and V....oovvevininnn 40 12

VI and VI....... ".290 O

11. As thesunrises between five and six in the morning and
sets between six and seven in the evening, while he moves
through the nortlfern half of the ecliptie, it will be necessary
to show thehour lines for V in the morning, and Vil in the
evening, or those half or quarter hour lines between them
and the VI o'clock line, that may be considered sufficient.
These lines may be drawn by simply producing the corres-
pongding hour lines 8h the opposite side of the VI o'clock
lin€, or drawing parallels thereto, ms the circumstances of
the Case may require.

12. To construct a horizontal dial for Madras, therefore,
assume any line 4B for its meridian, and any point B for
the centre of the dial; and by means of a scale of chords,
or a common protractor lay off the angles 4B I and A8 XI
AB 1l and AB X, ABIII pnd ABIX, &c. respectively
equal to 3° 287, 7° 27, 12° 4% &e. which will give the
hour-lines between VI in the morning, and VI in the even=
ing. Then, produce the hour-lines for ¥ and VII, and the
corresponding lines for V in the morning end VII in the
evening will be obtained.  Describe any border round the
lines; insert the characters for the hours; erect a stile at

Fig. 1. The
dotted lines -in
the diagram refer
to Art. 17,



Fig. 2.
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an elevation of F3° 5%, and fix the dial on some bhorizontal
surface with its meridian pointing due North, and South ;—
when 1t will be complete. .

13. When the stile of a dial "has any thickness, two
meridian lines shotild be drawn, with a space between them
equal to the thickness of the stile, and.the angles laid off
on both sides from the corresponding meridian. In this case
it 1s to be observed that the hour lines below the VI o’clock
line will not be continuations of the same lines above it, but

parallel to them. (See Fig. 2). '

14. From the analytical expression (1) in art. (10), we
obtain the following proportion ;
Radius.

; The sine of the latitude.
: + The tangent of the horaty angle between noon and the

Sun

: The tangent of the angle, which the hour line on the
dial makes with its meridian; *
which leads to the following neat Geometrical constructions.

15. Assume any double line 44" BB for the meridian
of the dial, BB’ being its centre, or the point through which
the VI o’clock hour line passes, -

From B’ draw the straight line B’C making the angle
A’B°C equal to the latitude of the place ; draw 4D per-
pendicular to B°C, and make ALK equal to"4’D. From E
as a centre with a radius equal to 4E describe the quadrant
ALF, and divide its arc into six equal parts in the points
a, b, c,d, e. Join Ea, Eb, Ec, Ed, and Ee, and produce
those lines till they cut Ae¢” (a perpendicular to 4B at. the
point A) in the points a’, &, ¢/, d’, €’.-~ Finally, draw the
lines Ba’, BY, B¢/, Bd’, and Be’, and they will be the hour

lines for one side of the dial.
16. To demonstrate the truth of the above construction, draw

B G, parallel to any of the lines Ed’, EV, Ec¢’, &c. say E¥.
Then the angle 4K will be equal to the angle 4BG. Also -
because the triangles AEbV and ABG, are similar, 4B :
AG:+ AE: AV, or AB: AFE :: AG : A¥. But to radi-
us AB, AE (= A’ D)= sin, L ; also AG = tan. H, and AY
== tan. h. Consequently, rad : sin. L :: tan. H : tan. A, and
therefore the construction is correct as regards the line

Bb'y or B1l. In the same way it may be shown that all
the other lines are rightly determined.
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17. When the size of the surface, on which the dial is to
be constructed is not large enough to admit of the intersec-
tion of the lines A& and Be being shown thereon, the fol-
lowing method may be adopted. Having drawn the meri-
dian line AB, and the stile line BC, describe a quadrant
DE with any convenient radius cutting 45 1n D, and BE
(a perpendicular to AB) in E. Draw DF perpendicular to
BC, and from B as a centre with a radius equal to DF, de-
scribe a quadrant GH, Divide the arcs DE and GH each
into 6 equal parts in the points @, b, c, d, e, and o', ¥, ¢’,
&', ¢, vespectively. Then from the corresponding points
ad’, bb’. e¢’, dd’, e¢’, draw lines respectively parallel to AB
and BE, and the intersections of every pair of these lines,
will give the points a, b, ¢, d", ¢", through which the hour
Kines must be drawn, for one side of the dial.

18. By juining B to any of the points on the outer gua-
drent as d, and producing dd” to cut BD in K, we shall have
Bd: Bd’ - Kd: Kd*,i. e. rad: sin L:: tan. £ : tan, h, and

therefore the construction is correct.

19. If a horizontal dial constructed for any place be ta-
ken to another on the suiface of the earth, and there set
up with its plane parallel to the horizon of the former and
its axis directed to the pole of the heavens, 1t would, at the
second place, show the time of the first as truly as it did prior
to its removal., This fact is easily accounted. for by the cir-
cumstanee that the whole earth 1s but a point compared with
Yts distance from the Sun, and that therefore it is of no im-
portance on what part of its surface a dial is placed, provided
its parts are similar in position to the planes of the celestial
sphere 'which they are'_ifntended to represent.

20. » If the second place differ in longitude from the first,
the time shown by the dial there would not be the local time,
for the plane nfy the instrument would be inclined to its
meridian ; but the difference of time would be constant
and equal to the difference of longitude, and if we suppose
the dial to revolve on its axis, till it is perpendicular to that
circle, it would then become a true inclining dial for that

place. It is on this principle that horizontal dials construct--

od for the latitude of London, and exported to this country,
serve as universaledials; for to adapt them to any particular
place, it is only necessary to rectify the instrument, and fix
the plane of the dial circle so that its axis may point to the

pole.

rig. I.
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ProBLem 11,

21.  To construct a prime vertical dial.

A prime vertieal dial # that delineated on the plane of a
greas circle passing through thie zenith and the east and
west points 6f the horizon. The elevation of the stile
therefore in such a dial is equal to the co-latitude of the
place; but in northern latitudes when the dial faces the
south, the direction of the stile would he below the V|
o'clock hour line; and above i, when the plane faces the
north.—(See Figs. 3 and 4.)

22. As a horizontal dial would be vertical at a place si-
tuated on the same meridian, but distant from it by 90°, and.
vice versd (art. 19}, the formula given in art (10) would ap-
ply to vertical dials by simply substitufing the co-latitude for
the latitude. We shall then Lave

leg. tan. & ==1log, cos. I + log. tan, H — Jog. rad....(2)
Thus, the angles which the several hour-lines make with the
meridian of a prime vertical dizl for Madras, beginning with
the nearest, would be 14° 374, 290 217, 44° 15, 59¢ 2]°,
74° 87, and 90° 0 respectivel ¥

23. 'The geometrical coustruction of prime vertieal dials
is precisely the same as that for horizontal dials, using only
the co-latitude for the latitude of the place. The method of
constructior giver in art, (17) is shown in Fig. 4 as applied
to a vertical dial. -

24. The .remarks made in art. (19)-hold equally good
with reference to vertical dials, and iy tact, to dials of every
description. It therefore we construct a prime vertical dial
for the Equator, and set it up at any given pilace, ~vith its
axis pointiitg to the pole (which would make it plane re-
cline from the Zenith by an angle equal to the latitude of
the place) we shall have a correct dial 6f the simplest and
eastest description; for in such a dial, the stile jnay be
only a pin driven perpendicularly through its centre, and the
hour lines would make equal engles with each ether, and
may therefore be found by describing a semicircle round the
cenfre of the dial, dividing it into 12 equal parts, and draw-
ing lines through the several divisions to the border of the
dial. )

Prosrem II]. _

25. To construct a vertical deelining dfal, '

The declination of a vertical dial is always rockonéd
from the east or west points of the horizon towards the
pole opposite to that which the dial faces.
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26. The nature of a vertical doclining dial may be thus
explained by the globe. Elevate the pole to the latitude of
the given p-i 1ee, %c-lew the quadrant of altitude to the zenith,
and bungr its edge to that part of the horizon which the
plane ot the dial “would intersect were it produced to the
heavens,  “L'his done, bring any one of the 24 meridians
under the graduated edgv of the brass circle, and count from
the zenith the number of degrees on the quadlant at which
the other meridians cut-1t. These arcs will give the measure
of the angles for one side of the dial, which the corres-
ponding hour lines ought to make with the 12 o’clock line,
Set the quadrant to the opposite point of the horizon, and
proceed as before, when the hour lines for the other side of
the dial will be obtained. But, as in a declining dial, the
substile makes an angle with the 12 o’clock line, it is ne-
cessaly to ascertain the amount of that angle, asalso the
elevation of the stile.  For this purpose, holding the qua-
drant in its first position, bring any of the meridians to that
part of the horigon, which a perpendicular to the plane of
the dial would cut, and whic‘l:; would therefore be 90° dis-
tant from the extremity of the quadrant. Then, this meui-
dian and quadrant would cross each other at right angles at
a point (), the distance of which from tne dernth (Z£)
would be the measure of the angle made by the substile and
meridian of the dial, and its distance of the _pole (F), the
elevation of the stllernr latitude of the dial.

. 27. Tne great circles passing through the points 4, Z,
P, obviously form a right-angled spherical triangle; the
hypnthmﬂwe Z P the colatitude of the place, and. the angle
AZP the complement of the given declination (D), bemg
known. The remaining.parts may, therefore, be thus found,
ceusidering the radius as unity.

Sin- AP (latitude of dial) == co0s, L, X cos, D.
Tan. A% f angle made by the} —cot. L x sin. D.

} substile and vertical

Cot. APZ { (" i) 1805 | =sin. L X cot. D,

- 28, Hence; 1t appears that the dial would ‘be horizontal
at a place of which the sine of thé latitude is cos. L. cos. D,
and the cotangent of its difference of longitude equal to
sin. L. cot. D; and therefore the dial may be easily con-
stracted by the rules given for horizontal dials; but it is to
be borne in mind that the horary angle H to be used in the
calculations must not be taken as 15°, 30°, 45°, &c. but



Fig.
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£

what it would be if the hour-line were made that number
of degrees distant from_the XII o’clock line, Thus, if it
is found that the difference of-longitude of the dial in a
S. W. decliner 1s 35°, the horary augles to be used for the
I, 11, III, &ec. hour-lines would be 20°, 5° 10°, &e. re-
spectively, and those for the XI, X, IX, &ec. hour-lines,
H0°, 65°, 80°, &e.

29. In all vertical dials, whatever the declination be, the
XII o’clock line is always perpendieular to the horizon.

30. When the dial faces the south, and declines towards
the east, the substile would fall among the foremoon hours,
but when it declines to the west, among the afternoon
hours, In N, W. and N. E. decliners, the hour lines cor-~
respond with those on the opposite face of the dial exactly
as if the dial were transparent and they were seen through,
but the axis would be a continuation of that on the
southern side,

EXAMPLE.

Let it be required to construct a vertical south dial for
Madras, declining eastward 25° degrees.

Lat. of dial. Dif, of long. of dial.
cos. 13° & ... 9-98858...... sin. 13¢ 5 ...9-35481
cos. 25° V... 9-85728...... cot.. 25° 0 ,.10:33133

sin, 61° 597.. 994586 cot. 64° 6" ...9-68614

Angle between subs. and ver. -

cof. 13°% B it trrieaerens 1063376
T 25°% 0 iiiierreareerenn. 9-62595
tan, 61° 12’ ivvevurnnen .. " e0eeen 1025971 _

- -

—_—

31. Thus, the problem is reduced to constructing a hori-
zontal dial for a place of which the latitude is 61° 59 S,
and difference of longitude from Madras 64° 6” eastward.
The method of procedure would therefore be as follows,
Assume any line 4B for the meridian of the dial, and as
the dial iz to be a S. E. decliner, make the angle BAC
equal to 61° 12/, to the left of AB, then AC will be the
substile of the dial. Draw AD perpendicular to AC, and
it will be the VI o’clock hour-line for the place to which the
dial would be horizontal. Now, deducting 15° froln 64% &’
continually, we get the remainders 49° ¢, 34° 6", 19° 6",
4° 6, for the horary angles of the Sun from noon for the,
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XI, X, IX, and VIII o’clock }ugur-]in{'s. Deduct 4° ¢
from 159, the remainder 10° 54 Wwill be the horary angle
for the VII o’clock hour-line, whicke will fall on the other sjde
of the substile, Add 15° to 10° 547 ; the sum 25° 54/ wil]
be the horary angle for the VI o’clock houi-line, Again,
add 15° to 64° €', and the sum 79° 6 will be the horary
angle for the T o’clock hour-line. With these angles, there-
fore, as the values of H, and 61° 59 as that of L, com-
pute, by the formula of art. (10), the corresponding values
of %, which will be found to be those marked in the margin.
Then draw the hour-lines, put any convenient border round
. the dial, erect the stile with an elevation equal to 61° 59’
and set up the dial with the 12 o’clock hourline vertical to
the horizon, and with jts plane declining according to the
Lypothesis,

v2. In a dial of this description, the illumination of jtg
surface by the Sun in the afternoon, will depend upon the
position of that orb in the ecliptic. When he is in the nor-
thern tropie it will be the shortest day at the place to which
* the dial is horizontal ; he will therefore, set there at 2h 2im
P.M. apparent time, which will correspond to 10k 5m A M.
‘at Madras. Consequently, on the 22d of J une, the Sun
will not shine upon the dial after that Lour. _ Again, when
he is in the southern tropie, it will be the lengest-day at the
place in question ; he will therefore not set there till about
9t 39m P.M., which will correspond to 5B 23m P.M. a¢
Madras. - Congequently, on the 22d of December, the plane
of the dial will be illuminated till that hour. These con-
sideratiens must be duly attended to, in drawing the after-
noon hour-lines of the dial, B
- 33. 'If the dial declines towards the west 1nstead of the
east, the Sun will not begin to shine upon it till I» 55m
P.M. on the 22d of June; but on the 29d of December, it
will be illuminated very nearly the whole day.

84. The geometrical construction of declining dials may
be easily deduced from the formul® in art. (27).  We shall
here give one method without any demonstration, which we
shall leave to_the ingenuity of our readers,

35.  Assume any line AB for. the meridian of the dial,
apd with any convenient radius deseribe the cirele CDLK
intersecting 4B in the point C. M ake the angle CAD
equal to the co-latitude of the given place, or to the sup.
plement of the co-latitude, according as the dial faces the
South, or N orth; and from the point D, draw DE perpendi-

H
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¥II.

VIII,

IX.
b. ¢

I11.
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23 12
g 30
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15 33
77 42
D4 38

Fig. &.
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cular to AR Make DEF == the complement of the given
declination, the line EF = A D, and from F drop the per-
pendicular FG. Through G draw the line 47, and it will
be the substile of the dial ; comsequently, 4K perpendicular
to 447 will be the VI o’clock hour-live at the piace for
which the dial is horizontal.  Again, produce BA to the
point L, Draw AN perpendicular to 4D, NO to AL, and
AM parallel to £F.  Make also AP — AQ, and draw PQ
perpendicular to AL.  Then from the centre 4, with a ra.
dius = AQ, describe the quadrant RS. Draw NEB per-
pendicular to NO, and OR parallel to 4M intersecting NR
1 the point R, and in the line KB perpendicular to AK.
at the point K, take K8 = NR. Join A8, cutting the two
quadrants in the points q, o’ respectitely.  Then the angle
HAS will be equal to the difference of longitude of the dial.

From the point ¢, la y oif on both sides of it, the arcs, ab, be,
ah, him, &c. each equal to the sixth part of the guadrant
K, and mark offin like manner on both sides of the point
a’y the ares «’d’, V¢, a’ly, &ec. each equal to the sixth part
of the quadrant BS. Also, from the points on the largey
quadrant draw lines paralle]l to 4K, and from those on the
smailer, lines parallel to 44 mtersecting the former in the
potnts &%, ¢, k", &e. Join Ab*, Ade”, Ah*, &c., and they

will be the hour-lines of the dial. It is not necessary to
draw the lines from the poluts aa’, because they would meet
on the line AC which is already determined,

36. To find the elevation of the stile, draw a line from
the point S, parallel to 44 cutting the circomference of the
circle KCDL in the point 7% Then if AT be jotued, the
angle H AT will be equal to that elevation.

ProsreM IV.

37. To construct an oblique dial.

Lhis problem, it is manifest, will be reduced i the pre-
ceding one, if we could find the latitude of the plaee at which
the required dial would be vertical, and the amount of its
dechnation (d) there, Now a great circle passing through
the east point of the horizon perpendicular to the plane of
the dial, would form with those two eircles, a right angled
spherical triangle, in which the hypotheruse would be equal
to the given declination, and oue of the adjyacent angles to
the given inclination.* The remaining angle would be the

~* The inclination of a dial is the angle which its plane makes with the
horizon. When that angle is greater than 800, the dial ‘is said “to recline.
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dgifievence of latitude between the ,given place "'and that at
which the diz]l would be vertical, and the side adjacent to
that angle would ber the deelination®of the dial at the latter
" place.  These elements may, therefore, be calgulated by the
formulas,
sin. d == sin. 1. sin. D ;
and, cot. diff. of lat. == tan. 1. cos. /).

whence, the latitude of the place where the dial would be
vertical, as also its declination there being found, these
quantities may be substituted for £, and I in the formulas
given under art (27) and the dial constructed as a vertical de-
clining dial,

- ExaMPLE.

 Let it be required to construct a North dial for Madras,
that declines eastward 10°, and reclines 15° from the Zenith,

To find 4. T'o find the dif. of lat.
sin. (80°+15°%=) 105°...9'98494 tan. 105°,... ... 10-57185
sin, FOC. e, 9.23967 cos. 10°,........ 999335
sin. 9°39'=d....... ceveans 322461 cot. 15° 13%....10:56530

Hence the latitude of the place where the diah "would be
vertical 1s (183° 57 — 15° 13’ =) 2° 8 S, and the declination
of the plane there 9° 39" E.  Therefore, substituting 2° 8
for Z, and 9° 39’ forD in the formule of art (27) we get
¥0° 77 N. for the latitude of the dial, 77° 28" for the angle
made by the substile and XII o’clock line, and 77° 89 for
the difference of longitude. Consequently, the éial may be
wonstrueted asa horizontal one.  (See Fig. 7.)

"ProBLEM V.

38. Ko construct a vertical east or west dial.

In art. (24) we stated that if a prime vertical dial con-
structed for the equator were set up at any place with its
ax1s pointing to the celestial pole, and therefore its plane
roinciding with the equinoctial, it would become a true dial
for the place.” Now let us suppose another plane to in-
tersect 1t at right angles in some line parallel to the.meri-
dsan of the dial, then~it is obvious that the shadow of the
ax1s would be projected on this plane in straight lines paral-
. fet to ea=h other, and that the distance of these lines from
the V1 o’clock line, would be the tangents of 15°, 30° 459, &e.,
multiplied by the distance of the intersecting plane from the
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meridian of the dial. 1If the axis were now considered &
tached to the perpendicular plane and the dial be remove
we shall have a correcteast or west dial according as its fac

is turned towards the cast or west.

39. The construction of such a dial would therefore L
as follows. On the cast or west vertical plane, assume anr
line AB for the VI o’clock hour-line. Make BE equalto tl
breadth of the rectangular plane ABCD, whose edge C
is to serve as the axis of the dial, and from the centre B wit
a radius equal to BE describe a quadrant EG; divide -
into six equal parts in the points a, b, ¢, d, e and join B
Bb, Be, Bd, e. Produce these lines to cut JEF (a pe
pendlcu]al to A5 at the pnmt E) 111 the points a’, ¥, ¢
d’, ¢, and through o', ¥, ¢’, d’, ¢, draw lines pamlle] t
A'B and they will be the hour-lines of the dial. Ther
erect the plane ABCD perpendicularly to the plane of th
dial on the line 4B, finish the dial as shown in the di:
gram, and set it up with the axis pointing to the pole
which will-ba the case when a line EH making an angl
with ZF equal to the latitude of the place, 1s vertical to |

ProerLEM VL

40. To counstruct a polar dial.

If in art. {38) we consider the position of the intersecting
plane to be not parallel to the meridian of the dial but per
pendicular toit, and the hour-lines to be produced t:l they cuf
1ts surface, we 511.:11] have the representation ofa polar dial,

41. 'The construction of such a dial would thérefore be
as follows. Assume any line A8 for the 12 o’clock how
line, or meridian of the dial. Make-BE equal to the breadti
of the plane 4ABCD, whose edge CD is to serve as“the axi:
of the dial, and from the centre B with a radius equal to
B1IU describe the quadrant BG. Divide it into six equa’
parts 1n the points @, b, ¢, d, ¢, and join FBea, Bb, Be, Bd,
Be., Produce these lines to cut FF (a per pendicular to AB
at the pmnt E) in the points o', &, ¢/, &, e, and through
a’, b, ¢, d’, ¢, draw lines pmallel to AB ani: they will bo
the hour-lines of the dial. © Then erect the plane ABCL
perper.dicularly to the plane of the lial on the line 443,
fintsh the dial as shown in the diagram, "and set it up with
the axis pointing to the pole, and therefore the plane of the
dial inclined to the horizen at an angle equal to the lati-
tude of the place,
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42, Ttis obvious that this dial differs fipa an cast or
~ west dial only 1n its pﬂbltlﬂn, arrd that if the latter be sup-
posed to revolve on its axis through an arc of 90°, 1t would
become a polar dial. -

43 The dials treated of in the 5th and 6th Problems will
“show time from a little alter six in the morning to a httle
before six in the cvening, provided they ave of suflicient
extent to adimit of the shadow meeting theilr planes, - At
the hours of six In the morning or evening, their planes pass
through ths Sun, and will thewfme not be 1lluminated.

44, There are dials of various other descriptions, which
our limits do not permit us to enter upon, but the prin-
ciples involved in their construction are the same as those
ahead treated of, so that any one who fully understands the
latter wﬂl not be at a loss to comprehend the former. See
the articles on Dialling in the Encyclopadia Metropolitana,
~and in the Edinburgh Enc)’clmpmdiﬂ.

i(‘,w*m hma\
;,’ma ARY

FINIS,









