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ART. 1.—On the different modes of REDUCING THE
APPARENT DISTANCE BETWEEN THE MooON AND
THE SUN, OR A STAR, IN LUNAR OBSERVATIONS,
TO THE TRUE DISTANCE, FOR THE PURPOSE OF
ASCERTAINING THE Loncrrupe. By the Honble.

MRg. Justice FLETCHER.
[Presented to the Society, 18th March, 1837.]

Having been engaged some years ago in observations of
this kind, I was induced to make some attempts to shorten this
process, to which I was naturally led by the very considerable
prolixity of all the methods described in the Requisite Tables.

My mode of considering the matter was as follows :—

Let H O, in the marginal figure, repre-
sent an arc of the horizon, Z the zenith,
M H the moon’s apparent altitude, m H
her true or corrected altitude, S O the star’s
apparent altitude, and s O its corrected al-
titude. Now, it is obvious, that as the s
azimuthal angle, between the objects MZS, m
remains unchanged by the correction of
their altitudes, the apparent distance M S,
becomes changed by the corrections into H 0
m s, which is the true or corrected distance
to be discovered.

Our data for this are as follows: We have, firstly, in the
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2 Modes of reducing Distances

' triangle, M Z S, three sides, consisting of the apparent dis-

tance and the two apparent zenith distances given, to find the
azimuthal angie at Z, and, having found, we have, also, in the
triangle, m Z s, the two sides, m Z and s Z, (being the
corrected zenith distances) and included angle at Z, to find the
base m s, which is the true distance required. The direct
mode, therefore, of obtaining the true distance, is, of course,
by the successive solution of the two triangles, M Z S and
m Z s, and as this will not be found much more labourious than
any of the methods described in the Requisite Tables, it is what
I used generally to employ in preference to them, before J had
the good fortune to hit upon shorter methods. To abridge and
facilitate this solution, is, therefore, the object, both of myself
and those who have devised the different modes of so doing (or
rather, which are intended for that purpose) described in the
Requisite Tables. Some of my methods are as follows :—

I

1. Add together the two apparent altitudes and the apparent
distance and take half their sum.

2. Take the difference between this half sum and each
apparent altitude respectively.

3. Add together, the log. cosine of the moon’s true altitude,
the arithmetical complement of that of her apparent altitude,
the log. sines of the beforementioned differences and the constant
log., 0.30114, where the sun is taken, and 0.30115 where a
star is taken, subtracting 30 from the Index and find the cor-
respondent natural number.

. 4. Take the difference between the natural number and the
natural cosine (toradius 1) of the difference of the true alti-
tudes, and this difference will be the natural cosine of the true
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distance, which will be less than 90°, if the beforementioned
natural number is less than the last-mentioned cosine, and ex-
ceed 90° if it be greater.

IL.

1. Substitute, for the first two logarithms, mentioned in the
last rule, (viz. the log.cosine of the moon’s true altitude, and
the arithmetical complement of that of her apparent altitude)
the log., in tab. ix., in the Requisite Tables, answering to the
moon’s altitude and horizontal parallax, and substitute, also,
for the constant logarithm, 0.30114 or 0.30115, the constant log.
0.30103, and proceed, in all other respects, as directed in
Rule 1.

»'» The abovementioned logarithm, from tab. ix., will be
found sufficiently correct, in most cases being per-
fectly so, where the distance is taken from a star
whose altitude is not less than 26°, and within 2 in
the fifth place of decimals in every other assignable
case. Where, however, mathematical accuracy is
required, and the distance is taken from the sun,
or a star under 26° high, the log., taken from table
ix., may be diminished by the number answering to
the sun or star’s altitude in tables x. or xi. of the
Requisite Tables.

118

1. Add together, the log. cosine of the moon’s true altitude,
the arithmetical complement of that of her apparent altitude,
and the log. sines of the differences between the apparent alti-
tude of each luminary and the half sum of the true and apparent
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distance (as directed in the First Rule, articles 1,2, and 3,) and
the constant log. 10.00012.*

2. From half the sum, subtract the log. sine of half the
difference of the true altitudes, and the remainder is the log.
tangent of an arc.

3. Subtract the log. sine of this arc from the beforemen-
tioned half sum, and the remainder is the log. sine of half the
true distance required.

IV.

1. Take the sum or difference of the natural cosine of the
difference between the apparent altitudes and the natural cosine
of the apparent distance, accordingly as the latter is greater or
less than 90°.

2. To the log. of this sum or difference add the log. cosine
of the apparent altitude of the moon, the arithmetical comple-
ment of that of her apparent altitude, and the constant logarithm
0.00012, reject 10 from the index, and find the corresponding
natural number.

3. The difference between this natural number and the na-
tural cosine of the difference of the altitude is the natural cosine
of the true distance, which is greater or less than 90° accord-
ingly as this natural number is greater or less than the cosine of
the difference of the true altitudes.

v.

1. Take the sum or difference of the natural cosine of the
difference between the apparent altitudes, and the natural cosine

* The same as is mentioned in Rule III., Art. 1., will be also obtained by adding
to the resulting logarithm, found by Rule L., II., IV., or V., the constant log,, 4069897,
and may be proceeded with accordingly.
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of the apparent distance, accordingly as the latter is greater or
less than 90°, as directed in the first precept of the last Rule.

2. To the common log. of this sum, or difference, add the
log. from table ix., in the Requisite Tables, answering to the
moon’s altitude and horizontal parallax (corrected as stated in
the note on Rule IL, if thought necessary) subtract 10 from
the Index and find the corresponding natural number.

3. The difference between this number and the natural cosine
of the difference of the true altitudes is the natural cosine of
the true distance, which will be greater or less than 90°, ac-
cordingly as this natural number is greater or less than the
cosine of the difference of the true altitudes. I shall now pro-
ceed to work an example by each of these methods.

EXAMPLE.

{See Requisite Tables, p. 41 of their explanation and use at
the end.)

Let the apparent altitude of the moon’s centre be 12° 30/,
thatof a star 24° 48/, their apparent distance 51° 28’35/ and
the moon’s horizontal parallax 56/ 15", required the true dis-
tance of their centres.

BY THE FIRST METHOD:

App. alt. 24° 48’ Moon’s app. alt. 12° 30/
Reference 2' 8 Cor. Tab. viii. 50" 42"

24° 45' 57" 13° 20 427



6 Modes of reducing Distances

Appt. Alt. 12° 30’  Moon’s true altitude 13° 20/ 42”
Do.do. 24° 48’ ' 24° 45/ 57"

Appt. dist. 51° 28/ 35" diff. true alts. 11° 25/ 15/

2)88° 46’ 35" cos. 13° 20/ 42n 9.98811

44° 23’ 17" cos. 12° 30’ A C 0.01042

Ist Diff. 381° 53' 177 S. 81° 53' 17« 9.72285
2nd Diff. 19° 35’ 17" S. 19° 85’ 17" 9.52537
Const. Log. 0.30115

Nat. Number 35310 = 1.54790 ,
Natural cosine 11° 25’ 15”7 98020

———

Diff. nat. cos. 51° 9' 49” 62710
Which is the true distance required.

BY THE SECOND METHOD :

Log. Tab. IX, (answering to moon’s alt.and H. P.) 9.99865
S. 31° 53 1T eivenvecenenenss 9.72285
S. 199 85" 17" tivveevanneevnes 9.52537
«Constant Log ..eeeeeeesneeeses.s 0.30108

1.54790
Which resulting log. being the same as that found above by the
first method, and to be proceeded with in the same manner, will,
of course, give the same result.
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BY THE THIRD METHOD :

Cosine 13° 20" 42" = 9.98811

Cosine 12° 30’ = 0.01042

Sin. 31° 58" 17" = 9.72285

Sin. 19° 35 17"= 9.52537

Constant Log. =10.00012

2)389.24687

19.62343

8. 5° 42" 371" (= } diff. true alts.) = 8,99781

Remainder is Tangent, .............76° 0’ 89~ 10.62562

Log.siRBOfthis arcis...................... 9.98815

|

4 sum Logs.—log. sine of arc = S 250 84’ 55"— 9.63528
2

——

So that the true distance is . .. eeee BI° 9 507
BY THE FOURTH METHOD.
Nat. cosine diff. app. alts,129 18" — 97705
Do. appt. dist......51° 28’ 85— 62284

Difference...... ..o u0n. .. 85421..= 154995
Cosine......15° 20 42”......,.....= 9.9881]
Cosine......12° 3¢ csessesnss o= 0,01042
Constant Log....vvusvuininnens vens= 0.00012

1.54790
Which last log. being the same as that obtaincd by the First
and Second Methods, and to be proceeded with in the same
way, will, of course, give the same result,
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BY THE FIFTH METHOD.

Diff. of nat. cosines of diff. app. alts. and
apparent distance found as log. the last g 35421= 1.54925
Rule

Log. from Tab, IX. requisite Tables, an- 9.99865
swering to Moon’s altitude and Hor. _
parallax. 1.54790

Which last log. being the same as that found above, by the 1st,
2nd, and 4th methods, and to be applied in the same way, will,
of course, also, give the same result.

It will be perceived, that the preceding methods possess
very considerable advantages. They are all capable of being
made use of without the assistance of any other than common
tables. Those, even consisting of only five decimal places,
will, generally, if the proportional parts have been carefully
taken, give the results true to the nearest second, and, always
within 2/ or 3., and, where those of six places are used, the
error will never amount to 1¢.

P.S. Since writing the above, I find the following methods
also amongst some of my papers, which, as they give the true
distance in a different way, by finding its log. cosine, I have
thought it worth while to insert, although they are somewhat
longer than some of the preceding ones.

VL

1. Add together the log. sines of the apparent altitudes, and
the sum, rejecting 10 in the Index, is the log. sine of an arc.

2. Take the half sum and half difference of this arc and the
complement of the apparent distance (see example at end).

3. Add together, the log. cosine of this half sum, the log.
sine of this half difference, the log. cosine of moon’s true alti-
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tude, the arithmetical complement of that of her apparent alti-
tude, and the constant log., 0.30114, where the distance has been
taken from the sun, and, 0.30115, where the distance was taken
from a star, and the sum, rejecting 20 in the Index, is the log.
sine of an arc, which call A.

4. Add together, the log. sines of the true altitudes, and the
sum, subtracting 10 from the Index, is the log. sine of another
arc, which call B.

5. Add together, the log. sine of the half sum, and the log.
cosine of the half difference of the arcs of A and B, and the
constant log., 0.30103, and their sum, rejecting 10 from the
Index, will be the log. cosine of the true distance.

VIIL.
Substitute, for the log. cosine of the moon’s true altitude

and the arithmetical complement of that of her apparent alti-
tude, mentioned in the third article of the last Rule, the log.
in table ix. of the Requisite Tables, answering to the moon’s alti-
tude and horizontal parallax (corrected, as mentioned in Rule
II., if thought necessary) and substitute, also, for the constant
log. 0.30114 or 0.30115, the constant log., 0.30103, and pro-
ceed, in all respects, as in the last Rule.

VIIL
1. The half sum of the logs. mentioned in Rule IIL., Art. 1,

rejecting 10 from the Index; or, the half sum of the resulting
log., obtained by either of the Rules, 1., IV., or V., and the
constant log., 19.69897, is the log. sine of an arc, to be taken
out of the tables. Or, the balf sum of the first three logs.,
mentioned in Rule II., rejecting 5 from the Index.

2. The half sum of the log cosines of the sum and difference
of this arc, and the half difference of the true altitudes, is the

log. cosine of half the true distance,

+*s The methods comprised in this last Rule are all variations of that which is
called “ Dunthorne’s Improved,” in the Requisite Tables, and are there-
fore, only inserted here to illustrate their analogy with the other methods,
and the relation of these to each other.
B
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The preceding example worked by the 6th Rule:
Moon’s apparent altitude......... 12° 30’ S. 9.33534
Star’s do.eeniiinnees..24° 487 S. 9.62268

Sine of an ArC.... .v.eeeececsasees H° 12/ 32" 8,95802

Complement distance -}~ Arc
= 21° 51/ 58" Cos. 9.96757

2
Complement distance — Arc

= 16° 39" 26~ S. 9.45734
2

Moon’s true altitude. .......... 13° 20’ 42”7 Cos. 9.98811

Arithmetical Complement of Moon’s appt altitude 0.01043

Constant Logarithm...ecovoeveeviieaniaenen... 0.30115

Sine of Arc A 32° 1’ 56 9.72460

Moon’s true altitude...cces ... 13° 20" 42” S. 9.36326
Star’s doveeaes ceanes 24° 45 57/ S. 9.62212

Sine of Arc B. veveeceees . 5 32/ 551 8.98538

Sumof Aand B....et ... . 370 347 517
Difference of doveanassoo...26° 297 1/
2 SumAand Bivvevennnnns 18° 47’ 25/ S. 9.50200
3 Difference A and B........13° 14’ 30”  Cos. 9.98830
Constant Logarithm seceeeceeeceneaes cueneee. 0.30103

True distance..eeee cveveeneans 51° 9’ 50”7 Cos. 9.79733

The same, worked by the 7th Rule:
3 Sum Comp. dist. and Arc. — 21° 51’ 58” Cos. 9.96757
$ Diff. do. do. — 16° 39" 26” Sin. 9.45734

Log. Table IX., Requisite Tables, answering 9.99866
to Moon’s altitude and horizontal parallax :

Constant Logarithm 0.30103

Sine of Arc A 9.72460

With which proceed as before.



