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GREENWICH OBSERVATIONS,

1839.

INTRODUCTION.

1. Personal Establishment and Arrangements.

TuE establishment of Assistants, and the division of the labours of the Observatory

among them, remain in all respects in the same state as in the year 1836. I refer
therefore to the statement in the Introduction to the volume for 1836 for the account
of these particulars.

II.  Instruments.

No addition of important instruments has been made in the year 1839.
Complaints of inconvenience, occasioned by the faulty divisions and ill-shaped pivot of
the Mural Circle, in the Royal Observatory of the Cape of Good Hope, having long been

" made, and it being remarked that the dimensions of the circle were precisely the same as

those of Jones's Circle at the Royal Observatory of Greenwich, it was suggested that,
without prejudice to the activity of Greenwich Observatory, Jones’s Circle might be sent
to the Cape of Good Hope, while the Cape Circle should be sent to England for
examination and repair. Accordingly, with the sanction of the Board of Admiralty, at
the end of February, 1839, Jones’s Circle was taken down, and sent to the Cape. The
Cape Circle has, since that time, been received in England.

ITL.  Subjects of Observation in the Year 1839.

The Sun, Moon, and Planets, have been observed on the meridian at every practicable
opportunity, except on Sundays: the Moon and moon-culminating stars have been
observed at every opportunity without exception.
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i InTrRODUCTION To GREENWICH OBSERVATIONS, 1839.

The occultations of stars by the Moon, and the eclipses of J upiter’s satellites, have
been regularly looked for. The immersions and emersions of the satellites behind Jupiter,
and the ingresses and egresses before him, have been looked for, when occurring at con-
venient hours : occasionally also, the transits of shadows.

In the meridional observations of stars, it has been considered as the first object to
establish with indisputable accuracy the places of those included in the Nautical Almanac
list (as far as they are visible in this latitude). For this purpose, the number of
observations of each star made in the two preceding years is ascertained, and the
additional number necessary to make this up to twenty is considered to be the number
due from the present year. In far the principal part of instances this number is
exceeded : in a few (especially of stars so near the pole that their transits are considered
valueless except Polaris or 3 Ursz Minoris is observed above and below on the same
day), the just number is not completed.

The other stars observed are, for the most part, in continuation of the observations of
the preceding year. They embrace the following objects :—stars for the extension of
the Astronomical Society’s Catalogue, indicated by Mr. Baily; stars whose occultations
by the Moon had been observed, or which had been compared by means of the Equa-
toreal with planets and comets; stars which had been observed with Ramsden’s Zenith
Sector in the Trigonometrical Survey of England ; and stars observed at the request of Mr.
Sheepshanks. 61 Cygni has been observed on every practicable occasion.

The Zenith Tube has been applied to the observations of y Draconis at every oppor-
tunity.

The Equatoreals have been employed in comparing Mars and Galle’s Comet with
neighbouring stars, and in taking transits of the Moon for comparison of her diameter
with that given by Burckhardt’s Tables.

IV. Eaxplanation of the Printed Observations.

§ 1. Transits as observed, and calculation of Apparent  Right Ascensions, page
[2] to [109].

The first column on each left-hand page contains the day, which is always supposed
to commence with the transit of the Sun.

The second column contains the numbers for convenience of reference.

The third column contains the name of the object observed. With respect to the Sun,
Moon, and Planets, the limb whose transit is observed is always mentioned. If no limb
is mentioned, it is to be understood that the estimated center was observed ; this, however,
is generally stated unequivocally, except where omitted from inadvertence. The center
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ExpranvaTtioN oF THE PRINTED TrRANSIT OBSERVATIONS. ii

is observed only when the planet’s disc is so small and so round as to make it easier to
estimate the center than to determine with accuracy on the place of the limb. With
regard to the stars, it is to be remarked, that the proper names which have commonly
been used in the Greenwich Observations and the Nautical Almanac are adopted in

preference to other names. For other stars, the names have been taken in the following
order of preference.

1. The Greek or Italic letter of Bayer, as adopted in Baily’s Flamsteed, with the name of the
constellation.

. Flamsteed’s number, with the name of the constellation.

. The number in the Astronomical Society’s Catalogue.

. Piazzi’s hour and number.

- The number in Groombridge’s Catalogue.

. The number in Bessel’s Bradley.

- The number in Baily’s edition of Flamsteed’s British Catalogue.

- The North Polar Distance; which may be a few minutes in error.

W 30~ WN

The next seven columns contain the seconds and decimals of seconds of time (and,
for several stars near the pole, the minutes) at which the object was observed to pass each
of the wires: the hour and minute also being given in the zenth column. When the
object is not observed at the 7th wire, the hour and minute are those which correspond to
the last wire at which an observation was made.

With regard to the general method of observing, it may be sufficient to remark
that it is the practice to take a second from the clock-face before the transit over
the first wire, and to preserve the counting by listening to the beats, and not to look
again at the clock-face till the transit is finished. In observing the planets, this rule is
not always adhered to ; the observer looking at the clock between the transits over the
different wires. The fraction of the second is noted by remarking the place at which the
object is seen at the successive beats of the clock. Errors in the hours and minutes
are seldom alluded to in the notes of the printed observations: but every alteration of
the seconds is carefully recorded.

The clocks are wound up every Monday.

In observing the Sun, a light shade is placed upon the telescope-tube, which
completely screens the axis from the Sun’s rays.

In observing a double star, the brighter star (if it is not otherwise expressed) is
always observed. o Virginis is seen as a single star: and it does not appear that
e Bootis is usually seen double.

The eleventh column contains the correction which is to be applied to the mean of
the wires actually observed, in order to give the result which would have been obtained
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John G. Wolbach Library, Harvard-Smithsonian Center for Astrophysics ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1840GOAMM...1A.....

iv InTrRODUCTION To GREENWICH OBsERVATIONS, 1839.

if observations had been made on all the wires (supposing the observations perfect).
The corrections which must be applied to the transit at each wire, in order to obtain the
mean of the seven wires, are as follows :

For an equatoreal star.

+38 558
+25 672
+12-939
+ 0-046
—12-872
—25 749
—38593

o=

QENEREQ

For Polaris, declination = 88°. 26" + #'.

A 4+23.32°80 + n x 0254
B +415.39"712 + n x 0°169
C 4+ 17.5337 +n x 0085
D+ 167

E  — 17.50'90 — n x 0°084
F —15.42556 — n x 0-169
G  —23.34:07 — n x 0°254

For & Urse Minoris, declination = 86°. 34' + #".

+10.44°07 4+ n x 0°052
+ 7. 874 + n x 0035
+ 8.36:07 + n x 0017
+ o

— 3.8495 — a x 0017
— 71003 — n x 0°035
—10.44°66 — n x 0-052

S

QMY aAw>

These numbers were derived from nineteen transits of Polaris ending with 1836,
April 16.

Their signs must be changed when the illuminated end is East and the star below the
pole, or when the illuminated end is West and the star above the pole. '

The correction to the imperfect transit of a star is found by adding together the
equatoreal numbers from the table above for the wires observed, dividing by the number
of the wires, and multiplying by the secant of the star’s declination.

For a planet, the number thus obtained is multiplied by

daily increase of R. A. in seconds of time

1+ 24 % 60 x 60
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For the Moon, the whole factor is calculated by the formula

3600 + I _ sin. Moon’s geocentric Z D y Moon’s declinati
3600 sin. Moon's apparent Z D secant Moon's declination,

where I is the increase (in seconds of time) of the Moon’s A.R., for the transit over a
meridian upon the Earth distant by 1" of terrestrial longitude, as given in the section
Moon-culminating Stars in the Nautical Almanac.

The twelfth column contains the mean of the seven wires; or the mean of the wires
observed, corrected by the quantity in the eleventh column. It is therefore the time of
transit over an imaginary line near to the wire D.

The thirteenth contains the initials of the observer’s name.

The first column on the right-hand page contains the value, in seconds of arc, of
the error of collimation, supposed positive when it implies an additive correction to the
transits of stars above the pole. For the measurement of the error of collimation, the
following method has been used.

A collimator of 63 inches focal length and 39 inches aperture, mounted like a transit
in the north opening of the transit room, is used as a fixed mark for observing with
the transit in reversed positions. The wires in the field of the collimator are arranged
in the form of an acute cross or X, which admits of being observed with great accuracy,
by means of the micrometer-wire of the transit eye-piece. A metallic reflector is
attached. to the eye-piece of the collimator, for the purpose of throwing the light of
the sky upon its wires.

The value of one revolution of the micrometer-screw of the transit was found in 1836
to be 16"266.

The following are the details of the observations for the error of collimation in 1839.

Jan. 5, 0".  Observations by Mr. Main. The day tolerably fine.

Illuminated end West. r
Micrometer reading on coincidence with collimator (5 measures) .......... 10 ‘864
Illuminated end East.
Micrometer reading on coincidence with collimator (6 measures)........... 9429

Illuminated end West.

Micrometer reading on coincidence with collimator (6 measures)........... 11710
Illuminated end East.

Micrometer reading on coincidence with collimator (6 measures)........... 8556
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vi INTRODUCTION TO GREENWICH OBSERVATIONS, 1839.

Illuminated end West. r
Micrometer reading on coincidence with collimator (6 measures)........... 11857
Illuminated end East.
Micrometer reading on coincidence with collimator (6 measures)........... 8°433

Hence reading for true line of collimation by 1st and 2nd Sets .............. .. 10-147
. vy by 3rd and 4th Sets..... ceeerease.. 10°133

s . by 5th and 6th Sets.......... veeses 10°145

Reading for true line of collimation.............. e reeriniierireaeaas .. 10-142
Micrometer reading on coincidence with D (10 measures) ....... Cereenae 10162
Hence apparent error of collimation for D.....ccovvveee. ceriens ceveee ee. 0020

The illuminated end of the axis is left West, the micrometer head is therefore West:
and the micrometer readings increase as the wire is moved from the illuminated end
or from the West. Hence the line of collimation is West of D, and equatoreal stars
pass D after passing the line of collimation, or the correction required to the transit
over D is negative, and the error of collimation of D is — 07020 = —0"+33. And
as stars pass the mean of the wires (illuminated end West) earlier than they pass D,
by the time of describing 0”69, the quantity + 069 must be applied to the above
for the mean of the wires. Finally — 019 is to be applied for diurnal aberration. The
error of collimation to be used thus becomes + 0"17.

May 19, 22" Observations by Mr. Main. The day gloomy and calm.

Illuminated end West. r
Micrometer reading on coincidence with collimator (6 measures)......... .. 8°383
Illuminated end East.
Micrometer reading on coincidence with collimator (6 measures). .......... 11 -892
Illuminated end West.
Micrometer reading on coincidence with collimator (10 measures).......... 8 *464
Illuminated end East.
Micrometer reading on coincidence with collimator (10 measures)......... . 11°895
Tlluminated end West.
Micrometer reading on coincidence with collimator (6 measures).......... . 8473
INluminated end East.
Micrometer reading on coincidence with collimator (6 measures)........... 11-866
Hence reading for true line of collimation by 1st and 2nd Sets........... evee. 10°138
. . by 3rd and 4th Sets................ 10 230
vy vs by 5th and 6th Sets................ 10170
Reading for true line of collimation ........ Cetettesecteteennans ceveess 10°179
Micrometer reading on coincidence with D (10 measures). ..... tesecassess 10°159
Hence apparent error of collimation for D..vvvvivrviaiianirinrnnennnnnns 0020
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ExpLANATION OF THE PRINTED TRANSIT OBSERVATIONS. vii

The error of collimation of D appears to be + 0"-33 : which, corrected for relative
position of wires and for diurnal aberration, gives +0"83 for the error of collimation
to be used for the mean of the wires.

September 22, 23". Observations by Mr. Main. The morning cold and foggy.
IMluminated end West.

Micrometer reading on coincidence with collimator (6 measures)........ e 9315
Illuminated end East.
Micrometer reading on coincidence with collimator (5 measures)........ ... 10-998

Illuminated end West.

Micrometer reading on coincidence with collimator (6 measures)........... 9-287
Illuminated end East.

Micrometer reading on coincidence with collimator (6 measures) .......... 10994
Illuminated end West.
Micrometer reading on coincidence with collimator (6 measures).......... . 9271

Illuminated end East.

Micrometer reading on coincidence with collimator (6 measures)........... 10987
Hence reading for true line of collimation by 1st and 2nd Sets. .. ... ceerecene. 100157

' »s by 3rd and 4th Sets............ eees 100141

v s by 5th and 6th Sets................ 10 -129
Reading for true line of collimation ................................... 10 -142
Micrometer reading on coincidence with D (10 MEASUTeS). v v v veennyenna. .., 10 152

Hence apparent error of collimation for D. .. ..

The error of collimation of D therefore appears to be — 0"16 : which, corrected
as before, gives for the error of collimation to be used for the mean of wires + 0734,

The numerical correction, in seconds of time, to the observed transits, is,

1

error of collimation x 5 NPD

Special tables of the latter factor are prepared for principal stars, and general tables
for other objects: and the multiplication is performed with great ease by means of a
sliding-rule.

The second column on the right-hand page contains the level-error : considered positive
when the western pivot is too high. This is ascertained by the application of a large
spirit-level which is placed upon the pivots. The value of one division of the level-scales
was ascertained in 1836 to be 1:086.

The error of level is determined by applying the spirit-level 12 times (6 times in one
position, and 6 times in the reversed position). The level is usually applied every
Saturday : the time however is always mentioned in the notes.
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The numerical correction to the transits is,

cos. zenith distance south
15 sin. N.P.D.

error of level x

On January 5, Mr. Main carefully examined the pivots of the Transit, and remarked
as follows :—On the eastern pivot (opposite to the illuminated end) there are two slight
grooves parallel to the axis of the pivot, of no importance whatever. There are also
two spots on each pivot, having the appearance of rust: one on the eastern pivot
corresponds to one on the western pivot, and at both these places there are marks
of rubbing in the direction of the axis. There was no inequality sensible to the
most delicate touch. '

" Tor examination of the roundness of the pivots, the level was placed upon them, and
the following observations were made:—

Position of | Elevation of Reading of Reading of Position of | Elevation of Reading of Reading of
Object-glass. | Object-glass. East Scale. West Scale. [Object-glass. | Object-glass. East Scale. West Scale.
o o !
S. 0 1320 1170 N. 0 1303 1168
5 1322 116 -9 10 130°3 1165
10 131-9 1172 20 130-2 116 -6
15 1319 117-2 30 1302 116 5
20 1317 1172 40 130 -2 1165
25 1314 11756 50 130°0 1165
30 1314 1173 60 129 7 1164
35 1314 117-2 —10 129 ‘4 116 5
40 1313 117-0 —20 1297 116 -2
45 131°5 1170 —30 129 7 1161
85 1314 1170 —40 1295 1161
65 1313 117-0 —50 1295 116 -0
—10 1308 1170 —60 1297 116 -0
—20 131°0 1167
—30 131-0 1168
—40 1311 1166
—50 1307 116 ‘6
—60 1303 1166
—70 1302 116 -7

These observations show that there is no appreciable irregularity of anomalous
character in the form of the pivots, and no irregularity which affects, by an appreciable
quantity, the relative elevation of the pivots. This observation does not exclude the
possibility of an oval form, which would cause horizontal disturbance of the pivots : but
it renders it extremely improbable.

The third column contains the transits corrected for the error of collimation and the
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ExpraNATION OF PRINTED TRANSIT OBSERVATIONS. ix

level-error. These are set down only for those stars which are used for deducing.the
azimuthal error.

The fourth column contains the azimuthal error, considered positive when the eastern
pivot is too far north. This is always determined from observations of Polaris, at
consecutive passages above and below the pole, or from one observation of Polaris
combined with one observation of another star. The stars used for this purpose are
mentioned in the notes : the method of using them is as follows :

If two consecutive passages of Polaris have been observed, the first transit (as cor-
rected for the error of collimation and level-error) is altered by the change of the star’s
A.R., and the estimated clock-rate for 12"; and the difference, in seconds of time, between
the altered first transit and the second transit (rejecting 12") is divided by 3:038 to obtain
the azimuthal error in seconds of space.

If three transits have been observed, the difference between the first and second is
taken (rejecting 12"), and the difference between the second and third in like manner :
and the mean between these is supposed to be independent of the change of A. R. and
the clock’s rate, and is therefore divided by 3-038.

If several transits have been observed, the same process is used for every successive
set of three, and the results are used separately, or the mean of the results is taken,
according as there appears reason to think that the position of the instrument has or has
not undergone a change.

When a single observation only can be obtained: the letter 2 being put for the
azimuthal error, the clock-error is found by comparing the A.R. of the Nautical Almanac
(with a small alteration hereafter mentioned) with the time of transit including a term
multiplied by 2. The clock-error therefore, from Polaris, contains a term depending
on 2. In like manner the clock-error from some other star not near the pole contains
a term depending on z. Equating these (with the proper allowance for rate of the clock)
z is found.

The error is positive when the transit of Polaris above the pole is too late.

In a few instances, ¥ Ursee Minoris has been used instead of Polaris.

The numerieal correction in seconds of time to each transit is,

imuthal er sin. zenith distance south
azimuthal error x 15 x sin. N.P.D.

The fifth column contains the seconds of every transit as affected with the three
preceding corrections : and is conceived to represent the time at which each body passed
the true astronomical meridian of Greenwich. The numbers to which a bracket is
annexed are those resulting from the mean of two limbs.

The sizth column contains the seconds of the tabular A.R. of the stars which are
used for determining the clock-error. These stars are taken from the list of the Nautical

c
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X InTRODUCTION TO GREENWICH OBSERVATIONS, 1839.

Almanac, those only being used whose N.P.D. exceeds 50°. The tabular A.R. of
Polaris also is set down, to enable the reader to judge of the general state of adjustment
of the instrument. The tabular A.R. are computed by adding to the place given in the
Nautical Almanac a constant for each star, determined for the most part by the
observations of the preceding year. Thus the corrections of the Nautical Almanac are
adopted without adopting the mean places of that work. For Polaris, the additional
correction depending on the place of the Moon is also taken into account. The following
table gives the mean A.R. for 1839, Jan. 1, which in fact are used in these computations,
and the constant alterations to the places of the Nautical Almanac.

Assumed Mean A.R.| Correction Assumed Mean A.R.| Correction
Star’s Name. Jan. 1, 1839. to N. A. Star’s Name. Jan. 1, 1839. to N. A.
h m 8 8 h m 8 5

« Andromede . ... 0. 0. 474 + 009 | BCorvi...... veeo| 12.25.56°54 — 003
vy Pegasi...... veel 0. 4.5713 — 011 | Spicaieceeccsacas| 13.16.43°16 — 0°05
BCetive.rnnns veee| 0.35.3081 | — 003 |y Bootis c.eieinn. 13.47. 1'17 | — 0412
0Ceti..v... ceee 1. 15. 5866 — 0°15 | Arcturus.........| 14. 8.1922 — 0°01
o ArietiS. ceveesen 1.58. 675 + 0°15 ¢ BootiS.eoeceees.| 14.37.57-38 000
yCeti..ooviveens 2.34. 5791 — 017 e Libr®e...ccaeea.| 14.41.59°00 — 0°14
aCeti..v.ou. ceses 2.53. 52°21 — 001 B Libre....ccce.. .| 15. 8.21'06 — 0-14
wTauri coveeenens 3.37.55'61 + 0°11 | « Coronz Borealis.| 15.27.52:39 + 005
v Eridani ........ 3. 50. 3123 + 0:01 | « Serpentis....... 15. 36. 2052 + 0-02
Aldebaran ....... 4,26.41-45 + 0-10 | B'Scorpii........ 15.56. 510 — 0-11
Rigel..... cocoass 5. 6.48°21 0°00 d Ophiuchi eeeeses| 16. 5.54'86 — 0°04
BTauri coveevees 5.16. 722 + 004 | Antares....cece-.s 16. 19. 3278 — 005
3 Orionis. .. ... e 5.23.4704 — 007 | «Herculis.......| 17. 7.18'54 — 0°02
« Leporis « ... | 5.25.3792 0400 | « Ophiuchi.......| 17.27.27:82 + 0°03
¢ Orionis...c..... 5.28. 279 | — 003 | w Sagittarii.......| 18. 4. 815 | — 016
« Columbae....... 5.33.49°24 — 0°11 aLyre...ocoooal| 18, 31.29°25 4+ 0°-08
a Orionis ....ec0.|  5.46.27°47 0°00 |BLyre..... eeees| 18.44. 821 — 0°07
@ Geminorum.....| 6.13.13'17 — 0°02 | ¢ Aquile......... 18.58. 066 — 0-03
Sirius cveeeeeenes 6.38. 331 + 0°20 3Aqui1ae......... 19. 17. 2281 + 0°12
¢ Canis Majoris ese 6. 52.18:03 0°00 v Aquilaa. veseeses| 19,38.36'31 — 0°05
% Geminorum..... 7.10.30°15 — 008 | aAquile......... 19. 42. 5566 — 0°03
Castor.cveeeaenns 7.24.19°12 — 0°09 | BAquil®.........| 19.47.2426 — 007
Procyon..... eeed|  7.80.52:20 — 0°18 | «* Capricorni.....| 20. 9. 699 — 0-02
Pollux ....... sea 7. 35.27°36 - 0°03 4 Cygni. vesessees]| 21, 6. 524 — 004
15 Argls......oee 8. 0.41°40 — 0°03 | BAquarii........[ 21.23. 473 — 0°02
€ Hydrae ...... oo 8. 38. 14'76 — 0°18 ¢ Pegasi.........| 21.36.16'76 — 0°+02
a Hydrae,....,... 9. 19, 40°52 — 0°10 a Aquarii........| 21.567.30'78 — 0°06
¢ Leonis ...... e 9. 36. 42:06 — 0°11 ¢ Pegasi.........| 22.33. 2604 + 0°+02
Regulus ...... eeo|  9.59.4754 — 0°17 | Fomalhaut...... .| 22.48.44'34 — 002
3 Leonis ......... 11. 5.32:22 + 008 JaPegasi.........| 22.56.44'76 — 0°01
3 Crateris «..oo0o.| 11.11,1772 — 0°10 | Piscium.,......| 23.31.4028 + 007
B Leonis......... 11. 40. 50°59 — 0°05

The seventh column contains the error of the clock, found by subtracting the numbers
in the fifth column from those in the sixth, Itis therefore positive when the clock is slow.
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ExpraNATION OF PRINTED TRANSIT OBSERVATIONS. xi

The eighth and ninth columns contain the adopted losing rate, and the adopted error of
the clock at 0" sidereal, as found by the following process. The observations are divided
into groups, marked by the bars across these columns, whose limits are (in far the greater
number of instances) the same as the limits of each individual’s observations. In only two
instances, occurring on July 9 and July 10, are the observations of clock-stars by one
observer grouped with those of clock-stars by another observer. The mean of the clock-
errors given by all the clock:stars in the same group is then taken, and this is held to be
the clock-error corresponding to the mean of all the times of transit of the same stars.
The next step is to allow for personal equation. It was found in the Introduction
to the Volume of Observations for 1838, page xiii, that the clock-error given by
Mr. Ellis’s observations is always greater than that given by Mr. Henry’s by 0~36.
The quantity 036 is therefore subtracted from each of the mean clock-errors determined
by Mr. Ellis, and it is then considered that we have a set of clock-errors justly
comparable among themselves. Each mean clock-error is now compared with that
which precedes and with that which follows; a preceding rate and a following rate
are thus found, and by this the computer is guided in adopting the clock-rate to be
used through the group of observations: this adopted clock-rate is set down in the
eighth column.  For facility of calculation, the proportional part of this rate corresponding
to the mean sidereal time, or mean of all the times of transit for the group, is applied
with changed sign to the mean clock-error (unaltered for personal equation), and
thus the clock-error at 0" sidereal is found. If it happen that any observations included
in the same group are made in the sidereal day preceding or following that for which
the mean error has been found, the whole adopted daily rate is subtracted from or
added to the error found for 0", and thus the error for 0" of the preceding or following
sidereal day is obtained. These errors at 0" are set down in the ninth column. It is
to be remarked that, in the application of these errors, if the observations of small
stars and planets have been made by the same person as the observations of the clock-
stars (whether it be Mr. Henry or Mr. Ellis), no further computation is necessary
for obtaining the right ascension of these objects than the application’ to the time
of transit of clock-error at 0", and a proportional part of clock-rate corresponding to
the right ascension of the object: but if the clock-stars are observed by Mr. Ellis
and the other object by Mr. Henry, a further correction of — 036 must be applied :
if the clock-stars are observed by Mr. Henry and the object by Mr. Ellis, + 0~36 must
be applied. These quantities are not applied in the column of Apparent Right Ascension
from the Observations in this Section.

In the Introduction, 1838, observations were exhibited which showed the difference
between the clock-errors given by Mr. Henry and Mr. Ellis to be about 036, and that
between the clock-errors given by Mr. Main and Mr. Henry to be inconsiderable. The

c 2
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following observations, made in 1839, confirm this; and also show that the obser-
vations of Mr. Glaisher agree with those of Mr. Main and Mr. Henry.

Observations of the f)ersonal equation between Mr. Main and Mr. Glaisher.

DAY, Interval of Order of Clock slow | Clock slow
1839. nearest Stars. | Observations. | at 0t by M. | at 0b by G. G.—M.
h 8 s 8
Sep..... 16 to 17 52 G. M. 2571 2570 — 001
Dec.... 27 to 28 9 M. G. 1709 1708 — 001
28 to 29 23 G. M. 1890 18 °88 — 0°02

Observations for the personal equation between Mr. Ellis and Mr. Glaisher.

DAY, Interval of Order of Clock slow | Clock slow
1839. nearest Stars. | Observations. | at 08 by E. | at 02 by G. E.—G.
h 8 s 8
Sep..... 12 to 13 14 E. G. 2132 20°93 +0.39
Nov.... 29 to 30 23 G. E. 3264 32-31 +0°33

The tenth column contains the duration of passage of the semidiameter of a planet, &c.,
when both limbs have not been observed. For the Sun, this quantity is taken from the
Nautical Almanac: for the Moon, from the section of Moon-culminating stars in that
work: and for the Planets, from the Meridian Ephemeris. No corrections are made
in this section to the semidiameters : these are noticed in a subsequent section. '

The eleventh column contains the right ascension of the center of the body observed :
it is formed by adding the time from the fifth column, the clock-error at 0" next preceding
from the ninth column, the proportional part of the rate in the eighth column corre-
sponding to the right ascension, and the duration of semidiameter’s passage from the tenth
column. No result is set down for a clock-star, unless four clock-stars, excluding Polaris,
have been observed ; and no result is set down for Polaris, unless it has been observed at
opposite passages. '

The twelfth column contains the correction with its proper sign, as it is to be applied
for reducing the apparent right ascension at the time of observation to the mean right
ascension on 1st January, 1839. Itis computed in the following way :

For the stars in the list of the Nautical Almanac, the mean A.R. of the Naautical
Almanac is subtracted from the apparent A.R. of the Nautical Almanac (corrected,
in the case of Polaris and 3 Ursee Minoris, for the Moon’s longitude), and the sign of
the quantity so found is changed.
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For other stars, the corrections are computed by the formuld

Aa+Bb+Cc+Dd
or
;}5 cos. A.R. cosec. N.P.D. 4 1_.B5 sin. A. R. cosec. N.P.D. 4 C. sin. A.R. cotan. N.P.D.

n°, log. 01259 + l%cos. A.R. cotan. N.P.D. + C. x no. log. 0'4869,

according as the star is or is not included in the Astronomical Society’s Catalogue.
The logarithms of A, B, C, D, are taken from the Nautical Almanac. The sign of the
quantity thus computed is then changed.

§ 2. Apparent Right Ascensions of Polaris, and Mean Right Ascensions of Stars
observed in the Year 1839.

The apparent right ascensions of Polaris are extracted without alteration from the
eleventh column of the right-hand page of the Transits as observed, &c.

The mean right ascensions of all the stars are found by applying to the apparent
right ascensions in the eleventh column, the corrections in the twelfth column.

The resulting mean right ascensions have been increased by 036 when the star whose
right ascension is determined was observed by Mr. Ellis, and the clock-stars by any
other observer: or diminished by 0*36 when the clock-stars were observed by Mr. Ellis
and the dependent star by any other observer.

The rules for the nomenclature of the stars are the same as those for the names in
the section of Transits as observed, detailed in page ii.

The places in the catalogue, are the means of all the separate determinations of
the mean right ascension of each star, excluding only those which are contained in
brackets. The annual variations for the Nautical Almanac Stars are taken from the
Nautical Almanac (those in which proper motion is included being marked with an
asterisk). The others are computed independently, with the elements ‘given in the
Nautical Almanac, 1834, 2nd edition, page xiii; which were taken from the 74bule
Regiomontane, and which have been used for all the later volumes of the Nautical
Almanac.

§ 8. Observations with the two Mural Circles, Srom January 1 to February 24, 1839,
page (2) to (19). .

»

It has been already stated, that Jones’s Circle was removed (in order to be sent to
the Cape of Good Hope) near the end of the month of February. The observations
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xiv InTRODUCTION TO GREENWICH OBSERVATIONS, 1839.

with the Circles are in consequence divided into two groups: one antecedent to that
time, during which the two circles were used in combination, and the other following
that time, during which Troughton’s Circle was used alone.

The position of Troughton’s Circle through the year, and that of Jones’s Circle while
it was used, as to the approximate coincidence of the curve described by its telescope
with the astronomical meridian, has been verified by transits of different stars, as noted
by the clock which is near the circles. This clock is immediately compared with the
transit clock, and the sidereal time of transit is therefore easily found, and admits
of comparison with the right ascension, or the correct time of transit over the astronomical
meridian. The following tables contain the principal steps: the parts omitted having
been carefully verified. For convenience, the transits observed with the telescope
of Troughton’s Circle throughout the year are included in the first table.

TRANSITS ror THE POSITION oFr TROUGHTON’S CIRCLE,
Throughout the Year 1839.
DAY, Object. ransit by Ty | Sidercal Time. |Sec.of AR.| Error.
. h m 8 h m s h m s s s
January.. 2| &Cygni......... 20. 35.49°00 | 20. 35.41-20 | 20.35.56°65 | 54-75 + 1'90
55 | 8 Ophiuchi.......| 16, 5.40'85 | 16. 5.37°95 | 16. 5.54°11 5391 + 020
4| « Aquile ...... oo 19.42,31°60 | 19.42, 3760 | 19, 42. 5330 54:40 — 060
. 5| e Aquile........ 19. 42. 2350 | 19. 42,3820 | 19.42. 5520 54:41 + 079
7 | « Herculis....... 17. 6.23056 | 17. 1. 005 | 17. '1.17°66 1750 + 016
s> | «Ophiuchi.......| 17.26.32:05 | 17.27. 905 | 17.27.26'67 | 26'67 000
8| « Aquil®........ 19.41. 5898 | 19. 42.35°98 | 19.42. 53'63 54:44 — 081
April.... 10 | e Hydre.........| 8.37.24'52 8.37.57'72 8. 38. 16'32 1630 + 002
»» | 3 Crateris........ 11.10.26'88 | 11.11. 068 | 11.11,19'38 19-62 — 024
., | ¢ Pegasiv..un.... 22.32.30'63 | 22.33. 723 | 22.33.2679 | 2588 | + o091
»» | @ Andromedze....| 23.59. 9-15 | 23.59.4565 | 0. 0. 527 3-89 + 1-38
May..... 18 A!debaran. . ‘ eeo| 4.26.13°65 4.26. 0'15 4.26. 4169 41-29 + 040
,» | Rigel....eooiii| 5. 6.20°05 5. 6. 6.55 5. 6.48'10 4812 - 002
»s | BTauri......o000| 5.15.40°40 | 5.15.26°90 | 5.16. 846 722 + 124
s | 8 Orionis ....... . 5.23.19°00 | 5.23. 550 | 5.23.47°06 | 4712 | — 006
Jupe..... 19 Ald_lebaran vessens 4. 27. 5662 4.25.27:32 | 4.26.42'714 | 41'76 + 098
20 | Sirius...ovoven.. 6. 39, 18'48 6. 36. 47-28 6.38. 2-86 3:08 — 022
ys | Pollux..oovseese| 7.36.45:23 7.34.13'43 7. 35.29°07 2804 + 103
July..... 16 | Rigel creeeeeaes 5. 7.48°07| 5. 6.31'07 | 5. 6.4760 | 4893 | — 133
sy | B Ta}lrl: ...... ool 8.17. 905 5.156.52:05 5.16. 8'59 8:20 + 039
sy | O Or.lon.ls ceeceres| 6.24.4765 | 5.23.3065 | 5.23.4719 | 4788 — 069
»» | €Orionis ........| 5.29, 313, 5.27.46'13 5,28, 2:68 357 — 089
September 17 Regulu_s ceeieane 9.58,556'85 | 9.69.20°65 | 9.59.48'37 | 4925 | — 0°'88
26 | o' Leonis.........| 10.10. 32:82 | 10.10.27:02 | 10.11. 660 7:08 — 048
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Xv
TRANSITS ror THE POSITION or TROUGHTON’s CIRCLE — continued.
Dlé‘;gy ’ Object. g::‘ﬁ:i;lb{ TE::;;!W Sidereal Time. |Sec.of AR.| Error.
N h m 8 h m ] h m 8 8 8

October.. 15 | 8 Leonis..,......| 11.40. 4898 11.40.45°88 | 11.40. 5171 52:31 — 060
27 | B Leonis.........| 11.40.5550 | 11. 40.2820 | 11.40. 5202 52:56 — 0°54

November 24 | « Coronz Borealis | 15.28. 752 | 15.27.29-12 | 15.27. 53-90 53'54 + 036
29 | Arcturus........| 14. 8.20°30 | 14. 7.48.50 | 14. 8.20°'15 21-01 — 086

»» | € Bootis.........| 14.87.5860 | 14. 37.26:90 | 14. 37. 5858 5891 — 033

December 3 | ¢ Bootis.........| 14.37.46'40 14. 37.20°40 | 14. 37. 5813 59°00 — 087
s» | @ Corona Borealis | 15.27.40'95 | 15.27.14'85 | 15.27. 52.65 5367 | — 102

13 | « Corona Borealis | 15.27. 14'73 | 15.26. 58'43 | 15. 27. 53.58 5386 | — 028

»s | @ Herculis.......| 17. 6.4025 17. 6.24°05 | 17. 7.19'31 20°09 — 078

16 | « Coronz Borealis | 15.27. 6'60 | 15.26. 5380 15.27.53:41 5393 — 052

20 | BLibree.........| 15. 7.24'63 | 15. 8. 1563 | 15. 8.21'87 23-60 — 173

'y | @ Serpentis cesess| 156.35.24°256 | 15.36.15°05 | 15.36.21°41 22:60 — 119

»5 | @ Ophiuchi.......| 17.26.3100 | 17.27.21'70 | 17.27.2815 | 2943 | — 1-28

22 | « Coronz Borealis | 15.26. 49:85 | 15. 27.43:65 | 15. 27. 52°69 54-08 — 139

TRANSITS ror THE POSITION or JONES’s CIRCLE,
To February 24, 1839.

January. . 2| 3 Ophiuchi.......| 16. 5.42-03 16. 5.39°63 | 16. 5. 5579 5391 + 1-88
»5 | « Herculis.......| 17. 7. 5387 | 17. 1. 337 | 17. 1.19'55 17°38 + 217

4|z Aquile........| 19.42.33-67 | 19. 42, 3967 | 19.42. 5587 5440 + 147

»s | @ Lyre....... ees| 18.30.59:30 | 18.31.13°60 | 18. 31. 30'58 27:46 + 312

7 | « Herculis.......| 17. 6.23:00 17. 7. 000 | 17. 7.17°61 17°50 + 011

s | @ Ophiuchi eevess| 17.26.32:17 | 17.27. 917 | 17.27. 2679 2667 + 012

8 | @ Aquile ........]| 19.41.59-20 | 19. 42. 3620 | 19.42,53'85 8444 — 059

I now proceed with the explanation of the columns of the printed Observations.

The first column on the left-hand page contains the day, always beginning with the
Sun’s transit : the second contains numbers of reference: the third contains the name of
the object observed (the nomenclature of the stars following the same general rules as in
the section of Transits observed, &c.). The letters N.L. and S.L. denote the north and
south limbs, and N.C. and S.C. the north and south cusps, of planets. The letter 1
denotes that the object is observed, not on the fixed horizontal wire, but on the wire carried
by & micrometer-screw. The letter R denotes that the object is observed by reflexion
from a trough of mercury. The troughs used for this purpose are about eighteen inches
long and four inches broad: they are placed either on a ledge of the circle-pier, about
thirty inches below the lower limb of the circle, or upon a bracket, which admits of being
placed at different elevations on a carriage travelling with wheels on the ledge of the pier.
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"“The fourth column contains the pointer-reading. The pointer is merely an index
fixed to the pier, and pointing to the division whose reading is greater than that of
microscope A by 5°. The pointer is nearer to the floor than the microscope by this
quantity.

The columns from the fifth to the tenth contain the readings of the six microscopes.
The application of the letters is the same as in the Observations of 1836, 1837, and
1838 : the observer beginning with the northern horizontal microscope, and passing the
upper microscopes, the southern horizontal, and the lower ones, in the direction of
the circle’s circumference, reads them in the order A, C, E, B, D, F. These readings,
in the observing books, are placed in the order ‘é,’ g”g : from which form they are
easily changed into the order of printing. Each pair of adjacent readings, therefore, is
the pair of readings at the opposite ends of a diameter. The minutes are given in the
fifth column only.

In order to determine the mean reading of the microscopes, the mean of the seconds in
these six columns must be taken. This is correct, on the supposition that the micrometer
in each microscope makes exactly five revolutions in carrying its wire from the image of
one division on the limb to the image of the next division. This however seldom holds.
It is necessary to take into account the error, not. only because it is sensible, but also
because it is periodic, varying considerably with the general temperature of the season.

It is the practice now, on every Monday, to examine three intervals on the limb with
each microscope, and thus to ascertain the excess of reading of the micrometer in the
position commonly used (namely, when the micrometer is turned in the direction increasing
its readings, from its zero till the wire coincides with the next image of a division) above its
reading for the image of a division on the other side of the zero. The quantity by which
this exceeds 5’ being taken for each microscope, the sum of these excesses with sign changed
is given as a correction, in the eleventh column, called  Correction for Runs.” This
number is the correction when the micrometer-reading amounts to 4': a proportional part
is to be taken for any other reading: and it is to be applied to the sum of the microscope-
readings before that sum is divided by 6. Occasionally, when the image of a division is
very near the zero of the micrometer, the micrometer is turned in the opposite direction to
coincide with that image : this is indicated by the mark { denoting *the micrometers
placed on the next divisions.” The amount of correction then necessary is, the correction
which would have been applied if the observation had been made in the usual way,
diminished by the whole correction for 5'. '

The following tables contain the amount of error in each microscope for a reading
of &', as ascertained in various positions of the Circles in each week : including (as before)
the examination of Troughton’s Circle throughout 1839,
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Errors oF Runs ror TroucHTON’s CIRCLE.

ERRORS OF EACH MICROSCOPE OF TROUGHTON's CIRCLE, FOR A READING OF 5,

THROUGHOUT THE YEAR 1839.
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TROUGHTON’s CIRCLE—continued.
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TROUGHTON’s CIRCLE—continued.
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xxil IxtroDpUCTION TO GREENWICH OBSERVATIONS, 1839.

The elecenth column contains the value of the correction for runs; determined, for the
most part, by taking the mean of the preceding and following means from the table above.

The twelfth column contains the reading of the micrometer in the eye-piece of
the circle-telescope. It is used either when two objects pass in rapid succession in
the same field, or for the observation of one limb of a planet when the other limb is
observed on the fixed wire, or for the Moon when observed several times in passing
the field. The reading of the micrometer when its wire coincides with the fixed wire
is ascertained every week : this reading is given at the bottom of the page. The wires
being not perfectly parallel, it is thought desirable to ascertain the coincidence-
reading at each of the points where the horizontal wire is intersected by the five vertical
wires. It does mot appear necessary to give any further details of the observations for
the coincidences.

The thirteenth column contains the value, in minutes and seconds, of the arc measured
with the micrometer. The value of one revolution of the micrometer of Troughton was
found in 1836 to be 53”56, and that of the micrometer of Jones to be 40"26.

The fourteenth column contains the number of the vertical wire at which the object
was seen when the observation with the horizontal wire was made. The telescope of
each circle contains five vertical wires: the intervals between the wires have been
ascertained by transits of stars, which (being entirely free from any sensible doubt) it
is not necessary to detail here. The interval of Troughton's wires is considered 20°
equatoreal, and that of Jones's wires 21°,

The fifteenth column contains the correction to be applied to the circle-reading in
consequence of the object not having been observed when passing the middle wire. It
consists of two parts, one due to the body’s change of N. P. D., the other due to the
difference between the small circle described by the body and the great circle of which
the horizontal wires form a part. Of the former of these no explanation is required,
except that for the Moon the change is computed by the formula, change of declination in
1 hour of longitude (from the section of Moon-culminating Stars in the Nautical Almanac)
x sec. declination x n°. (log. = 7-745) x number of intervals of wires. The latter is
calculated by this formula: tan. declination x n°. (log. = 9-350) x (number of intervals
of wires)2. The two numbers are combined together to form the number in the fifteenth
column. '

The sivteenth column contains the circle-reading, as found by adding the mean of the
microscopes (corrected for runs) to the pointer-reading, and applying the corrections for
columns 13 and 15.

The seventeenth column contains the reading for the Zenith Point, as ascertained by a
process subsequently to be described.

The eighteenth column contains the initials of the Observers’ names. W. R. is
Mr. Richardson’s signature, and R, Mr. Rogerson’s: the others explain themselves.
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The same remarks apply, mutatis mutandis, to the columns on the right hand page, for
Jones’s circle (all numerical differences having been already given), except the fwo last
columns.  The former of these contains the value of the arc by which the reading
of Troughton exceeds that of Jones when the same object is observed directly with both.
The latter contains the value of the sum of the readings when the same object has
been observed directly with one circle and by reflexion with the other. They are
necessary for the determination of the Zenith Point, or the circle-reading corresponding
to a vertical position of the telescope. The observations being divided into groups (seldom
exceeding four days), and each of these groups being subdivided into two parcels, one
containing the stars which passed north of the zenith, and the other containing the stars
which passed south of the zenith; the mean value of T + J for each parcel is ascertained,
the mean between the two values of T + J for the two parcels is found, and is considered
to be the value of T + J applicable to the whole group: this quantity is increased or
diminished by 180°, and is divided by 2: and this result would be the Zenith Point if the
readings of the two circles for the same object were identical. As they are not, it is
necessary to add to this result the mean value of ?in order to obtain the Zenith

Point of Troughton’s circle: and the same quantity must be subtracted, to obtain the
Zenith Point of Jones’s circle. The value of T — J is found in the same manner as that
of T + J: by taking the mean of the values for the stars in each parcel, and taking the
mean of those means and using it for the whole group. It will be seen from this description,
that the result as to the Zenith Distance of the objects comprehended in one group is
entirely independent of the operations of any kind in any other group. It will also be seen
that the system of taking the means of the results from the north parcel and the south
parcel, without respect to the number of stars in each parcel, supposing the zenith distance
of the stars to be not very unequal, entirely eliminates the effect of any drop of the eye-end
or object-end, or any other cause which acts symmetrically on both sides of the zenith, to
increase or to diminish the telescope’s angle with the vertical. In the daily observations
however of 1839, great care has also been taken to balance the stars observed by reflexion
on the north side and on the south side.

§ 4. Calculation of Geocentric North Polar Distances Srom Observations with the two Mural
Circles, from January 1 to February 24, page (22) to (29).

The first and second columns on each page contain the day and the name of the object,
as in the preceding section. For the planets, the limb or center observed with the fixed
wire in each circle is noted, that for Troughton being always placed first.
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The third and fourth columns contain the zenith distance, the degrees and minutes being
given in the third column only. The zenith distance is found by subtracting the zenith
point (in the preceding section) from the circle-reading: the negative sign denotes that the
object is north of the zenith. When the Moon has been observed at several wires, the mean
of all the concluded circle-readings is used to form the zenith distance. The letter R is
affixed when the object was observed by reflexion.

When both limbs of the Moon are observed, it usually happens that one of them is
slightly defective, from the failure of illumination by the Sun. The necessary correction is
ascertained in the following manner. If the Moon is horned, her apparent place, on a
common celestial globe, is brought to the zenith, and, a quadrant of altitude being made to
pass over the Sun’s place, its deviation from the East or West point is noted. If the
Moon is gibbous, her place is brought to the intersection of the meridian and horizon, and
the Sun’s elevation above or depression below the horizon is noted. The correction to be
applied is, the Moon’s semidiameter x versine of angle noted: if the Sun’s place is nearer
the north pole than the E. or W. point in one case, or than the horizon of the globe in the
other case, the correction is + for the south limb: if the contrary, itis — for the north
limb. The values of the angle corresponding to the instances which occur in 1839 are
given in the notes.

The fifth column contains the reading of the barometer. This instrument is by Newman :
the raising of the index by which the upper surface of the mercury is read, depresses a
plunger in the cistern of mercury, for the purpose of making the elevation of its surface
invariable. The vernier is so bad as to make this barometer wholly useless for any delicate
purpose : but it is sufficiently accurate for computation of refraction. .

The sixth column contains the reading of the exterior thermometer. This is by Newman:
it is mounted on the outside of the Observatory at the distance of four feet nearly from
the north wall, in a tinned case, with its bulb quite free to the current of air, but protected
from radiation.

The seventh column contains the reading of the interior thermometer: it is a small ther-
mometer suspended between the two circle-piers.

The eighth column contains the refraction computed by Bessel’s tables in the Tabule
Regiomontane. These tables, altered in form (but so as to give in all cases the same result)
and expanded, are given in the Appendix to the volume for 1836. The exterior thermometer
only is used in the computation.

The ninth column contains the parallax. This is computed on the supposition that the

earth’s ellipticity is 3_(1)7) For the planets the formula is, log. parallax = log. sin. (zen.

dist. — 11°. 12") + ar. co. log. distance + 0'9325. For the Moon, the horizontal
equatoreal parallax, as interpolated with second differences from the Nautical Almanac, is
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affected with a number from the following table: which is peculiar to the Moon’s limb :
and of which the details of computation are given in the Cambridge Observations, vol. iv.
for 1831.

Correction to Moon’s Horizontal Parallax, to be used when Parallax is to be applied to the
Observation of a Limb.

Z.D. | South Limb. Z.D. | South Limb. | Z.D. | North Limb. || Z. D. | North Limb.
o o o ” o ”n o "

30 + 0°10 60 4+ 0°15 30 — 003 60 — 0°08
35 + 0°11 65 +4+ 0°15 35 — 004 65 — 0°08
40 + 0°12 70 4+ '0°16 40 — 0°05 70 — 0°09
45 + 0°12 75 + 0°16 45 — 0-06 75 — 0°09
50 + 0°13 80 + 0°16 20 — 0°-06 80 — 0°09
55 + 0°14 55 ~ 007

The parallax is then computed by the formula: log. seconds of parallax = log.
seconds of corrected horizontal equatoreal parallax + log. sin. (zen. dist. — 11'.12")

"+ 99991136 + log. ;rn—c—' (for hor. par.) + log. 2% (for parallax).

The tenth and eleventh columns contain the semidiameter used with each circle, the
minutes being givenin the tenth columnonly. That of the Sun is taken from the Nautical
Almanac: that of the Moon is interpolated with second differences from the Nautical
Almanac: that of Mars, Jupiter, and Saturn, is half of the micrometrical measure of the
diameter in the preceding section: that of Mercury and Venus is found by dividing the
micrometrical measure by 1 + cos. §, where § is found by the following process: If the
planet is horned, the planet’s geocentric place is brought to the zenith of a celestial globe,
and the quadrant of altitude being made to pass over the Sun’s place, the deviation from
the E. or W. point is the measure of 6. If the planet is gibbous, the planet’s geocentric
place is brought to the intersection of the meridian and horizon, and the point opposite
to the planet’s heliocentric place being marked, its elevation above or depression below the
horizon is taken for 6. If the full limb has been observed with the fixed wire of the circle,
the semidiameter thus obtained is to be applied: but if the imperfect limb has been
observed with the fixed wire, the difference between this semidiameter and the whole
micrometrical measure is to be applied. The only important departures from these rules
occur between August 28 and October 9, and between November 10 and December 16:
when the line of cusps of Venus was so much inclined to the horizon, and the cusp so
difficult to observe, that it was thought more accurate to use the tabular semidiameter
of Venus given in the Nautical Almanac, corrected by the quantity 0" 72 + 008 x

e
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abular semidiameter (as found in the Introduction for 1838, page liii), and to apply this
semidiameter to the observation of the illuminated limb.

The twelfth and thirteenth columns contain the geocentric N.P.D. of the center of
each object from every observation : found by combining the Apparent Zenith Distance
with the Refraction, Parallax, Semidiameter, and assumed Co-latitude 38°. 31'. 21".

The fourteenth column contains the corrections which are to be applied to the apparent
N.P.D. of the stars in order to obtain the mean N.P.D. 1839, Jan. 1. For the stars
in the list of the Nautical Almanac, the correction is found by subtracting the mean
declination of the Nautical Almanac from the apparent declination of the same. Tor
stars in the Astronomical Society’s Catalogue, the correction is computed by the formula
Aa +Bb + Cc + Dd. For other stars the correction is computed by the formula
A.sin. N.P.D. x (n° log. = 96375) — A. sin. A.R. cos. N.P.D. + B. cos. A.R.
cos. N.P.D. + C. cos. A. R. x n°. (log. = 1'3020) —D. sin. A. R.

§ 5. Observations of Zenith Distances with Troughton’s Mural Circle, and Computation
of Geocentric North Polar Distances, from Feoruary 25 to the end of the year, page
(392) to (155).

During this portion of the year, Troughton’s circle, as has been stated, was used alene.
Although the general plan of observations and reductions was the same as when two
circles were used, yet a few alterations were necessary, which alone it will be needful
to advert to here.

In observing the north and south limbs of the Sun, the circle is set very approximately,
so that a very small range of the micrometer will be sufficient for placing the micrometer-
wire upon one of the sun’s limbs. The circle is then clamped, and the microscopes read
before the sun enters the field. When the sun’s center approaches the middle wire, the
observation of the limb which is seen in the field is made with the micrometer wire. Then
the clamp is relaxed, the circle is turned till the other limb of the sun is seen, and the
observation of that limb is made in the usual way, a very short time after the center has
passed the middle wire : the microscopes being read afterwards.

The same description applies to the method of observing the two limbs of the Moon,
when both can be observed, and to the method of observing Stars by reflexion and by
direct observation at the same transit.

To determine the Zenith Point, or the reading corresponding to a vertical position
of the telescope, the concluded readings for the reflexion-observation of a star and the
direct observation of the same star are added together : the value of the sum is set down
in the second column of the right-hand page. The observations are then divided into
groups of two or three days each, and the values of D + R for all the stars north of the
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zenith included in a group are collected into one parcel, and their mean is taken; and
the values of D + R for the southern stars included in the same group are collected into
another parcel, and their mean is taken: the mean of these two means is then taken,
and the half of this quantity is adopted as the reading for the horizontal point, which is
increased or diminished by 90° to obtain the adopted zenith point.

No other remark on this section appears necessary.

§ 6. Mean North Polar Distances of Stars.

The mean north polar distances are found by applying to the North Polar Distances
in sections 4 and 5, the corrections opposite to them in those sections.

The results of direct and reflexion-observations are kept separate, with the view of
ascertaining whether there is any discordance between them, as has been observed in the
results of these and other circles: and the results above and below the pole are kept
separate, in order to ascertain whether there is any sensible error in the assumed
co-latitude. )

With regard to the first of these points, the means of the groups of Direct-results and
Reflexion-results have been taken for all the stars observed: and the algebraical excess
of the Reflexion-result over the Direct-result (the results for stars below the pole being
considered negative) is given in the subjoined tables.

TROUGHTON.
No. of No. of
Name of Star. NP.D. | R—=D D.ObS'R_ Name of Star. NPD. | R—D DPIT'R.
o / " o ! u

¢! Ursee Majoris, S. P.|—34.13 [+0-98 | 1 1 | A Urse Minoris.....!4+ 1.10 |[+0-34 | 7| 7
v Urs® Majoris, S. P.| 80.12 [+069 | 2| 2| Polaris............ 1.32 —031 ] 20 | 18
« Urse Majoris, S. P.| 27.22 |40-23 [ 1| 2 | Groombridge, 1871.. 2.40 |—1+01| 4| 4
w Urse Majoris, S. P.| 25. 7 |—1+48 | 1| 1| Cepheisl (Hev).... 2.44 [—176| 7| 6
g Draconis..... 8. P.| 25. 6 |—1°16 | 4| 1|2 Urse Minoris,....| 3.24 [—1:00 | 17| 14
A.S.C. 1266..S.P.| 20. 5 |+4+2-07 2 21A.8.C.874........ 7.18 |—0-82 3 3
A Draconis.....S.P.| 19.46 | —0°54 | 3| 3 ]e Urse Minoris..... 7.42 —0-33 | 12| 1
y Urse Minoris, 8. P.| 17.35 [—1-09 | 2| 2|A.S.C.1135.......|] 7.588|—037| 2| 2
31 Cephei ..... S.P.| 17.11|40-81| 2| 2]¢ Urse Minoris.....| 11.42 [—0-21 |11 | 8
B Ursa Minoris, S. P.| 15.11 |—0+63 | 3| 4 |6 Urse Minoris..... 12. 7|—001] 3| 3
v Cephei ......8.P.| 13.15 (4053 | 4| 4 ]y Cephei........ oo 13,15 (—071| 7| 5
¢ Urse Minoris, S. P.| 11.42 |—0-92 | 1| 1]5 Urse Minoris ....| 13.35 —126( 3| 3
€ Ursee Minoris, 8. P. 7.42 |+034 | 2| 5 |8 Urse Minoris ....| 15.11 [+0°10 | 23 | 21
Polaris........ S.P.|— 1.32 [—0-11 | 25 | 24 | = Cephei ........ oo |+16.28 [—147] 3| 2

e 2
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TROUGHTON—continued.
No. of No. of
Name of Star. NED. [R=D | pO® Name of Star, N.P.D. | R—D | p %
o 4 14 o ’ "

% A.R.19%.20m,.....|+16.45 |—0°-31 | 1| 1[|x Urse Majoris,....[+41.19 |—056 | 5| 1
v Urse Minoris......| 17.85|4+065 | 2| 2| Urse Majoris.....| 41.19 |4+055 | 10 [ 4
50 Cassiopeie.......| 18.21 |4+0°72| 1| 1|y Persei...........| 42.20 (—0-18 | 1| 1
A Draconis..........| 19.46 [—1:08 | 2| 2 | Groombridge, 2810.| 43. 6 [+1-21| 4| 3
B Cephei....oovoves| 20. 8 |+024| 7| 3|7 Herculis.........| 43.17 |+068| 1| 1
o Draconis.........| 20.36 |+0-05| 1| 1]Capella............| 44.10 [—0°05| 17 | 16
A Draconis .........] 20.53 —0:10| 2| 2}aCygni.....cco...| 46.17 [+0°50 | 21 | 17
55 Camelopardali....| 21. 3[—0°50| 3| 2|yCygni ce.ovveuo..| 49.26 |+036| 6| 6
p Draconis..........| 22.35|—0-18 | 3| 3 |12%Canum Venat. ..| 50.48 |4+0°20| 11| 8
& Draconis..........| 22.37 [—1-13| 5| 2 ]12' Canum Venat,..| 50.48 |4+105| 6| 5
* A.R. 220 44", . ,....| 24.17 [—0:96 | 2 1)«Lyre .c..ooov...| 61.21 |—0°23 | 18 | 18
a Draconis..........| 24.51{—021| 4| 4|8 Lyree.....c......| 56.49 |+0-27 |18 | 11
¢ Draconis..........| 25. 6 (+1-01| 1 1| Lyre..eevisn..| 66.49 |—032 | 4| 4
36 Draconis........ .| 26.39|—0°51| 8| 7|Castor’............| 57.456 |+0-24 | 11| 7
B.F.1366..........| 26. 0 —1-20 5 1 Castor‘.....,...... 57.45 |—265 2 1
10 Cassiopeie.......| 26.41 |[4+0-79 | 4| 1|53 Herculis........| 58. 1 |—016 | 2| 2
a Urse Majoris......| 27.22 [—0-50 | 12 | 12 |t Herculis.........| 8. 6 [+102 | 4| 4
26 Draconis.........| 28. 0 |+124| 5| 1|AHerculis........| 58.87 [+0-18 | 4| 4
« Cepheivo..........] 28. 5(+0°'20 |14 | 12 |eHerculis .........| 58.49 [—0-:07 | 3| 3
n Draconis..........| 28. 7|4+0-19| 9| 8 p Bootis...........| 58.56|—0'67 1 1
4 Cassiopeie........| 28.35|+164 | 1| 1}¢Cygni............| 60.25 |—0-70 |11 | 7
6 Cassiopeie........| 28.40 [—0°15| 7| 3 |«Aurige..........| 60.26 [+0-48 [ 1| 1
o Urse Majoris......| 28.45|—0°14| 4| 3|8 Tauri......c.....| 61.32 [—0-14| 7| 5
n Cephei............| 28.47|+078| 5| 4|Pollux............| 61.35|+1-09 | 10| 4
31 Camelopardali ...| 30. 9 [—051| 3| 3| Andromede......| 61.47 |[—0-27 | 10| 3
44 Cassiopei®.......| 30.15|4+091| 3| 2|eBootis...........| 62.14 [—0°25 | 15| 10
Piazzi 1. 139........| 80.16 [+0-74 | 2| 2|32 Pegasi..........| 62.28 |—2:37 1 1
15 Lyneis...........| 381.22 |[+0-59 | 2| 2|« Coron® Borealis..| 62.44 [—0-06 | 15| 4
¢ Urs®e Majoris......| 382. 4 (4071 | 5| 6|wuLeonis...........| 63,14 [4+1-47| 1| 1
¢ Cassiopei®........| 32.37|—0°'30 | 4| 1 |Piazzi VIIL. 182....| 65.22 |—0°52 | 4| 1
Piazzi 1.35.........] 82,38 |—0'87| 4 1|e Leonis...........| 65.29 [+147 | 11 4
£ Draconis..........| 83. 5(—0'81| 3| 3|28 Tauri...........| 66.21 [—0:20| 4| 2
h Persei............| 83, 7|+049| 3| 1]y Tauri...........| 66,23 {+0-73| 4| 3
¢ Urse Majoris......| 83. 9 [—0-%6| 1| 1|23 Tauri...........[ 66.33 |—1-23| 5| 1
36 Urse Majoris.....| 33.11 |—012| 6| 6 |a Arietis ..........| 67.18 |[+050 | 9| 1
53 Draconis.........| 33.24 |—0-10| 1| 1|9 Tauri............| 67.19 [+150 | 3| 2
* A.R.210.50",......] 34. 8 |+188| 6| 8 w Geminorum......| 67.24 |[4+1+51|15| 8
¢ Urse Majoris.....| 34.13 —084 | 5| 4|5 Geminorum......| 67.43 +120| 8| 6
¢* Ursae Majoris .....| 84.14 |—0-58 | 4| 3|5 Leonis ..........| 68.35|—001| 5| 3
a Cassiopei®..... ees| 84.20 |—2°05| 7| 4]y Leonis...........| 69.20|+0:02| 5| 4
49 Draconis.........| 34.34 (+1-39| 4| 5 |,*Leonis...........| 69.20 {+162| 1] 1
Piazzi XXIII. 236..| 85. 3|]—0-68| 7| 1|Arcturus..........| 69.58 +013 (17 14
e Urse Majoris......| 35.19 (4043 | 1| 1]y Bootis...........| 70.47[—0-40 |11 5
v Urse Majoris......| 35.24 [+0°03 8 8 16 Cancriv.oovvnn...| 71.21 |4+0°59 1 1
86 Urse Majoris ....| 85.28 |+0-69| 6| 3|26 Geminorum.....| 72.12 |+156 | 2| 1
L Persei............| 55.39 [+0-63 | 1| 2 |°Serpentis........| 73.20 |—0-19| 3| 2
o' Cygni..o.oovveno |4+41. 8 |4+0°86 7| 4] Aldebaran.........|[+73.49 |+0°23 | 10 5
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TROUGHTON—concluded.
No. of No. of
Name of Star. x.p.D. | R=D | p”"k. Name of Star. neD. | R=D | p2k.
o ’ " [ U o

B LeoniS.ccesssses.|+74.31 |—0°52 12 5laCeticececocaceess|t 86.32|40°46 12 1
o Herculis «ovve...| 75.25 |—0°04 | 15 6 |3 Aquile ....c0ene. 87.12 |+0-32 | 11 2
¢Bootis.e.ceiaenens| 75.34 —0°25 1 1]lyCeticececanencnes 87.26 |—0-38 | 11 3
o Pegasi.ooeereon.| 75.39|—066| 3| 3 y Piscium «.ovovoos| 87.35 14052} 1 1
y Pegasic..ooevenn. 75.42 |—0 25 8 3k Piscium coeeeeees 89.3714+0°50| 2| 1
34 Ophiuchi .......} 76.11 —0°12 | 2 1 JvLeonisS.ceceeecascs 89.56 |+102| 2| 2
¢ Aquile ..........| 76.22|—0-16| 14 | 10 5 OrioniS « cevoeeees| 90.25 |+1°78| 9] 2
Regulus...........| 77.14 140°50 | 19| 8 ¢ Virginis. s ceecaees| 90.33 |4+2°03 | 2 1
« Ophiuchi +...evo.| 77,19 |—0°21 1 15| 7 @ Aquarii......oees| 9L 5 |4+1°06) 6| 4
1 Leonis . »...0.....| 78.36 (4016 | 2| 2|3 Ophiuchi.........| 93.16 4009 | 14| 2
-yAquilm.......... 79.46 |—1-22 | 12 3 96Aq\1arii......... 96. 0 |+0°-49 6| 1
¢ Pegasi «oeeevnens| 80. 0 (40°25 71 2] BAquarii cecoenaee 96.16 |—0-50 | 7| 2
¢ Pegasi «..000vu..| 80.51|—1-56| 5| 3 aHydr® ..ooveeeesl  97.57 |4+1°25 110 | 2
A.S.C.1322.......| 81 3 |—-1'64 6 2 |2 Aquarii.ceciieneee 98.26 (+2°16 2 1
o Orionis.eeeeee...| 82.37 |4+1°01 | 16 4 | BLibree ccceveecane 98.47 |—0-40 | 12 2
¢ Piscium. ...c00...| 82.58 |—1-23 2 200Cetic.cccacencans 99. 0 |4+1-94 | 11 1
e Hydree...........| 82.59 |—0°12 14| 4 SPiCa ceeeeesasssss| 100.19 |—0°43 | 11 3
« Serpentis ........| 83. 3 |—1-48| 9| 2 o Capricorni. ......| 103, 0 |40°50 [ 11} 2
» Piscium..........| 83.17|—0°80 | 4] 1 «* Capricorni.......| 103. 2 |—0-21} 16 3
BAquile.......... 83.59 |—1°10 71 8]yEridani..cceee... 103. 58 |42 12 8 1
o Piscium .........| 84. 1|—121| 3} 1 SiriUS..eoececcsees| 106.29 [—1+47[17}| b
Procyon. ...ceeeaese 84.22 |4-1:89 | 11 1 ]BCetiveeececceeees|+108,52 +0+57 9| 3

s PisCium..eeeveees|$+85.14 |—1-156 | 8| 4

JONES.
No. of No. of
Name of Star. N.P.D. | R—=D | p OhS'R. Name of Star. N.P.D. | R—D .Obs
' o ! "

» Urse Minoris, 8. P.|—1.35 |—i-66 | 1| 1| Urse Majoris .....|+41.19 |+0-51 | 1 1
¢ Urse Minoris, S. P.|— 7.42 |+045 | 4| 1 aCygni weevecnsne.| 45 174032 6| 3
Cephei 51 (Hev).....|+ 2.44 |—0-83 ) 4] 1 aLyr®...coeeves.s| 51.21 (4080 7| 5
B Cephei ooavevens. 20. 8 [+0°63 4 1 |8 Tauri..coeeenee..| 61.32 +106 | 5 1
s Draconis..........| 22.87|—103| 1| 2 OTauri.eeeceeeses.| 67.19 | +1°64 | 4] 1
«Cephei «..........| 28. 5 —2°12 2| 2] « Geminorum...,.. 67.24 |+1°563 | 4 2
31 Camelopardali....| 30. 9 |+0°16 | 1} 1 ¢ Arietis....ooeee..| 69.33 |40°11 1| 1
44 Cassiopei®.......| 30.15|—3:29 | 2| 1 Aldebaran....o....| 73.49 |—0-01| 1} 1
1 Persei coceennns .l 35.89|—196| 2| 1]aCeticeceaceccenns 86.32 |4+0°02| 5| 2
« Persei «.vo *eeves.|+40.43 |4+0°10 4 2 7Ceti.............+87.26 +1-66 3 2

As the number of stars observed with Troughton is too great to allow the eye to see
clearly any law which may be followed by these errors, I have grouped the stars, and have
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taken the mean of the values of R — D for each group, giving to each star a weight
proportional to the smaller of the two numbers of observations. The following table
exhibits the particulars of each group, and the result for R — D.

TROUGHTON.
No.
Extent of Group. Oobfs. NI\_J;?B. R—D.
O ’ "

¢ Urse Majoris S.P. to g Draconis 8. P. .. 6 — 28.42 —0-01
A.S.C.1266 S. P. to y Cephei 8. P......... 16 | — 16.43 +0°14
¢ Ursee Minoris 8. P. to 3 Urse Minoris....| 76 | + 0. 37 —0°45
A.S.C.874 to 5 Urse Minoris............ 31 | + 10.36 —047
B Ursa Minoris to 3 Draconis. ¢ ........... o 42 + 17.33 —0-11
% A. R. 22h, 44™ to & Urse Majoris ......... 27 | + 26.16 —0 °40
26 Draconis to y Cephei ..ovvvvevinee..nn 32 | + 28.19 +0-27
31 Camelopardali to 53 Draconis........... 28 | + 32. 4 +0-06
% A.R. 217, 50" to 1 Persei ...ovvvnieennnn 32 + 34.43 +0°02
o' Cygnito e Cygnic.oovveerneenninnns, 47 | + 43.53 +0-36
v Cygni to g* Lyrae......... ceetecotaaanen 52 | + 062.34 +0°13
Castor (2nd star) to p Bootis.............e. 22 | 4 58.12 +0°12
¢ Cygni to u Leonis ..oovvenvnneniaiainee 36 | + 61.43 —0°14
Piazzi VII. 182 to Arcturuas . ......ovevvne 50 | + 68. 6 +0 64
» Bootis to § Aquilee ......coooviieniiin .| 43 | + 74.36 —0°15
Regulusto A.S.C. 1322 ....c0veneen oo 21 + 178.32 —0-31
« Orionis to @ Ceti, . ... certerteecearaeans 23 + 83.43 —0°41
3 Aquile to @ Aquariiv..oovveiiiiininne, 16 | + 89.18 +0-77
3 Ophiuchi to Spica......ccovevieiienninn. 14 | + 97.38 +0°30
o* Capricorni to 8 Ceti......oovnen. ciseese 14 | +1056.35 —0 23

Although it would seem that there is a discordance following with some regularity a law,
such that the value near the zenith is positive, and at a certain distance on either side
of the zenith is negative: yet, considering the extreme smallness of the value and the
consequent general uncertainty of its law, and remarking that any discordance which
is to be divided equally between the direct and reflexion-observations will scarcely produce
an effect on the latitude (the only determination on which a sufficient number of
observations is accumulated to require attention to so small a quantity), I have thought
it best to omit it entirely.

The values of R — D for Jones, as far as they go, appear to follow the same law
as in the last year. The same table of corrections is therefore adopted as that used in
1838 : it is transcribed here from the Introduction for 1838.
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Correction to N. P. D. independent of Latitude-correction (to be applied algebraically) for observations

with Jones.

N.P.D D. R. N.P.D. D. R.

o ” n o " o”"
— 50 000 000 + 50 +0 ‘36 —0°36
— 40 —0°08 +0-08 + 60 +0°70 —0. 70
— 30 —0-12 +0-°12 + 70 +0°75 —0°75
—-— 20 —0-21 +0-21 + 80 +0°57 —0 57
— 10 —0°39 4039 + 90 +0°32 —0 *32

0 | —0-50 +0-50 +100 +0°14 | —0-14
+ 10 —0-63 " 4-0°63 +110 +0 05 —0°+05
+ 20 —0 70 +0°70 +120 000 0°00
+ 30 —0 60 4060 +130 0°00 000
4+ 40 —0-°16 +0-°16

The results from fifteen circumpolar stars were then used for examination of the
assumed co-latitude. The computations are contained in the subjoined table : of which

no explanation appears necessary, except that the weight is approximately determined by

b . .
aa 7 (where @ is the number of observations above the pole, and & the

number below) by the number 30 for the first star, 29 for the second star, 28 for the
third, and so on.

multiplying

CORRECTION OF ASSUMED LATITUDE.

Star’s Name, § 8 Concluded é: Algebraic|
Name of Circle, ) N.P.D. Correc- | N.P.D. |l 5 | N.P.D. || 5 | Sumof | =
and S Uncorrected. tion. |Corrected.|| s |onassumed o | Determi- -# | Product.
Mode of Observation. -4 Z | Latitude. || z | nations. | &
T o ! " " " " n "
Polaris........ T. D. |20 1. 32. 56 ‘84 56 84 .
.R.[18 5653 5653 |25 | 9667
87 |—1°19 {60 |—71 40
S.P. T.D.[25 |— 1.32.57 81 5781 . ’
T. R. [24 5792 5792 |19 |97 86
d Ursa Minoris, T.D. |17 3. 24.31 30 3130
T.R. |14 30 -30 30. 30 |,.
J.D.|2 31-87 |—0-54 | 31-33 |23 | 3088
J. R. -
35 |—2°29 | 6 |—13'74
S.P. T.D.| 1 |— 38.24.32-64 32 64
T.R. e 2 3317
J. D. cees -
J.R.|1 33°24 |(40°46 | 3370
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Star’s Name, o'g B | Concluded g Algebraic| .
Name of Circle, - N.P.D. Correc- | N.P.D. || % | N.P.D. || 5 | Sum of | 8
and s Uncorrected. tion. |Corrected.| s |onassumed|| s [Determi- -F | Product.
Mode of Observation. Z Z | Latitude. || 7z | nations. |
o 1 " " n ”n " n
e Urse Minoris, T.D.|[12 7.42.31°90 3204
T.R.| 7 3171 3171 .
I.D.|2 3244 |—0-59 | 3185 |21 | 3191
J. R. cens
33 |—1+56 22 |—34°32
S.P. T.D.| 2 |— 7.42.33 70 3370
T.R.| 6 33 36 3336 .
J.D.| 4 3384 |—0-42 | 3342 |12 [—3847
JR.1 33:39 ||+0-42 | 3381
¢ Urse Minoris, T.D.[11 | 11.42.48:56 4856 .
" T.R.| 8 48-35 4835 |19 | 4847
: 21 |[—0-34 | 6 |— 2-04
S.P. T.D.| 1 |—11.42.48°35 4835 .
T.R.| 1 4927 4927 || 2 |—98°81
0 Urse Minoris, T.D.| 83| 12. 7. 178 178 || & 178
T.R.| 3 177 177 !
= 8|—112 |4 |— 4+48
S.P. T.D. —12. 7......
T.R.| 1 295 2-95 ..
J.D.J1 320 |—0-35 | 285 2|~ 290
J. R. ceee
yCephei ....... T.D.| 7| 13.15.5677 56 77 .
T.R.| 5 56 06 56-06 |12 | 96°47
20 |—1°99 {12 |—23 88
S.P. T.D.| 4 |—13.15.58 72 5872 || o | _ oo
T.R.| 4 5819 5819 —98 46
B Ursee Minoris, T. D. |23 | 15.11.10°74 10 74
T.R. |21 10 ‘84 1084 ¥ | 1079
53 |—0-98 |18 |—17-64
S.P. "{: 3. 3 |—15.11.11°34 1134
.R.| 4 1197 1197 .
J.D.|2 12-31 |—0-30 | 12-01 | O [~11"77
J. R.
v Ursa Minoris, T.D.| 2 | 17.35.34 45 34 45 4 .
T.R.| 2 3500 3500 34°73
10 [—1:53 | 6 |— 9-18
S.P. $ g. 2 |—17.35.3576 3576
.R.| 2 3685 36 -85
I.D|1 3534 |—0-25 | 35-09 || © [—56-26
JR.1 37:00 (|4+0-25 | 3725
A Draconis...., T.D.| 2 19. 46. 51 77 5177
T.R.| 2 5069 50-69 | 4] 9128 ‘
10 {—1+58 | 6 |— 948
S.P. T.D.| 3 |—19. 46. 52 *54 5254 2-
T.R.| 3 53-08 53-08 || 6 |—52°81

John G. Wolbach Library, Harvard-Smithsonian Center for Astrophysics * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1840GOAMM...1A.....

r840GOAMM..Z QA" T
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3 @A »
Star’s Name, ] S | Concluded || 3 Algebraic| .
Name of Circle, ] N.P.D. Correc- | N.P.D, || g | N.P.D. || 5 | Sum of | 5
ang s Uncorrected. tion. |Corrected.| s |onassumed|| s |Determi-| -5 | Product.
Mode of Observation. 3 Z | Latitude. || Z | nations. | &
o ! n n " ” " "
A Draconis..... T.D.| 2| 20.53. 0°11 011 | , 006
T.R.| 2 001 0-01
v 8|—2+04|4|— 816
S.P. T.D.| 2 |[—20.53. 2-44 244
T.R. .
J.D.| 2 1-96 |—0-20 | 176 | 4|~ 2710
J. R. e
g Draconis..... T.D. 25. 6.16°22 16 22 e
T.R.| 1 17-23 1723 || 2| 16
12 |—165 | 3 |— 4°95
S.P. T.D.| 4 |[—25. 6.18 16 1876
T.R.| 1 1992 1992 .
J.D.|5 17-93 |—0-16 | 1777 |10 |—18°38
J. R. cee
a Urse Majoris, T.D.[12 | 27.22.5319 53°19 .
" T.R.[12 5269 5269 2% | 52'94
27 [—112 | 5 |— 5°60
S.P. T.D.| 1 |[—27.22.54-21 54 21 .
T.R.| 2 53 °98 53 98 3 |-54-06
¢! Urse Majoris, T.D.| 5 | 34.13.54°66 5466 )
T.R.| 4 53 82 5382 | 0| 9429
11 |—1+61 | 3 |— 4°83
S.P. T.D.| 1 |—34.13.56 39 5639 .
T.R.| 1 5541 5541 || 2 |—95°90
g Draconis . .... T.D.| 6 | 37.34.35-99 3599
T.R. )
3. D5 3579 |—0-27 | 35-52 11| 3078
J. R. e
13 [—1+21 |3 |[— 363
S.P. T.D.| 1 |—87.34.39 45 39-45
T. R. oo .
J.D.J1 3462 |—0-00 | 34-53 || 2 |—36°99
J. R. eee
v Draconis..... T.D.|13 | 38.29.21°72 2172 .
J.D.|o 21-52 | —0-23 | 21-20 |22 | 21°%4
24 [—0+60 | 3 |— 1-80
S.P. T.D.| 1 |—38.29.22 45 22445 | .
J.D.|1 2192 |—0°09 | 2183 || ~ —22°14

If 2 be the correction to be applied to the colatitude, 2 z + the algebraic sum of
determinations ought to = 0. Combining the whole with the weights above attached
to them, 2 2 = + 1”34, or = + 067 : or the true colatitude is 38°.31'.21"°67.

This determination, though differing from that found in 1836 by nearly a quarter of a

f
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second, is so well supported by those of 1837 and 1838, that I have not hesitated to
adopt it in correcting all the observations of 1839. Combining it, therefore, with the
correction for R — D, we have the following numbers, to be applied to all the
observations :

Correction to be applied algebraically to N.P. D. for the discordance of Direct and Reflexion Results,
and for the Error of Assumed Latitude, 1839.

For observations with Troughton. Correction, = + 0"67.

For observations with Jones. For observations with Jones.
N.P.D. D. R. N.P.D. D. R.

(o]} " "
50 | +067 | +067 | + 50 | +i038 | 4+0-31
40 +0-59 +0°75 + 60 +1-37 —0°03
+7 | +142 | —o-08
20 | +046 | +0-88 | + 80 | +1-24 | +0-10
10 | +028 | +106 | +9 | +09 | +0-35
0| 4017 | +1:17 | +100 | +0-81 | +0-53
10 +0 04 +1°30 +110 +0°72 4062
20 | —0-03 | +1-37 | +120 | +067 | +0-67
+130 | 4067 | +0-67

(IR
g
+
(=}
&
+
(=]
-3
©

+++4
(]
(=)
+
(=
(=
-3
+
(=
L]

The catalogue of concluded mean N.P.D. of stars contains the means of the daily
results, affected with the corrections given by the last table. The adopted seconds of
N.P.D. are found by taking the mean of the results of all the groups, giving to each
a weight proportional to its number of observations. With regard to circumpolar stars,
the following rules have been followed. For stars whose N.P.D. does not exceed 15°
the observations above and below the pole are considered equally good: from N.P.D.
15° to N. P. D. 36°, those below have the weight & for each observation: from N. P. D.
36° to N. P. D. 41°, those below have the weight 1: beyond 41° N. P. D. the observations
are not combined. The annual variations are taken from the Nautical Almanac, as far
as its list extends: for other stars they are computed with the elements given in the
Nautical Almanac, 1834, 2nd edition, page xiii.

V7. Horizontal and Vertical Diameters, Right Ascensions, and North Polar Distances,
of the Sun, Moon, and Planets ; deduced from the Observations and compared with the
Tables, page 2 to 22.

The duration of the passage of the Sun’s diameter is found by subtracting the clock
time of transit of the first limb from that of the second limb in the Transits observed, &c.,
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without any further correction. The tabular duration is found by doubling the time of
passage of the semidiameter given in the Nautical Almanac. The excess of the latter
over the former is set down as the Error of the Nautical Almanac. The mean of all
the values is — 0*14.

The Sun’s vertical diameter is found by subtracting the zenith-distance of the north
limb, corrected for refraction and parallax, from that of the south limb similarly corrected.
The tabular diameter is formed by doubling the semidiameter of the Nautical Almanac.
The mean of all the values is — 0" 94.

For the duration of the passage of the Moon’s diameter, a correction is applied
(negative to the time of passage of the first limb, or positive to that of the second limb,
according as the Moon had passed or had not passed the opposition in right ascension),
thus investigated. The excess or defect of the difference of A.R. of the Sun and Moon
from 12" at the time of the Moon’s transit, being found, and expressed in arc, this quantity
is multiplied by the cosine of the Sun’s declination, and thus an arc § is obtained which
represents the angle, upon the Moon’s surface, of the unenlightened part of the disc (with
respect to right ascension); the correction required is, semidiameter x versine 6. The
value of 6 and the corresponding correction are given in the notes on the right-hand page
of the section of Transits as observed, &c. (that for April 28, which was inadvertently
omitted, is supplied in the Errata). The mean of the three errors (omitting that which
was deduced from an observation of the unilluminated limb when the illuminated part
was very small) is — 0*56.

The Moon’s vertical diameter is found in the same manner as the Sun’s (the correction
for defective illumination having been already applied, sce page xxiv). The mean of the
six values of errors is — 6"+02.

The vertical diameters of Venus are found by doubling the semidiameters given in the
section of Calculation of Geocentric North Polar Distances from Observations with the Two
Mural Circles, or in the right-hand pages of the section of Observations of Zenith Distance
with Troughton's Mural Circle, &c. &c.: those being excepted which are included
between Aug. 28 and Oct. 9, and between Nov. 10 and Dec. 16, in which the great
inclination of the line of cusps of Venus to the meridian made it appear preferable
(as has been mentioned, page xxv) to use a corrected tabular semidiameter instead of one
deduced from the observations. These diameters, therefore, are not imperfect diameters,
as observed in the first instance. The vertical diameters of the other planets are merely
the measures given in the section of Observations with the Two Mural Circles, or are
the doubles of the semidiameters given in the right-hand pages of the section of
Observations with Troughton's Mural Circle. The duration of passages of the planet’s
diameters is formed as for the Sun, &c.

The Mean Solar Time is found, in all cases, from the Right Ascension or Sidereal

fa

John G. Wolbach Library, Harvard-Smithsonian Center for Astrophysics * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1840GOAMM...1A.....

r840GOAMM..Z QA" T

XXXvi InTRODUCTION TO GREENWICH OBSERVATIONS, 1839.

Time, by adding together the Mean Solar Time at the transit of the first point of Aries
next preceding, and the equivalents in Mean Solar Time for the hours, minutes, and
seconds, of the Sidereal Time: the whole of these numbers being taken from the Nautical
Almanac. In practice this operation is made a little easier, by putting the addition in the
following form :

Sidereal Time.

Mean Solar Time at Transit of first point of Aries, diminished by 4™,

1

2

3. 3m.4700 — hours of Sid. Time + solar equiv. for hours.
4 10+00 — minutes of Sid. Time < solar equiv. for minutes.
5

3+00 — seconds of Sid. Time -+ solar equiv. for seconds.

Small tables of the 3rd, 4th, and 5th quantities are prepared (see Appendix to Obser-
vations 1837, Tables No. IV.), and the operation is then very simple, consisting entirely
of addition, with few figures and no interpolation.

When any object is observed in N.P.D. and not in Right Ascension, the Right
Ascension at Transit (for the calculation of the Mean Solar Time) is taken from the
Nautical Almanac.

The Right Ascensions of the Sun are transcribed from those in the Transits, &c., with
no alteration, except that, when necessary, the personal equation % 036 is applied as
mentioned in a former part of this Introduction; and that, when the first limb only has
been observed, the correction + 0*07 has been applied ; and when the second limb only
has been observed, the correction — 0*07. The North Polar Distances of the Sun are
the means of those in the North Polar Distances, &c., or in the right-hand pages
of the Observations with Troughton’s Circle, the correction for discordance of direct
and reflexion-results and for alteration of latitude (page xxxiv) being applied, and the
correction + 0”44 when the N. limb only was observed, and — 0”44 when the S. limb
only was observed. These numbers were used in consequence of an error in calculation:
the correct number (page xxxv)is + 0"47. The tabular places are taken from the Nautical
Almanac.

The Right Ascensions of the Moon are taken from the Tramsits, &c., corrected, if
necessary, for personal equation; the correction + 020 being applied when the first
limb was observed, and — 020 when the second limb was observed. This is the same
correction which was used in 1836, 1837, and 1838; it is fully supported by all the
observations hitherto made, as appears from the following collection. The equatoreal
observations for 1839 will be found in a subsequent part of this volume. With regard
to these and the other equatoreal observations, it is to be noted that, on account of the
greater unsteadiness of the instrument, and the smaller number of wires, one set of
equatoreal observations is considered equivalent only to one transit observation.
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Correction of Moon’s Horizontal Diameter.

Number of
Year. Tabular Error. Observations | Error x Number.
in Results.
1836 — 041 3 - 1-23
1837 — 0°38 1 — 0°38 . .
1838 — 0°+48 9 — 096 Transit observations.
1839 — 0.56 3 — 168
1837 - 037 2 — 04
1838 — 0°31 2 — 0°62 Equatoreal observations.
1839 033 4 — 1°32
17 693
Mean Tabular Error = — 041

When both limbs are observed, the correction for defective illumination already
mentioned (page xxxv) is first applied to the proper limb, and the mean of the two is
then taken without further correction.

The North Polar Distances are taken from those in the section of North Polar
Distances, &c., or from the right-hand pages in the section of Observations with Troughtor's
Moural Circle, with the following alterations. On Jan. 4 and 7, and Feb. 23 and 24,
double weight is given to the result from Troughton: on Jan. 22 and 24, equal weights
are given to the results from the two circles. The correction for alteration of latitude,
&c., is then applied : and then the correction + 294, when the N. limb only is observed,
and — 2"-94 when the S. limb only is observed. This correction is deduced from the
following collection of observations of the Moon’s vertical diameter.

Correction of Moon’s Vertical Diameter.

Number of
Year. Tabular Error. | Observations.| Error x Number.
n" n

1836 — 6°23 8 — 49°84
1837 — 594 7 — 41°58
1838 — 5°61 11 — 6061
1839 — 6-02 6 — 36°12
32 18815
Mean Tabular Error = — 5°88

When both limbs are observed, the mean is taken. Then there is applied — 35 of the
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lunar parallax actually employed, for the augmentation of lunar parallax deduced by
Mr. Henderson, from the observations made at the Cape of Good Hope and compared
with those in Europe (Mem. R. Astr. Society, vol. 10). The tabular N. P.D. are taken
from the 7th column in the section Moon-culminating Stars of the Nautical Almanac.

In addition to the usual column of Errors of Tables, there is one exhibiting the effect
of the earth’s oblateness. The latter is found by separately computing the parallax,
considering the geocentric zenith-distance as equal to the astronomical zenith-distance,
and the geocentric radius as equal to the equatoreal radius, and taking the difference
between this parallax and the parallax actually used. '

In the Right Ascensions of Venus, a correction for the error of semidiameter has
been applied. From an investigation in the Introduction to the Observations, 1838,
it appears that the error of the semidiameter in right ascension may be represented by
the following formula:

— 005 — 03 x tabular semidiameter in A. R.

The corrections applied in consequence are as follows:

January 1 to May 6 + 6'06
May 7 to July 31 + 0°-07
August 1 to August 24 4 0°08
August 25 to September 8 -+ 0°09
September 9 to September 20 + 0°10
September 21 to October 1 + 0°11
October 7 to October 18 — 0-°11
October 19 to November 1 — 0°10
November 2 to November 18 — 0°09
November 19 to December 15 — 008
December 16 to December 31 — 0°07

For all other planets the Right Ascensions are extracted without alteration (except for
personal equation) from the Transits, &c.; and for all the planets, the N. P. D. are taken
from the North Polar Distances, &c., without alteration ; except that, when observed with
both circles, the means are taken ; and the corrections for alteration of latitude (as deter-
mined above, page xxxiii), and for discordance of direct and reflexion-results are applied.
The tabular places are taken entirely from the Nautical Almanac.

The investigation of the position of the Ecliptic is conducted in the same manner as the
investigations from Observations at Cambridge Observatory, given in the Astronomical
Society’s Memoirs, vols. 8, 9, and 10. The mean of all the errors in each month, for
A.R. and for N. P. D, is supposed to be the error for the day which is nearest to the
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mean of all the days of observation. When the same day was not found for A. R. and for
N.P.D. an alteration of a unit has sometimes been made. From these, the error in
Ecliptic Polar Distance is obtained by means of the factors R and S in the Tables forming
the second part of the Appendix to the Greenwich Observations, 1836. Supposing these
ertors to arise from an erroneous position of the ecliptic assumed in the Nautical Almanac,
they may be expressed by the formula # x cos. ® longitude + y x sin. ® longitude + =.
For convenience, the weight attributed to each monthly equation is so altered, that the
sums of those in opposite quarters are equal. The rest of the process needs no
explanation.

For the Errors in the Tabular Geocentric Places of the Sun and Planets, the errors in
A. R. are increased by 0°*03, as it appears, from a comparison of the assumed A. R. of the
principal clock-stars with those used in the Cambridge Observations, that the errors, thus
altered, will correspond to the same equinox with those in a memoir in the 10th volume of
the Royal Astronomical Society’s Transactions: to which therefore these calculations may
be considered as a continuation. The errors in longjtude and E. P. D. are formed by the
use of the numbers P, Q, R, S, in the Appendix to the Greenwich Observations, 1836.
TFor Vesta, Juno, and Ceres, whose latitude exceeded the limits of those tables, the
longitude and E.P.D. were computed, 1st, from the A.R.and N.P.D. of the Nautical
Almanac; 2nd, from these quantities affected with the errors in A.R. and N.P.D.;
and the differences between these results gave the errors in longitude and E. P. D.

For the Errors in the Tabular Heliocentric Places of the Planets, the following formule
are used :

For the four small planets,

Let R = radius vector of planet, L = planet’s heliocentric longitude.
A = planet’s distance from earth, = planet’s geocentric longitude.
r = earth’s radius vector, { = earth’s heliocentric longitude.
Then

A x cos. geocen. lat.

R x cos. hel. lat. x cos. (A— L)
tan. (A — L)

R x cos. hel. lat. x sin. 1"

Error of Hel. E. P.D, — & X cos. hel lat._ . error of geocen. E.P.D.

R x cos. geoc. lat.
— sin. hel. lat. x cos. hel. lat. x tan. ( A — L) x error of geocen. long.
7 x tan. geoc. lat. x cos. (A — 0)
R2 x cos. (A — L) X sin, 1"

Error of Hel. longitude = x error of geocen. long,

x error of projection of radius vector.

x error of projection of radius vector.
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the fault of a single observation seems to have entailed errors on the value of ¢ immediately
preceding and immediately subsequent. The course to be pursued in these instances must
be determined by a judgment of the various circumstances of the observation, without close
reference to any particular rule. The instances that require attention are alluded to in
the Notes.

The discordance in results appears to be usually connected with a sudden change in
the readings of the lower plumb-line microscope, or, rather, in the sum of two adjacent
readings for opposite positions of the instrument. It seems not improbable that this may
be produced by a rotation of the plumb-line when the instrument is reversed : which,
if the plumb-line were crooked (as it usually is) would alter the reading of the lower
microscope in such a way that its indications had no distinct relation to the verticality
or non-verticality of the axis of rotation. In the year 1840 a different construction of
plumb-line has been tried, for the express purpose of surmounting this difficulty : the
results of the trials with it will appear in the next volume.

The reduction of the apparent place to the mean place for Jan. 1, 1839, is performed
with the corrections of the Nautical Almanac.

The particulars already given are sufficient for the elucidation of the process repre-
sented in the printed observations. With regard to the readings of the plumb-line
micrometers at contact with the plumb-line, it is only proper to remark that the image of
the plumb-line is so large that the observation of its center cannot be safely made, and
its sides are therefore always observed.

§ 9. Observations of the Duration of Transit of the Moon's Diameter, with the
Eastern Equatoreal, pages 34 to 36.

These observations were made for the purpose of ascertaining the error in the tabular
semidiameter of the Moon adopted by Burckhardt. The times selected were as near as
possible to the times of opposition in right ascension. As the Moon was then at a
distance from the meridian, it is necessary to examine into the influence of the hour-
angle upon the duration of transit, which may be done in the following manner:—

During each transit of a diameter, the Equatoreal is fixed relatively to the earth.
Suppose, then, the Moon to stand still in space, while the earth and the equatoreal
telescope, which is firmly attached to it, move round. The axis of the telescope produced
(or rather the plane of its meridional wire) will come in contact successively with one side
and with the other side of the Moon. Produce these touching positions of the plane
backwards till they intersect. Their intersection will be in a line parallel to the earth’s
axis : when the Moon is near the meridian, the intersection will be nearly as distant from
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the place of observation as the earth’s axis is ; when the Moon is near the six-hour angle,
their intersection will be near the place of observation: and generally their intersection
will be at the place determined by drawing a perpendicular from the earth’s axis upon the
plane of the meridional wire. Consequently, the angle which the earth and telescope
must describe that the plane may pass the Moon’s diameter, will be found by dividing the
Moon’s diameter by the Mcon’s distance from the perpendicular dropped from the earth’s
axis upon the meridional plane passing through the Moon. Now, the Moon’s distance
here spoken of is the same as the Moon’s distance from the earth’s axis multiplied by the
cosine of the parallax in right ascension. When the Moon is on the meridian the cosine
of the parallax in right ascension is 1. Therefore the time in which the plane passes the
Moon’s diameter (that is, the duration of transit of the Moon’s diameter) in any hour-angle,
is to the duration of transit on the meridian, as unity to the cosine of the parallax in right
ascension. As that parallax cannot exceed 40, whose cosine is 09999323, the duration
of transit cannot differ from that on the meridian by the time of transit X 00000677 : a
quantity wholly insensible. The Moon’s motion in right ascension produces the same
effect in all cases as if the velocity of the earth’s rotation were altered in a certain propor-
tion. The duration of transit is therefore sensibly the same at all hour-angles as if the
Moon were on the meridian of the place.

The columns of the }-;rinted observations need little explanation. The correction for
defect of illumination is found by estimating the Sun’s perpendicular distance from the
meridian passing through the Moon, produced to complete the circle: and considering the
defect to be equal. to the Moon’s semidiameter multiplied by the versed sine of that
distance. The tabular duration is interpolated for the hour-angle (found by comparing
the sidereal time with the Moon’s right ascension) between the tabular durations of the
Nautical Almanac, which correspond to hour-angles of 0" and 12" successively. The
deduced tabular error shows (in conformity with the results obtained in other ways) that
Burckhardt’s semidiameter is too small by 3" nearly.

§ 10.  Observations of Mars and neighbouring Stars with the Eastern Equatoreal ; and
Reductions of the Observatisns, page 33 to 49.

The method of observing and the elements of reduction are explained for the most part
in the notes. The following points, however, require notice.

The stars distinguished by the letters (a), (), &c., are the same as those marked by
those letters in the Nautical -Almanac, 1839, page 551, &c. Their mean places, however,
(as well as that of A.S.C., 1322) upon which the apparent places used in these reductions
are founded, are deduced from the Catalogue of N.P. D. in the present volume : excepting

g 2
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xliv INTRODUCTION TO GREENWICH OBSERVATIONS, 1839.

only those of (d), (¢), and (f), for which the places in the Nautical Almanac have
been used.

The tabular places of Mars were interpolated with second differences between the places
for noon given in the Nautical Almanac.

The reduction of the observations of Feb. 16 depends on the value of five revolutions
of micrometer . On examining the observations and calculations made in 1836 for
deducing the value of micrometer g, it was found that, though several arcs had been
measured, they had been injudiciously combined, so that the result was affected with the
whole value of the error in one observation; and that there was ample reason for
supposing the possibility of a large error in that observation. On 1840, Aug. 21, the
observations were repeated with both micrometers, and the following results were obtained :

One revolution of a between 80T and 907 = 307752
between 90° and 100" = 31 155
(this micrometer does not carry its wire beyond 100°).

One revolution of b between 80f and 90* = 30”705
between 90T and 1007 = 30 821
between 100° and 110" = 31 161
between 110" and 120" = 30 ‘670

It appears from this that the adopted value for ), namely 30"721, may be retained
without sensible error: and that the value found for @ coincides so nearly for that found
for b, that it is most probable that the screwsare exactly equal. Hence, from the data
in the note to page 39, the position of the wire a, as expressed by means of b, ought
to be 99711 + 57 = 104~711, instead of 104926 : the difference is 0215, or 6”60,
by which quantity the reading for the star, on February 16, ought to be diminished, or
the reading for N.P.D. of Mars ought to be increased, and the ertor of interpolated
N.P.D. ought to be diminished by the same quantity.

The only observations in preceding years whose results are affected by this error are
those of Mars and neighbouring stars in 1837, Feb. 14, printed in the volume for 1837,
pages 130 to 133, series 13 to 20.

§ 11.  Right Ascensions and North Polar Distances of Galle's First Comet and
neighbouring Stars, observed with the South and East Equatoreals: with the Reduction
of the Observations, page 52 t079.

The methods of observation and reduction are so completely similar to those in other
Equatoreal observations, that it is unnecessary to dwell upon any explanation.
In regard to the Right Ascensions, the following remarks are necessary.
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The clock (Earnshaw for the South Equatoreal, and Arnold 1 for the East Equatoreal)
was compared with the Transit Clock at each set of observations, and also (on the usual
system of comparison) every week: and no sensible doubt remains as to the amount of
clock-error.

The hour-circle-readings with the South Equatoreal are very rough: they were intended
only for verifying the place of the comet sufficiently to insure finding it again: the con-
struction of the instrument does not permit more accurate readings. The relation between
the hour-circle reading and the hourfangle, in the position in which the instrument was
used for these observations, is, Hour-circle-reading + Hour-angle E. = 6".  The hour-
circle for the East Equatoreal admits of being read by its micrometer-microscopes with
great accuracy. The runs of the microscopes appeared to be nearly correct. The
instrument was used in the same position through all the observations, the graduated face
of its declination-circle being E. The relation between the circle-reading and the hour-
angle in this position is, Hour-circle-reading + Hour-angle E. = 12"

The approximate hour-angles and N. P. D. are those which are used for computing the
Refraction and Parallax. The absolute amount of these cotrections, may in some
instances be sensibly erroneous: but the differences between the corrections for the
different objects (which alone are important here) will not, it is presumed, be ever subject
to sensible error. ,

The log. distance employed for the computation of parallax is taken from the Ephemeris
in the Astronomische Nachrichten, No. 395.

The authorities for the assumed A. R. of the stars are the following:

3 Ophiuchi, « Lyre, 3 Aquile, are taken from the Nautical Almanac.

The mean places of A Ophiuchi, y Ophiuchi, 8 Ophiuchi, @* Serpentis, e Serpentis, are
brought up from the Astronomical Society’s Catalogue, and corrected by adding A a +
Bb+Cc+ Dd

The mean places of the other stars (except (¢) which could not be found with the
meridional instruments) are taken from the Observations of 1840, roughly reduced : they

are as follows :

Mean A. R. 1839, Jan, 1. Mean A. R. 1840, Jan. 1.
h m s
(8) veveen-. oo 16.29.42-33
(B) weererrenn 16.37.42.76
h m s

Piazzi XVIL 177 . .cieiiiiiieninnnnn. veveeees 17.31. 4-21
(€ ) PO e 17. 44.28 63
€ «vunre. e e e 18. 8.5705
€ 2 FET R e e ceeeen 18. 5.34°59
() vvvvnnnnnnnnns et eeereieeaeaeean e 18.48. 405

These are corrected by the formula equivalent to Aa + Bb + Cc + D d.
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The Apparent Correction for Index Error is found by subtracting the Instrumental A.R.
of the stars from the Assumed A.R.

When the comet and a star are observed in the same series, the adopted index-correction
applied to the comet is always that deduced from the star in the same series. In other
cases, the selection of stars for the adoption of the Index-Error is explained in the notes.
As a general rule, it is thought desirable to select stars observed before and after the comet,
as tending in some degree to eliminate the small errors in the computation of refraction for
low objects. '

The Interpolated A.R. of the comet is computed from the Ephemeris in the Astronomische
Nachrichten, No. 395.

In regard to the North Polar Distances, the following points are to be remarked :

The correction for runs of the declination-circle of ihe Eastern Equatoreal is given in
the notes.

The value of 1¢ of the Sector of the South Equatoreal is considered, as in 1838, to be
333" Tor 1' of the micrometer-microscope it was necessary to make a new determination,
the microscopes having been altered since 1838. By several experiments made on Jan. 5,
1840, which agreed closely, it appeared that 187.668 = 1% from which 1" = 17"'838.
With these numbers the computation of the column of ““ Pointer Reading and Micrometer
Reading in Arc” has been effected. _

The authorities for the assumed N. P. D. of the stars are as follows:

The places of 3 Ophiuchi and 3 Aquile are taken from the Nautical Almanac.

The mean places of all the other stars are taken from the Observations of 1840 roughly
reduced : they are as follows:

Mean N. P. D. 1839, Jan. 1. Mean N. P. D. 1840, Jan. 1.
o ’ "

(@ covniens vee. B86.34.30°12

» Ophiuchi...... 87.39.2859

(B) <veveeere. 86.48.46.72

o ’ L

Piazzi XVIL 177 ....c000cene ceerenee creseees  87.52.27°41
g Ophiuchi ........ Cerieereaanns cetssscsessss  85,21.36°40
y Ophiuchi +vvvevvieriieiiiiiiierieeneaeeeee. 87.13.36°83
(d) covevennns feeeeeeesieceeneenneseseseeees 88.14.45°83
(€) wevevennnns e evenaes teiersaseees. 89, 2.36°13
() cevevneannns ceeans P .. 89.21. 967
d? Serpentis.......... Ceracenanane ceesenraes .o 89.53.35°45
e Serpentis. coeeeesenns cevees Cereesees ceesese. 91, 6.36°84 .
(@)evevencnnns et eteretesireneaeereaceeeeess 91.59,5129

The small irregularity in the apparent correction for Index-Errors undoubtedly arises in
part from the failure of the formula for refraction. The selection used for the adopted
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correction is mentioned in the notes; in this the rule has usually been, when the apparent
corrections vary according to a perceptible law, to use one preceding and one following the
observation of the comet. But in all cases, when the comet and a star are observed in the
same series, the index-error from that star is used as preferable to any other.

The Mean Solar Times are the same as those for the observation of A.R., with the
exception of a few series in which there were no observations of Transits. The numbers
of these series, and the observed clock-times, are as follows :

h m 8
Series 24 clock time of observation..... 13.36.44°0
25 cecaneccens teecoessasseannns 13.37.59 5
D6 ceerececsirctestaaanns ... 13.39.16°0
P I seerecesanne 13.43.46 0
30 ...... teeee %ecncenacceanans 13.45. 100

The Interpolated N. P. D., as well as the log. distance used in computing the parallax,
is calculated from the Ephemeris in the Astronomische Nachrichten, No. 395.

For the method of computing all the refractions and parallaxes in the Equatoreal Obser-
vations, the reader is referred to the Observations of 1836, page lxiv.

§ 12. Eclipses, Occultations, and Transits of Jupiter’s Satellites, and Occultations of
Stars by the Moon, with the Equations deduced from the Occultations.

The tabular statement of observations appears to require no remark, except that the
clocks were always compared (by setting an adjustible chronometer or click in accordance
with the Transit Clock, and carrying it for comparison with the clock in question), as near
as possible to the time of observation, and that a regular weekly comparison of all the
clocks is used to check the incidental comparisons.

For the computation, the star’s place is taken from the ¢ Elements for facilitating the
Computation of Occultations” in the Nautical Almanac, with one exception only, namely
the A.R. of 96 Aquarii, October 19. The A.R. has been erroneously computed in the
Nautical Almanac, and ought to be 23" 11™.6%81, instead of 28" 10™ 59*32. The
Moon’s geocentric place, semidiameter, and hor. eq. parallax, are interpolated with
second differences from the Nautical Almanac. The hor. eq. parallax is then corrected
by a quantity taken from the following Table, depending on the zenith-distance (Z),
and the angle from the vertical (on the Moon’s limb), as seen in an inverting telescope,
“ at which the occultation takes place (V). The investigation from which this table is

formed, is given in the Cambridge Observations, 1831, Introduction.
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Correction to the Moon’s Horizontal Parallax, to be used when the Parallax is applied to the Limb.

Angle from the Zenith Distance.
vertical as seen -
in an inverting

telescope. 0° 10° 20° 30° 40° 50° 60° 70° 80° 90°

o
0 360 +0°04 |+0°06 |+0°08 +0°10 |4+0°12 |{+0°13 |+0°15 +0°16 {4016 |+0°16
10 350 +004 [+0-06 |+0°08 |+0°10 +0°12 |+0°13 {+0°15 |[+0°15 +0°16 |{+0°16
20 340 4004 |+0°06 |+0°08 |+0°10 +0-11 |+0°13 [+0°14 +0°15 |+0°15 |+0°16
30 330 +0:04 |+0°05 |+0°07 +0°+09 |+0°11 {+0°12 +0°13 |4+0°14 |+0°15 +0°15
40 320 +0+04 |4+0°05 |+0°07 [+0°-08 +0-10 |+0°11 |+012 |4+0°13 4013 |{+0°13
50 310 +0°04 |+005 |4+0°06 +0-08 |+0°09 |4+0°10 +0-11 |40°11 |+0°12 +0-12
60 300 4+0-04 |4+0°05 [+0°06 |+0°07 4+0°08 |+0°08 [+0-09 |+0°10 +0°10 |{+0°10
70 290 4+0:04 |4+0°04 [+0°05 |+0-06 +0°06 |{+0°07 [+007 |+0-08 +0°08 |+0-08
80 280 +0:04 |+0°04 |+0°04 |+0 05 |+0°05 |+0°05 [+0°05 1+0-06 |+4+0°06 |+0°06
90 270 +0°04 |+0°04 {+0°04 |+0°04 +0°04 |+0°04 |4+004 +0-04 {4+0°04 |+0°04
100 260 4004 [4+0°+03 {+0°03 [+0°02 4002 |+0°02 |+0°02 |+0 ‘01 |4001 |40°01
110 250 +0°04 [+0°03 |+0°02 |+0°01 +0°01 000 0°:00 |—0 01 {—0°01 |—0-01
120 240 4004 |{+0°02 |+0-01 000 |—0-01 |—0+01 |—0-02 |—0°03 —0:03 |—0-03
130 230 +0°:04 |+0+02 |+0-01 |—0-01 __0:02 —0°-03 |—0-04 |—0°04 {|—0°05 |—0 ‘05
140 220 4+0°:04 |+0°02 0°00 |—0-01 |—0°03 |—0°04 [—005 |—0 ‘06 |—0°06 |—0'06
150 210 +0°04 [+0°02 0:00 |—0-02 {—0-04 |—0°05 |—0°06 —0°07 |—0-08 [—0°08
160 200 +0:04 |+0-01 |—0°01 [—003 004 |—0-06 |—0°07 |—0°08 |—0-08 |—0°09
170 190 +0°04 [+0-01 |—0-01 {—0°03 __0-05 |—0°06 |—0-08 | —0°08 |—0 09 |—0 09
180 180 4+0:04 |+0-01 |[—0°01 |{—0°03 _0-05 |—0-06 |—0+08 {—0°09 |—0-09 |—0-09

Z is found by means of a celestial globe: Vis taken from the Nautical Almanac.
The eq. hor. parallax thus corrected is applicable to the point of the limb at which the
occultation happens.

The following quantities are then formed :
F = log. sin. star’s hour-angle + log. seconds of corrected eq. hor. parallax
+ 9:4942187.
G = log. sin. star’s N.P. D. + log. sin. star’s hour-angle + log. seconds of corrected
eq. hor. parallax + 9-8913921.
(The former constant is the logarithm of half the distance of Greenwich from the earth’s
axis, and the latter is the logarithm of the distance of Greenwich from the plane of the
equator.)

Then putting 6 for the apparent hour-angle of the point of occultation = star’s hour-

angle,
° 3 for the apparent N. P. D. of the point of occultation = star’s N. P. D.
¢ and ¥ for the geocentric hour-angle and N. P.D. of the corre-
sponding point on the Moon’s surface (namely, the point of contact of a line
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drawn from the earth’s center in the vertical plane passing through the point of
occultation)

the following equations are solved by successive trials, assuming a value for ¥':
log. + (6—6') in seconds = F — log. sin. & + log. -Sz—;% for hor. parallax
+ log. 2= for (9 — 0’
% Gne ( )

log 1" n° = G + log. secant § (§— 6) + log. $18€ for hor. parallax

arc
log. 2 for (3— 3")— log. sine } (4 + 6
+ log. — for (®—7?¥")— log. sine % (6 + ¢)

log. 2™ n° = log. 3 (§ — ") in seconds + log. a0 for 4 (6—48")

arc

+ log. sin. (3 + ¥ — 180°) + log. cot. 3 (8 + 6") + log. 3_-‘% for 0 — %)
sin
d—% = 1¥n° 4 2™ n".
In the first trials the log. a,—:l%, &c. are omitted. The convergence of these approxi-
Sl

mations is extremely rapid. When ¥ and 6 are found accurately, the distance of the
corresponding point from the Moon’s center is thus found:
log. tan. ¢ = log. diff. A.R. of Moon’s center and corresponding point + § log. sin.

N.P.D. of Moon’s center + % log. sin. ¥ —log. diff. N.P.D. of
Moon’s center and corresponding point.

log. dist. = log. diff. N.P.D. — log. cos. ¢.
or = log. diff. A.R. + }log. sin. N.P.D. of center + } log. sin ¥—log. sin. 4.

The co-efficients of small variations of the North Polar Distances, and of the
Difference of Right Ascension (in the expression for distance), are computed by the
formule,
log. 1* n° = ¢ log. diff. A.R. + log. sine (sum of N.P.D.) — log.dist. + 4-0835.
log. 2*¢ n° = log. diff. N. P. D. —log. distance.

Co-efficient of variation of greater N.P.D. = 1*n° + 2" n°.

Co-efficient of variation of smaller N.P.D. = 1* n° — 2" n".

Log. co-efficient of variation of diff. A.R. =

log. diff. A, R. + log. sin. ¥ + log. sin. Moon’s N.P.D. — log. distance.
h
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The variation of the A.R. of the corresponding point contains the following terms:

1st. The alteration of the A.R. of the star by the quantity ¢" will alter the A.R. of
the corresponding point by very nearly the same quantity e".

ond. The alteration of the horizontal equatoreal parallax in the proportion of
1:1 + TZ)_nOT) will alter all the deduced parallaxes (in A.R. and in N.P.D.)

in nearly the same proportion : and therefore the A.R. of the corresponding

point will be altered by 1—(% x correction for parallax in A.R.

3rd. The alteration in the position of the Moon with regard to the meridian, depend-
ing on the alteration of time ¢°, will introduce an alteration in the correction
for parallax. It is computed by the following formula; in which P is the
horizontal parallax, and / is the geocentric latitude of Greenwich.

Alteration, in correction of A.R. of corresponding point for parallax, depending on the
alteration of time =

" f sin. P. cos. I cosec. N.P.D. cos. hour-angle.
Yxt X
| }

+ sin.? P cos.? [ cosec.? N.P.D. cos. 2 hour-angle.

This supposes that the star’s place is correct. If the Moon’s place were supposed
correct, the factor instead of 15" x ¢ would be (15" — Moon’s change of A.R.) x &.

The variation of the A.R. of the Moon’s centeris 2" + ¢ x change of A.R.in 1*.

The variation of the N.P. D. of the corresponding point contains three terms analagous
to those for the A.R.: namely—

1st. The alteration of the star’s N.P.D. by the quantity f* will alter the N.P.D. of
the corresponding point by f” nearly.

m
1000

x correction for

and. The correction for parallax in N.P D. will be altered by
parallax in N.P.D. :

3rd. The increase of hour-angle (considered positive when the Moon is west of the
meridian) depending on the alteration of time ¢* will alter the correction for
parallax in N.P.D. by the following quantity :

( — sin. P. cos. l.cos. N.P.D. —sin.* P.sin. /. cos. /. cos. 2 N.P.D.)sin.

\ hour-angle.
137 x 1 % (— 3 sin.t P. cos.? L cot. N.P.D. 4 sin.? P, cos.® I cot. N.P.D.

cos.t N.P.D.) sin. 2 hour-angle.
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OBSERVATIONS OF THE FREE MaGNETIC NEEDLE. li

The variation of the N.P.D. of the Moon’s center is y”+ ¢ x change of N.P.D.
in 12,

The computed distance, altered by the sum of the products of the preceding variations
by their proper co-efficients, is made equal to the semidiameter altered by the term

semidiameter x 10" and thus the final equation is formed.

§ 138. Observations of the Free Magnetic Needle, &c.

In consequence of a representation of the Board of Visitors to the Lords Commissioners
of the Admiralty, an additional space of ground on the south-east side of the existing
boundary of the Observatory grounds was inclosed from Greenwich Park for the site of
a Magnetic Observatory, in the summer of 1837. In the spring of 1838 the Magnetic
Observatory was erected. Its nearest angle is about 230 feet from the nearest part
of the Astronomical Observatory, and about 170 feet from the nearest outhouse. It is
built of wood ; iron is carefully excluded. Its form is that of a cross with four equal
arms, nearly in the direction of the cardinal magnetic points : the length within the walls,
from the extremity of one arm of the cross to the extremity of the opposite arm, is forty
feet : the breadth of each arm is twelve feet. The height of the walls inside is ten feet,
and the ceiling of the room is about two feet higher. The northernarm of the cross is
separated from the central square by a pattition, so as to form an ante-room. The
meridional magnet is mounted in the southern arm: it is intended to mount a bifilar
magnet in the eastern arm, and a magnetometer for variations of vertical force in the
western arm.

The theodolite with which the meridional magnet is observed is by Simms : the radius
of its horizontal circle is 83 inches: it is divided to §', and read to 5" by three verniers,
carried by the revolving frame of the theodolite. ~The fixed frame stands upon three
foot-screws, which rest in brass channels let into a stone pier, that is firmly fixed in the
ground and unconnected with the floor.  The revolving frame carries the Y's (with vertical
adjustment at one end) for a telescope with transit axis : the length of the axis is ten inches
and a half : the length of the telescope twenty-one inches : the aperture of the object-glass
two inches. The Y’s are not carried immediately by the T head which crosses the vertical
axis of the revolving frame, but by pieces supported by the ends of that T head and
projecting horizontally from it: the use of this construction is, to allow the telescope
to be pointed sufficiently high to see 3 Urse Minoris above the pole. The eye-piece
of the telescope carries only one fixed horizontal wire, and one vertical wire moved by
a micrometer-screw. 'The stone pier is fixed nearly in the line which divides the southern
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lii InTrODUCTION To GREENWIcH OBSERVATIONS, 1830.

arm of the cross from the central square : in the roof of the building an opening is made
(closed by shutters), in the direction of the astronomical meridian of the pier, through
which circumpolar stars can be observed, as high as § Ursee Minoris above the pole,
and as low as 8 Cephei S. P.

For supporting the magnet, a braced tripod wooden stand is provided, resting on the
ground and unconnected with the floor. Upon the cross-bars of the stand rests a drum
(having a covering of glass), within which the magnet vibrates. On the southern side
of the principal upright piece is a moveable upright bar, turning in the vertical E. and W.
plane, upon a pin in its center, which is fixed in the principal upright: this moveable
upright picce carries at its top the pulleys for suspension of the magnet; and this
construction is adopted in order to give an E. and W. movement to the point of
suspension, by giving a motion to the lower end of the bar. The top of the upright
piece carries a brass frame with two pulleys: one of these pulleys projects beyond the
north side of the principal upright, and from it depends the suspension skein : the
other pulley projects on the south side: the suspension skein being brought from the
magnet up to the north pulley is then carried over it and over the south pulley, and
is then attached to a string, which passes downwards to a small windlass, that is carried
by the lower part of the moveable upright. The intention of this construction is, to make
it easy to alter the height of the magnet without the trouble of climbing to the top of
the frame. The height of the two pulleys above the floor is about eleven feet nine inches,
and the height of the magnet is about three feet : so that the length of the free suspending
skein is about eight feet nine inches.

The magnet was mace by Meyerstein, of Gottingen : it is a bar two feet long, one inch
and a half broad, and about a quarter of an inch thick : it is of hard steel throughout. The
suspension-piece was also made by Meyerstein, but it has since been altered under
my direction by Simms. The magnet is not now inserted endways in its support, but
sideways ; a double square hook being provided for sustaining it : and (by an alteration
very lately made) the upper part of the suspension-piece is simply hooked into the skein.

The suspending skein is of silk fibre, in the state in which it is first prepared by silk-
manufacturers for further operations ; namely, when seven or more fibres from the cocoon
are united by juxtaposition only (without twist) to form a single thread. It was reeled
for this purpose at my request by Mr. Vernon Royle, of Manchester. The skein is
strong enough to support perhaps six times the weight of the magpet, &c.: I judged this
strength to be necessary, having found that a weaker skein (furnished by Mr. Meyerstein)
broke ultimately even with a smaller weight.

Upon the magnet there slide two small brass frames, firmly fixed in their places by
means of pinching-screws. One of these contains, between two plane glasses, a cross
of delicate cobwebs: the other holds a lens, of thirteen inches focal length aud nearly
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two inches aperture. This combination, therefore, serves as a collimator without a tube :
the cross of cobwebs is seen very well with the theodolite telescope, when the suspension
bar of the magnet is so adjusted as to place the collimator object-glass in front of the
theodolite object-glass, their axes coinciding. The wires are illuminated by a lamp and
lens in the night, and by a reflector in the day.

In order to diminish the extent of vibrations of the magnet, a copper bar, about one
inch square, is bent into a long oval form, intended to contain within itself the magnet
(the plane of the oval curve being vertical). A lateral bend is made in the upper half of
the oval, to avoid interference with the suspension-piece of the magnet. The effect of
this copper bar is very striking: it appears, from rough experiments, that every second
vibration of the magnet (that is, when a direct and reverse swing have been finished)
is reduced in the proportion of 5 : 2 nearly. Two such bars were mounted, for con-
venience of use, in different positions of the magnet. Experiments made in the year
1840 have given reason to think that one of them (that which was used in 1839 with
the collimator west) is not entirely free from magnetic action: and the determinations,
therefore, when the collimator was west, may be liable to an unknown constant error
from this cause.

It is proper also to mention another circumstance which may have introduced constant
error in some of the observations. When the skein of silk was mounted, it was found
too short to pass down to the windlass on the south side of the suspension-bar: and
it was lengthened by attaching to it a piece of string at the end next the windlass.
The tension caused by the weight of the magnet, &c., gave a strong twist to the string
and the adjacent part of the skein. The friction upon the suspension pulleys was quite
sufficient to prevent this twist from being communicated to that part of the skein to which
the magnet is attached : and, as care had been used at first to take out the twist in that
part by the suspension of a brass bar, and as care was habitually taken to maintain a
pressure upon the suspension-hook whenever the magnet was taken out, it is extremely
probable that no sensible error is caused by the transmission of the twist over the pulleys.
It is, however, possible that error is caused, as it was found in 1840 that a complete
relaxation of the pressure would allow a twist to be given to the suspending part of
the skein. An alteration has now (1840) been made in the mounting, which will
effectually prevent this twist in future.

The following are the determinations of the different elements of reduction of the
observations :

1. To determine the micrometer reading for the line of collimation of the theodolite-
telescope.

On 1839, Feb. 16, the magpet, with its collimator, was placed on blocks, and

the cross of cobwebs was observed as a fixed mark : the theodolite being clamped,
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and the telescope-axis being reversed at each observation. The results were
as follows :

Position of Readings of | Position of | Readings of | Position of Readings of
1lluminated Theodolite Illuminated Theodolite Illuminated Theodolite
End. Micrometer. End. Micrometer. End. Micrometer.
w 99540 w 99445 w 99 463

E 100 672 E 100 *631 E 100 -660

w 99 ‘475 W 99 -4563 w 99 450

E 100 613 E 100 *612 E 100 -648

The mean of these, or 1007056 is used for the true line of collimation.

9. To determine the inequality of the pivots of the theodolite-telescope.

On 1838, June 6, the telescope was repeatedly reversed, and the level applied
in each position. The following are the results; the measures being in parts of
the level scale, and each result being derived from six applications of the level,
in positions alternately reversed.

Position of West End Position of West End Position of West End
Iluminated apparently Illuminated apparently Hluminated apparently
End. High. End. High. End. High.

P P p
E — 621 E — 4°74 E — 272
W + 0°69 w + 2°94 w + 2°85
‘E — 5°49 E — 219 E — 365
w + 3°08 w + 241 w + 2-87

From these it appears, that the end of the level which is placed upon the
illuminated end is too high by 8732. And, as the angles of the Y’s and those
of the level-forks are nearly equal, we may conclude that, when the level indicates
the axis to be horizontal, the axis at the illuminated end is really too low by
166. One part of the level scale was found by Mr. Simms to be equal
to 1":0526.

3. To determine the reading of the azimuth-circle of the theodolite for the astro-
nomical meridian.

The following table, it is presumed, will require no other explanation than this :
that the error of level is determined by application of the spirit-level at the time
of observation (due regard being paid, in the reduction, to the inequality of pivots
already found, and to the value of its scale); and that the azimuth-reading is
then corrected by the quantity, elevation of W. end of axis x tan. star’s altitude.
The readings of the azimuth-circle increase as the instrument is turned from N:
to E. S. W.: from which it follows that the correction must have the same sign
as the elevation of the W. end.
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The value adopted for 1° is 1'.34"-07.

5. To determine the time of vibration of the magnet loaded with its collimator, &c.,

when suspended for observation.

The times at which the image of the cross in the collimator passed the
micrometer-wire of the theodolite-telescope in a certain fixed position, were noted
as follows :

Observations for the Time of Vibration of the Meridional Magnetic Needle.

Clock Time of | Intervals Clock Time of | Intervals
Collimator-cross in Collimator-cross in
Day, 1839. [passing the Mi-| Sidereal |Day, 1839.|passing the Mi-| Sidereal
crometer-wire. | Time. crometer-wire, | Time.
m s s b om s s
Jan, 28 29. 173 303 Jan. 29 52.458 31°0
29.47°6 . 29 -6
307 53.15°4 ;
30.18 -3 .9 32°8
30°0 53.48 2
30. 48 '3 . 28 ‘6
30 -8 54. 16 ‘8 .
31.19°1 . 318
29 -8 04.48 ‘6
31.48°9 . 29 5
303 55.18 1
32.19 -2
32.49-3 | 201
o 30 ‘4 Jan. 30 [21.25.18 ‘6
33.19 7 . 30 ‘6
303 25.49 -2
33.50 -0 . . 28 7
. 306 26. 179 o
34.206 324
e 29 °8 26. 50 *3 .
34. 504 31°1
27.21°4 .
27.63°1 317
Jan. 29 49,425 > 29 9
305 28,230 .
50.13°0 . 333
307 28. 563
50.43 1 . . 30 -0
303 29. 26 °3 o
51.14°0 320
31°0 29. 58 3
51.45°0 on . 295
52.14 -8 29°8 30.27°8 315
: 30. 59 3

From these it appears that 30° may in practice be used as the time of vibration
of the magnet.

The observations of the magnet, in the series to which we are about to proceed,
as well asin the actual determinations in the body of the work, were made in
the following manner. The hour-circle of the theodolite being clamped, and
the verniers read, the collimator-cross was viewed through the theodolite-telescope,
while the observer listened to the beats of a clock. At every thirtieth beat, the
observer brought the wire of the telescope-micrometer upon the image of the
cross, and read the micrometer. This observation can be made with great delicacy.
The mean between each reading and the next is taken as the reading for the
quiescent position of the magnet: which it would be if there were no change
in the direction of magnetism during the vibration (the observations at intervals

i
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equal to the time of vibration necessarily finding the magnet in opposite phases
of its vibration) : and the operation is accurate only on the supposition that the
direction does not change sensibly during the vibration. Several means between
adjacent readings being taken, the mean of all is adopted as the place of the
magnet for the mean of all the times. The telescope is placed so that its
micrometer-head is on the left side of the telescope: in this position, the
micrometer-readings increase as the North end of the magnet swings to the East;
and, if the micrometer-readings are to be combined with the circle-readings,
their equivalents are to be added.

6. To determine the error of collimation of the magnet-collimator, with reference to

the magpetic axis of the magpet.

A magnetized bar of the same size was suspended on a tripod in the Octagon
Room : a reflector was attached to its center: and a telescope with a wire in
its focus was directed to the reflector, so as to view by reflection from its surface
a scale which was fixed immediately below the object-glass of the telescope.
The distance of the scale from the reflector was 7°. 4™8 : each division of the
scale = 42 inch: from which it appeared that the apparent movement of one
division of the scale across the wire indicated a change of position of the magnet
equal to 7. 297, or equal to 4781 of the theodolite-micrometer. The time
of vibration of this magnet was nearly 20°. One observer, therefore (Mr. Glaisher),
observed the magnet in the Octagon Room every 20°, while another (Mr. Main)
observed the magnet in the Magnetic Observatory every 30, then reversed it in
its hooks and again observed it, and so on. The results are contained in the
following table.

Mean |Equivalents in

Reading of | Revolutions Micrometer

Position Mean Scale for of the oﬁ{’.ﬁi{'ﬂﬂi’.ﬁ,i.
Day, Clock of Micrometer temporary | Micrometer, |nished by cquiva-
1840, Time. Collimator  Reading. Magnet. — 9207, | lents for tempo-
rary Needle,
h m s T d r r
July 25| 7. 0.45 West 101431 48 *89 13 137 87694
7. 2.45 West 100 -316 48 ‘83 13450 86 ‘866
7.26. 45 East 106 873 48 *76 13°116 93 157
7.28.456 East 106 -833 48 ‘64 12542 94 291
7.50.45 West 98 -346 48 *44 11686 86 760
7.62.45 West 97 -891 48 67 12 686 85205
8. 13. 456 East 105 -083 48 34 11108 93 -975
8.15.45 East 104 -522 4852 11969 92 -563
8.40.45 West 98 -021 48 '51 11:921 86100
9, 8.45 East 105 *2568 48 *569 12303 92 -955
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From these observations it appears that, when the collimator is East, the
micrometer-reading is too great by 3491 or 5'.28"4. As that copper oval was
employed, which appears to be without action on the magnet, this result is probably
worthy of great confidence.

7. To determine the error produced by the plate-glass placed in front of the opening
in the drum.

A small mark in the glass serves to define its position. This mark is usually
on the western side. On July 31, 1840, the magnet being placed on blocks,
and the theodolite clamped, observations of the collimator-cross were made,
reversing the glass after every observation : the results are as follows :

Mean of 10 readings, mark East, 99-963
Mean of 10 readings, mark West, 100149

Hence with the mark West, or in its usual position, the reading is too great
by 0~093 = 8"7.

I may now proceed to explain the course pursued in the observations, of which the
results only are given in the printed Observations.

The Gottingen mean time being converted into Greenwich mean time, the sidereal time
was computed (there being only a sidereal clock in the apartment), and the clock-error
being applied, the clock-time for each observation was found. The nearest even seconds
were taken (in the Observations of Feb. 22, the nearest multiple of 15% in the others
the nearest multiple of 10°%), and 45° was subtracted from this, for the first observation:
for the others there were added to this 30°, 60°, and 90°. Thus four times were
pre-arranged for each 5-minutely determination, the intervals of those times being the
same as the time of vibration of the magnet, and the mean of the times being not more
than 5° distant from the required Gottingen time.

The observations were distributed among the six assistants and myself each person
taking the observations of two hours at a time.

Each observer read the verniers of the theodolite at least once during his term of
observations. And if (as sometimes happened) the magnet moved so far that it was
necessary to turn the theodolite, the verniers were immediately read. It was found
(from a comparison of readings made at other times) that the vernier-readings of Mr.
Richardson were always too great by 9”, and they have not therefore been used.

The rest of the observation consisted simply in observing the cross with the micrometer-
wire at each of the pre-arranged times.

The reduction consisted in taking the mean of each pair of adjacent-readings (which
gave three means for each 5-minutely observation), taking the mean of these three, and
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converting it into arc by the value 1' = 1'.34"07 : then adding this to the adopted mean
of verniers, and diminishing the sum by 2°.36'.52"3, which is the equivalent for 1007056,
the reading for the line of collimation. The results then become comparable with the

results of the astronomical observations.
It is to be observed that, in the reduced results here given, the corrections for error

of collimation of the magnet and error produced by the plate-glass are not applied. The
reader can apply these without difficulty : but the results will still be subject to some
uncertainty from the possible effect of the (apparently) ferruginous copper bar, and from
the possible effect of torsion.

§ 14. Meteorological Observations made on the Days of the Equinoxes and Solstices.

These observations were made in conformity with a recommendation of 3ir John
Herschel, extensively circulated in this country. The observations are given without

any correction.
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