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GREENWICH

ASTRONOMICAL OBSERVATIONS,
1866.

INTRODUCTION.

1. Personal Establishment and Arrangements.

Dunixc the year 1866, the establishment of Assistants in the Astronomical Depart-
ment of the Observatory consisted of the following persons :—Edward James Stonc,
Esq., M.A., Fellow of Queens’ College, Cambridge, First Assistant; Mr. Edwin
Dunkin, Mr. William Ellis, Mr. George Stickland Criswick, Mr. William Thynne
Lynn, B.A. Univ. London, and Mr. James Carpenter.

The duties of the establishment are distributed in the following manner :—

The First Assistant, in the absence of the Astronomer Royal, is empowered to
act in all respects as his representative, and to conduct confidential as well as routine
business. In the ordinary transactions, the First Assistant superintends the calcu-
lations generally; and observes, occasionally, with any of the instruments. The
observations made by Mr. Stone are distinguished by the signature S.

Mr. Dunkin has the superintendence of the Altazimuth, which is specially devoted
to extrameridional observations of the Moon. The observations necessary for the
determination of the errors of division, of the form of the pivots, and of the
flexure of the telescope of the Transit-Circle, have been also made by Mr. Dunkin.
The ordinary observations with both these instruments have been generally made by
Mr. Dunkin, Mr. Ellis, Mr. Criswick, and Mr. Carpenter; occasionally obsecrvations
have been made by Mr. Lynn. The initials of these observers are D., E., C., J.C,,
and L. Other persons who have occasionally observed with these instruments are :—
Mr. Ernest Augustus John Kerschner, Mr. Thomas Wright, Mr. William Plummer,
and Mr. Henry James Carpenter, who are employed as computers in the Obsecrvatory ;
their signatures are K., W., P., and H.C.

The management of the Galvanic Apparatus for Chronographic Registry of
Transits, movement of sympathetic clocks, and external distribution of time-signals ;
the receiving, issuing, and rating of Chronometers; the raising of the Time-Signal Ball
at 1 o'clock ; and the computations belonging to the same ; are intrusted to Mr. Ellis.

With regard to the Reduction of the Observations.—The First Assistant is always
charged with the duty of making the examination of observations, as entered in the
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Books of First Calculations, in order to ascertain that no error has crept into the
records of individual wire-transits or individual microscope-readings; and with the
adoption of Clock-rates, instrumental zeros and instrumental errors. Mr. Criswick
translates the chronograph-barrel-readings into figures. Mr. Dunkin and Mr. Criswick
respectively superintend the reduction of Altazimuth-Observations, and Circle-Observa-
tions, and the reading of the proof-sheets of these observations and reductions when
printed. Mr. Lynn superintends the reduction of the Transit-Observations, and the
Results of the Meridional Observations, and the reading of the proof-sheets of these
observations and reductions when printed. Mr. Lynn is also charged with the general
superintendence of the supernumerary computers of the astronomical department; by
whom the great mass of calculations and of reading proof-sheets is effected.

The observations with the South-East, or Great Equatoreal, are generally made by
Mr. Carpenter. Miscellaneous observations with the other Equatoreals are not dis-
tinctly appropriated to any special observers.

Mr. Ellis arranges the Money Accounts of the Observatory.

Mr. Carpenter has the general charge of the Observatory Library and Manuscripts.

The whole of these works are under the immediate direction of the Astronomer
Royal, who is responsible for every part.

Correspondence relating to the affairs of the Observatory, not transacted by the
Astronomer Royal himself, is managed under his general or special instructions.

The course of observations and the succession of observers are arranged every
Monday by the First Assistant and sanctioned by the Astronomer Royal. In general,
the Assistant who makes the observations with the Transit-Circle is charged with
all the observations that may occur from 15" mean time (3 o’clock in the morning)
to the next 15"; although it is sometimes found necessary (especially during the
latter part of the Lunation, when the Moon passes the meridian in early morning)
to appoint separate observers for the morning and the evening. It is established as
a rule, to be adhered to as closely as circumstances permit, that no Assistant be
occupied on two successive days with astronomical observations. And it is always
arranged, if possible, when the Moon’s time of transit passes 15% that the same
Assistant should not be required to observe the Moon and accompanying stars late in
the night when the Moon passes last before 15" and early in the morning when the
Moon passes first after 15"

In October 1863, a convention was made with M. Le Verrier, under which
the Observatory of Greenwich is charged with the meridional observations of
the Asteroids from new moon to full moon, the Imperial Observatory of Paris being
charged with their observation from full moon to new moon. Since this arrangement
has come into effect, the aid of the additional observer, previously necessary for the
evening observations, when the Moon passed the meridian in early morning, has not
often been required; it is found at the same time that all requisite observations
can be made without greatly increasing the labour of the observer.

For many particulars relating to the internal constitution of the Observatory, refer-
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PersonAL EsTABLISHMENT, ANCIENT InsTRUMENTS, AND TRANSIT-CIRCLE. iii

ence may be made to the ¢ Regulations of the Royal Observatory” forming Appendix II.
to the Greenwich Observations, 1852.

II. Instruments.

The principal Instruments used by Halley, Bradley, Bliss, and Maskelyne, are still
preserved in the Royal Observatory : namely, Halley’s Transit, with pivots unequally
distant from the Telescope ; Bradley’s Transit ; Bradley’s small Equatoreal ; the Zenith
Sector of Bradley and Maskelyne; and the two Mural Quadrants, mounted on their
pier, the Quadrant on the Western side of the pier being now included in the smaller
fire-proof room of the Observatory. The ancient instruments first mentioned, together
with the Telescopes for investigating the parallaxes of « Aquilee and « Cygni, formerly
attached respectively to the West side of the pier of Troughton’s Mural Circle, and
to the Quadrant pier, are now, with proper labels, suspended on brackets on the
Western wall of the Transit-Circle Room.

Troughton’s Transit Instrument and Mural Circle, used to the end of the year 1850,
were dismounted in the year 1851, and are suspended, the one on the West and the
* other on the East wall of the Transit-Circle Room. The object-glass of the Transit
Instrument is now inserted in the Reflex Zenith-Tube. ,

The 25-foot Zenith-Sector was dismounted, and its tube was divided (at its joints)
into several parts, in May 1848 ; and the separate portions of the instrument are stored
away in frames constructed to hold them. The object-glass, as will shortly be mentioned,
was removed from the tube in 1850, to be used for the Collimator of the Altazimuth.

Jones’s Cape Circle was transferred in November 1851 to the Observatory of Queen’s
College, Belfast.

The Instruments now in use are the following :—

The Great Transit-Circle, constructed by Messrs. Ransomes and May, as engineers,
and by Mr. Simms, as optician, erected in the year 1850, and brought into use at the
beginning of 1851. :

The room in which this instrument is mounted occupies the site of the old Circle
Room, but is extended to the south, so that its entire length is 36 feet. The ridge
of the roof is in the north-and-south direction. The opening in the roof, along the
ridge, is 3 feet wide, and is covered by four shutters: the vertical openings, in the
north and south walls, are also 3 feet wide, and each is covered by a single shutter.
Any one of the shutters can be opened without disturbing the others.

A detailed description of the instrument, illustrated by Plates, is given in Ap-
pendix I. of the volume for 1852. The following particulars may be given here. The
center of the instrument is about 5% feet South and 19 feet East of the old transit-
instrument. The length of the telescope of this instrument is nearly 12 feet, and the
clear aperture of the object-glass is about 8 inches. The length of the axis between
the extremities of the pivots is 6 feet. The axis of the instrument is of cast iron, in
two similar pieces: each half includes half the central cube, one cone, and the pivot
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which terminates it. The mould of the pivot was made of iron, for the purpose of
hardening it by the process technically called cZilling ; the moulds for the other parts
were sand. The two halves are connected by bolts through flanges at the junction-plane
in the middle of the cube. The two portions of the telescope-tube (also of cast iron,
with the exception of the object-glass cell and the eyepiece work) are bolted on the
cube. The diameter of each pivot is 6 inches. Ior examination of the form of the
pivots, each is perforated ; within the hollow of the eastern pivot thereis fixed a plate of
metal perforated with a very small hole, behind which a light can be placed for illumi-
nation; and in the hollow of the western pivot there is fixed an object-glass at a
distance from the perforated plate equal to its focal length. This combination forms a
collimator revolving with the instrument. It is viewed by a telescope of 7 feet focal
length, which, when required, is placed on Y's, one of them planted in the opening
of the western pier, and the other in a hole made for that purpose in the western wall
of the room.

On 1866, June 28, observations were made for the determination of the rela-
tive errors of the form of the pivots of the Transit-Circle. The process employed
is fully explained in Appendix I. of the volume of Greenwich Observations for 1852.
The following table contains the residual errors, which define the apparent changes of
position of a certain imaginary line in the material axis of the instrument.

Trror at | Error at Lrror at | Error at Error at | Error at Errer at | Error at
Inclina- | Inclina- Inclina- | Inclina- Inclina- | Inclina- Inclina- | Inclina-
N. 2. D. |4ion of 45°tion of 45°) N.P. D. ltjon of 45°|tion of 457 N.P.D. o0 of 43°|tion of 45° N.P.D. 0n of 45°|tion of 43°
Pointer | Microme-| Microme-] Pointer |Microme-|Microme-] Pointer |Microme-| Vlicrome-] Pointer |Microme-| Microme-|
. ter Head | ter Head . ter Head | ter Head . ter Head | ter Head Readi ter Head | ter Head
Reading. | Apoveand|Aboveand] Reading: | Apoveand|Aboveand] Re2ding: |Apoveand|Aboveand| Keading. | Apoveand|Aboveand
South, | North South. | North. South. | North. South. | North,

o ! n ”n o ! " " o} ’ n 14 o ’ 14 7

2.30 | 4009 | 4061 92.30 | +0'3g | —o'74 | 182.30 | +0'20 | —0'08 | 272.30 | 4029 | +0'60

7.30 | —028 | 4102 97.30 | +0°34 | —0'54 | 187.30 | —036 | —0°13 | 277.30 | +0'50 | +0°36
12.30 | —0'60 | +062 | 102.30 | +018 | —043 | 192. 30 | —0"35 | —0'32 | 282.30 | 4027 | ~0'38
17.30 | —026 | +0'72 | 107.30 | +0'15 | 4018 | 197. 30 | —0'48 | —0'28 | 287.30 | +0'06 | —0'14
22.30 | —002 | +028 | 112.30 | —0'07 | +0°44 | 202.30 | —0'0g | —o0'50 | 292. 30 0'00 | 4020
27.30 | +0'07 | +073 | 117.30 | —0'22 | +-0'07 | 207.30 | +0'14 | —0'29 | 297.30 | +0'02 | 4023
32.30 | —0'04 | 4025 | 122.30 | —0°'19 | —0*42 | 212. 30 | +0'13 | —0'07 302.30 | 4001 | 4031
37.30 | —o27 | + 001 | 127.30 | —0°'16 | —0'59 | 217. 30 | —0'42 | +o0'19 | 307.30 | —o'01 | 40°05
42.30 | —0'38 | 4001 | 132.30 | —0'08 | —0°12 | 222.30 —0'57 | 4022 | 312. 30 ; —o0'08 | —0'34
47.30 | —0'35 | +023 | 137.30 | —o'17 | 4028 | 227.30 | —0'37 | —0'18 | 317.30 | —0'28 | —0'66
52.30 | +016 | 4018 | 142.30 | —0°23 | +0°57 | 232.30 | +0'13 | 4020 | 322.30 | —o0'I1 —0'56
57.30 | 4024 | —0'08 | 147.30 | —o'o1 | 4013 | 237.30 | 4018 | 4006 | 327. 30 | —o'o1 | 4021
62.30 | +0'cg | —o00g | 152.30 | —0'03 | —0°31 | 242.3c | 4021 | —o'19 | 332.30 | +0'20 | 4050
67. 30 000 | —o0'24 | 157.30 | —o'11 | —0'49 | 247.30 | —o17 | —0'18 | 337.30 | 4017 | 4030
72.30+ —0'35 | —0'05 | 162.30 | +0°18 | —0'62 | 252.30 | —0'45 | —0'13 | 342.30 | +0'74 | —0'66
77.30 | —o'49 | —o°'12 | 167.30 | 4027 | 4020 | 257.30 | —0'43 | +017 | 347.30 | +1'00 | —0'82
%2.30 | —0°03 | —050 | 172.30 | +0°46 | +030 | 262.30 | —0'13 | +1°36 | 352.30 | + 059 | —0'57
87.30 | +0'07 | —0'38 | 177.30 | +0'48 | +0'55 | 267. 30| +025 | +o0'41 | 357.30 | +0°55 | —0'56

These observations agree with those previously made, in not assigning any
appreciable crror to the form of the pivots.

The wire frame contained originally (besides the horizontal wire, to be noticed
shortly) seven vertical wires, adapted to observations of transits by eye-and-ear;
to which six were added in the spring of 1854, for more convenient use in the
observations of transits by galvanic contact: the whole frame and whole system of
vertical wires are moved horizontally by a micrometer-screw, whose graduated head
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is locked up in a small box attached to the eyepiece, to prevent inadvertent distur-
bance of the micrometer after it has been set to the reading which is adopted for
the line of collimation. The micrometer-head is on the eastern side of the eyepiece,
and the rcadings increase as the wire is moved towards the micrometer-head. The
field of view is illuminated by the light from a central gas-light (to be mentioned
hereafter), which enters the axis and is reflected by an internal annular reflector; by
inclining the reflector, the illumination is diminished and finally destroyed; and by
inclining it still more, the light is thrown in such a manner as to illuminate the wires,
leaving the field dark. The intensity of illumination of the wires was, in the original
construction of the apparatus, practically constant : but in 1863, October, an apparatus
was introduced by which the intensity of the light is graduated with great delicacy.
For determining the error of collimation, two horizontal telescopes of about 5 feet
focal length and nearly 4 inches aperture, with their object-glasses turned towards the
center of the instrument, are mounted on Y's which are carried by massive brick piers,
one on the north and one on the south side of the transit-circle. The height of the
axes of these telescopes is as nearly as possible the same as that of the axis of the
transit-circle. A gas-light is carried by each pier; and by means of an adjustable
mirror, the light is thrown into the eye-end of the telescope. In order to prevent
any disturbance of the supports of the telescopes by the radiation from the gas
flames, the supports were effectually shielded by boards and double tin-plates.
Still there was reason to think that a small disturbance really cccurred; and at
length, by a course of experiments in 1860, November, the cause of this was
discovered to be the radiation upon a small part of each of the stone slabs
bearing the telescope-supports. Those parts were then protected by double tin-plates,
attached on 1860, November 12 ; and the disturbance appears to have ceased entirely.
Each telescope is furnished with wires in its principal focus, to be used as collimating
marks; and each telescope may be used as presenting a distinct mark for the other, or
for the transit-circle-telescope. The system of wires is the same in both, consisting of
two parallel wires inclined to the vertical at an angle of about 23°, two other parallel
wires at right angles to the former, and therefore inclined to the horizontal line at the
same angle (the intersection of this pair with the former producing a square), and a
fifth wire parallel to the two last mentioned, and at a distance from the ncarest of about
ten times the side of the square. The middle of that portion of the fifth wire which is
included by the two ncarly vertical wires, is in the same vertical with the middle of onc
of the nearly vertical sides of the square; and these middle points are the points
adopted for observation. Those wires are finer than the others. For adjustment of
these North and South Reversed Telescopes accurately on cach other, the plates
carrying the wires are moveable by micrometer-screws: that of the North Telescope
in altitude only, and that of the South Telescope in azimuth only. Each micrometer-
head, when not in use, is locked up in a box attached to the eyepiece. In order to view
either telescope by the transit-circle-telescope, it is only necessary to direct the transit-
circle-telescope towards that telescope ; but in order to view one telescope by the other,
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vi INTRODUCTION TO GREENWICH AsTroNoMICAL OBSERVATIONS, 1866.

it is necessary to raise the transit-circle so far that there shall be no impediment to a
direct view. A mechanical apparatus is provided for the express purpose of sufficiently
raising the transit-circle.

The trouble and the time required for raising the transit-circle have hitherto
limited the reciprocal observations of the two reversed-telescopes to one observation in
each week. In the copies of this instrument, care has been taken to perforate the
central cube in such a manner that, by placing the transit-telescope vertical, one of the
reversed telescopes could at any time be viewed by the other. In the months of
August and September 1865, the central cube of the Greenwich transit-circle was
pierced for the same purpose. The nature of the internal bracing-plates did not admit
of making a clear circular perforation; but the two opposite sides are pierced each
with eight holes of sector-form which will permit sufficient passage of light. The
sectors are bounded by a circle of 7 inches diameter. In order to make use of this
perforation, the object-glasses of the reversed-telescopes formerly in use were too small :
telescopes, however, were prepared by Mr. Simms, 6 feet 10 inches in focal length, and
with object-glasses of 7 inches aperture, which entirely meet this objection. They
were mounted and brought into use on 1866, December 17. With these telescopes,
the adjustment in altitude is made with the South Telescope, and that in azimuth with
the North Telescope.

The process of adjusting the Reversed Telescopes of the old construction, and of
using them for determining the line of collimation of the Transit-Circle-Telescope, was
as follows : —

The transit-circle was raised, and, a proper illumination being given to the North
Telescope, the eye was applied to the eyepiece of the South Telescope, and the systems
of wires in both were distinctly seen : the nearly vertical wires of one being inclined about
53° to those of the other. By means of the micrometer screw of the South Telescope,
the middle of one nearly vertical side (the fine-wire side) of the square of the South
Telescope was made to coincide with the image of that of the North Telescope, and the
micrometer-reading was taken. This operation was usually repeated six times, and, the
mean of all the readings being found, the micrometer was left in the position indicated
by that mean. The geometrical line in each telescope, passing through the focal center
of its object-glass and through the adopted point of the delicate wire, being considered
as the axis of the telescope, it is plain that, in the positions in which the wires were thus
left, the axes of the two telescopes were in the same line, or at least were strictly parallel
to each other: and, therefore, when the transit-telescope was employed to view the
wires in the two telescopes, the images of the adopted points of their wires in all
respects represented two objects at infinite distance and exactly opposed to each other.—
This adjustment was made on the Monday of each week.

With the new Reversed Telescopes, the same operation is performed whenever, for
the purpose of cleaning the pivots, &c. (which is usually done on every Monday), the
instrument is raised; and these opportunities are preferred, as the wires are then seen
very sharply defined. On other days, however, upon placing the telescope vertical

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


http://adsabs.harvard.edu/abs/1868GOAMM..28....1A

rI8B8GOAVMT. 2B Do A!

TransiT-CIRCLE. vii

and uncovering its apertures, the wires are very well seen ; and the coincidence of the
images of the wires of the two Reversed Telescopes is therefore examined every day.

The observation for collimation of the transit-telescope is then made by bringing, by
means of its micrometer, the central vertical wire several times in succession upon the
proper point of the image of the nearly vertical fine wire of the North Telescope, and
several times upon the corresponding point of the South Telescope, and reading the
micrometer for each coincidence. The mean of the readings for the North and South
Telescopes gives the reading for the position of the line of collimation. The observation
admits of extreme accuracy, since the eye can judge with great delicacy of the cquality
of the two acute-angled triangles formed by the central transit-wire and the collimator-
wire in the process of observation.

Tables of the weekly micrometer-readings of the South Telescope-wire for coin-
cidence with North Telescope-wire, and of the daily readings of the Transit-Micrometer
for coincidence with the wires of both telescopes, are ‘given at the end of the Section
of printed Transit Observations.

The instrument is not well adapted to the application of a spirit-level or other
contrivance for determining the difference of level of the surfaces of the pivots. The
error of level is ascertained by the use of a Bohnenberger’s eyepiece, with three lenses,
and a transparent glass reflector whose surface makes an angle of 45° with the axis of
the eyepiece, and which is placed between the lowest lens and the wires of the telescope.
A beam of light being thrown horizontally upon the reflector, and a trough of quick-
silver being placed below the object-glass of the telescope, the image of the central
wire is seen by reflexion at the same time as the wire itself; by means of the micro-
meter-screw the images are made to coincide, or to touch alternately on the two sides ;
the mean of the micrometer-readings is taken ; and the difference between the mean
reading and the reading corresponding to the line of collimation is the error of level.
This process is perhaps in every case preferable to the use of a spirit-level.

The graduated vertical circle for zenith-distance-observations is fixed on the
cylindrical basis of the axis-cone on the west side of the central cube. It is of cast
iron, 6 feet in diameter, and has two sets of divisions: one set, on its western side, cut
upon a band of silver, which is let into a dished or flat internal conical surface, is
accurately divided to five-minute spaces, and is read by the microscopes; the other set,
on its eastern side, is roughly divided by points to every 5, and is intended for setting
the telescope to any object by means of two pointers reading respectively North Polar
Distances and Zenith-Distances. The reading microscopes, six in number, are simply
inclined perforations through the western pier ; having their eyepieces at the back of the
western pier arranged in a circle whose center is 5 feet 2 inches above the floor, and
diameter about 21 inches ; and their object-glasses on the inner or eastern side of the
pier, arranged in a circle of about 5 feet in diameter, pointing to the graduations of the
circle. The pointer-microscope is between the two lowest reading-microscopes, and
is a similar inclined perforation through the pier: it has a large field of view, and is
furnished with a single wire parallel to the graduations of the limb at which it is pointed.
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The divisions under the microscopes are illuminated by means of a central gas-light
in the central opening at the external surface of the western pier, which throws light
upon the proper divisions through seven illuminating holes (each furnished with a lens)
corresponding to. the seven microscopes; and this light is reflected from the graduated
limb accurately into the microscopes without any need of illuminating-reflectors; the
inclination of the graduated limb being that which causes the light, on the usual law of
specular reflexion, to enter the microscopes parallel to their axes. A lining of double
tin plates (fixed on 1860, November 26) is inserted in the central opening of the pier,
which effectually screens, from the radiation of the gas flame, the stone pier, the
micrometers and their eyepieces, and the brass plate which carries them.

The circle is completely shielded from the Sun’s rays by the steps which are used
by the observers for ascending to the upper part of the pier.

There are two clamps attached to the eastern pier, at the same height as the center
of the circle (one on the north side, the other on the south side), which can take hold
of the clamping circle of the instrument; but they have no slow motion. The eye-
piece of the telescope contains only one horizontal wire, moveable by a micrometer,
with which all observations of zenith-distance are made. Tor reducing every obser-
vation, therefore, it is necessary to combine the value of the reading of the telescope-
micrometer with that of the mean of readings of the microscope-micrometers. - When
the telescope points vertically upwards, the head of the telescope-micrometer is on the
north side ; and the telescope-micrometer-readings increase as the wire is moved towards
the head. The reading 20™" corresponds nearly to the center of the field of view.

The reading (consisting of the combination of telescope-micrometer-reading and
mean of microscope-readings), corresponding to the nadir-position of the telescope, is
found by the use of the Bohnenberger's eyepiece and the trough of mercury ; the direct
and reflected images of the horizontal wire being made to coincide or to touch alternately
on the two sides, and the mean of the readings of the micrometer being taken.

Other explanations necessary for the understanding of the process of reduction of
the observations will be given under the proper heads. In this place it may be proper
to explain briefly the methods employed in making the various classes of observations
which are required.

TFor star-observing generally, the telescope is directed approximately towards the
object by the indications of the N.P.D. pointer, and, the telescope being moved by
hand till the star is brought near the horizontal micrometer-wire at or near the reading
of 20", the clamping circle is fastened. The transit of the star is then observed
over the vertical wires in the usual way, either by galvanic touch or by eye and car;
and, during the transit, by means of the micrometer-screw which acts on the horizontal
wire, that wire is made to bisect the star near the passage of the central vertical wire,
if practicable. The telescope-micrometer, and the pointer and the six microscope-
micrometers, are afterwards read, and the observation is complete. If the star be too
faint to allow of illumination of the field, the wires are illuminated, and the observation
is made in a field perfectly dark.
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For observations of stars by reflexion, the telescope is placed, some minutes pre-
viously to the transit of the star, in the direction which is proper for viewing the reflected
image of the star; and the mercury-trough is carefully placed in the requisite position
and the microscope-micrometers are read after the instrument is clamped. The
observer then ascends to the eyepiece of the telescope, and, by means of the micro-
meter-screw which carries the horizontal wire, bisects the reflected image of the star
near the passage of the first vertical wire (if the star has large polar-distance), or
near the second or third wire (if the star is circumpolar), and reads the telescope~
micrometer. He then descends rapidly into the pit, unclamps the instrument, turns
the telescope .to the position proper for direct view of the star, and fastens the
clamping circle ; bisects the star near its passage over one of the vertical wires by
means of the micrometer-screw, and completes the direct observation in the usual way
by reading the telescope-micrometer and the microscope-micrometers.

In observing the Sun, the transits of both limbs are taken for Right Ascension, and
observations are made both of the upper and lower limb for North Polar Distance, in the
following manner. The observer at the telescope is aided by two assistants (usually two
of the supernumerary computers), who are stationed in readiness to read the microscope-
micrometers. After the transit of the first limb is completed, the telescope is moved by
hand till one of the limbs (upper or lower) is brought near to the horizontal wire, when near
the reading 20™"; then the instrument is clamped, and the horizontal wire is moved, by
means of the micrometer-screw which carries it, to touch the limb while passing one of the
vertical wires (the No. of which is registered). The telescope-micrometer is then read
by the observer, and the microscope-micrometers by the assistants, who in fact had com-
menced to read the micrometers as soon as the instrument was clamped. The instrument
is then unclamped, the telescope is directed to the other limb (lower or upper), the
instrument is clamped, the telescope-micrometer is turned to place its wire upon the
limb, and the micrometers are all read again. Finally, the instrument is unclamped, and
the transit of the second limb over the vertical wires is taken. This operation requires
readiness and expertness in the observers; but, when the transits are made by galvanic
touch, it is found perfectly easy to take those of the first and the second limb over all
the nine wires, still leaving time enough for the observations of both limbs in N.P.D.

For the Moon before opposition, (that is, when the transit of the first limb is
observed,) after the transit is completed, the telescope is moved till the limb (upper or
lower), which is to be observed in Zenith Distance, is brought near to the middle of
the field ; the instrument is clamped ; and the horizontal telescope-micrometer-wire is
brought repeatedly upon the limb (upper or lower) at its passage over the seven
original vertical wires at wide intervals, the telescope-micrometer being read after each
contact of the wire with the limb. The microscope-micrometers arc afterwards read,
and the observation is complete.

After the opposition in Right Ascension, the setting for the full limb (upper or
lower) is accurately computed beforehand ; the instrument is set with care, and is
clamped ; and the microscope-micrometers are read previously to the passage. The
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telescope-micrometer is then read for the contact of the wire with the limb at the
passage of each of the vertical wires, as explained above; then the clamp is relaxed,
and the telescope is turned by hand to a position proper for observing the transits of
the second limb in Right Ascension; and, the transits over the vertical wires being
taken, the observation is complete.

When both the upper and the lower limbs are so nearly full as to admit of observa-
tion, as also when the first and second limbs are very nearly full at the opposition of
the Moon, another person is employed to read the microscope-micrometers as in the
case of the Sun; and the mode of observation will be readily understood from the
preceding explanations, applying to the observation of the Sun. In this case, however,
the aid of one person is sufficient.

The Chronograph.—In the year 1854 an apparatus was connected with the Transit-
Circle for the purpose of registering transits according to the Chronographic method,
by means of a galvanic circuit. A detailed account of this apparatus, illustrated by
engravings, is given in the Appendix to the Volume for 1856 :—in this place it may
be desirable to give such a description of the chief parts of it as is necessary for
explanation of the observations and of the notes appended to them.

In the ground-floor room of the North Dome, there is mounted a clock of peculiar
construction, whose motion is governed by the conical rotation of a pendulum. (In
the original construction of this instrument, the limitation of the radius of the conical
arc depended only on the resistance of the air, or on contact with a light spring : in
1860 an apparatus was introduced which, as the radius of the arc increases, dips a
revolving plate deeper into an annular trough of water, and thus supplies the required
resistance, without affecting the centripetal force upon the pendulum.) One spindle
of the clock gives motion to a revolving brass barrel, about 20 inches long and
12 inches in diameter ; and, as the clock with conical pendulum moves without jerks,
the brass barrel revolves without jerks, and with a motion sensibly uniform. The
barrel revolves in two minutes of time ; its cylindrical surface, therefore, moves through
03 inch nearly in one second of time. The barrel is covered with woollen cloth, and
upon this a sheet of paper is folded ; the ends of the sheet are cemented together ;
when the sheet is filled by the register about to be described, the cement is softened, the
paper is removed, and another sheet of paper is put in its place.

Another spindle of the clock turns two long screws, both parallel to the axis of the
barrel, which cause a travelling-frame to traverse thc whole length of the barrel. In
one revolution of the barrel, the frame moves through 0°1 inch. 'This travelling frame
carries two levers, and each lever is armed at one end with a pricking point ; the
mounting of each lever being such that, when the opposite end of the lever is pulled
away from the barrel, the pricking end is impressed upon the barrel, and makes a per-
manent puncture on the paper. The prickers are mounted in such a way that when
their points have entered the paper, they yield laterally to the motion of the revolving
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barrel, and do not scratch the paper. Two galvanic magnets are fixed on the travelling
frame, so as to attract the lever-ends opposite to the pricking points. All that is
required, therefore, to cause these points to make punctures upon the paper, is, to
send galvanic currents through the galvanic magnets.

One of the prickers is devoted to the register of seconds of the transit-clock. For
this purpose, the wires of its galvanic magnet (after passing through a galvanic
battery) are led to the transit-clock, and the circuit is there completed at every sccond
of time by the following mechanism. Upon the escape-wheel-arbor, a wheel of 60
teeth is mounted; and, at every second, the start of a tooth of this wheel presses
together two springs, during a very small fraction of a second. (There is also
another pair of springs driven into contact by the same wheel-teeth, used for the
sympathetic system of chronometers, as will be mentioned hereafter, in the last
paragraph of this section.) Thus a series of punctures is made upon the revolving
barrel, one at every second of the transit-clock. Proper means are provided for
breaking the circuit at pleasure, and at the same time stopping the movement of the
travelling-frame, so as to avoid unnecessary consumption of paper upon the revolving
barrel. In the month of November 1856, one of the teeth in the wheel before
mentioned was cut away, so that once in each minute no contact of the two springs
takes place. The omission of the corresponding puncture on the revolving barrel
thus marks with certainty the commencement of each minute.

The other pricker is used for the register of the times of observations. The wires
of its galvanic magnet, after passing through a battery, are led to the Transit-Circle-
pier, and terminate in two large springs, which touch two large insulated brass rings
upon the conical axis of the Transit-Circle. From these brass rings, wires are led within
the Transit-Circle-Telescope, to a contact piece near the eye-end, where the observer,
by a touch of the finger, can complete circuit, and thus make a puncture on the
revolving barrel.

Branches of the same wires are led to the Altazimuth, and to the Great LEquatoreal ;
on each of which there is a nearly similar apparatus for completing circuit.

The Altazimuth, constructed by Messrs. Ransomes and May (as engineers), and by
Mr. Simms (as instrument-maker and optician), and erected in 1847.

"This instrument is mounted in a tower (now called the South Dome), which is built
on the walls of what was formerly called the Advanced Building (the same in which
Flamsteed’s Mural Arc and Equatoreal Sector were mounted), and is raised to such a
height that the instrument commands the horizon in all directions above the buildings
of the Observatory, except the East Dome, the new South-East Dome, and the Octagon
Room. Its center is about 28 feet West and 344 feet South of the old Transit-Instru-
ment, and about 47 feet West and 29 feet South of the new Transit-Circle.  Within
the Tower is built a three-rayed pier; the rays being carried up mnearly to the floor of
the Dome, and a central cylindrical mass, 3 feet in diameter, being carricd through
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the floor. Upon this cylindrical mass is planted the Azimuthal Circle, on which the
lower pivot for azimuthal rotation rests. For the support of the upper pivot, a horizontal
iron triangle is carried by the three-rayed pier; on each side of this there is mounted a
vertical iron triangle ; and the three vertices of these are connected by an upper hori-
zontal iron triangle: three radial iron bars, supported on its angles, carry, at their point of
union, the Y in which the upper pivot of the vertical axis turns. The frame revolving in
azimuth consists of a top, and a bottom, connected by two vertical cheeks, all of cast iron:
the microscopes for viewing the divisions of the horizontal circle are cast in the same
flow of metal with the bottom piece, and those for viewing the divisions of the vertical
circle are cast in the same flow with one of the vertical cheeks. The vertical circle
and telescope are of gun-metal; the side of the circle which carries the graduated
limb, the ends of the telescope, and one of the pivots, being cast in one flow ; and the
other side of the circle with its pivot being cast in another flow.

The diameter of each of the two circles (horizontal and vertical) is 3 feet ; the length
of the telescope is 5 feet; the aperture of its object-glass 33 inches. The top carries
two spirit-levels and the bottom carries two spirit-levels, parallel to the axis of the
vertical circle: the vertical cheek which carries the microscopes carries also two spirit-
levels parallel to the plane of the vertical circle. No important parts are connected
by small screws; and no part whatever admits of adjustment ; except that the coarse
screws on the ends of the upper radial bars are sometimes touched, to bring the vertical
axis to a position conveniently near to exact verticality.

The instrument can be firmly clamped in azimuth ; and the vertical circle can be
firmly clamped; but neither clamp is furnished with a slow motion. For each move-
ment, however, there is a moderately-slow metion, by rack and pinion.

For a detailed account of this Instrument, illustrated by engravings, and for a
description of the processes gone through in its adjustment, I refer to the Volume of
Astronomical Observations for 1847.

As a fixed mark of reference, and as an object for facilitating the determination of
the zenith-point of the vertical circle and the collimation-error for horizontal transits, a
reversed-telescope or collimator is used. The object-glass of the telescope is the object-
glass of 5 inches aperture and 24 feet 6 inches focal length, which was formerly used
for the 25-foot Zenith Sector. It is planted in the north wall of the tower of the
South Dome ; a brass tube about 1 foot long is fixed by Roman cement in the wall,
and the object-glass-cell is screwed to a flat bearing upon a ring within the tube ;
a small penthouse on the outside of the wall protects it from rain. The mark is the
image of a small circular hole, as formed by a lens of short focus. The hole is a
perforation !5 inch in diameter, in a small circular piece of metal fixed in a larger
circular piece of ivory which is attached to an opaque plate. At the distance of about
7 inches from this perforation is a lens of one inch focal length : and the image of the
perforation therefore has a diameter of about 4} inch ; this image is in the focus of
the 243-foot object-glass, and is in fact the mark viewed with the telescope of the
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Altazimuth. The perforated plate and the lens are carried by a very strong brass
tube about an inch in diameter (a piece cut from the tubular standard of the Royal
Astronomical Society), and this is fixed by strong iron thumb-screws into an iron
frame which is strongly bolted to the west side of the west wall of the Chrono-
meter-Room above the Computing-Room, below the ridge of the roof of the Passage-
Room (part of the ancient Quadrant-Room). The mounting of the mark is thus
entirely protected from the Sun and from the weather: and although the scparation of
the mark and the collimator-object-glass on two unconnected buildings is not un-
objectionable, yet the other circumstances of mounting are here as favourable as it is
possible to find. The perforation is illuminated by a small gas-light: and its image
as viewed through the telescope of the Altazimuth then appears as a very well-
defined round point, admitting of most accurate bisection by a wire either in the
horizontal or in the vertical direction, surrounded at a little distance by a fainter
ring of light. For viewing this mark, the telescope of the Altazimuth is pointed
downwards at an inclination of 12°. 18’ below the horizon.

By means of the branches of the galvanic wires leading from the galvanic magnet
of one pricker of the Chronographic Barrel to contact-pieces upon the Altazimuth,
the observations of transits are registered on the same sheet of paper as those made
with the Transit-Circle, in transit-clock-time; and thus all comparisons of elocks
become unnecessary, and all errors arising from the transmission of time are avoided.

The wire-plate originally carried six horizontal and six vertical wires, at intervals
adapted to eye-and-ear observation of transits; but, in the spring of 1854, for more
convenient use in the observations by galvanic contact, four additional horizontal wires
were inserted at equal intervals between the two central horizontal wires, and four
additional vertical wires at equal intervals between the two central vertical wires. On
1861, February 7, a new system of six horizontal wires for observation by galvanic
contact was inserted, the middle interval of wires being much Jarger than either of the
other four intervals.

For observing an azimuth, the instrument is clamped in azimuth; and when the
object enters the field of view with an oblique course, the moderately-slow motion of
the vertical circle is used to make the course of the object apparently horizontal
through the middle of the vertical wires; the times of transit over the wires are
observed, and the azimuth-circle and the levels parallel to the horizontal axis are read.
For observing a zenith-distance, the process is similar, mutatis mutandis. The two
observations can never be made at the same time.

On 1864, September 30 and October 1, the pivots of the axis of the Vertical Circle
of the Altazimuth were examined. The method employed is the same as that
explained in detail in the Introduction to the Greenwich Observations for 1847. The
residual errors, showing the movements of certain imaginary points on the ends of the
two pivots, are given in the following tables :
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The zero in azimuth of this instrument has sometimes undergone sudden changes, from
some cause not yet ascertained. It appecared to me not improbable that the radii of
the horizontal circle, which rest in three iron forks fixed on the top of the cylindrical
pier, might be so strongly held by friction (being pressed down by the weight, not
only of the horizontal circle but also of the whole rotating apparatus and its counter-
poise, which -were carried by the horizontal circle) that they could not obey the laws
of thermal cxpansion, until the strain became so great that they jumped into a new
position. In order to obviate this, Mr. Simms, in May 1865, under my instruction,
placed the support of the counterpoise apparatus on the pier (leaving no pressure upon
the horizontal circle except the unrelieved portion of the weight of the rotating instru-
ment) and polished the rubbing surfaces of the three bearing radii and the forks in
which they rest. It does not appear, however, that the steadiness of the circle has
been materially improved.
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The 5-foot Equatoreal in the North Dome, constructed by Ramsden.

This instrument was the property of Sir George Shuckburgh, aund is fully described
by him in the Philosophical Transactions for 1793. It was presented to the Obser-
vatory in the year 1811. It was intended to be mounted in what is now called the
East Dome, as an Altitude and Azimuth Instrument; but its mounting (similar to
that of the Palermo Circle) was found so unsteady that it was never once used ; and

_it was then mounted as an Equatoreal in the North Dome (formerly called the North-

Eastern Dome), where it has since remained. The situation of this dome is most
unfavourable, as the South-Western sky in every part to the altitude of 35°, and through
a considerable horizontal extent to the altitude of 53° is concealed by the Octagon
Room. The position of the instrument is about 52 feet West and 90 feet North of
the old Transit-Instrument, or 71 feet West and 974 feet North of the new Transit-
Circle. This Equatoreal is one of that class in which the two pivots of the polar axis
are at the two extremities of the polar axis, and the two pivots of the declination-axis
are at the two extremities of the declination-axis: the telescope and declination-circle
being between the pivots of the declination-axis, and the declination-axis being within
the frame of the polar axis, and the complete polar axis and hour-circle being between
the polar supports. The whole length of the polar axis, between the extremities of
the pivots, is about 9 feet. These pivots turn in Y’s (having proper adjustments),
which are carried by two piers within the Dome, one being a lofty pier on the North
side, the other, a pier of small elevation on the South side. The North pivot is at the
center of a circular frame ; the South pivot is at the apex of a cone; and the polar
frame consists of six pillars, connecting the base of this cone with the circular frame.
Three pillars are united by intervening bars to form the Eastern side of the polar
frame, and three to form the Western side: they carry the Y’s for the declination-
axis and the microscopes for reading the declination-circle. The length of the
declination-axis between the extremities of its pivots is about 2 feet 2 inches; the
diameter of the declination-circle is 4 feet, and the circle is divided to 5’ of arc. The
telescope is 5 feet 4 inches in length, and has an object-glass of 4-1 inches aperture.
The hour-circle is connected with the cone; its diameter is 4 feet, and it is divided to
10’ of arc : these divisions are read by fixed micrometer-microscopes. The yiauuations
of the hour-circle had become very indistinct, and the circle was therefore redivided
by Mr. James Simms in the month of November 1860.

The Equatoreal in the Eastern Dome (formerly called the South or South-Eastern
Dome).

This instrument was erected in the year 1838. The aperture of the object-glass is
about 67 inches, and its focal length about 8 feet 2 inches. The object-glass was made
by M. Cauchoix, of Paris, and was presented to the Observaiory by the late Rev. R.
Sheepshanks. Its definition is good: a small quantity of colour from the secondary
spectrum, and a diffusion of light from brilliant objects, being the principal defects.
It is mounted in the Eastern Dome, 38 feet East and 6 feet South of the old Transit-
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Instrument, or 19 feet East and 1} feet North of the Transit-Circle ; with a mounting
similar in general form to that known as the ¢ German Equatoreal.” A stone pier is
erected, whose extreme breadth from East to West is 1 foot 4 inches, and from North to
South 5 feet 4 inches: the southern or principal portion of the upper surface of this pier
is sloped so that its plane produced passes through the celestial pole: upon the surface
is fixed a cradle of cast iron, having the lower bearing of the polar axis in a projection
from its lower end, and the upper bearing at its upper end : the distance between the two
bearings is 3 feet 7 inches. The axis is of cast ivon ; its form is nearly conical : the end
which rests in the lower bearing is a more obtuse cone. The diameter of the axis, where
it turns in the upper bearing, is 6 inches : it rests here in a Y upon two plates of gun-
metal. At a small distance below the upper bearing, a strong circular plate parallel
to the equator, 14 inches in diameter, is fixed to the axis: and close above it, another
plate of the same size is mounted, parallel to the former, turning freely round the axis ;
in that surface of each of these two plates which is nearest to the other plate, a dove-
tailed groove is turned, and a moveable clamping-piece has one clamp in the groove of
one plate, and the other clamp in the groove of the other plate. By means of this
clamping-piece, the two circular plates can be fixed together at pleasure, in any relative
position. The moveable circular plate is inseparably connected with a long flat arm, or
sector, of 24 inches in length (measured from the circumference of the plate) in the plane
of the equator : the edge of this sector is cut into teeth, in which works the endless
screw carried by the clock, which is fixed to the North side of the pier. Therefore, if
the clamping-piece above-mentioned is not fixed to either plate, or is fixed to only one,
the action of the clock-work upon the sector, though it turns the moveable circular plate,
does not turn the fixed circular plate; but if the clamping-piece is fixed to both plates,
the action of the clock-work on the sector carries the moveable plate and the fixed plate
(now connected with it), and therefore turns the polar axis, and the telescope, &c.,
which is supported by the polar axis. Between that part of the clamping-piece which
is connected with the fixed plate, and that part which is connected with the moveable
plate, there is a slow-motion screw, turned by means of a Hook’s joint and a long
handle. Immediately above the upper bearing, the polar axis carries the hour-circle,
12 inches in diameter ; it is divided on its edge to 1™ of time, and is read off to 2° by
two verniers. Above this, a square box is firmly fixed to the axis; perforated in a
direction parallel to the equator for the insertion of the declination-axis. The diameter
of the declination-axis at each of its two bearings is about 4 inches; it is supported
at each by a Y. To one end of the declination-axis is fixed the cradle, carrying
the telescope; to the other is fixed the declination-circle, and the counterpoise. The
diameter of the declination-circle is 11 inches; it is divided on its edge to 15’ of arc,
and is read off to 30" by two verniers attached to the square box. The telescope-tube
is of wood ; its form is square in the middle, chamfered off towards the ends so as to
become octagonal : several stops, or transversal plates with holes of the proper magni-
tude, are fixed in it ; it is very firm and free from tremors. Upon a large ring which is
fixed to the square box there turns with stiff friction another ring, carrying two sector
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arms, graduated at their extremities ; these graduations are read by micrometer-micro-
scopes, carried, one by the eye-end of the telescope-tube and one by the object-end :
the use of this graduated double sector is, to measure small differences of declination
(not exceeding 10°) with great accuracy ; as, being brought by the hand under the
telescope, it is then retained in its position by friction, and is not affected by the
motion of the telescope. Upon another ring, which is fixed to the square box, there
turns a ring-clamp, or brake, that admits of being fastened to it in any position ; with
this ring-clamp the telescope-cradle is connected by means of a slow-motion screw, which
fixes the telescope in declination, or gives the means of imparting to it a slow motion in
declination. The speed of the clock is regulated by two balls, suspended to the ends
of a horizontal arm of 43 inches in length, which is carried by a vertical spindle ; when
the velocity is so great as to cause the suspending-rods to make a certain angle with the
vertical, small projections, carried by the balls, are thereby made to rub against the
lower surface of a fixed horizontal ring, and the friction thus caused prevents the weight
which urges the clock from greatly increasing the velocity. This mounting was con-
structed by Mr. T. Grubb, of Dublin. Besides several negative eyepieces unfurnished
with wires, this telescope has a wire-micrometer, a comet-eyepiece with thick wires, and a
double-image micrometer constructed on the principles explained in the Memoirs of the
Royal Astronomical Society, vol. xv, page 199, and Monthly Notices, vol. x, page 160 ;
(and described in page xx, below).

The Great Equatoreal, constructed by Messrs. Ransomes and Sims as Engineers,
and Mr. Simms as Instrument Maker and Optician.—It is my intention, as soon as
circumstances shall permit, to prepare a complete description of this instrument. In
the meantime, the following account will give information on its principal peculiarities.
It is to be premised that the form of the instrument is the ¢ English Equatoreal ;” the
polar axis turning on pivots at its extreme ends, and including between its two sides
the telescope and declination-circle attached to it; the frame which carries the telescope
and declination-circle having its pivots at opposite extremities of the declination axis.

The “ South-East Dome,” which contains this instrument, is in close proximity to
the south-east corner of the Record Room, and occupies part of.the isthmus which
connects the Observatory Hill with the upper part of Greenwich Park. It is in form
an octagon, with an attached projection on the north side, containing the staircase.
The length of the line drawn perpendicularly through opposite sides of the octagon is
31ft. 4in. The building consists of three stories; that of the ground floor contains
the Water-Clock-Movement (to be mentioned below), and is used for other purposes
unconnected with the Equatoreal ; the middle story is now used as a room for com-
putations ; the upper story is properly the Equatoreal Room.

The walls are built to the height of 9 ft. 5 in. above the floor of the Equatorcal
Room. Arches are turned across the angles of the octagon, so as to make the upper
surface of the walls a polygon of sixteen sides. Upon this surface is planted a circular
wooden ring or curb, upon which is fixed an iron curb, containing a channel in which
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cannon balls run, and containing also a circular rack or toothed wheel (its teeth
pointing upwards), which surrounds the room. Upon the balls runs another curb
with inverted iron channel, which curb is the foundation of the revolving Dome. The
Dome is drum-shaped ; its clear inner height above the floor being 25 ft. 8in. It
carries a toothed wheel which works in the fixed rack just mentioned, so that a rotation
of the wheel causes the dome to revolve. This rotation is effected by winch-work,
which is carried by an iron frame that is attached to the interior of the dome, and
projects downwards to a convenient level. The person who turns the winch must
follow the movement of the dome ; his place is always opposite to the shutter-opening.
The opening for observation is 3 feet wide; it extends, without interruption, from the
curb of the dome to the top of the dome-wall, and along its nearly flat top about 2 feet
beyond its center. One nearly horizontal shutter covers the whole opening in the
flat top, and one vertical shutter covers the whole opening in the dome-wall ; each of
these parts can be opened independently of the other. An iron frame attached to
the interior of the dome projects downwards to a convenient position, and carries the
winch-machinery by which the shutters are opened and closed.

The South Pier, which supports the lower extremity of the Polar Axis, is built
from the ground through the lower and middle stories, nearly to the floor of the
Equatoreal Room, where the iron foundation-frame is planted which carries the
bearing-piece for the lower pivot and its antifriction wheels, the attachment for the
slow-motion screw, and the fixed time-microscope. The North Pier is built to the same
height in two massive trapezoidal pillars (upon one foundation), united by strong stones
at each of the floors ; the entrances of the lower and middle rooms pass between these
pillars. Upon the upper surface of the Pier is planted a lofty iron frame (cast in one
piece by Messrs. Ransomes and Sims), the top of which carries the bearing piece for
the upper pivot, the antifriction wheels, and the apparatus subservient to the trans-
mission of gas and to galvanic communications. The entrance to the Equatoreal
Room passes between the upright parts of this iron frame; they are, however, suffi-
ciently distant from the wall to permit the passage of the irons, projecting downwards
from the dome, which carry the winch-apparatus for moving the dome and opening its
shutters.

The Polar Axis consists of two braced skeleton-prisms, each about 22 feet long,
2 feet apart, united at the bottom and at the top by ovals about 8 feet long (in the
direction parallel to the declination-axis), and 5 feet broad (in the transverse direction).
The pivot of the lower oval, projecting downwards, is long enough to carry the Hour-
Circle, which is a cast-iron circle 6 feet in diameter, revolving freely on the long pivot,
but admitting of being connected with the lower oval by clamp and slow-motion-screw.
The circumference of this circle is racked, and the worm or endless screw, to which
motion is given by the Clock Movement, acts in it. The circle bears two graduations:
one which is viewed by a fixed microscope (attached to the iron foundation-frame),
whose reading, when the circle has been properly placed and the Clock Movement is
properly adjusted, always gives True Sidereal Time; another, which is viewed by two
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microscopes carried by the lower oval, and whose reading (when the Clock-Move-
ment, &c., are adjusted) always gives the Right Ascension of the Object under view.
There are also independent means of fixing the lower oval, when the use of the Clock-
Movement is not desired. The upper oval is cut through on one side as far as its
pivot, to allow the telescope to view the pole. Its pivot is perforated to allow the
passage of a gas pipe, by which lights on various parts of the instrument are supplied ;
and it carries four insulated galvanic rings (connected, as will presently be mentioned,
with four wires that lead to springs which touch rings upon the declination-axis),
touched by four springs which are attached to the lofty iron frame, and to which are
attached four wires ; one pair of these wires communicates with the galvanic magnets
of one pricker upon the Chronographic Barrel, and one pair with the eastern contact-
springs of the Transit-Clock.

The declination-axis is supported on brackets, which are carried nearly at the middle
of the prisms’ length, in such a position that the telescope, when parallel to the earth’s
axis, is so far removed from the imaginary axis joining the two pivots of the Polar Axis,
that it can view the pole through the cutting of the upper oval already mentioned.

The telescope in its declination-axis nearly represents a transit-instrument. It carries
on one side a graduated circle 5 feet in diameter, which is viewed by two microscopes
attached to one of the prisms of the polar axis. On the other side it carries a clamp
and slow-motion screw, which connects it with a circle affixed to the other prism. One
pivot is perforated for a gas pipe: it also carries four rings which are touched by four
springs that are connected by wires with the rings on the declination-axis; two wires
are led from these rings through the telescope-tube to a touching-piece at the eye-
end, and a contact made there produces a puncture upon the Chronographic Barrel;
and the other two wires are led to a galvanic chronometer on the eye-end of the
telescope, which is thus regulated to synchronism with the Transit-Clock. The
telescope-tube is of mahogany ; it is square in the middle of its length, and octagonal
at the ends. The focal length of the object-glass, made by Messrs. Merz and Son of
Munich, is about 16 ft. 6in. Messrs. Merz originally contemplated the supply of an
object-glass of greater focal length, in consequence of which the whole frame of the
instrument is made in larger dimensions than are necessary for the object-glass actually
supplied. The clear aperture of the object-glass is about 12} inches. Its definition,
as shown by examiination of close double stars, is very fine ; the components of the small
star of y Andromede being widely separated ; and there is very little stray colour.

The Clock-Movement is fixed in the ground-floor story, upon a frame which is
attached to the south pier. The power is given by the flow of water, received
from the water pipes which supply the Observatory under a pressure of 100 feet,
acting through a turbine, which is made to revolve four times in one sidereal second.
The spindle of this turbine rises through the lower and middle rooms, and acts by an
endless screw in a wheel of 480 teeth, which revolves in two minutes, and whose axis

c2
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carries an endless screw which acts in the rack of the hour-circle. Very great care was
taken in the preparation and examination of this large endless screw. The supply of
water to the turbine is determined by the construction calied ¢ Siemens’ Chronometric
Governor,” in which the first of three wheels of a train is connected with the turbine,
the third maintains the motion of a conical pendulum (so arranged by water-resistance
that its arc is sensibly invariable), and the axis-frame of the second or intermediate
wheel is moveable, and is connected with the throttle-valve of the water-supply. If
the supply accelerates the turbine too much, its excess of motion is immediately
impressed on the frame of the second wheel, and the supply of water is diminished.

The Double-Image Micrometer.—The general form of the double-image eyepiece,
together with the mode of use, and the advantages and disadvantages attending the
use of it, are described fully in the preceding volumes, for 1840 and for 1843 to 1849,
to which it is sufficient in this place to refer.

The special arrangement of this double-image cyepiece is described in vol. xv.
of the Memoirs of the Royal Astronomical Society. The characteristic of this
construction is, that the colour produced by the prismatic dispersion, which is
occasioned by the passage of the rays through each half of the divided lens where
the images are separated, is corrected by a new arrangement of the lenses. In this
construction the focal length of the first lens, or that nearest to the object-glass,
is arbitrary; so that the power is changed by change of this first lens instead of the
fourth, as in the original construction. The eyepiece now used is the same as
that which was first used in 1851, and was made on the principles above explained,
adopting, among the various admissible relations of the focal lengths and intervals of
lenses, one which was suggested by Mr. B. Valz, of Marseilles, and which is described
in the Monthly Notices of the Royal Astronomical Society, 1850, June 14. The
principal difference between this eyepiece and that used in 1850 consists in the cir-
cumstance that the divided lens is concave, instead of being convex, as in the former
case. By this means much less light is lost from the central portions of the pencil in
its passage past the divided surfaces of the lenses, and the construction is undoubtedly
preferable to that used before.

The numbers defining the construction of this eye-piece are as follpws :—

Focal length of 1% lens, or that nearest the object-glass, arbitrary, or a;
Distance from 1% lens to 2 lens, the same as focal length of 1* lens,

-

or - - - - - - - - a
Focal length of 2¢ or divided lens, which is concave - - 1;
Distance from 2% lens to 3¢ - - - - - - 1;
Focal length of 3¢ or field-glass - - - - - 13
Distance from 3% to 4% . - - - - - 3
1

Focal length of 4™ or eye-glass - - - - -

~-e
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Where the numbers 1 and 3 may be applied to any scale of linear measure.
And the forms of the lenses should be the following :—

1% lens - - equi-convex.

94 or divided lens - equi-concave.

3% or field-glass - plano-convex, with its plane side next the divided lens.
4% or eye-glass - equi-convex.

The same double-image micrometer which in preceding years was used with the
Sheepshanks Equatoreal, was in the year 1861 mounted (by use of an adapting-tube)
on the South-East Equatoreal; the value of its micrometer is thereby necessarily altered.

The Reflex Zenith-Tube, constructed under my direction by Mr. Simms.—A de-
tailed account of this instrument is given in Appendix I. to the volume for 1854 ; in
this place the following account will suffice: The object-glass (formerly the object-
glass of Troughton’s Transit-Instrument) is mounted upon a fixed tube, which is in a
vertical position; upon this tube it can be turned in azimuth. To the cell of the
object-glass is firmly fixed the micrometer-frame, revolving with the object-glass when
the object-glass is turned. The point of the screw of the micrometer A rests upon
the fixed micrometer-frame. The moving frame of the micrometer A carries the
resting-point of the micrometer-screw of the micrometer B. The micrometer B carries
the wires by which the star's image is bisected. The eyepiece is a 4-glass diagonal
eyepiece bent at right angles between its third lens and its fourth lens (counting from
the eye), and having a diagonal-prism-reflector at the place where it is bent; and so
placed that the fourth lens can receive rays of light from the direction of the nadir,
and can, by means of the diagonal prism, transmit them horizontally to the eye. The
fourth lens (which looks vertically downwards), and the diagonal prism, are placed
nearly over the center of the object-glass, being carried by arms which are fixed to the
large tube ; the small horizontal tube which carries the remaining lenses of the eye-
piece is supported by the large tube of the telescope, and does not project over any
part of the object-glass. Below the object-glass, at a distance nearly equal to half its
focal length, is a trough of quicksilver. The image of the star, as it passes near to the
zenith, is formed in the plane of the micrometer wires. These particulars will probably
suffice for enabling the reader to understand the reductions. It will easily be seen that,
to ensure accuracy of result, no firmness of construction is requisite in this instrument,
except in the connection between the micrometer and the object-glass. The instrument
is mounted in a new building erected for it in the Middle Garden, in the angle between
the passage behind the Astronomer Royal’s Official Room and the south projection of
the Transit-Circle-Room.

For the support of the quicksilver, the following method has, after several trials,
been adopted:—A well was dug to the depth of ten feet below the surface, or
seven feet below the deepest foundation of the walls of the Observatory, and was filled
with incoherent rubbish. When a stage was placed upon it, the tremor (which had
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been intolerable while the quicksilver-trough rested on the solid ground) was sensibly
diminished. ~ Afterwards from this stage, No. 1, there was suspended by straps of
vulcanized caoutchouc, a stage, No. 2, and from this, in like manner, a stage, No. 3,
on which the quicksilver was placed. The habitual tremor was now destroyed, but
the image slowly floated or oscillated. Finally, this last defect was corrected by
connecting the trough horizontally in two directions by shreds of vulcanized
caoutchouc with stage No. 1, and by this means the floating was nearly destroyed,
leaving the image practically almost perfect. The experiments were concluded in
May 1856, and from that time the use of the instrument has been continuous, and
no difficulty has been experienced in making observations of y Draconis at any
hour of the day or night, according to its time of passage.

The theory of the caoutchouc-suspension may be thus stated :—If the length of
a pendulum is such that it will naturally vibrate in a long time; and if a rapid
vibration, or a vibration of short period, be given by some external force to the point
of suspension, then the disturbance of the pendulum consequent on that movement
of the point of suspension will be very much less than that movementitself. Thus, if
the equation to the pendulum’s motion be %Z-t;f = m? (y — z), where m is small; and
if y = a . cosine » £, where n is large ; the corresponding term in z will be n—;'_i”—;z- X
a . cosine n £, which is much smaller than that in y. Now, the caoutchouc-suspension
permits a horizontal oscillation, which is naturally one of long period; and the
elasticity of extension of the caoutchouc permits a vertical oscillation, which is also
naturally one of long period ; but the disturbing tremor of the earth is one of exceed-
ingly short period; and therefore the disturbances, horizontal and vertical, given
to the suspended stages, are exceedingly small. The duplication of the apparatus
again diminishes the disturbance the second time in nearly the same proportion as at
the first time.

Two detached telescopes, one of which is 46 inches in focal length, and the other
30 inches ; the former is usually kept in the Octagon Room, and the other in the
Magnetic Observatory. The diameters of the object-glasses of these telescopes are
36 inches and 2-7 inches respectively. The telescope formerly belonging to the Western
Equatoreal has also been mounted for use as a detached telescope ; its focal length is
36 inches, and the aperture of its object-glass 3:6 inches. It is proper to mention that
the object-glass of the 62-inch telescope mentioned in former years is now appropriated
for the North Collimator to the Transit-Circle; and that of the transit-instrument
formerly used as a collimator to Troughton’s transit, is now fixed in the South Colli-
mator. The other achromatic telescope, mentioned in former years, has been given to
the Quebec Observatory.

Finally, there are two Newtonian reflecting telescopes, the largest being one of 10
feet, by Sir W. Herschel.

The Transit Clock, constructed by Hardy, and originally furnished with Hardy’s
escapement. A dead-beat escapement was substituted for this by Dent in the year
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1829. The jewelled holes were removed by Dent in 1836, and the pivots now turn in
brass holes. Mention has already been made (page xi) of the apparatus now connected
with the escape-wheel-arbor for the purpose of completing a galvanic circuit at every
second of the Transit-Clock (omitting only the 60th second of every minute), by which
a puncture is impressed at every second (except one in each minute) on the Chrono-
graph-Barrel. This clock was transferred from the Old Transit-Room to the Transit-
Circle-Room in December 1850.

A clock in the North Dome, marked “ Arnold 1,” having contact apparatus similar
to that in the transit clock (as described at page xi), in order that the clock may, if
required, be [used as a temporary transit clock; one in the East Dome, marked
« Earnshaw ;> one in the South Dome (the place of the Altazimuth), marked ¢ Gra-
ham 1;” one in the Reflex-Zenith-Tube-Apartment, marked “Mudge and Dutton,”
which was presented in the year 1846 to the Observatory by the Rev. Charles Turnor;
one marked ¢ Arnold 2,” placed in the Middle Room of the South East Dome ; one
marked “Graham 2,” generally preserved in the passage that was formerly part of the
Quadrant Room ; and one marked “ Graham 3,” formerly used for the daily dropping
of the Time-Signal-Ball at 1%, but now occasionally employed for facilitating the regu-
lation of the galvanic motor clock. There is a clock marked ‘“Dent” placed in the
Chronometer-Room, and used occasionally for comparisons of Chronometers in case of
accidental failure of the galvanic clock placed there ; also a chronometer “Brockbanks”
generally kept in the Computing-Room, but occasionally used for extra-meridional
observations. Besides these, there are some journeyman or assistant clocks (now rarely
used), and a watchman’s clock. _

The Transit Clock is wound up every Monday and Thursday, and the other ordinary
clocks in daily use, every Monday.

The galvanic “motor clock ” is placed in the lobby at the foot of the Octagon-Room
staircase, near to the trigger of the ball-apparatus. It is a clock of Messrs. Shepherd’s
construction, in which the swing of the pendulum completes certain galvanic circuits :
by one of these, the movement of the pendulum is maintained, independently of
any train of wheels; by others, a frame of magnets is made to oscillate and thus
to give motion to the seconds-wheel, and, through it, to the other wheels. The
wire which carries the current that produces that oscillation is led through corre-
sponding parts of six similar clocks, whose movements are therefore necessarily
synchronous with those of the motor clock. Of these, one has a large dial
exposed to public view on the east houndary wall of the Observatory ; one is in
the Chronometer-Room, and is used in the daily comparisons of Chronometers;
one is in the Computing-Room ; one (of the dimensions of a Chronometer) is upon
the desk of the Superintendent of Clocks and Galvanism; one is in the hall of the
Astronomer Royal’s dwelling house; and one is at the Royal Hospital Schools.
Another clock at the South-Eastern Railway Station, London Bridge, is regulated by
the Motor Clock, according to the method of Mr. R. L. Jones (slightly modified), and
is used for automatic alteration of the galvanic contacts which determine the directions
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of hourly galvanic signal-currents sent from the Royal Observatory. The motor clock
also closes a circuit precisely at each hour, causing hourly time-signals to be distri-
buted on different wires to the principal telegraph companies and on scme of the most
important lines of railway. That at 1", by the intervention of electro-magnets, pulls
automatically the ball-trigger and drops the Signal-Ball at Greenwich ; at the same
instant galvanic currents pass, one to drop the Signal-Ball at Deal, another to drop
that in the Strand, London (the property of the Electric and International Telegraph
Company), and to fire signal guns at Newcastle and North Shields. The hourly
currents received by the Electric and International Telegraph Company pass to the
General Post Office, London ; that at noon regulates daily several of the clocks in that
building. The same currents pass to the Clock Tower of the Westminster Palace, for
the guidance of the Superintendent of the Clock in bringing it to accurate time. The
motor clock also so changes the connections of wires that they are competent to transmit
currents to the Royal Observatory; and thus the drop of the ball at Deal, and the
indications of the Post Office clocks and the Westminster clock, are made visible at
the Royal Observatory.

A sympathetic system of chronometers is also connected with the transit-clock. By
means of the wheel on the escape-wheel-arbor (described in page xi), 59 currents are sent
through an additional pair of springs every minute, and are used to regulate the
pendulum of a half-seconds-clock placed on the foundation frame upon the south pier
of the Great Equatoreal, near to the Time-Microscope ; to regulate also a half-seconds-
chronometer fixed to the eye-end of the telescope of the Great Equatoreal, near to the
eye-piece, and always in view of the observer; and to drive a galvanic chronometer
placed in the computing room on the desk of the Superintendent of Clocks and
Galvanism. The half-seconds-clock is regulated in the manner introduced by
Mr. R. L. Jones, excepting that the galvanic coil is fixed to the clock-case and the
bar-magnet attached to the pendulum. A similar principle is used for regulation of
the chronometer on the eye-end of the Great Equatoreal. Upon the axis of its balance
a small magnet is fixed (its center being pierced by the balance staff); a fixed coil
embraces the magnet as in the ordinary galvanometer, and through this coil pass the
currents received from the Transit Clock. The omission of one current in each minute
is unimportant as concerns the regulated Clock and Chronometer, but not so as regards
the Chronometer which is driven by the current. For this Chronometer, therefore,
the seconds circle on its dial plate is divided into 59 equal parts (instead of 60), so
that one particular division corresponds to two consecutive seconds, and at this division
the seconds hand of the Transit Clock advances once, whilst that of the Chronometer
remains at rest. A comparison of this Chronometer with the Chronometer on the same
desk, synchronous with the Motor Clock (as mentioned in the last paragraph), is, in
fact, a comparison of the Transit Clock with the Motor Clock. The error of the
Motor Clock is thus ascertained ; and then, by means of a turn-plate on the same desk,
the circuit of a galvanic current is completed which, passing through a galvanic coil
(with no iron core) in the clock-case, can be made either to attract or repel a magnet
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attached to the penduium, and thus to accelerate or retard the Motor Clock as long as
may be necessary for its correction. 'The six clocks connected with the Motor Clock
necessarily receive the same correction.

II1.  Subjects of Observation in the Year 1866.

The Sun has 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.

With regard to the Planets, the following rules have been observed: The inferior
Planets, Mercury and Venus, have been observed on the meridian at every practicable
opportunity, excepting Sundays. The superior large Planets, Mars, Jupiter, Saturn,
Uranus, and Neptune, have not generally been observed when their solar time of
meridian passage is greater than 15", excepting at times when the Moon passes the
meridian later than 15". The small Planets have been observed only when the time of
meridian passage is earlier than 13" and only in the first part of each Lunation from
New Moon to Full Moon (the observations from Iull Moon to New Moon being
undertaken by M. Le Verrier, as is mentioned above, page ii). The observations of
all Planets are intermitted on Sundays.

In the meridional observations of the 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 was ascertained, and the
additional number necessary to make up this to fifteen was in 1865 considered to be the
number due from that year. In far the greater number of instances this number is
exceeded : in a few (especially of stars too near the pole to be used for clock-error),
the just number is not completed.

The other stars observed are principally : A list of 80 stars whose right ascensions
have been well determined, and which are used, in connection with the Nautical Almanac
Stars, for determining clock-error; Stars remaining from former years, including stars
to complete previous catalogues ; Moon-culminating Stars to the end of the list in the
Nautical Almanac 1869; Stars whose occultations by the Moon have been observed
at Greenwich ; variable Stars ; Stars which pass near the North and South Horizon ;
Stars suspected or known to have large Proper Motions ; Stars to be used in future,
for the determination of Azimuthal Errors; Stars of which obscrvations have been
requested by Astronomers for special purposes; and Stars in Bessel’s Fundamenta
not previously re-observed at Greenwich since Bradley’s time.

The Altazimuth has been used for observations of the Moon on every day when she
could be seen, without exception; and for the observations of Stars necessary for
instrumental adjustments, and of the collimator for the same purpose. Its telescope
has also been occasionally used for observing the occultations of Stars by the Moon,
and for the phenomena of Jupiter’s Satellites.

The Reflex Zenith-Tube has been used throughout the year 1856 for observations
of y Draconis. The observations are made at every opportunity (Sundays excepted)
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unless when y Draconis passes the meridian very early in the morning. In these cases
the observation is only made when the Moon also passes in the early morning.

The North Equatoreal, the East Equatoreal, and the South-East or Great Equa-
toreal, have been used for observing Occultations of Stars by the Moon, and for the
phenomena of Jupiter’s Satellites.

IV. Ezplanation of the Printed Observations.

§ 1. Transits observed with the Transit-Circle, and Computations of Apparent
Right Ascension, page [1] to [116].

‘The first column on each 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.
The center 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 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. Flamsteed’s constellation-N° and constellation, with Bayer’s letter ; taken from Baily’s
edition of Flamsteed. When the description thus found differs from that in the
British Association Catalogue, the difference is mentioned in the notes.

The Ne in Bessel’s Fundamenta, &c., deduced from Bradley’s Observations.
The hour and N° in Piazzi’s Catalogue, edition 1814.
The N° in Groombridge’s Catalogue.
The N° in Baily’s edition of Flamsteed’s Catalogue.
The N° in Santini’s Catalogue of 1677 Stars (Memoirs of the Royal Astronomical
Society, vol. xii.)
¥. The hour and N° in Weisse’s Catalogue of the Stars in Bessel’s Zones.
8. The N° in Lalande’s Catalogue, published by the British Association, or in that edited
by Fedorenko.
9. The N° in Lacaille’s Catalogue of Southern Stars, published by the British Association.
10. The N° in Riimker’s Catalogue of 12,000 Stars.
11. The N° in Oeltzen’s Catalogues of Argelander’s Zone Observations.
12. The N° in the Radcliffe Catalogue.
13. The N° in the Red Hill Catalogue.
14. The N° in the Greenwich Catalogues ; or in the British Association Catalogue ; or in
the First Cambridge Catalogue.
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In observing a double star, the brighter star (if it is not otherwise expressed) is

always observed.

‘When no mark is attached to the name of the object observed, it is to be understood
that the observations were made by the galvanic or chronographic method, which was
geaerally in use throughout the year. In any exceptional case where the eye-and-ear
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NOMENCLATURE OF STARS, AND INTERvALS oF THE TRrANsIT WiREs.

method is employed, the observation is distinguished by having the initials (£ & E)
prefixed to it.

The fourth column contains the initials of the observer’s name.

The next nine columns contain the clock-times (seconds and decimals of a second
only) at which the object was observed to pass each of the wires. For eye-and-ear
transits, the wires used are those which were in use before the commencement of the
galvanic observations, and they are denoted by the letters N, O, P, T, X, Y, Z.
Polaris and other stars very near the pole are, however, observed by eye-and-ear
over the wires intended for the galvanic transits. The wires used for galvanic
transits are denoted by the letters P, Q, R, S, T, U, V, W, X ; P, T, and X, being
wires of the original system, and Q, R, S, U, V, W, being new wires inserted between
P, T, and X. The intervals P-Q, Q-R, R-S, U-V, V-W, W-X, are nearly equal ;
the intervals, S-T, T-U, are nearly double of the former, for convenience of easily
distinguishing the central wire.

In observing by galvanic contact, the observer merely makes contact of the galvanic
spring at the instant of the object<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>