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XXVIIL. On the Construction of Specula of Six-feet Aperture; and a selection from the
Observations of Nebulee made with them. By the Eari of Rosse, K.P., &c., F.R.S.

Received June 5,—Read June 20, 1861.

TuE period seems now to have arrived when it may be proper to lay before the Royal
Society some further account of researches in sidereal astronomy, carried on with a
Newtonian telescope of 6-feet clear aperture.

The observations extend over a period of about seven years, during which few favour-
able opportunities were lost; stillin our climate, where there is so much cloudy weather,
a year's work, measured by the number of hours when nebula can be effectively observed,
is not considerable. Here in winter the finest definition we have, and the blackest sky,
is usually before eleven o'clock, after which the sky becomes luminous, and the fainter
details of nebulee disappear. In spring and autumn the change is neither so early nor
so decided; but the nights are shorter. Guided by Sir Jounx HrrscHEL'S admirable
Catalogue, we have examined almost all the brighter known nebule except a few in
the neighbourhood of the pole, and a great proportion of the fainter nebule. No
search has been made for new nebule ; very many, however, have been found accidentally
in the immediate neighbourhood of known nebule, but for the most part they were
faint objects presenting no features of interest. In every case where any peculiarity was
detected, as for instance the convolution of a spiral, dark lines, or dark spaces, a rough
sketch was made, and the more remarkable objects were selected for examination on
favourable nights, when the details were carefully filled in, sometimes with the aid of
the micrometer. The very faint objects, and even the brighter, where there was a
simple gradation of colour and no peculiarity of form, after having been examined on
a tolerably good night, were rarely examined again. In our ever-varying climate, when
we employ high powers and large apertures, vision is impeded more or less by the
unsteadiness of the air; it is impeded also by haze; and in both respects the condition
of the air varies immensely from night to night, and from hour to hour. The speculum
also is not uniform in its action. With such sudden alternations of temperature, in a
moist climate, it is frequently dewed, and gradually tarnishes. Artificially heating it
would be a remedy ; but it would bé an objectionable one, and we have not employed it.
From all these causes we can scarcely say that any one object has been examined under
a combination of favourable circumstances; still it is not now probable that with the
present instrument any tremarkable additions will be made to the details of nebule
already carefully sketched, except in very favourable states of the atmosphere. Occasion-

ally the air is so transparent and so steady, that magnifying power may be pushed very

far ; and then, perhaps, something new comes out. Such opportunities, however, are rare ;
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and the progress made is necessarily so very slow, that I think it would be inexpedient
longer to keep back this paper in the distant hope of making it in some respects more
complete. :

As to the instrument, a slight description of it has already been given in the ¢ Trans-
actions’ for 1850, but without details, and in the ¢Transactions’ for 1840 the process
employed in the construction of specula of 3-feet aperture was fully explained; but in
passing from specula of 3-feet aperture, and about twelve hundredweight, to specula of
6-feet aperture and four tons, although the same principles were our guide, difficulties
were encountered which called for new contrivances and additional precautions. It
will, I think, be useful to give a short account of the process by which the 6-feet specula
were made, and some details as to the mounting, supplying at the same time the best
answers we can to the questions, so often put, What really are the optical powers of
the instrument? What are the merits and demerits of its form of mounting, after an
experience of more than ten years? Would it be possible to construct a larger one, and,
if so, would there be anything gained? As there seems to be a desire to employ large
instruments in different parts of the world, would it be possible to lay down instructions
sufficiently precise to enable a mechanical engineer, without a previous apprenticeship,
to undertake the construction of large instruments as a matter of business ?

About one ton and a quarter of speculum-metal can be melted in one crucible; and
up to that weight there is no difficulty whatever in casting a speculum, and the instruc-
tions in the ¢ Transactions’ for 1840 are amply sufficient to enable any engineer to do so.
Each time, however, the crucible increases in circumference from the pressure of the
metal and after seven meltings we found the increase to amount to 4 inches. One ton
and a quarter is therefore about the limit for a separate melting, and for larger specula
we must employ several crucibles. The tin and copper must be previously combined in
smaller crucibles, holding not more than three or four hundredweight, as the heat
required is much greater than in the second melting. Three crucibles were employed
in casting the 6-feet specula; and we proceeded thus:—

The crucibles (which had been cast by Messrs. DEWER of London, with the precau-
tions detailed in my former paper) were placed in three separate air-furnaces upon cast-
iron stands about 8 inches deep, and of somewhat larger diameter than the crucibles, to
protect them from the immediate current of air passing through the fire-bars. A brick
pillar from the bottom of the ash-pit relieved the furnace-bars from the weight they
would- otherwise have had to sustain. The furnaces were round, 4 feet diameter, and
6 feet deep to fire-grate,—constructed as an ordinary air-furnace, with a door at the ash-
pit to regulate the admission of air. The three furnaces were worked by one stack.
In heating a crucible, it is necessary that the temperature should be raised gradually,
beginning at the mouth; otherwise it will be very liable to crack. To satisfy this con-
dition, the crucibles (of course empty) having been placed on their supports, and the
furnaces filled with good peat, the fires were lighted at the top; and in about Zen hours
the crucibles were of a proper temperature for the reception of the speculum-metal,
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which of course was introduced gradually. In about twenty-six hours from the time the
fires were lighted the metal was ready for pouring. Peat of good quality is about equal
to wood in heating-power, when consumed in furnaces where there can be no accumu-
lation of charcoal. The mould was constructed on the principles explained in my
former paper; but, the scale being now so much enlarged, little matters of detail, which
might have been before overlooked with impunity, were found to be of vital importance.
The bed of hoop-iron was 6 feet 6 inches diameter, and 4 inches thick. We had not at
the time a lathe sufficiently large to turn it; and therefore it was turned horizontally, on
the machine which was to grind and polish the future speculum. To remove little
irregularities arising from the imperfection of the turning-apparatus, the bed of hoops
was ground for two or three days with a disc about 6 feet diameter, composed of
fragments of sandstone cemented together within an iron ring. The annealing-oven was
 built on four arches communicating with two low chimneys. The floor being laid upon'
the arches, could easily be heated to redness. The interior of the oven was 8 feet by 10.
For want of room, the brickwork at the ends was but 2 feet thick, the sides nearly 4.
The thrust of the arch was, in the usual way, sustained by bolts. The crucibles were
raised from the furnaces by a crane and tongs just as at the Mint, and placed in rings
swinging on trunnions a little above the centre of gravity of the mass. The metal being
of a proper temperature, levers were fixed upon the trunnions, and at a signal the crucibles
were simultaneously inverted as rapidly as possible. The operation of pouring was
accomplished in about three seconds. If the metal was not poured rapidly, the con-
ducting-power of the iron surface is so great that partial solidification would take place,
and the casting would be imperfect. In about twenty minutes the metal was solid
throughout; the frame containing the sand forming the sides of the mould was then
removed, and the speculum, being grasped by an iron ring, was drawn into its place by a
capstan. The temperature of the oven was red, just perceptible in the dark, about 900°
All the apertures were then closed; and in about six weeks the speculum was cool.
When removed from the oven the speculum was found perfect; but the radius of curva-
ture was much longer than it should have been, which rendered the grinding a very
tedious operation. = The cause, however, was obvious; the floor of the oven had been laid
carefully flat to prevent warping ; no other precaution had been taken; indeed, no other
had been necessary with the 3-feet specula.

The speculum was removed from the oven to the bed of supporting levers in the
following manner :—A pit was dug about 4 feet deep, near the oven, commanded by a
crane. The speculum, weighing about four tons, was drawn out of the oven in the same
way that it had been drawn into it. Planks were provided for the speculum to slide
upon to the edge of the pit, into which it was lowered gently, the ring still grasping it.
The speculum was now resting principally upon its edge, the face supported by the side
of the pit. By means of wooden handspikes, and with little effort, the speculum was
made to rest entirely on its edge, bearing upon the soft earth. Two bars, 7 feet long
each, and 2 inches square, one of them cranked in the centre; were placed against the
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back in the shape of a cross. To prevent metallic contact, the bars had been bound
round with woollen cloth. Strong planks were placed against the face, and screw bolts
were passed through the planks and projecting ends of the bars. The speculum was thus
encased, and was easily raised by the crane face up. In the mean time a strong wooden
platform had been made with three iron pillars securely fixed in it, about 2 feet long
each, and so disposed as to support the speculum with the least strain. The frame carry-
ing the supporting levers, to be hereafter described (Plate XXIV. fig. 1), was placed
upon this platform, the three iron pillars passing through interstices in the levers; and
the speculum was lowered till it rested upon the pillars, the levers being considerably
below it. The bars and planks encasing the speculum were then removed, and the
frame and levers raised by the crane till the speculum was completely supported by
them. It now rested on its levers, and was taken to the grinding-machine. I have
been thus minute in describing the means we had employed in removing the speculum
from the oven, turning it over, and placing it on its bed of levers, as in the arts they have
never to deal with a material at once so heavy and so brittle; and we were guided by
long experience, which others may not have had.

This speculum had been more than a month upon the grinding-machine, and was just
ready to be polished, when it was broken by an accident. Immediate preparations were
made for recasting it. While the speculum had been in the annealing-oven we had
finished a powerful lathe for turning the grinding-tools, with a slide-rest moving in the
proper curve. The bed of hoops was placed upon that lathe, and its radius of curvature
adjusted : the floor of the oven also was cut roughly to the same curve. As we were
anxious to guard, as far as possible, against contingencies, and to secure a working
speculum with the least delay, we were satisfied to employ an alloy somewhat lower
than on the former occasion, and an ingot of speculum-metal was added which contained
more than the proper proportion of copper. A little additional copper diminishes the
brittleness considerably, while it increases the liability to tarnish.

The speculum was successfully cast, but the surface was covered with minute fissures,
about the breadth of a horse-hair. These we resolved to grind out. The grinding was
very tedious, partly owing to the metal being a little below standard, and partly to the
deepness of the fissures. After the first day’s grinding, the fissures, which previously
were scarcely perceptible, became much enlarged, owing to the edges chipping away;
and the whole surface thus became, as it were, covered with large wrinkles. The pro-
cess of abrasion is necessarily extremely slow, as both the velocity and the pressure are
kept within very narrow limits, to prevent the evolution of heat, which would crack the
speculum. The grinding continued for nearly two months, the machinery working for
part of the time at night ; and a few of the fissures were so deep that even then the traces
of them were perceptible. The speculum was then polished ; and its performance fully
equalled our expectations. ,

A telescope intended to be constantly employed requires two specula. We had now
leisure to encounter delays and difficulties in endeavouring to procure a second speculum
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free from the defects of the one already finished. We had satisfied ourselves that the
fissures were owing to our having employed the bed of hoop-iron in the state in which it
was when taken from the turning-lathe. The surface, though nicely turned, was not as
smooth as the surface of a solid disc would have been: a slight yielding at the edges of
the hoop-iron, and a slight spreading under the pressure of the tool, had produced little
irregularities; and although the surface had been carefully *black-washed,” the specu-
lum-metal had encountered too much friction in the act of contracting after it had
become nearly solid, and thus had been filled with superficial rents. On the first occa~
sion there had been no fissures, but the bed of hoop-iron had been ground ; the remedy
was therefore obvious.

The third speculum was successfully cast; but on opening a small aperture, and look-
ing into the oven before it was quite cold, it was observed that the speculum was cracked
through the middle. The temperature of the speculum was found not to be quite uni-
form ; and that circumstance, taken in connexion with the direction of the crack, seemed
to point out the cause: the ends of the oven, from want of room, had been made thinner
than the sides. The first speculum had probably been strained by the same cause, and
rendered more fragile.

The oven being ready, an attempt was made to cast a fourth speculum, which failed.
We had each time, before the bed of hoop-iron became cold, saturated it with tallow to
prevent the formation of rust between the hoops, which would have rendered the sur-
face impervious to air; but just before it was again employed it was made red-hot, and
the tallow burned out. On this occasion, by an oversight, the bed of hoop-iron had
not been sufficiently heated, and there remained some of the tallow unconsumed, which,
being vaporized in large quantities, produced an ebullition which made the casting as
porous as pumice-stone. This speculum, of course, was not annealed, and the following
day it was in small fragments.

The fifth speculum, being in every respect a. perfect casting, without the slightest
blemish and of a proper curvature, was ground and polished in about a month. Tt is
desirable that the bed of hoop-iron when the metal is poured should be warm, so as to
prevent the possible deposition of moisture; but if much hotter than this, it at once
dries up the sand, and it is difficult to make the mould secure. In the whole of the
operation I have described, one of the difficulties is to time each:stage. If the mould
was prepared too long, the bed of hoop-iron might become cold and damp; on the other
hand, if the mould was not ready when required, it might be hazardous to keep the
crucibles so long at the pouring-heat. It may, perhaps, be as well to add that the
crucibles, when in the pouring-gimbals, require to be thoroughly skimmed, as particles of
coal falling upon the hoop-iron would be immediately entangled in metal not rising to
the top : the skimming should be done promptly, lest the metal fall below the proper tem-
perature. Any considerable delay in drawing the speculum, when solid, into the anneal-
ing-oven would be fatal; therefore there should be ample capstan power to overcome
the difficulty which usually is experienced in detaching the speculum from the mould.
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The last speculum is but 3% tons, and is therefore considerably weaker than its pre-
decessor; and by carefully comparing the two specula at low altitudes, we have been
made thoroughly sensible of the great importance of strength in preventing flexure.
There are little irregularities in the action of the supporting levers, which are much
more injurious to the definition of the weaker speculum than the other; and although
these irregularities may be susceptible of further diminution, I think there would still
be sufficient gain to make it worth while to cast a third speculum considerably heavier
than either of the others. :

In the ¢ Philosophical Transactions’ for 1840 I have endeavoured to explain the prin-
ciple upon which the bed of hoop-iron acts; some, however, seem to have attributed
larger effects to it than T have, and of a different kind. It has been supposed by some
that a molecular change takes place, somewhat similar to that which has been observed
in the case of very small portions of speculum-metal rapidly cooled, while by others the
change has been compared to the “chilling of cast iron,” to which I think it bears no
analogy: cast iron when chilled becomes almost as hard as hardened steel ; there is an
exudation of graphite—in fact, a chemical change the exact nature of which seems to
be imperfectly understood: there is no such change in speculum-metal, it becomes
actually softer. To obtain sound castings, all which seems necessary is so to manage
the process that solidification must begin at one surface and proceed regularly to the
other. By employing the bed of hoop-iron the object is effected with certainty; but
the engineer may employ other means, perhaps sufficient for the purpose, which, under
varying local circumstances, may be cheaper and more convenient. ‘

Possibly some useful hints may be gathered from a slight glance at the successive
steps by which we obtained a clear view of the principle by which the founder should
be guided in making large castings of speculum-metal.

About the year 1827, on commencing a series of experiments on speculum-metal,
I procured a small flat speculum from Mr. TuLLy, and two similar specula from
Mr. CurHBERT, as specimens of the art in its most advanced state. I also procured
from Mr. CurHBERT several small unwrought castings of about two ounces weight to
practice upon.  Mr. TuLLy’s specula were cast in the ordinary way in sand, and polished
with rouge: but Mr. CUTHBERT’S were cast in contact with iron, and so cooled instanta-
neously ; they were polished with putty. All the specula for Mr. CUTHBERT'S micro-
scopes were made in a similar manner. He was under the impression that speculum-
metal cooled instantaneously was more suitable for his purpose than common speculum-
metal—that it was sounder, more compact, and resisted better the action of emery.
These specula were accidentally exposed to the air of the laboratory for a considerable
time; and at length we remarked that Mr. CuraBERT’S specula had somewhat lost their
polish, while TuLLY’s speculum was as bright as ever. The inferiority of CurHBERT'S
specula we attributed to an excess of copper, but with further experience we came to a
different conclusion. We had several early samples of chilled speculum-metal, and
corresponding samples. of the same metal cooled gradually. They were obtained in this
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~way :—In our experiments on the alloys of tin and copper, we were in the habit of taking

out a sample after each addition of tin. 'When cool, a small piece was broken off the sam-
ple, and the fracture and colour examined; the remainder was then hastily ground and
polished on a succession of revolving laps. The experiments were very numerous; and
to save the time lost while the sample was cooling, we at first applied water cautiously,
and then adopted the device of pouring the sample into a ring laid upon the face of an
anvil. Samples of a few ounces weight frequently cracked upon the anvil, but with
water they usually flew into many pieces. We soon, however, found that the attempt
to save time by cooling the samples instantaneously was a step in the wrong direction,
as it was only from samples cooled slowly that reliable information could be obtained
as to the qualities of the future casting. There was, however, this result, that we at
length came to the conclusion that instantaneous cooling was unfavourable to perma-
nence of polish. In the progress of these experiments we also observed that the rods
of speculum-metal formed in the air-holes of damp sand-moulds, also the thin plates
formed at the junction of the upper and lower moulds, were of unusual strength. We
were not then aware of the fact that alloys of tin and copper are softened by sudden
cooling, which would have accounted for the liability to tarnish, and the great increase
of strength. ~

Mr. PorrER, in Sir DAviD BREWSTER'S ‘Journal’ for 1831, directs attention to the
apparent hardness and soundness of speculum-metal cooled instantaneously ; but he does
not appear to have operated upon a larger scale than Mr. Curukrr, his castings not
exceeding 14 ounce. Mr. M‘CuLLAGH seems also to have noticed the same facts; and,
indeed, it is not likely they could have been unnoticed by any one who had been engaged
much in speculum-casting; but the obvious fact that any considerable mass of an
alloy with such large expansions and contractions as speculum-metal, and so brittle,
must fall to pieces if cooled rapidly, would have forbidden the attempt to manufacture
large telescopes with such a material.

In all our earlier experiments the castmgs were made in damp sand, precisely as in
the common process of casting iron or brass. Where the founder, however, aims at the
best results, especially in brass-casting, he dries the mould: he thus escapes the mischief
sometimes arising from the evolution of hydrogen, which, unlike steam, makes its way
through the sand with difficulty. Steam in small quantity does no mischief, because it
enters the interstices of the sand, where it is immediately condensed.

In the hopes of better results we dried the moulds; but, strange to say, the castings
were less perfect. At the low temperature at which specula are cast, the tin acts but
very little on water, and there is no injurious evolution of hydrogen; therefore, in that
respect, there was nothing gained by drying the mould, while we found, after a great
number of specula had been broken up, that in dry sand the progress of solidification
had been less regular than in damp sand, and that this was owing to the circumstance
that in dry sand the solidification had commenced irregularly in all directions, while
in damp sand the upper surface had remained longer fluid than the lower surface,

MDCCCLXI. S A
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especially where the specula were of considerable thickness. To explain this, it is only
necessary to remark that, when metal enters the damp-sand mould, heat will be imme-
diately abstracted from it; and as it rises in the mould by each successive addition of
hot ‘metal, it will somewhat dry the upper sand-surface before the metal reaches if.
‘When, therefore, the mould. is full, the lower surface will be cooler- than the upper:
-this does not happen when the mould is dry. In casting very thin specula, there is no
~time. for successive actions; the upper and lower surfaces solidify simultaneously, and
‘there is a tendency to separation in an intermediate plane. In some cases the separa~
tion was so complete, that a slight concussion actually divided the speculum into two
~discs.  In discs of brass there is often, from the same cause, a very thin plane of porous
:metal running through the centre; and where this occurs in the plate of an air-pump,
a bouching is inserted to cut off the communication between the external air and the
central aperture. Keeping these facts in view, it would be naturally expected that by
-employing very open sand, as damp as possible, for the lower surface of the mould, and
-dry sand for the remainder, the best results would be obtained: and such was the case;
and where other means are not at hand, specula of 10 or 12 inches diameter can thus
‘be easily obtained, provided they are of considerable thickness. This device, however,
was not successful when we endeavoured to procure thin plates to face the compound
sspeculum described in the ‘ Transactions’ for 1840 ; the solidification of the upper and
lower surface was too nearly simultaneous, and therefore there was irregular contraction :
consequently a metallic surface was employed, from which the plate was removed the
moment it was solid.

There is yet another method of procuring excellent specula of moderate dimensions,
which was dismissed, perhaps, in too summary a manner in the account of experiments
in the ‘Transactions’ for 1840. It has this to recommend it, that it can be carried out
by persons who have had no experience in the management of melted metal; and it is
desirable to smooth the way, as far as possible, for beginners, who may, perhaps, by early
success, be induced to proceed further. A cast-iron mould can easily be made at any
foundry; it must be at least two and a half times as deep as the required speculum ; it
is to be placed in a temporary air-furnace, resting, like a muffle, upon two very strong
deep bars, and is to be made perfectly level. The grate should be made of moveable
bars, which can be withdrawn at the conclusion of the process, so that the fire may fall
into the ash-pit. If charcoal is employed, the draught will be sufficient to produce
the necessary heat without a chimney. The proper quantity of speculum-metal, in
pieces, is then introduced, and the cover put on. It is important that no pieces of char-
coal should get in before the metal is melted, as they will often be found in the face
of the speculum. As soon as the metal is melted, the cover is taken off, and the moves
able bars are drawn out. The metal is then stirred with a broad flat tool, passed every-
where over the surface of the mould to detach air-bubbles, and without loss of time a
jet of water is thrown against the bottom of the mould, through a rose with exceedingly
small holes, and distributed evenly. The action of the water must be suspended the
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moment the temperature of the mould is reduced to a dark red, lest it should crack
but the operation should be repeated at intervals of a few seconds, to keep the reduction
of temperature permanent. As soon as the metal is solid at the surface, the furnace is
to be closed up completely, and the speculum is thus annealed, the furnace acting as a
annealing-oven. The blocks of speculum-metal, which were sawn up into plates, as
described in the ¢Transactions’ for 1840, were made in this ‘way, excepting that air
was employed instead of water. A large hand-fan furnishes a sufficient blast; and when
such an instrument is within reach, air is perhaps preferable to water, as it is more easily
managed. The cracking of the moulds (the difficulty we encountered in the experiments
alluded to) we subsequently ascertained was owing to excess of water. It is important
that the temperature of the metal should not pass the melting-point, to prevent the
large development of a crystalline structure..

- ‘Whether specula are cast according to the first process, when the moulds are of damp’
sand and solidification commences at the lower surface in the way I have explained—or
by the second process, when the moulds are of iron and solidification also commences at
the lower surface, owing to the action of some cooling medium, through the iron—or by:
the third process, when the same effect is produced by the exterior mass of iron which
prevents the interior surface of the mould from attaining the temperature of fusing
speculum-metal, the result is very similar: there is the same molecular arrangement
more or less developed, and the fracture presents the same characters: the axes of the
crystals are directed to the cooling surface, in obedience to the general law, stated by
Mr. MALLET in the following words, that when the particles of crystalline solids* “ con-
solidate under the influence of heat in motion, their crystals arrange and group them-
selves with their principal axes in lines perpendicular to the cooling or heating surfaces
of the solid—that is, in the lines of direction of the heat-wave in motion, which is the
direction of least pressure within the mass.” ' .
1t is scarcely necessary to add that there is no resemblance in this molecular arrange-
ment to that of a small speculum cooled instantaneously. '

Enough has now been said to enable a skilful founder to follow the course which we
pursued in casting specula of 6-feet aperture. The principles are, in fact, the same
which he must have had in view in executing works of unusual difficulty in cast iron:
with speculum-metal, however, the difficulties are far greater, and therefore every part
of the operation must be more rigorously governed by sound principles.

The photograph of the speculum on its supporting levers (Plate XXIV. fig.-1) will
give perhaps all the information which may be required as to the general nature of the
arrangement. The ring in which the speculum is suspended was removed, as also some
of the apparatus connected with the levers, to prevent confusion. = The diagram fig. 2
represents in plan the arrangement of the levers. The cast-iron carriage, of about
11 ton weight, carries three ball-and-socket joints, directly under the centre of gravity
of three equal sectors, into which the speculum may be supposed to be divided. The

# Mz ¢ On the Construction of Artillery,’ p. 7.
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centre of the ball is in the centre of gravity of the triangle, not merely as respects its
plane, but thickness also. These three triangles, which we call primary, carry at their
angles, by ball-and-socket joints, nine secondary triangles, supported at their respective
centres of gravity; and they, in a similar way, carry twenty-seven tertiary triangles, each
carrying three gun-metal balls of 1} inch diameter,—in all, eighty-one balls, which sup-
port twenty-seven equal portions of the speculum. Between the balls and the speculum
twenty-seven thin brass plates are interposed, attached to the speculum by pitched cloth,
not so much with a view of giving support between the balls, which would probably be
quite unnecessary, but to make a smooth surface for the balls to roll upon without
grinding the back of the speculum true. In each ball there is a small hole, and a thin
brass wire is inserted in it, and secured with a wooden peg; this wire passes through a
small hole in the lever, and is attached to a thin brass spring at the back, which yields
as the ball rolls, and brings it back to its proper place whenever the ball is free from
pressure. Without this contrivance, a very slight jerk, when the plane of the specu-
lum is nearly vertical, would cause the balls to fall from their places. In practice, the
~ motion of the balls is of course very slight. : ,

It is evident that so long as the speculum is horizontal, equal portions are carried
equably, and it is almost as free from strain as if it was floating on mercury. As soon,
however, as we incline the speculum to the horizon, the lever apparatus does not act so
perfectly. It will have been observed that the levers are not in the same plane; and
this is disadvantageous in two ways: first, although the primary triangles balance in
every position on the ball-and-socket joints, and therefore are indifferent as to position,
the centres of the ball-and-socket joints carrying the secondary triangles are unavoidably
above the plane of the centres of the primary supporting balls, and still more are the
ball-and-socket joints carrying the tertiary triangles; consequently the secondary and
tertiary triangles, by their weight, exert a force tending to make the planes of the pri-
mary triangles rotate in a vertical plane, and so disturb the equilibrium. The tertiary
triangles in a similar manner, but to a much less injurious extent, act upon the secon-
dary triangles. ~The lever apparatus, deducting the primary triangles, weighs about
600 Ibs.; were it lighter it would not have the necessary solidity; and the disturbing
‘action of the weight is so considerable that, when not counterbalanced by subsidiary
contrivances, the action of the speculum at low altitudes is much impaired by it. The
contrivance we employ is a system of levers, connected by wires with the ball-and-socket
Joints which support the secondary triangles, and acting at right angles to the plane of
the speculum. The primary triangles, thus relieved from all lateral strain, are in a
condition to do their duty effectively; and that seems to be sufficient in practice. Of
course another set of levers might be attached to the ball-and-socket joints supporting
the tertiary triangles; and then the whole system would be perfectly counterpoised in
every position; that, however, seems to be scarcely necessary. It is evident that, were
it not for the balls interposed between the levers and the speculum, any lateral motion
of the speculum would introduce a disturbing force which would destroy the equi-
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librium. Lateral motion, however, must always exist in the different positions of the
telescope, owing to the elasticity of materials; and it must act injuriously in some
degree, in proportion to the force required to move the speculum on the balls. Great
care has been taken to make the fittings of the ring in which the speculum hangs as
perfect as possible, and to connect its joints and bearings with the iron carriage, so as to
reduce the lateral motion of the speculum to the smallest possible quantity. We have
not tried Mr. LASSEL’S ingenious arrangement for relieving the edge pressure. Unless
there were holes half through the speculum the experiment could not be fairly tried.
Our 3-feet specula are also suspended in a ring, and are supported on fewer points by the
lever apparatus, which, at a slight sacrifice of theoretical accuracy, has been thrown into
one plane. 'We have rarely perceived any flexure of importance, except where the action
of the levers had been impeded by rust; but the 3-feet specula, which weigh about thir-
teen hundredweight, are very much stiffer than the 6-feet specula, as is obvious on com-
mon mechanical principles. Upon the whole, I am inclined to think there is a better
prospect of improving the definition of very large specula by increasing the original
stiffness, than by endeavouring still further to eliminate slight disturbing forces.

 The 6-feet specula were ground with an iron tool, divided into squares, precisely as
the 3-feet specula. The squares were larger, about 2 inches each side, and were not
formed by cutting but by casting. A tool cast from the same pattern was employed as
a polisher, but the surface of the squares was cut up by turning, so as to leave no more
than half an inch of continuous surface. The tools weigh about one ton one hundred-
weight each, and the iron is so disposed in them as to produce the utmost amount of stiff-
ness. The photograph supplies all details (Plate XXIV. figs. 3 & 4).

In grinding, about two-thirds of the weight is at first taken off by a counterpoise acting
through a system of levers attached to it in thirty-six points, on the same principle as the
levers which support the speculum. As the process proceeds the contact becomes more
general, the friction increases, and there is more heat developed; therefore the counter-
poise is increased, till towards the conclusion the unbalanced weight of the grinder is
reduced to about two hundredweight. Notwithstanding the great strength of the tool,
we found that if after the grinding was over it was suspended by its centre, the flexure,
after a week or two, became so great that on replacing it on the speculum and regrind-
ing with it, the action commenced at the edge; it is therefore always, when not in use,
suspended by its levers. The curvature of this tool was adjusted in the ordinary way by
gauges. These, as they were to be employed in the adjustment of the speculum to
focus, were made with great care. One side of each gauge was first made into a straight
edge, by the well-known scraping process of Mr. WrITwoRTH, and the two were then
very slightly ground for a few minutes with fine emery to remove the marks of the
scraper, but no more. Ordinates were then set out, an inch apart, and marked to the
calculated length by means of an instrument applied to the straight edge, very similar to
the joiner’s gauge, but made of brass, with a fine scale and vernier. Through the extre-
mities of the ordinates the curve was traced by means of a steel point, guided by a
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curved rule about 6 inches long. A pair of these little rules were made from calculated
ordinates, and ground together. In adjusting the gauges to the curve so traced, nothing.
was employed but the file and scraper. The gauges were then slightly ground together
with the finest emery and in very small quantity, and care was taken to distribute it
evenly with a camel’s-hair pencil. The grinding-tool was from time to time adjusted
roughly to the curvature on a turning-lathe, which was accomplished with great facility,
as the slide-rest was governed by a guide of the same curvature as the gauge, and there
were adjusting-screws in the face-plate, by which the tool was made to run perfectly true
each time it was replaced. When the curvature of the speculum was nearly exact, the
remaining little changes in the radius of the tool were made with the file. 'We had no
means of optically measuring the focus of the 6-feet mirrors while on the engine ; there-
fore further precautions were taken. A brass wedge was made, about 3 inches long, at
one end zi5th less than the vers sine of the circle of curvature, and at the other end
x5oth greater. This wedge was cut into three parts, equal, greater, and less than the
verssine. A straight edge was then laid upon the speculum ; and it was considered per-
fect when one of these just touched the straight cdge, another passed under it without
touching, and the third did not pass at all. So accurately was the adjustment as to
focus made in this way, that neither of the specula differed from the calculated focus
more than 14 inch.

The machinery is precisely on the same principle as that which we cmploy in working
3-feet specula, already described in the ¢ Transactions.” Instead of belts there are chains,
working in V grooves. The driving-wheels are of wood, in several layers, the grain
being disposed radially. The chains are made tight by straining-pulleys, and act per-
fectly. This species of machinery is neither compact nor elegant: when originally
designed, its principal recommendation was facility of construction and facility of altera-
tion, both important qualitics where it was doubtful whether machinery unguided by
hand, acting independently of the sense of touch, would answer at all. Some are sur-
prised that machinery so rude should be employed, and successfully, in a mechanical
operation where the utmost precision is required, a precision almost fabulous, and they
compare it with the beautiful machinery in the mills where textile fabrics are made:
but in figuring specula everything depends upon the principle; and so long as certain
motions are communicated to the tool and speculum, machinery can do no more. The
tool is raised and lowered by a screw passing through a carriage which moves upon a
railway over-head upon the principle of the travelling crane, and the same mechanical
arrangement removes the speculum with its lever supports from the grinding-machine
to the truck upon which it is conveyed to the telescope. The screw is obviously the
best mechanical power to employ, as its action begins and ends slowly, and there is
therefore less danger of breaking the speculum. As a further precaution in raising
or lowering the grinding-tool, thin wooden wedges between the tool and speculum
are gradually introduced and withdrawn. In the final adjustment of the speculum
to. focus, the operation is much facilitated by a judicious management of the second
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eccentric; small variations in the radius of curvature are thus produced with great
facility: where, however, there has been a considerable departure from the length
of stroke necessary to produce a spherical figure, the speculum requires to be ground
for twelve hours, or perhaps much longer, with the proper motions, before it is fit to be
polished. Mr. WaiTwoRrTH is of opinion that greater general accuracy of surface is
obtainable by scraping than by grinding: the late Mr. A. Ross, as high an authority as
any one in everything relating to practical optics, held very nearly the same language*.
He attributed the defective action of the grinding-process to the unequal distribution of
‘the grinding-powder, which, accumulating at the centre by capillary attraction, and at
the edges by mechanical action, unduly shortened the radius of curvature at the centre
and lengthened it at the edge. He employed the grinding-powder dry in producing
flat glass surfaces, and believed he thus obtained a better result. 1t appears to me that
by cutting up one of the surfaces into minute squares, in the way we have so long prac-
tised, the causes of unequal action are eliminated. The subject is a very important one,
as there appears to be no other probable means of working solid materials into accurate
surfaces for optical purposes than by some modification of the ordinary process of grind-
ihg and polishing. In the ¢ Philosophical Transactions’ for 1840, there is a sketch of a
grinding-tool such as we employed in the construction of 3-feet specula ; but I have
scarcely noticed experiments on grinding, passing at once to the more important subject
(as it appeared to me at the time), that of polishing, Something useful, however, may
“perhaps be extracted from our record of very numerous experiments on grinding plane
‘and curved surfaces. In my very early experiments, the ordinary process for procuring
a true plane by grinding three planes in alternate pairs was often repeated. Till we
‘adopted the expedient of cutting up two of the surfaces into minute squares, our success
was very limited. That device apparently removed all the difficulty, and we were then
“enabled to make large flat mirrors which bore the optical test well in every part, which
was not the case before. 'When one of the surfaces is divided into minute portions, with
sufficiently large and deep intervals, there can be no capillary action such as that
described by Mr. A. Ross; neither can there be an accumulation of grinding-powder
anywhere, because an immediate escape for it is provided ; and if the grinding-powder is
employed in very small quantities, and no addition is made to it for three or four hours
before the termination of the process, there will be a high degree of comminution, and
only just a sufficient number of minute particles to keep up the abrading action, pro-
bably nowhere more than a'single layer. 'We may form some idea of the accuracy thus
.attainable by examining with a microscope the: particles of emery so comminuted. No
parts can be acted upon strongly except where they deviate from a spherical surface;
too violent contact then, and consequently a destructive action, is prevented by the
moisture interposed. Under such circumstances, with unyielding surfaces, #ime obviously
cannot enter as a disturbing element, because there is no abrasion when there is no close
contact.
% HOLTZAPFFEL, Mechanical Manipulation, vol. iii. p. 1229.7
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The principle of Mr. WHITWORTHES method may obviously be carried out, with glass
or speculum-metal, by employing small laps and grinding-powders instead of the scraper;
but as a scraped surface consists of a maze of curves of varying flexure, a surface ground
in detail must always, I should think, in some degree partake of the same character,
and, though it may not anywhere deviate much in general outline from the required
form, minute deviations must exist in every part. M. FoucauLr seems to have been
successful in improving surfaces of moderate dimensions, by his ingenious process of
testing and polishing in detail ; how far such a process will succeed in improving large
surfaces which have been in the first instance properly wrought, has not, as far as I am
aware of, been ascertained. Our practice always has been to repolish when the surface,
tested by the method described in the ‘Transactions’ for 1840, has proved to be de-
fective. If a few glaring defects are at once seen, the whole surface is always faulty,
though in a less degree. :

The only change we have made in the polishing-machinery consists in substituting an
elliptic for a circular wheel in driving the second eccentric. The major axis is at right
angles to the throw of the eccentric, and is to the minor axis as three to one. The band
is merely a rope working in a deep groove; and a straining pulley, freely acted upon by
a weight, secures the necessary tightness in all positions of the ellipse. The obvious
effect of this arrangement is to diminish the time the polisher overhangs the speculum,
and so to reduce, to some extent at least, a source of error. 'We now employ in every
case a separate tool for grinding and polishing, which is a great convenience, especially
as we always regrind the speculum after it has been brought in from the telescope.
There seems to be no doubt that in some cases considerable change of figure had taken
place. The grinding-tool, when true, will be bronzed all over, and the speculum, when
examined in every position as to light, will appear uniform.

We still consider the process of polishing described in detail in the ¢ Transactions’ for
1840 as the best, with this addition, that we employ a combination of brown soap and
ammonia, instead of pure water, during the latter part of the operation. 'We had then
tried this lubricating mixture but too recently to feel justified in recommending it.
The great objection, however, to the whole process is the difficulty of carrying it out.
I have had communications from time to time from many persons in whose hands it has
Aailed; and I am not surprised; for although everything has usually gone on smoothly
when we were in the midst of experiments and in constant practice, yet after the lapse
of even one year, when we have had occasion to repolish a speculum, there have been
often disappointments. The difficulty arises from the necessity of employing two strata
of resinous matter, one so hard, and both so thin. If in preparing the polisher the
hard resinous composition is suffered anywhere to come in contact with the iron, the
polisher will not retain its figure, and there will be a failure. A small chip of wood in
the pitch will produce the same effect. If the water or lubricating mixture is supplied
too sparingly, the polisher will begin to dry in spots, the rouge and abraded matter will
collect there, and the thin stratum of pitch will be compressed till the accumulated
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matter resting upon the iron will act just as a chip of wood.  If the lubricating fluid
is a little in excess the rouge will run loose, the very hard resinous surface being able
to retain but a very small quantity of it, and the incipient polish will disappear. An
excess of rouge acts in the same way, while, if the rouge is not in sufficient quantity to
keep up the cutting-action, the surface of the speculum:loses its truth. The process
therefore requires great attention throughout. Beth: the. temperature of the water in
which the speculum revolves and the temperature of the room, of course, must be pro-
perly regulated. The process does not proceed well unless the moisture between the
speculum. and polisher gently evaporates, so that drops of fresh fluid may be added from
time to time, to carry away the undue collection of abraded matter. As the hygro-
metric state of the air varies, so will the quantity of fluid required to lubricate the surface;
and that would be a source of considerable embarrassment, were it not that in dry states
of the air the dew-point can be adjusted by a jet of steam. When the air is very damp
we have no practical remedy; and therefore the operation isnot then attempted.

‘We have often endeavoured to -evade these difficulties by employing a surface less
hard, supported by a thicker substratum of pitch ; but there has been an evident sacrifice
of ttruh of surface and figure, and we have failed in obtaining that very fine definition
which resulted from the old process when perfectly successful. By the old process, a
speculum of 3-feet aperture and 27-feet focus has been frequently made so perfect that
in favourable states of the air it has defined sharply the dots and figures on a watch-
dial distant 100 feet, the eye-glass being a single lens of one-eighth of an inch focus:
such a speculum in ordinary weather perhaps does little more than one that is inferior
to it, both, for instance, showing well the sixth star in the trapezium of Orion; but in
extremely fine nights it displays its powers by resolving nebule in which no traces of
resolution had been seen before, and by concentratmg the light of minute stars and so
rendering them visible. SRETHNE

If the vivid polish of a speculum employed in the open air was as enduring as that of
glass, the difficulty of the process and its uncertainty without continual practice would
have been no great objection to it; but when, on the contrary, it is necessary to repeat
the process at intervals perhaps so long that minute details are not fresh in the memory,
the task becomes the labour of Sisyrnus. : :

" A very fine speculum loses much of its light and some-of its truth of surface by
bemg repeatedly dewed, especially if it has been several times cleaned, and for the
ordinary work we are engaged in will be inferior to.a moderately good speculum which
is quite fresh.

* The preparation of a polisher in the -way formelly described is one of the great diffi-
culties; a certain degree of manual dextenty is:required, which can only be obtained
by practice and kept up by practice. ' For many years we-have very often prepared it in
an easier way: Some pitch-of the proper comsistence for polishing at 55° is put into
warm water; and when soft, a little is taken out and rolled upon a wet board to the
proper thickness. - There is no difficulty in this, as the roller is governed by ledges of
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proper height at each side of the board. The surface of the pitch is wiped dry, and a
thin stratum of the hard resinous composition in powder is sifted on. A large flat-iron,
red-hot, is then passed over at a distance of 3 or 4 inches, and so slowly as just to fuse
the resinous powder without making any change in its composition. The pitch, so pre-
pared, is cut into squares of the proper size, and thrown into cold water till required.
The polisher, warmed to about 80° is then brushed over with very soft pitch, and, when
the temperature has fallen to about 65°, the square pieces of pitch are arranged in their
places and soon become quite fast. The whole of this operation requires little expe-
rience, and can be managed by common workmen—a great advantage. It has, however,
this disadvantage, that the pitch is somewhat thicker than we should wish. In the
6-feet polisher the squares are 23 inches; and although the soft pitch in the circular
grooves will no doubt yield a little, still we have a larger continuous surface than we
had by the original process, and therefore the pitch requires to be thicker. The reason
why with the long transverse strokes the pitch must be so thin is evidently this, that
the polisher passes so far beyond the edge of the speculum. If we coat a polisher with
pitch alone and of some thickness in the ordinary way, and then proceed to polish, we
shall find that, if at any time we stop the machinery for a few moments when the
polisher is at the extremity of the stroke, the pitch will change its figure. The change
of course will be less as the stroke is shorter ; but by prolonging the time, even with a very
short stroke it will still be perceptible. So considerable is the change of figure under
such circumstances, that after some time a distinct mark will be made by the edge of the
speculum, and the projecting portions of the pitch becoming comparatively protuberant,
unusual force will be required to effect the next stroke. These continual changes of
figure, slight as they may be, will produce excessive action on the outer portions of the
speculum. To meet this evil, if we diminish the length of the strokes much, we impair
the self-correcting action to which we are mainly indebted for success. To explain this,
let us suppose the throw of the first eccentric, B (see figure in ¢ Transactions’ for 1840),
to be reduced to a small quantity, and the action of the second eccentric, G, to be reduced
in the same proportion, the speculum continuing to rotate ; if the polisher and speculum
are not truly portions of the same sphere, there will be unequal action at the centre or
edge of the speculum, according as the polisher is more or less convex than it ought to
be. In the first case, a depression will be formed at the centre of the speculum of a
diameter proportional to the throw of the eccentrics; in the second case there will be
an annular depression at the edge of the speculum. It is plain that the speculum
cannot be restored to truth till the remainder of the surface has been lowered to the
depth of the depression: this, however, will not be accomplished in practice if unequal
action is continued even for a very short time. It may be thought that rigid identity
of figure might be secured in the first instance ; but this is practically impossible: the
rouge cannot be distributed with perfect regularity; besides, as the temperature of the
polisher varies, so does its radius of curvature. But even if perfect coincidence was
secured at the beginning, it would not long continue. With very small motions the
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abraded matter would not be equally distributed, and, collecting in excess in some place,
unequal action would be set up before the pitch had time to yield. If the excess was
not at the centre, the depression would assume the character of a ring. The pitch at
‘length yielding, the ring would not increase, but it would continue, and, a similar cause
arising in another part-of*the polisher, a second ring would be formed, and so on. I have
seen a surface of an annular cliaracter all over, the breadth of the rings depending on
the adjustments of the eccentrics. 'Why the depressions once formed continue with so
much persistency is evidently owing to the yielding character of the pitch, which, when
the depression is of large area, becomes protuberant, precisely as it does where it overhangs
the speculum, and so the cutting action is to some extent continued. An annular
surface is produced by grinding, under similar circumstances, but the rings change
their places frequently. The annular surface is always best-marked when the action of
‘the second eccentric is suspended completely. To see the annular surface, the speculum
must be slightly polished by rubbing it all over for a few minutes with a small lap
covered with soft pitch and rouge. I need, perhaps, hardly add that the character of
‘these surfaces can only be seen when they are examined by the light reflected from the
watch-dial, in the way described in the ¢ Transactions’ for 1840. As the throw of the
eccentrics is increased the rings gradually disappear; and when they reach the proper
‘positions the surface becomes quite uniform. We have often found it very useful, when
the figure of the polisher was not satisfactory, to throw another movement into gear con-
nected with the guide D, by which an occasional stroke was given of increased length :
the cause of unequal action is thus immediately removed if it does not arise from some
defect in the construction of the polisher, such as the contact of some unyielding sub-
stance with the iron. The experiments I have just referred to were of a very early date,
but they were numerous and made with great care; I have therefore not thought it
Tnecessary to repeat them.

In the first polishing-machine we made, the polisher was connected with the eccentric
B by means of a rigid bar passing through the guide D, the guide being furnished with
an adjustment at right angles to the line joining the centres of the speculum and
eccentric. The guide was equidistant from the centres of the eccentric and polisher,
and the path of a point in the polisher was similar to that of the crank-pin of the
eccentric. We found, however, that when the movements were very small the surfaces
both in grinding and polishing became somewhat annular, and when the movements
were large the figure was spoiled. We therefore substituted a jointed rod for the
rigid bar, and added the second eccentric. From time to time we have returned to the
rigid bar, tempted by its obvious advantages, and hoping in some degree to free it from
its defects. It is an advantage that with it the movement of a point in the polisher is
as the circumference of a circle, while with the jointed bar under similar circumstances
it is as the diameter. In the one case there will be more than three times the amount
of motion there will be in the other, and the polisher will overhang the speculum but
for a moment at each stroke, instead of dwelling for a much longer time twice during
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each revolution of the second eccentric, and therefore there is not the same necessity
for employing a very thin substratum of pitch; the process therefore is a much easier one.
We have found that with the rigid bar, and, indeed, with the jointed one, a slight peri-
odical movement of the guide D contributes much to free the surface from an annular
character, for reasons which are obvious. The guide D is mounted now like the eccen-
tric G, and a band from a small pulley on the axis of B, acting on a large one on the
axis of D, effects the object in a very simple way.

‘When a speculum has been truly ground by the machinery acting with transverse
strokes, the rigid bar will polish it on very easy terms, and for all the ordinary work of
the observatory it will be sufficiently perfect.

‘We have long been in the habit of resorting to the rigid bar when out of practice
and we required at once a fresh speculum.

A speculum of 3-feet aperture, which has usually been uncovered in all weathers for
visitors, has frequently been so polished, and it has borne well a quarter-of-an-inch
lens when tested with a watch-dial while on the engine. 'When a speculum of 6-feet
aperture was last polished a rigid bar was employed; and the result was tolerably
successful.

Since the publication of Mr. LASSEL’S experiments we have several times tried simple
pitch, the movement being given by the rigid bar, but we have not succeeded in obtain-
ing as good a surface or as fine definition as when the polisher was prepared in a more
elaborate manner.

The combination of soap and ammonia which we employ may be prepared in this way.
Half a pound of brown soap is dissolved in one quart of warm water, and one quart of
strong water of ammonia is added. The bottle is then corked and shaken from time to
time, for a week at least: we think it improves by keeping. One ounce of this mixed
with eight ounces of water makes the lubricating fluid. The mixture should be made
the day before, and kept in an open vessel, so that the excess of ammonia may evaporate.
We were at first apprehensive that in employing this mixture we were endangering the
hard film of the polisher, and so perhaps sacrificing to some extent truth of surface;
but this was found not to be the case unless the ammonia was much in excess. Asa
kind of experimentum crucis, we polished specula with simple pitch rather softer than
usual, employing pure water and the saponaceous mixture alternately, and found that
the mixture was favourable to truth of surface instead of the reverse. - ,

We have long ceased to make rouge, as it can be obtained of good quality from the
rouge-maker.

In shaping the polisher by applying it to the speculum, we find it better that the
polisher should be quite cold, while the pitch and resinous composition are slightly
warm. We pass the flame of a few shavings or of wood-spirit under the polisher with
its surface down, and instantly apply it to the speculum for half a minute. This is
repeated till there is satisfactory contact. When the polisher was warm, we. found it
was difficult to avoid compressing the pitch too much. A crane makes the 3-feet polisher
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quite manageable; and a travelling crane, with railway overhead and screw, effects the
same thing for the 6-feet polisher. Both polishers are prowded with gimbals, so that
they can be instantly turned over. Though it is better to prepare the polisher fresh each
time, we have often employed the same polisher successfully two or three times. In
that case the polisher must be washed, and when dry the surface i is to be very shghtly
moistened with spirits of turpentine. A thin film saturated with rouge will thus be
removed ; and a flame passed under will evaporate the turpentine. The polisher is then
to be inverted and warmed to about 80° the face being uppermost and again turned
over. If now a flame is employed cautlously two or three times at intervals, the pitch
at each square will become protuberant, bearing the hard resinous film on its surface,
and the polisher will be restored very nearly to the same state it was in When orlolnally
prepared.

No one will be so ill advised as to attempt to construct a large reflecting telescope
without first collecting all the information to be obtained in books. In Mr. LASSEL'S
paper in the ¢ Transactions’ of the Astronomical Society he will have an excellent guide.
Should he employ an apparatus similar to ours, the speculum is first to be truly ground
with the jointed bar. The throw of the first eccentric is to be one-third the diameter
of the speculum, and that of the second, measured at the speculum, about one-fourth.
It will be better in all early experiments to rely on pitch alone, carefully adjusted to
the temperature at which it is to be used, perhaps 55°. The jointed bar which was
employed in grinding the speculum is to be exchanged for the rigid bar, the eccentric
and guide being readjusted. 'When the speculum has been successfully polished a few
times in this way, an attempt may be made to obtain a better result by facing the
polisher with a hard resinous composition; and finally the jointed bar may be resorted
to, but at the same time the thickness of the pitch must be greatly reduced.

As to the mounting, it is simple, and any engineer could execute it without difficulty,
the photographs supplying the necessary information.

The tube is supported at its lower extremity by a massive univ ersal joint. It is
counterpoised by weights which are constrained to move in a circular arc which nearly
coincides with the curve of equilibrium; and a steady strain is kept upon the suspend-
ing-chain by means of thlee ‘weights attached to levers, which successively come into
play as the tube apploaches the zenith and passes north beyond it: the levers are about
two-thirds of the length of the tube, and have cross heads at their lower extremities,
which are formed into bea,rmgs and when in their phces, the cross heads are all parallel
to each other and to the transverse axis of the universal joint, from which they are
about 5 feet distant. The levels thus move steadlly in one plane, that of the meridian.
A chain connects the levers at the proper intervals and the tube with them; and as the
tube descends, each level takes its place successwely in a deep recess in the ground, the
chain subsiding into a heap This, contrivance is effectual and the chain has never
fouled. The three weights are of d1ﬁ'erent sizes, so proportioned as to 1educe as much as
possible the deviations from exact equilibrium at dlﬁ'erent altitudes, due to the irregular
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action of the counterpoises, which move in an are of a circle instead of the proper curve.
A slow hand ‘motion was originally fixed near the mouth of the tube, for raising or
lowering it in taking measures; but we do not find it necessary. The telescope at the
equator can convemently follow an object three-quarters of an hour; and its motion is
nearly equatorial : it would be ‘almost exactly so if the pulley of the suspending-chain
was in a line drawn from the axis of thé universal joint parallel with the axis of the
earth. The pulley, to give the chain more mechanical advantage in raising the telescope
when very low, was placed above this line; but there was at the same time an arrange-
ment made so that the chain might be brought, wheén necessdry, by means of a grinding
pulley, into the proper line. In practice we have found the movement of the telescope
sufficiently equatorial without this: at a little distance, however, from the meridian, the
plane of the position-circle of the micrometer deviates sensibly from a plane passing
through the pole in all positions except when near the equator, as will be evident on
considering the construction of the universal Jomt ‘and the distance from the meridian
must be known where much prec1s1on is reqmred in the reduction of the observations.
The motion in right ascension is by a tack the extremity of which bears by rollers on
a circular arc of 40-feet radius. This rack is connected with the tube by a pinion, and
the pinion is acted upon by an endless screw driven by a pulley, which pulley is driven
by a band from a porter’s wheel attached to the lower end of the tube. The pulley can
also be moved by the observer; but this is not often necessary. The large circular arc
is in pieces 5 feet long each, carefully planed, but not touching at their extremities, to
guard against unequal action. The surface of each segment was adjusted separately to
the plane of the meridian by a transit-instrument. And thus the means were provided for
taking right ascensions with considerable accuracy. For polar distances there is a circle,
18-inches radius, at the lower end of the tube, furnished with a spirit-level ; but for find-
ing objects, there is an index of 6-feet radius connected with the transverse axis of the
universal joint; so that the instrument can with the utmost facility be set roughly in
polar distance. Means, of course, are provided for enabling the observer to reach the
eyepiece in every position of the telescope. From 120° of polar distance to 80° this is
effected by a stage, nearly counterpoised, which slides on bearers, the observer standing
in a small gallery, to which he can communicate a transverse motion: the large stage is
raised by a windlass; and, to guard against possible accident, there is an arrangement
which locks it, completely under the command of the observer. From 80° to 50° the
eyepiece is reached from the second gallery, and from 50°to 25° by the third. The
fourth gallery, reaching to the pole, for which machinery was made at the same time
as for the others, has never been put up, the other galleries so far furnishing ample
employment for the instrument. The action of the galleries, and the way they are
secured, is sufficiently evident from the photograph: they are of great strength, and in
their construction, as well as in all other parts of the instrument from which there
seemed to be a possibility of accident, the ordinary engineering rules as to strength have
been considerably exceeded. The eyepiece arrangement consists of two adapters fixed
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into one slide, so that there are always two eyepieces, a high and a low power, which
may be employed successively simply by moving the slide. The slide is counterpoised,
and the eyepieces fit in without screws. The telescope is perfectly steady even in &
high wind, and we have had occasionally very fine definition during a strong gale.

From the experience we have now had, I think I may safely say that, where objects
are to be observed only at short distances from the meridian, this plan of mounting is
convenient and effective, and I do not see room for any material improvement. Where
observations are carried on systematically, I do not think there is very much dis-
advantage in the limited movement in right ascension. Objects are best seen near the
meridian, and no object can be thoroughly examined in any other position. There ijs;
indeed, a small portion of the heavens which. can scarcely be observed in the perfect
absence of twilight, and an object there situated would probably be better seen, even at
some distance from the meridian, when it was perfectly dark; but that seems to be of
little moment. The really important disadvantage of the limited equatorial movement
seems to me to be this, that, where fine nights are extremely rare, with an instrument
so limited it is impossible to turn them to the best account,

It now only remains to answer in the best way I can the questions—

First, What magnifying power can be usefully employed with a speculum of 6-feet
aperture? I perceive, in looking through the observations, that the single-lens eye-
piece, 3-inch focus, being a power of about 1300, is often mentioned as giving better
vision than lower powers.  That, I presume, may be considered the highest power it
has been found advantageous to employ in general observations upon the nebule,
With the speculum of 3-feet aperture I have occasionally employed powers exceeding
2000 in bringing out minute stars; and the speculum of 6-feet aperture has sometimes
been in sufficiently good order to admit of equal or perhaps higher powers; but in our
climate the opportunities of employing such powers are rare, and of short duration.

Secondly, it has been asked, Could a telescope be made of larger dimensions, and
would it be of service? I feel little doubt that both questions should be answered in
the affirmative. A speculum of larger aperture would, probably, on favourable nights
bring out faint details of interest in the nebulee, and add to the number of known double
and multiple nebulee. Something, however, will perhaps be accomplished in that direc-
tion in our future observations, by employing silver for the second reflexion; but if ever
telescopes of equal power are erected in climates more favourable than this, perhaps
more will be effected than would be possible here by pushing increase of aperture to
the largest practicable limits.

In making a selection from observations so nﬁmerou_s, there has been considerable
difficulty. It was not always easy to decide how much it would be practicable to omit
without the danger of conveying an erroneous impression—without, on the one hand,
perhaps unduly weakening the evidence of the fact recorded, or, on the other, unduly
strengthening it.  For instance: if, in the observations of a particular object, we find it
recorded on six different nights that a minute star was seen involved, and that on six
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other nights it was not seen at all, the twelve observations extending over a series of
years, two cases might arise requiring very different treatment. First, if the nights when
the star was visible were irregularly interspersed between the nights when the star was
invisible, and we saw enough in the state of the atmosphere or speculum to account for
the occasional invisibility of the star, it would probably be quite sufficient to enter one
good observation when the star was distinctly seen. Suppose, however, that the nights
when the star was seen were all included in the observations of the first three years,
but that the nights when the starwas not seen were in the observations of the last three
years, then it would be necessary to enter all the observations, so that each person
might be enabled to form his own opinion as to the cause of the discrepancy. 838 H.,
fig. 11, in the ¢ Transactions’ for 1850, is a remarkable instance of this: from 1850 to
1858 the small star was not seen.

- The details of faint nebule with curved or spiral branches have usually been made
out by degrees, not only on successive nights, but often in successive years. In such
cases we have not usually thought it necessary to give the early observations, or the
observations on unfavourable nights, but merely a few good observations embodying the
whole amount of information we had been enabled to obtain.

New nebule have not been looked for, our object being to scrutinize the more pro-
mising of the old ones; but new nebule have often been found in their immediate
neighbourhood, and their places have usually been entered roughly in the observing-
book, and a slight diagram made in the margin, so as to ensure their being easily found
again: in such cases we have, to save space and diagrams, merely written “nove near,”
and have only entered observations when the micrometer was employed. We have also,
for the same reason, omitted many diagrams of known obJects, where the positions and
distances were merely estimated.

In the case of each object, we say « observed so many times;” that means that we have
recorded observations of it on so many different nights: it may have been seen fre-
quently on other occasions.

Where an object has been marked ¢ observed several times,” and nothing more, the
inference is that with an instrument such as ours is, and in our climate, it would be
waste of time to examine it further in the hope of making out details of interest.

It will be observed that the cases are very numerous where stars have been seen on
the edges of nebule: we have taken care to enter each case, often, however, on the
authority of a single good observation, as before explained."

The words “mottled” and “ patchy ” mean the same thing. ‘Where the nebula is of
that character, it is worth examining under favourable circumstances. The faint spirals
have often been first seen as “ mottled.”

‘The word “finder” means the eyepiece with> a large field. The telescope has no
finder in the common acceptation of the word.

The letter “1” has been occasionally added to the description, and always in the same
sensé as that in which HErscHEL eniployed it: I do not, however, attach much import-
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ance to the expression of opinion it conveys, because the question of resolvability can
only be successfully investigated when the air is steady and the speculum in fine order.
In the early observations with the 6-feet telescope we had the advantage of a very fine
speculum ; it had been polished at the close of a long series of experiments with 3-feet
specula, when by practice every refinement of manipulation was fresh in the recollec-
tion; there were also at that time several very good nights; and many nebule were
resolved. Very soon after, the spiral form of arrangement was detected ; and our atten-
tion was then directed to the form of nebule, the question of resolvability being a
secondary object. In the mean time the speculum, which had been frequently dewed
and occasionally cleaned, had lost its fine edge, and was no longer in a state to deal with
the question of resolvability. Our aim was to trace out faint details, and in that respect
also the speculum had lost much of its power It was therefore repolished, and, though
less perfect than before, did the work we required well. Since that, we have had per-
haps two or three specula as perfect as the first one; but the mass of observations have
“been made with specula considerably inferior to it, and, I am sorry to say, very often not
as bright as they should have been. The removing a 6-feet speculum from the tele-
scope to the laboratory, repolishing it, perhaps several times, and replacing it, is a
serious operation, and has often been too long postponed. While the telescope was in
constant use in all weathers, it would have been a hopeless task to attempt to keep it
in a state fit for the resolution of nebul®, and the attempt was not made. I may,
perhaps, mention that with the 3-feet speculum in fine order I have often detected
resolvability when there was no trace of it with the 6-feet speculum in its ordinary
working-condition.

The question of resolvability, therefore, I think, must remain to be taken up separately,
when the finest instrumental means are available, and when it may no longer be neces-
sary to subject the specula to the wear and tear of constant work.

As to the nebule which have nuclei, some are described as increasing in brightness
very gradually to the centie, others very rapidly, and some as having a stellar nucleus,
or perhaps a star in the centre. These descriptions, however accurately conveying the
impressions made upon the eye at the time, cannot be taken as in all cases representing
real physical facts. A star may have been mistaken for a condensed nucleus, or the
reverse ; and it is often impossible to say which of the two suppositions is the more pro-
bable. The remarks as to the question of resolvability apply with equal force to the
questions relating to the structure of nuclei. It is, however, probably worth remarking,
that, while amongst the clusters there are objects which, if removed to a sufficient
distance, or examined with an instrument of insufficient power, may be supposed. to be
representations of nebule with centres of varying brightness or condensation, there seems
to be no cluster with a central star of such surpassing magnitude that under any circum-
stances it could be taken as the representative of the class of objects described as having
a star in the centre.

MDOCCLXI. 9 ¢
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The little rough sketches in the margin are exact copies from the sketches made at
the moment in the observing-book. There are usually several sketches of the same
object made at different times; we have endeavoured to select the best.

As to the drawings, they usually represent the objects a little stronger than they
appear on an ordinary night, but not stronger than on a fine night, when the air is clear
and the sky black. Most of them have been repeatedly compared with the objects by
-different persons, and some have been several times sketched independently; so that I
trust they are upon the whole accurate. The central portion of the nebula of Orion has
been drawn with great care by Mr. Binpon StoNEY, and Mr. HunTER has been engaged
this season in finishing the remainder; but another season will be required to complete
the work.

Although there is probably no remarkable object in the list which T have not several
times examined myself, for the great bulk of the observations I am indebted to the
gentlemen at the time in charge of the Observatory. Mr. JOENSTONE STONEY’S observa-
tions commenced in July 1848; and in June 1850 he was succeeded by his brother,
Mzr. Binpon StoNey. He continued in charge of the Observatory till May 1852; after
that, Mr. MrrcHELL observed for about two years. -

Mr. JounsTONE STONEY occasionally also worked with his brother, and sometimes with
Mr. MITCHELL. :

Though so many of the observations were made in my absence, they are not the less
to be relied on: nothing was done by an unpractised hand, and no pains were spared
to ensure accuracy. I refer with as much confidence to the observations of the two
Mr. Stoneys and Mr. Mrrcuers as if T had on every occasion been present myself, be-
cause I know that they had thoroughly mastered the instrument and the methods of
observing before they recorded a single independent observatlon they were, besides,
eminently cautious and painstaking.

There are no micrometer observations by Mr. MitcHELL: I now rather regret it, as
several cases of suspected change have recently been brought to light in arranging the
materials of this paper. The fault, however, was mine. It appeared to me so highly
improbable that any change would be detected, that I requested Mr. MITCHELL to press
on and not spend time on the micrometer. The most remarkable case of suspected
change is perhaps H. 1905. HzrscHEL gives a drawing of it, the axes of the two nebule
in a line. On April 11,1850, Mr. JouNsTON STONEY remarks the two nebul® not in a
line. April 17, 1855, Mr. MircuELL remarks the two nebule are not in a line, but the
axes are parallel, and gives a diagram. At the present time they are neither in a line nor
parallel, but inclined at an angle of about sixteen degrees. The micrometer is employed
without illumination ; various contrivances were tried for illuminating the lines in a dark
field ; but the darkness was not absolute, and faint details were obliterated. We therefore
substituted bars for lines.

In the ¢ Transactions’ for 1850 are given Mr. JouNsTON STONEY’S measures of H. 1622.
M. Orro STRUVE was good enough to send me measurements of the same spiral, and to
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direct my attention to the fact that Mr. STONEY’S positions are about two degrees in
excess. A little consideration made it evident that the construction of the universal
joint which supported the telescope was the cause of the error, and that a certain cor-
rection must be applied, depending upon the polar distance and the distance from the
meridian. Mr. Binpon StoNEY's measures of H. 1622 are also given, as also his mea-
sures of H. 2060, and STRUVE’S measures of both. As Orro STRUVE’'S measures are no
doubt as exact as possible, it will be easy to judge of the degree of dependence to be
placed upon the other measures made by us.

As to the figured nebule, little can be added to the information contained in the
general catalogue. Plates XXV. and XXIX. figures 7 and 35, are from sketches by
Mr. HusTeR, but they had been previously sketched several times by others. We pre-
ferred Mr. HunTER'S sketches, thinking they were upon the whole the most accurate,
containing some additional details. - Figure 43, the Dumbell, by Mr. BiNnpoN StoNEY, is
based on micrometrical measurements, and is thoroughly to be relied upon. No stars
are inserted which have not been measured. The powers used were low, the ordinary
working-eyepiece: with high powers the faint details vanish.

The original observations are in books, in which they were entered each night:
from time to time they were copied into a folio in the order of right ascension; and of
that folio a copy was made for ordinary use in the Observatory. It will be easy there-
fore to supply, to any person who may be engaged in observing a particular object, all
the information we possess. We have not given the places of the objects brought up to
the present day, but merely HERSCHEL'S numbers, to save space.

Ttis hoped that further inquiry will be suggested by the questions raised in the following
observations; they have already opened up to us new grounds for further research.

InpEX TO THE F16URED NEBULE.—PLATES XXV, to XXXI.

Figure. ﬁ%ﬁ?ﬁ;&%ﬁ? By whom drawn. Figure. {gg&:;&gnts}?e By whom drawn. .
1 15 Mr. Mitchell. 23 1306 & 1308 Mr. Mitchell.
2 156 Mr. B. Stoney. 24 1337 ”

3 232 Mr. Mitchell. 25 1385 & 1392 ’.

4 241 9 26 1414 & 1415 Mr. B. Stoney.

5 242 Mr. B. Stoney. 27 1441 Mr. Mitchell.

6 262 S 28 1589 .

7 311 Mr. S. Hunter. 29 1650 »

8 315 Mr. Mitchell. 30 1713 ’

9 327 » 31 1905 & 1906 |  Mr. S. Hunter.
10 131 ” 32 1946 ’
11 393 Mr. B. Stoney. 33 1968 Mr. B. Stoney.
12 421 s 34 2075 Mr. Mitchell.
13 689 - Mr. Mitchell. 35 1744 Mr. S. Hunter.
14 692 & 693 » 36 2084 Mr. B. Stoney.
15 765 & 766 » 37 2099 Mr. Mitchell.
16 875 Mr. G. J. Stoney. 38 2139 . »
17 1011 Mr. Mitchell. 39 2172 » -
18 1052 & 1053 Mr. B. Stouey. 40 2241 Mr. B. Stoney.
19 1061 : ’ ' 41 2245 Mr. Mitchell.
20 1111 & 1113 ” 42 2297 9
21 1202 ’ 43 2060 Mr. B. Stoney.
22 1245 Mr. Mitchell. v

502
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Expranationy or PLATE XXIV.

Fig. 1. The speculum upon its supporting levers, the apparatus by which the levers
themselves are counterpoised having been previously removed to prevent
confusion. 1. The lime-boxes, connected with the cover by sliding tubes.
2. The cover, which fits nearly air-tight. Before the cover is taken off, the
lime-boxes are removed, all communication between the lime-boxes and
speculum having been first intercepted by valves. Without this precaution,
lime dust would make its way to the speculum. 3. Ring in which the specu-
lum is suspended. 4. Supporting levers, which are shown in plan in fig. 10,
where A represents a primary triangle, B a primary and three secondary
triangles, and C one-third of the system complete, the dots being the balls.
5. The frame upon which the levers rest: a single casting. 6. A massive
casting, which is bolted to the bottom of the table as soon as the speculum
is in its place: it bears the wrought-iron girder (7) which holds the suspend-
ing-ring. 8. Turn-table for changing the specula: it is at the north of the
telescope, close to the elevating-windlass.

Fig. 2. The same, with the weights and levers for counterpoising the secondary triangles.
9. The weight. 10. The common fulcrum of the levers. The levers are
connected with the secondary triangles by slight straight rods.

Fig. 3. Grinding- and polishing-tool, seen at the back. It is suspended by gimbals; the
tool can therefore be turned over easily from time to time, which is necessary
in applying the pitch and resinous composition.

As soon as the tool is prepared the gimbals are removed; and it is then
managed by the shackle in the centre. The shackle carries a triangle, with a
lever at each angle. FEach lever carries similarly two levers, connected at
their extremities with T-shaped levers, which carry the tool by thirty-six-
points. The chain through which the counterpoise acts during the progress
of grinding and polishing is hooked to the shackle, and the strain is thus
distributed so equally that there is no sensible distortion.

Fig. 4. The same tool, seen in front. The straight grooves are produced by casting;
and in this there is no difficulty, provided the pattern is nicely made. The
little square blocks are kept in their places in the usual way by pins, and,
remaining in the sand, are removed separately. The circular grooves are of
course cut in the lathe.

Fig. 5 represents the telescope seen from the south-east, the stage of the first gallery
being slightly raised.

Fig. 6, from the south-west, showing the machinery of the second and third galleries.

Fig. 7, from the south, showing the position of the telescope when a man enters the
tube to fix the small speculum, and remove the cover of the large one, in
preparing for the night’s work.

Fig. 8, as seen from the north.
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Fig. 9. The crane which carries the eastern counterpoise, on a larger scale.

The same parts are similarly lettered in all the figures. A, the cranes which
carry the counterpoises. B, fig. 9, a guide-wheel by which the chain is kept
in the axis of the crane in all positions of the counterpoise. The points of
the shaft are placed eccentrically, so that it clears the wheel B when the
telescope passes the zenith and moves north. F is of wood plated with iron,
and is connected by rollers with the arc E, and by a rack and pinion with
the tube. The pinion is driven by a wheel acted upon by an endless screw
on the bar which carries the pulley N, fig. 7. The pulley N is driven by a
band, and porter’s wheel on the lower end of the tube, and thus the motion
in right ascension is given. C, the principal counterpoises. D, the counter-
poises of the stage of the first gallery. The stage is raised by increasing the
action of the counterpoises D D. This is effected by chains attached to them,
which pass underground to a small windlass. The counterpoises being rather
less than the weight of the stage, it descends when the chains are relaxed.
The stage carries the gallery G, which traverses on it in right ascension,
motion being given to two of its wheels by a winch in the hand of the
observer. E, an arc of cast iron made in pieces 6 feet long, not quite touching
at the extremities, to guard against unequal expansion. Kach piece was
planed and accurately adjusted in the meridian by a transit-instrument.
H, the second gallery. I, the third gallery. The galleries are supported by
the beams o, which are plated with iron, and they are moved in right ascen-
sion by rack and pinion. P, tension bars to secure the iron framework carry-
ing the wheels against which the beams press as the galleries are moved
out. K, the cranes which carry the guy-chains, by which the counterpoises
are constrained to move nearly in the curve of equilibrium. R, the chain
which, passing over the pulley L, moves the telescope in polar distance.
T, the chain of the principal counterpoise. In fig. 9 the chain M is seen,
which raises three levers, each carrying a counterpoise. These levers succes-
sively coming into play as the telescope approaches and passes the zenith,
maintain the chain R in such a state of tension, that the telescope obeys the
windlass in every position. It has been found practicable so to adjust the
levers that the residual error of compensation arising from the imperfect
action of the guy-chains has been rendered almost insensible.

Fig. 11. Universal joint which bears the tube. A, bolts which secure it to the bottom
of the tube. BB, two of the three adjusting-screws: these act against the
carriage (5, fig. 1), directly under the ball-and-socket joint of the primary
triangles. C, the axis perpendicular, and D the axis parallel to the horizon.
The axis D gives motion to a large index for roughly setting the telescope
in polar distance. E, a strong trussed framework of cast iron, secured to a
solid stone foundation. |
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Abbreviations used in the Description of the Nebule.

B denotes bright. .......... thus pB means pretty bright.
b bright, or brighter . ... — pbM means pretty bright in the middle. (Large B applies to the neb.,
small b to a part.)

br broad .. ......c.... — 40" br = forty seconds broad.
el. ——— cluster.
d ———double ............ — dx= double star.
E — elongated .......... — E. n. and s = elongated in the direction north and south.
e ———ocxtremely ...... ..., — eF = extremely faint.
F — faint. '
f ———— following . ......... — the f. of two = the following of two.
fig. ——— figure
g gradually .......... — gbM = gradually bright in the middle.
L — large ...vvvvinn. — pL = pretty large.
1 —little ... — IbM = little brighter in the middle.
M — middle, .
m moderately ......... — mbM = moderately bright in the middle.
neb. nebula.
neby. ——-— nebulosity.
n ~———— north.
p  ——— preceding (when by itself

or combined with n

OTB) evuvennnas .« — np = north preceding.
p  ——— pretty (in other cases).. — pB = pretty bright.
pos. angle of position.
R ——— round.
r ——— resolvable.
8 small.
] ————south (when alone or

combined with p or f);

suddenly (in other cases)— sf = south following ; sbM = suddenly brighter in the middle.
Vo e VIV c i e i s — vF = very faint.
vv extremely . ......... — vvF extremely faint.
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SELECTED OBSERVATIONS OF NEBULZ.

Number in| Number
Herschel’s | of times Description.
Catalogue. | observed.,
1 2 Nov. 4, 1850. Some stars seen in it, it is vF. Nothing further remarkable.
2 1 8ept. 18, 1857. 2 neb. nearly in line p. andf; about 14’ apart; the p. one is of irregular
outline; F; bM. The f oneis S; R; pB; bM.
4 1 Oct. 23, 1857. E. n. and s; B nucleus.
6 6 Oct. 12, 1855. E. n. and s; has a central nucleus and a % on edge, nf. the nucleus.

13 7 Resolvability not quite certain, irreg; R; nucleus.

15 6 Oct. 7, 1855. There are 6 or 8 %s of about 14-15 mag. and several smaller ones; I
counted 7 knots, the 3 northern of which are the brightest; sketched. See fig. 1,

16 1 Sept. 19, 1857. S; R, or nearly so; and 1bM. [Plate XXV,

17 2 Oct. 26, 1854. Several 8; F. neh. visible at once in finder. 17 is R. and bM.

21 9  Spirality suspected, but more evidence wanting. Deec. 12, 1851. Nucleus; R. Oet. 22,
1857. 1 suspect outlying F. nebulosity, especially p. and f.

gg} 2 |Nov.4,1850. 23is R; and S. 25 has nucleus, and is E; 3 others near.

26 1 Dec. 6, 1850. R; F. nucleus; 40" br.

29 4 JAug. 21, 1852. Involves some #s, ono of about 12th or 13th magnitude, E; vF.

30 1 Dec. 9, 1854. R; pL; bM.

32 2 Sept. 18,1857. §; d. neb.; the n. one is‘E, sp, nf ; bM.

35 5 Sept. 1849. r; L; and rather F. Oct. 7, 1855. 3 %s in it.

37 2 Nov. 24, 1854. Not L; R; bM; a B. % close sp; r?

40 2 |Dec. 6, 1850. sbM ; another 18’ distant. v

42 2 Nov. 24, 1854. R; bM.

44 9 Oct. 16, 1855. vL; mE. np. by sf; sharp nucleus, for some distance round which, the
neb. is B, and then suddenly decreases; there is a B, % np. the nucleus; and another
involved in sf. end ; another in p. border. Nov. 2, 1850. Spirality suspected.

45 1 Oct. 16, 1854. E. n. and s; many s involved.

46 1 Dec. 7, 1857. s. of it is anotherneb. ; E. nearly n. and s ; 46 has B. centre; mE. n. and
s, arms vF. ’

47 4 Nov. 3, 1855. Oval, and I think r; and has a % at np. edge.

(|Drawing not complete. The following are measures of some of the %s involved :-—
Pos. Dist.

Dec. 18, 1851. 1.13 248° 6' 13"
1.14 243 5 14
1.15 260 5 51
1.16 260 7 42
117 241 7 80
1.18 280 4 22
1.19 301 7 36

Dec. 22, 1851. 6.20 219 3 46
6.21 246 - 3 6
6.22 ° 234 5 1
6.23 258 4 46

50 6.24 271 4 20
51 < 6.25 22 5 40 o

6.26 295 4 34 8, .

Oct. 25, 1851. 1.N 83 2 2 P
1.2 6 4 54 T
13 309 5 1 ¢ »

Oct. 28, 1851. 14 1 7 25 0 2
1.5 244 1 57 2o g :
1.6 254 6 13 e 25,

Nov. 24, 1851. 1.7 8 7 32 22, g5
1.8 12 6 40
1.9 11 5 46
1.10 349 3 0
1.11 345 2 10
1.12 4 43

338
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Number in| Number
Herschel’s| of times Description.
Catalogue. | observed.

53 1 Sept. 19, 1857. S; R; vF; bM.

54 2 Nov. 22, 1854. pB; vS; R.

59 3 Dec. 22, 1848, 3 neb, in line, 2 of them “mnove.” Oct. 23, 1856. 1st is R; pB; bM;
and has nucleus; 2nd bM; E, s involved; 3rd F; 1E; bM.

60 1 Nov. 22, 1854. S; -R; bM.

65 3 [Sept. 18, 1857. S; pB. disc, in vF. haze of mottled neby.

Oct. 8, 1856. 69 is §; B; R; with B. nucleus; 70 is F; E. and patchy. I sometimes

69 » thought it was formed of two knots involved in F. neby; there appears to be a nebu-

70} lous connexion between them all. Nov. 15, 1857, The silvered mirror shows the
object brighter than before, but no new details ; definition bad.

71 7 Suspect spirality ; light unequal.

72 8  |Oct. 26, 1854. a F. object with two nuclei.

( Nov. 29 1850. a is vIbM; f3 has stellar point or nucleus. I suspect & to be a F. neb.
Pos. Dist.
a3 219° 5' 35"
78 ay 315 1 8 e
79 4 ) 81 044 e @
Nov. 8, 1855. 3 neb. nearly in line, sp, nf; —

Bis bM. and IE. p. and f; a is R; bM ;

with a d. % np, and is the largest of the 3; ¢ isS; F; R; dis a %.

80 1 Oct. 8, 1856. pL; not vF. Its brightest part is a line running diagonally, and there is
a knot at either end ; believed to be a spiral.

Pos. Dist. &
Nov. 4, 1850. 169° 2 19" 4
ﬁfy 160 4 22

84 vy 201 0 34 .

85 4 yé 157 819 o g W

86 J ve 176 5 32 & " N

e 199 14 “ Pt
fen 79 4 55

87 3 Oct. 26, 1854. A d. neb., both S; R; bM.

89 8 A cl. with much unresolved neby.

90 1 IbM.

gé} 1 3 neb. in a triangle.

96 6 Oct. 26, 1854. Lenticular n. and s. Thought I saw a % at times in centre (11-inch single
lens); a Ip. this is another vF. ray, np, sf, and which has no nucleus. Oct. 16, 1855.
vF; E.n. ands; hasnucleus; %inn.end. Nov.3, 1855. mE; pB. nucleus, and %
in n. end; np. this neb. is a * of the 9th mag., and about the same distance p. this
% 1s another neb. vE; mE. Dec. 7, 1855. Seen as before; comp. neb. verified.
Oct. 28, 1856. F. ray has nucleus and a % in n. end. Sept. 18 1857. E. n. and s;
another vF. ray p, which is E. np. sf.

98 1 vF; R; S.

99 1 Oct. 3, 1856. S; F; R; bM; has nucleus,:

103 3 Is n. of the 3rd of a group of 4 %s in line; $
3 “mnovae” near. A €

Pos. Dist. ° § .
Dec. 6, 1850. A3 28° 7' 36"
Dec. 7, 1850. 39 40 4 6 :
pe 81 919 @ y @0
AB 30 7 43
104 1 |Oct. 23, 18%25 6 neb., all visible at once in finder eyepiece; 2 of them E., the others S;
R; D

105 1 Dec. 11, 1854. vmE; bM (speculum dewed).

i‘gg ) 8  |A variety of new nebule found, but observations too voluminous to transeribe.

112 6 Sketch made, but no interesting details. Nov. 30,1850. vF, and p. a quadruple %. Oct.
23, 1851. 3 %s f. neb.; hght unequal. Sept 16, 1852, 2 diameter ; several s
in 1t probably a F. cl.

2 This should be, I think, 8z. A 8. d. neb. suspectéd below at a'.




AND A

SELECTION FROM THE OBSERVATIONS MADE WITH THEM. 711

Number in| Number
Herschel’s | of times Description.
Catalogue. | observed.
113 9 Both have nuclei; “nova” near. Nov. 16,1857, 113is E. p. and f; % closely sp; 114
114 is R, with ragged edge and bM ; “nova;” S; R; bM.
};}ﬁ 1 Oct. 8, 1826. The p. one is a pB. 8. disc in F. outlying neby. The f. one is R; bM.
116 1 Dec. 18, 1851. s. end of neb. is like a brush or broom with a split.
i;g 2 4 neb. found, 2 have nuclei. 118is S; R; 120 has 2 %s on np. edge; E. p. and f.
119 1 Dec. 9, 1854, pL; pB; bM to a nucleus.
123 2 Sept. 18, 1857. Rough sketch made; mE. np, sf; a F. triple % f.
128 3 Nov. 28, 1856. L; B; mE; B. nucleus. “ Nova’ f.
Pos. Dist.
131 27  |Nov. 29, 1850. . af3 215° 0" 51"
@ 163 0 56 $
o 160 2 56
wE 178 3 07
al 192 3 44
an 206 4 14
ab 224 4 58
Dec. 27, 1850, am 147 5 34
ar 179 5 56
an 201 5 42
wy 143 6 28
al 287 4 30
aw 341 6 45
Jan. 2, 1851. a2 5 5 18
ap 357 4 42
a3 51 11 0
ap 38 9 50
ar 58 11 16
Dec. 23, 1851. ow 161 5 20
aa! 149 6 53
af 172 6 32
ay! 174 7 18
ap 205 2 22

For previous observations see Transactions, Part IT. 1850.

Sept. 13,1850. Large spiral full of knots ; to nf. is a 8. neb. B, which on a very good night
might appear attached to spiral, than which it is brighter. Oct. 11, 1850. Spiral
arrangement not clearly seen. Nov. 27, 1850. Arms of spiral scarcely seen; fog.
Nov. 30, 1850. Spiral form very indistinet; wind very high from s, Oct. 22, 1851.
Viewed for drawing, I should not have seen the spiral arrangement had I not observed
it before. Oct. 25, 1851. Neby. extends for several minutes all round, perhaps for
half a degree in radius. Oct.29,1851. Observed for drawing. Dec.14,1851. Sketched.
Dec. 26, 1851. Drawn. Deec. 7, 1855. This neb. reaches in length through at least
a field and a half of finder eyepie<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>