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INTRODUCTION.

(i) THE work which is now presented to the astronomical public, completes a
review of the sidereal heavens, which I commenced about the year 1825, proposing
to myself, at that time, no further object than a re-examination of the nebulee
and clusters of stars discovered by my Father in his “Sweeps of the Heavens,”
and described by him in three catalogues presented to the Royal Society, and
published by that illustrious body in their Transactions for the years 1786, 1789,
and 1802. This re-examination occupied about eight years, and its results were
presented to the Royal Society in the year 1833, in the form of a catalogue,
arranged in order of Right Ascension, and published in their Transactions for
the same year. In this work are recorded observations of 2306 nebulee and clusters,
of which 1781 are identical with objects occurring, either in my Father’s catalogues,
in the small but interesting collection published by Messier in the Mémoires de
U Académie des Sciences for 1771, and the Connaissance des Tems for 1783, 1784 ;
and in M. Struve’s catalogue of double stars: the remaining 526 are new. Besides
these more especial objects of pursuit, however, a great number of double stars,
of all classes and orders, were noticed and described, and their places taken, to
the amount, altogether, of between three and four thousand, the observations
of which, being reduced and arranged in order of Right Ascension, have been,
from time to time, published by the Royal Astronomical Society of London, in
six catalogues, which will be found in the 2nd, 8rd, 4th, 6th, and 9th volumes
of their Transactions. ] :

(ii.) Having so far succeeded to my wish (the places of the objects thus

# determined proving, on the whole, satisfactory), and having by this practice
a
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acquired sufficient mastery of the instrument employed (a reflecting telescope of
184 inches clear aperture, and 20-feet focus, on my Father’s construction), and
of the delicate process of polishing the specula; being, moreover, strongly invited
by the peculiar interest of the subject, and the wonderful nature of the objects
which presented themselves in the course of its prosecution, I resolved to attempt
the completion of a survey of the whole surface of the heavens, and for this
purpose to transport into the other hemisphere the same instrument which had
been employed in this, so as to give a unity to the results of both portions of
the survey, and to render them comparable with each other. '

(iii) Accordingly, having placed the instrument in question, as well as an
equatorially mounted achromatic telescope of five inches aperture, and seven feet
focal length, by Tulley, which had served me for the measurement of double stars
in England, together with such other astronomical apparatus as I possessed, in a
fitting condition for the work, and taken every precaution, by secure packing, to
insure their safe arrival in an effective state, at their destination, they were con-
veyed (principally by water carriage) to London, and there shipped on board
the Mount Stewart FElphinstone, an East India Company’s ship, Richardson,
Esq. Commander, in which, having taken passage for myself and family for the
Cape of Good Hope, we joined company at Portsmouth, and sailing thence on the
13th November, 1888, arrived, by the blessing of Providence, safely in Table Bay,
on the 15th January, 1834, and landed the next morning, after a pleasant voyage,
diversified by few nautical incidents, and without seeing land in the interim. It
was most fortunate that, availing himself of a very brief opportunity afforded by a
favourable change of wind, our captain put to sea when he did, as we subsequently
heard that, immediately after our leaving Portsmouth, and getting out to sea, an
awful hurricane had occurred from the S. W. (of which we experienced nothing),
followed by a series of south-west gales, which prevented any vessel sailing for six
weeks. In effect, the first arrival from England, after our own, was that of
the Claudine, on the 4th of April, with letters dated January 1st. )

(iv.) Having disembarked the instruments without accident, and placed them,
temporarily, in one of the Government storehouses (being permitted to do so through
the obliging kindness of W. Petrie, Esq. Deputy Commissary General of the
Colony), my next care was to look out for a comfortable residence in a locality
suitable for their erection. This I was fortunate enough speedily to find at




INTRODUCTION. v vil

the mansion of a Dutch proprietor, W. A. Schonnberg, Esq., bearing the name
of Feldhuysen, or Feldhausen, about six miles from Cape Town, in the direction
of Wynberg, a spot charmingly situated on the last gentle slope at the base of
the Table Mountain, on its eastern side, well sheltered from dust, and, as far as
possible from wind, by an exuberant growth of oak and fir timber; far enough
removed from the mountain to be, for the most part, out of the reach of annoyance
from the clouds which form so copiously over and around its summit, yet not
so far as to lose the advantage of the reaction of its mural precipices against
the south-east winds which prevail with great violence during the finer and clearer
months, but which seldom blow home to the rock on this side, being, as it were,
gradually heaved up by a mass of comparatively quiescent air imprisoned at the
root of the precipice, and so gliding up an inclined plane to the summit on
the windward side, while they rush perpendicularly down on the leeward with
tremendous violence like a cataract, sweeping the face of the cliffs towards Cape
Town, which they fill (as well as the valley in which it stands) with dust and uproar,
chiefly during the night. This residence needing some repairs, and being, in fact,
not then actually vacant, a temporary residence was secured, at a convenient dis-
tance, in a tenement belonging to Borcherds, Esq., of Cape Town, called
Welterfrieden, whence I could superintend the erection of the instruments, which
was forthwith commenced, and pushed forward with such effect, that on the
22nd of February I was enabled to gratify my curiosity by a view of a Crucis,
the nebula about » Argas, and some other remarkable objects, in the 20-feet

reflector ; and, on the night of the 5th of March, to commence a regular course of
sweeping.

(v.) Shortly after, the erection of a building was commenced to receive the
equatorial instrument, which, so soon as the walls were settled, and the pier, which
was of brick, laid in Roman cement, consolidated, was placed on its supports, and
being surmounted by a revolving roof of a peculiar construction (See Art. 158),
contrived by myself, and constructed in England for the purpose, was brought into
approximate adjustment ; and on the 2nd of May, a series of micrometrical measures
of southern double stars was commenced by the measurement of a« Centauri, the
chief among them. I ought to observe that, on unpacking this and the other
instruments and apparatus, not a single article was found to have sustained injury.

(vi.) The Frontispiece to this volume exhibits the Reflector, and the building
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containing the Equatorial, in their enclosure, a kind of orchard, surrounded on
all sides by trees, but commanding a tolerably near approach to both the southern,
eastern, and northern horizon. To the west, the nearer vicinity of the trees,
though cutting off much of the sky, yet afforded a valuable protection from
the fury of the north-west gales which prevail in the winter months. Nor was
it without some regret on this account, that the removal of a portion of this friendly
shelter was resolved on to afford a view of the comets of Encke and Halley, when
so situated as to require it. The exact geographical site of Feldhausen was found
by trigonometrical measurement (See Appendix E), to be 2’ 53'.55 south, and
0™ 4.11 west of that of the Royal Observatory of the Cape, that is to say, in Lat.
83° 58' 56".55, Long. 22" 46™ 9°.11 from Greenwich. Its altitude above the site
of that building was ascertained by barometrical observation to be 112.23 feet,
or about 142 feet above the mean sea-level of Table Bay (See Appendix B).

(vii.) As I have mentioned the Royal Observatory of the Cape, I must take
this distinct and early opportunity to acknowledge my many and great obli-
gations to my excellent friend, Thomas Maclear, Esq., its director, whose ardent
love for the science to which he has devoted himself, seconded by talent of no
common order, by resource which no difficulties exhaust, and by activity which
no exertion wearies, has secured, and continues to secure, for the noble esta-
blishment under his direction, a reputation of the highest rank, and for himself|
the best titles to the gratitude of his country,and the approbation of the govern-
ment he serves. To his kindness I am indebted for much and most valuable
aid in fixing, with all the precision which the fine instruments under his command
could afford, the Right Ascensions of a great many stars of which a knowledge was
indispensable in the reduction of my sweeps, and which I neither could obtain
with sufficient exactness from the existing catalogues, nor had any means of
ascertaining for myself, unless by entering upon an express course of observation
for that very purpose, such as formed no part of my original design, and for which
a much superior transit to that I had brought out with me would have been
requisite.  Previous to leaving England, I had procured a MS. list of the
stars of the Brisbane Catalogue, then preparing for publication, containing the
places of between seven and eight thousand southern stars, and on this
Catalogue, when it should appear, I had confidently reckoned for as many well
determined zero stars as I could possibly need, the system of observing I pro-
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posed to follow being entirely differential. With the Polar distances of
that catalogue, I seldom had much occasion to find fault; but as respects the
Right Ascensions, I experienced less satisfaction in its use. On mentioning
this circumstance to Mr. Maclear, he, with ready ualacrity, at once offered
to determine this important element, by direct observation, for as many zero
stars as I might require, thus rescuing me from a very serious difficulty. I need
hardly add that I gladly availed myself of, and drew largely on his kindness ;
and the results of his observations in the cases of about 670 stars, fixed by two or
three observations of each, have proved a most material assistance to me in the
reduction of my sweeps. Nor was this the only instance of useful and effective
aid rendered me from the same quarter.

(viii.) Previous to quitting England, I had engaged the services of an
attendant for the purpose of working the sweeping, and other mechanical move-
ments, of the Reflector during the observations, and executing any necessary
repairs. John Stone, the person so engaged, to the useful, and, indeed, indis-
pensable qualifications of a ready mechanic, whether in wood or iron work, joined
that of experience in this particular employment, having performed that office for
me during a considerable portion of my review of the northern heavens, with
undeviating steadiness and regularity, as he continued to do during the whole
of that of the southern, without once absenting himself from his duty. This
indispensable manual aid - excepted, it is right to mention that the whole of the
observations, as well as the entire work of reducing, arranging, and preparing them
for the press, has been executed by myself. The repolishing of the reflectors,
it will of course be understood, could be delegated to no other person.

(ix.) Of these I was provided with three, viz., one made by my Father, and
used by him in his 20-feet sweeps, and other observations; one made by myself,
under his inspection and instructions; and one which I ground and figured sub-
sequently, but which was cast at the same time, and from the same metal as that last
mentioned. They are each 18} inches of clear diameter of polished surface, and all,
go far as I am able to judge, equally reflective when freshly polished, and in every
respect similar in their performance. One of them (the first completed, of the two
newer ones above mentioned) is about two inches longer in focus than the others,
a difference which, the figure being otherwise good, it has not been thought worth

while to correct. \
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(x.) The operation of repolishing was performed whenever needed, the whole
of the requisite apparatus being brought for the purpose. It was very much more
frequently required than in England; and it may be regarded as fortunate that
I did not, as at first proposed (relying on the possession of three perfect metals),
leave the apparatus in question behind. Being apprehensive that in a climate so
much warmer, difficulties would arise in hitting the proper temper of the polishing
material, slight imperfections of surface, induced by exposure, were for a while
tolerated ; but, confidence in this respect once restored, and practice continually
improving, I soon became fastidious, and on detection of the slightest dimness
on any part of the surface, the metal was at once remanded to the polisher.

(xi.) And here, perhaps, I may be allowed a digression on a point of the
utmost importance in the use of reflecting specula, viz., the mode of supporting
the metal in its case. This, in my own practice, is provided for as follows:—
between the back of the case and the mirror are interposed six or eight thicknesses
of coarse woollen baize, or blanketing, of even texture, and quite free from knots,
stitched together at the edges to prevent any hard substance from getting between
them. On this bed the metal is laid flat, and being shaken into a concentric
situation, as respects the rim of the case, two supports formed of strips of similar
woollen stuff, many times doubled, occupying about 30° each of the circumference
of the case, are introduced, so as to leave an arc of about 40° unoccupied, opposite
the point which is intended to be placed lowermost in the tube. The case being
then raised into an inclined position by the other handle, and slightly shaken,
the mirror takes its own free bearing on these supports, which by their elasticity
obviate the possibility of any lateral compression which might go to the extent
of seriously disfiguring the metallic surface, were the whole vertical pressure of the
mirror confined to a hard point near the bottom, or even distributed over two or
three metallic bearings in the circumference.

(xii.) Simple, and indeed homely as this mode of bedding the speculum may
appear, it is, I am satisfied, as effectual (it certainly is quite as little costly
and cumbersome) as any which can be contrived. The uniform support of a
reflector over its whole extent, is a point of the last importance to its optical
performance. A distortion of figure by flexure, which in the object-glass of a
refracting telescope would produce mo appreciably injurious effect, mould be utterly
fatal to distinct vision in a reflecting one. This will be made apparent if we con-
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sider the different modes in which the convergence of the rays is effected by reflexion
at a curved metallic surface, and by refraction through one or more glass lenses.
In the former case, the whole deviation of the ray from its original direction
is effected at one surface, and, in amount, is equal to twice the inclination of that
surface to a perpendicular on the original direction. Any alteration, therefore,
which flexure may produce on the inclination of the surface (supposed originally
~ parabolic) of a speculum to its axis, at a given point, will produce an angular
deviation of the reflected ray from its proper course to a double amount. And
the lateral aberration produced by such deviation will be expressed by that double
amount of angular flexure, multiplied by the focal distance, and is, therefore,
the more injurious the greater is the focal length. On the other hand, in the
case of a refracting telescope, the deviation of a ray is effected by the prismaticity
of the medium, or media, of which the object-glass consists, at the points where
the ray penetrates them, and is independent of the absolute inclination of either
separate surface to the axis. In consequence, however, this inclination may change
by flexure in any one of the lenses of which the object-glass consists, yet, so long
as both surfaces of the lens bend alike, which they cannot but do in any con-
ceivable case of flexure short of fracture, the effective prismatic angle at that
point, and consequently, also, the inclination of the transmitted ray to the axis
remains absolutely unaltered, and the whole amount of lateral ‘aberration produced
is that which arises from the bodily displacement of ‘the transmitting portion of
the lens in a direction to or from the focus by the effect of the flexure, a dis-
placement which, in itself utterly inappreciable, is still farther reduced in its
effect to produce lateral aberration, that it comes to be multiplied by a fraction
whose numerator at the maximum is the semi-aperture of the object-glass, and
whose denominator is the focal length of it.

(xiii.) This inequality of proportion between the two cases is still farther
augmented by the lightness of glass compared with metal, which (surface for
surface, and rigidity for rigidity) makes the absolute flexure of a given thickness
of glass much less than of an equal thickness of metal. And it is very fortunate
that all these conditions hold good; for since there is no possibility of supporting
a transparent substance against flexure, without stopping the light, this cause
alone (had it acted to the extent it does in reflectors) would long since have
banished large object-glasses from practical use. A speculum (I speak from
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experience) of the dimensions and thickness used in my sweeps, is totally spoiled
by supporting it on three metallic points at the circumference, when directed to the
zenith. The image of every considerable star becomes triangular, throwing out
long flaring caustics at the angles. On one occasion, I supported a mirror simply
against a flat board, at about 45° elevation from the horizon. In this state its
performance was tolerably good; but on stretching a thin packthread vertically
down the middle of the board, so as to bring the weight to rest on this as on one
axis, the images of stars were elongated, in a horizontal direction, to a preposterous
extent, and all distinct vision utterly destroyed by the division of the mirror into
two lobes, each retaining something of its parabolic figure, separated by a vertical
band, in a state of distortion, and of no figure at all.

(xiv.) Springs are sometimes used by opticians at the back of a small mirror,
for the purpose of keeping it home to the rim of its case. They are usually
three in number, and so far as mere support of the mirror is concerned, they
act as three non-elastic supports would do, i. e. disadvantageously.  More
numerous and weaker springs distributed over the whole of the back of the case
would seem to be preferable, but they ought to be so weak that all should be muck
compressed and brought into full action by the pressure. And even then, if the
metal be confined in its case by a rim in front, a spring-pressure upward, which in
a horizontal position of the surface would barely sustain it in contact with the rim,
will urge it, when placed vertically against the rim, with a force equal to the
whole weight of the metal applied over its surface in a direction perpendicular
thereto, and will tend therefore to distort it in that position, to the very same
amount, but in an opposite direction, that it would have been distorted by gravity
in the other position, had the springs been absent, and the support been given by a
metallic ring at the circumference of the back.

(xv.) Nothing, therefore, is gained, so far as obviating flexure is concerned,
by a distribution of elastic support, so long as the mirror is pressed against a rim
in front. To make such a mode of support effective, the metal must be free to
rise and fall, and the friction on the lower circumference must be counteracted,
either by resting it in a circular iron chair, provided with exterior rollers, or
otherwise equably supporting the lower portion of its edge, so as to allow of its
shifting forwards or backwards without sensible friction; as, for instance, by
suspending the metal from the upper side of its case, in a jointed frame, composed
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of two semicircles of steel loosely riveted at the extremities of their common,
horizontal diameter, to admit of free play at the joint, the lower semicircle being
thin, and lined with velvet or flannel to ensure equal pressure against the lower
edge of the metal; the upper stronger, and increasing gradually in stiffness
towards the top, by which the whole should be suspended on a hinge-pin.*

(xvi.) As an experiment, I constructed a case, having the back of stout wood
set over with ninety steel springs, of such strength as to be all of them pressed
nearly into contact with the wood by the weight of the mirror laid horizontally
on them, and distributed with as much uniformity as possible in their points of
bearing over the whole surface of the back, the face being left entirely unconfined.
So supported, the performance of the mirror was good at all altitudes, but by no
means better than when bedded on woollen cloths, as above described, nor, indeed,
equal to it; and, in fact, when we consider that each fibre of wool is a delicate
coiled spring of almost perfect elasticity, it is clear that no artificial arrangement
of metallic springs we can make, can attain the perfection of such a natural
one (if we may so apply the term), either in uniformity of distribution, or in
delicacy of application. This consideration led me to abandon the use of a spring
case, after making a very few sweeps with it, and re-adopt, in its stead, the
woollen bedding which had been laid aside to make way for what proved to be,
in effect, no substantial improvement on it. It is essential, however, that a
great many thicknesses of the baize or blanket employed, should be used, by whick
only the effect of flewure in the wooden back itself of the case can be eliminated.
‘And to keep up the elasticity of the fibre, it should be occasionally taken out
and beaten.t

(xvii.) A serious, indeed a fatal objection, would appear to lie against the
use of flexible, elastic, or any kind of moveable support for the mirror; in the
fluctuations liable to be caused by it in the line of collimation when the inclination

* This was written while ignorant of the very ingenious contrivance by which Lord Rosse affords
an equable, or nearly equable support to his large reflector. Comparative trial of the several methods can
alone decide, in any proposed case, which is the most effectual.

+ The following memorandum occurs in sweep 687 :—

“The mirror, though a capital one, has, for the last three nights, given distorted images with
its full aperture, which appear horned and tailed. To-night, before the sweep, I took it out, and
carefully smoothed, shook up, and remade its bed. Now, nothing can be finer. It lies at its ease,
and equally supported all over, and all the appendages are clean gone.”

c
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of the mirror to the horizon is varied, and which must inevitably take place
if there be either the least friction of the lower edge on its support, or anything
short of mathematical exactness in the distribution of the pressure. But this
objection is completely obviated in my mode of observation, by the use of an
interior collimating telescope, as described in Phil. Trans. 18388, p. 488. The
collimator used in the greater part of these observations differed only from that there
described, 1st, in being a more powerful telescope (viz., an achromatic of four feet
focal length, with a good object-glass, 23 in. aperture), and, 2nd, in. having the
plane speculum placed, not as there described, between the object-glass and its focus,
but beyond the focus (in which the collimating cross is fixed), so as to illuminate
that cross by the light of a lamp external to the tube of the large reflector,
collected by a lens upon the cross, both great improvements in practice.

(xviii.) Sweeping (for so I shall continue to denominate the system of obser-
vation in zones of 3° breadth in Polar distance in search of new objects), was
prosecuted, in the absence of the moon, on all occasions when weather permitted,
and the definition of the stars was such as to render it worth while to do so.
And this leads me to speak of the climate of the Cape as regards its favourableness
or unfavourableness for astronomical observation. In the hot season (from October
to March), and especially during the hotter months of that season, the nights are
for the most part, superb, at least in all the flat region at a few miles distance
from the mountains; but in their immediate vicinity, the south-east wind (then
generally prevalent) frequently brings with it a belt of cloud extending many
miles from the hills, and cutting off the view of the sky. This (which is some-
times called a black south-easter) comes on often at night, and lasts several nights
in succession. Very often, too, when no such impediment exists, the excessive
heat and dryness of the sandy plains gives rise to a disturbance of the optical
tranquillity of the air, so as to destroy, or much impair, distinct vision, and
that frequently in a very singular manner. In some cases, the images of the
stars are violently dilated, and converted into ill-defined nebulous balls, or puffs,
of 10 or 15" or more in diameter.* In others, they form soft, quiet, round pellets

* During the conjunction of Saturn and y Virginis, at the end of March, 1834, both were
seen in the same field of the 20-feet reflector, in such a state of indefinition, that but for the greater
quantity and different colour of the light of Saturn, it could not have been told which was the planet,
and which the star. Yet, to all appearance, the night would have been judged a fine one.
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of 8 or 4’ diameter, very unlike the “spurious discs” which they present when
best defined, and rather resembling planetary nebulee. In other cases, again,
the structure, as it were, of these pellets is disclosed, and they are seen to arise
from an infinitely rapid vibratory movement of the central point, in all possible
directions, while, on a few occasions, the appearances have been exceedingly per-
plexing and singular, and such as there is difficulty in accounting for on any optical
principle whatever.*

(xix.) Even in the hottest season, however, nights of admirable definition
occur, especially looking southwards. But, what is not a little remarkable, in
the very hottest days, looking northwards over the burning tract intervening
between Feldhausen and Table, or Saldanha Bay, the most admirable and tranquil
definition of the solar spots, and other phenomena of the sun’s disc, is by no means
unfrequent. In such cases, I presume the strongly heated stratum of air incum-
bent on the surface of the soil, is swept off by the south-east wind blowing from
False to Table Bay, before it ascends high enough to interfere with the visual
ray. To how high a temperature the soil is occasionally heated, will be seen in
Appendix (C).

(xx.) During the autumnal months of May, June, and July, when the weather
is generally cool, and the nights cold, hot winds frequently set in from the north,
usually in the night; at first moderate, and alternating with cold gusts from
the opposite quarter, but rapidly gaining the prevalence, till, in a few hours, they -
attain the violence of a hard gale and glowing oven-like heat.t Thus they con-

* The discs ill defined and agitated points, surrounded with distant halos. Where thrown out
of focus inmwards, the images, instead of circular discs, would present large central vacuities, absolutely
void of light, round which a turban-fashioned phenomenon, in a constant state of vorticose motion, was
seen. Occasionally, the image so thrown out of focus takes the form of a narrow circular arc, with
a terminal concentration; when thrown out of focus outwards, a vivid central point, surrounded with
an extensive circular area of light. The phenomena have manifestly a reference to the state of the
air in the tube of the telescope, and at its aperture, and would seem to indicate the existence of a cone
of heated air projecting beyond the aperture of the tube. The tube of a reflector being necessarily open
at the mouth, ascending and descending currents of hot and cold air (usually rotating spirally) become
established, and are very prejudicial to distinct vision. The remedy is obvious; viz., to dispense with
a tube altogether, substituting for it a light, strong, inflexible framework of cast or wrought iron. In
refracting telescopes, in which the air is completely enclosed, its circulation is not nearly so offensive.

+ I annex the readings of a thermometer on the night of July, 1884, on the desk, in the open air,
in the gallery of the 20-feet reflector. Minimum before midnight 40°.4. At midnight, the hot wind
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tinue to blow, frequently for thirty-six or forty-eight hours, becoming at length
cool, and finally settling into rain. Now it is not a little remarkable, that however
unfavourable to vision this conflict of hot and cold currents is at the coming on
of such a gale, no sooner does it become established than the images become
concentrated, and settle down not unfrequently into excellent definition.

(xxi.) It is, however, in the cooler months, from May to October inclusive,
and more especially in June and July, that the finest opportunities occur. The
state of the air in these months, as regards definition, is habitually good, and im-
perfect vision is rather the exception than the rule. The best nights occur after
the heavy rains which fall at this season have ceased for a day or two; and on
these occasions, the tranquillity of the images, and sharpness of vision is such, that
hardly any limit is set to magnifying power but what the aberrations of the specula
necessitate.*

set in, after a brief conflict, of the nature described in the text; the thermometer instantly rose
to 50°. At

h m o b m ° h m o
1 39 a.m. it stood at 64.0 2 8 a.m. it stood at 69.0 2 38 .M. it stood at 69.4
1563 , , 687 210 , , 704 247 , 710
159 , , 650 218 , , 700 318 ,, , 680
2 1 , , 681 29 , , 710 '

Minimum before sunrise next morning, 60.0

* On such occasions, optical phenomena, of extraordinary splendour, are produced by intercepting
the light of a bright star, by diaphragms pierced in regular patterns, and extending over the whole
aperture of the telescope, such, for example, as large sheets of card-board or zinc, pierced by machinery
(which gives perfect regularity), either with circular holes, uniformly disposed, or with any regular and
not too complicated pattern. The appearances so produced (which strike every one who witnesses them
with surprise and delight), though they may be seen whenever the air is in a moderately good state,
are infinitely enhanced in their beauty by the perfect tranquillity which prevails on such occasions
as these. They depend on the optical law of interferences; and many beautiful examples of their
explanation on that principle, fully worked out in detail, will be found in M. Schwerd’s treatise, “ Die
Beugungserscheinungen aus den Fundamentalgesetzen der Undulations—theorie analytisch entwickelt,”
&c. (Manheim, 1835).

The “triangular aperture,” or diaphragm which admits the light through an opening concentric
with the speculum in the form of an equilateral triangle, to whose use as a means of separating close
double stars continual reference will be found in the following pages, affords an elegant example
of this theory, in the sharpness of the central disc which it produces, and the absence of all appendages
other than six perfectly straight delicate rays running off at angles of 60° from the disc. In a letter
addressed, Dec. 24, 1834, to the late Captain B. Hall, of which I retain a copy, I find an observation of
Canopus, with such an aperture, and a magnifying power of 1200, thus described :—“The disc is
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(xxii.) Among the irregular and accidental optical effects of peculiar atmo-
spheric conditions incident to the climate, there are one or two which seem deserving
of especial notice. The first is that phenomenon which, when it occurs, I have
designated by the epithet, the “nebulous haze.” Its effect is to convert every
star of the 9th magnitude and upwards, into a “nebulous star,” meaning thereby
a well-defined star, with a faint, nebulous photosphere of greater or less extent,
according to the brightness of the star, surrounding it. This phenomenon occurs in
a perfectly clear sky, free from the slightest suspicion of cloud. It comes on very
suddenly and unexpectedly, and goes off as suddenly, lasting sometimes only a
few minutes; at others, longer. Thus, in sweep 500, Oct. 5, 1834, it commenced
at 22" 4™ sT, when a star 7 m was observed to be surrounded with it, having come
on quite suddenly, and continued to affect all the brighter stars until 22" 54, when
it was quite gone, being described as extraordinary in intensity, and very trouble-
some during its continuance. From this time till 0" 27®, all was clear, when it
suddenly came on again, “in an instant. A star 7 m was quite free, but on drawing
it back” (after it had left the field for re-examination), ‘it was found to be com-
pletely involved,” the sky continuing all the while pure, so far as the naked eye
could discern. Again, in sweep 598, June 18, 1835, we have “15" 37™ sT. A
nebulous haze came on in-an instant, extending to stars 9 m; yet the sky is as clear
as ever, and the calm unbroken.——“15" 44*—(a star 6 m in the field). The nebu-
lous haze is gone; it did not last two minutes.”— 16" 28. The nebulous haze
came on again in a moment.” Such remarks might lead to a suspicion of dew upon
the eye-piece, or the breath of the observer settling on the glass; but repeated
examination (the phenomenon being very common) has satisfied me that such is not
the cause, but that it is really of atmospheric origin. Similar nebulous affections
occur in our English climate; but it is their much greater frequency, and the
suddenness of their appearance and disappearance, which forms so remarkable a
feature at the Cape. '

an exact circle, and the six rays which such an aperture always gives, are perfectly straight, delicate,
brilliant lines, like brightly illuminated threads, running far out beyond the field of view, and (what is
singular) capable of being followed, like real appendages to the star, long after the star itself had left the
field. In examining stars to see if they are close double, I always apply the triangular aperture. It
reduces the discs to hardly miore than a third of their size, and gives them a clearness and perfection
incredible without trial.”

d




xviil INTRODUCTION.

(xxiii.) Another peculiarity which has frequently given rise to remark, is the
opacity of cloud, as compared with what prevails in England. My Sweeping
Registers, at Slough, are full of instances of double stars with small companions,
clusters, &c. seen through cloud of considerable apparent density to the unassisted
eye. Of this I have elsewhere stated remarkable instances. It was my usual
practice there to continue sweeping during moderately-clouded intervals, for the sake
of securing at least such new double stars as might occur, or obtaining micrometric
measures of known ones placed on the working list. Such advantage could seldom
be taken of clouded intervals at Feldhausen, and from the whole tenor of my
experience of that locality, the impression remains of a very decided difference, in
this respect, between the two stations.

(xxiv.) Meteorological observations of the barometer, thermometers, wet
and dry, the actinometer, &c., with the usual record of weather, were made on
the appointed term-days, or days of equinox and solstice; at first during thirty-six
hours, subsequently, during twenty-four only, from hour to hour. These, however,
are only valuable when taken in conjunction with others of the same kind; and
having already been published in the pages of the Atheneum, and elsewhere,
and received as much discussion as they have appeared to need, in a report
which I had the honour to communicate to the British Association, for the advance-
ment of science, and which has been published by that body, it has been thought
unnecessary to reprint them.

(xxv.) It was, however, my intention to have placed on record, in this volume,
the results of a great mass of Actinometric observation made since the year 1824
(at which epoch my attention was first directed to that method of ascertaining
the intensity of solar radiation, which may not inaptly be termed dynamical, in
contradistinction to the usual statical method by the observation of blackened
thermometers, photometers, &c.) In addition to these, between five and six
hundred sets of such observations obtained at the Cape, would, I supposed, have
afforded valuable climatological data, and led to conclusions otherwise important.
Unfortunately, the necessity of a correction by a variable factor depending on
the temperature attained by the liquid enclosed in the cylinder of the instrument,
had not been foreseen and provided for in any of these observations, and only
became apparent when the omission was beyond remedy, viz., when the results
were drawn out, and ready for press. They are, therefore, suppressed for the
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present, leaving it to future examination to determine whether among them
there may not be a portion, made under such circumstances, or registered in
such a manner as to admit of the temperature and, therefore, the correction
in question being ascertained and applied, and providing against a similar evil in
future by a simple and easily applied addition to the instrument itself.

(xxvi.) The principles upon which the reduction of the observations made with
the reflector is executed, are explained at large in the Appendix to my Catalogue
of northern nebulee, Phil. Trans. 1833, p. 482, et seq., and need not here he
repeated. Only as respects the precession in Right Ascension, a slight change is
introduced. That correction depending both on the Right Ascension and Polar
distance of the object, would introduce, if attempted to be included in the general
system of interpolation there adopted, a term of double entry which, however,
since the zone swept is of small breadth, not exceeding 8°, may be resolved into
two; the one a term of single entry, depending only on the time and expressing
the precession for a constant polar distance, that of the middle of the zone ; the other
a correction of this for objects occurring out of the middle of the zome. This
latter portion is a term of double entry; but it is necessarily of very small
magnitude, seldom exceeding a few tenths of a second of time. In the system of
reduction adopted in my former catalogue, this term is simply neglected; or the
precession is regarded as the same throughout the breadth of the zone. Thus it
becomes a mere function of the time of observation, and merges in the general
correction for the time, to be interpolated as there explained. In the reduction
of the present series of observations, this did not appear admissible, and it became
necessary, therefore, to proceed somewhat differently, making a special exception
of the precession in Right Ascension. This was done as follows: all the Right
Ascensions of the zero stars were brought up to the beginning of the year nearest
to the date of the observation, and the process, in its original form, followed out,
as if to reduce the observations of the sweep to that epoch. The reduction (R)
in this case, consists of two terms (A) and (B), of single entry, the former a
function of the time, the latter of the polar distance. To bring these to the
common epoch (1830) adopted throughout, the precession is thrown into the form
P + p, where P is the precession for the middle of the zone, and p is the
small correction to be applied to P to obtain the precession for any other point
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out of the middle. Of these, P, being a function of the time, merges in A, and
is added to, and so included in it; and p is calculated by a small table, of
double entry, and applied to each star according to its proper amount and sign.

(xxvii.) Great and unavoidable delay having occurred in the publication of these
pages, an opportunity has been afforded for a careful revision of the Catalogues sub-
sequent to their printing off. In the course of this a considerable list of corrigenda
has been accumulated, partly arising from error of the press, partly of copying, and
partly of calculation. A few nebulee and double stars also, which are not included
in the Catalogues, having escaped the process of arrangement by which they were
constructed, have been discovered in the sweeping journals, as well as some additional
observations of others which are so included. These are appended accordingly to
the list of corrigenda. Some errors which vitiate the letter-press are also noticed.
They are few, and for the most part trivial, with the exception of two very obnoxious
ones which the reader is requested to bear in mind, or correct for himself. In page
299, the major semiaxis of the orbit of y Virginis is stated at 9°.69, whereas it
ought to be 8°.58; and in page 368, equation (A), the numerical coefficient in the
value of u, instead of 8.1514, should be 2744.7.

(xxviii.) It remains to say something as to the mode of introducing this work
into the world. To the munificent destination of his Grace the late Duke of
Northumberland, of a large sum, in aid of its publication, it owes its appearance
as a single and separate work, instead of a series of unconnected memoirs, scattered
over the volumes of academical bodies. The lamented decease of that illustrious
nobleman prevented his witnessing its final completion. His liberal intentions,
however, have been fully carried out by the worthy successor to his titles and his
spirit ; whose kind and gracious interest in it, I should be wanting in all proper
feeling, were I to omit this opportunity of acknowledging.



CHAPTER L

OF THE NEBULZE OF THE SOUTHERN HEMISPHERE.

OBSERVATIONS OF NEBULZ AND CLUSTERS OF STARS TAKEN IN THE COURSE
OF SWEEPING WITH THE TWENTY-FEET REFLECTOR.

I.—INTRODUCTION TO THE CATALOGUE OF NEBULAZ.

(1) THE Catalogue of Southern Nebule, which forms the subject of this chapter, is similar, in
every particular of its arrangement and construction, to my Catalogue of Northern Nebule
and Clusters, published in the Transactions of the Royal Society, for 1833, and is reduced to the
same epoch (1830-0), for the purpose of facilitating the union of the two catalogues into one
general one. Like that Catalogue, it presents, assembled in one view, the reduced results of
all the observations of each object which have occurred in the regular course of sweeping, in
which either its place has been taken (however roughly), or in which any particular in its
appearance or physical character has been noted ; without any selection of good, or suppression of
discordant observations whatever. To that work I shall, therefore, refer for the explanation,
should any appear to be needed, of its arrangement, and of the purport of the several columns
of which it consists. In effect, however, these sufficiently explain themselves, with exception
of the abbreviations employed in the descriptions and columns of Synonyms, which it is
necessary to repeat for the convenience of the reader, to whom they would otherwise be
unintelligible without perpetual reference to another volume, which he might not have at
hand. The dates of the several sweeps referred to in this and my former catalogues, will be
found synoptically arranged in the table immediately appended to the catalogue now in
question.

(2) North Polar distances are preferred to south, though most of the objects in the Cata-
logue are situated in the southern hemisphere, for the sake of uniformity, and for the main-
tenance of 4 general rule in applying precession; and for a similar reason Polar distance is
preferred to declination, not merely because by so doing the signs + and — (fertile sources of
mistake) are avoided, but also because all doubt or hesitation as to the sense in which the
above-mentioned element is to be applied is thereby totally precluded, considerations of such
moment as ought, I think, to lead to the universal disuse of declinations, and the adoption of
North polar distances in their stead, in all astronomical catalogues henceforward to be pub-
lished. It ought also to be mentioned that the ‘sweeps” referred to in the last column, as

B
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those in which the observations occur, are numbered forward in continuation of my series of
northern sweeps made at Slough; so that the Cape series (consisting of 382 sweeps)
commences with sweep 429, and terminates with sweep 810. The general reference num-
bers in the first column are, in like manner, continued onward from No. 2307, the
“ omitted” nebula added after the 2306 regularly entered in order of R. A., in the Northern
Catalogue.

The following is the system of abbreviations adopted :—

1. In the column of Synonyms—

The roman and arabic numerals (as 1.45) occurring together, refer to the classes and
numbers of nebule and clusters discovered by my Father, and published in his
catalogues:

The letter B, followed by a number, refers to the “ Brisbane Catalogue” of Stars, by
the general number of that catalogue:

M, so followed, to Messier’s Catalogue of Nebule :

s ’ to Mr. Dunlop’s do. do., published in the Transactions of the Royal
Society, for 1828 :
h, followed by a number, to my Northern Catalogue.

b

(2.) In the column of Descriptions and Remarks—

B denotes  Bright. 1 denotes  long, or a little.
b brighter. M in the middle.
br ———  broad. m ———  much.
c ———  considerably. N ——  nebula.
Clorcl ———  cluster. neb ——  nebulous; nebulosity.
comp ——  compressed. n ———  north.
D ———  double star. P ———  pretty (not very); preceding.
d —_— diameter, distance. pos —_ angle of position.
E ———  extended, elongated, or elliptic. R ——  round.
e —_— extremely. r —_ resolvable.
ee ———  excessively. S ——  small.
F ———  Faint. 8 ———  south, suddenly.
f ———  following. st ———  stars.
fig ———  figure, sc ———  scattered.
g ——  gradually. v —  very.
iorirr ———  irregular. vy ———  very very (exceedingly).
L ——  large.
*  Star.
@  Globular cluster.
O  Planetary nebula.
€  Moon above the horizon.
€ ¢ Moon very troublesome.

(3) In order to fix in the reader’s mind the appearances represented by such combinations,
occurring in the description of a nebula, as gbM (gradually brighter in the middle), pslbM
(pretty suddenly a little brighter in the middle), &e. ; it will suffice to refer to the explanatory
plate (Pl. IX. Phil. Trans. vol. for 1833), and to the accompanying table of explanations,
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p- 494, of the same volume, in which, however, an important erratum exists (viz., in the expla-
nations of figures 16, 17, and 18, in which the abbreviations pmbM, mbM, and vmbM, are, by
mistake, printed instead of the correct ones descriptive of those figures which are psbM, sbM,
and vsbM, respectively). ,

(4) As an example of the use of these abbreviations in the description of a nebula, the
following is taken from the preface to the Northern Catalogue above referred to.

“vB; vL; IE; vgpmbM; 50" 1; 45" br; pos 29°:3 by microm. a * 9m. 45° np, dist. 80",”
which expanded runs thus:—“Very bright; very large; a little extended; very gradually
pretty much brighter in the middle; 50” long ; 45” broad ; angle of position (reckoned from
the north and from a meridian in the direction north, following, south, preceding) measured
29°-3 by the micrometer. A star of the ninth magnitude is situated 45° north preceding the
centre of the nebula and at a distance from it of 80" (both by estimation).” Measured angles
are always marked as above in degrees and decimals, Estimated ones without decimals.

(5) It will of course be readily understood that very great differences will occur in the
descriptions of one and the same nebula taken on different nights, and under different atmo-
spheric circumstances, as well as in different states of the mirror and the eye: nor will it at all
startle one accustomed to the observation of nebule to see such an object described at one time
as F; S; R (faint, small, round), and at another as B; pL; pmE; r; (bright; pretty large;
pretty much extended ; resolvable), &c. It is from a collection of all these descriptions that
the true or final description has to be made out, in doing which it is to be recollected that the
higher observed degrees of brightness, size, and extension are to be preferred in general to the
lower ones, since atmospheric and other deteriorating causes always act in derogation of these
qualities. For it appears to be a general law in the constitution of “extended” nebule, that
their interior or brighter strata are more nearly spherical than their exterior or fainter; their
ellipticity diminishing as we proceed from without inwards, a character, so far, in favour of a
rotation on an axis, in the manner of a body whose component parts have such an amount of
mutual connexion as to admit of such a mode of rotation, and of the exertion of some degree of
pressure one on another. It by no means, however, follows, that such a mode of rotation can
be regarded as demonstrated by the general phenomenon in question, since a system of internal
movements among an assemblage of bodies perfectly disconnected, and acting on each other
solely by attractive forces exerted at a distance, is at least conceivable, by which the same
appearances to a remote spectator would be produced.

(6) The number of nebule and clusters comprised in the catalogue here presented, is 1708.
Of these eighty-nine are identical with objects previously observed by myself at Slough, and
which occur, in consequence, in my Northern Catalogue. In these cases it has been preferred
to number them onwards, regularly in succession, as if now for the first time observed, rather
than interrupt the succession by breaks or by the re-insertion of earlier numbers. The letter 2,
with its accompanying number in the column of synonyms, will point out the places in the
former catalogue of such of these as occur there for the first time; and a reference to that
catalogue being made will readily identify such others as have previously been described by
my Father, or by Messier.

(7) Of the objects remaining, 135 are nebule and clusters of my Father’s catalogues, now,
for the first time, reobserved ; 9 are Messier’s, 5 of which are identical with objects catalogued

-1
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by Mr. Dunlop ; and 206 others have also been identified, with more or less certainty (indicated
by the absence or presence of the sign ?), with objects observed by Mr. Dunlop, and described
in his Catalogne of Nebule. The rest of the 629 objects, comprised in that catalogue, have
escaped my observation; and as I am not conscious of any such negligence in the act of
sweeping as could give rise to so large a defalcation, but, on the contrary, by entering them
on my working lists (at least, until the general inutility of doing so, and loss of valuable time
in fruitless search, thereby caused it to become apparent), took the usual precautions to ensure
their rediscovery; and as I am, moreover, of opinion that my examination of the southern
circumpolar region will be found, on the whole, to have been an effective one, I cannot help con-
cluding that, at least in the majority of those cases, a want of sufficient light or defining power
in the instrument* used by Mr. Dunlop, has been the cause of his setting down objects
as nebule where none really exist. That this is the case, in many instances, I have con-
vinced myself by careful and persevering search over and around the places indicated in his
catalogue.

IL—REMARKS ON THE CATALOGUE.
Of the degree of precision attributable to the places of the objects it comprises.

(8) A great number of the objects described in the following catalogue rely on single
observations for the determination of their places. On this point a remark applies similar to
that made on the same subject in my Northern Catalogue. To have secured two or more
observations of each recorded nebula, would have required the whole surface of the heavens
to have been swept at least four times over, on the system of observation pursued, viz., twice
for discovery, and twice for verification and precise determination. In going a second time
over the same ground, or even a third, in the richer regions of the heavens, it would have been
very unadvisable to have arrested the sweeping process at each nebula detected in the first
course of sweeps for the purpose of reobserving it; since, by so doing, the escape of every
other object of interest (whether nebula, cluster, or double star), situated in the same zone, and
within two or three minutes in right ascension, or even more, if the object reobserved were in
any way interesting, would have been infallibly insured. With such an instrument as that which
I employed, the place of an object cannot be determined with precision otherwise than by
including it in a zone with sufficient zero stars to form a connected series: and to have carried
out this process with that especial view (however desirable a thing in itself) would have
required at least two, and probably three years of additional observation. As it was, it proved
difficult, and, in fact, was not entirely accomplished, to go clearly twice over every part of the
surface of the hemisphere; and, in consequence, anything approaching to such a systematic

* A 9-inch Newtonian reflector, of 9 feet focal length, which, in point of light, would correspond to about
one-seventh of that used in my sweeps. That such was its construction, I conclude from the mention of the large
mirror in Philosophical Transactions, 1828, p. 113.
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revision and reobservation of individuals was quite out of the question, unless in the case of objects
of peculiar interest, which it would have been wrong not to have reobserved ; or in those cases
where, in crowded regions, it became absolutely necessary to multiply observations to avoid
confounding together different individuals. Indeed, in the case of the two nubecule, and
especially in that of the Nubecula Major, it was found necessary (such is their richness) to
abandon the system of observing in zones of 3° in breadth, and to break them up into single
degrees, so as to afford longer intervals between the transits; by which alone the observation
of all their component nebule could be satisfactorily secured. However where, owing to
the occurrence of important objects in a zone, it was thought advisable to go over it more
than twice the opportunity of reobservation was of course seized, if tolerably certain that by
so doing there were no risk of missing a nebula previously unobserved.

(9) Under these circumstances it is of course interesting to have some means of
satisfying ourselves what confidence is due to a single observation of place. And this is
afforded by the arrangement of the catalogue itself, in which the results of all the individual
observations of each object, reduced independently and in almost every case (of necessity) by
a different series of zero stars are confronted together. Without going into calculations on
the theory of probabilities, it will be tolerably evident to any one who may cast his eyes
over the columns of R A, and N P D, that, if we put aside loose objects such as large clusters
of stars without any remarkable star centrally situated as a point of reference; or large ill-
defined or irregularly shaped nebule; as well as observations marked as imperfect (by the
sign + ); cases are comparatively rare in which two observations of the same object differ
by a whole minute in N P D, or by a quantity in R A, which, when converted into space
according to the rule for convergence of meridians will give the same amount of discordance
in the direction of the parallel. For the great majority of objects, therefore, the line of
collimation of a telescope, pointed according to the mean of the observations recorded (when
more than one), will strike upon a point of the heavens within the visible area of the nebula
observed, even though its angular diameter should not exceed a single minute of a degree.

(10) In the cases of single observations, mistakes of reading and of reduction are the
most dangerous, and to these the results of such observations are of course always more or
less liable. I have every reason to hope that such mistakes have been very unfrequent.
Whenever the smallest ground for suspicion has occurred, the reductions have been carefully
re-examined. It was my intention to have gone over the whole of the reductions twice, and
the work has been partly done, but I found myself unequal to the task of completing it.
However, in order to form a notion on some better ground than mere general impression of
the probable frequency of such mistakes, after drawing out in order of R A the fair copy of
the reduced catalogue, I proceeded to compare the places of such nebule and other well-
defined objects common to both the Northern and Southern Catalogues as have their places
determined only by one observation in the latter. This afforded sixty-five comparisons in R A,
and sixty-eight in N P D, in the course of which the errors detected in reading and reduction
were as follows :—

In the Southern Catalogue

Errors of reduction 1, ¢ Northern Catalogne . . . . . .1
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. 1™ of Chronometer in R A . . . . . 1

Err f readi
ors o TeACME 1o in NP D L
Mistakes of wire in observations of R A . . 0

The error of reduction thus detected affects the R A of the nebula h. 1540 of the Northern
Catalogue which, in place of 13" 0™ 30* ‘4, should be 13" 0= 50* 4.—The chronometer readings
are liable to an occasional error of 1™ when the second hand stands between 50° and 60; and
the minute so erroneously read is almost certain to be in excess. It is therefore a useful
precaution, in looking out for a nebula or other object, whose place is settled only by a single
observation, to presume the possibility of such an error, and to have the eye at the eye-piece
a full minute before the registered time. The effect of an erroneous degree in Polar distance
is much worse; as it necessarily causes the loss of the observation; but in all the above
compared cases the instrument having been set to the places of the nebule by the working
lists previously prepared, the degree has probably been read and registered more negligently
than in the case of an unknown object, the attention having been concentred on the minutes
and seconds. I may further observe that, in the very great number of cases where the same
unknown nebula has been swept over several times, instances of misreading such as those above
considered appear to have been very rare. In such cases they detect themselves, and though
of course in registering them, in the catalogue form adopted, they have always been corrected
when discovered, yet the fact of such correction being made is, in every instance, expressly
noticed in the column of Remarks. Much care also has been taken to examine the catalogue
for cases where two nebule occurring in different sweeps, and otherwise agreeing both in
description and place, differ by a single minute of time in R A, or by a single degree in NP D
(for in the system of observing adopted, a misreading of 2° is hardly possible). In such cases
there necessarily arises a suspicion of identity which, when it occurs, is also noticed in the
remarks annexed.

(11) Correcting these mistakes of reading, the actual discordances found to subsist
between the two Catalogues run as follows: —

Discordances in R A. . Discordances in .V P D.
s s Above 0 but not exceeding 20 — 34
Above 00 but not exceeding 10 — 32 w 207 » ” 40" — 20
” 1-0 ” ” 20 — 14 ” 40° ” ” 60" — 5
" 2.0 ” ” 30 - ll . i 60' ’” ” 80' - 5
” 3'0 i1 " 4'0 - 8 " 80' ” »” 90' -_— 4
”” 4‘0 2 79 — 0 ” 90' ” ” — 0
— | _
65 ? : 68

(12) Although the number of observations thus compared is not large, yet it suffices to
afford a reasonable presumption (taking the error at half the discordance) that the place of a
well-defined nebula, determined by a single observation, will seldom be found in error to the
extent of 30” of spacein the direction of the parallel, or of 45" in that of the meridian. The
entry of a known and expected nebula to which the telescope has been sct into the field of view
hisected by the horizontal wire is a thing of no uncommon occurrence.
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Ezplanation of the figures referred to in the Catalogue of Southern Nebule and clusters, with
more detailed descriptions and monographs of some of the most remarkable nebule of the
Southern Hemisphere.

(13) Fig. 1, Plate IL.; M. 17=h. 2008; R A 18" 11™ N P D. 106° 15. This very
remarkable object is figured in my Northern Catalogue (fig. 356), but owing to the deficiency
of Micrometrical measures for laying down the stars, its form is far from accurately expressed
in that representation. In particular the large horse-shoe-shaped arc which forms so striking
and conspicuous an appendage to the bright oblique streak observed by Messier at its preceding
termination, is there represented too much elongated in a vertical direction and as bearing
altogether too large a proportion to that streak, and to the total magnitude of the object.
The nebulous diffusion too, at the preceding end of that arc, forming the preceding angle and
base line of the capital Greek omega (Q) to which the general figure of the nebula has been
likened, is now so little conspicuous as to induce a suspicion that some real change may have
taken place in the relative brightness of this portion compared with the rest of the nebula;
seeing that a figure of it made on the 25th of June, 1837 (on which occasion other details
presently to be noticed were well seen, and for the first time distinctly delineated), expresses no
such diffusion, but represents the arc as breaking off before it even attains fully to the group
of small stars at the preceding angle of the Omega. Neither is the smaller of the two nebulous
knots at its following angle close adjoining to the small star there situated so conspicuous as to
have attracted particular notice either on that occasion, or on the 13th August, 1835, when a
pretty elaborate drawing was made of all the then known parts of the nebula, and a number of
measures taken with the twenty-feet position micrometer with a view to the construction of «
correct monograph of it.

(14) Under these circumstances the argument for a real change in the nebula might seem
to have considerable weight. Nevertheless they are weakened or destroyed by a contrary
testimony entitled to much reliance. Mr. Mason, a young and ardent astronomer, a native
of the United States of America, whose premature death is the more to be regretted, as he
was (so far as I am aware) the only other recent observer who has given himself, with the
assiduity which the subject requires, to the exact delineation of nebule, and whose figures I
find at all satisfactory, expressly states (Mem. American Phil. Soc. vol. vii. Art. xiii. p. 177)
that both the nebulous knots were well seen by himself and his coadjutor Mr. Smith, on the
st August, 1839, . e. two years subsequent to the date of my last drawing. Mr. Mason also
declares the upper and larger knot to be irresolvable by his telescope (a reflector of 12
inches aperture and 14 feet focal length constructed by himself). In this particular my
observations of 1835 and 1837, so far agree that its resolvability is mot mentioned in words
or indicated in the diagrams made on those occasions. And, with respect to the diffusion of
the nebula among the group of stars at the preceding angle and along the base-line of the
Omega, it is represented as tolerably conspicuous in his figure—for which reason, and because
it was decidedly noticed as a feature in my earlier observations, I have retained both it and
the lesser knot in my present figure, considering the negative evidence of their having escaped
delineation on those two nights as outweighed by the positive testimony in favour of their



8 OBSERVATIONS OF

existence both at an earlier and a later epoch. Neither Mr. Mason however, nor any other
observer,* appears to have had the least suspicion of the existence of the fainter horse-shoe
arc attached to the following extremity of Messier’s streak. It was seen on both the nights
in question, but only delineated in its true form and magnitude on the latter. It merits,
however, a more particular attention than I was then able to bestow on it, as it is possible that
yet other convolutions may exist. I should observe that the three stars which mark its
extremity are not micrometrically laid down.

(15) The stars visible in this nebula are for the most part too small to admit of their
differences of R A and N P D being taken with the equatorial micrometer conveniently.
Accordingly only three or four have been so laid down. The more conspicuous of the
remaining ones down to the 12th, and one or two of smaller magnitudes have been determined
by triangulation from these by angles of position taken with the 20 feet position micrometer.
Several of these angles were measured in England, the rest at the Cape, on the 13th August,
1835. No reason existing for preference, the means of all the observed positions belonging to
the same pairs of stars were adopted, and the whole system of angles projected on a chart

® Dr. Lamont, in his Academical Thesis on Nebule, read before the Bavarian Academy, Aug. 25, 1837, has
given a figure of this nebula, accompanied with a description. In this figure the nebulous effusion at the
preceding angle, and along the preceding base line of the Omega, is represented as very conspicuous; indeed
much more so than I can persuade myself it was his intention it should appear—the engraver having probably
overdone it. However, it justifies my retaining it. He has not given any indication of the additional loop at
the following end of Messier’s branch. He also remarks, as Mr. Mason has done, on the irresolvability of the
insulated knot; and, as observed in the text, I am not disposed to insist on its being resolvable. He accounts,
however, for my having considered it as such, by the existence of two very minute stars in it. These have
escaped my notice. I ought here to observe, that Dr. Lamont appears to have misconceived my meaning in
that part of the description of this nebula, appended to my Northern Catalogue, where it is said that, “ With
a view to a more exact representation of this curious nebula’ (more eract, that is to say, than the figure there
given), “1 have at different times taken micrometrical measures of the relative places of the stars in and near
it, by which, when laid down as in a chart, its limits may be traced and identified, as I hope soon to have a better
opportunity to do,” &c. Dr. L. interprets this passage to mean, that the figure in that catalogue was based
upon a series of micrometrical measures, whereas he finds material discordances between that figure and his
own (no doubt accurate) measurements. But this is neither the purport of the passage cited, nor its plain
grammatical sense. A few, but very rude and imperfect micrometric measures, no doubt were used in con-
structing that figure ; but for the most part it is a mere eye draft, and, as now appears, considerably distorted.
Though not relevant to the immediate subject, I will take this opportunity (as another may not occur) to notice
a point of some interest, which has arizen on a comparison of Dr. Lamont’s figure and description of the
Planetary Nebula h. 2037, with my own observations. According to Dr. L., that nebula has two amall stars
nf, one upon the very edge, the other removed from it by § of the diameter of the nebula. The former s
the star observed and described by me in my catalogue, but it is there called 11 m, whereas, on referring
to the original observation, I find the figures to be 15, the five being obscurely written over a 1 as a correction.
No engraving was made of this nebula, but in both the sweeps where it was observed diagrams were made,
which agree in representing this star, not, as in Dr. Lamont’s figure, precisely on the edge, but at a distance
from it about }, or } at most, of the diameter. The other star was not marked on either occasion. Being
considerably more distant, it was passed over among the “many other stars in the field”” My reason for
drawing attention to this point is that, from all the circumstances of the case, there can he very little
doubt of a relative motion of the objects tnter se; and it will be therefore interesting to re-observe them,
which I trust Dr. L. will do.
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by means of a protractor. Thus, from the equatorially determined stars adopted as a basis
of projection others were derived by the intersection of their directions, and from these again
others, and so on; using always the best trigonometrical combinations the respective cases
would admit, and adjusting cases of discordant intersections as they arose, on an impartial
consideration of their merits.* From the stars so laid down by triangulation, others depending
only on eye-drafts were then inserted on the chart according to their configurations. Finally,
the differences of R A and N P D of the stars of these two latter classes were read off from the
chart by the aid of diagonal scales, and the whole entered in a catalogue; which done, the
nebula was then worked in upon the chart as carefully as possible according to the united
evidence of all the drawings and diagrams at any time procured of it or of any of its parts.

(16) The following is the Catalogue in question, in which the first column contains the
number for future reference—the second, letters for more convenient citation, the third the
magnitude assigned to the star on a comparison of all the observations neglecting half
magnitudes below the 8th. The fourth column cont<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>