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PREFACE.

Tur progress of astronomical discovery was never more rapid
than during the last fifteen years. 'Within this period, the
number of known members of the planctary system has been
more than doubled. A planet of vast dimensions has been
added to our system ; thirty-six new asteroids have been dis-
covered; four mew satellites have been detected; and a new
1ing has been added to Saturn.

It is especially gratifying to note the progress which the
last few years have witnessed in the United States, both in the
facilities for observation, and in the number of active observers.
It is but twenty-five years since the first telescope, exceeding
those of a portable size, was imported into the United States 3
and the introduction of meridional instruments of the larger
class is of still more recent date. Now we have one telescope
which acknowledges mno superior; and we have several which
would be esteemed worthy of a place in the finest observatories
of Europe. We have also numerous meridional instruments, of
dimensions adequate to be employed in original research. Our
own. artists have entered successfully upon the manufacture of
refracting telescopes of the largest size, and have received the
highest commendation from some of the best judges in Europe.
Theso instruments have not remained wholly unemployed. At
the observatories of Washington and Cambridge, extensive cata-
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logues of stars are mow in progress; while nearly every known
member of our solar system has been repeatedly and carefully
observed. These observations are all permanently recorded by
a simple touch of the finger upon a key which closes an
electric circuit—a method recently introduced at Greenwich
observatory, and known everywhere throughout Europe by the
distinctive name of the American method.

Numerous discoveries have been the result of this astronomical
activity. A large mumber of comets have been independently
discovered on this side of the Atlantic; and among these, three
at least were observed here before they were seen in Europe.
The two nebule which have been longest and best known, were
never adequately figured until they were observed by the Messrs.
Bond ; and the planet Satuim, which for many years was made
the subject of special study by the elder Herschel, with his
wonderful means of observation, first revealed to the Messrs.
Bond & new ring and an eighth satellite. The novel spectacle
of a comet divided into two nearly equal portions, was first
witnessed in America ; and an American observer has added
one to the long list of planectary discoveries.

Let us indulge the hope that the future progress of as-
tronomy is to be no, less brilliant than the past; and that
henceforth America may be even more distinguished for her
contributions to science, than for her progress in material
power and wealth,
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CHAPTER 1I.

RECENT ADDITIONS TO OUR KNOWLEDGE OF THE
PLANETARY SYSTEM.

SECTION I.
THE DISCOVERY OF THE PLANET NLPTUNE.

TEE discovery of the planet Neptune took place un-
der circumstances most extraordinary. The existence
of the planet was predicted, its path in the heavens was
assigned, its mass was calculated, from considerations
purely theoretical. The astronomer was told where to
direct his telescope, and he would see a planet hitherto
unobserved. The {elescope was pointed, and there the
planet was found. In the whole history of astronomy
we can find few things equally wonderful. This dis-
covery resulted from the study of the motions of the
planet Uranus.

Uranus was first discovered to be a planet in 1781,
but it had been repeatedly observed before by different
astronomers, and mistaken for a fixed star. Nineteen
observations of this description are on record, one of
them dating as far back as 1690. In 1821, M. Bouvard,

of Paris, published a set of tables for computing the
. 7
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place of this planet. The materials for the construction
of these tables consisted of forty years’ regular obser-
vations at Greenwich and Paris since 17 81, and the
nineteen accidental observations, reaching back almost
a century further. Upon comparing these observations,
Bouvard found unexpected difficulties. He was unable
to find any elliptic orbit, which, combined with the
perturbations by Jupiter and Saturn, would Trepresent
both the ancient and the modern observations. When
he éttempted to unite the ancient with the modern
observations, the former might be tolerably well re-
presented, but the latter exhibited discordances too great
to be ascribed to errors of observation. Not being
able tq explain this discrepancy in any satisfactory man-
ver, he rejected the ancient observations, and founded
his tables upon the observations since 1781. “It being
necessary,” says he, “to decide between the ancient and
the modern observations, I have held to the modern
ones as being the most likely to be accurate, and I leave
it to time to show whether the difficulty of reconciling
the two sets of observations depends upon the inac-
curacy of the ancient ones, or on some Joreign and un-
known, influence to which the plomet is subjected.”
These tables represent very well the observations of
“the forty years from which they were derived; but
soon after 1821, new discrepancies began to appear,
which have lately increased with great rapidity. In
1832, the discordance between the observed and com-
puted place of the planet, amounted to nearly half a
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minute of space, and now the error exceeds two min-
utes. In order to exhibit more palpably the nature
of these discrepancies, I have represented them wupon
the figure on the next page. If the straight line,
A B, be taken to represent the path of Uranus, as
computed from the elements of Bouvard, the broken
line will represent the observed orbit. The deviation
of these two lines indicates the discrepancy between
theory and observation for the dates at the top of the
page, the amount of the discrepancy being given on the
left margin, If it was doubtfal whether this difference
in the case of the ancient observations was not due to
the carelessness of the observers, no such supposition
is admissible in the case of the observations since
1821. The discrepancy between Bouvard’s orbit and .
the observations is now enormous, and is increasing
with alarming rapidity. -

‘What can be the cause of these diserepancies? Do
they indicate errors in the computations of M. Bouvard ?
In order to decide this question, the illustrious Bessel,
about the year 1840, subjected all the observations to
a new caleulation; and although he detected one or
two errors of Bouvard, they did not materially influ-
ence the results. Ho satisfied himself that tHe ancient
and modern observations could not be reconcilefl by
any modification of the elements, and that the differ-
ences could not be attributed to inaccuracy of instru-
ments, or to methods of observation. Are these anom-
alies due to the attraction of some unknown disturb.
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THE PLANET NEPTUNE. 18

mg body? This idea was se.riously entertained more
than twelve years ago by Bouvard, Hansen, Hussey,
Bessel, and some others. In a public lecture delivered
in the year 1840, Bessel stated, “I have arrived at the
full conviction that we have in Uranus a case to which
Laplace’s assertion, that the law of gravitation entirely
explains all the motions observed in our solar system, is
inapplicable. We have here to do with discordances
whose explanation can only be found in a new physical
discovery. Further attempts to explain them must be
based upon the endeavor to discover an orbit and a
‘mass for some unknown planet, of such a nature, that
the resulting perturbations of Uranus may reconcile the
present want of harmony in the observations.”

Dr. T.J. Hussey, in 1884, proposed to compute an
approximate place ‘of the supposed disturbing body, and
then commence searching for it with his large reflector.
‘Mr. Airy, now Astronomer Royal of Great Britain, at
that time professor in Cambridge, pronounced the prob- -
lem hopeless. His words were: “If it were certain that
there was any extraneous action upon Uranus, I doubt
much the possibility of determining the place of the
planet which produced it. I am sure ¢ could not be done
bl the mature of the irreqularity wais well determaned Srom
several successive revolutions ;" that is, till after the lapse
of several centuries,

* This deliberate opinion from one who, by common
consent, stood at the head of British mathematicians and
astronomers, would have deterred any but the most
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daring mathematician from attacking the problem.
Again, in 1837, Mr. Airy repeats the same idea: “If
these errors are the effect of any unseen body, 1 will
be nearly vmpossible ever to find out its place.”

In the year 1842, the Royal Society of Sciences of
Géttingen, proposed, as a prize question, the full discus-
sion of the theory of the motions of Uranus, with
special reference to the cause of the large and increas-
ing error of Bouvard’s tables. During the same year,
1842, Bessel was engaged in researches relative to this
problem ; but his labors were soon interrupted by sick-
ness and subsequent death; and from this time we find
but two mathematicians, Mr. Adams, of Cambridge
University, in England, and M. Le Verrier, of Paris, who
busied themselves with the problem.

It should be remembered, that in accordance with the
Newtonian law of gravitation, every body in the solar
system attracts every other; that the attraction of each
* body is proportioned to its quantity of matter ; and that
in the same body the power of attraction varies in-
versely as the square of the distance. In order, there-
fore, to compute the exact place of a planet in its orbit
about the sun, it is necessary not merely to regard the
attraction of. the central body, but also to allow for the
influence of all the other bodies of the
solar system. For instance, if the sun
alone had acted, Jupiter would revolve
around the central luminary in a perfect
-ellipse, which we may represent by the
annexed black curve; but the real orbit
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vibrates around this curve as in the dotted line, a curve
which is not reproduced at every revolution, but will
pass through an indefinite number of variations. To
compute the exact orbit which a planet will describe,
subject to the attractions of all the members of the solar
system, is one of the grandest problems in astronomy.
Hitherto mathematicians had only aspired to compute
the disturbing influence of one body upon another, when
the magnitude and position of both bodies were known.
But, in the case of Uranus, it was necessary to solve the
inverse problem which Professor Airy had pronounced
hopeless, viz, from the observed disturbances of one
body, to compute the place of the disturbing body.
After taking his degree of Bachelor of Axts in Jan-
uary, 1843, with the honor of Senior Wrangler, Mr.
Adams ventured to attack this problem, and obtained
an approximate solution by supposing the disturbing
body to move in a circle at twice the distance of
' Uranus from the sun. His results were so far satis-
factory, as to encourage him to attempt a more completo
solution. Accordingly, in February, 1844, having ob-
tained through Professor Airy a complete copy of the
Greenwich observations of Uranus, from 1754 to 1830,
he renewed his computations, which he continued dur-
ing that and the subsequent years. In September, 1845,
he had obtained the approximate orbit of the disturbing
planet, which he showed to Professor Challis, the director
of the observatory at Cambridge ; and near the close of
the next month, he communicated his results to the
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Astronomer - Royal, together with a comparison of his
theory with the observations. The discrepancies were
quite small, except for the single observation of 1690,
which differed by 44"; this observation not having been
used in the equations of condition. Professor Airy,
in acknowledging the receipt’ of this letter, pronounced
the results extremely satisfactory, and inquired of Mr.
Adams whether his theory would explain the error of
the tables in regard to the distance of Uranus from the
sun, which error he had shown to be very great. To
this inquiry Mr. Adaras returned no answer for nearly
4 year; probably because he was not able to answer the
question entirely to his own satisfaction.

Meanwhile, this grand problem was undertaken by
another mathematician who was entirely ignorant of the
progress which Mr. Adams had made; for none of his
results had yet been published. In the summer of 1845,
M. Arago, of Paris, requested M. Le Verrier, a young
mathematician, who had already distinguished himself
by his improved tables of Mercury, to attempt the solu-
tion of this problem. This he accordingly did, and his
success astonished all Europe. He commenced his in-
vestigations- by inquiring whether the observations of
TUranus could be reconciled with the supposition, that
this body is subject to no other attraction than that of
the sun and the known planets, acting according to the
Newtonian law of gravitation. He carefully computed
the effects due to the action of Jupiter and Saturn,
neglecting no quantities until he had proved that their
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influence was insensible. He thus discovered some im-
portant terms which had been neglected by Laplace.
He then compared his theory with observation, and
proved conclusively that the observations of Uranus
could not be reconciled with the law of gravitation,
except by admitting some extraneous action. These re-
sults were communicated to the Academy of Sciences,
Nov. 10, 1845; and such was the reputation secured
by this and his preceding memoirs, that in January,
1846, he was elected to fill the vacancy which had oc-
curred in the Institute in the section of Astronomy, by
the death of Cassini. This memoir was but preliminary
to his grand investigation; and it should be remarked,
that Mr. Adams had already deposited with the Astron-
omer Royal at Greenwich, a paper containing the ele-
ments of the supposed disturbing planet, and agreeing
closely with the results which Le Verrier subsequently
obtained. ,

Le Verrier next proceeds to inquire after the cause
of the discovered irregularities. Is it possible that at
the immense distance of Uranus from the sun, the force
of attraction does mot vary inversely as the square of
the distance? The law of gravitation is too firmly
established to permit such a supposition, until every
other resource has failed. Are these irregularities due
to the resistance of a rare ether diffused everywhere
through space? No other planet has afforded any in-
dication of such a resistance. Can they be ascribed to
a great satellite accompanying the planet? Such a cause
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would produce inequalities having a very short period;
while the observed anomalies of Uranus are precisely
the reverse. Moreover, it would be necessary to assign
it such dimensions that it could not fail to have been
visible in our telescopes. Has a comet impinged upon
Uranus, and changed the form of its orbit? Such a
cause might render it impossible to represent the en-
tire series of observations by a single elliptic orbit;
but the observations before the supposed -collision, would
all be consistent with each other, and the observations -
after collision would also be consistent with each other.
Yet the. observations of Uranus from 1781 to 1821, as
may be seen from the diagram, page 12, accord neither
with the earlier observations nor with the more recent
ones.

There seems to remain no other probable supposition
than that of an undiscovered planet. But if these disturb-
ances are due to such a body, we can not suppose it
cituated within the orbit of Saturn. This would disturb
the orbit of Saturn more than that of Uranus, while we
know that its. influence on Saturn is inappreciable, for
Saturn’s motion is well represented by the tables. Can
this body be situated between Saturn dnd Uranus? We
must then place it much nearer Uranus than Saturn, for
the reason already assigned, in which case its mass must
be supposed to be small, or it would produce too great
an effect upon Uranus. Under these circumstances, its
action would only be appreciable when in the imme-
diate neighborhood of Uranus, which supposition does
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not accord well with the observations. The disturbing
body must then be situated beyond Uranus, and at a
considerable distance from it, for reasons already given.
Now the distance of each of the more remote planets
from the sun, is about double that of the preceding one.
Tt is natural, them, to conjecture that the disturbing
planet may be at a distance from the sun double that
of Uranus, and it must move nearly in the ecliptic, be-~
cause the observed inequalities of Uranus are chiefly in
the direction of the ecliptic. Le Verrier then propounds
the following specific problem : '

“ Are the rreqularities in the motion of Uranus due to
the action of a planet situated in the ecliptic, at a distance
Jrom the sun double that of Uranus? If so, what s s
present place, us mass, and the elements of its orbit2”  This
problem he proceeds to resolve.

- If we could determine for each day the precise effect
produced by the unknown body, we could deduce from
it the direction in which Uranus is drawn; that is, we
should know the direction .of the disturbing body. But
the problem is far from being thus simple. The amount
of the disturbance can not be deduced directly from the
observations, unless we know the exact orbit which
Uranus would describe, provided it were free from this
disturbing action; and this orbit in turn can not be
computed unless we know the amount of the disturb-
ance. Le Verrier therefore computes for every nine
degrees of the entire circumference, the effect which
would be produced by supposing a planet situated in
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different parts of the ecliptic. He finds ‘that when he
locates the supposed disturbing planét in one part of the
ecliptic, the discrepancies between -the observed and
computed effects are enormous. By varying the place
of the planet, the discrepancies become smaller, until at
a certain point they nearly disappear. Hence he con-
cludes that there is but one point of the ecliptic where
the planet can be placed, so as to satisfy the observations
of Uranus. Having thus determined its approximate
place, he proceeds to compute more rigorously its effects;
and on the first of June, 1846, he announces as the
result of his investigations, that the longitude of the
disturbing planet for the beginning of 1847, must be
about 325°.

. The result thus obtained by Le Verrier, differed hut
one degree from that communicated by Mr. Adams
to Professor Airy, more than seven months previous.
Upon receiving this intelligence, Professor Airy ex-
pressed himself satisfied with regard to the genera] ac-
curacy of both computations, and immediately wrote to
Le Verrier, inquiring, as he had done before of Mr.
Adams, whether his theory explained the error of the
tables in respect to the distance of Uranus from the sun.
Te Verrier answered that the errors of radius-vector must
be accounted for, inasmuch as the equations of condition
depended on observations at the quadratures as well as at
the oppositions. Professor Airy was now so well con-
¥inced of the existence of a planet yet undiscovered, that
he was anxious to have a systematic search for it forth-
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with undertaken. The observatory of Cambridge is
provided with one of the finest telescopes of Europe,
presented by the late Duke of Northumberland. Pro-
fessor Airy urged upon the director, Professor Challis,
to undertake the desired search; and recommended the
examination of a belt of the heavens ten degrees in
breadth, and extending thirty degrees in the direction of
the ecliptic. This belt was to be swept over at least
three times. If any star in the second sweep had a dif-
ferent position from that observed in the first, it might
be presumed that it was the planet. If two sweeps
failed of detecting the planet, it might be caught in the
third.

Professor Challis commenced his search July 29th, and
continued it each favorable evening, recording the exact
position of every star down to the eleventh ‘agnitude.
Meanwhile Le Verrier was proceeding with his computa-
tions, and on the 81st of August he announced to the
Academy the elements he had obtained for the sup-
posed planet. He assigned its exact place in the heav-
ens, and estimated that it should appear as a star of
the eighth magnitude, with an apparent diameter of
about three seconds; and, consequently, that the planet
ought to be visible in good telescopes, and with a per-
ceptible dise. The fixed stars are situated at such im-
mense distances from wus, that to the most powerful
telescopes they appear only as poinis, although with a
brilliancy augmented in proportion to the size of the tel-
escope; while all the planets exhibit a measurable disc.
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Le Verrier was of opinion that the new planet might be
found by its possession of a visible disc, and therefore
without any very great labor. '

Soon after this communication was made to the
Academy, Le Verrier, in acknowledging the receipt of
a memoir, made use of the opportunity thus afforded to
request Dr. Galle, of the Berlin observatory (where is
found one of the largest telescopes of Europe), to under-
take a search for his computed planet, and he assigned its
supposed place in the heavens. The Berlin Academy
had just published a chart of this part of the heavens,
indicating the exact place of every star down to the
tenth magnitude. On the evening of the very day upon
which this letter was received (September 23), Galle
found near the place.computed by Le Verrier, a star of
the eighth magnitude, not contained on the Berlin chart.
Its place was carefully measured ; and the observations
being repeated on the succeeding evening, showed a
motion of more than a minute of space. The new star
was found in longitude 325° 52'; the place of the planet
computed by Le Verrier was 824° 58'; so that this body
was within one degree of the computed point. TIts
diameter measured nearly three seconds. A coincidence
so exact, left no doubt that this was really the body
whose effects had been detected in the motions of
Uranus. Mr. Galle accordingly writes to Le Verrier,
“the planet whose position you marked out actually ewists.”
The news of the discovery spread rapidly over HEurope.
The planet was observed at Gottingen on the 27th of
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September at Altona and Hamburg on the 28th, and
at London on the 30th.

We must now return to Professor Ohalhs, whom we
left exploring a large zome of the heavens, and re-
cording the exact position of every star down to the
eleventh magnitude. These observations were continued
. from the 29th of July to the 29th of September, during
which time he had made more than three thousand
observations of stars. On the 29th of September, Pro-
fessor Challis saw for the first time Le Verrier's memoir
communicated to the Academy August 8lst. Struck
with the confidence which Le Verrier manifested in his
own conclusions, Professor Challis immediately changed
his mode of observation, and endeavored to distinguish
the planet from the fixed stars by means of its dise. On
the same evening he swept over the zone marked out
by Le Verrier, paying particular attention to the phys-
ical appearance of the brighter stars. Out of three hun-
dred stars, whose positions were recorded that night, he
selected one which appeared to have a dise, and which
proved to be the planet. On the first of October he
heard of the discovery at Berlin ; ‘and now, on comparing
his numerous observations, he finds that he had fwice
observed the planet before, viz., on August 4th. and
12th; but he lost the opportunity of being first to an-
nounce the discovery, by deferring too long the discus-
gion of his observations. :

The news of this capital discovery was brought to this
country by the steamer of October 4th, and every tele-

-~
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scope was immediately turned upon the planet. It was
observed at Cambridge by Mr. Bond, October 21st; it
was seen at Washington October 238d, and was regularly
observed there till January 27 th, when it approached
too near the sun to be longer followed.

Le Verrier, although quite a young man, thus estab-
lished at once an enviable reputation. He was literally
overwhelmed with honors received from the sovereigns
and academies of Europe. He was created an officer of
the Legion of Honor by the King of France, and a
special chair of Celestial Mechanics was established for
him at the Faculty of Sciences. From the King of Den-
mark he received the title of Commander of the Royal
Order of Dannebroga; and the Royal Society. of London
conferred on him the Copley medal. The Academy of
St. Petersburg resolved to offer him the first vacancy
in their body; and the Royal Society of Gottingen
elected him to the rank of Foreign Associate.

Thus were the predictions of Adams and Te Verrier,
with regard to the direction of the planet, at the present
time, wonderfully fulfilled ; but the observations of a few
- weeks sufficed to show that this body was not pursuing
the orbit which these mathematicians had prescribed for
it. Elements founded upon the hypothesis of a circular
orbit were computed within the first month by Adams,
Galle, and Binet. These agreed very nearly with one
another, and coincided especially in showing the distance
from the sun to be about 30. M. Valz, of the Mar-
seilles observatory, endeavored, early in the year 1847,

»
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to deduce the form of the orbit from the small are
described by the planet since its discovery, but he found
himself unable to obtain a reliable value for the eccen-
tricity. It became now a question of the greatest in-
terest to determine with precision the elliptic elements
of the planet. This, however, was an object of unusual
difficulty, on account of the slow motion of the ‘planet,
its heliocentric motion amounting to only about two
degrees in a year. The result derived from observations
embraced within a short interval of time must therefore
be received with great distrust, since a slight error in
the measurement of a minute portion of the orbit leads
to a much larger error in the computed length of the
remainder of the path. To furnish the orbit with much
precision, we must have observations extending over g
long series of years. Under these circumstances, it be-
came a question of the highest interest, whether this
body may not have been observed by astronomers of
former years, and mistaken for g fixed star. If we could
obtain one good observation, made some time in the
last  century, it would enable us at once to determine the
orbit with nearly the same precision as that of ' Jupiter
itself. It will then be presumed that astronomers have
not neglected to explore the records of the past, to dis-
cover if possible some chance observation of the new
planet. ‘ -

Mr. Hind, of London, adopting the predicted elements
of Le Verrier, examined Lalande's and other observations
for this purpose, and satisfied himself that the new planet

2
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was not there to be found. An American astronomer,
Mr. Sears C. Walker, was more fortunate. Mr. Walker
proceeded in the following manner. He first computed
the orbit which best represented all the observations
which. had been made at the Washington observatory,
as well as those which had been received from Europe.
He then computed the planet’s probable place for a long
series of preceding years, and sought among the records
of astronomers for observations of stars in the neighbor-
hood of the computed path. Bradley, Mayer, and La-
caille have left us an immense collection of observations,
yet they seldom recorded stars so small as the body in
question. Among the observations of Piazzi, no one
was found which could be identified with the planet.
The, Madras observations were generally confined to the
stars of Piazzi’s catalogue. The Paramatta catalogue
séldom extends north of the thirty-third parallel of south
declination ; and Bessel, in preparing his zones of
75,000 stars, did not sweep far enough south to com-
prehend the planet. The only remaining chance of
finding an observation of the planet was among the
observations of Lalande. The Histoire Celeste Frangaise
embraces 50,000 stars, and Mr. Walker soon found that
Lalande had swept over the supposed path of. the planet
on the 8th and 10th of May, 1795. He accordingly
computed more carefully the place of the planet for this
period, making small variations in the elements of the
orbit, so as to include the entire region within which the
planet could possibly have been comprised. He then
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selected from the Histoire Colests all the stars within 5
degree of the computed path.  These stars were nine
in Mumber, of which siz bad, however, been subse-
quently  obgeryed by Bessel, and of course were to be
set downy,  gg Jiwed stars. But threestars remained which
required special examination; and of these, one was too
small to be mistaken for the planet, and a second was
thought o be too far from the computed place. The
remaining  star was distant only two minutes from the
computecd place of the planet; it was of the same mag-~
nitude, and was not to be found in Bessel's observations,
although  thig part of the heavens must have been in-
cluded i the field of his telescope. Thig discovery was
made on the 24 of February, 1847; and on the firsg
clear subsequent evening, February 4th, the great equa-
torial of the ‘Washington observatory was pointed to the
heavens, and s star was massing.  “Where Lalande, in
1795, saw a star of the ninth magnitude, there remained
only @ blark. The conclusion seemed almost certain,
that Mr. "WWalker had here obtained the object of his
search.  ¥Te accordingly computed the path upon this
supposition, and found that a single elliptic orbit would
represent,  wwith almost mathematical Precision, the ob--
servation  of 1795, and all the observations of 1846.
The case  seemed completely made out, But there was
@ wealk poent in the argument, Talande had marked his
observatiory of the altitude of this star as doubtful. Could
we rest the decision of a question so important upon a bad
observationn ? How unfortunate, that among the 50,000
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stars contained in this precious collection, there was
only one which could be presumed to have been the
planet, and this observation the author had marked as
doubtful! Thus the question stood—astronomers were
afraid to admit, and still could not reject the conclusions
of Mr. Walker. The steamer which left Boston on the
1st of Maxrch, carried a copy of the Boston Courier, con-
taining the account of Mr. Walker’s researches. This
paper was destined for M. Le Verrier; and, on the very
day of its arrival, he also received a letter from Altona,
dated March 21st, announcing that M. Petersen had dis-
covered that this very star, observed by Lalande in
1795, was now massing from the heavens. M. Petersen’s
discovery was made on the 17th of March. Mr. Walker
made the same discovery, theoretically, February 2d;
and it was confirmed by an actual inspection of the
heavens, February 4th. Mr. Walker, then, has the pri-
ority of sixz weeks in the discovery. Fortunately, the
original manuscripts of Lalande had been preserved, and
were deposited in the observatory of Paris. On con-
sulting them it was found that the doubtful mark ap-
pended to the published observations, did not exist in
the manuseript. Moreover, the star had been twice ob-
served, viz., on the 8th and 10th of May, 1795; but as
the two observations did not agree, Lalande suppressed
the former, and in his printed book marked the latter
doubtful. The discrepancy between the two observa-
tions is almost exactly that which is due to two days’
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motion of the planet, according to the orbit of Mr.
Walker. : :

Thus, then, we have most unexpectedly secured #wo
good observations in place of one doubiful one. 'We can no
longer withhold our full belief A single elliptic orbit
represents with great precision the two observations
of Talande, and all the observations subsequently
made. . :

More recently it has been announced that Dr. Lamont,
of Munich, had twice observed the planet Neptune as
a fixed star in his zones; the first time October 25th,
1845, when he estimated it as of the minth ‘magnitude ;
the second time was September 7th, 1846, when it was
entered as of the eighth magnitude. The following, then,
are the dates of the seven earliest observations of this
planet, so far as at present known :

1795, May 8th, by Lalande.
1795,  « 10th, Dy Lalande.
1845, Oct. 25th, by Lamont.
18486, Aug. 4th, by Challis.

. 1846, “ 19th, by Challis.
1846,  Sept. 7th, by Lamont.
1846, “ 28d, by Galle.

Let us now compare the predicted orbits of Adams
and Le Verrier with the true orbit according to Mr.
Walker, and the mass of the planet as deduced from
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Lassell’s observations of the satellite.

stands as follows:

The comparison

ApamS. | LB VERRIER. | WALKER.
Long. of the perihelion, 299° 11’ 284° 45 4° 14 37"
Long. of ascending node, |unknown. 156 0 130 6 51
Inclination of the orbit,  |unknown. .6 0 1 46 59
Mean long., Jan. 1, 1847, |323 24 318 47 328 32 44
True long., Jan. 1, 1847, 329 57 326 32 [827 33 47
Eccentricity, 0.120615 0.10761 0.00871946
Mean distance from sun, 37.25 . 86.154 30.03666
Time of revolution in yrs,, |227.323 217.387 164.6181
Mean daily motion, 15".609 16".318 21".65448
Mass, TTET 37T TTETD

In order to render the comparison more striking, I
have represented on the annexed figure the orbits of
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Le Verrier and Walker. The orbits of Adams and Le
Verrier are almost identical, but both differ materially
from Mr. Walker; that is, we are compelled to admit
that they differ considerably from the truth. They rep-
resent remarkably well the direction in which the planet
is now seen from the earth, but they give its distance
too great by three hundred millions of miles ; and in 1690,
the planet Neptune was more than Jour thousand millions
of miles distant from the place assigned by Le Verrier to
his planet, and differed nearly a quadrant from it in
direction. This discrepancy is so great as to have given
oceasion for the remark, that the planet actually dis-
covered is not the plamet predicted by Le Verrier. What
reason there may be for this remark I shall consider
hereafter. .

Some difficulty at first occurred in deciding upon a
name for the new planet. The Bureau des Longitudes
of Paris were in favor of calling it Neptune, and this
name was given out by Le Verrier in private letters
to different astronomers in England and Germany. Sub-
sequently, Le Verrier commissioned his friend Arago to
give the planet a name; and Arago declared he would
never call it by any other name than Le Verrier. When
Sir William Herschel discovered a planet, he named it
Georgium Sidus; and the name of “the Georgian” was
retained until recently in the English Nautical Almanae.
But this name being offensive to the national pride of the
French, they at first called the planet Herschel, and after-
ward Uranus. The latter name has now come into exclu~
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sive use; but Arago, in order to secure an honor to his
friend Le Verrier, proposed to restore the name Herschel,
and also that each of the smaller pla,nets should receive
the name of its discoverer.

The astronomers of Europe refused to concur in the
decision of Arago. There are objections to this prin-
ciple of nomenclature, some of which have considerable
Weight The name of the discoverer of a planet may
happen to, be immoderately long, or ludicrously short,
difficult to pronounce, or comically significant. Then,
also, if the same astronomer should be fortunate enough
to discover more than one planet, we should be obliged
to repeat the surname with a prefix. Already we have
two planets discovered by Olbers; two discovered by
Hencke, ten by Hind, seven by Gasparis, five by Luther,
four by Goldschmidt, and five by Chacornac.

Moreover, it often happens that several persons con-
tribute an important part in the discovery of the same

body. Thus the planet Ceres was first discovered by
Piazz, in the course of a series of observations having

a different object in view. After a few weeks, the planet
became invisible from its proximity to the sun. As-
tronomers computed the orbit from Piazzi's observations,
and searched for it some months afterward, when it ought
again to have come into view. But the planet could not

“be found. Ceres was entirely lost, and would not have

been seen again, had not Gauss, by methods of his own
invention, computed a much more accurate orbit, which
disclosed the exact place of the fugitive, and enabled
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De Zach to find it immediately upon pointing his tel-
escope to the heavens. To Gauss, therefore, belongs
the honor of being the second discoverer of Ceres; and
the second .Eliscovery was far more glorious than the first.

The discovery of the new planet has been justly
characterized by Professor Airy as “ihe effect of @ move-
ment of the age” The honor of the discovery is not to
be exclusively engrossed by either Adams or Le Verrier.
The labors of numerous astronomers had prepared the
way, and contributed more or less directly to the dis-
covery. An eminent critic has ridiculed this idea. But
Mr. Adams himself informs “us, that his attention was
first directed. to the subject of the motions of Uranus,
by reading Airy’s report on the recent progress of as-
tronomy; and Le Verrier states, that in the summer of
1845, he suspended the researches on comets, upon
which he was then employed, to devote his time to
Uranus, at the urgent solicitation of M. Arago. Omitting
several who have indirectly contributed to this result,
we find four whose names will ever be honorably asso-
ciated with the discovery of the planet Neptune, viz,
Adams, Challis, Le Verrier, and Galle. Adams first de-
termined the approximate place of the new planet from
the perturbations of Uranus. Professor Challis was the
first to institute a systematic search for the planet; and
had actually secured two observations of it before it was
seen at Berlin. True, he did not at the time know that
he had found the planet, for he had not interrogated his

observations. But the prize was secured, and he would
9%
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infallibly have recognized it as soon as he had instituted
a comparison of his observations. Being fully resolved to
make sure of the diamond, he shoveled up with it a
great mass of rubbish, and stored it all away to examine
at his leisure. i ,

To Le Verrier belongs the credit of having been the
first to publish to the world the process by which he
arrived at the conclusion of the existence of a mnew
planet; and it is conceded that his researches were
more complete and elaborate than those ‘of his rival;
while to Galle belongs the undisputed honor of having
been the first practically to recognize this body as a
planet. |

To give to the new planet the name of Le Verrier,
would be indeed to confer honor where honor was due;
but it would be dishonor to others whose pretensions are
but little inferior to his own. The astronomers of Eu-
rope have preferred to take a name from .the divinities
of the Roman mythology, in confo‘rnslity‘ with a well-
established usage; and as the mame of Neptune har-
monizes with this system, and withal was first suggested
by the Bureau des Longitudes, they decided to adhere
toit. This was the unanimous voice of Europe, with
the exception of France, and the astronomers of France
have since acquiesced in this decision.

The discovery of Neptune has given an unequivocal
refutation to Bode's law of the planetary distances. This
famous law may be thus stated. If we set down the
number 4 several times in a row, and to the second 4
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add 8, to the third 4 add twice 8 or 6, to the next 4 add
twice 6 or 12, and so on, as in the following table, the
resulting numbers will represent nearly the relative
distances of the planets from the sun:

4 4 4 4 4 4, ete.
8 6 12 24 48, et

7% 075 B oo
If the distance of the earth from the sun be ealled 10,
then 4 will represent nearly the distance of Mercury; 7
that of Venus; and so of the rest. This law was never
accurately verified in the case of any of the planets, and
Neptune forms a decided exception to it. This fact is
exhibited more clearly in the following table, which
shows first the true relative distance of each of the
planets; secondly, the distance according to Bode’s law,
and thirdly, the error of this law : :

aistance. | nar,” | Feror. atsianco. | o, | BFOr-
Morcury, 3:87 4 | 013 || Jupiter, | 52:03 52 | 0°03
Venus, 7923 7 | 023 || Saturn, | 9539 | 100 | 461
Tarth, 1000 | 10 {| Uranus, |191-82 | 196 | 4718
Mars, 1524 16 | 076 || Neptune,|30036 | 388 |8764
40 Asteroids| 2609 28 | 191

It will be seen from this table, that although this law
represents pretty well the distances of the nearer planets,
the error is quite large for Saturn and Uranus; and for
Neptune the error is altogether overwhelming, amount-
ing to more than eight hundred millions of miles, a quan-
tity almost equal to the distance of Saturn from the sun.
It is mere mockery to dignify such coincidences with
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the name of a low. A law of nature is precise—it is
capable of exact numerical application. Let, then, the
preceding rule be called the law of Bode; 4 45 not a law
of nature.

It was at first the opinion of some observers, that
Neptune is surrounded by a ring like Saturn. Mr. Las-
sell, of Liverpool, has an excellent Newtonian reflector
of twenty feet focal length, and two feet aperture, with
which he has made numerous observations of the planet.
On the 3d of October, 1846, he was struck with the
shape of the planet, as being not that of a round ball;
and again, on the 10th of October, he received a distinct
impression that the planet was surrounded by an ob-
liquely situated ring, On the 10th of November. the
planet appeared very much like Saturn, as seen with a
small telescope, and low power, though much fainter.
Several other persons also saw the supposed ring, and
all in the same direction. During the season of 1847,
Mr. Lassell frequently saw the same appearance again,
and found its angle of position to be 70 degrees S. W.
He also satisfied himself that this appearance did not
arise from any defect in his telescope.

Professor Challis states that on the 12th of January,
1847, he received for the first time a distinct impression
that the planet was surrounded by a ring. Two inde-
pendent drawings, made by himself and his assistant,
gave the annexed representation of its appear-
ance. On the 14th, he saw the ring again, and
was surprised that he had not notmed 11: in his
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earlier observations. The ratio of the diameter of the
ring to that of the planet, was about that of three
to two.

On the other hand, the great telescope at Cambridge,
Mass,, shows no 7ing. The following is the testimony
of the director, Mr. W. C. Bond. “We are satisfied that
there is not at present visible any ring surrounding
Neptune within the reach of the Cambridge telescope.
Both my son George and myself have repeatedly had
opportunities of examining the planet under high powers
with the full aperture of fiftcen inches, and have seen
only a round dise, while our micrometrical measures of
his diameter agreed well together.”

Mr. Lassell's present opinion appears to be less in
favor of a ring than formerly. Yet, on the 29th of
August, 1851, he recorded in his journal, “I received
again an impression of a ring-like appendage, but it is
principally on the south side, and is nearly at right angles
to a parallel of declination.” Also on the 4th of Novem-
ber, 1852, at Malta, in latitude 85° 58', under the most
favorable atmospheric circumstances, he recorded in his
Jowrnal, “T receive a decided impression of ellipticity in
the direction of the greatest clongation of the satellite,
There is an impression of an extremely flattened ring in
the direction of the transverse axis. I think I have
never seon Neptune so well before.” Tt is understood
that the astronomers at Pulkova have not yet succeeded
in observing any appearance such as would lead to the
suspicion of a ring. Under these circumstances, if we
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do not entirely deny the possible existence of a ring, we
must at least hold our minds in suspense, and wait
patiently for further evidence. It is possible that this
question may not be fully cleared up until some more
powerful telescope is turned upon the planet, or it can
be seen in a different part of its orbit.

Neptune is attended by at least one satellite. Mr. Las-
sell states that on the 10th of October, 1846, he observed
a faint star, distant from the planet about three diam-
eters. On the 11th and 80th of November, and also
December 8d, he saw a small star having about the same
appearance; and he considered it probable that the star
was a satellite. On the Tth of July, 1847, he again saw
the supposed satellite, and on the following even'ing the
planet and satellite had both changed their posiﬁon with
reference to the neighboring stars. On the 22d, 25th,
and 26th of the same month, the planet appeared, at-
tended by a satellite; and on the 1st of August he ob-
tained the fullest evidence of the verity of the satellite,
in being able clearly to ascertain, that during the two
hours he watched the planet, it had carried the satellite
along with it in its orbital motion. - On the 20th of Sep-
tember, 1847, Mr. Lassell announced that during the
current year he had obtained twenty observations of the
satellite, and from them all he concluded that its time
of revolution was five days, twenty hours, and fifty
minutes. Mr. Bond, at Cambridge, during the years
1847 and 1848, obtained repeated measures of the dis-
tance and angle of position of this satellite by means
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of a micrometer with illuminated wires. By a com-
bination of all the Cambridge observations, Mr. Bond
has deduced the time of revolution five days and twenty-
one hours. A discussion of the entire series of ob-
servations made by Mr. Lassell at Malta in 1852, gives
the period five days, twenty-one hours, two minutes and
forty-four seconds, and the motion of the satellite i
found to be retrograde. The radius of its orbit is seven-
teen seconds, which gives about 286,000 miles for the
distance of the satellite from the planet. The light of
the satellite is nearly equivalent to that of a star of the
fourteenth magnitude. It is always more brilliant in
the 8. W. than in the N. . part of its orbit, present-
ing, in this respect, a striking analogy with the outer
satellite of Saturn. In the former position, Mr. Lassell
found it easy to observe, in the latter, extremely diffi-
cult,
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APPARENT ORBIT OF THN SATELLITE OF NEPTONT Xom 1852,

The preceding results enable us to compute the masg
of Neptune, which is found to be trire part of the sun.
Mr. Bond states that he has at times been quite con-
fident of seeing a second satellite, but has never yet been
able to obtain successive measures of its distance from
the primary. Mr. Tassell also in August, 1850, sus-
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pected he saw a second satellite, but was unable to follow
it long enough to establish its character.

The grand question still remains untouched— W3l the
new planet explain the observed irregularitics in the motion of
Uranus 2 _

The planet having been actually discovered in the
heavens, by means of certain predicted elements, and
within one degree of the predicted place, the natural con-
clusion was, that those elements were extremely near the
truth, and that the planet would perfectly explain those
effects by whose study its own existence had been detect-
ed. When, however, observation had rendered it certain
that the planet moved in a smaller and less eccentric
orbit than had been predicted, it became doubtful
whether it would account for the anomalies in the mo-
tion of Uranus. When Le Verrier, in March, 1847, re-
ceived notice of the computations of Mr. Walker, who
obtained an orbit differing but little from a circle, he at
once pronounced the small eccentricity sncompatible with
the observed perturbations. Mr. Adams, in a letter June
11th, 1847, says, “I am hard at work on the perturba-
tions of Uranus, in order to obtain a new theoretical de-
termination of the place. The general values of the per-
turbations are enormous, far exceeding any thing else of
the same kind in the system of the primary planets. A
comparison of the numerical expressions for the pertur-
bations, which I have now obtained, with those which I
used before, would justify some skepticism as to Jormer con-
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clusions. But we shall soon sée how this great apparent
difference affects the result.” . /
By referring to the table on page 30, it will be seen
that Adams and Le Verrier explain the anomalies of
Uranus by assuming a very large body (having twice the
mass of Uranus) moving in & very eccentric orbit. It is
now discovered that the orbit hardly differs at all from a
circle, and that the mass is scarcely one half of that which
had been assumed. Now the more eccentric the orbit,
the greater must be the unequality of 'a planet’s action
upon other bodies whose orbits are nearly circular. A
considerable part of the observed irregularities in the mo-
tion of Uranus, was explained by Adams and Le Verrier,
by means of the great eccentricity aseribed to their hypo-
thetical planet. This portion is now gone with the failure
of the eccentricity. But, on the other hand, Neptune is
found to be much nearer Utanus than the hypothetical
planet, and in consequence of this proximity, its disturb-
ing action is ncreased, so that these two variations of the
elements partly compensate each other. The mass of
Neptune is also less than the hypothetical planet of Le
Verrier, and on this account its disturbing action is dimin-
ished. To what extent the planet Neptune would account
for the perturbations of Uranus was not determined until
1848. In a communication made to the American Acad-
emy April 4, 1848, Professor Peirce announced that the
motions of Uranus are perfectly explained, provided we
adopt Mr. Walker’s orbit, and the mass of Neptune,
which is derived from Mr. Bond’s observations of Lag-
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sell’s satellite. By his computations, the great anomalies
which had been observed, and which are represented 012
page 12, almost entirely disappear. All the modern o.b-
servations are represented quite as well as by the theories
of Adams and Le Verrier, and the observation of 1690
much better. The error of Flamsteed’s obscrvation of
1690, according to Adams’s computation, was 50, and ac-
cording to Le Verrier's computation, 20”; but according
to Peirce’s theory, this observation is represented within 2
single second.

So then the anomalies of Uranus, which had so long;
perplexed astronomers, are perfectly accounted for. But
it is obvious, from a glance at the diagram on page 30,
that the planet actually discovered is moving in an orbit
considerably different from what had been computed, so
that it has been claimed by Professor Peirce that Neplzcrze
is not the planet whose existence had been predicted by I.e
Verrier.  Is this discrépancy between the observed and
predicted orbits of a serious nature; and if so, how is it
to be accounted for? This question has been fully dis-
cussed by Le Verrier himself. Le Verrier atterpted to
deduce the position of a new planet, by stadying the ir-
regularities in the motion of Uranus. The data which
he was obliged to employ, were liable to some wuncertainiiy .
This uncertainty of the data did not result merely from
the uncertainty of the observations, but from two other
causes, viz., a possible error in the mass of Saturn suffi-—
cient to add 38" to the uncertainty of the observations, and
from the possible influence of a planet situated beyon.d
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Neptune, whose action upon Uranus might casily amount
to 5" or 7. The uncertainty of the data results from the
combination of these three effects, and might amount to
10" or 12", while the uncertainty of the modern observa-
tions does not exceed 2" or 8”. Now the irregularities in
~ the motion of Uranus, which serve as the basis of the dis-
cussion, do not exceed at the utmost two minutes of
space, and for the most part they are less than one
minute; so that the data were uncertain to one tenth of
their whole amount. Te Verrier, therefore, claims that it
is unreasonable to demand of him a greater degree of ac-
curacy in the positions assigned to his computed planet,
than one tenth of their value, and he has attempted to
show that these positions are not in error by so large a
quantity. Moreover, as he computes the position of his
planet only by means of the disturbance which it causes
in the motion of Uranus, he can only compute this posi-
tion when this disturbance is appreciable. Now this dig-
turbance, on account of the distance of the planets from
- each other, is inappreciable from 1690 to 1812. It was
only from 1812 to 1842, that he was furnished with ob-
servations in which the disturbing action of Neptune was
sensible, and the place: of the planet for any other time
must be deduced from its motion during these 30 years.

He then proceeds to show that the positions he had as-

signed to Neptune during this period, and also for a
much. longer time, were not in error by one tenth of their
whole amount. et us consider,

L The error in the computed longitudes of Neptune.

e e o
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The following is the comparison between Le Verrier’s
predicted places and those resulting from. Mr. Walker’s
orbit during a period of 120 years.

Torr Prodied  Lomglpdotsinet  Boon
1767 174%8 155°'5 +18°8
1777 1904 1761 + 187
1787 2076 1980 + 96
1797 2259 2193 4+ 66
1807 2452 2407 + 45
1817 ° 2658 2622 + 81
1827 2859 T 2889 + 20
1837 3064 . 805 + 07
1847 3265 8215 — 10
18517 3457 349+7 — 40
1867 39 116 R
. 1877 209 336 —127
1887 . 369 555 —18'6

Thus, it appears, that during a period of 120 years,
the longitude of Neptune, according to Le Verrier's
computation, did not differ from that determined by Mr.
‘Walker from the observations, more than 18°8, or about
one twentieth part of an entire clroumference, and during
the period in which the action of Neptune has been
clearly marked, that is, since 1812, the error of Le
Verrier's theory has not exceeded 8°7. TFor 1690, the
theory is indeed very much at fault, but that is the
result of a comparatively small error in the positions
assigned during the present century.

II. The error in the computed distance from the sun.
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The following table shows the distance of the planet
from the sun, as predicted by Le Verrier, and that de-
duced from the computations of Mr. Walker, the dis-
tance being expressed in radii of the earth’s orbit.

Prodicted Obscrved Error.
In 1812 897 304 +23
1822 828 . 803 +20
1832 326 302 +24
1849 828 801 +27

Thus it appears, that during the 80 years in which
the action of Neptune upon Uranus has been sensible,
the error of the predicted distance from the sun has never
amounted to one fenth of the whole quantity.

There appears, however, a discrepancy between the
Limats of distance which Le Verrier assigned to his planet
before its discovery, and those which he has since pub-
* lished. In 1846 he attempted to determine the limits
within which the distance might be supposed to vary
without involving an error greater than 5" in any of the
observations since 1781, He decided that the mean dis-
tance could mot be less than 85:04, nor more than 87-90.
Now the mean distance of Neptune from the sun is
known to be only 80-04. From these two propositions
the legitimate conclusion would seem to be that Neptune
is not the planet predicted by Le Verrier. But Le Ver-
rier has lately changed his ground,.and he has’ dis-
covered that without supposing the uncertainty of the
modern data to exceed 5", the theory of Uranus may be
satisfiéd by a planet situated in 1846 at any distance from
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the sun between 29'6 and 85:2. Itis not obvious how
this last statement can be reconciled with the limits
published in 1846. Doubtless Le Verrier has discoverecl
that the limits which he first assigned were erroncouss.
If we compare the predicted mean distance with that
deduced from the observations, we shall find the errox
of the former to amount to ome fifth of tho wholes
quantity.

IIT. The error in the eccentricity of Neptune.

Le Verrier assigned to the orbit of his planet an ec—
centricity of 0-1076; the computations of Mr. Walkexr
make the eccentricity of Neptune 0-0087.

The discrepancy is considerable; but Le Verrier states
that if we admit an uncertainty of 5" only in the moderx>
data, the eccentricity of the body producing the irreg—
ularities of Uranus may be chosen arbitrarily betweerx
02081 and 0:0592; and if we admit. an uncertainty of
7" or 8" in the modern data, the eccentricity may have
any value between 025 and zero. Professor Peirce hass
shown that the planet Neptune, with an eccentricity”
almost zero, reconciles all the modern observations of’
Uranus within 3. .

IV. Error of the computed_ mass of Neptune

The mass assigned by Le Verrier to his predicteci
planet was 555 of the sun’s mass ;> but he adds, that 1.£
we admit an uncei'tainty of 5" in the data, this mass ma
have any value between 75y and rlys. The mass of
Neptune deduced by Struve, from his own observationss
of the satellite, is y7177; but the mass deduced fromsLag—
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sell's observations, i8 zlgy.  The former value comes
fairly within the limits assigned by Le Verrier, the latter
somewhat exceeds them.

On the whole, we must conclude that the orbit of Nep-
tune agrees with the orbit predicted by Le Verrier, very
nearly within the limits which Le Verrier now assigns,
upon the supposition of an uncertainty of 5" in the data
since 1781l. But these limits, with respect to distance
and time of revolution, are very different from those as-
signed before the discovery of the planet. The orbit of
Neptune is not included within the limits which Le Ver- -
rier then assigned ; and it is a legitimate inference, from
his own premises, that Neptune is not the planet whose
existence he announced.

Tt should also be borne in mind that Professor Peirce
has shown that Neptune reconciles all the observations
of Uranus since 1781 within 8", and that the greatest error
of any of the ancient observations according to his theory
is 8”; thus proving that Le Verrier's suspicion of the ex-
istence of a pla,net beyond Neptune, and of an error in
the mass of Saturn is unfounded. The data, therefore,
instead of being uncertain to one tenth of their whole
amount, were generally reliable within one siuctieth of
their value; and Le Verrier's elements are erroneous
to an extent far beyond the one sixtieth of their value.

« Tt will naturally be asked, how has it happened that
two astronomers, Adams and Le Verrier, have arrived,
by independent computations, at almost identically the
same result, and have made such mistakes with respect
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to the mean distance, eccentricity, and mass of the planet?
The answer is.plain: they were misled by placing too
great confidence in Bode's law of the planetary distances.
Since it was necessary, in the first instance, to make some
hypothesis with regard to the distance of the disturbing
body from the sun, both computers started with that sup-
position which was generally thought most probable.
The distance of Saturn from the sun is nearly double
that of Jupiter ; the distance of Uranus is almost exactly
double that of Saturn; hence it seemed probable that the
planet they were in search of, would be found at a dis-
tance about double that of Uranus. Accordingly this as-
sumption was made the basis of their first computations;
but neither of the computers accepted this as his final re-
sult, without attempting to verify it. They both varied
the assumed distance, and found that by bringing the
planet a little nearer the sun, the observed irregularities
of Uranus were still better explained. The distance of
86154 (or about 8435 millions of ‘miles), finally adopted
by Le Verrier, was that which appeared to reconcile all
the observations most satisfactorsly, This distance corre-
sponds to a period of two hundred and seventeen years.
Le Verrier found (or thought he found) that whether he
increased or diminished this distance, the observations of
Uranus were not so well represented. He hence inferred
that the mean distance from the sun could not be less
than 85'04, nor greater than 37-90. (Le demi-grand axe
de Vorbite ne peut varier qu'entre les limites 85'04 et
87:90.) The periods of revolution corresponding to these
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distances are about 207 and 288 years. This conclusion
was unauthorized, and is now admitted by Le Verrier to
have been erroneous. The mean distance of Neptune
from the sun is only thirty times that of the earth, and
still it explains the motions of Uranus even better than
the hypothetical planet of Le Verrier. .

Professor Peirce has shown that an important change
in the character of the perturbations takes place near the
distance 85'3. A planet at the distance 858 would re-
volve about the sun in 210 years, which is exactly two
aud a half times the period of the revolution of Uranus.
Now if the times of revolution of two planets were ex-
actly as 2 to 5, the effects of their mutual influence would
be peculiar and complicated. This distance of 85:3 is a
complete barrier to any logical deduction, and the invest-
igations with regard to the outer space can not be ex-
tended to the interior.

The observed distance 80 belongs to a region which is
even more interesting in reference to Uranus than that of
35'8. The time of revolution which corresponds to the
mean distance 80-4 is 168 years, being exactly double the
year of Uranus; and the influence of a mass revolving in
this time would give rise to very singular and marked
irregularities in the motion of this planet. Professor
Peirce was hence led to the conclusion that the planet
Neptune was not the planet to which geometrical analysis
had directed the telescope ; that its orbit was not contain-
ed within the limits of space explored by Adams and Le

Verrier in searching for the source of the disturbances of
3
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Uranus; and that its discovery by Galle must be regarded
as a happy accident. Besides that solution of the prob-
lem which Le Verrier and Adams obtained, there is
another solution which corresponds to the orbit and mass
of Neptune. The fact however that Neptune does not
correspond to Le Verrier’s solution can not detract from
the merit or value of his investigation. Since, by using
all the observations within his reach, he found an orbit
and mass capable of accounting for the observed motions
of Uranus, he is entitled in the opinion of mathematicians
to all the admiration he would have received had such a
planet actually moved in that orbit.

To some it has appeared a matter of surprise that the
new planet was not sooner discovered. TLe Verrier’s sec-
ond memoir, which assigned the probable place of the
disturbing body, was presented to the Academy on the
first of June, 1846; and his third memoir (containing
every thing which Dr. Galle had in his Ppossession at the
time of his discovery) was presented Avugust 81st; yet
Galle’s discovery was not made till September 28d.
What were the astronomers of Paris doing meanwhile ?
Why did they not immediately point their .telescopes to
the heavens? Why did ‘they neglect the opportunity of
securing to France the glory of both the theoretical and
practical discovery, and leave to a German astronomer
the verification of the sublimest theory of modern
science ? The answer is plain.  The astronomers of Paris
ded not expect to find a planet within one degree of the place
computed by Le Verrier. Le Verrier himself did not ex-«
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pect it. He assigned the most probable place of his planet
in longitude 825°. He expressed the opinion that its
longitude would not be less than 821°, nor more than 835°.
But he adds, “If the planet should not be discovered
within these limits, then we must extond our search beyond
them.” If he was sure of being able to.find his planet
without a long-continued and laborious search, why did
he not borrow a telescope, and at once verify his own
predictions ? ' '

Nor had the astronomers of the rest of Europe much
higher faith than those of Paris. Professor Encke, in
announcing the discovery, characterizes it as “fur ex-
ceeding any expectations which could have been previously
enteriained.” That Professors Airy and Challis, although
they were pretty well satisfied of the existence of a planet
yet undiscovered, regarded its exact place in the heav-
ens as extremely uncertain, is plain from their compre-
‘hensive plan of observation, viz., to sweep three times
over a belt of the heavens, thirty degrees in length, and
ten degrees in breadth, a plan which Professor Challis
states it would have been impossible for him to complete
within the year 1846.

Do we then charge Encke and Airy with a want of
sagacity? By no means. On the contrary, we main-
tain that they had mno reason to expect lo find the planet
within one degree of the computed place. Le Verrier's own
statement of the limits within which the planet should
be sought for, is sufficient proof of this. “ILlincertitude
des données pourrait produire une incertitude de plus



52 HISTORY-OF ASTRONOMY.

de 18 dégrés dans le lieu de'lastre, & l'une des epoques
ol 'on pouvait le mieux repondre de sa position. The
uncertainty of the data caused an wuncertainty of more
than eighteen degrees in the position of the planct, even at the
tme when its situation was best determined.” Professor
Challis, therefore, proceeded like a sagacious as well as
brave general. He contemplated a long siege—yet his
plan rendered ultimate success almost certain. Dr. Galle
took the citadel by storm—yet he had no reason to ex-
pect so easy a conquest. His success must have as-
tonished himself as much as it did the world.

Let us then be candid, and claim for astronomy mno
more than is reasonably due. When in 1846 Le Verrier
announced the existence of a planet hitherto unseen,
when he assigned its exact position in the heavens, and
declared that it shone like a star of the eighth magnitude,
and with a perceptible disc, not an astronomer of France,
and scarce an astronomer in Europe, had -sufficient faith
in the prediction to prompt him to point his telescope
to the heavens. But when it was announced that the
planet had been seen at Berlin ; that it was found within
one degree of the computed place ; that it was indeed a
star of the eighth magnitude, and had a sensible dise,
then the enthusiasm not merely of the pubhc generally,
but of astronomers also, was even more wonderful than
their former apathy. The sagacity of Le Verrier was
felt to be almost superhuman. Language could hardly
be found strong enough to express the general admira-
tion. * The praise then lavished upon Le Verrier was
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somewhat extravagant. The singularly close agreement
between the observed and computed places of the planet
was accidental. So exact a coincidence could not have
been reasonably anticipated. If the planet had been
found even ten degrees from what Le Verrier assigned
as its most probable place, this discrepancy would have
surprised no astronomer. The discovery would still
have been one of the most remarkable events in the
history of astronomy, and Le Verrier would have merited
all the honors which have since been conferred upon
him. '



SECTION II.
THE ZONE OF PLANETS BETWEEN MARS AND JUPITER.

SEVENTY-FIVE years since, the'only planets known to
men of science were the same which were known to
the Chaldean shepherds thousands of years ago. Between
the orbit of Mars and that of Jupiter, there occurs an
interval of no-less than 850 millions of miles, in which
no plenet was known to exist before the commencement
of the present century. ~Nearly three centuries ago,
Kepler had pointed out something like a regular pro-
gression in the distances of the planets as far as Mars,
which was broken in the case of Jupiter. Having de-
spaired of reconciling the actual state of the planetary
system with any theory he could form respecting it, he
hazarded the conjecture that a planet really existed be-
tween the orbits of Mars and Jupiter, and that its small-
ness ‘alone prevented it from being visible to astronom-
ers. The remarkable passage containing this conjecture
is-found in his Prodromus, and is as follows: * When this
~ plan, therefore, failed, I tried to reach my aim in another
way, of, I must confess, singular boldness. Between
Jupiter and Mars I interposed a new planet, and another
also between Venus and Mercury, both which it is pos-
sible are not visible on account of their minuteness, and
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I assigned to them their respective periods. TIn this way
I thought that I might in some degree equalize their
ratios, which ratios regularly diminished toward the sun,
and enlarged toward the fixed stars.”

But Kepler himself soon rejected this idea as improb-
able, and it does not appear to have received any favor
from the astronomers of that time. ’ ‘

An agtronomer of Florence, by the name of Sizzi,
maintained, that as there were only seven apertures in
the head—two eyes, two ears, two nostrils, and one
mouth—and as there were only seven metals and seven
days in the week, so there could be only seven. planets.
These seven planets, according to the ancient system of
astronomy, were Saturn, Jupiter, Mars, the Sun, Venus,
Mercury, and the Moon.

In 1772, Bode published a treatise on Astronomy, in
which he first announced the singular relation between
the mean distances of the planets from the sun, which
has since been distinguished by his name. This famous
law may be thus stated. If we set down the number four
several times in a row, and to the second 4 add 3, to
the third 4 add twice 8 or 6, to the next 4 add twice 6
or 12, and so on, as in the following table, the resulting
numbers will represent nearly the relative distances of the
planets from the sun: '

4 4 4 4 4 4 4
8 6 12 24 48 96
4 7 10 16 28 © 52 100
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If the distance of the Earth from the Sun be called
10, then 4 will represent nearly the distance of Mercury ;
7 that of Venus; 16 that of Mars ; 52 that of Jupiter;
and 100 that of Saturn. This law exhibited in a striking
light the abrupt leap from Mars to Jupiter, and sug-
gested the probability of a planet revolving in’the inter-
mediate region. This conjecture was rendered still more
plausible by the discovery, in 1781, of the planet Uranus,
whose distance from the sun was found to conform
. nearly with the law of Bode. In’Germany, especially,
a strong impression had been produced that a planet
really existed between Mars and J upiter, and the Baron
de Zach went so far as to calculate, in 1784-5, the orbit
of the ideal planet, the elements of which he published
in the Berlin Almanac for 1789. Tn 1800, six astron-
omers, of whom the Baron was one, assembled at Lilien-
thal, and formed an association of twenty-four observers,
having for its object to effect the discovery of the unseen
body. For this purpose the zodiac was divided into
twenty-four zones, one of which was to be explored by
each astronomer; and the conduct of the whole opera-
tion was placed under the superintendence of Schréter.
Soon after the formation of this society, the planet was
discovered,. but not by any of those astronomers who
were engaged expressly in searching for it. Piazzi, the
celebrated Italian astronomer, while engaged in construct-
ing his great catalogue of stars, was induced carefully to
examine, several nights in suceession, a part of the con- .
stellation Taurus, in which Wollaston, by mistake, had .



ZONE OF PLANETS BETWEEN MARS AND JUPITER. 57

assigned the position of a star which did not really exist.
* On the 1st of January, 1801, Piazzi observed a small
star, which on the following evening appeared to have’
changed its place. On the 8d he repeated his observa-
tions, and he now felt assured that the star had a retro-
grade motion in the zodiac. On the 24th of January
he transmitted an account of his discovery to Oriani and
Bode, communicating the position of the star on the 8d
and 23d of that month. He continued to observe the
star until the 11th of February, when he was seized
with & dangerous illness, which completely interrupted
his labors. His letters to Oriani and Bode did not reach
those astronomers until the latter end of Maxrch, at which
time the planet had approached too mnear the sun to
admit of further observations, and it was . necessary for
this purpose to wait until the month of September, when
the planet would have extricated itself from the solar
rays. Its re-discovery, after the lapse of so considerable
a period, subsequent to the most recent observation,
could not be accomplished without a pretty accurate
knowledge of the orbit in which it was moving; but
the data communicated by Piazzi were insufficient for
this purpose.  After some delay he communicated to
astronomers all the observations made by himself down
to the end of February. Professor Gauss found that
they might all be satisfied within a few seconds by an
elliptic orbit, of which he calculated the elements; and
with the view of aiding astronomers in searching for the

planet, he computed an ephemeris of its motion for
g%
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several months. The planet was finally discovered by
De Za.ch on the 81st of December, and by Olbers on the
followmrr evening. szzx conferred on it the name of
Ceres, in allusion to the titular goddess of Sicily, the
island in which it was discovered; and the sickle has
been appropriately chosen for its symbol of designation.

The mean distance of Ceres, as determined by the cal-
culations of Gtauss, was 2:767. The distance assigned by -
Bode's law was 2:8. In this respect, therefore, the new'ly-
discovered planet harmonized with the other bodies of
the system to which it belonged. ‘The new planet was,
however, excessively minute; its diameter, according to
‘Herschel’s measurements, amounting to only 161 miles.
Iis inclination to the ecliptic exceeded ten degrees, and
consequently it deviated from that plane more than either
of the older planets.

The discovery of Piazzi was soon followed by another
of a similar nature. Dr. Olbers, while engaged in
searching for Ceres, had studied with minute attention
the various configurations of all the small stars lying
near her path. On the 28th of March, 1802, after ob-
serving the planet, he swept over the north wing of
Virgo with an’instrument termed a ‘Comet Seeker,”
and was astonished to find a star. of the seventh magni-
tude, forming an equilateral triangle with two other small
stars, whose positions were given in Bode's catalogue
where he was certain no star was visible in J anuary and
February preceding. In the course of less than three
hours he found the right ascension had diminished, and |
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the north declination increased. On the following even-
ing, as soon as the twilight permitted, he looked again
for his star; it no longer formed an equilateral triangle
with the stars above mentioned, but had moved con-
siderably in the direction indicated by the preceding
night's observations. On the 80th, after again observing
the planet, Dr. Olbers wrote to Bode at Berlin, and to
Baron De Zach, g:iving an account of his discovery.
“What a singular accident,” he exclaims, “was it by
which I found this stranger nearly in the same place
where I had observed Ceres on the 1st of January!
The elements of the orbit were quickly determined by
Professor Gauss, who found the most remarkable pe-
culiarity consisted in the great inclination of its plane to
the ecliptic, which amounted to 84° 85'. The orbit was
found to be an ellipse of not much greater eccentricity
than that of Mercury, with a mean distance-nearly the
same as that of Ceres. Dr. Qlbers suggested Pallas as the
name for this new member of our system.

A comparison of the relative magnitudes of the planet-
ary orbits had suggested the existence of an unknown
planct, revolving between the orbits of Mars and Jupiter.
Tnstead of one planet, however, two had been discovered.
Olbers remarked that the orbits of these two bodies ap-
proached very near cach other at the descending node of
Pallas, and he conjectured ‘that they might possibly be
the fragments of a larger planet which had once revolved
in the same region, and had been shivered in pieces by
some tremendous catastrophe; and he intimated that
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there might be many more similar fragments which had
not yet been discovered. He also inferred, that though
the orbits of all these fragments might be differently in-
clined to the ecliptic, yet, as they all had a common
origin, their orbits would have two common points of in-
tersection, situated in opposite regions of the heavens,
through which every fragment would necessarily pass in
the course of each revolution. He proposed, therefore, to
search carefully, every month, the north-western part of
the constellation Virgo, and the western part of the .con-
stellation of the Whale, being the two opposite regions in
which the orbits of Ceres and Pallas were found to inter-
sect each other. Meanwhile the discovery of a third
planet tended to confirm the truth of his h ypothesis, and
to encourage him in his arduous undertaking.

Professor Harding, of Iilienthal, undertook to con-
struct a series of charts upon which should be reprezented
the positions of all the small stars lying near the paths of
Ceres and Pallas; with a view to assist the identification
of these minute bodies. On the 1st of September, 1804,
while engaged in exploring the heavens for this purpose,
he perceived a small star in the constellation Pisces,
very near to that part of the constellation of the Whale
through which Olbers had asserted that the fragments of
the shattered planet would be sure to pass. On the even-
ing of the 4th he re-examined the neighborhood, and
found that the star had changed its place. On the 5th
and 6th, he observed it more accurately, and finding that
the positions deduced from his observations confirmed the
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motion indicated by the estimates on September 1st and
4th, he announced the discovery to Dr. Olbers, at
Bremen, on the 7th, who saw it the same evening. Pro
fessor Harding named his. planet Juno. The elements of
its orbit were calculated by Gauss, who found its mean
distance from the sun to coincide nearly with the mean
distances of Ceres and Pallas. The eccentricity surpass-
ed that of any other member of the planetary system.
Like Ceres and Pallas, it is remarkable for its extreme
smallness. Herschel was unable to pronounce with cer-
tainty that its diameter exhibited any sensible magni-
tude.

Stimulated by the discovery of Juno, Olbers continued
with unremitting assiduity to explore the two opposite re-
gions of the heavens through which he conceived the
fragments of the shattered planet must pass. At length,
after he had been engaged nearly three years in this, la-
borious pursuit, his perseverance was crowned with sue-
cess. On the evening of the 29th of March, 1807, while *
occupied in sweeping over the north wing of Virgo, he
discovered an object shining like a star of the sixth or
seventh magnitude, which he concluded at once to be a
planet, inasmuch as the previous examination of the
vicinity had indicated no star in the position of the
stranger. On the same evening he satisfied hirself that
it was really in motion, and continuing his observations
“until the 2d of April, he obtained sufficient evidence to
justify the public announcement of his discovery of
another new planet. Accordingly, on the following day,
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he wrote to Professor Bode of Berlin, and to Baron de
Zach of Gotha, and particularly mentioned that his sec-
ond discovery was not the result of accident, but of a
systematic search for a body of this nature. The ele-
ments of the orbit were determined by Gauss, who ex-
ecuted the calculations required for this purpose within
ten hours after he obtained possession of the observations.
The planet was found to revolve in the same region with
Ceres, Pallas, and Juno, its mean distance from the sun
being somewhat less than that of either of those bodies.
At the request of Dr. Olbers, Gauss consented to name
the planet, and decided upon Vesta, the symbol of desig-
nation being the altar on which burned the sacred fire in
honor of the goddess. This planet is even smaller than
either of the three others previously discovered, butit is
remarkable for the brilliancy of its light. Near her op-
position to the sun, a person with good sight may often
distinguish her without a telescope.

Dr. Olbers continued his systematic examinations of the

small stars in Virgo and Cetus, between the years 1808
and 1816, and was so closely on the watch for any mov-
ing body, that he considered it very improbable & planet
could have passed through either of these regions in the
interval, without being detected. No further discovery
being made, the plan was relinquished in 1816.

In 1825, a fresh impulse was given to researches of
this nature, by the resolution of the Berlin Academy of
Sciences to procure the construction of a series of charts
representing the positions of all the stars, down to the



ZONE OF PLANETS BETWEEN MARS AND JUPITER. 63

ninth magnitude, in a zone of the heavens extending fif-
teen degrees on each side of the equator. Only about
two thirds of the charts contemplated in this great under-
‘taking have yet been executed. ‘

About the year 1830, M. Hencle, an amateur astrono-
mer of Driessen, in Grermany, commenced a careful sur-
vey of the zone of the heavens comprised within the
charts published by the Academy of Berlin. He ex-
tended those maps by the insertion of smaller stars, and
made himself well acquainted with their various configu~
rations, After fifteen years his perseverance met with its
due roeward. On the 8th of December, 1845, while en-
gaged in comparing the map of the fourth hour of right
ascension with the heavens, he noticed what appeared to
be a star of the ninth magnitude, between two others of
the same brightness in Taurus, which had not been
noted in his previous examinations. Without waiting
for any further observations, M. Hencke wrote to Pro-
fessors Encke and Schumacher, stating his reasons for
supposing that he had detected a new planet. On the
14th of December the Berlin astronomers found the
stranger in a position where no star was marked on the
corresponding chart of the Academy, and the motion was
easily perceived the same evening. On this occasion the
clements of the orbit were rapidly determined, not by
Gauss individually, as on previous occasions of a similar
kind, but by a host of young astronomers throughout
Europe, who had become familiar with the methods of
that illustrious master. The results of their calculations
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showed the body to be one of the family of asteroids. M.
" Hencke requested Professor Encke to namec his new
planet, and the Professor-conferred on it the appellation
of Astrea. . ]

Encouraged by his success, M. Henclee continued his
search for p]anetafy bodies, extending and verifying the
Berlin Academical charts, and by frequent comparison
with the heavens acquired an extensive knowledge of the
configurations of the smaller stars in certain regions
about the equator and ecliptic. ~On the 1st of July, 1847,
while engaged in examining the seventeenth hour ol
right ascension, he perceived a small star, of about the
ninth magnitnde, which was not marked on the cor-
responding map of the Academy. On the 3d, he repeat-
ed his observation, and found that, during the intermedi-
ate period, its right ascension had sensibly diminished,
leaving no doubt of its planetary nature. Information of
the discovery was circulated by M. Hencke on the follow-
ing day, and the planet was soon recognized at the prin-
cipal observatories of Europe.. The illustrious mathe-
matician, Professor Gauss, was deputed by the discoverer
to select a name for the strangér, and it receiyed the name
of Hebe, with a cup for. the symbol, emblematic of the
office of the goddess in mythology. The orbit is very
eccentric, and inclined more than 14 degrees to the plane
of the ecliptic.

The next two members of this remarkable group in
order of discovery were found by Mr. Hind, at the ob-
servatory erected by Mr. Bishop, in the grounds of his
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private residence in the Regent's Park, London. So
early as April, 1845, a search for planetary bodies was
commenced, but in consequence of other classes of ob-
servation, no systematic plan of examination of the
heavens was attempted. In November, 1846, a rigorous
search was undertaken, the Berlin Academical charts be-
ing employed as far as they extended; while ecliptic
charts, including stars to the tenth magnitude, were
" formed for other parts of the heavens, where the ecliptic
passes beyond the limits of the Berlin maps. On the
18th of August, 1847, after nine months’ close observa-
tion on the above system, an object resembling a star of
the eighth magnitude was discovered, which. was mnot
marked on the corresponding Berlin map. Its planetary
pature being immediately suspected, it was attentively
observed, and in less than half an hour the motion in
right ascension was detected. In the course of an hour
the planet had retrograded two seconds of time, a suffi-
clent change of place to be indubitable. An announce-
ment of the discovery was made to astronomers generally
on the following morning, and observations were soon
obtained at most of the Huropean observatories. At the-
 suggestion of Mr. Bishop the planet was named Iris. The
symbol is due to Professor Schumacher, and is composed
of a semicircle representing the rainbow, with an interior
star, and a base line for the horizon. Several observers
have remarked decided variations in the light of this
planet, which arc not accounted for by change of distance
from the earth and sun, and which there is strong reason
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to suppose are in a great measure independent of atmos-
Pheric conditions. :

- Continuing the plan of observation already described,
Mr. Hind notieed, on the 18th of October, 1847, in the
constellation Orion, a star of the eighth or ninth magni-
tude, which had not been previously visible in the posi~
tion it then occupied. Micrometrical measures of its
position, made after the lapse of about four hours from
the time when he first observed it, established the exist-
ence of a proper motion, and it was immediately an-
‘nounced to astronomers as the eighth member of the
group of small planets. At.the suggestion of Sir John
Herschel the new planet received the name Flora, and a
flower, the “rose of England,” was chosen as the sym-
‘bol.  Tts period of revolution is shorter than that of any
other of the asteroids, being only about 1193 days.
Flora, therefore, comes after Mars in order of mean dis-
tance from the sun,-and approaches nearer to the earth
than the rest of the group to which she belongs. The
Planet is'somewhat ruddy, but without any hazy appear-
ance, such as might be’ supposed to arise from an exten-
.sive atmosphere, . N

In the year 1848 another member of this interesting
group was brought to light by Mr. Graham, at the private

- observatory of Markree Castle, Ireland, under the direc-
tion of Mr. Cooper. . Having formed a chart of the stars
near the equator, in the 14th hour of right ascension, on

a more extended scale than. that of the Berlin charts, he
Temarked, on the 25th  of April, a star of the tenth mag-
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nitude in a position where none had been visible before,
and noted it down for re-examination. On the following
evening this object was found to have retrograded one
minute, thus leaving no doubt of its planetary nature.
On the 27th the discovery was announced to several as-
tronomers in England and on the Continent, and soon
became generally known through the circulars issued by
Professor Schumacher. The name selected for this planet
is Metis, with an eye and star for a symbol. ~This planet

"is remarkable for the near coincidence of its mean motion
with that of Iris, the difference of their periodic times,
according to the most recent calculations, amounting to
less than one day.

On the 12th of April, 1849, Dr. Annibal de Gasparis,
assistant astronomer at the royal observatory at Naples,
while comparing the Berlin chart for the twelith hour
of right ascension with the heavens, perceived a star of
between the ninth and tenth magnitudes, in a position
which he had found vacant at previous examinations of
this region. Unfavorable weather interrupted his ob-
servations for that evening, but on the 14th he ascer-
tained that it had sensibly changed its place, and was
therefore a new planet. Professor Capocei, director of
the Neapolitan observatory, named the planet Hygeia.
The mean distance of this planet from the sun 1s, with
perhaps a single exception, greater than that of any other
known member of this group, corresponding to a revolu-
tion in 2041 days.

On the ogeasion of the discovery of Hygela, Sir John
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Herschel had suggested that Parthenope would be 5 very
appropriate name to commemorate the site of thg dig-
covery ; that nymph having given her name o the city
now called Naples. Signor de Gasparis states that he
used his utmost exertions to realize for Sir John Herschel
a Parthenope in the heavens, and his endeavors were
crowned with success on the 11th of May, 1850. This
new planet appeared like g star of the ninth magnitude,
On the evening of September 183, 1850, Mr. Hind
noticed a star of the eighth magnitude in the constel-
lation Pegasus, near another small one frequently ex-
~-amined on previous oceasions, without any mention
being made of itg bright neighbor. Tts peculiar bluish
light satisfied him at once as to its planetary nature, and
the micrometer was introduced to ascertain the difference
of right ascension between the two objects, and to ob-
tain conclusive proof of the discovery of a new planet.
In less than an hour the brighter star had moved. west-
ward about two seconds of time, so that no doubt could
be e;lterta,ined In respect to its nature and position in
the solar system. Mr. Hind seleoted for this planet the
name Vietoria, with a star ang laurel-branch for its sym-
bol. In case, however, this name should be considered
objectionable, he proposed that of Clio, which name hag
been generally preferred by American astronomers,
Remarkablevchanges of brilliancy in thig body have
been noticed at the Washington observatory. On the
night of November 4, 1850, the planet appeared of the
tenth magnitude. Qn the succeeding night it had ‘dimin-
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ished to the twelfth magnitude, while the star of com- -
parison exhibited no perceptible change. Differences to
a greater amount were observed between the 22d and
25th of February, 1851. On the nights of the I1st and
2d of March, 1851, it appeared as a star of the twelfth
magnitude, and was observed without difficulty; the star
of comparison being near, and of about the same magni-
tude. On the night of the 8d, Clio could barely be ob-
served with the faintest illumination, while the same star
of comparison used on the nights of the 1st and 2d ap-
peared as before. On the night of the 4th the planet
appeared even more brilliant than it did on the nights
of the 1st and 2d instant. These changes seem to sug-
gest the. probability that the light is reflected with un-
equal intensity from different sides of this asteroid.
Similar differences of magnitude in the other asteroids
have been .noticed, particularly in Astreea.

. The discovery of Victoria was soon followed by tha.t
of another asteroid by Dr. Annibal de Gasparis, at the
royal observatory, Naples. In this case a star map was
not the means of discovering the planet, but its existence
was indicated by a series of observations in zones of de-
clination, which had been undertaken for the express
purpose of finding new planets. On the 2d of Novem-
 ber, 1850, Dr. Gasparis met with the thirteenth asteroid
in the constellation Cetus. . It was sensibly fainter than
stars of the ninth magnitude. M. Le Verrier, to whom
was delegated the right of naming this planet, proposed
Egeria, the counselor of Numa Pompilius. The oibit is
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‘more inclined to the plane of the ecliptic than that of
most of the other planets.
The next member of the group of small planets in the
order of discovery, was found by Mr. Hind in the con-
stellation Scorpio, on the 19th of May, 1851, and four
days later by Dr. Gasparis, at Naples. It appeared like
a star of between the eighth and ninth magnitudes, with
2 full blue light, and seemed to be surrounded by a
' faint nebulous envelope or atmosphere, which could not
be perceived about stars of equal brightness. The nature
of this object was satisfactorily established within half
an hour from the first glimpse of it on the 19th of May;
repeated examinations of the vicinity oh previous oc-
casions having indicated no star in the position of the
stranger. At the recommendation of Sir John Ilerschel
the new planet was named Irene, in allusion to the peace
prevailing at that time in Burope; the symbol proposed
being a dove with an olive-branch and star on its head.

On the night of July 29, 1851, another small planet
was discovered by Dr. Gasparis, at Naples, in the course
of his zone observations, commenced with an especial view
to the discovery of new planets. Tt shone as a fine star
of the ninth magnitude; but, owing to its low situation
in the heavens, was not so génerally observed during
its first apparition as some of the other newly-discovered
bodies. Dr, Gasparis named his planet Eunomia, who
in classical mythology was one of the Seasons, a sister of
Irene.

On the 17th of March, 1852, M. de Gasparis, at Naples,
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discovered another small planet near the bright star
Regulus. It appeared like a small star of the tenth or
eleventh magnitude, and has received the name of :
Psyche. Mr. Hind, of London, narrowly missed the
honor of being the first discoverer.of this body. On
the 29th of January preceding, he entered upon his chart
a star of the eleventh magnitude in the place. where, ac-
cording to subsequent computations, this planet ought to
bave been. The chart was immediately sent to the en-
graver, and not returned until March 18; but on the
evening of that day he discovered that the above star
was missing. He immediately commenced a search for
the planet, and actually recorded it again on the 20th as
a fixed star, but moonlight and unfavorable weather
prevented him from establishing its planetary nature
before he received the announcement of Dr. Grasparis’
discovery.

On the 17th of April, 1852, another planet was dis-
covered near Flora by Mr. R. Luther, at the obéervatory
at Bilk, near Diisseldorf., Professor Argelander, of Bonn,
proposed for this planet the name of Thetis, which name
was accepted by the discoverer, and has been adopted by
astronomers.

- On the 25th of June, 1852, Mr. Hind, at London, dis-
covered another planet, having the appearance of a star
of the ninth magnitude, and of a yellowish light. Mr.
Airy, the astronomer royal, having been requested by
Mr. Bishop to select a name for this planet, proposed to
call it Melpomene. It is the nearest of the group of
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asteroids, except Flora, making its revolution in about
1269 days.

On the 22d of August, 1852, Mr. Hind discovered
another planet not far from the ecliptic in the constella-
tion Aquarius, Tt appeared like a star of the ninth
magnitude, and exhibited the same yellowish color which
was remarked about Melpomene. Mr. Hind having been
requested by Mr. Bishop to find a name for-this planet,
proposed to call it Fortuna.

The next planet was independently discovered by Pro-
fessor de Gasparis on September 19th, and by M. Cha-
cornae, assistant to M. Valz, at Marseilles, on the 20th of
the same month. M, Chacornac was occupied in com-
pleting some ecliptic charts of the stars according to a
plan adopted by Professor Valz in 1847, and on the night
of September 10, he remarked a star of the ninth mag-
nitude in a position whers none had been seen before.
M. Valz proposed the name Massilia for this object, in
which Professor Gasparis, who had a prior claim to the
discovery, appears to have concurred. The inclination
of its orbit to the ecliptic is less than that of any other
known planet, Uranus not excepted.

On the 15th of November, 1852, another planet was
discoverec], at- Paris, by M. Hermann Goldschmidt, an
historical painter, residing in that city., M. Arago
proposed to call it Lutetia., Ty resembled a star of the

~ninth or tenth magnitude. .

On the night folloWing the last discovery, November

L6th, Mr. Hind, of London, detected a new planet with
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the assistance of one of the ecliptical star-maps at present
in course of publication from Mr. Bishop’s observatory.
It was not much over the tenth magnitude, which ig
rather beyond the limit of the Berlin charts. Mr. J.C. .
Adams, president of the Astronomical Society of Lon-
don, being requested to name the planet, proposed to call
.1t Calliope. ‘ ' '
On the 15th of December, 1852, another planet was
detected by Mr. Hind. Tt had a pale, bluish light, and
Tesembled a star of the tenth or eleventh magnitude, and
being not wvery far from perihelion, is probably one of
the faintest members of the group. Mr. Bishop, at the
request of Mr. Hind, has selected for this planet the name
Thalia. :
Thus, within a period of nine months, were discovered
‘eight small planets belonging to the group between Mars
and Jupiter, and four of them were discovered by Mr.
Hind of London, a fact altogether without precedent in
the history of astronomy—a “result not of ‘accident, but
of a systematic and persevering survey of the heavens.
On the 5th of April, 1858, Professor de Gasparis dis-
covered in the constellation Leo. g very minute object,
estimated as not brighter than a star of the twelfth mag-
nitude, which on the following evening he récogilized
as a new planet, in consequence of its proper motion.
This discovery was ascribed to the circumstance, that on
the 5th of April, 1851, very near to the place where this
planet was fouﬁd, he had observed a star of the twelfth
magnitude, which had subsequently vanished ; for which
4
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reason he was led to examine the neighboring stars witls
unusual care. Professor Secchi, having been invited by
Professor de Gasparis to select a name for this planet,
proposed the name of Themis, the same which Professor
de Gasparis had originally proposed for Massilia. The
mean distance of Themis from the sun is greater tham
that of any other known asteroid, excepting Hygeia
and Huphrosyne, corresponding to a period of 2087
days. ‘ o ‘

On the night after the preceding discovery, April 6th,
M. Chacornae, at Marseilles, discovered another small
planet. It appeared of a bluish tint, and of the size of
2 star of the ninth magnitude. M. Valz proposed to call
this planet Phoceea, Marseilles having been founded by a
colony from Phoceea. : _

On the 5th of May, 1858, Mr. R. Luther, dircctor of
_ the observatory at Bilk, near Diisseldorf, discovered a
new planet like a star of the eleventh magnitude. This
planet was christened by the celebrated Baron von Hum-
boldt, who selected for it the name of Proserpina, with
the symbol of a pomegranate and a star in its center.

On the 8th of November, 1858, Mr. Hind discovered
another planet within the limits of his ecliptical chart for
the third hour of right ascension. It was as bright as
stars of the ninth magnitude, and its light appeared re-
markably blue. This planet has received the name of
Euterpe.

On the 1st of March, 1854, Mr. R. Luther, director
of the observatory at Bilk, near Diisseldorf, discovered
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another planet. It appeared like a star of the tenth
magnitude, and has received from Professor Encke the
name Bellona; the symbol proposed being a whip and
a lance.

On the same night as the preceding, but about two
hours later, Mr. Albert Marth, at the Regent’s Park ob-
servatory in London, discovered another planet near
Spica Virginis. It appeared like a star of the tenth or
eleventh magnitude, and Mr. Bishop has proposed for it
the name Amphitrite. On the 2d of March the same
object was independently discovered at the Radeliffe ob-
servatory, Oxford, England, by Mr. Pogson, who for
several years has devoted his leisure hours, after the
regular duties of his office are completed, to the formation
of" charts of small stars, with the view to the detec-
tion of new planets or variable stars. A third independ-
ent discovery was made on the 84 of March by M.
Chacornac, assistant observer at the observatory of Paris.
- T'he same impression of the Z%mes contained two inde-
Pendent communications from Mr, Hind of London, and
M. Johnson of Oxford, each containing the announce-
ment of this discovery. Also, oun the 4th of February,
at Marseilles M. Chacornac noted a star of the tenth
magnitude, which is now wanting in that place, and
which is shown to have been the body first recognized
as a planet by Mr. Marth.

On the 22d of July, 1854, the thirtieth asteroid was
discovered by Mr. Hind at Mr. Bishop’s observatory in
Regent's Park, London. Tt appeared like a star between
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the ninth and tenth magnitudes. Professor de Morgan,
who was requested by Mr. Bishop to find a name for this
planet, has recommended Urania.

On the 1st of September, >1854,'the thirty-first asteroid -

. was discovered at the Washington observatory, by Mr.

James Ferguson. It was so close to the planet Egeria, of
which Mr. Ferguson was in search, that it was observed
along with it on the Ist. Another night's observation

“praved that both were planets, the new one appearing of

Ll

about the same degree of brightness as Egeria. Mr. Fer-

guson has been employed for several years with the great.
- equatorial telescope at Washington, and has spent a large

portion of his time in observing the places of the newly-
discovered asteroids. This is the only instance in which
any American astronomer has been the first discoverer of
a primary planet. Mr, Bond, of Cambridge, was the first

discoverer of the faint satellite of Safurn, and several

American astronomers have enjoyed. the honor of having
first discovered a comet.- The honor of naming this new
planet was left to Mr. Ferguson, and he has selected the
name of Euphrosyne. The period of revolution appears
to be greater than that of eithier of the other asteroids,
and its inclination to the echptm is grea,ter than any ex-

. cept Pallas.

On the 28th of October, 1854, two new asteroids were
discovered at Paris, one of them by M. Goldschmidt, the
other by M. Chacornac. The former appeared as a star
of somewhat less than the tenth magnitude, and has been
named Pomona; the latter somewhat smaller than a

n@“‘
]
i)
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star of the ninth magnitude, and has been named
Polymnia. The eccentricity of the orbit of Polymnia ap-
pears to be greater than that of any other known member
of the planetary system the difference between the dis-
bances from the sun at perihelion and aphelion amountmrr
to about the entire diameter of the earth’s orbit,

On the evening of April 5th, 1855, M. Chacornac, of
the Imperial Observatory of Paris, d1scovered another
small planet of the eleventh magnitude. In about two
hours its right ascension-had changed nearly five seconds
of time, showing clearly its planetary character. On the
next day the planet was “publicly announced, and was
soon found at the other observatories of Europc This
planet has received the name of Circe. -

On the 19th of April, 1855, Dr. Luther at- Bilk, dis-
covered a new planet of the eleventh magnitude, and on
the following day, the notice was communicated by tele-
graph to the editor of the Astronomische Nuchrichten. On
the 21st it was detected both at the Hamburg and Bonn
-observatories. At the request of the discoverer, Dr.
Peters and M. Rumker gave to the planet the name
Leucothea, the protectress of sailors. This planet is one
of the most distant of the group of asteroids.

On the 5th of October, 1855, M. Goldschmidt at Parxs
discovered a mew planct equal in brightness to a star of
the eleventh or twelfth magnitude. This new planet has
received the name of Atalanta, and the eccentrmlty of its
orbit ¢ appears to be greater than that of any other member
of the planctary system except Polymnia, and Leda.
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On the same evening with the preceding, and nearly
‘at the same hour, the thirty-seventh asteroid was discov-
ered by Dr. Luther at Bilk. It appeared like a star of
the tenth magnitude, and on the following day the dis-
covery was communicated by telegraph to the editor of
the Nachrichten. On the Tth it was seen both at Altona
- and Hamburg. This planet has received the name of
_Fides.

On the evening of the 12th of January, 1856, M. Cha-
cornac, at the Paris observatory, .discovered a new planet

equal in brlghtness to a star of the ninth or tenth magni-
tude.  This planet has received the name of Leda.

On the 8th of T I‘ebruary, 1856, M. Chacornac, of the
Paris' observatory, discovered a mew planet, being the
thirty-ninth asteroid, and equal to a star of the eighth or
ninth magnitude. This planet has received the name of
Leetitia.

On the 81st of March, 1856, a new planet, being the for-
tieth asteroid, was discovered at Paris by M. Hermann
Goldschmidt; and on the 6th of April it was observed
both at Altona and Hamburg. It appeared like a star of

~ the ninth or tenth magmtude, and has been named Har
monia.

On reviewing the precedmg sketch, we find that Mr.
Hmd of London, has been the first discoverer of ten as-
tero1ds M. de Gasparis of seven; Mr. Luther of five;
M. Ch‘acornac of five; M. Goldschmidt of four; while
 Olbers and Hencke, have each discovered 4wo. We also
see that, in several instances, the same astermd has been
mdependently d;lscovered by more than one astronomer.



ZONE OF PLANETS BETWEEN MARS AND JUPITER. 79

Among all the astronomers of the present or any former
age, Mr. Hind stands pre-eminent for his success in the
discovery of new planetary bodies. These discoveries
were all made at the private observatory of George
Bishop, Hsq., which was erected in the year 1836, in
Regent's Park, London. The principal instrument of
this observatory is an equatorial telescope, constructed -
by Mr. Dollond, of London, and equipped on the plan
known as the English mounting. The solar focus of the
telescope is ten feet ten inches, and the clear aperture of
the object-glass seven inches. The circles are three feet
in diametef; the hour circle reading by verniers to single
seconds of time, and the deelination circle to ten seconds
of arc. This instrument is driven by clock-work; this
part of the machinery in particular being very elaborately
worked. The telescope is provided with a series of mag-
nifying powers up to 1200.

In the year 1844, Mr. Bishop secured the services of J.
.R. Hind, Esq., then an assistant in the magnetical depart-
ment of the Royal Observatory, Greenwich, where he
had already distinguished himself by the zeal and ability
with which, in addition to his ordinary duties, which
were severe, he devoted himself to the labor of ob-
serving comets, and calcu]atmg the elements of their
orbits.

Almost from the time of Mr. Hind’s appointment, the
observations took that character for which his talents
peculiarly fitted him, viz, the search of the heavens for
new comets, planets, etc. His labors were a,lmqst im-
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mediately rewarded with success. Two comets were dis-
covered in 1846, and another in 1847, the latter of which
became visible' at noonday, when near its perihelion,
and for which the King of Denmark’s gold medal was
awarded. : ,

The search after small planets lying between Mars and
Jupiter was still more successful. His plan for detecting
them was to observe and map all the stars down to the

eleventh magnitude for several degrees on each side of
the ecliptic, and then by a subsequent observation noting
whether any of them seemed to have changed its place,
this being the only planetary characteristic observable,
For the discoveries of Iris and Flora in 1847, a prize on
the Lalande foundation was received from the Academy
of Sciences at Parisin April, 1850 ; and in February, 1858,
he received the gold medal of the Royal Astronomical
Society of London for his numerous astronomical dis-
coveries, and in particular for hlS discovery of eight small
planets )
The rapid discovery of thirty-six new asteroids, after a
barren interval of almost forty years from the discoverj} .
of Vesta, is calculated to excite _surprise; but it is ex-
 plained by the diminutive size of the neéw planets, and
the great increase in the' number of observers, as well as
the use of more powerful instruments. Vesta appears
like a star of the sixth magnitude, Pallas of the seventh,
while Ceres and Juno are of the eighth. OF the thirty~
six asteroids more recently discovered, none of them, if
weé except perhaps Iris, Flora, and Letitia, are larger
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than the ninth magnitude, while several are as small as
the tenth, and three or four scarcely, if ever, rise as high
as the tenth magnitude. The reason that Olbers was not
more successful in his search was, that he employed a
telescope of too feeble power, and did not extend his ex-
amination beyond stars of the eighth magnitude.

Some may conclude that the number of asteroids now
Inown is so great, that the discovery of additional ones
is a matter of. no interest, and- is unworthy the attention
of astronomers. We regard the question in a very dif-

ferent light. If only one planet had hitherto been dis-
covered between Mars and Jupiter, our idea of the sim-
plicity and perfection of the solar system would have
been satisfied, and there might have been found ingenious
minds attempting to prove by & prior: reasoning that no
other planets could possibly exist, unless beyond the
limits of the orbit of Neptune. But our theory of the
solar system, although apparently simple, would not have
been thga' true theory. Every new discovery shows the
solar system to be more complex than we had supposed ;
and unless we prefer error (provided it has a show of
simplicity) to truth, when it appears to our view complex,
we shall value every new discovery in the solar system,
because it promises to conduct us nearer to the-true
theory of the univemse. Every new asteroid which is
discovered, is a new fact to be explained. It presents a
new test by which every theory is to be tried. If our
theory be false, it is probable that some of these facts may
be shown to be inconsistent with it, When the number
4%
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of known facts is small, they may all frequently be ex--
plained by different and conﬂicting theories. As the
number of known facts increases, some of them will
probably be found inconsistent with one or the other of
the theoriés, until at last we reach a fact—the true experi-
~ mentum crucis—which is inconsistent with every theory
* but one. Thus the true philosopher, instead of regarding
the rapidly increasing number of asteroids with indiffer-
ence, will watch each new discovery with growing inter-
est, in the hope that it may furnish the key to the true
theory of the solar system. '

The following table exhibits a summary of the prin-
cipal elements of forty asteroids. Column first shows
the number of each planet in the order of its dis-
covery ; column second the name of the planet; column
third shows the average distance from the sun (the dis-
tance of the earth from the sun being taken as unity) ;-
column fourth shows the number of days required to
make one revolution about the sun; column fifth shows
the eccentricity of the orbit, or the quantity by which it
departs from the form of a circle; column sixth shows
the number of degrees by which the plane of the orbit is
inclined to the orbit of the earth ; column seventh shows
the position of the line in which the plane of the orbit
intersects the. orbit of the earth; and the last column
shows the position of that point of the planet’s orbit
which is nearest the sun. “ ‘

~ The existence of forty planets revolving round the sun
at distances closely allied to each other, and differing
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ELEMENTS OF THE ASTEROIDS.

3 Gt g @ § . 54_._5 “ g "3 g‘
No. NAME, g ;’ 3'*5 2| 8F |82 b-,,‘sé 's
g | B3| S8 |£2|g8¢| &2
, Re |F5A| W= 12948 RE
1 [Ceres........ cererea...|2.766 | 1680 | 0.079 | 11° 81°| 150°
2 |Pallas. . v.iiueranonnn ol 2770 | 1683 | 1239 | 35 | 173 | 122
3 |[Juno ....... eeeeseees.|2.668 | 1592 | .256 | 18 | 171 b4
4 |Vesta vae .. 2.361 | 1325 | .090 7103 251 |
5 |Astrea........ eer...] 2897 | 1511 | 189 | B | 141 | 136
6 |Hebe....... . .1 2.4256 | 1379 | ,202 | 156 | 189 15
L1 2.386 | 1847 | .231 5| 260 41
8 IFlora .euvevevnneannnnnn 2.201 | 1193 | .157 6 | 110 33
9 Metis . veeiiniieianenn., 2.386 | 1346 | .123 6 68 72
10 [Hygeia......ovuven eeve.|3.149 | 2041 | .101 4 | 288 | 227
11 |Parthenope ............ .| 2.448 | 1899 | .008 | b | 1256 | 317
12 [Clio ...... R vee.|2.335 | 1303 | .045 8 | 235 | 302
13 [Bgetia ».n..... o lomn | 1512 | 085 | 17 | 43 | 120
14 Trene ... ....... ... 2.884 1 1518 | .169 9| 187 | 179
15 |FHunomia...c...........|2.643 | 1570 + 188 | 12 | 294 | 28
16 [Psyche. ..oeveueeene....|2.933 | 1835 | .181 3| 151 11
17 |Thebis vvvereevnvenannn. 2.484: | 1430 | .131 Gy 125 | 259
18 [Melpomene. .. ..vvueuas 2.294 | 1269 | .215 | 10 | 150 | 16
19 (Fortuna. .v.v.veve..n.. .| 2444 | 18396 | 169 | 2| 211 | 31
20 [Massilia. o oeeevereinnnan 2.401 | 1359 | .145 1| 207 99
21 |Lutetia..e . oveeieranannns 2.434 | 1387 | .162 3 80 | 327
22 |Calliop..veurveiennnn, 2,912 | 1815 | .104 | 14 61 69
23 |Thalia...... .. 2.645 | 1671 | .240 | 10'| 68 | 123
24 |Themis...wovevrievennnn. 3.144: | 2037 | .123 1 36 | 135
26 |Phocea ... .... [T ve..] 2401 | 1859 | .253 | 22| 214 | 303
26 |Proserping sveu..veesenn . 12.656 | 1680 | .088 | 4 | 46 236
27 \Buterpe......... Ceeee..| 2847 1313 | 174 ) 2| 94| 8%
28 |Bellona. ...vv. ... ceeen. 215 | 1689 | L1565 | 9 | 145 | 122
29 |Amphitrite........ peraen 2.552 | 1489 | .067 | 6 | 356 | 48
30 [Uranis...oieneencnnes .. 2.366 | 1829 | .126 2 | 308 3
31 (Buphrosyne............ 3.156 | 2048 | .216 | 26 | 381 | 94
32 (POmMONA. seeiveasennanns 2.683 | 1616 | .083 | 05 | 221 | 195
33 |Polymnia....... .| 2.866 | 1772 | 337 | 2 9 | 341
34 |Circo ...... PRSPPI 2.673 | 1596 | .114 b | 184 | 168
35 |Leucothea.....ooevunns . 2.974 | 1873 | 216 | 8 | 356 | 198
36 [Atalanta. ... ovu..eeea | 2757 | 1672 1 1300 | 19 | 859 43
BT [ FIde8 e e e vn s e ianonennnn 2.654 | 1580 | .180 3 8 66
38 |Leda «..ovune e veimans 2,635 | 1663 | .326 6 | 295 | 127
89 |Leetitia.. .ovesveenennnen 2.768 | 1682 | .116 | 10 | 157 1
40 |Harmoniu. ..oveveevnnnn 2.2564 | 1236 | ,289 b 84 14

from all the other planets in their diminutive size, is one
of the most singular phenomena in our solar system.
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This fact will appear the more striking if we draw a
diagram repfesen'ting the orbits of all the known planets
in their proper proportions. We shall find that while

 the orbits of Mercury, Venus, the Earth, and Mars are

quite detached from each other, and the orbits of Jupiter, -
Saturn, Uranus, and Neptuné are separated by intervals

which the imagination can with difficulty grasp, between

Maxrs and Jupiter is a cluster of bodies whose orbits are so

interlaced as to suggest the apprehension of frequent and

inevitable collision..

The diagram on the following page represents the or-
bits of nine of these-small planetary bodies, designed to
be selected so as to afford a tolerable specimen of the
whole. The other thirty-one orbits are omitted, to avoid
the confusion of so many lines in a single diagram. In
one respect this representation is calculated to convey an
erroneous impression. All the orbits are represented as
situated in the same plane, whereas, in reality, no-two of
them are situated in the same plane. These planes all
pass through the sun, and are inclined to the earth’s orbit
in angles indicated in column sixth of the preceding
Table. One half of each orbit must therefore be below
the earth’s orbit, and the other half above it ; and in order
to indicate as fully as possible the actual position of these
orbits, the portion which falls below the plane of the
earth’s orbit is indicated by a dotted line, while the re-
mainder is indicated by a continuous black line. These
orbits, then, do not really intersect each other as repre-
sented in the diagram. Indeed, no two of the pIanetary
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orbits intersect, although some ‘of them approach within
moderate distances of each other. The orbit of Fortuna
approaches the orbit of Metis within less than the Moon’s
distance from the earth. The orbit of Massilia approaches
almost equally near the orbit of Astreea, and the orblt of
Lutetia to that of Jumo. '

PLANETARY ORBITS,

Tt is evident, then, at a glance, that these forty small
planets sustain to each other a relation different from that
of the other nembers of the solsr system. We see a
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family likeness ‘running through the entire group, and it
naturally suggests the idea of a common origin. This
idea, as has been already stated, occurred to the mind of .
Olbers after the discovery of the second asteroid, and led
to his celebrated theory that all these bodies originally
constituted a single planet’ which had been broken into
fragments by the operation of some internal force. Have
‘we any means of testing the soundness of this theory ?
If the earth should be broken into fragmeuts by the
operation of some internal force (such, for example, as
“that which causes the eruption of a voleano,) the frag-
ments might be projected in various directions, and with
very unequal velocities; but each would describe an
ellipse of which the sun would oceupy one of the foci—
if' we except the extreme but possible case of a fragment
~ projected with such a velocity as to carry it beyond the
limit of the sun's attraction. Leaving out of, view the
' disturbance arising from the mutual attraction of the
- planets, which produces only minute effects, each frag-
ment would continue to describe the same ellipse in its
successive revolutions about the sun; in other words,
these ellipses would all have a common point of intersection.
The same conclusion must hold true for the asteroids,
according to the theory of Olbers. The question then
arises, have the orbits of the asteroids a common point
of intersection? A single glance at the above diagram
will settle this ‘question in the negative. But Olbers
replies that the orbits of the planets are disturbed by
their mutual attractions. These orbits should originally
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have had a common point of intersection, but at each
revolution they suffer a slight displacement, until, in the -
lapse of time, the position of the orbits has become so
completely changed as to show scarcely a trace of their
original intersection. -Is such a result possible? A few
simple considerations will satisfy us that if the orbits of
the asteroids ever had a common point of intersection, -
such ‘a result must have belonged to a period of time
indefinitely remote.

The line in which the plane of the planet’s orbit in-
tersects some other plane selected for common reference
is called technically the line of the nodes. If the asteroid
orbits had ever a common point of intersection, all the
nodal lines upon one of the orbits must have coincided.
Now, as two of the asteroid orbits are inclined less than
one degree to the earth’s orbit, we will, for greater con-
venience, employ the latter as the-plane of reference.
By referring to our table on page 88, it will be seen that
the ascending nodes of the asteroids are distributed,
though unequally, through the *four quadrants of the
circle. Twelye of them lie in the first: quadrant, thirteen
in the second, eight in-the third, and seven in the
fourth, The nodes of all the planetary orbits are in
constant motion, but the motion for a single year is
extremely small. The annual motion of the node of
Mercury is ten seconds; that of Venus twenty seconds ;
Mars twenty-five seconds, ete. The nodes of the aster-
oids, as fag, as the ,,computatioﬁ has been made, move at
somewhat similar rates; the most rapid motion known
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being about fifty seconds a year. If we suppose the
nodal lines of all these orbits to move steadily toward
each other, it would require in some of them a motion of

fifty seconds a year, continued for more than 6000 years,

to bring them to a coincidence. .

- It should also be observed, that not only must the
nodes of all the asteroids coincide, but the distance of

the planets from the sun must be the same at that instant.

Now the distances of these planets from the sun, when at
their nodes, differ by more than a hundred millions of

miles; so that to bring them all together requires some-

thing more than a change in the position of the nodes.

We may bring about a coincidence, in the case of some

- of the asteroids, by supposing the longer diameter of the

elliptic orbit to change its position in the plane of the

orbit. Such a change does really take place in the case

of every planetary orbit, but with none of the larger

planets does it exceed twenty seconds a year. This mo-

tion for the asteroids, so far as it has been computed, is

somewhat more rapid, amounting, in one instance, to.
seventy seconds a year; but even with this motion, it

would require the lapse of five thousand years to bring

about an intersection in the case of many of the asteroid

orbits. 'When now it is remembered, that in order to

give a common point of intersection to these forty orbits,

all the nodal lines upon one of the orbits must coincide,

and at the same instant all the distances from the sun

must be equal to each other, we must be prepared to



®

ZONE OF PLANETS BETWEEN MARS,AND JUPITER. 89

admit that such an occurrence could only have taken
place myriads of years ago.

The preceding difficulties, however, are small in com-
parison with another which remains to be stated. The
orbit of Hygeia completely incloses the orbit of Flora
(and indeed several other orbits), and would still inclose
them, although the greater diameter of: each of them
- were revolved through an entire circumference, since the
least distance of Hygeia from the sun exceeds the greatest
distance of Flora. The same is true of Themis, as com-
pared with Flora and several other orbits. The least
distance of Hygeia from the sun exceeds the greatest
distahce of Flora by more than twenty-five mullions of
miles. In order to render an intersection of these orbits
possible, we must suppose a great variation of the ec-
centricity. But the change of the eccentricity of the
planetary orbits is. exceedingly slow, and the present rate
.of increase of the eccentricity of Vesta must be ¢on-
tinued twenty-seven thousand years to render the aphelion
dlstance of that planet equal to the perihelion distance
of Hygeia. Moreover, the eccentricity of the ‘or‘bit'of
Vesta is now ¢ncreasing, which implies that in past ages
- the interval between Vesta and Hygeia must have been
greater than it is at present; whence the conclusion
seems irresistible, that the orbits of Vesta and Hygeia
can not have intersected for several myriads of years.
When the secular “variations of the elements of each of
the asteroids have been computed, astronomers will be
able to assign a limit of time beyond which the inter-
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section of all the asteroid orbits must have oceurred, if,
indeed, such an intersection ever took place. The dis-
covery of many of these bodies is so recent that, as yet,
there has not been sufficient time for such a computa-
tion; but, from what we already know, we hazard little
in' venturing the opinion that, when this computation
shall be made, it will appear, that if the asteroid planets
ever composed a single body which exploded, as Olbers
supposed, such.explosion must have occurred myriads of
© years ago. -Indeed, the discovery of such a host of aster-
oids seems to have stripped the theory of Olbers of
nearly all the plausibility 1’5 possessed when it was orig-
inally proposed; and it would seem hardly less réhson-
able to suppose that the Earth and Venus originally con-
‘stituted one body, than to admit the same for the forty
asteroids.

But if we reject the theory of Olbers, what do we
conclude? That the asteroids bear no special relation-
ship to each other? Do they not all clearly indicate a
farily resemblance? And if o, how do we account for
this relations}iip? , '

There are several reasons for believing in some pe-
culiar relatlonshlp etween the asteroids. B

1. Unlike the other planets' of our system, they are
all of diminutive size—the largest of them hardly ex-
ceeding one or two hundred miles in diameter. M. Le
Verrier, after a close examination of the nature and
© amount of the influences exerted by the entire group’
of asteroids upon the nearer planets, Mars and the Earth,
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has arrived at the conclusion that the.sum fotal of the
matter constituting the small planets situated between
the mean distances 220 and 816 (including undiscovered
as well as known asteroids), can not exceed about one
Jowrth of the mass of the earth,

2. The asteroids in their position oocupy a zone en-
tirely distinct from the other planets of the solar system.
Between the orbits of Jupiter and Saturn—between
Saturn and Ufanus—is an immense interval, furnishing -
space enough for a host of little bodies to circulate around
the sun ; but in not a solitary instance has any such body
been found, except between Mars and Jupiter. Some
may attempt to account for this circumstance by saying
" that astronomers have long been watching exclusively

this portion of space, and have left all other regions
entirely unexplored. An exploration, conducted upon
such a principle, is simply a physical impossibility. If
“there were a small planet between the Harth and Mars,'
it would have stood the same chance of detection, in the
explorations of the past ten years, as if it were situated
between Mars and Jupiter; and, indeed, it would have
stood a better chance of detection, inasmuch as it would
appear of greater brightness on account of its proximity
to us. If there were a small planet circulating between
J upiter and Saturn, it would have stood the same chance
of detection as if it had been placed this side of Jupiter,
except that it would appear somewhat fainter on account
of its increased distance. The fact that wWe have dis-
covgrcd forty small planets between Mars and Jupiter,
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and not a solitary one in any other portion of the solar
System, points to something special in this region of the
heavens. In other words, we have discovered a lmited
zone of little planetary bodies, and have not been able
‘to discover a single body of the same class situated out
of this zone.
8. The orbits of these little bodies present some special
peculiarities. .
If we refer to the table on page 88, we shall perceive
that the perihelia of the orbits are mnot distributed uni-
formly through the zodiac. In the first quarter of the
zodiac we find seventeen perihelia, in the second: quarter
twelve, in the third quarter six, and in the fourth quarter
five. The ascending nodes of the orbits are distributed
with greater uniformity. Thus, in_the first quadrant
we find twelve nodes, in the second thirteen, in the third
eight, and in the fourth seven.
The greatest inclination in the case of any of the larger
planets is seven degrees; but the inclinations of the
orbits of the asteroids range from near zero to thirty-
five degrees, the inclination of seventeen of the orbits
exceeding seven degrees. The greatest éccentricity in the
case of any of the large planets is one fifth; but the
eccentricities of the orbits of the asteroids range from
near zero to one third. '
- 4. But the most striking peculiarity of these orbits is,

that they all lock into one another like the links of a
chain, so that if the orbits are supposed to be represented
materially as hoops, they all hang together as one system.
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The orbits of Hygeia and Themis, being the largest of
all the orbits, completely inclose nearly all of them, and
lock into but a small number ; while the orbits of Mas-
- silia, Astraea, Pallas, ete., lock into nearly all of the
orbits; so that if we take hold of the, orbit of Hygeia
(supposed to be a material hoop), it will support the
orbits of Iris, Thalia, Calliope, and two or three oth'e"rs,
while these in turn lock into and support all the rest.
Indeed, if ‘we seize hold of any orbit at random, it will
drag all the other orbits along with it. This feature of
itself sufficiently distinguishes the asteroid orbits from all
the other orbits of the solar"system.

If we reject the theory that "these asteroids were
originally united in one solid body, it seems nevertheless
difficult to avoid the conclusion that similar causes have
operated in determining the orbits of this zone of planets.
It is impossible to assign any cause for these resem-
blances without adopting some theory respecting the origin
of the solar system. The theory of gradual condensa-
tion, as developed by Laplace in the nebular hypothesis,
affords at least a plausible explanation of these phe-
nomena. .

Laplace supposed that the matter composing the bodies
of our solar system originally existed in the condition of
an immense nebula, extending beyond the limits of the
most distant planet—that this nebulous mass had an ex-
ceedingly elevated temperature, and a slow rotation on
its axis—that the nebula gradually cooled ; and as it con-
tracted in dimensions, its velocity of rotation, according
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to the "principles of mechanics, increased, until the cen-
trifugal force arising from the rotation became equal to
the attraction of the central mass for the exterior zone,
when this zone necessarily became detached from the
central mass. As the central mass continued to contract
in its dimensions, and its velocity of rotation continued to
incredse,the centrifugal force again became equal to the
attraction of the central mass for the exterior zone, and a
second zone was detached. Thus, a number of .zones of
nebulous matter were successively detached, until, by
condensation, the central mass became of compdratively
small dimensions and great dénsity.

The zones thus successively detached would form con-
centric rings of vapor, all revolving in the same direction
round the sun. If the particles of each ring continued to .
condense without separating from each other, they would
ultimately form a liquid or a solid ring. But generally
each ring of vapor would break up into separate masses,
revolving about the sun with velocities slightly differing
from each other. These masses would assume a spheroidal
form ; that this, they would form planets in the state of
vapor. Butif one of these masses was large enough to
attract each of the others in succession to itself, the ring
of vapor would be converted into a single.spheroidal
mass of vapor; and-we should have a single planet of
great mass for each zone of vapor detached. But if no
one of these masses had a preponderating size, they would

- all continue to revolve about the sun in independent
orbits, and would form a zone of little planets, such .
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as we have actually discovered between Mars and Ju-
piter. » ’

With regard to the actual number of bodies beloncnnor
to this zone of planets, we can do little more than con-
Jjecture. Already we have one asteroid of the. sixth
magnitude, one of the seventh, five of the eighth, nineteen
of the ninth, and fourteen of the tenth or eleventh.
It would require 400 bodies as large as the lal‘rgest' of
the asteroids to make a body one fourth of the size of the
earth; and, according to Le Verrier, the sum of all the
asteroids can not exceed this limit. When we consider
the shortness of the period during which stars below the
Aelghth magnitude have been systematically observed we
see room for the discovery of several more planets-of the
ninth magnitude, and perhaps three or four hundred more
of inferior dimensions. = - .

"
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SECTION III.
THE DISCOVERY OF AN EIGHTH SATELLITE OF- SATURN.

SATURN has long been known to be attended by seven
satellites. If we number these satellites in the order of
their distances from the primary, the sixth was discovered
by Huygens in 1655, the seventh by Cassini in 1671, the
fifth by the same in 1672, the third and fourth also by
Cassini in 1684. The first and second were discovered

. by Dr. Herschel in 1789. The five satellites first dis-

covered may be seen by a ten feet achromatic; but the
two interior satellites' can only be seen by a Very power-
ful telescope. Sir John Herschel, at the Cape of Good

- Hope, in 1886 and 1887, repeatedly observed the second

satellite with his reflector of 18 inches aperture; and in
one instance only, he caught a glimpse of a point of light,
which he suspected to be the first satellite. Mr. Lassell,
with his large reflector, obtained three observations of the
first satellite, in 1846. Sir John Herschel has proposed

to distinguish these satellites by Proper names, as fol-

lows:— -
1. Mimas, which makes its revolution in 0d. 22h. 36m.
2. Enceladus, e “ 1 8 53
3. Tethys, “ “ 1 21 18
4. Dione, “ w 2 17 44
5. Rhea, B H 4 12 25
6. Titan, “ “ 15 22 41
. Tapetus,- “ “ "9 B4



EIGHTE SATELLITE OF SATURN, 97

During the year 1848, this planet was subjected to the
most rigid scrutiny, in consequence of the disappearance
of its ring, it being presented edgewise to the sun; and
on the 16th of September, an eighth satellite was dis-
covered by the Messrs. Bond of Cambridge, Mass. The
following is Mr. Bond’s account of the discovery. “On
the evening of September 16th, we notice:l a small star
situated nearly in the plane of Saturn’s ring, and between
the satellites Titan and Tapetus. This circumstance was
at that time regarded as accidental ; ﬁevertheless, the
position of the star, with respect to Saturn, was recorded.
The next night favorable for observation was the 18th.
While comparing the relative brightness of the satellites,
we again noticed the same object, similarly situated with
respect to the planet, and we carefully observed its posi-
tion. But up to this moment, its real nature was scarcely
suspected. Measures, carefully made during the evening
of the 19th, having proved that the star partook of the
retrograde motion of Sa,turn,, we studied that part of the
heavens toward which the planet was moving. Each of ‘
the stars which it was expected to approach during the
two following nights was marked upon a chart, and
micrometric measurements fixed its position and distance
with respect to neighboring objects. '

“The evening of the 20th was cloudy.

* “On the 21st the new satellite had approached the

planet, and it sensibly changed its position with respect to

the stars during the time of observation. Similar obser-

vations were repéated on the nights of the 22d and 23d.”
5
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On the 18th of September, the same object was ob-
served by Mr. Lassell, of Liverpool. The following is
Mr. Tassell's account of the discovery. “On the 18th,
while T was aftentively examining the planet Saturn, I
was struck with the appearance of two stars situated on
the line of the interior satellites. I supposed that one of
them, which I shall designate by ¢, was the most distant
satellite, and the other, which I shall designate by z, a
fixed star. In order to prepare myself for the subsequent
observations, I rffade a careful map of its position with re-
spect to some fixed stars in its vicinity, one of which I
shall designate by a.

“On the 19th I was surprised to find that the two
: ‘sta.rs, ¢ and , already mentioned, had receded from the
fixed star @, = remaining exactly on the line of the satel-
lites, but appearing to have approached the planet; while
¢, although it followed Saturn, had passed to the north of
the plane of the orbits of the interior satellites.

“This appearance suggested the idea that = must be a
new satellite, and ¢ Iapetus. In order to verify this con-
jecture; I took the difference of right ascension between
 and o, and between ¢ and a. The result showed that ‘
in 2h. 36m, @ had: moved to the west of @ by 2s. 47: and
that in 1h.24m, ¢ had moved 1s.27 to the west of a;
which clearly proves that the two stars z and ¢ were in
motion. I measured twice at an interval of four hours,
the distance of @ from the line passing through the in-
terior satellites, and satisfied myself that during this in-
terval, the distance experienced no sensible ohangé. ‘As
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the motion of Saturn toward the south was 18" in 4
hours, it would plainly have left the point @ behind, if it
had been a fixed star. The conclusion is inevitable;
is a satellite hitherto undiscovered. This is explained by
its being a very faint object, even in my telescope of 24
inches aperture; and it may experience variations of
light, which render it invisible in some parts of its orbit.
“I obtained two other observations of the satellite on
the 21st and 22d. In the former case, the elongation to
the east of the planet was 8’ 54"; and in the latter 8' 27";
the star followed sensibly the line of the  interior
satellites.” , o
Thus it appears thet a most important discovery was
made independently and almost simultaneously on op-
posite sides of the Atlantic—but Mr. Bond has an
unequivocal priority of Zwo days. This is the Arst ad-
dition to our planetary system made by an American
astronomer. The orbit of the new satellite lies between
Titan and Tapetus, and serves to fll up a large chasm
before existing. It is fainter than either of the two
interior satellites discovered by Sir William Herschel.
Its time of revolution is about 21d. 4h. 20m. ; its semi-
axis at the mean distance of Saturn 214/, indicating a,
‘real distance of about 940,000 miles, and Messrs. Bond
and Lassell have concurred in giving it ‘the name of
Hyperion. ' ,
It will be observed that there is still a large gap
between Hyperion and Iapetus, rendering it not improb-
able that other satellites yet remain to be discovered.

0



SECTION IV.
ON THE SATELLITES OF URANTS.

URANUS was discovered to be a planet by Sir William
Herschel in 1781, and in 1787 he discovered two satellites,
whose periods were satisfactorily determined by his sub-
sequent observations. In 1797 he announced the dis-
covery of four additional satellites, viz., one within the
orbits of both the former two; one intermediate between
the two; and fwo exterior to both of them; but the
periods ‘of these 'satellites he acknowledged to be very
uncertain. In his last paper on this subject, commu-
nicated to the Royal Society in 1815, he says, “that there
are additional satellites, besides the two principal larger
ones, I can have no doubt; but to determine their number
and situation, will probably require an increase of illum-
inating power in our telescopes.”

In 1884, Sir John Herschel published a'paper contain-

| ing a thorough discussion ‘of his father’s observations,

together with his own, upon the two satellites first dis-
covered; and he adds, ‘“of other satellites than these
two, I have no evidence.”

In the year 1838, Dr. Lamont, of Munich, published a
few observations of the two brighter satellites of Uranus,
and states that he had seen only one additional satellite,
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and that but in a single instance. This satellite he con-
sidered to be the most remote of the six enumerated by
Herschel.

‘With the exception, therefore, of the solitary observa-
tion of Dr. Lamont, the only evidence we have had (until
recently) of the ‘existence of more than two satellites
of Uranus "was derived from -the observations of
Sir William Herschel; and he would not pronounce a
decided opinion as to their number or their periods of -
. Tevolution. )

At last, in the autumn of 1847, Mr. Lassell, of Liver-
pool, and M. Struve, at Pulkova, obtained unequivocal
evidence of the existence of a third satellite. 'The orbit
of this satellite was evidently smaller than that of either of
the two bright ones; yet the period indicated by Lassell’s
observations did not agree with that deduced by Struve ;
and both differed from the interior satellite of Sir
William Hersche]. While TLassell’s observations in-
dicated a period of about two days, Struve deduced
from hig obéervations a period of four days; and the
time assigned by Herschel to his interior satellite wag
nearly six days. Thus the question seemed involved in
total confusion, and the - honest enquirer might well be
puzzled to decide whether there existed three satellites,
or only one, interior to the two brighter ones. .

In the autumn of 1851, Mr. Lassell succeeded in
settling this vexed question. On ten different nights in
the rhonths of October, November and Décember,‘ he saw
simultanéously four satellites, and recorded their Ppositiong,
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The iptervals were so short as to enable him to identify
each satellite without danger of mistake. These sat-
ellites were the two brighter ones discovered by Her-
schel, and two interior ones, whose periods are about
" two and four days respectively.

In the autumn of 1852, Mr. Lassell transported his
telescope to the island of Malta, in the Mediterranean,
for the purpose of securing the advantage of a lower
latitude and a purer sky, and here he succeeded in obtain-
" ing a very complete series of observations of the satellites
of Uranus,.y The nearest satellite was observed on 24
different nights ; the second satellite on 28 nights; and
the two brighter satellites on 26 nights. By combining
these observations with those of 1847 and 1851, we are
able to assign the dimensions of their orbits and their
periods of revolution with great precision.. The period
of the nearest satellite is 2.520845 days ;. or 2d. 12h. 29m.
20s. 66." * The period of the second satellite is 4.144537
days; or 4d. 8h. 28m. 8s. 00. ,

From the combination of all the observations between
1787 and 1848, Mr. Adams has determined the period
of the third satellite to be 8d. 16h.%6m. 24s. 88; and in
the same manner he has determined. the period of the
fourth satellite to be 18d. 11h. Bm. 55s. 21.

Let us now examine the observations of Sir William

- Herschel, and see what light is-shed upon them by the in-
formation recently obtained. There are four instances

in which he observed what he called “an interior
satellite.” ' :



ON THE SATELLITES OF URANUS., . 108

On the 18th of January, 1790, he recorded an object
“excessively faint, and only seen by glimpses—tivo
diameters of the planet following.”

On the 27th of March, 1794, he recorded as follows:
“I had many glimpses of small stars or supposed satel-
lites, but not one of them could I see for any constancy.
" They were only lucid glimpses.”

On the 15th of February, 1798, an interior satellite
was seen about its greatest northern elongation, between
the planet and the second satellite. On the 16th the
place where the satellite had been the day before was
scrupulously examined, and as there was no star remain-
ing in that place, the removal of the interior satellite
from its former position was ascertained.

On the 17th of April, 1801, the interior satellite was
seen about its greatest southern elongation. On the fol-
lowing night, no star was visible in the same position. '

It must be considered doubtful whether in 1790 and:
1794, Sir William Herschel really saw an-interior satel-
lite. The observations of 1798 and 1801 appear to be
more reliable; but the interval between these ob-
servations does not correspond very well with the motion
of either the first or _second satellite of Lassell. It is
possible that one of these observations may have been
made upon the first satellite, and the other upon the
second. , -

In one instance Sir William Herschel saw what he
called an intermediate satellite.

On the 26th of March, 1794, a supposed satellite was
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seen more than two hours. On the following evening
it was gone from the place where he had seen it the
~ night previous. :

There are five instances in which Herschel observed
what he called “an exterior satellite.”

On the 9th of February, 1790, a supposed third satel-
lite was remarked in a line with the planet and the
second satellite, and about twice the distance of the
second satellite. - On the 12th the éupposed satellite of
. the 9th was not in the place where it was then seen.

" On the 81st of January, 1791, a satellite was observed
in opposition to the second, and at about double the dis-
tance from the planet.

On the 26th of February, 1792, a star toward the south
at double the distance of the first satellite, was pointed
out, but it has not been accounted for in succeeding
observations.

On the 5th of March, 17 96 Herschel recorded, “I sus-
pected.a very small star between ¢ and %, which was not
there last night. I had a pretty certain glimpse of it.
With 600 I see the satellite ¢ better than before, but can
not perceive the suspected small. star.”

On the 11th of February, 1798, an exterior satellite
was observed, and its situation measured.

There are four instances in which Herschel observed
what he called “the most distant satellite.”

‘On the 28th of February, 1794, Herschel remarked a
very small star which he did not see on the 26th.

On the 27th of March, 1794, he obtained Iucid
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glimpses of some' stars south, but not one of them could
he see for any constancy.

On the 28th of March, 1797, he observed an ex-
cessively small star about four times the distance of
the second satellite, which he did not remember to have
seen on the. 25th.

On the 16th of February, 1798, a v'ery faint satellite
was observed, and from its distance was supposed to be a
little before or after its greatest southern elongation. It
was so faint that a small alteration in the clearness of the
air rendered it invisible. On the 18th this satellite was
seen again, and being nearer the planet than it was on the
16th, it was supposed to be on its return from the greatest
southern elongation. It was also ascertained on the 18th -
that it had left the place where it wos seen on the 16th.

On the strength of the preceding observations it has
been generally admitted that Uranus has six satellites ;
but Mr. Lassell, during his residence at Malta, carefully
scrutinized the neighborhood of the planet to the distance
of five minutes from his center, for the discovery of satel-
lites. In the course of this serutiny, he made many
measurements and diagrams of the positions of small
pomts of light, which all turned out to be stars, and he
adds, “I can not now resist the conviction, amounting in-
deed in my own mind to certainty, that Uranus has no
other satellites (except four) visible with my eye and optical
means.  In other words, I am fully persuaded that either
he has no other satellites than these four, or if he has, they

remain yet to be discovered.”
5%
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The following diagram represents the apparent orbits
of the four satellites of Uranus for November, 1852.
The major axes of all the orbits are nearly perpendicular
to the ecliptic. The minor axis of each of the apparent
orbits is about three quarters of the major axis, but the
true orbits of the satellites differ very little from circles.
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APPARENT ORBITS OF THE SATRELLITES OF URANUS FOR NOVEMBER, 1852.

The planet Uranus is fast approaching the position
most favorable for the observation of its satellites. It has
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now a north declination of 17 degrees, which will con~
tinue to increase until 1868; and in 1862, the orbits of
the satellites will appear sensibly circular. It is evident
then that the period is near at hand when this planet can
be observed more advantageously than at any former
time since the first observations of Sir William Herschel,
and it is presumed that astronomers will not fail to im-
prove this opportunity to attain all the information
within the reach of our instruments, both respecting the
physical peculiarities of the primary, and the number and
period of its satellites.



SECTION V.
DISCOVERY OF A NEW RING TO SATURN.

THE planet Saturn has long been known to be sur-
rounded by two rings. In the year 1610, Galileo, with a
very indifferent telescope, saw the planet like a central
globe between two smaller ones. In 1656, Huygens gave
the true explanation of these appearances, and showed
that the planet is surrounded by a luminous ring, in the
center of which it is suspended. In 1675, Cassini saw
the dark elliptic line which divides the ring into two
concentric portions, and he noted the unequal brilliancy
of the rings, the inner one being the brightest. Several
astronomers have suspected the existence of more than
two rings about Saturn. On the 25th of April, 1887,
Professor Encke; at Berlin, saw the outer ring divided into.
two nearly equal parts, anq several divisions were recog-
nized on the inner edge of the inner ring.. On the 7th of
Septembér, 1848, Messrs. Lassell and Dawes saw what
they:considered’to be a division of the outer ring. The
division of the outer i‘ing has also been noticed by Cap-
tain Kater in England, M. De Vico, at Rome, and
Quetelet, at Paris. The newly-discovered ring of Saturn
- can'not be classed with the subdivisions of the old ring,

as it lies within its inner edge.
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The following is the account of the grand discovery of
a new ring by the Messrs, Bond, at Cambridge:

“November 11, 1850. We notice to-night, with fall
certainty the filling up of light insidé of the inner ring at
@ and y (see drawing on page 109). Also where the ring
crosses the ball from ¢ to d, or apparently below its pro-
Jection, is a dark band, no doubt the shadow of the ring
upon the ball ; but what is very singular, there is also a
dark line from @ to b, or above the ring, very plainly seen,
so that there: can be no question as to the line where the
* upper edge of the ring crosses the ball. The light which
fills the space at « and v, is suddenly terminated on the
side toward the ball. Tt does not arise from any optical
deception; for this would give a similar appearance to the
outside of the ring, or indeed to the edge of any object
we look at, which certainly is not the cage. » \

“November 15, 7Th 50m. The new ring is sharply de-
fined on the edge next to the ball. W. C. Bond thinks
he sges. the new ring clear of connection with the old.
But the side next to the old ring is not so definite as that
' next to'the planet, so that it.is not certain whether the
new ring is connected with the old or not, . Where the
dusky ring crosses. Saturn, it appears & li’uﬁle wider at the
outside of the ball than in the ceﬁter. "Where it crosses
the ball, it is not quite so dark as the shadow of the
ring. co ‘

“8h p. M. Can not be sure of a diyision between the
new and old rings (other than the difference of light).
Once or twice with the higher powers, one was suspected.



DISCOVERY OF A NEW RING TO SATURN. 111

On further examination we agree that the dark ring is
narrowér than the outer ring. Its inner edge may be as
far from the inner edge of the broad ring as two thirds
of the breadth of the otter ring.” '

The appearances above ‘described had been noticed on
many occasions prior to the above dates, but their true
explanation was first ascertained on the evening of
November 15th. . The fact of the existence of a dusky
ring hitherto unknown contained in the space between
the old ring and the ball could no longer be questioned.
Observations continued to the 7th of January, 1851, fully
confirmed the deductions which the Messrs. Bond had
drawn from those of ‘the 11th and 15th of November.

Similar appearances were noticed by the Rev. W. R.
Daiwes at his observatory near Maidstone in England, on
the 29th of November, 1850. His -telescope was a re-
fractor by Merz & Son of Munich, having an aperture of
six inches. He states that on the 29th he observed a
shading like twilight at the inner portions of the inner
ring. Also an exceedingly narrow black line on the ball
at the southern edge of the ring where it crosses the
planet, and it was slightly broader at the east and west
edges of the ball than near its middle. On the 8d of De-
cember he again saw the same phenomenon, as did also
Mr. Lassell of Liverpool, who was on a visit to Mr.
Dawes's observatory. Mr. Lassell stated that the space
between the inner diameter of the inner ring and the ball,
was half covered by an appearance as if 'a crape vail had
been thrown over it. There is a dark inner edge to the
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bright ring, which shades. off a little. The dark ring is
there of a uniform gray color ; the sky is seen black be-
tween Bond’s ring and the planet. -

An appearance somewhat similar to that deseribed by
Mr. Bond was seen by Dr. Galle at the Berlin observatory
in the years 1888 and 1889. The following are the
observations of Dr. Galle: ,

1888, May 25th. The dark space between Saturn
- and his ring seemed to consist, as far ag its middle, of the
gradual extension of the inner edge of the ring into the
darkness, so that the fading of this inner ring has con-
siderable breadth. _ : '

“June 10. The inner edges of the first ring fade
away gradually into the dark interval between the ring
and the ball. Tt scemed that the ring, from the begin-
ning of the shading inclusive, extends over nearly half
the space toward the ball of Saturn.

“June 15. The fading of the inner ‘ring  toward
Saturn, as on June 10.” -

The memoir containing these observations was pub-
~ lished in the Transactions of the Berlin Academy of
Sciences for 1838 ; it attracted, however, but little at-
tention until after the announcement  of the aiseovery of
the Messrs. Bond. e

Professor A. Secchi, of the observatory at Rome, re-
marks that this species of penumbra in the interior of the
ring of Saturn existed in the year 1828, at which time it
was seen with the telescope of Catchoix, then recently
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received. The dark ring was perceived, although its
nature was not comprehended. -

The preceding observations naturally suggest the in-
quiry, whether this newly-discovered ring is one of
recent formation, or has it existed from time immemorial ?
Sir William' Herschel diligently observed this planet;
yet only on four occasions did he notice any thing re-
markable in the interior portlon of the ring beyond
a slight shading off, which is represented in one of his
figures of the planet, but is not thought worthy of
particular description. :

Professor Struve remarks (Memoirs of the Astronomical
Society, vol. 2), “the inner ring toward the planet seems
less distinctly limited, and to grow fainter, so that I am
inclined to think that the inner edge is less regular than
the others” Neither did Sir J. Herschel at the Cape
of Good Hope notice any thing like the present appear-
ances, though Saturn was nearly in the zenith, and the
climate so favorable,

In a paper published in the Memon*s of the Agcademy
of Sciences of St Petersburg; M. Otto Struve attempts to
show that the observations of various astronomers an-
terior to the year 1838, afford unequivocal indications of
the existence of the obscure ring. e remarks that the
early astronomers generally make mention of a dark: belt,
(termed the equatorial belt) which was seen - passing
across the body of the planet, immedintely contiguous to
the inner edge ‘of the interior bright ting. J. Cassini
showed in 1715 that from its slight curvature the equa-
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torial belt could not be situate close to the surface of the

planet. In 1728, Halley remarked that the dusky line
which in 1720 he observed to accompany the inner edge
of the' ring across the disc, continued close to the same, °.
though the breadth of the ellipse had considerably in-
creased since that time. M. Struve remarks that the
‘projection of the obscure ring upon the body of the planet
agrees with the position assigned by the earlier observers
to the equatorial belt, and that no trace of the latter is
visible upon the planet in the present day. He therefore
arrives at the conclusion that the obscure ring has ex-
isted around the planet, at least since the- time when
telescopes were first constructed of sufficient optical
power to exhibit the belts upon his disc.

The breadth of the space which separates the inner edge
of the interior bright ring and the body of the planet hav-
ing exhibited a considerable discordance as measured by

“himself in 1851, and by his father in 1826, M. Otto Struve
instituted a careful examination of the various measure~
ments of preceding astronomers relative to the dimensions
of the planet and the rings. By a comparison of the micro-
metrical measures of Huygens, Cassini, Bradley, Her-
schel, W.'Struve, Encke and Galle, with the correspond-
ing measures executed by himself, he found that the
mner edge 'qf the interior bright ring 45 gradually ap-
proaching the body of the Dlanet, while at the same time
the total breadth of the two bright rings s constantly
increasing. - The earlier measures employed in this com-
Pparison are, however, founded upon certain assumptions
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relative to the effects of irradiation, and can not there-
fore be regarded as altogether trustworthy. From a com-
parison similar to that instituted in the previous case, M.
Strave infers, that during the interval which elapsed be-
tween the observations of J. D. Cassini and those of Sir
William Herschel, the breadth of the inner ring had
increased in a more rapid ratio than that of the outer
ring. The subsequent measures seem to indicate a
reversal of thig process. °

'~ By observations made by Mr. Lassell at Malta in 1852,
it appears that the new ring is transparent to such a
degree, that the body of the planet can be seen through
it. The following. is the language of Mr. Lassell : * Per-
haps the most remarkable phenomenon which I now
notice for the first time is the evident transparency of
the obscure ring; both limbs of the planet being dis-
tinctly seen through it where it erosses the ball, quite
through to the edge of the inner bright ¥ing. To my
apprehension I can not better describe the entire aspect
of the obscure ring than by comparing it to an annulus
of black crape stretched within the bright ring, which,
when projected against the black sky, as at the curve,
would, from its reflecting some light,‘“appear of a dark
gray shade; and when projected on the ball, would, from
the transmission of 4 portion of the reflected light of the
ball, appear of a much lighter gray. What the precise
nature of this marvelous appendage can be would be
an interesting subject of speculation, exhibiting as it were
2 connecting link between nebulous and solid- matter.



DISCOVERY OF A NEW RING TO SATURN. 117

- The precise definition of its edges renders it unlike any
other specimen of nebulee; while on the other hand its
certain m'anslucency deprives it of all resemblance to the
other solid bodies of our system.” The drawing on page
115 is copied from one furnished by Mr. Lassell from his
observations made at Malta in 1852. :

Mr. G. P. Bond maintains that Saturn’s ring is in a
fluid state, or at least does not cohere strongly. The
following are some of the considerations upon which he
founds this conclusion. Several observers, among whom
are Kater, Encke, De Vico, and Lassell, have seen di-
visions both of the outer and inner ring.. On the other
hand, some of the best telescopes in the world, in the
hands of Struve, Bessel, Sir John Herschel, and others,
have given no indication of more than one division,
when the planet has appeared under the most perfect
definitior. The fact also that the divisions on both rings
have not usually been visible together, and that the
telescopes which have shown distinctly several iﬁtérv_als
in the old ring, have failed to reveal the new inner ring,
while the latter is now seen, but not the former, indicates
some real alteration in the disposition of the material
of the rings.

These facts are most easily explained by supposing
that the rings are in a fluid state, and within certain
limits change their form and position in obediegce to the
laws of equilibrium of rotating bodies. This hypothesis
i favored by considerations. drawn frém the” state of
the forces acting on the rings. On, the assumption that

“*
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" the matter, of which the Ting is composed, is in a solid
state, we may compute for any point on its surface the
sum of the attractions of the whole ring and of Saturn,
The centrifugal force generated by its rotation, may thus
be determined from the condition that the particle mugt
remain on the surface. Now, in the case of a solid ring,
particles on the inner and. outer edges must have the
same period of rotation. This condition limits the
breadth of the ring; for, ifit be found necessary for the
inner and outer edges to have different times of rotation,
this can be accomplished only by a division of the ring

- into two or more parts. From careful computations, he
has inferred the necessity of admitting a large number of
rings, provided they are solid. But there are numerous
objections to admitting a large number of small rings
near each other, and to avoid these difficulties, he adopts
the hypothesis of & fluid ring.  If in its normal condition
the ring has but one division, as is commonly seen,
under peculiar circumstances it might be. anticipated that
the preservation of their equilibrium would require a
separation in some regions of either the inner or outer
ring; this would explain the -fact of ococasional sub-
divisions being seen. Their being visible for but a short
time, and then disappearing,_' to the most powerful tele-
scope, is accounted for. by the removal of the sources of
disturbange when the parts thrown off would re-unite,

- Professor Peirce has undertaken to show, from purely
mechanical considerations, that Saturn’s ring can not be:

ot o
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solid, He maintains unconditionally that there is no con-
ceivable form of irregularity and no combination of ir-
regularities cousistent with an actual ring, which would
serve to retain it permanently about the’ primary, if it
were solid. He maintaing that La.place s statement of the
sustaining power of an 1rregu1ar1ty, was a careless sug-
~ gestion, which .was. dropped at random, and never sub-
jected to the serutiny of a rigid analysis. Moreover the
fluid ring can not be regarded as one of real permanence
without the aid of foreign support. This support he
finds in the action of the satellites. The satellites are
~ constantly disturbing the ring, and yet they sustain, it in
the very act of perturbation. No planet, he thinks, can
have a ring unless it is surrounded by a sufficient number
of properly arranged satellites. ) ,
We might hope to obtain important information re-
specting the constitution of the rings of Saturn, if it could
be observed in its passage over some bright star. In that
case the ligh of the star might be seen through each suc-
cessive opening between ring and ring, provided the
width of the opening were sufficient to allow the visual
ray to clear the thickness of the rings. It would be im-
portant to notice whether the light of the star dlsappeared
suddenly behind each of the rings in succession, or
whether thete was any appearance of refraction. VWhis-
ton informs us that Dr. Clarke’s father saw a fixed star
between the ring and the body of the planet and Pro-
fessor Roblson mentlons a star'’s having been seen in the
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interval between the two bright rings.*  Opportunities
of this kind are of exceedingly rare occurrence, and it is
of the highest importance that they should always be im-
proved by nice micrometrical measurements.

# Smyth’s Celestial Cycle, v. i, page 193.
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CHAPTER II.

RECENT ADDITIONS TO OUR KNOWLEDGE OF COMETS.

SECTIO N I
| THE GREAT comm" OF 1843.

MODERN astronomers were generally agreed that the
ancient accounts of comets were greatly exaggerated ;

for, said they, since we have had careful ‘and scientific

observers, the appalling comets of antiquity have dis-
appeared. 'What then shall ‘we say of a comet in the

- nineteenth century, rivaling the noonday splendor of the

sun? :

On Tuesday, the 28th of February, 1843, a brilliant
body resembling a ‘Comet, situated near the sun, was seen.
in broad daylight, by numerous observers in various parts
of the world. It was seen in each of the N. ew England
States (except, perhaps, Rhode Island), in Delaware, at
Halifax, N. S, in Mexico, in Italy, and it is said also in

the East and West Indies. It was seen in New England

as early as half-past seven in the morning, and continued

till after 8 p.ar, when the sky became considerably ob-

scured by clouds and haziness. The appearance was that
6
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of a luminous globular body with a short train—the
whole taken together being found by measurement about
one degree in length. ‘The head of the comet, as ob-
served by the naked eye, appeared circula,r';‘ its light
equal to that of the moon at midnight in a clear sky;
and its apparent size about one eighth the area of the full
moon. Some of the observers compared it to a small
cloud strongly illuminated by the sun. The train was of
a paler light, gradually diverging from the nucleus, and
melting away into the brilliant-sky. An observer at
. Woodstock, Vt., viewed it through a common three feet
telescope. It presented a distinet and most beautiful ap-
pearance—exhibiting a very white. and bright nucleus,
and. a tail dividing near the yucleus into two separate
branches. At Portland, Me, Captain Clark measured
the distance of the nucleus from the sun, the only meas-
urement (with one exception) known to have been made
in any part of the globe before the 8d of March. At 8h..
2m. 15s., mean time, the distance of the sun’s furthest
limb from the nearest limb of the nucleus was 4° 6’ 15”.

In Memco, Lat 26°:8' N., Long. 106° 48’ W. of Green-
wich, the comet; was observed from nine in the morning
until sunset by Mr. Bovmng, and  the altitude of the
comet Tepeatedly measured with a sextant. Professor
Bianchi, of Modena, in Italy, writes that on the 28th of
February, the comet was seen by numbers at Boulogne,
Parma and Genoa. ‘

. It is'said also that Captain Ray, being at Conception, .
in South. America, saw the comet on the 27th of Feb-
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ruary, east of the sun, distant about one sixth of his diam-
eter. , C

The comet was seen at Pernambuco, Brazil, and in Van
Dieman’S'Land,‘ on the 1st of March. On the second, it
was seen in great brilliancy at St. Thomas, and by various
navigators in the equato;;i“alregidns. On the evening of
the 8d, it was noticed at Ke'y West, and excited much at-
tention, On the 4th, it was seen by a few in the latitude
of New Ybrk,va‘n_d on,Sunday 9venihg the 5th, it was
noticed very generally. From this date, until about the
close of the inonth, it presented a most magnificent spec-
tacle every clear evening in the absence of the moon.
As seen near the equator, the tail had a darkish line from
its head through the center to the end. - It was occasion-
ally brilliant enough to throw a strong light upon the
sea. The greatest length of tail wags, about the 5th of
March, 69° as measured with a.“sax‘tant, e@d it was ob-
served to have considerable curvature. One Qbééi‘ver de-
scribes it ag imlelongat@d‘, Bimgchﬁ Tod sbghtly curved, and
haying a‘brq'adthjof;o*ne degreea At the Cape of Good
Hope, on the 8d, it is desoribed. as a double tail, about
25° in length, the two streamers making with each other
an angle of about a quarter. of a degree, and proceeding
from the head in perfectly straight lines, ";‘[fhgwgréatest
length of tail bbserved in the’ United . States, was about
50°  The ecurvature of the tail upward, th ugh. very
noticeable, scarcely exceeded two degrees, ./ The first ob-
servation of the nucleus (with the exception of the noon- v
day observations) is believed to have been made at the — _
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Cape of Good -Hope, on the 3d, after which it was ob-
served regularly until its disappearance. . At Trevandrun,
in India, it was observed from the 6th ; at*Cambridge,
Mass, it was observed on the 9th, and at numerous Pplaces
on the 11th. The first European observation of- the nu-
cleus was made on the 17th at Rome and N. aples, after
which it was seen at most of the continental observatories
. till the end of March. TR REEE
The comet nowhere continued visible many days. It
was seldom seen in Burope after the lst of April. The
~ last observation at N aples was on the 7th. Only one
later observation has been announced from Europe. This
was at Berlin, on the 15th, when Professor. Encke thought
he caught a faint glimpse of the comet, but it could not
be found again on the subsequent evening. The most
complete series of observations in this country was made
by Messrs, Walker and Kendall of Philadelphia, where
the comet was followed until April 10th. At Hudson,
Ohio, the comet was seen for the last time April 6th.

A great many astronomers have computed the orbit of
this comet, 4nd have obtained very extraordinary results.
The comet receded from the sun almost in a straight line,
so that it required careful observations to determine in
which direction the comet passed round the sun, and some
at first obtained a- direct orbit, when it should have been
retrograde. 'The perihelion distance was extremely small,
very little exceeding the sun’s radins. Some have ob-
tained a smaller quantity than this, but such a supposi-
tion ‘seems to involve an impossibility. It is. certain,
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however, that the comet almost grazed the sun; perhaps
some portion of its nebulosity may have come into direct
collision with it. The best orbits give a perihelion dis-
tance of “0056, or a distance of 90,000 miles from the
sun’s surface, which is equal to about one ﬁfbh of the sun's
radius.

The veloelty with which the comet whirled round the
sun at the instant of perihelion was prodigious. This
was such as, if continued, would have carried it round
the sun in two houts and a half ; in fact, it did go more
than half round the sun in this time. In one day (that |
is from twelve hotrs before, to twelve hours after peri-
helion " passage), it mede 291 degrees of anomaly; in
other Words, it made more than'three quarters of its
cireuit round the sun. In 40 days, the period of its
visibility, it had described 173 degrees from perlhehon
while to describe the next seven “degrees requires a
period of many years, and perhaps centuries.

The head of this comet was exceedingly small in com-
‘parison with its tail. When first discovered, many were
unwilling to ‘believe it a comet because it had no head.
The head was proba,bly nowhere seen by the naked eye
after the first days of March. -~ At the close of March the
head was so faint as to render observatmns somewhat
difficult even with a good telescope, While the tail might
still be followed by the naked eye about thirty degrees.
Bessel remarked that “ this comet seemed to have ex-
hausted its head in the manufacture of its tail” Itis
not, however, to be hence inferred, that the tail was



THE GREAT COMET OF 1843. 127

really brighter than the head, only more conspmuous
from its greater size. ‘A large object, though faint, is
much more noticeable than a small one of intenser light.
Thus the milky- -way is little more than an assemblage
of faint stars, no one of which singly would malke any
distinct impression upon the naked eye. ‘

The nearest approach of the comet’s hesd to the earth
" was about 80 millions of miles, being very soon after the
- perihelion passage. The absolute diameter of the neb-
ulosity surrounding the head was about 36 ,000 miles.
The apparent length of the tail has already been stated ;
but the absolute dimensions were still more extraordmary
The following table was -computed from the best ob-
servations, and shows the progress of the formation of
the tail affer perihelion. The comet passed its perihelion

on the afternoon of February the 27th, Greenwich
time.

Lexﬁﬂx of tail, ) ’ ) Lengﬁh of tail

- February 28, . 85,000,000 March 15, 103, 000 000

. Mareh ‘1, ' 55, 000 000 | 17, 106 000 000
g 2, 70 000 000 Con 18 10(; 000 000

yoo ke 3, 82 000, ,000 ~ « 19 107 000 000
Lo 4 91 000 000 “ 20 107 OOO 000
“ 5, 96, 000 ,000 “ 21 108, OOO 000

“ 6, 9) 000 000 , “ 24— 108 000 000
e 100 000 000 “ 2() 106, 000 000

“ 8, 101 000 000 w o 27 100 000 000

« ‘) 102 000 000 “ 30 101 000 000

“« 11 103, 000 000 “ 31 08, 000 000

“ 13 104.- 000 000 Aprﬂ 1 95, 000 000

" The visible portion of the tail attamed its greatest
length early in March, remained nearly stationary for
some time, and during the first week of April suddenly
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disappeared, from increased distance, without any great
 diminution of length. The comet doubtless had- a tail
Dbefore perihelion, but it seems physically impossible that
this should have formed any part of that which was seen
after perihelion. The tail was turned nearly toward the
earth on the night of February 27 th, in such a- direction,
that had it reached the earth’s orbit, it would have passed
fifteen :millions of miles south of us, Its length was,
however, at that time, insufficient to reach any consider-
able part of the distance to the earth. ‘ '

What gave. the comet its extraordinary brilliancy on
the 28th of February ? - Evidently its p’roiimity to the
sun. The day before it had .almost grazed the sun’s
disc.  The heat it received, according to the computa-
tions of Sir John Herschel, must have been 47,000 times
- that received by the earth from g vertical sun. The
rays. of the sun united in the focus of g lens thirty two
inches in diameter, and six feet eight inches focal length,
have melted carnelian, agate and rock crystal. The heat
to which the comet was subjected must have exceeded by
twenty-five times that in the focus of such a lens. Such
a tempefatux?e would have -converted into 'vapor almost

every substance on the earth’s,}sarﬁée 4. and if any thing
 retained the solid form, it would. be in a state of intense
ignition. The comet on the 28th of February was red
hot—and for some days after its perihelion, it retained a
peculiar flery appearance. In the equatorial regions, the
tail is described as resembli'pg “a siream of fire from a
furnace.” The reason why the tail was seen on the 28th,
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was, that it was turned almost directly toward the earth,
and we therefore saw it in the direction of ats length.

Has this comet ever been seen before? In the year
1668 a comet appeared very similar to the present one.
Cassini saw the tail at Boulogne, March 10, and sub-
sequently an hour after sunset; but the head was
plunged in the rays of the sun. The tail was 45° in
length, and 'extended almost honzontally from- west to
south. Tt was so brilliant that its image was distinctly
seen reflected from the sea; but this brightness lasted
only three days, = The head was small and faint, and
difficult to be seen. Professor Henderson, of Edinburg;
computed the orbit of this comet, and obtained a result
very similar to the early results with the comet of 1843.
He then assumed the elements of the latter comet and
from them computed the places in 1668. The results
accorded pretty well with the observations. Mr. Peter-
son has made the comparison with corrected elements,
and found the accordance still better: On the whole,
it appears that the: comets of 1688 and 1843 pursued
nearly the same path, and exhibited nearly the same ap-
pearances. ‘ '

A similar comet was seen in 1689. It was not seen in
Europe, but was observed at Pekin, and was most bril-
liant in the southern hemisphere, where the tail attained
the length of about 68°. The head was bright, but the
tail wag paler, and had the shape of a huge saber curved
at the extremity. The orbit of this comet was computed:

by Pingré, and its elements agree pretty well with those
6%
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of the present comet, except, the inclination, which was
too great. Professor Peirce, of Cambridge, has re-com-
puted the orbit and obtained a much better coincidence. -
In short, it appears that the three comets of 1668, 1689,
and 1848, all pursued nearly the same path, and presented
somewhat similar appearences. What are we to infer?
Mr. Walker inferred that these were different appearances
of the same comet, with a period of 21% years, the comet
having made seven revolutions from 1689 to 1848. But
why was it not seen at either of the intérmediate returns?
Becaﬁse"(it is said) the position of the comet was unfavor-
able for observation. From the position of its orbit, the
comet will always have considerable southern declination,
which is unfavorable to its being seen in the northern
hemisphere. This answer is not entirely satisfactory, as
it is improbable that so prodigious a tail should pass un-
noticed during six successive returns,

Professor Schumacher is inclined to .regard this comet
 as identical only with that of 1668, giving'it a period of
175 years. Professor Peirce has madé a comparison of
all the best observations, and his result is that an ellipse
of short period is inadmissible. The observations may .
all be represented by a parabola within the usual limits
of the errors of cometary observamons An ellipse of
about 180 years represents them a little better. Profes-
sor Hubbard, of the Washington Observatory, has re-
cently undertaken a thorough discussion of all the ob-
servations of this comet, and has computed the effect due
to the perturbauons of the planets. He finds the X008t
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probable orbit to be an ellipse of over 500 years. We
seem obliged then, entirely to reject any short period, as
20 or 80 years, and there seems but slight probability
that this comet is identical with that of 1668. It is doubt-
ful whether the period of this comet can be certainly de-
termined until it has been again observed on its return to
the sun, .

‘The following circumstances invest the comet of 1843
with peculiar interest.

1. Its small perihelion distance; being as small as that-
of any comet whose orbit has been computed, and nearly.
as small as is physically possible. v

And 2. Tts prodigious length of tail; being equal to
that of any comet hitherto observed. : '



SECTION II.
FAYE'S COMET OF 1843.

ON the 22d of November, 1843, a telescopic comet was
discovered by M. Faye, of the Paris observatory. It had
a brilliant nucleus, and a short tail like a fan about four
minutes in length. Tt was re-discovered in this country
on the 27th of December, by Mr. J. S. Hubbard, at New
Haven. The comet was closely watched at the European
observatories during December and J: anuary, and at the
Pulkova observatory it was followed until the 10th of
April. The orbit was first computed as usual on the sup-
position of its being a parabola, bit the parabolic elements
being found tnsatisfactory, an elliptic orbit was comput-
ed, and the period found to be about seven years. Its

eccentricity was found to be 0-55, thus forming a connect-
ing link between the asteroids and comets. Hitherto,
there was a well-marked distinetion between planets and
comets. The most eccentric of the planetary orbits is
that of Polymnia (0-337) or about one #hird. The least
eccentric cometary orbit hitherto well . established, was
that of Biela's comet, (0'75), or almost exactly three quar-
ters. Faye's comet, with an eccentricity of one half (0-55)
occupies an intermediate rank, and nearly removes what
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had hitherto been regarded as one of the most distinctive
features of comets

Fope’s Conter

The position of its orbit in the heavens is very-unstable.
At aphelion, its distance from the sun is five hundred and
sixty millions of miles, bringing it into close proximity
to the planet Jupiter. Such a conjunction happened in
1840, at which time the attraction of J upiter for the comet
was about one tenth part of the sun’s, and must have pro-
duced a considerable alteration of its orbit. In 1815, the

_comet probably came still nearer to Jupiter, by which its
former orbit must have been greatly changed. The for-
mer path of this comet “may, therefore, have been very
different from that which it pursued in 1843, and M. Valz
expressed the opinion that this comet was identical with
the famous comet of 1770. The latter comet, at its ap-
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pearance in 1770, was found to be moving in an ellipse,
whose period was only five and a half years, and astrono-
mers were surprised that it had never been seen before.
By tracing back its motion, it was found that at the be-
ginniﬁg of 1767, it was very near to Jupiter, and the two
bodies remained in the neighborhood of each other for
several months. * Computation, moreover, disclosed thé
fact that previous to 17 67, the elliptic orbit which it de-
scribed corresponded not to five, but to fifty years of re-
volntion round the sun. Again, in 1779, according to
Lexell's elements it was 500 times nearer to Jupiter than
to the sun; so that then, notwithstandifg the immense
size of the sun, its attractive power on the comet was not
the 200th part of that exerted by Jupiter. It was found
that on the departure of this comet out of the attraction
of Jupiter in 1779, its circuit could not be performed in
less than twenty years. Thus the action of Jupiter
'brought the comet of 1770 to us in 1767, and removed it
from us in 1779. Moreover, at every revohmon the
comet of 1770 ought to com?® into close proximity to
J up1ter, and: suffer enormous. perturba,tmns and M. Valz
conjectured that the orbit of this comet had been at last
transformed into that of the comet observed in 1843. M,
Le Verrier has undertaken a thorough mvestlga,tlon of
thig questmn and he thinks he has demonstrated that
the comet of 1770 has nothing.in common either with
Faye's comet of 1843, or with that discovered by De

Vico in 1844, or any other comet Whose orbit has been
computed
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M. Le Verrier computed the perturbations of the -
comet arising from the attraction of the planets dur-
ing the interval from 1848 to 1851, and predicted that
this body would return to its perihelion on the 8d of
April, 1851. :

- The comet was seen at the Cambridge observatory, in
England on the 25th of December, 1850, and was fol-
lowed until the 4th of March. It was described as an
extremely faint object, so as to be barely visible. The
Positions assigned to it, scarcely differed at all from those
assigned in the Ephemeris computed from the elements of
Le Verrier. The comet was discovered by Mr. Bond, at
the Cambridge (Mass.) observatory, on the 1st of January,
1851,

Mr. Bond describes the comet as bemg at that time a
very faint object in the twenty-three feet refractor, and as
appearing slightly elongated in the direction of the sun.
The same body was discovered at the Pulkova observa~
tory, on the 24th of January. ‘

- Faye's comet is the Jourth Whmh has been .observed to
return to the sun in conformity to a prediction. Halley’s
comet made its first prechcted return in 1759 ; Encke's
comet in 1822 ; and Biela’s comet in 1832. Several other
comets have been predicted to return, but these: predlc-
tions have not been verified by observation. :

The comet of Faye may be’ expected to arrive at peri-
hehon «@gain in October, 1858. :
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"SECTION III.
DE VICO’S COMET OF 1844.

Ox the 22d of August, 1844, Father De Vico, di-
' rector of the observatory at Rome, discovered a telescopic
comet in the constellation of the Whale. He imme-~
vdiatelly announced the discovery to Professor Schumacher,
of Altona, but his Jetter did not arrive till the 26th of
September. Meanwhile, the comet had been discovered
independently by several different observers. It was
seen by Professor Encke at Berlin on the 5th of Sep-
tember, and.on the 6th it was seen at Hamburg by M.
Melhop, an amateur astronomer. On the 10th of Sep-
tember it was discovered by Mr. H: L. Smith of Cleveland,
Ohio, who observed it every day for nearly a fortnight.
About the third week in September, it was just dis-
cernible with the maked eye, and with slight optical aid
had a very beautiful -appearance;-the nucleus being
bright and star-like, and having a tail about one degree in
length, extending in a direction opposite to the sun.
At the Pulkova observatory, the comet was followed i1l
the 81st of December. - *

It was soon found by M. Faye and others, that the
comet deviated remarkably from a parabolic orbit; and it
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was ascertained that the curve -described was an ellipse
- with a periodic time of about five and a half years. Dr.
Briinnow (formerly of Berlin, but now director of the

observatory at Ann Arbor, Mich.), undertook a thorough
' investigation of all the observations, embracing a period
of ‘more than four months, and took account of all
the planets within the orbit of Uranus. He thus ob- -
tained an orbit which satisfied all the observations with
extreme precision, and indicated that the length of the
comet’s revolution was 1996.5 days, or 54659 years.
This period (supposing its orbit undisturbed) would bring
"the comet back to perihelion about the 20th of Feb-
ruary, 1850; but it happened, very unfortunately, that
when the comet was near enough to the earth to be
otherwise discerned, it was always lost in the sun’s rays;
the geocentric positions of the sun and comet at perihe-
‘ lion being nearly the same, and continuing ‘so for some
months, on account of the apparent direct movement of
both. bodies. Lo

At the next visit, in the summer of 1855, it was sup-
‘pos‘éd that the comet would bé more favorably located in
the heavens, and astronomers looked forward with great
interest for its reappearaﬁce. Dr. Brinnow caleulated
that it would be in perihelion on the evening of August
6th, 1855. Only one observation of this body has been
reported from any part of the world. * On the 16th of May,
M. Hermann Groldéchmidt, of Paris, while searching for .
the comet, found a nebulous body whose right ascension
was 21h. 41m. 45s, ; declination 15° 88'south. Tt was faint,
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but well seen with an object-glass of .80 lines aperture,
and a magnifying power of 85. Its outline was ill defined,
of irregular form, and without tail. :
The above position does not differ much from that
which De Vico’s comet should have occupied if it had
passed its perihelion about five days later than that com-
puted by Dr. Briinnow, and M. Goldschmidt concluded
that he had obtained an observation of De Vico’s comet.
‘But, according to computation, the comet was much
nearer the earth on the 1st of August than it was in
May, and its position in the heavens was more favorable

to its visibility, so that if this comet was really seen in’

’ May, it is difficult to understand why it was not some-
Where seen at a later period. Dr. Briinnow is satisfied
that this supposed observation was a mistake, and that
. De Vico’s comet was no where seen in 1855. He ac-
counts for this failure to find the comet by the faintness

~ of the object and the uncertainty of the ephemeris, owing

to the difficulty of determining the time of perhelion
passage. :

" Messrs. Laug1er and Mauvais, of Paris, computed the
orbit of the' ieomet of 1585 from Tycho's and Rothmann's
observations, and obtained elements very similar to those
of De, Vico's comet. - They, therefore, concluded that the
‘comet of De Vico was identical with' the comet of 1585,
and possibly, also, with those of 1748, 1766 and 1819.

"M. Le Verrier has undertaken, by a computation of the
perturbations, to decide whether this comet hag been ob-
served at any former return to the sun. o concludes
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that this  comet can not be identical with the famous
comet of 7y 0, nor with that of 1585, nor with any other
on record, anless that of 1678, He has shown that there
18 80N Teason to believe that the comet of De Vico is
identical writh one observed in 1678 by La Hire, and re-
corded in - the Histoire Celeste of Lemonnier. Dr, Briin-
now has unndertaker similar computations, and has arrived

at the same  yegylts as Le Verrier, '

e



SECTION IV.

BIELA'S COMET.

Ox the 27th of February, 1826, M. Biela, an Awustrian
officer, discovered a comet; and on computing its ele-
ments, it was found that the same body had been ob-
served in 1805 and in 1772. It was soon discovered
.that the comet made its revolution round the sun in a
périod of six years and two thirds. It was of course pre-
dicted that the comet would return in 1839. Computa-
tion also disclosed another fact, which excited no little
alarm. It was predicted that on the 29th of October,
1882, the comet would cross the plane of the ecliptic at
a distance of less than .20,000 miles from the earth’s path.
Now the comet’s radius, from observations in 1805, had
been determined to be greater than 20,000 miles; from
which it followed, that -a.'portion of the earth’s orbit
would be ‘inclided within the nebulosity of the comet,
It was found, however, that the earth would not arrive
at t}ﬂis-point of its orbit until a full month afterward.
There was, therefore, no great danger of collision; mnever-
theless, no little alarm was experienced by those hot much
conversant with astronomy. The comet returned at the
time ‘predicted, and was observed by Sir John Herschel ;
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but it was extremely faint, and could only be seen in
good telescopes, _ ‘ o
In 1839, this comet must have returned dgain to the
sun; but its position Was most unfavorable for observa-
tion, and it is not known o have been observed at all,
In 1846, this comet returned to its perihelion under
circumstances more favorable for observation. It was
first seen at Rome on the 26th of November, 1845; at
Berlin on the 28th; at Cambridge, England, on the 1st
of December, and afterward at most of the- observatories
of Burope. Tt continued to be observed until the 27th
of April, 1846. 5 o
This return of Biela’s comet will always be remarkable
in its history for an appearance quite new in the annals
of modern astronomy. ‘When first observed through the
five-inch refractor at Yale College, December 29th, it
was seen attended by a faint nebulous spot,-estimated to
be rather more than a minute of space distant from its,
brightest point.  This surprising phenomenon was first
publicly announced by Lieut. Maury of the Washington
obwrva.tory. On the 13th of January, Lieut, Maury dis-
covered, that' instead of ‘being, as usual, a single comet,
it- apparently consisted of two comets moviﬁg through
space side by side. Each body had all the characteristics
of a telescopic comet, being gradually condensed toward
the center, without any well-defined disc; -each being
elongated on the side opposite the sun. For convenience
of description, we will designate one of these bodies by
the name of Biela; and the other as his companion,
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There are three distinct circumstances worthy of a’tf‘-v*~“”f"'
tion—their relative magnitude, intensity of light, and £#5~
tance from each other.

On the 13th of J' anuary, the companion was es‘nilnmﬁmjﬁ
" to have one eighth the magnitude of Biela; from thiis
time it steadily increased until the middle of I*’ebrltut‘!*ji” v
when it was judged to be equal to Biela ; after whiclx mv?*
rapidly declined, until it disappeared during the month © ¥
March. :

Agam, on the 13th of January, the light of the coxxy~
panion was estimated to have one fourth the intensity ©f
- Biela; from which time its light increased till the micl<iles
of February, when it was judged to be somewhat brighte s

Aprmnmém OX BIELA'S OOMNT.
Mareh 80, 1846, Feb. 18, 1846, Dec. 29, 1845,

than B1e1a affer which it rapidly dechned and on thuer
- 1stof March could with difficulty be seen, although Bielsa
remained quite . conspicuous. At the close of March thes
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comet appeared single, and so continued until the 2Tth
of April, Wﬁen it entirely disappeared. _ .
Also on the 18th of J. anuary, the distance of the com=
Ppanion from Biela was estimated at about two minutes of
space; near the middle of February it was five minutes ;
on the first of March the distance was ten minutes; and
at the close of March it was fiffeen minutes, L
The preceding facts afford abundant materials for spec~-
ulation. What was the relation of these two bodies?
The appearances, when first noticed, suggested -the idea’
that the companion was a satellite to Biela. Such an idea
is now inadmissible. It is found that all the observations
are very well represented by supposing that each nucleus
described an independent ellipse-about the sun. Profes-
sor Hubbard, of the ‘Washington observatory, has com-
puted the orbits, and finds that all the observations of
each ﬁmléus may be represented by an elliptic orbit within
the probable limits of the errors of such observations;
from which we must conclude that the disturbing in-
fluence of one nucleus ‘upon ‘the other must have been
extremely small, and the observations do not appear to
be suﬁ&ciently brecise to render this influence in any de-
gree sensible. The following table shows the distance
of one nucleus from the other, in a straight line, expressed
in English miles according to the elements of Professor
Hubbard: : - : '

Distance. '  Distance,

1845, Dec. 1, 117,000 miles, 1846, Feb. 17, 226,000 miles.
1846, Jan. 20, 198,000 25, 216,000 «
28, 213,000 « March 5, 202,000 ¢

Feb. 9, 227,000 « ‘ 21, 170,000 "
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. Thus it appears that these two bodies, during the t;x;::z
period of their visibility, remained at a distance rann
each other less than the mean distance of the mooT: fjm ri
the earth; nevertheless, the perturbations arisings Xx*;w ‘"
their mutual attraction, did not change their positiox1 W
yond a very small number of seconds at the utmost, wf’f * "’“f
which we must infer that their masses were excessive ly

* small.

Biela's comet reappeared August 25, 1852, and -

tinued visible till the 28th of September. The chamia e
of relative brilliancy of the two comets were similar‘ Lt
those observed in 1846. For convenience of distimeticsm
we will- call the most. southern comet A, and the xracwst
northern B. Thecomet A. was obgerved from® Avaggiist
25th to September 25th. The comet B was nos nmmimi
until September 15th and was followed until Septexm bwesr
28th. On the 15th of September, A was fainter thaxy I3 ;
on the 19th A was brighter than B; on the 20th otk
comets had the samé brightness; while on the 28d  mzcd
25th A was fainter than B, :
«-The-apparent distance of one comet from the other dwur-
ing the whole. time of their visibility. was about half m
degree. . The absolute: distances: of ithe comets froma @ausks
other according to the computation. of Professor D’ A rreat
were aéfo]lo%vs: . »

- Distance. : Distance.. .
1852, Aug. 27, 1,601,000 miles, 1852, Sep. 16, 1,616,000 xon KL,
31, 1,531,000 «, 20, 1,624,000 =
~ Bep. 4, 1,659,000 ¢ 24, 1,625,000 it
-8 1,682,000 . ¢« - .28, 1,619,000 *
12, 1,601,000 ¢ ,

a0
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Thus it appears that during the entire period of the ob-
servations in 1852, the distance of the two bodies from
each other remained nearly constant; and this distance
was riearly seven times as great as the greatest distance in
1846. A comparison of the ohservations made in 1852
with those made in 1846, might be expected to determine
the orbit of each comet with great precision. But here
an unexpeeted difficulty presented itself T seems im-
possible to decide whether what was known as the pri-
mary nucleus in 1846, is the same with the comet A or B
in 1852; for all the observations are about equally well
represented by either hypothesis, but there is a slight dif-
ference in favor of the hypothesis that the comet B in
1852 was the same as what we have called the primary
nucleus in 1846,

What then is the history of these two bodies? Are
they both new comets—is one a new comet and the other
Biela—or are hoth of them parts of Biela ? :

We have seen that the distance of the two comets from
each other in 1852 was more than one and a half rhillions
of miles, while in 1846 it was. only about 200,000 miles.
On the 1Ist of December, 1845, the -distance was only
117,000 miles, and by following both bodies backward we
find that about the last of Septeraber, 1844, their distance
from each other was only 15,000 miles. Now thefadius'
of the primary nucleus has been computed to be 20,000
miles; from which we must conclude that the two bodies
were in contact in September, 1844, and each body was

within a few hours’ motion of the place where Biela’s
7
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comet should be at that time, from caleulations baged on
its path when seen in 1882. No doubt then Biela has
been separated intortwo parts, and the separation probably
took place in the latter part of the year 1844. With re~
gard to this last conclusion there is perhaps some room
for question. The exiraordinary changes of brightness
which the two nuclei exhibited both in 1846 and 1852
clearly indicate that the brightness of these objects does
not depend merely upon their distance from. the earth
and sun, but upon other unknown causes. These causes
might have developed sufficient brightness in the com-
- panion, at its last two returns to the sun, to render it
visible to us; while at its former returns, on account of
its unfavorable position, the companion was too faint to-
be noticed. .

What has caused this separation of the comet into two
portions? Was it caused by collision with some foreign
body? Such a collision would have materially changed
the figure of the orbit, and therefore we. can mot suppose
it to have taken place since the observation of the comet
in 1772, when it was found to be pursuing nearly the
same path as at present. Tt is probable that in. case of an
encounter with some other body, both bodies would have
moved on in some new orbit., N

- Was it caused by an explosion arising from some in-
ternal force? Forces of this kind we see in operation in
our own globe, ejecting liquid mountains from the howels
of the earth. The surface of our moon bears marks of
similar agency—the sun appears agitated by powerful
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forces, perhaps the expansion of gaséous substances. If
we knew that Biela’s comet was a solid Body, we might
easily suppose it to have been divided by some force
similar to voleanic agency. But most of the matter of
this body is of the rarest kind ; and it may be doubted
whether any part of it is in a solid state. '
Weas this separation caused by a repulsive force emanat-
ing from the sun? The phenomena exhibited by Halley’s
comet at its return to the sun in 1835, require us to ad- -
mit the existence of repulsive as well as attractive forces.
The effect of the sun’s repulsion upon the atmosphere of
the comet, would be to distort it from the spherical form,
which it weuld assume under the attraction of the nucleus
alone—to crowd the particles on the side next the sun
nearer to the nucleus, and to drive those on the opposite
side further from it—causing an oval form, whose length,
as cérﬂpared with its breadth, would be the greater, the
stronger the repulsive force is supposed ; and the repuls-
ive force may be conceived to ‘become so great as to
drive the remofer particles beyond the influence of the
nucleus, and earry them off into space. It is mecessary,
in the opinion of Sir John Herschel, to suppose that the
tail is attracted by the nucleus, otherwise they would at
once part company. The compound mass of the comet is
therefore urged toward the sun by the difference of the -
total attractive and repulsive forces; and so long as the
repulsive power is insufficient to separate them, they will
revolve together as one body, continually elongating
itself’ as it approaches the sun, and on the position of
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whose longer axis the sun exercises a directive power, as
it would on a magnet, if it were itself magnetic ; or rather
as a positively electrified body would on a non-conduct-
ing body of elongated form having one end positively,
and the other negatively excited. : ‘
As a comet approaches the sun, a portion of its matter
appears to be converted into vapor. In this vaporization,
the two electricities might be separated, the nucleus and
tail being in opposite electrical states. If now we sup-
pose the sun to be in a permanently excited electrical state,
we have an explanation of ‘the repulsive force which has
been ascribed to the sun. If the repulsive force of the
sun upon the particles of the tail should owercome the
attraction of the nucleus, they must be driven off irre-
coverably. * Such a 'separation “could hardly be accom-
plished without carrying off some portion of the gravi-
tating matter ; and thus a new comet would be formed,
as in the case of Biela. o
Sir John Herschel mentions another mode in Whmh
the division of a comet might be effected. The oscilla-
tions of a fluid covering a éentral body may, under cer-
tain conditions as to the coercive power of that central
mass, cease to continue of small extent, and may increase
in magnitude beyond any limit which analysm is capable
of assigning, even to the extent of destroying the con-
tinuity of the fluid, and separating 1t into. distinct masses.
If such an emreme case could ever occur, it must be in a
comet like Biela's, consisting of a mass of vapor with -



BIELA’S COMET. , 149

very 11tt1e cohesion, and in which the attractive power of
the nucleus is cxceedlngly small.

. Professor Santini, by employing Plantamour’s elements,
had computed that this comet would arrive at its perl-
helion in 1852, Sept, 28. 7 2, Berlin mean time. Amn. error,
however, has been detected in Plantamours computations,
which being corrected, reduces the time of perihelion
passage to Sept. 25.26. The mean time of passage of the
two nuclei was found to be Sept 28.86; that is, the comet
reached its perlhellon nearly two days earlier than the

time computed from observations at the preceding return.
Encke’s comet exhibits a similar peculiarity, and this fact
is accounted for, by supposing that a thin ethereal me-
dium pervades the planetary spaces, sufficiently dense to,.
produce some impression upon a comet, but incapable of
exercising any sensible influence on the movements of
the planets. '

. The Imperial Academy of Sciences of St. Petersburg,
has proposed the theory of Biela’s comet as a prize prob-
lem the memoirs to be presented on the 1st of August,
1857. The Academy demands a rigorous investigation
of the elements of the orbit described by the center of
gravity of the comet, founded on a discussion of all the
observations from 1772 to 1852. . ‘



"SECTION V.
MISS MITOHELL'S COMET.

THis comet was discovered on the st of October,
1847, by Miss Maria Mitchell, of Nantucket. As a Te-
laxation from the severer toil of a systematic course of
observatmns, she had employed the intervals through the
precedmg year in sweeping for comets; but her labors
had hitherto been only rewarded by a familiarity with
cc»mei:—res.enﬂohnc>v nebule, which she had constantly and
carefully recorded. The instrument employed on these
occasions was a forty-six inch refractor, with an aperture
of three inches, mounted on a tripod, and furnished with
a terrestrial eye-piece of moderate power. On the eyen-
‘ ing of October 1st, a circular nebulous ‘body appeared in
the field of the telescope, a fow degrees above Polaris.
There was scarcely a doubt of the cometary character
of this object, inasmuch as the" region which it occupied
had frequently been examined. Still, as the obJect was
faint, and the weather uncommonly clear, a poss1b111ty
existed that this too was a nebula not before observed.
- On the evening of the 2d, its change of place was mani-
fest. No.appearance of condensation of light toward its
center, not any 1ndlcat10n of' a train, could be detected.
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It is evident that its apparition, even to the telescope, was
sudden. Its first apparent motion was inconsiderable,
and the region of its discovery had been constantly
swept over by the assistant observer at Cambridge, with
his excellent comet-secker, even as late as the previous '
_evening. This idea is sgrengthenedqby the subsequent
rapid increase of the brilliancy of the comet, and the
acceleration of its apparent métion. On the third, its
motion and brightness had much increased, and there was
noticed a slight increase of light toward its center. On
the 4th, all observations were prevented by the weather.
On the 5th the evening was delightful. At an early
period it was evident that the comet must pass over a
fixed star of the fifth magnitude, and preparations were
made to note the beginning and the end of the transit;
but'the border of the comet proved too uncertain to rely
upon. At 10h. 54m., the star appeared to be exactly in
the center of the comet; and during several seconds. it
was impossible to determine, with  a power of 100, in
which direction was the greatest extent of nebulosity, It
. appeared in fact like the nucleus of the comet shining
through it with undiminished brilliancy.

On the 6th the comet was visible to the naked eye, and
continued to inerease in brightness till obscured by. the
light of the moon. On the 9th, as seen at Cambridge, it
. exhibied a faint train, a degree and a half in length, and
opposite to the sun. ' ‘

This comet was discovered by M. De Vico, at Rome,
on the 8d of October; it was discovered by Mr. Dawes,

\
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of England, on the 7th; and on the 1lth it was dis
covered by Madame Riimker, of Hamburg.

As there was no doubt of Miss Mitchell’s having been
the first discoverer of this body, she seemed fairly entitled
to the gold medal offered by the King of Denmark for
the first discovery of a comet. In consequence, however,
of her .not having complied s?;rictly with the conditions
of giving immediate notice of the discovery by letter to
Professor Airy, it was for a time doubtful whether the
wedal would not be awarded to M. De Vico. A full
statement of the circumstances of the discovery having
been made to the King. of Denmark, his majesty ordered
a reference of the case to Professor ‘Schumacher, - who
reported in favor of granting the medal to Miss Mitchell.
This report was accepted by the king, and the medal has
been transmitted accordingly. This is the first instance
in which the gold tedal, founded by the King of Den-
mark in 1881, for the first discovery of a comet, has been
awarded to an American, and the first instance in which
it has been awarded to a lady in any part of the world.

Miss ‘Mitchell has since been provided with a comet-
seeker of a very large ‘apertute, the manufacture of Mz,
Fitz of New York, and the public will therefore look for
additional discoveries from the same quarter. . N

L



-SECTION VI.
THE BXPECTED, RETURN OF THE GREAT COMET OF 1264.

ONE of the most splendid comets mentioned in his-
tory is that which made its appearance in the middle of
the year 1264. Tt is recorded in terms of astonishment

by nearly all the historians of the age; mo one then
~ living had seen any to be compared with it. It was at

the height of its splendor in' the month of August, and
during the early part of September. When the head was
Jjust visible above the eastern horizon in the early morn-
ing sky, the tail stretched out past the mid-heaven toward
the west, or was fully 100° in length, Both Chinese and
European writers testify to its enormous magnitude. In v
China, the tail was not only 100° long, but appeared
curved ‘in the form of a saber. It continued visible until
the beginning of October, historians generally agreeing in
dating its last appearance on the 2d of Qctober, or on the
night of the death of Pope Urban IV., of which event it
seems to have been considered the precursor. Rough
approximations to the elements of this comet were at-
tempted by Mr. Dunthorne in the middle of the last
century, and subsequently by M. Pingré, the well-known
French writer on the history of comets.

In the year 1556 another splendid comet made its ap-
v .
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pearance. It was seen in some places near the end of
February, and was equal in size to half the moon. Its
beard was short, and was unsteady. It exhibited a move-
ment like that of a flame, or a torch disturbed by the
wind.. The length of its tail was about four degrees; its
color resembled that of Mars, but somewhat paler. On
‘the 12th of March it had reached a north declination of
42°, and it moved over 15° of a great circle in a day. It
was then distant from the earth only about seven millions
of miles, and showed considerable train. It continued
visible until the 23d ‘of April, when it disappeared in
consequence of its proximity to the sun. Dr. Halley,
the second astronomer royal of England, computed the
elements of this comet; but owing to the imperfect nature
of the observations, his elements were not considered
very exact. Mr. Dunthorne’s results for the comet of
1264 were so similar to those which ‘Halley had given
for the comet of 1556, that he was immediately led to
- conclude these two bodies to be identical, and the period
. being probably about 292 years, he surmised that a re-
_ appearance might be expected about 1848. ,
About twenty years later, M. Pingré collected together
all the accounts he could find relative to -the comet of
1264, and the result of an elaborate investigation was
that the paths of the comets of 1264 and 1556 might be
represented with tolerable accuracy by elements very
closely similar; and hence he regarded those bodies as
identical, and coincided with Mr. Dunthorne in’ anticipa- *
ting its -re-appearance about the year 184:8
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Between the years 1843 and 1847, Mr. Hind of London
investigated the question of identity anew, and he con-
cluded that the comets of 1264 and 1556 were very
probably the same, and that a return to perihelion might ‘
be expected about the middle of the minefeenth century. -

M. Bomme, of Middleburg, in the Netherlands, has
computed the effects that will be produced on the period
-of the comet’s return by the wunited attraction of the -
planets. With Dr. Halley's elements it was found that
at the time the comet was visible in 1264, it was moving
in an ellipse, with a periodic time of 112,469 days, or
808 years; but perturbations, owing to planetary at-
traction, quickened the return of the comet by no less
than 5908. days, so that it was in perihelion in April
1556, and at that time the revolution corresponding to
the elliptic arc described was 112,943 days. Starting
again from this epoch, M. Bomme ascertained that the
next revolution should occupy 111,146 days, bringing
the comet to its perihelion on the 22d. of August, 1860, at
which time the revolution will be 118,556 days. L

Employing Mr. Hind’s elements, it was found that in
1264 the ellipse described by the comet had a period of
110,644 days, or 802.922 years, and that planetary dis-
turbances expedited its return by 4077 days. At the time
it was visible in 1556, its mean motion corresponded to
a period of 808.169 years. The present revolution
should be shortened by perturbations 8828 days, or
10.48 years, and the comet should again reach its peri-
helion on the 2d of August, 1858, the revolution belong-
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ing to the major axis at that epoch being 808.784
years.

Hence it appears 'l:hat there is an uncertainty of two
years (between August 1858 ‘and August 1860) in the
time of the next arrival at perihelion, according as the
elements of Dr. Halley or those of Mr. Hind are em-
ployed. _

It is an important circumstance as bearing on the
question of - identity of the comets of 1264 and 1556,
that about 289 years before the former epoch, or A.D.
975, o comet of great apparent magnitude was visible,
which may possibly bave been the same. It exhibited a
tail 40° in length. Assuming the elements obtained by
Mr. Hind for the comet of 1556, and that the perihelion
passage took place early in August 975, it is found that
the observed track may be very closely represented.

Tt is, therefore, inferred that the next perihelion pas-
~sage of the comet of 1264 will take place within two
years of August 1858 ; mearer than this #t does not ap-

pear possible to approximate in the present state 0:(' our
knowledge



" SECTION VII.
THE GREAT COMET OF 1853.

THE great comet of 1858 was discovered by M. Klin-
kerfues at Gottingen on the 10th of June, at which time
it‘was a somewhat faint telescopic object. About the
Tth of August it began to be faintly visible to the naked
eye; on the 20th it was equal to a star of the third or
fourth magnitude ; on the 25th it was equal to a star of
the second magnitude ; on the 80th it was as bright' as
one of the brightest stars of the first magnitude. From
the 80th of August to the 4th of September, although
the comet was distant but a few degrees from the sun’s
‘place, it was seen and well observed each day in full day-
light by M. Schmidt of Olmiitz. On the 81st of August
" he made a series of observations of the comet’s place
with his telescope about mid-day, although the comet
was only twelve degrees from the sun; and on the 2d,
8d and. 4th of September, he observed it at mid-day,
although only seven or eight degrees from the sun. Also
on the 8d of September, about noon, Mr. Hartnup, of the
Liverpool observatory, saw the comet distinetly with his
telescope. ‘

For a month after the discovery of this comet, it ex-
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hibited an oval form, its greatest diameter being abous
three minutes, After this date it became more elon-
gated, and by the first of August had attained a length
of ten or fifteen minutes. On the 20th of August it ex-
hibited a tail about one degree in length ; and during the
next ten days the tail rapidly increased, attaining at last -
a length of about fifteen degrees.

The comet passed its perihelion on the Ist of Septem-
ber; and it is not known to have been seen any where
in the northern hemisphere after the 4th of September.
On the 16th of September the comet was noticed at
Santiago de Chili, and was observed there till the 7th of
October. Tt was visible to the naked eye, its nucleus
being very well defined ; but its tail was so faint, that it
was scarcely possible to determine its length. At the
Cape of Good Hope the comet was seen and carefully
observed from the 11th of September until the 11th of
January, 1854. It was also observed at New Zealand
from the 14th of September to the 10th of October.  On
the 15th of September the length of its tail was about
five degrees, from which time its brightness daily
diminished. - o S

All the cbservations of this comet are tolerably well
'represented‘ by. a parabolic orbit.



CHAPTER III.

Ld

ADDITIONS TO OUR KNOWLEDGE OF THE FIXED STARS
AND NEBULZ.

SECTION I.
DETERMINATION OF THE PARALLAX OF FIXED STARS.

. UNmIL recently, astronomers had been unable to meas-
ure the distance:of a single fixed star. The parallax
arising from the motion of the earth in its orbit,ceven for
the nearest fixed star which had been examined, remained
concealed among the small errors to which all astronomical
observations are liable. Nevertheless, it was gencrally
agreed among astronomers that no star visible in north-
ern latitudes, to which attention had been directed, mani-
fested an amount of parallax exceeding a single second of
are. An annual parallax of one second implies a distance
of about twenty millions of millions of myles, a distance which
light, traveling at the rate of 192,000 miles per second,
requires 8} years to traverse. This being the inferior limit
-which the nearest stars exceed, it is not unreasonable to
suppose that among the innumerable-stars which the
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telescope diécloses, there may be those whose light re-
quires hundreds, and perhaps thousands of ycars to travel
down to us. ‘ L

The diﬁ“rculty of measuring, by direct meridional Qh«
servations, a quantity so minute as the parallax of the
stars, has led astronomers to try a system of diflerential
observations, susceptible of far greatér accuracy. Supptmw
there are two stars at unequal distances from us, so situat-
ed as to appear nearly on the same line of vision. Their
apparent places must be alike affected by aberration, pre-
cession, nutation, refraction and instrumental crrors; so
that although it is difficult to determine the true right
ascension and declination of either star within one second
of arc,uwe may measure the difference of position of one
star from the other with extreme precision, without the
necessity of taking account of the pregeding corrections.
Now the difference of position of the two stars, if mocus~
ured for every season of the year, gives us their differcnce
of parallax; and if one star is several times more distant
than the other, this difference of parallax will be sensibly
the entire parallax of the nearer star. This method was
first proposed by Galileo more than two centuries ago,
but it does not appear that he ever attempted to reduce it
to practice. Sir Williama Herschel -attempted to reduce
this method to practice, and for this purpose he selected a
great number of double stars which in consequence of the
inequality of the component members, appeared to he well
adapted to this object. His labors led to the discovery
of a physical connection between the bodies composing
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double stars, but he did not succeed in estabhshmg any
parallax. . .

In the year 1887, the late Professor Bessel applied this
method to determine the parallax of the double star 61
Cygni. This is a small star, hardly exceeding the sixth
magnitude, which had been pointed out for special ob-
servation by the circumstance of its having a very large
proper motion, viz.,’ more than five seconds per year, be-
ing a more rapid motion than had been detected (until
recently) in the case of any other star, on which account
it had been suspected to be comparatively near our sys-
tem. Bessel repeatedly measured the distance of this star
from two other stars in its neighborhood, both of them
very minute, and therefore presumed to be very distant:
and he continued his observations every month, when
practicable, for three years. The distances were measured
by means of a magnificent heliometer, which Fraunhofer
of Munich, had recently executed for the observatory of
Koniggberg. It appeared that in January of each year,
the distance of 61 Cygni from one of the stars of compar-
ison was one third of a second less than the mean dis-
tance ; while in June it was one third of a sécond greater
than the mean. This effect is precisely such as should be
produced by the motion of the earth about the sun, caus-
ing an apparent displacement of the nearer stars as com-
pared with those which are more remote, and as no other
explanation of the phenomenon seems admissible, these ob-
servations are considered as s8ttling the long vexed ques-
tion of parallax. In 1841, Professor Bessel received the



162 ‘ HISTORY OF ASTRONOMY.

gold medal of the Royal Astronomical Society of Lon-
don, for this important discovery. The parallax of 61
Cygni, according to these observations, is 0".848, making
the distance of this star from the sun 592,000 times the
radius of the earth’s orbit—a distance which light would
require more than nine years to traverse.

This result has received confirmation from the re-
searches of M. Peters, who from a series of zenith dis-
tances of the star, determined at the observatory of Pul-
kova during the years 1842 and 1843, has found its paral-
lax to be equal to 0.847. These observations were made
with the grand vertical circle of Ertel, which is 48 inches
in diameter, graduated to 2 minutes, and reading by four
microscopes to one tenth of a second.

A series of obgervations of 61 Cygni have also been
made by Mr. Johnson, with the new heliome‘pel' of the
Oxford observatory. These observations were com-
menced in 1852 and were continyed through the years
1858 and 1854, and they fully confirm the fact of an
-annual parallax, very nearly of the same amount as that
found by Bessel. The stars selected for comparison were.
different from those which Bessel used, both stars lying
nearly in the direction of the components of 61 Cygni.
These observations give the parallax 0".892 or 04402,
according as a temperature correction is applied or not.

M. Otto Struve, of the Pulkova observatory, has made
some observations of 61 Cygni with a wire micrometer
attached to his telescope,%nd & preliminary caleulation
hag furnished for the parallax 0”52, a result sensibly
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greater than has been obtained by either of the preceding
observers. :

In 1839, Professor Henderson, of Edinbprgh, an-
nounced that in discussing his observations of Alpha
Centauri made at the Cape of Good Hope, with a mural
circle, during the years 1832-8, he had found evidence of
a sensible parallax. The double star, @ Centauri is one of
the brightest stars of the southern hemisphere. The two
stars ¢ and o® are situated within 19" of space’of each
other. On comparing the observations of Lacaille with
those of the present time, it is found that although the
two stars have not sensibly changed their relative posi-
tions, each has an annual proper motion of 8.6 seconds
of space. It thus appears that they form a binary system,
having one of the greatest proper motions that has been
observed ; and from this circumstance, as well as the
brightness of the stars, it is reasonable to ‘suppose that
their parallax may be sensible. - Professor Henderson’
observations were not made for the purpose of ascertain-
ing the parallax, but of accurately determining the mean
places of the stars. On reducing the declinations, he
found a sensible parallax, but he delayed communicating
the result until it should be seen whether it-was confirmed
by the observations of right ascension made by Lieutenant
Meadows with the transit instrument. These observa-
tions also indicated & sensible parallax. A combination
of all Professor Henderson’s observations gave a parallax
of 1.16, with a probable error of 0”.11.

In 1839 and 1840 a series of observations was made by
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Mr. Maclear, at the Cape of Good Hope, for the purpose
of ascertaining the parallax of this star. The observations
congisted of double altitudes measured with the mural
circles, and they gave a parallax of 0°.91; and from sub-
sequent observations extending down to 1848, he found
it to be 07.98. o ‘

Mr. Maclear also made a series of observations of 8
Centauri, in the years 1842-44, from which he has de-
duced a parallax for this star amounting to 0”47, with a
probable error of 0”.04.

In the year 1885, M. Struve commenced a series of ob—
servations, with a view of detecting the parallax of the
bright star @ Liyrse. His method of observation consisted
_ in measuring with a micrometer the distance between this
star and another very small star situated about 43" from
it, repeating the operation at different seasons throughout
the year. The'result of this inquiry ass1gned a parallax
£ 0".26 to o Lyree.

The more recent researches of M. Peters' at the Pul-
kova observatory tend to prove that this star has a visible
parallax, although the result is less than that assigned
by M. Struve. These observations were made with the
great” vertical “circle ‘of Ertel, and his result was a
parallax of 010, with a probable error of 0”.05.

M. Otto Struve has recently given the result of fifteen
months’ observations on this star, and finds a parallax
of 0".14. Combining this result with the former values
of M. Struve and Peters, he - obtains a mean value of
0".15, with a probable error of 0”.01.
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The star 1830 of Groombridge’s catalogue (right as-
cension 11h, 44m. 18s., declination 88° 48’ north), has the
largest proper motion at present known, exceeding 7” in
arc; and in consequence various attempts have been made
at different places to determine its parallax, the prob-
ability being great that its parallax would be appre-
ciable. The discovery of the proper motion was pub-
lished by Argelander in the year 1842, and Bessel was
induced to give immediate directions to Schliiter, his
assistant, to commence a series of measures with the
Konigsberg heliometer. These measures were begun in
October, 1842, and were terminated abruptly near the end
of August, 1848, by the illness and subsequent death of
Schliiter. M. Wichmann was then charged with the con-
tinuation of the observations, but more pressing duties
prevented him from completing. the observations till the
year 1851. :

In the year 1846 Mr Faye, by observing with the
equatorial of the Paris observatory the difference of right
ascension between this star and that of another small star
situated mnearly on the same parallel, determined the
" parallax to be 1".08, and by this striking result drew the
attention of others to the star. Peters, by discussion of
his observations made at Pulkova with Ertel's circle,
subsequently determined its parallax to be 0”.226, with a
probable error of 07.141. This result is derived from 48
zenith distances observed in 1842 and 1848, Mr. Wich-
mann’s discussion of Schliiter’s observations gavea parallax
of 0".18. M. Otto Struve, by micrometer measures of
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differences of north polar distance made with the great
refractor in 1848 and 1849, found the parallax to be 07.08.

In the year 1852 Mr. Wichmann published the results -

of his new series of observations with the heliometer
made in 1851. In these observations he measured the
distance between 1830 Groombridge and a small star a
‘preceding by 84' in right ascension, a second star a' fol-
lowing it by 84’ in right ascension, and a third star a” fol-
lowing it by 80’ in right ascension. The rosult of his
discussion of the observations was that the parallaxes of
the stars o’ and o' were of very small amount, but that the
parallax of 1880 Groombridge, amounted to 0771, and
that of the star o to 1”.17. ‘

M. Peters has subjected the observations of M. Wich-
mann to-a critical discussion, and has shown that Wich-
‘mann’s adopted temperziture correction is probably too
‘small.  He considers the most trustworthy result de-
ducible from the observations to be a parallax of 07.148
for 1830 Groombridge.

‘During the years 1852, '58 and '564, a long series of ob~
servations of this star were made by Mr. Johnson with
the Oxford ‘heliometer, and these also present an anom.-
alous result, inasmuch as they assign a greater parallax
to one of the stars of comparison than to 1830 Groom-
bridge; and what adds to the perplexity is, that the star
which appears to have the greater parallax in this case,
is one of those which in M. Wichmann's .researches
appeared to be most distant. Mr. Johnson's results are
a parallax of 0".26 for 1880 Groombridge, and of 0”.44
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for the star of comparison @, while the parallax of star
@ was considered to be insensible. * These results appéar
to indicate some imperféction in double-image measures
of objects separated by large arcs, which still remains to
be explained. :
- Mr. Henderson has attempted to determine the par-'
allax of Sirius from the observations made with the
mural circle at the Cape of Good Hope in the years 1832
and 1883, as also in 1886 and 1887, being in all 281 ob-
servations. From these he has deduced a parallax of
0°.28. The exror of this determination he estimates not
to exceed a quarter of a second, from which he concludes
that the parallax of Sirius is not-greater than half a
second of space, and that it is probably much less.
Numerous attempts have been made to determine the
parallax of the pole-star. From a comparison of 608
right ascensions of the pole-star observed by M. Struve
and Preuss at' Dorpat from 1822 to 1838, M. Peters has
deduced a parallax of 0”17, with a probable error
of 0".08. From a comparison of the declinations of the
pole-star observed at Dorpat from 1822 to 1838, M.
Peters has deduced a parallax of 0".15; and by com-
paring the right ascensions observed at Dorpat from 1818
to 1821, he has deduced the parallax of 0”.07. M. De
Lindenau, from a comparison of 890 right ascensions of
the pole-star, observed by different astronomers, deduced
a parallax of 0".14, with a probable error of 0".06. From
289 observations of the pole-star made at Pulkova in 1842
and 1843 with the grand vertical circle of Ertel, M. Peters
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has deduced a parallax of 0".07. Taking the mean of
all'these determinations, M. Peters has obtained as a final
result the parallax of the pole-star 0".106, or about one
tenth of a second, a distance which light would require
80 years to traverse. According to this result it must
have been 80 years after the pole-star was placed in the
firmament before its light shone upon the earth ; and if it
were now annihilated, it would still shine for 80 years
longer to guide the mariner across the ocean. -

M. O. Struve has recently announced that he has found
the parallax of a Cassiopess o be 0”.84 with a probable
error of 0°.05; and the parallax of @ Aurigae to be 0,30

-with a probable error of 0”.04.

M. Peters has also attempted to 'determine the average
value of the parallax of stars of the different magnitudes.
For this purpose, he availed himself of the long series of
observations made at Dorpat, and concludes that the
average parallax of stars of the second magnitude is
0".116. Combining this result with the relative distances
of stars of the different orders as determined by M.
Struve, we are enabled to estimate the parallaxes of the
stars of the various orders, and hence their absolute dis-
tances. The following is M. Peters' result for stars of
the first six magnitudes: ; ‘

App. mag- Parallax, Distance in radii of Time required for light to

nitude. the earth’s orbit, traverse this distance.
1 0.209 986,000 15 years.
2 07116 1,778,000 .28 o«
3 0".076 2,725,000 43 ¢
4 0,054 3,850,000 ‘ 6L «
5. 0,037 5,378,000 8 «
6 0,027 7 616,000 120 «



THE PARALLAX OF FIXED STARS. 169

Thus light, which travels at the rate of 190,000 miles
every second, requires 15 years to come to us from stars
of the first magnitude, and 120 years to come from one
of those small stars which are just visible to the naked
eye. These results can, of course, only be regarded as
provisional, until sufficient observations are collected for
a more thorough investigation of the subject; but it is
not too much to expect that ere long a similar table for at
least the brighter stars may be constructed, founded on
unquestionable data.

8



SECTION IL.

OBSERVATIONS OF NEW AND VARIABLE STARS.

‘It has long been known that among the fixed stars are
several which experience a periodiéal increase and dimi-
nution of brightness. The star Omicron, in the constella-
tion Cetus, sometimes appears as a star of the second
magnitude, but continues of this brightness only about a
fortnight, when it decreases for about three months, till
it becomes coinpletely invisible to the mnaked eye, in
which state it remains about five months, and then in-
creases again to the second magnitude, the interval be-

“tween its periods of greatest brightness being about eleven
months. The star Algol varies from the second to the
fourth magnitude, going through its changes in less than
three days. More than forty such cases have been no-
ticed, although in many of them the changé of brightness
is not vefy remarkable.

In the case ‘of a few stars, remarkable changes of
brightness have been observed, which have not been ro-
duced to any law of periodicity. The star 7 (eta) Argfis
is of this kind. This is a star of the southern hemisphero
in right ascension 10h. 89m.; south declination 58° 54',
In Halley’s catalogue, constructed in 167 7,1t is marked
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as of the fourth magnitude; yet in Lacaille’s in 1751, and
in subsequent catalogues, it is recorded as of the second
magnitude. In the interval from 1811 to 1815, it was
again of the fourth ; and again from 1822 to 1826 of the
second magnitude. In 1827, it increased to the first
magnitude; it thence receded to the seéond, and so con;
tinued until the end of 1837. In the beginning of 1838,
it suddenly increased in luster so as to surpass all the
stars of the first magnitude except Sirius, Canopus, and
Alpha Centauri, which last star it nearly equaled.
Thence it again diminished, and in 1842, it was pro-
nounced by Maclear as inferior to Alpha Crucis, but the
next year it again revived, and became nearly equal to
Sirius. :

These facts afford abundant materials for speculation.
The changes of brightness of # Argfis are spread over
centuries, and apparently without any regular period.
What can be the cause of these changes? To this ques-
tion we are unable to assign any satisfactory answer,
and must wait patiently until a greater accumula-
tion of facts shall "afford us a more certain basis for a
theory. '

Several instances are on record of temporary stars,
which have suddenly become visible, and after remaining
a while, apparently immovable, have died away and left
no trace behind. Such a star is said to have appeared
about the year 125 B. C. Such stars are also recorded
in the years A. D. 889, 945, 1264, 1572, 1604, and 1670.
A similar phenomenon has recently taken place. On the
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2Tth of April, 1848, Mr. Hind, of London, observed a
star of the sixth magnitude in the constellation Ophiu-
chus, where he was certain that, up to the 5th of that
month, no star as bright as the ninth magnitude pre-
viously existed. Neither has any record been discovered
of a star being there observed at any previous time. Its
place was in right ascension, 16h. 51m. 1s., south declina-
tion, 12° 89" 14". On the 2d of May he estimated it to
be of the fifth magnitude, or a little bnghter and there-
fore distinetly visible to the naked eye. Its light was
reddish in the telescope; and Dr. Petersen observed that
the reddish color at times increased suddenly in intensity,
and again as suddenly disappeared. Other observers no-
ticed these peculiar red flashes. On the 19th of May, Mr.
Hind pronounced it fainter than when he first noticed it ;
and on the 24th, it was ranked as a star of the sixth mag-
nitude. The Messrs. Bond, at Cambridge, made a series
of comparisons between this star and one of the fifteenth
magnitude in its vicinity, and found that during three
months of observation its position remained unchanged.
They remarked “This star resembles Antares, but its
red is deeper. It is one of the most strikingly colored
stars we remember to have seen. With & power of 1500
it showed no sign of a planetary dise” On the 15th of
August they state, “ This star appears to have decreased
in brilliancy, and is now of the seventh magnitude ; its

ruby red color still remains. It is at.once recognized
from its neighbors by its color alone” On the 28d of
March, 1849, Professor Kendall, of Philadelphia, pro-
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nounced this star to be of the eighth magnitude. On the
evening of June 4th, 1850, the writer made a careful sur-
vey of all the stars in this vicinity, and found only one
which could be estimated as high as the tenth magnitude,
and this had no very decided red color. Hind’s star may
therefore now be pronounced extinet.

Hind’s star was not many degrees distant from the
place where a new star was seen in 1604. This star was
first announced on the 10th of October, and it was seen by
Kepler on the 17th. The star was perfectly round, with-
. out nebulosity or tail; its light was brighter and more un-
steady than that of the other stars. After it had risen above
the vapors of the horizon, its light was white. It not only
surpassed stars of the first magnitude, but also Mars and
Jupiter. Some even compared it to Venus, but Kepler
was not of this opinion. Observations proved that it had
no motion or sensible parallax. On the 9th of November
it was seen in a twilight which rendered Jupiter invisible.
On the 16th, Kepler saw it for the last time, before its
conjunction with the sun. On the 24th of December, it
reappeared in the east with diminished brightness. It
was still brighter than Antares, but inferior to Arcturus.
On the 20th of March it appeared smaller than Saturn ; but
it was much larger than the stars of the third magnitude
in Ophiuchus. On the 18th of September it was smaller
" than the third magnitude, and on the 8th of October it
could be seen with difficulty. A few days later it disap-
peared in the sun’s rays. In January and February some
observers thought they saw this star again, but without
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being confident of it. In the month of March it could
not possibly be seen, so that it must have disappeared be-
tween October, 1605, and February, 1606. Mr. Hind’s
star is about 12° north of the place of that discovered
“in 1604, and about 17 minutes of time less in right ascen-
sion.
Mr. Hind has recently announced another scarlet star,
- between Orion and Eridanus. Its place is in right as-
cension 4h. 52m. 45s., declination 12° 2" south., He says,
“I found this star in October, 1845, and have kept a close
watch upon it since. It is of about the seventh magni-
tude, and the most curious colored object I have seen.”
In November, 1850, Mr. Hind discovered a new star of
the seventh magnitude, of a fiery color, with a dull plan-
etary aspéct. Its place was in right ascension 1h. 22m.
54s., declination 2° 6’ north. This star is not in the
Histoire Celeste, or Bessel's Zones, nor does it oceur on
the star maps of the Berlin Academy.
Mr. Hind, in the course of his observations in search
of planets, has discovered fifteen new variable stars. Prob-

ably most of these will be found to belong to the class
of periodical stars.



' SECTION III.

DISTRIBUTION OF THE STARS IN SPACE.

BeForz the invention of the telescope, it was impossible
to acquire a very precise knowledge of the distance of
the stars and their distribution in space; and even after
the invention of the telescope, no one attempted to use it
in any adequate manner to determine the constitution of
the heavens, until the time of Sir William Herschel. This
astronomer, having the command of instruments far supe-
rior to any who had preceded him, undertook a series of
exact observations, upon which to found a knowledge of
the starry heavens. In 1784 he first advanced an hypo-
thesis respecting the Milky Way, which was substantially
as follows: The stars of our firmament, instead of being
scattered in all directions indifferently through space, con-
stitute a cluster with definite limits, in the form of a
stratum, of which the thickness is small in ¢omparison
with its length and breadth; and in which the earth
occupies a space somewhere about the middle of its thick-
negs, and near the point where it subdivides into two
principal laminge, inclined at a small angle to each other.
For, to an eye so situated, the apparent density of the
stars, supposing them pretty equally scattered through the
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space they occupy, would be least in the direction of .n
visual ray perpendiculdr to the lamina, and gl:eates-t in
that of its breadth ; increasing rapidly in passing iro.m
one to the other direction, just as we see a slight haze in
the atmosphere thickening into a decided fog-bank near
the horizon, by the rapid increase of the mere-length of
the visual ray.

Herschel was conducted to this view of the Milky Way
by the following considerations. Supposing the stars to
be situated, in general, at equal distances from each other,
the number of stars observed in the field of a telescope
ought to be about the same in all possible directions, pro-
vided the stars extend in all directions to the same dis-
tance. Butif we have a stratum of stars at equal dis-
tances from each other, of a form whose thickness is small
in comparison with its diameter, then the number of stars
visible in the different directions, will lead us to a knowl-
edge both of the exterior Jorm of the starry stratum, and
of the place occupied by the observer. For example, if
within a certain circle of the heavens we count ten stars,
and in a circle of the same diameter, taken in a different
direction, we count eighty stars with the same telescope,
the lengths of the two visual rays will be in the ratid of
1-to 2, or the cube roots of 1 and 8. This is substantially

Herschel's method of star-gages, in which he employed a



DISTRIBUTION OF THE STARS, 177

telescope of 18 inches aperture, with a field of view of
about a quarter of a degree. Herschel made 8400 gages
of this kind. These gages indicate the number of stars
visible in the field of his telescope, and from this number
he deduced the corresponding lengths of the visual rays.
Assuming the distance of the nearest of the fixed stars in
accordance with the estimate of Struve, we find that,
according to Herschel, the stars upon the borders of our
stratum, in the constellation of the Eagle, are at such a
distance as light requires 7000 years to traverse—and
from the remoter stars, light would require 18,000 years
to come to us.

The figure on the next page is designed to represent
‘the form of the nebula in which our own solar system is
placed, according to the views advanced by Sir William
Herschel. ’

The great nebulee of the heavens, such as those of Orion
and Andromeda, Herschel conjectured to be Milky Ways
like our owm, only of much superior dimensions. The
nebula of Andromeda, which he concluded to be the near-
est, he placed at a distance 2000 times greater than that
of stars of the first magnitude.

This hypothesis respecting the phenomena of the Milky
Way, would be tenable, provided it were true, 1lst, that
the stars are uniformly distributed through space; and 2d,
that Herschel was able, with his telescope of 20 feet, to
penetrate to the limits of our stratum.

. With regard to the first of these hypotheses, we find

that Herschel himself subsequehﬂy abandoned it as unten-
' 8*
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able. In 1796, he says, “The hypothesis of a uniform
distribution of the stars is too far from the exact truth, to
serve as a basis in this research.” Again,.in 1811, he
adds, “The uniform distribution of the stars may be ad-
mitted in certain calculations; but when we examine the
Milky Way, this equal distribution must be abandoned.”
And in 1817 he says, “ Although an increased number
of stars in the field of the telescope is generally an indi-
cation of their greater distance, my gages refer more directly
to the degree of condensation of the stars.”

As to the second of the above conditions, viz., that in
his gages he was able to penetrate to the extreme limits
of the Milky Way, Herschel's views underwent an entire
change in the progress of his researches. In 1817, speak-
ing of some of his gages, he says, “It is plain that the
extreme penetrating power of the 20 feet telescope was
insufficient to sound the depth of the Milky Way.”
Again, in 1818, he ‘says, “In these ten observations the
gages were arrested in the1r progress by the extreme faint-
ness of the stars. There i 1s, however, no doubt respecting
the further extent of the starry region. For if in one of
the observations, a feeble nebulosity had been suspected,
the application of a higher magnifying power showed that
the doubtful appearance was caused by the blending of
numerous stars, oo small to be seen by the aid of a lower
magnifying power, We hence infer that if our gages
cease to resolve the Milky Way into stars, it is not be-
tause its nature is doubtful, but because it i Jathomless,”

Thus we see that the hypothesis which Herschel an-
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nounced in 1785, with regard to the constitution of the
Milky Way, and which is still connected with Her-
schel’s name in almost all the popular treatises on afa—
tronomy, was afterward substantially abandoned by its
author.

Quite recently, M. Struve, of Pulkova, has undcrtakc.n
a discussion of the same subject, employing, as the basis
of his researches, the most extensive catalogues of stars.
He has determined, partly by enumeration, and partly by
estimation, the number of stars of ‘each class, as far as the
ninth magnitude, and their distribution throughout the
heavens. He finds that these stars are not uniformily
distributed ; but that near the equator they are most
abundant, in the neighborhood of two points almost
diametrically opposed, viz., in right ascension 6h. 40mn.,
and 18h. 40m. The stars are least abundant near the
diameter passing through 1h. 80m., and 18h. 830m. This
diameter makes an angle of 78° with the preceding. The
diameter of greatest condensation coincides almost exactly
with the position of the Milky Way; thus proving that
the phenomena of the Milky Way are intimately con-
nected with the distribution of the stars from the first to
the ninth magnitudes, or rather that the two phenomena
are identical. Herschel proved, in 1817 , that the Milky
Way was fathomless, even with his telescope of 40 feet.
The same uncertainty respecting the limits of the visible
stars exists in every part of the heavens, even toward the
poles of the Millky Way. Hence, of we regard all the Sirad
stars which surround the sun as forming one grand system,
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that of the Milky Way, we are entirely ignorant of s extent,
and have not the least idea of the external form of this tm~
mense system.

The two opposite points of the celestial sphere around
which the stars are observed to be most sparse, have been
called the ‘Galactic Poles; and the great circle at right
angles to the diameter joining these points, has been de-
nominated the Gualactic Circle. For convenience, we will
express the distance of different points of the firmament
from the galactic circle, in either hemisphere, by the terms
north or south Galactic Latrtude.

The observations made in the northern hemisphere by
Sir 'W. Herschel, and subsequently continued in the
southern hemisphere by Sir J. Herschel, have supplied
data for determining the law of the distribution of the
stars according to their galactic latitude. The telescope
used in these observations had 18 inches aperture, 20
feet focal length, and a magnifying power of 180. It was
directed indiscriminately to every part of the celestial
sphere, visible in the latitude of the places of observa-
tion. The observations of Sir J. Herschel were made
during his residence at the Cape of Good Hope, in the
‘years- 1834-8. About 2300 gages were obtained, dis-
tributed with tolerable impartiality over the southern
heavens. :

An analysis of the observations of Sir W. Herschel was
made by Professor Struve, with a view of determining
the mean’ density of the stars in successive zones of galac-
tic latitude; and a similar analysis has been made of the
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observations of Sir J. Herschel. If' we imagine the celes-
tial sphere to be divided into a series of zones, cach meas-
uring 15°in breadth, and bounded by parallels to the

galactic. circle, the average number of stars included

within a circle 15’ in diameter will be that which is
given in the second column of the following table.

Average number of stars in a

Galactic Latitude.
' circle 18’ in diameter.

90°—¥52 North. . . ., . . 432
15O—p00 . . . . . bpas
600—g50 & - X
450300 « - . .. . 186l
300—15° ... 2409
10— 02« | 5343
‘Galactic Circle P . . 122.00
0°—15°South. . . ., . . 59.06
150—300 & ... 9629
300—450 C L. 1349
460—go°  « .. . . . 9.08
600—ygo  « .. .. . 662
50—900  « .. .. . 605

It appears, therefore, that the varm.tlon of density of
the visible stars, in proceeding from the galactic poles, is
subject to almost exactly the same law of decrease in
either hemisphere; the density being, however, some-
what greater in the southern than in the northern hemi-
sphere. -

M. Struve has attempted to form an estimate of the rel-
ative distances of stars of the different magnitudes as de-
duced from theu' number, supposing the stars to be dis.
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tributed at uniform distances from each other along the
middle of the Milky Way, and obtained the following re-
sults :

Magnitude of stars. Mean distance. | Magnitude of staxs. Mean distance.

1 1-0000 6 . . . . 17258
2 1-8031 g o, . = . 11-3262
3 27639 8 . . . . 196406
4 39057 9 . . . . 31-2904
b

54545 12 . . . . 227-7820

According to this table, the distance of stars of the sixth
magnitude, which are just visible to the naked eye, is
about eight times as great as that of stars of the first mag-
nitude. The distance of stars of the twelfth magnitude,
by which is meant those stars which were barely visible
in Herschel’s twenty feet telescope, is 228 times as great
as that of stars of the first magnitudé.

Assuming the preceding relative distances, and also
that the average parallax of a star of the second magni-
tude is 0”.116, we obtain the absolute distance of stars of
each magnitude as given on page 168.

Professor Encke, of Berlin, has criticized these specula-
tions of Struve with some severity. He thinks that
they involve several hypotheses which are altogether
unwarrantable. They assume, '

, L That the apparent brightness of the stars is the
simple effect of distance, so that we can assign the
radius of the sphere within which the stars of each class
are comprised. Encke objects to this assumption, 1. That
it is contrary to the analogy of our solar system, in
which the magnitudes of the planets are very unequal.
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2. It is contradicted by the parallax of the stars so far as
the same has been determined. The parallax of several
'~ stars of the fifth and sixth magnitudes is greater than
that of most stars of the first magnitude. The star 61
Cygni, of the fifth magnitude, has a parallax certainly
greater than what Struve has given for the average
parallax of stars of the first magnitude. 3. It is contra-
dicted by the phenomena of the binary stars. There is
a large number of double stars, which are proved to be
physically connected, and therefore both are situated at
nearly the same distance from the earth, while in most
of them there is a perceptible ‘disparity of brightness,
and in some cases this disparity amounts to four mag-
nitudes.
IL. The d1str1but10n of the stars over the entire heavens
is admitted not to be uniform, nevertheless such a
-uniform distribution is assumed for the plane of the
Milky Way, and the irregularities which we observe in
it are regarded as in part unimportant, and in part
ascribed to the eccentric position of the sun, and its dis-
tance from the plane of the Milky Way. Hence it is in-
ferred that from the number of the stars of a given bright-
ness, we may determine the ratio of.the radius of their
sphere to that of stars of any other,bnghtness.
- These and several other hypotheses which are involved
in Struve’s- reasoning, Professor Encke regards as alto-
gether inadmissible, and he concludes that the mean
parallax which Struve ascribes to stars of the first mag
nitude (viz. 0.209) is entirely unworthy of confidence.

o S

S
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Sir J. Herschel has computed from his gages, that the
number of stars visible enough to be distinctly counted
in the twenty feet reflector, in both hemispherés, is about
Jwe and a half millions. That the actual number is much
greater than this, he infers from the fact that there are
large tracts of the Milky Way so crowded as to defy
counting the gages, not by reason of the smallness of the
stars, but on account of their number.

Sir J. Herschel, in counting the gages, not only set
down the total number of stars, but the number for each
magnitude down to the eleventh, and even for the es-
timated half-magnitudes. Upon classifying the stars
according to their magnitudes, it appears that the increase
of density in approaching. the Milky Way is quite im-~
perceptible among stars of a higher magnitude than the
eighth, and except on the very verge of the Milky Way
itself, stars of the eighth magnitude can hardly be said to
participate in the general law of increase. For the ninth
and tenth magnitudes the increase, though unequivocally
indicated over a zone extending at least 80° on either side
of the Milky Way, is by no means striking. It is with
the eleventh magnitude that it first becomes conspicuous,
though still of small amount when compared with that
which prevails among the mass of stars inferior to the
eleventh, which constitute sixteen seventeenths of the totality
of stars within thirty degrees on either side of the Milky
Way.

From these observations Sir J. Herschel draws the two
following conclusions; viz.—*1st. That the larger stars
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are really nearer to us (taken en masse, and without deny-
ing individual exceptions) than the smaller ones. Were
this not the case, Were there really among the infinite
multitude of stars constituting the remoter portion of the
galaxy, numerous individuals of extravagant size and
brightness, as compared with the generality of those
around them, so as to overcome the effect of distance, and
appear to us as larger stars, the probability of their oc-
currence in any given region would increase with the
total apparent density of stars in that region, and wonld
result in a preponderance of considerable stars in the
Milky Way, beyond what the heavens really present over
its whole circumference. 2d. That the depth at which
our system is plunged in the sidereal stratum constituting
the galaxy, reckoning from the southern surface or limit
of that stratum, is about equal to that distance which, on
a general average, corresponds to the light of a star of
the ninth or tenth magnitude, and certainly does not
exceed that corresponding to the eleventh.”

This last conclusion seems clearly to assume, not only
that our Milky Way consists of a stratum of stars which has
.determinate limits, but that these limits (at least in certain
directions) have been indicated by observation. It does
not, however, appear that such a conclusion is authorized
by the gages. The number of stars of the smallest mag-
nitude visible, increases rapidly even up to the poles of
the Milky Way, although this increase 18 most rapid in
the middle zone of the galaxy. The ga.ges therefore in~
dicate a condensation of stars in the neighborhood of the

-
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Milky Way, but not that our telescopes have penetrated
to the boundaries of our stratum. Every increase in the
power of our telescopes has hitherto disclosed new stars
in every part of the heavens; it is therefore unphiloso-
phical to infer that such would not continue to be the
case if we could command a further increase of telescopic
power. It is, however, remarkable that those portions
of the heavens which are most remote from the Milky
‘Way are richest in nebulee and clusters of stars. In the
neighborhood of the north pole of the Milky Way, within
a region occupying about one eighth of the whole surface
of the sphere, one third of the entire nebulous contents of
the heavens are congregated. A large portion of these
nebulee have been resolved into clusters of stars, and
these stars, upon the principle that faintness is merely the
effect of distance, must be inferred to be as near to us as
the faintest stars of the Milky Way.

On the whole, we must conclude that the stars, in every
part of the heavens, extend to a distance beyond the reach
of the most powerful telescope hitherto constructed ; that
therefore the shape of that portion of space which the stars
occupy is entirely unknown to us; that within this space
the stars are not'uniformily distributed, and are most
crowded in the meighborhood of a plane which we call
the Milky Way; that out of this plane the stars exhibit a
great many centers of attraction, about which an immense

number of them are clustered ; but that the entire space,
so far as we can perceive, is studded, though moro
spatsely, with stars. The material universe therefore ap-
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pears to us boundless; and astronomers, certainly of the
present age, need not be apprehensive that they will ever
witness the time when there will be no more worlds to
conquer.



SECTION IV.
MOTION OF THE SUN AND FIXED STARS.

To common. observation, the fixed stars rétain sensibly
the same relative position from age to age; but the ex-
act obgervations of modern zistroqomy have detected a
relative motion in a large number of them. A small star
in the leg of the Great Bear (called 1830 Groombridge)
has an annual motion of seven seconds of arc as compared
with neighboring stars ; and there are more than thirty
stars known, whose annual proper motion exceeds one
second. It might have been expected, ¢ priors, that mo-
tion of some kind must exist among such a multitude of
objects all subject to mutual attraction; and it appeé.rs
highly probable, not to say certain, that the sun must
participate in this movement. The effect of a motion
of the sun, with reference to the stars, would be an ap-
parent divergence or separation of those’ stars toward
which we were moving, and an, apparent convergence or
closing up of the stars in the region which we were leav-
ing. We might therefore expect to detect such a motion,
if it really exists, by comparing the proper motions of all
the stars in the firmament. In accordance with this idea, .
Sir William Herschel, in 1788, by a comparison of the
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proper motions of such stars as were then best ascertain-
ed, arrived at the conclusion that the sun had a relative
motion among the fixed stars, in the direction of a point
in the constellation Hercules, whose right ascension is
260° 34/, and declination 26° 17’ north.

More recently, M. Argelander, by comparing the proper
motions of 890 stars, has located this point in right as-
cension 257° 35', and declination 36° 8’ north. M. Luhn-
dahl, by a comparison of the proper motions of 147
stars, has obtained for this point, right ascension, 252°
53, declination 14° 26 north; and M. Struve, by com-
paring the proper motions of 892 stars, has located this
point in right ascension 261° 22’, declination 27° 36’
north.” The most probable mean of the results of these
three astronomers is right ascension 259° 9', declination
84° 87’ north, which it will be seen does not differ greatly
from the point originally assigned by Sir 'W. Herschel.

Quite recently Mr. Galloway has made a similar com-
parison of stars visible in the southern hemisphere; and
from ‘the proper motion of 81 southern stars not em-
ployed in the preceding investigations, he has located
the point toward which the sun'is moving, in right as-
cension 260% 1', declination 84° 98’ notth, a result almost
identical with that obtained in the northern hemisphere.

It seems then nearly certain that the apparent motion
of these stars is due, at least in part, to a relative motion
of our sun, and the same observations afford us the means
of estimating its velocity. According to Struve’s calcu-
lations; this velocity is such as would carry it annually
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over an angle of one third of a second, if seen at right
angles from the average distance of s star of the first
magnitude. If we assume the parallax of such a star ag
equal to one fifth of a second, we shall find that the sun
advances through space, carrying with it the whole
system of planets and comets, with a velocity about one
fourth of the earth’s annual motion in its orbit.

A great many questions here naturally suggest them-
selves. Is the sun’s motion uniform and rectilinear, or
is it moving slowly in an orbit about some center? Are
the stars moving in straight lines, or in grand orbits?
Have all the stars, including our sun, a common move-
ment of rotation about some general center? This ques-
tion has been examined by Professor Midler of the
Dorpat observatory, and he has attempted to assign the
center round which the sun and stars revolve, which
center he places in the groub of the Pleiades. ‘

If we assume that the orbit described by our sun
about the central point is a circle, this central point must
be found on. the circumference of a great circle, whose
pole is that point toward which the sun is moving, in
right ascension 2591°, declination 841°north. This circle
cuts the Milky Way in the constellation Perseus, and
Axgelander conjectured the central point to be here in
Perseus. The most remarkable cluster of stars' in this
neighborhood is the Pleiades, and Midler conjectured
that here might be the central point. Accordingly he.
determined the proper motion of the eleven principal
stars in this cluster by comparing the observations of
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Bessel with those of Bradley and other astromomers.
These motions exhibit considerable uniformity, and their
direction is invariably toward the south.

Midler next examined the 12 principal stars within
five degrees of this group, and finds that 8 exhibit a
decided southern motion, while in the other 4 the motion
is too small to be decisive, but in no case is the motion
toward the north. Among thirty stars, between 5 and
10 degrees distant from the Pleiades, Midler finds that
20 are moving toward the south; while the motion of
the remaining 10 is scarcely perceptible. Among 57

- stars, between 10 and 15 degrees from the Pleiades, 16
are ‘moving toward the south, while the motion of the
remaining 41 is scarcely perceptible. Not one moves
toward the north. Qut of 66 stars, between 15 and 20
degrees from the Pleiades, 30 have a decided southern.
motion, and 86 are undecided. Thus, out of 176 stars,
within 20 degrees of the Pleiades, we find 85 moving
toward the south, and 91 whose motion is scarcely per-
eeptible, but not a single case in which there is a con-
siderable motion toward the north.

- Madler next examined all of Bradley’s stars between
20 and 80 degreés from the Pleiades, of which the number
is 175; of these, 78 exhibit a motion toward the south,
92 are uncertain, and 5 have a slow motion toward the
‘north, amounting in the most rapid case to only seven
seconds in a century. Such a result Professor Midler
considers a necessary consequence of his hypothesis.
Since only small real motions are to be expected in the
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neighborhood of the central point, the motions, which
are only apparent, and therefore contrary to the solar -
motion, must preponderate for all stars between the sun
and the Pleiades.

The most rapid proper motions, according to this
hypothesis, must be sought for near the great circle
described about the Pleiades as a pole; and accordingly
we find near this circle two of the most decided of all
.the proper motions hitherto discovered.

Professor Miidler accordingly infers that the central
point of the starry heavens must be placed in the neigh-
borhood of the Pleiades. This group is the nearest, the
Drightest, and the richest cluster in the whole heavens.
Moreover, Alcyone is the optical center of this group,
and he-infers that this is the star which combines the
strongest probability of being the true central sun.

Alcyone, known also as 4 Tauri, or 25 Tauri, is a
double star of the third or fourth magnitude, in right
ascension 8h. 88m., declination 28° 89’ north. -

-Assuming the parallax of 61 Cygni, as determined by
Bessel, and that the sun and this star are moving with
the same velocity about Aleyone, Midler has computed
that the distance of Aleyone is 84 millions of times that
of the sun, requiring 587 years for its light to come to
us, although moving at the rate of twelve millions of
wiles per minute. The periodic time of the sun about
Alcyone is estimated at 18 millions of years; and the
sum of the masses of all the stars within the sphere

described about Aleyone as a cénter, with a radius equal
9
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to the sun’s disitance, is 117 million times the mass of the
sun. ‘ .

The preceding conclusions are certainly wonclerful ;
but, unfortunately, they rest upon a very unsatisfactory
basis. Professor Miidler has subjected the stars in the
neighborhood of Alecyone to a very carcful examination,
and finds decisive indications of the sun’s relative motion,
as it had been previously established by the labors of
Argelander and others. But beyond the neighborhood of
the Pleiades, the number of stars examined is altogether
too small to form the basis of so important conelusions.
Sir John Herschel pronounces it almost inconceivable,
that any general circulation of the stars can take place
out of the plane of the Milky Way, while the Pleiades
are situated 20 degrees out of this plane. It is not, how-
ever, presumptuous to expect that the problemn which
Midler has propounded will one day be resolved. A
careful determination of the proper motion of a con-
siderable number of stars suitably situated in lifferent
parts of the heavens, could not fail to settlo the question.

M. Struve has made a careful comparison of the places
8F the stars observed at Dorpat, with their places as de-
termined by other astronomers, for the purpose of dis
covering their proper motion. The whole number of
stars which formed the subject of research amounted to
1662, of which there were 734 single stars and 928 double
stars. From these researches, M. Struve concludes that
the angular motions of the different classes of stars are
inversely proportional to their distances, from which hLe
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infers that their linear motions are equal. This he found
to be true for stars situated in every direction of the
heavens, by a comparison of the proper motions of the
stars in the different hours of right ascension. ,

The following table is founded on an examination of
the proper motions of the stars of different magnitudes as
deduced by M. Struve.

MEAN MOTION IN ONE HUNDRED YEARS.

Magnitude. . Tsolated Stars. Binary Stars.

R. A, Dec. R. A. Ddc,
1 34/1.2 29".0 . . 55".5 44,0
2 18".9 16'.1 PR 30".8 26".1
3 . 124, 10".5 . . 20".1 1.0
4 . . 8" .4 . . 14/1.2 12,0
5 6.3 (510 SN . 1072 . 8.6
6 R 311 . . 6.0 BL
7 . 2.2 1.8 . . 3.5 3.0
8 . . 1.4 .2 S 213 2.0
9 . . 1.0 0.9 . . .y s



SECTION V.
RESOLUTION OF REMARKABLE NEBULJE.

THE last few years have been remarkable for the pro-
duction of the largest telescope ever manufactured. Sir
Williarh Herschel oonstructed, with his own hands, tele-
scopes of 20 and 40 feet focus, with which he made some
of the most brilliant discoveries recorded in the history
of astronomy. But quite recently, the Earl of Rosse has
completed a telescope. still more gigantic than the largest
of Sir William Herschel. He had previously constructed
a telescope of three feet aperture, which received the
highest commendation from Dr. Robinson and Sir James
South. In 1842, he commenced another of far superior
dimensions, whose speculum was six feet in diameter,
and weighed three tons. The materials of which it is com-
posed are copper and tin; united in the proportion of fif-
teen parts of copper to seven of tin. The process of
grinding was conducted under water, and the moving
‘power employed was a steam engine of three horse power.
The substance made use of to wear down the surface wag
emery and water, and it required six weeks to grind it to
a fair surface,

The tube of the telescope is 56 feet long, and is made
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of wood one inch thick, and hooped with iron. - The
diameter of this tube is 7 feet. At 12 feet distance on
each side of the telescope, a wall is built, 72 feet long, 48
high on the outer side, and 56 on the inner, the walls be-
ing 24 feet distant from each other, and lying exactly in
the meridian. When directed to the south, the tube may
be lowered till it becomes almost ‘horizontal; but when
pointed to the north, it only falls #ill it is parallel with
the earth’s axis. Tts lateral movements take place only
from wall to wall, and this commands a view for half an
hour on each side of the meridian ; that is, the whole of
its motion from east to west is limited to 15 degrees. The
expense of this instrument was not less than twelve thou-
sand pounds. Tt has a reflecting surface of 4071 square
inches, while that of Herschel's 40 feet telescope had only
1811 square inches. ‘ :
In March, 1845, Sir James South made a trial of this
telescope, and gives the following account of his observa-
tions: “Never, before in my life did I see such glorious
sidereal pictures as this instrument afforded wus. The
most popularly known nebule observed were the ring
nebula in the Canes Venatici, which was resolved into
stars with a magnifying power of 548, and the 94th of
Messier, which is in the same constellation, and which
was resolved into a large globular cluster of stars, not
much unlike the well-known cluster in Hercules. On
-subsequent nights, observations of other nebulze, amount-
. ing to some thirty or more, removed most of these from
the list of nebulse, where they had long figured, to that
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of clusters; while some of these latter exhibited a sidereal
picture in the telescope such as man before had never seen,
and which, for its magnificence, baffles all description.”

In the Philosophical Transactions for 1844, Lord Rosse
has given some observations of nebuls-made with his
three feet speculum, accompanied with drawings of the
most remarkable objects. Among these is one which
Sir John Herschel had figured as an oval resolvable
nebula. TLord Rosse’s telescope exhibits it with resolvable
filaments singularly disposed, springing principally from
its southern extremity, and not, as is usual in clusters,

irregularly in all directions. It is studded with stars,
mlxed, however, with a nebulosroy, probably consisting
of stars too minute to be recogmzed This has been
ca.lled the crab nebula. )

The Dumb Bell nebula, known everywhere by the
drawing of Sir John Herschel, is seen to consist of in-
numerable stars mixed with nebulosity ; . 'and Lord Rosse
remarks, that when we turn the eye from the telescope
to the Milky Way, the slmﬂam;y is so striking, that it
is impossible not to feel a conviction that the nebulosity
in both ‘proceeds from thé same. cause.

The annular nebula in Lyra shows filaments proceed-
ing from the edge of the ring, and also several flaments
partly filling up the interior of the ring. By the, three
feet speculum it was not resolved, but the filaments be-
came conspicuous under increasing magnifying power,
which ciréumstance is strikingly characteristic of a cluster,

- The nebula in the Dog’s Ear was- formerly regarded
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- 35 2 Tepresentation of our own Milky Way, and although

unresolved, it was by common consent considered g -
mighty cluster. At the meeting of the British Associa~
tion in 1845, Lord Rosse showed a sketch of its appear-
ance as seen by aid of his six feet mirror. The former
simple shape of this nebula is transformed into a serol,
apparently unwinding with “ﬁumerous filaments, and a
mottled appearance, which looks like the brea]ﬂng up of
a cluster.

The great nebula in Orion has been examined with
every great telescope since the invention of that instru-
ment, but until recently without the remotest aspect of a
stellar constitution. During Sir John Herschel’s residence
at the Cape .of Good Hope, he examined this nebula
under the most favorable. circumstances, when it was near
the zenith—Tbut still there was no trace of a star, only
branches added without number, so as almost to obliter-
ate the nebu.la’g' previous form. During the winter of
1844-5, Lord Rosse examined it with his three feet
mirror with the utmost eare, but without detecting the
thlge of a star. In the winter of 1845-6, the six feet
telesedpe was directed, for the first time, to this wonderful
object, and in March, 1846, Lord Rosse made the follow-
ing announcement: “Ithink I may safely say that there
- can be little if any doubt as to the resolvability of this
nebula. "We can plainly see that all about the trapezium
" is a mass of stars; the rest of the nebula also abounding
with stars, and exhibiting the characteristios of resolv- -
ability strongly marked.” - .
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Mr. Bond, with the great telescope at Cambridge, has
-~ also seen this nebula partially resolved. To him the head
~of the nebula appears composed of several clusters of
stars, the components being separately seen for a moment
under favorable circumstances.

Mr. Tassell observed the mebula of -Orion with his

twenty feet equatdn’al at Malta under the most favorable
' circumstances, - The following are extracts from his
journal : . v

#1852, Dec. 6. Viewed the nebula with powers 219;260
and 1018.  'With the latter power, a new Pphase was given
to the nebula, which seemed like large masses of cotton
wool packed one Jbehind another; the edges pulled out
S0 as-to be very filmy. o :

“Dec. 8. I applied a power of 1018, with which there
is no appearance of resolvability. The . whole aspect is
that of a number of masses of fleecy cloud, thin at the
edges, and packed one behind another, appearing . to. be
a deep stratum of successive. layers of nebulous sub-
stance. : .

*“Dec. 15. A few more stellar points, I believe, appear
than I have mapped down in-my Starfield diagram, and
. the stars contained in those diagrams are very much

brighter. With power 1018, the wool-like masses appear
as I have previously described them, and there is no dis-
position whatever in them to turn inte stars.”

‘The Great Nebula in Andromeda has- also been care-
ﬁilly observed with the Cambridge telescope. The most
conspicuous features were the sudden condensation of
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light at the center into an almost star-like nucleus; and
the vast number of stars of every grada;iion of brilliancy
scattered Over its surface, which yet had the undefinable,
but still convincing aspect of not being its components.
It is estimated that above fifteen hundred stars are visible
with the full aperture of the object-glass within the limits
of the nebula, With high powers, minute stars are-dis-
covered on the borders of the nucleus, but it has thus
far yielded mo evidence of resclution. Minute descrip-
tions, accompanied with accurate drawings of both these
nebul®, haive been recently given by the Messrs. Bond in
the Memoirs of the American Academy, Vol. IIL.

On the whole, it appears that the increase in the power
. of our telescopes has gdded to the‘x.mmber of the clusters
‘at the expense of the nebulse properly so called ; still, as
Lord Rosse has remarked, it would be very unsafe to
conclude that such will always be the case, and thence to
infer that all nebulosity is but the glare of stars too re-
mote to be separated by the utmost power of our instru-
ments. While Lord Rosse’s telescope has shown certain
nebul®e to contain an immense number of stars, it has
also revealed to usmnew nebulous appendages of extreme
faintness, which we must regard either as not composed
of stars, or as composed of stars of very small absolute .
dimensions. . '

o*
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CHAPTER IV.

PROGRESS OF ASTRONOMY IN THE UNITED STATIS.

SECTION I

ASTRONOMICAYL OBSERVATORIES IN THE UNITED STATES.

It is but a few years since practical astronomy began
to be cultivated in the United States in an efficient and
systematic manner. TUntil recently, the instruments in
our péssession were but few and small, and the observa-
tions which were made, seldom extended beyond the no-
tice of the time of & solar or lunar eclipse, or the meas-
urement of a comet's distance from neighboring stars with
a sextant. C

The most important astronomical enterprise undertaken
in this country, during the last century, was the observa-
tion of the transit of Venus in June, 1769. Upon the

observations of this transit depended the more accurate -

determination of the sun’s parallax; from which is de-
duced the distance of the earth’ from the sun, and thence
the absolute distances of all the planets. Only three
transits of Venus are known to have ever been seen by
any human being. The first occurred in December, 1639,
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and was seen by but one individual, named Horrocks, -
who lived mear Liverpool, England. The next transit
_occurred in June, 1761, and was carefnlly observed in
different parts of the world, and important conclusions
were drawn from it as to the sun’s parallax. It wag
known, however, that its next recurrence, which was to -
take place in 1769, would be under more favorable cir-
cumstances, and several of the governments of Europe
sent astronomers to various ‘parts of the globe favorably
situated for the observations, France sent an astronomer
to California, England sent astronomers toHudson’s Bay,
to Madras, and to the Island of Otaheite, in the South
Sea. Several Russian observers were  stationed at
various points of Siberia and the Russian empire.
The King -of Denmark sent an astronomer to the
North Cape, and the King of Sweden sent an observer
to Finland, = e |
The American PhilOsophica,ll Society, in J; anuary, 1769,
appointed a committee of thirteen to observe this rare
phenomenon. The. gentlemen thus appointed were dis-
tributed into three committees for the purpose of making
observations at three different places: viz, in the city of
Philadelphia; at Norriton, 17 miles northwest of Philadel~
phia ; and the light-house, near Cape Henlopen, on Dela~
ware Bay. Dr. Ewing had the principal direction of the
observatory in the city, Mr. Rittenhouse at Norriton, and
Mr. . Biddle at Cape Henlopen. ‘Some money was ap- ‘
propriated by the Philosophical Society toward defraying
‘the expenses of the observations; hut this heing found
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insufficient, aid was solicited and obtained from the As-
sembly. Temporary observatories were erected, tolerably
well adapted to the purposes for which they were design-
ed. A reflecting telescope with a Dollond micrometer”
‘was purchased in London by Dr. Franklin, with the
money voted by the Assembly; another of the same
character was presented by Thomas Penn, of London;
and other instruments were supplied in sufficient num-
ber. The observatlons at the three stations were all
successful, and an account of them is given in the first
volume of the Transactlons of the Amencan Phllosop]ncal
Soc1ety

For more than half a century afber the transut of Venus,
very little, if any, progress seemed to have been made to-
ward the erection of a permanent observatory, or to-
-ward the procuring of large instruments such as modern
astronomy requires. The first direct proposition for the
establishment of an observato:ry was contained in Mr.
Hassler's project for the survey of the coast, submitted to
‘the Government through Mr. Gallatin, in the year 1807.
The proposition met ‘with no favor. The original law,
authommng the. suryey, Rassed without any provision on
the subject, and the law of 1882 expressly prohibits such
" an estabhshment The late John Qumcy Adams, in his
first annual message in 1825 strongly urged this subject
upon the attention of Congress. After recommending
'the establishment of a National University, he said ;

“Connected with the establishment of. a university, or
separate from it, m1ght be undertaken the erection of an.
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astronomical observatory, with provision for the support
of an astronomer, to be in constant attendance of observa-
tion upon the phenomena of the heavens; and for the
periodical publication of his observations. It is with no
feeling of pride, as an American, that the remark may be
made that, on the comparatively small territorial surface
of Europe, there are existing upward of one hundred and
thirty of these light-houses of the‘s]des; while i;hrough—
out the whole American hemisphere there is not one. If
we teflect & moment upon the discoveries which, in the
last four centuries, have been made in the physical consti-
tution of the universe by the means of these buildings,
and of observers stationed in them, shall we doubt of
their usefulness to every nation? And while scarcely a
year passes over our heads without bringing some new
astronomical discovery to light, which ‘we must fain re-
ceive at second-hand. from Europe, are we not ,outfing
ourselves off from the means of returning light for light, -
while we have neither observatory nor observer upon our
half of the globe, and the earth revolves in perpetual
darkness to our unsearching eyes ?” :

This eloquent appeal from the chief magistrate of the
country, in behalf of the cause of science, was received
with a general torrent of ridicule; and the proposition to
establish a light-house in the skies became a common by-
word of reproach which has scarcely yet ceased to be
familiar to the lips of men who glory in their ownditame.
So strong was this feeling that, in the year 1882, in re-
viving an act for the continuance of the survey of the
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coast, Congress was careful to append the proviso, that
' “nothing in the act should be construed fo authorize the
construction or maintendnce of a permanent astronomicalob-
servatory.” ‘

" YALE COLLEGE OBSERVATORY.

e

A donatlon ma.ﬁle to Yale College by Mr Sheldon Clark
is beheved to have contributed somewhat toward that im-
pulse which astronomy has recently received. In .1828,
-Mr. Clark made a donation of twelve hundred dollars to
Yale @llege for the purchase of a telescope. The tele-
scope was ordered from Dollond, of London; it arrived
in 1830, and was- pronounced by the maker to be “ per-
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fect, and such an instrument as he was pleased to send ag -
a specimen of his powers.” This instrument has a focal

length of 10 feet, and an aperture of 5 inches. The ob-

ject-glass is almost perfectly achromatic. For objects.
that require a fine light, as the nebul® and smaller stars,

this instrament exhibits great superioriy, and its defin:

ing power is equally good. It has a variety of eye-

glasses, and a spider-line mlcrometer of the best con-.
struction.

Thre style of,mounting of this telescope is not equal to
its optical character. It has an altitude and azimuth move-
ment without graduated circles, and is rolled about the
rqom upon casters. The location of the instrument was
peculiarly unfortunate. It was placed in the steeple of
one of the college buildings, where the only view afforded
of the heavens was through low windows which effect-
ually concealed every object as soon as it. attained an alti-
tude of thirty degrees above the horizon. Under these
circumstances, the telesoope ‘hasg proved less serviceable
to séience than might othermse have been antlc1pated
On one ocdasion, however circumstances gave this tele-
" scope considerable celebrity. * The return of Halley’s
comet, in 1885, was anticipated with great interest. The
most eminent astronomers of Europe had carefully com-
puted the time of its appearance, and the results of their
computations had been spread before the public in all the
popular ' journals. All classes of the community "were
impatiently watching to learn the result of these predic-
tions. The comet was first observed in this country by
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Professors Olmsted and Loomis, with the Claylc telescope,
weeks before news arrived of its having been seen in
Europe. This was the occasion of bringing prominently
. before the public the importance of having large tele-
scopes, with all the instruments necessary for nice astro-
nomical observagions. It gave a new impulse to a plan
which had already been conceived of establishing a per-
manent observatory at Cambridge, upon a liberal scale-—
a plan, however, which required the momentum of
another. and -more splendid comet for its Lcompletion. It
kindled anew the astronomical spirit of Philadelphia,
and ‘excited a desire for instruments superior to those
which were then possessed. - Indeed the importance of
systematic astronomical observations was beginning to be
somewhat generally felt, as well as the_necessity of su-
perior instruments for this purpose, and many embryo
plans were formed for the establishment of agtronomical
observatories. . . .
A transit instrument of five feet focal length and four
inches aperture has recently been presented to Yale Col-
lege by Mr. William Hillkouse, of New Haven ; but for
want of a suitable building for its reception, this instru-

ment has not yéb been mounted.

WILLIAMS COLLEGE OBSERVATORY...

The first attempt to found a regular astronomical ob-
servatory in.this country was made in connection with
Williams College, Massachusetts, by Professor Albert
Hopking, - In 1886, Professor Hopkins erected a small
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building, consisting of a center with two wings, the whole
being 48 feet in’ length by twenty in breadth. The cen-
— tral apartment is surmounted by a revolving dome 18
feet in diameter, and each wing has an opening through
the roof for meridian instruments. Under the dome was
placed a Herschelian telgscopé of 10 feet focus, mounted
equatorially. The circle for right ascension was a foot in
diameter; the declination semicircle was 80 inches in

WILLIAMS OOLLEGE OBSEZVATORY.

diameter. Both were made by Mr. Phelps, of Troy, New
York, and read to minutes. In the east wing has been
placed a transit instrument by Troughton, having a focal
length of 50 inches, and an aperture of thxee and a half
inches. In the same room is a compensation clock by
Molineux. o |

~ In1852 an achromatic refracting telescope, having an
aperture of seven inches, and & focal length of nine and a

B
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half feet, was presented to Williams College by the late
Amos Lawrence, Esq., of Boston. The optical "part was
manufactured by Mr. Clark, of Boston, and the mounting
was furnished by Phelps. The instrument is mounted -
equatorially, and has a clock movement. It will afford
some indication of the- excellence of this instrument fo
state that the sixth star in the trapezium of Orion has
been seen by it. This telescope has been mounted under
the dome of the' observatory in place of the former re-
ﬂectmg telescope

HUDSON OBSERV'ATORY OHIO.

The next expenment for an observatory was.made in
OHio; in ‘connection with the Western Reserve College.
Having been elect_ed to the professorshlp of mathematics
and astronomy in this institution in the spring of 1886,
the writer was sent to Europe for the purchase of instru-
ments and booké, and returned in the autumn of 1837
with an equatonal telescope, a transit circle, and a clock,
During the next season a building was erected, Whlch
though quite moderate in dimensions, wag ‘well suited to
the accommodation of the instruments. The entire length
of the building is' 87 feet, and its-breadth 16 feet. - The

transit room is 10 feet by 12 upon the inside, having a

sandstone pier in its center. The pieris entirely detached
from the building, and descendsabout six feet below the
surface of the earth. The transit commands an unob-
stracted meridian from ninety degrees zenith distance on
the'south, to eighty-nine on the.north,
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GROUND PLAN OX IIUDSON OBSERVATORY.

The center room is oceupied by the equatorial, - It is
14 feet square on the inside, and is surmounted by a re-
volving dome of nine feet internal diameter. The equa-
torial pier descends six feet below the surface of the
ground, and, like the transit pier, has aslope of one inch
ta the foot.
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The transit circle was made by Simms, of London. T

‘ has a'telescope of 80 inches focal length, with an aper-

ture of nearly three inches. The circle is 18 inches in
diameter, graduated on platina to five minutes ; and it
has three reddmg microscopes, each measuring smgle
seconds.

The equatorial teleseope, made also by Simms, has a
focal length of five and a half feet, with an aperture of

‘about 4 inches. - The hour circle is 12 inches in diameter,

graduated to single: minutes, and reads by two verniers
to single seconds of _time. * The dechnatlon cirele is also
12 inches in d;lamete“r, gradua’ced to ten minutes, and
reads by two verniers to ten seconds of are.

The-clock was made’ by Molineux, and has-a mercurial
pendulum. . The instruments were first placed in the ob-

.servatory*September 1888, and during the whole time

of his residence in Ohio, the author pursued a systematic .
course of observatlons, as far as his'engagements in the
college would permlt and without the advantage of an’

‘assistant. Among these observations may be mentioned,

260  moon culminations for longitude, 69 culminations
of Polaris for- 1at1tude, 16 occultations, 5 comets, with
sufficient accuracy to aﬂ‘ord a de%ermmatlon of their
orbits, besides a great vanety of other obJects, for reg-
ulating the clock, ete.

The moon culminations observed at Hudson have been
.compared with European observations, as far as corre-
spondmg ones were made, and the following is the result:
On 119 mghts the moon was observed both at Green-
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~ wich and Hudson ; on 107 nights it was observed both at
Edinburg and Hudson; on 95 nights at Cambridge (Eng-
land) and Hudson ; on 88 nights at Hamburg and Hudson ;
and on 40 nights at Oxford and Hudson. The discussion
of all these observations, the results of which are pub-
lished in Gould’s Astronomical Journal, has furnished
the longitude of Hudson from Greenwich with a pre-
cision such as has-been attained at but few other places
in the United States.

In thé summer of 1849, the observatory at Hudson
was compared with that at Philadelphia by means of the
electric telegraph, numerous 'signals'having been trans-
mitted to and fro on four different nights, and the differ-
ehce of longitude between these places has thus been -
settled within a small fraction of a second. The accurate. -
determination of the geographical position of a single
such place in-a new State, affords a standard of reference
by which a large surrounding territory is tolerably well
located through the medium of the local surveys, -

PHILAi)‘ELPHIA HIGH-SCHOOL OBSERVATORY.

The High-School observatory at Philadelphia was
erected at about the same time with that of Western
Reserve College, but the instruments were not received
until the autumn of 1840. In the year 1887, a com-
mittee was appointed . by the Board of Controllers of
Public Schools on the subject of establishing a Central
High-School in Philadelphia. At.one of the meetings
of the committee, Mr. George M. Justice proposed the
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PHILADELPHIA HIGH-80HOOL OLSERVATORY,

erection of an observatory to be attached to the schdol,
"“and that the use of astronomical instruments should be
’ﬁa,ught as a regular branch of study. +The committee ‘
unanimously- ‘adopted ‘the suggestion, and -placed the
erection of the observatory and' furnishing the instru-
ments under. the care of Mr. Justice. The Controllers
placed at the disposal of the committee the sum of $5000
- to furnish the observatory. In accordance with the ad-
vice of Mr. Sears C. Walker, it was decided to order the in-
struments from Munich, in preference to London or Paris.
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In the year 1838 a tower, about 45 feet high, was
erected in the rear of.the school building, and was in-
sulated 10 feet below the surface of the earth. The brick
walls were three feet thick at bottom, and two and a half
feet thick at top, and the diameter of the tower was
about 12 feet in the clear. * It was surmounted by a
dome 18 feet in diameter, weighing about two tons. The
telescope rested on two marble slabs, each weighing about
a thousand pounds, which were supported by two strong
cast-iron beams that reached from the north to the south

brick wall, and thus bound the two walls together.

The equatorial, by Merz and Mahler, of Munich, is of
eight feet focal length, and six inches aperture, with
clock-work movement. Thé hour circle is nine inches
in diameter, reading to four seconds of time; the declina-
tion circle is 12 inches in diameter, ‘reading to ten seconds
of arc. This telescope is mounted like the celebrated ™
telescope at Dorpat, and has a Vanety of powers to 480,
with micrometers.

'The meridian circle is by Ertel, of Munich, and was
mounted on marble pﬂlars resting on' the south wall of
the tower. The telescope has an object-glass of five
feet focal length, four and a half inches aperture, and is
so constructed that the object-glass and eye-glass may
be made to change places. It has two circles, each
graduated to read by the aid of four verniers to two
seconds of are. The clock is by Lukens, and has a mer-
curial pendulum. The cost of the several instruments
wag as follows: equatorial telescope, $2,200; meridian
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circle, $1,200; clock, $300; comet seeker, -$245; chro-
' nometer, $250. ‘ - ;
* The erection of this observatory formed an epoch in
the history of American astronomy, in consequence of
- the introduction of a cldss of instruments superior to any
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which had been hitherto imported. It introduced the

instruments. of Munich fairly to the notice of the Ameri-

can public; and their superiority to the English telescopes

‘was felt to be so decided, that almost every large instru- -
ment. which has been since imported has been from the

- same makers. In the hands of Messrs. Walker and

- Kendall, this. observatory became celebrated, not only in

* America, but also in Europe. It has furnished 436 moon

cu]mmatlons, about 120 occultations of stars, and several

series of observations for latitude ; together with numer-

ous observations of comets, ,especlally the great comet of

1843. This was also an important station in several of’
the earlier telegraph operations for longitude.

The ground occupied by the High School being needed
for the accommodation of one of the railroads leadmg out
‘of the city, the building and lot were sold in 1858, and a
- new lot was purchased on Broad-street, about 250 rods
north-from the former site. - Fere a new school ‘building
and observatory have been erected, and the instruments
were set up. in the autumn of 1854. The following is a
description of the new observatory :

For the support of the instruments, two parallel piers
of solid masonry, nearly at right angles to the plane of
the meridian, each 16 feet wide and 2% feet thick, were
erected in the central front part of the building. They
are 18 feet apart, being separated by the main entrance-
hall and principal stairway ; the latter extending to the
fourth story of the tower. The piers are inclosed and

completely isolated, and extend from below the founda-
10
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tions of the building to a height of 90 feet, terminating
about one foot above the ceﬂing of the fourth story of the
tower. They are tied together at each floor by wooden
beams, and at the top by four cast-iron girders—a pair,
four and a'half feet apart, being placed near each end.
The observing room is 24 feet square, and is covered
by a flat roof with the exception of the part occupled by
the equatomal
The eastern pair of iron: g:rders are framed together
midway between the piers, and upon this frame-work is,
constructed of bricks and cement, a prism, four feet
Equare at the base, reaching nearly to the floor, and from
this point a cylinder, three feet in diameter, rises three
~ feet above the floor. This cylinder is incased in a drum
of bqilér iron. The marble stand of the telescope is im-
bedded to a depth of 18 inches in the cylinder, and rises
to a height of six feet and three quarters above it. The
equatorial is covered by a hemispherical dorie of 12 feet
in diameter, constructed upon the plan of that of Mr.
Campbell’'s observatory in New York, with revolving
table and steps attached:  To secure a firm support for
the'dome, a frame-work of cast iron is constructed below
~ the floor, resting on the walls within the piers. From
this frame-worlk, eight.equidistant cast-iron columns ex-
“tend to the ceiling, and upon these a substantial Ting,
12 feet in diameter, composed of wood and iron, serves
as the founda.tlon for the plate upon. which the dome re-
volves. -

'l‘he western end of'the southern pler is extended to
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within about one foot of the floor, and is capped by a
slab of marble, eight inches thick, upon which the piers
“of the transit circle stand. In the direction of the meri-
dian of the transit is a clear opening, 26 inches wide, in_
the roof and down the sides to within about two feet of
the floor. - On each side of the transit circle a flexible gas
tube hangs from the cellmg One. light is used to illurni-
nate the -wires of the transit, while the other is used in
.reading the circle.

The clock is attached to the western wall, near the
transit instrument, and is hghted by gas. o

Adjoining the observing Toom on the east, is a small
apartment which serves as a library and computing room.
This room is provided with a stove, for which reason the
two rooms do not communicate'd:irectly with each other,
but both open on the staircase ieading, from the fourth
story to the observatory. *

WEST POINT OBSERVATORY.

The West Point observatory was erected about the
same time with that at Philadelphia. In 1889, a large
building was erected for the accommodation of the library
~and philosophical apparatus, with three towers for the re-
ception of astronomical instruments. The central tower
is surmounted by a traveling dome, 27 feet in diameter,
and-about 17 feet high from the spring. It is pierced by
five window-openings near the curb, and ‘an observing
slit, two feet wide, extending from a point four feet above
the floor to nearly two feet on the opposite side. of the
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zenith.. The dome rests on six twenty-four pound can-
non- -balls, which turn between two castiron annular
grooves. '

- -LXOZI BIZON HHL KO SEIAMOL IHI HDA0YHL NOILOAS .

'In the two flank. towers, meridian observing slits are
maﬂe about 20 inches in the clear. These begin about
two and & half feet from the floor, and extend through
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the roof, thus affording an uninterrupted view of the
celestial meridian from .the southern to the northern
horizon.

In the year 1840, Professor Bartlett visited the prin-
cipal observatories in England, Scotland, Ireland, France,
Belgium, and Bavaria, and ordered three large instru-
ments, viz., an equatorial telescope, a transit instrument,
and a mural circle: ' .

The equatorial, W'hicli was erected in the central tower,
was mounted by Mr. Thomas Grubb, of Dublin. The_

‘ telescope, made by Lerebours, of Paris, is a refractor of
eight feet focal length, and six inches aperture. It hasa
position micrometer, furnished with an illuminating ap-
paratus for bright lines and dark field. The ‘telescope is

~ moved by clock-work, so that the 'object under ex-

. amination is easﬂy kept in the center of the field. of

view.

In the east tower is a transit teleseope, by Ertel and
Son, of Munich. It has a ‘cléar aperture of five and a
quarter inches, with a focal length of seven feet, and is
supplied with all the appendages necessary to facilitate
the makmg of observatlons ‘There is in this tower a fine
sidereal clock, by Hardy. x

In the west tower is a mural circle, by Simms, of Lon-
don. Tt is cast in one entire piece of brass; instead of
the old mode of frame-work. Its diameter is five feet
and the graduations are upon two bands, one of gold the
other of palladium. The telescope has a clear a,pert;ure-
of four inches, and a focal length of five feet. It is pro-
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vided with all the usual means of adjustment, together

with a vertical collimating eye-piece, and an illuminating
apparatus for dark field and bright lines. Professor

Bartlett, the director of the observatory, has subjected

this instrument to a severe trial, and finds the probable

error in the measurement of an ‘Vangle of 60° to be but

0".22, exclusive of the error of reading. There is also a

sidereal clock in the same tower.

A new refracting telescope, designed to take the place
of the Grubb telescope in the central tower of this ob-
servatory, has just been completed by Mr. Henry Fitz.
This telescope has a focal length of 14 feet, and an aper-
ture of nine and three fourths inches. It has seven neg-
ative and six positive eye-pieces, the highest magnifying
povs;er being 1000. ., The circlés are each 20 inches in
diameter, the hour cirele reading to two seconds of time,
and the declination circle to 20 seconds of arc. The pnce
of this telescope was' $5000. o

Professor Bartlett made a series of observations on the
great comet of 1843 which are’ pub'llshed in the “ Trans-
actions of the American Philosophical Society.” He has
also made numerous observations with the meridional in-
struments, which have fiot yet been published.

| NATIONAL OBSERVATORY AT WASHINGTON.

Soon after the completion of the West Point observa-
tory, the National observatory at ‘Washington was com~
menced. The origin -of this establishment may be traced
to the wants of the naval service. In the year 1831, there
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was established at Washmgton a dépot of charts and in-
struments for the use of the navy. A small transit in-
strument was erected in a small wooden building near the -
Capitol, and used for the rating of chronometers. This
dép6t was for several years under the superintendence of
Lieutenant (now Captain) Wilkes. When, in 1888, this
officer took-command of the exploring expedition, he rec-
ommended that a series of observations should be made

NATIONAI: OBSERVATORY AT WAB]IINGTON

in this country, dunng ]us absence, upon such celestial
phenomena as might be available for the better determi-
nation of his longltudes, and their reference to some
meridian at home. The government sanctioned the rec-
ommendation, and the observations were directed to be
‘made at Dorchester by Mr. Bond, and at Washington: by
Lieutenant Gilliss. .This series was continued until the
return. of the expedition, in 1842:
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On his return from Europe, in 1840, Professor Bartlett.
made a report to the Engineer Department at Washing-
ton on the observatories of Europe. In this report he
embodied the modern improvements in the construction
of instruments, as well as the erection of observatories.
He afterward prepared a- plan and estimates for an ob-
,. servatory at’Washmgton for Mr Pomsett then Secretary
of War. :

In 1842 was passed an Act of Oongress authonzmg the
erection of a dépdt of charts and instruments for the navy,
the expense being limited to $25, 000. Lieutenant Gilliss
was instructed by the Secretary of the Navy to present.a
plan of a building, after consultation with the principal
astronomers of the United States. The plan thus pre-
pared was afterward submitted to the most eminent as-
tronomeys of Burope, and the model finally adopted em-~
braced such improvements as they had recommended.
The observatory consists of a central building of brick,
with wings upon- the east, west, and mouth sides. The
central building is 50 feet squé,re, two stories high, with
a bagement, and is surmounted by a reyolving dome 23
feet in* diameter, with an elevation of 18 feet from the
floor. Directly under the dome is the great pier, whose
diameter at the base is 15 feet, and tapers gmdua]ly' to
the top, upon which rests the great equatorial. The cen-
tral building, except the dome, is employed exclusively
for official purposes. The west wing is 21“by 26 feet,
and 18 feet high, and is appropriated to the meridian

transit instrument. The east wing.is 48 by 21 feet, and
10%
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.is divided. into two rooms, in one of which are the mural
circle and the meridian circle, and in the other are the
~ chronometers. The wing on the south side is 21 by 40
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feet, in two apartments. In the ﬁrst apartment is the
transit in the prime vertmal and in the second apartment
is the new refraction circle. In éach of these wings is
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a clock regulated to sidereal time, Immediately east of |
the observatory is the dwelling of the superintendent.

The great refracting telescope was made by Merz and
Mahler, of Munich. The object-glass has a focal length
of 15 feet, and an aperture of nine and a half inches.
This telescope is equatorially mounted, and furnished
with clock-work. It has a repeating filar micrometer,
with eight eye-pieces, magmfymg from 100 to 1000 times.
The cost of this telescope was $6000, its object-glass
alone being valued at $3, 600.

The t'ransﬂs instrument has an. object-glass with a clear
aperture of five and a half inches, and a focal length of *
88 inches, furnished by Merz and Mahler, and the in-
strument was constructed by Ertel and Son, of Munich.
It is mounted upon large piers of granite, which rest
firmly on a foundation of stone, extending ten feet below
the surface of the ground. The cost of this instrument
was $1480; the object-glass alone cost $320.

The mural circle was made by Mr. William Simms, of
London. It is five'feet in diameter, made of brass, and
cast in a sihgie piece. It is divided into spaces of five
* minutes each, upon a band of gold inlaid on the rim, or
perpendicular to the plane of the circle. Placed at equal
distances round the circle are six micrometer microscopes,
with an acute cross of wires at their foci, for reading
anglés less than five minutes. Tive revolutions of the
micrometer are designed to measure five minutes upon
the circle. The micrometer heads being divided into
sixty equal -parts, each division‘represents one second of
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wires and one horizontal wire. There is also another
dlap%ragm movable by a micrometer screw, and fur-
' nished with five horizontdl and equidistant wires, by
which the distance of any star from the fixed horizontal
wire is measured as it passes through the field. The
magnifying power ordinarily employed is 125. The cost,
of the mural circle was $3,550. o

The meridian circle was made by Ertel and Son, of
Munich., Its object-glass has an aperture of four and a
half inches, with a focal distance of 58 inches. This
instrument is provided with a circle 80 inches in
diameter, divided into arcs of three minutes, and reads
by four microscopes to single seconds. - The clock in the
east wing has a mercurial pendulum, and was made by
Charles Frodshatn.

'The.transit in the prime vertical was made by Pistor
and Martins, of Berlin. The object-glass of the telescope,
has a clear aperture of five inches, with a focal length

of 78 inches. The eye-tube carries a system of 2 hori-
~ zontal and 15 vertical stationary wires, with one movable
vertical wire, - This instrument is mounted at one end
‘of its axis and outside of its supports. It is reversed
from one side to the other twice during every observa-
tion; and though it weighs upwards of 1000 pounds,
so perfect is its system of counterpoises and: the reversing
apparatus, that a child can lift it from its supports, reverse
and replace it in them, in less than one minute. The
cost of this instrument was $1750. The clock in this
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wing has a gridiron pendulum, and was made by Charles
Frodsham.. : "

—— - £y

PRIME VERTIOAL TRANBIT.

The refrac;tion circle was made by Ertel and Son, from
plans and drawings furnished by Lieutenant Maury. The
" telescope is eight- and ‘s half feet in length, with a clear

- aperture of seven inches. It is supported in the middle

of the axis between two piers, and it has two circles of

*
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four feet diameter, one on each end of the axis, divided
on gold into arcs of two minutes. Each circle is pro-
vided with six reading microscopes. The telescope has
two micrometers, one moving in azimuth, the other in
, altitude. o
The comet-seeker was made by Merz and Mahler.
It has an object-glass of about 4 inches in diameter,
and with a focal length of 82 inches, with which low
magnifying powers are used, that it may embrace a large
field, and collect the greatest possible quantity of light.
The cost of this instrument was $280. . 4
In the fall of 1844, Lieutenant Maury was directed to
take charge of the ‘new “Dépdt of Charts and Instru-
ments.” Lieutenant Maury commenced a regular and
systematic series of observations upon the sun and moon,
the. planets, and a list of fundamental stars, con;prising
those of the greatest m‘agnitude and of t];e most favorable
positions, to be used as standard stars. He also under-
took observations for a most extensive catalogue of stars.
This. work contemplates a regular and systematic ex-
awination of every point of spacein the heavens that is
visible at Washington, and of assigning position, color,
and magnitude to every star that the instruments are
capable of reaching. The following plan of sweeping
was adopted: The telescope of the mural circle is set
in gltitude, and all the microscopes carefully read and
recorded, and the eye-piece is moved dp and down so
as to cover a belt of about 50 minutes.in declination.
The micrometer diaphragm is provided with a ‘number
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of ~para11¢1’v§rires, the intervals of which have been care-
fully determined. Thus, in whatever part of ‘the field a
star appears, a micrometer wire is close at hand, and the
star is bisected by the nearest wire, while the time at
which it passes the several vertical wires is also noted.
The number of the bisecting wire, and the reading of the
micrometer being now entered, the observation is complete.

The observer thus keeps his eye at the telescope for
hours at-a time, and, under favorable circumstances, can
observe with ease two or three hundred ‘stars, during the
night. - The tradsit instrument, by means of a mi-
crometer moving in altitude, is converted into a difference
of declination instrument, and occupies the adjoining belt
above the youral; the two instruments being so set. that
ten minutes of declination are common to the field of
both, The meridian circle in the same way ocoupies . the
belt below the mural. The next night the instruments
change places, and go over'the same ground, <. e., the
meridian ecircle covers the same belt to-night which on
the former night ;was swept by the mural. The two lists
are 1mmedlately compared and should it appear that any
of the stars have ohanged their position, the large equa~
torial is’ put in pursmt; to ‘see whefnher - they are fixed
‘stars or not. : S

This great work contemplates the examination of every
star ‘down to the tenth magnitude in the entire vigible
heavens; and while it looks to the discovery of new
planets and unknown stars, it also aims to detect the dig-
appearance of any stars found in existing catalogues. '



ASTRONOMICAL OBSERVATORIES. 238 .

‘In December, 1849, the use of the electric clock was
‘introduced at the Washington observatory, and the
original method of observation. was somewhat modified.
In the west transit instrument was inserted a new dia-
phragm, having two systems of wires which included 75
spider-lines, viz., one system of ‘vertical and one system -
of inclined wires. Each system is divided into groups .
of five wires each. By observing the transﬂ: of a star
over a group of vertical wires, its right ascension is de-
termined ; and by observing its transit oyer a group of
inclined wires, the difference of declination between this
and other stars similarly observed may be computed All
these observations are recorded on a fillet of paper by
means of an electric circuit, by simply pressing a key
as the star is seen to pass each oi' the wires of the transit
instrument. '

Thiee quarto volumes of Washmgton observatlons have
been published, viz., the observatmns for 1845 184:6
and 1847.

The volume for 1845 containg 550 pages, and furnishes
~afull descrlpmon of the instruments employed, illustrated
by numerous engravings. It also furnishes a large num-
ber of observations with the tmnsﬁs instrument, the
mural circle, and the prime vertical transit. The volume
~for 1846 contains 676 pages, and besiges observations,
with the instruments used in 1845, furnishes also ob-
servations with the meridian circle and equatorial. All
these observation are carefully reduced, and the places
of the sun, moon and planets, are compared with their
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predicted places as given in the Nautical Almanac. . The .
volume for 1847 contains 480 pages, and in its arrange-
ment is similar to the preceding volume. These volumes
have placed our National observatory in the first rank
with the oldest and best institutions of the same kind in
Europe. But few observatories J.n Europe prqduce an
equal. amount of work in a year, and in point of ac-
curacy the observations compare well with those of
foreign  institutions. Itis expected that the volume for
1848 will be ready for the printer some time during the
present year, é,nd that the succeeding volumes will fol-
low with but little delay. ‘

The observa,tioné for the-star catalogue have not yeb
‘been published. . The number of stars already observed
is estimated at about 100,000, included between 16 and
~ 45 degrees of south declination. The want of sufficient
. force for reducing the observations has caused the delay
in their publication. o

During the first two or three yeai's of the operations
of the observatory, Lieutenant Maury devoted consider-
able time to, observitions, especially with the prime ver-
tical transit and equatorial; butfor several years his
time has been entirely png:r.:dssed by general superintend.-
ence, and he has been obliged to leave the observationg
to his- a;ssiétants., It has been customary to assign a licu-
tenant and a professor of maghematics to each meridional
instrument. Frequent changes have been made in the
licutenants employed. at. the observatory; one set of
-officers. being ordered. to sea, and another set being sent
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to supply their place. But the professors of mathemat-
ics have continued with tolerable permanence, and have
acquired a corresponding familiarity with the instru-
ments, and the computations growing out-of their use.
The fgllowing notices contain the names of those who
have contributed most. to glve ‘character to the ob-
Servatory ,

. Professor John H. C Coffin- graduated at Bowdoin
College in 1884, and commenced duty at the observa-
tory in January, 1845. He was immediately placed in
charge of the mural circle, and devoted his time ex-
clusively to that instrument until 1851, when his eyes
began to suffer from the severe usage to which they had
been subjected, and he made but few observations after
that time. In 1858 he was detached from the observa-
tory, and ordered to join the Naval Academy at Annap-
olis, where he is now employed in the department of
instruction. Professor Coffin applied himself to his
duties as an observer with indefatigable perseverance ;
and the published volumes of the Washington observa-
tions sufficiently attest the amount and value of his
labors.

Professor Joseph S. Hubbard graduated at Yale Col-
lege in 1843, and commenced duty at the observatory in
May, 1845. During the first year he had charge of ob-
servations with the transit instrument; in 1846 he was
assigned to the meridian circle; in 1847 he was trans-
ferred .to the equatorial; and since that time he has had
charge of the prime vertical transit.  Since 1850 he has
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been- chiefly employed in the reduction of back observa-
tions. In 1852 and 1853 he undertook a series of .
observations on Alpha Lyrse for the determination of
its parallax, but the unfavorable state of the weather
~ during the month .of December, when the maxirgum of
parallax” 6ecurs, frustrated his expectations, and he was
- compelled to abandon the attempt. Professor Hubbard
has contributed to the Astronomical Jowrnal various
papers which -have secured him a high reputation among
astronomers. Among these papers may be mentioned
his researches on the great comet of 1843 ; on the orbit
of Biela’s comet ; on the orbit of the planet Egeria, ete.
Professor Reuel Keith graduated at Middlebury Col-
lege in 1845, and commenced, duty at the observatory in
Avugust of the same year. He was immediately assigned
to the meridian transit, and up to the present time has
given his exclusive attention to that instrument, The
_ published volumes of the observations show the fidelity
with which he has discharged the .duties assigned to
‘him. . : '
‘Professor Sears C. Walker graduated at Harvard Uni-
_versity in 1825, and was attached to  the observatory
during the principal ‘part of the year 1846. During
this time he was mainly employed in computations
respecting the planet Neptune ; in the discussion of the
"latitude of the observatory; in determining the error
of standard thermometers, ete.
Professor James Ferguson, for many years first assistant
in the department of the Coast Survey, became connected
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with the observatory in 1848, and was immediately as-
signed to the equatorial, of which he has had sole charge
to the present time. e has made numerous observations
of comets, and of the small planets, and has had the good
fortune to discover a new asteroid, Euphrosyne, being
the only instance in which a primary planet has been
first discovered by an American observer.

GEORGETOWN OBSERVATORY.

The erection of the Georgetown observatory was nearly
cotemporaneous with that of the National (;bservatory.
In December, 1841, Rev. T. M. Jenkins offered a_dona-
tion to the college at Georgetown for the purpose of
building and furnishing an observatory ; and Rev. C. H.
Stonestreet offered to supply an equatorial. In 1842 the
donations were accepted. . In the summer of 1848 the
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foundations of the building . were laid, and it was fin-
ished in the spring of 1844,

The ground on which the observatory is built is 154
feet above the level of the Potomac river, from which
it is distant about half a mile. The central part of the
building is 80 feet square on the outside, with connecting
wings both on the east and west sides, each of them
being 27 feet by 15, making the entire length of the
observatory 60 feet. The éentral part is surmounted by
a rotary ‘dome 20 feet in diameter, which works on
cast-iron Tollers, 8 inches in diameter. The opening in

GEORGETOWN OBSERVATORY, SOUTI ﬁLEVATION.

the dome is 2 feet wide, and is closed by 4 shutters.
From the cellar, through all.the floors of this part of
the- building, rises a pier of masonry 41 feet high. This
pler is 11 feet square at the base, and 6 feet square at



ASTRONOMICGAL OBSERVATORIES. 289

the top, and upon it rests the equatorial telescope, made
by Simms, of London, which was received in 1849. The
object-glass has a focal length of 80 inches, and an
aperture of nearly 5 inches, with powers from 25 to 408.
The hour circle is 16 inches in diameter, and reads -to
one second of time; the declination circle is 20 inches
in diameter, and reads to five seconds of arc. The in-
strument is supplied with clock-work, by which a celestial
object may be kept continually in the field of view. This
instrument cost $2000. :
~ The east and west rooms, which contain the meridian
instruments, have meridian openings two feet wide
through the roofs, and down the north and south walls
to within two feet of the ground. In the west room is
mounted, on sand-stone piers, a transit instrument, made
by Ertel*and Son, of Munich, which was received in
1844. The object-glass is four and a half inches clear
aperture and 76 inches focal length. It has a reversing
stand, by which the instrument can be reversed in a
minute and a half. This instrument cos $1180, be-
sides the expenges of tra;ﬁsporting it from Munich. There
is also in this room a good sidereal clock by Molineux,
of London.

In the east room is mounted on two massive piers a
45 inch meridian circle, made, in 1845, by William
Simms, of London, with a telescope five feet long, and a

4 inch object-glass. The circle is graduated to five . .

minutes, and there are four micrometers fixed to the
eastern pier, reading to one second of arc. When the in-
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strument is reversed, the readings are made by a second
set of microscopes, which are attached to the western pier.
In the eye-tube are seven fixed and one movable vertical
wire, with one fixed and one movable horizontal wire,
The lowest eye-piece is used for a collimating eye-piece,
by which the nadir point is determined by reflection
from a vessel of mercury. The cost of this instrument
was $2050.  'With this instrument there is a fine sidereal
clock by Molineux, of London.
 This observatory is under the direction of Rev. James
Curley, who commenced a series of transit observations
in 1846. During the autumn of the same year, he made
some observations.of circumpolar stars with the meridian
~ ¢ircle, for detex;‘;nining the latitude of the observatory.
During the year 1848, M. Sestini, of Rome, was added to
this observatory, and it was expected that the celebrated
comet hunter M. De Vico, of Rome, would be associated
with Mr. Curley. But these expectations were suddenly
disappointed by the death of M. De Vico, which took place
at London, in November, 1848, ' A
In 1852, Mr. Curley published a quarto volume of 216
pages, under the title of “ Annals of the Astronomical
Observatory of Georgetown Collége,” giving a descrip-
tion of the obsei'vatory, as well as the transit instrument
and meridian circle, and intimating that additional num-
bers of the “ Annals” might be expected hereafter.
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CINCINNATI OBSERVATORY.

The Cincinnati observatory owes its existence to the
labors of Professor O. M. Mitchell. In the years 1841
and 1842, a society was organized in Cincinnati, called

the Cincinnati Astronomical Society, the object of which -

was to furnish the city with an observatory. Eleven
thousand dollars were subscribed in shares of twenty-five.
dollars each ; and a site for the building was given by
Nicholas Longworth, Esq. It consists of four acres of
ground on one of the highest hills on the eastern side of

QINCINNATL QUBERVATORY,

the town. In June, 1842, P{*Ofessor Mitchell visited
Europe to purchase a telescope. At Munich, he found
an object-glass of 12 inclies aperture, which had been

tested by Dr. Lamont, and pronounced one of the best
11

B
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ever manufactured. This was subsequently ordered to
be mounted, and was purchased for $9437. The instru-
ment arrived in Cincinnati in February, 1845. In
November, 1848, the corner-stone of the observatory

o
.

. umm}mwl THLESOOPE.

was laid by the venerable John Quincy Adams. The
building is 80 feet long and 80 broad. Tis front presents
a basement and two stories ; while in the center the build-
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ing rises three stories in height. The pier is built of
stone, and is grouted from its foundation on the rock to
the top.  The equatorial room is 25 feet square, and is
surmounted by a roof so arranged that it may be entirely
removed during the time of observations. ‘

The obj ect-glass of the telescope has an aperture of 12
inches, and a focal length of 17 feet. The hour circle is
16 inches in diameter; and reads by two verniers to two
seconds.  The declination circle is 26 inches in diameter,
and divided on silver to five minutes, reading by verniers
to four seconds. The instrument has five common eye-
picces and nine micrometrical, with powers varying from
LOO to 1400. Tt is farnished with clock-work, by which
v star is keept steadily in the field of view of the tele-
3COPE. ‘ .

Through the liberality of Dr. Bache, the superintendent
>f the United States Coast Survey, this observatory has
been furnished with a five feet transit ingtrument; and a
1ew sidereal clock has recently been received.

Professor Mitchell has hitherto devoted much of his
ime to the measurement of Struve's double stars south
f the equator. A number of interesting discoveries have
een made in the course of this review. Stars which
truve marked as oblong, have been divided and meas-
red; others marked double, have been again subdivided
nd found to be triple; while a comparison of the recent
reasures of  distance and position with the measurements
f Struve, has demonstrated the physical connection of
e components of many of these stars. ©
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For the last two or three years the energies of Professor
Mitche]l have been devoted almost exclusively to railroad
engineering, and the observatory has consequently been
neglected. We trust that he will soon free himself from
such groveling occupations, and again direct the gaze of
his powerful telescope to study the movements of distant
worlds.

CAMBRIDGE OBSERVATORY.

The project of erecting an observatory in the neighbor-
- hood of Boston upon a scale correspondmg with the im-
portance and ‘dignity, of astronomy, had for a long period
been the subject of conversation among the friends of
science. - This was a favorite scheme with John Q. Adams,
Nathaniel Bowditch, and others, and various plans had
been proposed for carrying it into execution; but it did
not appear practicable to raise a sum of money sufficient
to complete the plan upon the liberal scale which was de-
sired. Something was needed to give a stronger impulse
to the claims of practical astronomy. This impulse was
given by the unexpected appearance of the splendid comet
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of 1843, In the month of March of that year, a comet
with 2 long and brilliant train having made its appear-
ance, the people of Boston naturally looked to the as-
tronomers of Cambridge for information respecting its
movements. The astronomers replied that they had no
instruments adapted to nice cometary observations. This
announcement, together with the knowledge of the exist-
ence of good instruments in other parts of the United
States, aroused the general determination to supply the
deficiency. Definite action was taken in March, 1843,
An informal meeting of a few individuals interested
in the subject was held at the office of .the American
Insurance Company in'Boston. The proceedings of this
meeting were cordially seconded by the .American
Academy of Arts and Sciences, and a full meeting of
merchants and other citizens of Boston was subsequently
held at the hall of the Marine Society, to consider the
expediency of procuring a telescope of the first class for
astronomical observations, At this meeting the question
was decided in the affirmative, and a substription of
twenty thousand dollars recommended to defray the
expense. This amount was soon furnished. Mr. David
Sears, of Boston, gave five thousand dollars for the erec-
tion of an observatory, besides five hundred dollars
toward the telescope. Anmother gentleman of Boston
gave one thousand dollars for the same object; eight
other gentlemen of Boston and its vicinity gave five
hundred dollars each; there were eighteen subscribers
of two hundred dollars each; and tliirty of one hundred
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dollars each, besides many smaller sums. The American
Academy of Arts and Sciences made a donation of three
thousand dollars; the Society for the Diffusion of Use-
ful Knowledge gave one thousand dollars; the American,

GROUND PLAN OF CAMBRIDGE OBSERVATORY.

Pog

“Merchanty/, and National Insurance Companies and
Humane Society gave five hundred dollars each; two
other companies gave three hundred dollars each; one
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gave two hundred and fifty, and another gave two hun-
dred dollars. .

The Corporation of Harvard University purchased an
excellent site for the erection of an observatory. The
ground comprises about six and a half acres. The posi-
tion is elevated about 50 feet above the general plain on
which are erected the buildings of the University; and
1t commands in every direction a clear horizon, without
obstruction from trees, houses, smoke, or other causes.
Upon this spot, which is known as Summer House Hill,
the Sears Tower was erected for the accommodation of
the large telescope, with wings for other instruments,
and a house for the observer. The Sears Tower is a
brick building 82 feet square, resting on a granite found-
ation. The corners of the towers are arched so as
gradually to bring the interior into a circular form of 31
feet diameter, surmounted by a granite circle, on which
is Jaid an iron rail hollowed in the middle to serve as a
track for the iron balls on which the dome revolves.
The dome has a diameter of 80 feet on the inside, with
an opening five feet wide, extending beyond the zenith.
The shutiers to this opening are raised and closed by
means of endless chaing working in toothed wheels. To
the lower edge of the dome is affixed a grooved iron
rail similar to the one laid on the granite cap of the
walls, and the dome rests on eight iron balls, which had
been smoothly turned, and were placed at equal dis-
tances Tound the circle. Although this dome is es-
timated to weigh about fourteen tons, vet it can be
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turned through a whole revolution by a single individual,
without any very great exertion, in thirty-five seconds.
‘The central pier for the support of the telescope ix
of granite, and is in the form of a frustum of a cone
22 feet in diameter at the base, and 10 feet at the top.
It is 40 feet high, and rests on a wide foundation of
grouting composed of hydraulic cement and coarse
gravel, 26 feet below the natural surface of the ground,
and is entirely detached from every other part of the
building. TUpon the top of the pier is laid a circular
cap-stone, 10 feet in diameter, and 2 feet thick, on which
stands, by three bearings, the granite block, 10 feet in
height, to which the metallic bed-plate of the telescope
is firmly attached by bolts and screws. TFive hundred
tons of granite were used in the construction of this
pier. .
Upon the east side of this tower is a small wing for
the accommodation of the transit circle and clock ; and
on the north side is a similar wing, designed for a transit
in the prime vertical. The house for the accommodation
~of the observer is connected with the cast wing. The
-western wing is used for magnetic and meteorological
observations, This wing was erected in the years
1850-51, making the entire length of the building 160
feet, and adds greatly to the architectural beauty of the
observatory. In the small dome is placed the smaller
equatorial, of 5 feet focal length, and 4 and 1-8 inch
aperture, made by Merz, which is a remarkably fine
instrament, : ‘ *
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The “Grand Refractor” was made by Messrs. Merz
and Maller,  of Munich, Bavaria. They bound them-
selves by comtract to make two object-glassés of the clear
aperture of 15 inches, to be at least equal to that fur-
nished for the noble instrument now mounted at the
Russian ObServatory at Pulkova. On being notified of
the completion of these object-glasses, the agent of the
University, Mr., Cranch, of London, accompanied by the
instrument-rn aker, Mr. Simms, proceeded to Munich, and
after careful - trial and examination, made the required
selection.  The selected object-glass was received at
Cambridge in December, 1846; the great tube and its
equatorial 1 ounting did not arrive until June, 1847. The
object-glass  of the telescope is 15 inches in diameter,
and has 22 feet 6 inches focal length. Some of the
eye-pieces are 6 inches long, making the entire length 23
feet. The telescope has eighteen different powers, rang-
ing from 108 to 2000. The hour circle is 18 inches in
diameter, divided on silver, and reading by two verniers
to one secomd of time. The declination circle is 26
inches in diameter, divided on silver, and reads by four
verniers to  four seconds ofsarc. The movable portion
of the telescope and machinery is estimated to weigh
about three toms. It is, however, so well coﬁnterpoised
in every powsition of the telescope, and the effects of
friction are so far obviated by an ingenious arrangement
of rollers arad balance-weights, that the observer can
direct the instrument to any part of the heavens by a

slight pressure of the hand upon the ends of the balance
11%
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rods. A sidereal motion is given to the telescope by
clock-work, regulated by centrifugal balls, by which
means a celestial object may be kept constantly in
the fleld of view. The cost of this instrument was
$19,842.

g
mnnmmm

The optical character of this instrument has given
entire satisfaction. The components of the star Gamma
Coronze, which Struve, with the Pulkova refractor, pro-
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nounces Mmost difficult to separate, being distant from each

"other less than half g second, are seen in the Cambridge
telescope distinet and round, and the dark space between
them is clearly defined. The components of Gamma
Andromede, which are distant from each other less than
half a second, are also separated with equal distinctness.
The companion of Antares, estimated to be of the tenth
magnitude, and which was discovered by Professor Mit-
chell with the Cincinnati refractor, is .quite conspie-
uous with a power of 700. It was with this instraument
Mr. Bond discovered the eighth satellite of Saturn, two
days before it was discovered by Mr. Lassell, of Liverpool,
with his Newtonian reflector of 2% inches aperture. He
has also made satisfactory micrometric measurements of
the satellite of Neptune, which is not known to have
been done with any other instruments except Mr. Las-
sell’s telescope and the Pulkova refractor. The minutest
double stars in the neighborhood of the ring nebula of
Lyra, mentioned by Lord Rosse as difficult objects with
his 27 feet reflector, are seen in the Cambridge telescope.
It has also partially resolved the great nebula in Orion,
and shows a great number of stars within the limits of
the mnebula of Andromeda.

The transit circle was made by Simms, of Tondon, and
has been erected in the east wing. It has two circles,
each of four feet diameter, graduated on silver to five
minutes, and reads to single seconds by eight microscopes
cemented to the granite piers, four microscopes belonging
to each circle. The object-glass, furnishéd by Merz and

R O e
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Mahler, has an aperture of four and one cighth inches,
and a focal length of 65 inches. It has two different
modes of illumination; one through the axis as usual,
and the other at the eye-piece, showing bright wires on
a dark field. Attached to the eye-picce are two microm-
eters for measures both in altitude and in azimuth.

There is also belonging to the observatory a fine comet
seeker, by Merz and Mahler, having an apertur® of four
and a quarter inches. The wing on the north side of
the tower is designed hereafter to receive a transit in
the prime vertical ; but this ibnatrumont has not yet been
ordered.

During the summer«of 1848, Mr. Bond being engaged
with the TUnited States Coast Survey in determining
differences of longitude, turned his attention to the electro-
magnetic method of recording astronomical observations.
The apparatus adopted at this observatory consists of a
Grove's battery, a circuit-breaking sidercal clock, and a
“spring governor.” These are connected by means of
copper wires leading to all the principal instruments,

The spring governor is a machine devised to carry a
cylinder with an equable rotary motion, so that it may
make one entire revolution in one minute of sidereal
time. A sheet of paper is wrapped round the eylinder,
and on this paper the comimencement of each second is
recorded in exact coincidence with the beats of the clock.
The observer at each telescope is furnished with a break-
cireuit key, by which means he is enabled to make &
record of 'his observations on the paper covering the
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cylinder, among the second marks of the clock, in such a
" manner that the tenths of a second may be read off with-
out difficulty. . ‘

The clogk signals are also readily connected with the
lines of the telegraph offices, so that in effect the beats of
the Cambridge clock are as distinctly heard at the offices
in Boston, Lowell, and elsewhere, as they are within a few
feet of the clock. The time is thus given all along the
telegraph lines, and this is found highly useful in regula-
ting the starting of the railroad trains.

Mr. William C. Bond, and his son, George P. Bond,
give their undivided attention to the objects of the ob-
servatory. For the first four or five years after receiving
their grand refractor they gave their whole strength to
that class of observations for which this instrument af-
fords peculiar advantages, such as the following: ob-
servations of new planets; the satellites of Saturn, Ura-
nus, and Neptune ; double stars, especially such as have,
considerable proper motion ; together with a general re- -
view of the most remarkable nebule. - They have pub-
lished in the Memoirs of the American Academy, a de-
seription of the great nebula in Orion, and that of Andro-
meda, accompanied with drawings of the most careful and
elaborate execution. ‘ ,

The younger Bond for several years maintained a con-
stant and systematic search for comets. With the comet-
seeker he swept over the entire heavens at least once a
month, and whenever he found any nebulous body with
which he was not familiar, it was subjected to a special
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examination. He has thus been the independent discov-
erer of eleven comels, but unfortunately it subsecuently
appeared that each of these, save one, had been pre-
viously discovered in Europe. The comet of J.}.ugx.‘xst 29,
1850, he discovered seven days in mlwmc:'ca of the
Huropean astronomers. Two other comets he discoverel
on the same night that they were scen in Kurope, viz.,
those of June 5, 1845, and April 11, 1849. Ilaving
found this species of observation too severe a trial for his
eyes, he has for the last three or four ycars given up
comet-seeking altogether.

In April, 1852, the Messrs. Bond commenced a series
of observations which contemplate the formation of a most
extensive catalogue of stars down to the eleventh magni-
tude. For this purpose they inserted in the foeus of the
great equatorial a thin plate of mica, upon which were
ruled a large number of parallel and equidistant lines,
,designed to measure differences of declination; and per-
* pendicular to these they introduced three other parallel
lines designed for observations of right ascension. The
telescope being fixed in the meridian, with the first set of'
lines parallel to the horizon, if the times of passage of any
number of stars over the vertical lines be obser ved, wo
shall have their differences of right ascension ; and by ob-
serving near which of the horizontal lines they traverse
the field of the telescope, we shall obtain their differences
of declination. The observations of right ascension are
all recorded by the electro-magnetic apparatus in the
manner already described. The method pursued, there~
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fore, by the observer, is first to fix the telescope firmly at
any required altitude, and then applying his eye to the
telescope, he observes each star in succession as it enters
the field of view. One night’s work embraces a zone ten
minutes in breadth, and ha.vmg a length corresponding to
the number of hours for which the observations are con-
tinued. ‘

The Messrs. Bond design to include in their series all
stars to the eleventh, magnitude, and as many of the twelfth
ag can be got without interfering with the determination
of the brighter ones. Bach zone is observed a second
time as soon as possible, in order not to miss any chance
of finding a planet which might happen to be in the way;
but as the object is not planet-hunting, this is not allowed
to interfere with the work, further than that missing stars
are noted and looked after. It seldom happens that '
the disappearance does not prove to have originated in
some fhistake. At the re-observations, all the particulars
of the first observation undergo a revision, the original
notes being read and compared as the star passes the
field. All the double stars, nebule, remarkable groups,
vacancies, etc., are recorded. The comparison of the
places of stars which have been previously observed at
other oﬁservato:ies forms part of the reduction; and in
this way they have detected some cases of considerable
proper motion.

The Messrs. Bond have completed two entire zones
(each twice observed) for the whole circuit of the heavens,
from the equator to 20 minutes of north declination.
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These have been completely reduced, and were published
in 1855, under the title of “.Annals of the Astronomical
Observatory of Harvard College, vol. L, part 2.7 These
two zones contain 5500 stars. The Messrs. Bond are
now carrying on simultaneously, and have nearly
completed, two zones from 20 to 40 minutes north de-
clination.

The resources of this observatory have recently been
very much increased by the munificence of Edward B.
Phillips, a graduate of the University in the class of 1845.
Mr. Phillips died in 1848, and bequeathed to the observa-
tory $100,000 as a perpetual fund, the interest to be ap-
plied annually to the payment of the salaries of the ob-
servers, or for instruments, ora library for the use of the
observatory, at the discretion' of the corporation of the
college, who are made the trustees of the fund. This sum
was paid to the college by Mr. Phillips’s executors in
September, 1849.

SHARON OBSERVATORY.

Sharon observatory is a private establishment belong-
ing to the late Mr.John Jackson, situated near Darby,
about seven miles west of Philadelphia. It was erected
in 1845, is 17 feet square on the outside, and rises to the
height of 34 feet. At five feet from the top, two strong
beams are placed across the building, and support a cir-
cular platform of five feet diameter, on which the equa-
torial stands. The tower is surmounted by a conical
dome, which rests on four iron balls revolving in a circu-
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lar railway. The opening in the dome is 18 inches wide,
and has three doors which slide over each other, and are
moved by cords passing over pulleys.

BHARON OBSERVATORY.

The equatorial was made by Merz and Son, of Munich.

Tt was ordered in 1842, and arrived in 1846. The ob-
ject-glass has a clear aperture of six and a third inches,
and its focal length is nearly nine feet. It has a microm-
eter with a large number of eye-pieces magnifying from
85 to 456 times. The hour circle is 9 inches in diameter,
and the declination circle is 18 inches. Clock-work is
attached to the polar axis, giving to the telescope a uni-
form motion, and keeping a star apparently at rest in the
field of view. The entire expense of this instrument was
$1838. '

This observatory is also furnished with a meridian
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circle made by Ybung, of Philadelphia ; the objeet glass
having been procured from Merz and Son, of Munich.
It is mounted on a marble column, resting on solid
masonry, in the south wall of the tower. The object-
glass is three and a quarter inches in diameter, and has a
focal length of four feet. One end of the axis carries
circle 20 inches in diameter, which is graduated to four
minutes,” and reads by four verniers to three seconds.
The price of this instrument was $800. A sidereal clock
is supported by a marble column near the meridian cirele,
It has a mercurial pendulum, and was made by Gropen-
giesser, of Philadelphia. The entire cost of this obserya-
tory, with the instruments, was $4000. The equatorinl is
employed in the observation of eclipses, ocoultations, and
other celestial phenomena.

TUSCALOOSA. OBSERVATORY, ALABAMA.

The Tuscaloosa observatory was crected in the year
1843, and has been furnished with instruments for ob-
servation of a superior order. It is situated upon an
elevation distant a few hundred yards from the Univer-
sity buildings, in a south-west direction. It is built of
brick, and is 55 feet in length by 22 in breadth in the
center. The central apartment Is 22 feet square, and ix
surmounted by a revolving dome of 18 feet internal
diameter, under which is mounted the equatorial telc-
scope made by Simms, of London. This instrument was
received in the spring of 1849. Tig object~glass has a
clear aperture of eight inches, and a focal length of 12
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feet. It rests upon a pier of masonry which rises 11 feet
above the floor of the room. The hour circle has a
diameter of 18 inches, with verniers which read to one
second of time. The declination circle has a diameter of
30 inches, with verniers which read to five seconds of
arc. This instrument is moved by clock-work, and has a
variety of magnifying powers from 44 to 1640 ; also a
filar micrometer, and a double-image micrometer. A
movable platform runs around the room at the height of
eight feet from the floor, and gives easy access to the
object-end of the telescope and the graduated circles.
This telescope cost £800 sterling. In the same room is a
clock with mercurial compensation by Molineux, of Lon-
don, which is attached to a solid pier unconnected with
‘the floor or walls.

TUBCALOOBA OBBERVATORY.

The west wing is 16 feet square, and is occupied by a
transit circle made in 1840 by Simms, of London. Its
“telescope has a focal length of five feet, and an object-
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glass of four inches clear aperture. TIts axis carries n
circle of three feet diameter, connected with it by twelve
stout conical radii. The circle is graduated upon silver
to five minutes, and reads by four microscopes to single
seconds. The whole instrument is mounted upon massive
cast-iron pillars, which rest upon masonry, and rise five
feet above the floor. " An opening 18 inches wide is cut
through the roof, and extends down the north aud
south walls to within 80 inches of the floor. In the
same room is an excellent sidereal clock by Dent, of
London.

The east wing is fitted up for an office, with fire-place,
cases for books, ete. '

Beside the fixed instruments here mentioned, the ob-
servatory possesses a portable transit instrument, an
achromatic refractor of 7 fect focal length, a reflecting
circle of 10 inches diameter, standard barometer, ete.

- The University has a separate building for a magnetic
observatory, and possesses a declination instrument and
a dipping needle, both made by Gambey, of Paris,

MR. RUTHERFORD'S OBSERVATORY.

There is a private observatory, erected in the upper
part of the city of New York, corner of Second Avenue
and Eleventh-street, belonging to Lewis M. Rutherford,
Esq. Tt is fornished with a refracting telescope, made by
Henry Fitz, of New York. The aperture of the object-
glass is nine inches, and its focal length nine and a half
feet. It was mounted equatorially, with elock-work, like
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the Dorpat telescope, by Messrs. Gregg and Rupp, of
New York. The hour circle is eighteen inches in
diameter; andl - the declination circle eleven inches. The
telescope has  four eye-pieces, the highest magnifying 600
times. The -porice of this instrument, including clock-
work and micrometer, was $2,200. The telescope rests
upon a bricke column, surmounted by a revolving dome
of twelve feet diameter. : :

Connected ~with this observatory is a small building
containing & transit instrument by Simms, belonging to
Columbia College. The telescope has an aperture ‘of
nearly three iniches, and a focal length of four feet. It is
mounted Upom two stone columns, resting upon a solid
foundation of sandstone. An opening in the roof affords
a view of abowat 160 degrees-of the meridian. In a small
wing of this building is a stone column, upon which is
placed an altitude and azimuth instrument by Simms,
also belongings to Columbia College. The horizontal and
vertical circles are each fifteen inches in diameter,
graduated to five minutes, and, reading by two micro-
scopes to one  second of arc. The telescope has an aper-
ture of two 3inches, and a focal length of twenty-four
inches.

During the summer of 1848, this observatory was
employed by the Coast Survey as a station for determin-
ing the difference of longitude between Cambridge and
New York by means of the electric telegraph.
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FRIENDS' OBSERVATORY, PHILADELPHIA.

This observatory is situated in the city of Philadelphia,
about 400 feet east of Independence Hall. Tt was built
in 1846, and has a revolving dome fifteen foet in
diameter. In the center is the stand for the equatorial,
which rests on the walls of the building, unconnected
with'the floor of the observatory. The principal instru-
ment is a refracting telescope of five inches aperture, and
seven feet focal length, made by Henry Fitz, of New
York, and mounted equatorially after the manner of
Fraunhofer, by William J. Young, of Philadelphia. The
hour circle is nine inches in diameter, and the declination
circle twelve inches,

- A twenty-inch transit instrument is permanently placed
on a pier built on the wall of the building. A clock,
with a mercurial pendulum, made by J. L. Gropengiesser,
of Philadelphia, is placed on a pier adjoining the transit
instrument. The observatory has also a portable refract-
ing telescope of three inches aperture, and forty-two
inches focal length, made by Chevalier, of Paris, and a
comet-seeker of : three inches aperture, mounted on a
tripod, made by Henry Fitz, of New York.

Since the establishment of this observatory, occulta-
tions, eclipses, etc., have been regularly observed by the
director, Mr. Miers Fisher Longstreth, who has recently

distinguished himself by his successful labors in the
construction of new Lunar Tables,
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A.MHERST COLLEGE OBSERVATORY.

A small building for astronomical observations was
erected in 1847 in connection with Amherst College,
Massachusetts. This building consists of an- octagonal
tower fifty feet high, and seventeen feet in diameter, with
a revolving dome, and a central pedestal for supporting
a telescope. On the east side of the tower is attached a
transit room, 18 by 15 feet, with a sliding roof. Here
is mounted a transit circle, made by Gambey, of Paris,
the telescope having a focal length of about three feet,
and an aperture of two and a half inches. The circle
is fifteen inches in diameter, graduated to five minutes,
and is furnished with four verniers reading to three
seconds. The clock was made by Breguet, and has a
gridiron pendulam.
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A large telescope, manufactured by Mr. Alvan Clark,
of Cambridge, Massachusetts, has recently been received,
and mounted under the dome. The aperture of this
telescope is seven and a quarter inches, and its focal
length eight and a half feet. A block of stone, weighing
about 1800 pounds, standing on the top of the brick
pier, supports the instrument. The top of the stone is
level, and a frame of cast-iron, clamped to the stone,
* sustains the polar axis. The clock, .which gives the
equatorial movement, is let into the top of the stone,
and is regulated by a pendulum, while the motion is
rendered continuous and nearly uniform by means of an
elegant contrivance of Professor W. C. Bond, called the
spring governor. With this telescope Mr. Clark dis-
covered two new double stars, in one of which the dis-
tance of the components is but three-tenths of a second.
This instrument cost $1,800, and was presented to Am-
herst College by Hon. Rufus Bulloch, of Royalston.

CHARLESTON OBSERVATORY, SOUTH. CAROLINA.

This observatory was built by Professor Lewis R.
Gibbes, in his own garden in Charleston. It is a wooden
building of 10 by 15 feet, with a sliding roof. It con-
tains a five feet transit instrument, by Troughton, solidly
mounted on a pier of red sandstone, and commands the
meridian to within ten degrees of the horizon on either
side. There is also a five feet telescope, by .A.dz;.ms, of
London, mounted equatorially, and provided with a po-
sition micrometer, by Troughton - and Simms, and two
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chronometers, by Hutton, of London, one sidereal and
the other solar. The instruments all belong to the Coast
Survey, eicept the equatorial telescope.

Observations were commenced by Professor Gibbes in
April, 1848, on moon culminations and occultations for
the use of the Coast Survey, and have been continued
to the present time. In February, 1850, this observatory
was connected by the telegraph wires with the obser-
vatory at Seaton Station, Washington City, for difference
of longitude by the electro%hronographie method. In
March, 1851, it was connected in a similar manner with
& temporary observatory in Savannah, Georgia, and a
successful series of observations made for the difference
of longitude of the two stations. During the winter and
spring of 1852, another telegraph comparison for longi-
tude was made between Charleston and Washington,
which proved entirely successful.

DARTMOUTH COLLEGE OBSERVATORY.

The_founding of Dartmouth College observatory was
due chiefly to the munificence of the late George C.
Shattuck, M.D., LL.D., of Boston, who. furnished the
means for the erection of the building, the purchase of
the meridian circle, the comet-seeker, a chronometer, ete.,
together with a large part of the books belonging to the
library. The site of the building is near the summit of
an isolated hill, about 50 rods north-east of the college
green, and elevated 70 feet above it, commanding a

charming prospect up and down the Valley of the Connec-
12 .



e —

266 HISTORY OF ASTRONOMY.

ticut. The principal south meridian mark is situated on
the bare summit of a hill two miles distant, at an eleva-
tion of less than two degrees above the level of the transit

circle.

. .
DARTMOUTI QOLLLGD OBBERVATORY.

The observatory is of brick; with double walls fifteen
inches thick, inclosing a six-inch space of air between
them ; and, as the cornice and the partitions are also of
brick, and the roof covered with tin, it is nearly fire-
proof. The building consists of a central two-story ro-
tunda, 20 feet in diameter, with three one-story wings—
one on the east, measuring 85 by 16 foet, and the other
two on the north- and south, each 20 by 16 feet. The
foundations of the walls and of the piers all rest upon
the solid rock—sienitic gneiss—at depths varying from
zero to 14 feet below the underpinning. The lower cir
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cular room in the rotunda, 17 feet in diameter, is in-
tended for a library, and communicates directly with the
observer's rooms in the north and south wings. The
square brick equatorial pier, four feet in diameter, rises
through the middle of the room without touching the
flooring or ceiling, and. is capped with a cylindrical
granite block nearly 6 feet in diameter, and 15 inches
thick. The pier contains a recess, having double glazed
doors, and a.space of dead air on all sides, for the recep-

on of a clock, to be connected with an electro-chrono-
g-uh. The pier is also surrounded by the book-shelves,
‘which are entirely detached from it.

The observer's rooms are in the north and south wingg,
and are each 21 by 14 feet, and have each a slit in the
roof two feet wide, the north one having a corresponding
Ppier for prime vertical observations, :

The transit room, 18 By 14 feet, in the east wing, has
two slits, the eastern one having a corresponding pair
of piers for the meridian circle, and the other a single
pier for the use of portable instruments. The entrance
hall, 14 by 11 feet, in the center of the building, opens
dlirectly into all the rooms except the library.

The foundation for the dome of the equatorial room
consists of circular segments of planks, firmly secured
together, and bolted to the walls below. TUpon this,
and directly over the middle of the inner wall, are
screwed twelve segments of a circular cast-iron rail,
three inches wide, with a circular channel three eighths
of an inch deep. Between thig and a corresponding
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Tail attached to the base ring of the dome, are placed the
six cannon-balls, each six inches in diameter, on which
the dome revolves. The dome itself is a complete hemi-
sphere, 18 feet in diameter. The opening for the tele-
scope is two and a half feet wide, and extends one foot
beyond the apex of the dome. The opening for the

GWD PLAN 01!‘ DARTMOUTE OOLLEGE OBRERVATORY,

A telescope is closed by three shutters, the. upper one,
about 10 feet long, moving on casters over an iron rail-
“way on the outside of the dome. The two lower ones,
about two and a half feet each, rise and fall, by means
of .weights in the mantder of common window-gashes.
The entire dome is estimated. to weigh about 2800
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pounds, and the average force necessary‘ to preserve a
uniform velocity of rotation .is found, by experimenting
with spring steelyards, to be about six pounds.

The cquatorial telescope was made by Merz and Sons,
of Munich; and has a clear aperture of six inches, with
- a focal length of eight and a half feet. It has seven
negative eye-pieces, magnifying from 86 to 600 times ;
a single lens magnifying 940 times; a prismatic reflector,
to which these pieces are all adapted; and a terrestrial
eye-piece, magnifying 80 times. It has two micrometers,
one a ring micrometer, the other a filar position microm-
eter, having 11 equidistant fixed lines perpendicular to
the two movable ones, and may be illuminated in either -
a dark or bright field at pleasure. It has five positive
eye-pieces, magnifying from 128 to 480 times. The hour
cirele is nine and a half inches in diameter, and the
declination circle is thirteen inches in diameter. .The
telescope is moved in right ascension by an adjustable
centrifugal clock. ' ,

The meridian circle, by Simms, of London, is 80 inches
n diameter, divided on silver to spaces of five minutes,
with two reading microscopes fixed to the piers, and a
third placed at a small distance from one of the others,
for examining and determining the errors of graduation.
The telescope has a clear aperture’ of four inches, and a
focal length of five feet. It has four positive eye-pieces,
besides one for col]imé.ting by means of a mercurial
trough. It is furnished with a declination micrometer
and seven equidistant meridian lines, The wires can be
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illuminated in a dark fleld, or the reverse, at the option
of the observer. The granite piers for this instrument
are of the T form, gradually diminishing upward to
within 10 inches of the top. They are 80 inches apart,
and rise 5 feet above the floor. They rest on a granite
foundation, which is based on the solid rock below.

The comet-seeker, by Merz and Sons, has an aperture
of about 4 inches, and a focal length of 82 inches. Itis
mounted on an equatorial stand, and has 4 eye-pieces,
" magnifying from 12 to 40 times.

The sidereal clock is furnished with Mahler’s compen-
sation pendulum, and runs a month without winding.
The library contains about 500 volumes of the most
valuable books pertaining to theoretical and practical
astronomy.

The cost of the building, exclusive of the lot and
its embellishments, was about $4500. The cost of the
equatorial telescope, together with the sidereal clock,
was about $2,800. The comet-secker cost $180; and
the meridian circle cost £275 in London.

MR. VAN ARSDALE'S OBSERVATORY, NEWARK, NEW JERSEY.

This observatory was built in the spring of 1850. It
is a circular wooden building 18 feet in diameter, resting
on a brick foundation, underlaid with stone to the
depth of two feet. The circular brick foundation is -
covered with wood-work three inches in thickness, and
upon this are placed the wheels upon which the whole
building turns. The wheels are eight in number, of cast-
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won, and grooved. The circular iron rail attached to
the lower part of the building traverses the upper
surface of’ the wheels one foot from the floor. The roof
is of tin, and conical; the aperture is 16 inches wide,
and is covered by a door which opens in a single piece.
The pier upon which the telescope rests is built of stone
faced with brick, and rises two feet above the floor.

The telescope is a refractor, made by Henry Fitz.
The object-glass has an aperture of six and a half inches,
and a focal length of eight feet; and it was mounted
on an equatorial stand by Phelps and Gurley. The
declination ecircle has a diameter of ten inches, and
reads by verniers to one minute of arc; the hour circle
has a diameter of seven inches, and reads by verniers
to six séconds of time. The telescope is driven by
clock-work, and cost $1,125. :

The object-glass of this telescope has given entire
satislaction.  Saturn is seen with a division in the outer
ring, the division being somewhat eccentrical and nearer
the outer edge. Occasionally there has been seen a sub-
division of the inner bright ring at the answ, near the
inner edge. The interior dark ring is also seen.

The planct Mars is well defined in a good atmos-
phere with a white circumference, both at the equatorial
and the polar regions, the interior space being varied
with dark shades. ,

The comet-seeker was also made by Henry Fitz.
The object-glass has an aperture of four inches, and is
fitted to a section of tube which screws into the finder
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of the telescope. ~This mode has the advantage of a
ready reference to the larger instrument, but is somewhat
“inconvenient from the interference of the stand in ob-
serving the space beneath the pole and near the
meridian. ’

Three comets have been independently discovered by
Mr. Van Axrsdale, viz., one November 25, 1858, another
June 24, 1854, and a third September 18, 1854. The
first of these was not seen in Europe until December 2,
a week after it was discovered by Mr. Van Arsdale;
the second was discovered in Burope June 4; the third
was discovered at Berlin, September 12. These dis~
coveries were made while searching for comets, although
the search was nof thorough, as the wview near the
horizon is obstructed by buildings, and the examination
was seldom continued to a late hour,

* SHELBY COLLEGE OBSERVATORY.

A very superior telescope was ordered in 1848 from
- the establishment of Merz and Mabler, of Munich, for
the use of Shelby College, Shelbyville, Kentucky, It
has an aperture of seven and a half inches, and a focal
length of ten feet. 'The mounting iy admirably exe-
cuted, and differs in some respects from any other in
this country. Itis furnished with g filar and an annular
micrometer. The filar micrometer has six positive eye-
pieces, with powers from 100 to 670.. There are also 5
negative eye-pieces, magnifying from 102 to 560 times.
The hour circle is 10 inches in diameter, - reading to 4



ASTRONOMICAL OBSERVATORIES. - 278

seconds of time; the declination circle is 15 inches in
diameter, reading to 10 seconds of arc. This instrument
was received in November, 1850, and cost $3,500.

This telescope was mounted on the top of the college
building, about 50 feet from the ground, under a revoly-
ing dome 18 feet in diameter, and was supported by a
heavy cast-iron tripod, whose legs consist of hollow iron
columns, each weighing about 600 pounds, passing
through three floors of the building, and resting on solid
masonry below the lower floor. The dome revolves on

cannon-balls, and is turned by wheels gearing into a circle

of cogs on the wall below the dome. The time is fur-
nished by a box chronometer.

The cost of the telescope and observatory was defrayed
partly by subscription; but the greater part of the ex-
pense was borne by the president of the institution, the
Rev. William J. Walker. |

BUFFALO OBSERVATORY.

This observatory is the property of Mr. William S. Van
Duzee. It was erected in the summer of 1851, and the
instruments mounted in the following winter. The
building is 24 by 25 feet square, having two piers, one
for the transit, and the other for the equatorial instru-
ment, resting on a foundation of solid masonry, ex-
tending twelve feet below the surface of the earth, and
surrounded by a wall two feet distant from - this
foundation, so that no. motion may be felt by the
passing of carriages.

12%
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" The central pier is built of brick, and is 8 feet square
through the first story, which is 15 feet high, but through
the second story is only 6’ feet square. This pier is sur-
mounted by a traveling dome, 17 feet in diameter, and is
pierced by an opening 2 feet wide, extending from a
point 4 feet above the floor to 8 inches on the opposite

side of the zenith. The dome rests on twelve eighteen-
- pound balls, which turn between two cast-iron annular
grooves.

The transit pier is five feet square, and exfends three
feet into the second story. The meridian observing slits
are made two feet in the clear, and afford an uninter-
rupted view of the meridian from the northern to the
southern point of the horizon. Both piers are covered
with marble slabs, three inches thick.

The equatorial telescope, which is erected under the
dome, was made by Henry Fitz, of New York. It is a
refractor of 11 feet focus and 9 inches aperture; and has
a position micrometer furnished .with an - illuminating ap-
paratus. The hour circle is 12 inches in diameter, and
the declination circle 15 inches, each reading by two
verniers. © The telescope is moved by clock-work, so
that the object under examination may be kept steadily
in the center of the field. This telescope is furnished
with ten eye-pieces, the highest magnifying 800 times.

‘The transit instrument is in the second story, has a
clear aperture of 2 inches, and a focal length of 88

inches. Near the transit is the clock with a mercurial
pendulum.
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MR. CA MPBELL'S OBSERVATORY, NEW YORK.

This C’bﬂm"va,tory is built on the top of Mr. Campbell’s
dwelling-house in New York city, in Sixteenth-street,
near t}fc Fifth -Avenue, and was completed in 1852, The
house is 30 feet wide and four stories high. The hall is
10 feet wide, and the partition wall which separates the
hall from the xest of the house is of brick, and extends to
the roof. This and the adjoining gable were raised so as
, to make another story over that part of the house, and a
room was thuas obtained 10 feet wide and 85 feet long.
‘T'welve feet at one end are appropriated for the dome and
telescope. The observatory is furred off so as to make
an octagon of 12 feet in diameter; and at the height of 5
fect, the octagron is changed into a circle to support the
wooden curb ~which constitutes the bed-plate of the dome.
Upon the bed-plate is placed a circular rail, 12 feet in
diameter on th.e inside, 8 inches wide, and having a raised
bead upon the wupper surface.

The dome is 12 feet in diameter, the base being a coun-
terpart of the cwurb, which constitutes the bed-plate. The
aperture for the telescope is 15 inches wide, and extends
a little beyoncl the zenith. It is closed with a sliding
door, which is 1made so that it may slip over the zenith to
the opposite side of the dome, and this motion is effected
by turning a crank. The dome revolves upon 'seven
wheels of fouix inches diameter, in which grooves are
turned to correspond with the bead on the iron rail. The
shaft of one of these wheels is made long enough to re-



276 HISTORY OF ASTRONOMY.

ceive o pinion at one end and & handle at the other. The
pinion fits a rack which oncircles tho rail; while thao
handle and also the operator move round with the domo,
“which i accomplished by the peculiar construction of the -
observer's seat. Thig is & small flight of staivs, having
an angle of elevation suited to the swaeep of the eye-pieoe,
so that each stép makes & convenient soat. The frame in
of wrought ivon ; the string pieces are securod to the base
of the dome, and the bottom of the staire rests upon two
wheels, in which grooves are made to fit o cireular iron
rail which is secuved to the floor, A civoular table i
‘substituted for the ordinary reading steps. Tt is supe
ported upon legs, with rollers, and is sccured ot ench end
to the hottom steps of the observer's seat so as to revolve
with it, N -

Three stout beams rest upon the brick: walls aeross the
center of the octagon, making & support for the podestal
of the telescope. This pedestal is a drum of boiler iren,
three feet in diameter, and the samo in height, It is lined

7' with brick like & well, and covered with a smooth, round
flag-stone, proje?ting an inch over the iron, The mahog-
any frame of the telescope,: having four feot with adjugte
ing screws, stands wpon this stono, S
- The telescope is an achromatio refmcto;‘ of. aight inches
aperture, and ten and a half foet foon] length, made by

- Henry Fitz, It has six negative oye-pieces, magnifying

from 80 to 480 times. The stand is made of enat iron,
excepting the oirglos, which are of brass; and 4 olock is-
aﬂa@hgd to the, telescope, for keeping the object in the

[
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feld of view, The thrend which fits the tangent screw is
out in the edge of the ring, detached from the hour cirels,
‘and pressed ageinst it by the elasticity of a thin brass
plate, which is secured by sorews so as to give the re-
quisite. friction, This arrangement permits the telescopo
to be moved in any direction, even while connected with.
the clock, and obviates the necessity of clamping si;nd LEi D
clamping. '

The solar eclipse of May 286, 1854 was carefully ob
sorved by this telescope, and & series of daguerreotypes
(28 in number) were taken at intervals of about five
minutes, showing the"progress of the eclipse in a novel
and beautiful manner. These images, which art fwo
inches in diametor, ave extremely well defined, and serve
a8 permanent rogisters of the transient phenomena of the
cchpse. o

OBSERVATORY. OF MICHTGAN UNIVERSITY,

Soon after the Rov. Dr. Tappan was elected Chancellor
of Michigan University, in 1852, he conceived the idea
of establishing an astronomical cbservatory in connestion
with the university, During the succceding winter the
claims of this object wero laid before the citizens of De-
troit, and they responded to the appeal in & prompt and
liberal manner, Whe sum of ten thousand dollars was
almost immediately plodgad for this. objest, and an ad-
ditional surn was promiged if it should be found neeessary,

The foundations of the building were laid in the sum.-
mor of 1858, and the observatory-wag completed in the
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autumn of 1854, In February, 1858, o largo equatorial
telescope was ordered from Henry Fitz; of New Ym:Ic;
and during the summer of the same yoar, a meridian
cirele was.ordered from Berlin, The main building for
the observatory is 82 feet aquare, and it is surmounted by
& hemispherical doms, 23 foot in dinmeter, Tho dome

- QBBERVATORY OF MIONIGAN UNIVERRITY,

has, an opening: 82 inches widle, extonding from nonr ity
 hase o the zarii’éh,'f and the opening s closed by o single
curved shutter, which glides I & groove, so that i mey
be made to travel over to the opposite sido of tho domo,
A pier, whose foundations “ave laid toq feet benenth. the
surface of the earth, rises through the conter of the huilde
ing to thie haight -of 20 foet from tho ground, and upon
thig réstg'the"greésﬁ. equatorinl.  On the east and woat
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sides of the central building ale wings 28 feet by 19; the
onsb Wing bﬂlng appropriated to the meridian circle, and
the west wing being approprinted for the apartments of
the astronemer. The cost of the entire building has heen
ahout $7000, - -
The moridian circle was made by Pistor andMé.rLins,
of Borlin, Tt Ty o telescope of eight feet focal length,
and has two .grraduated circles of three feet diameter, each
of which is xend by four microscopes. There are also
two small eircles, with levels near the cye-piece for set-
ting the instamament to the proper altitude. 'The eight
microseopest  axe illuminated by two stationary lamps,
which stancl on the brass columns which support the
countorpoises, The illumination of the wires can be go
regulaled s to.present either a bright field with davk
tines, or & darle fleld with bright lines. Two collimators
nro mounted on the north and south of the meridian circle,
and thore are convenionces for observing stars, as well as
the nadiv poing, by reflection from a basin of mereury.
T'he oircle, with the collimators, cost $3800, and this sum
was contributed by H, N, Walker, Beq,, of Detroit. The
cloolkk wos mnade by M, Tieds, of Berlin, Tt has a pen-
dnlwm with, o steel and zine compensation, and cost $300.
Pho groat ecuatorial iclescope was made by M. Fitz,
of Now York. 'The object-glass has a clesr aperture. of
twelve and a Tanlf inches, and a- focal length of seventeen
foot. Tt hnm soven nogative and six positive eye-pieces,
the highest mmagnifying power being 1200,  The circles
are onch twenty inches in dlameter, the hour aircle read-
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ing to two seconds of time, and tho dcolilmtion‘ cirele ic
twenty seconds of arc. It is also furnishod with clc?o]c-
work and micrometer. ..The crown-glass was obleined
from. .Bontemps, of Birmingham, Iingland, and the flint-
glass was obtained from Paris. The prico of thiy tele-
seope was $6000, and its performance has proved ontirely
satisfactory, The entiro cost of the Dbuilding and inggru.
ments wag about $17,000, . ‘ ,

Dr, I. Briionow, an.astronomor well known by hia
“observations - while ‘connected with the observatory of
Berlin, and also by his Treatise on Spherical Astronomy,
has been appointed divector of this observaiory, and has
already entered upon his duties, Wo congratulato the
University . of Michigan in having secured the sorvices of
so skillful and learned an asironomor ;-and wo anticipate
that the career of Dr. Briinnow will shod luster upon
his adopted country, while he contributes o tho prormo-
tion of thai; science to which hig lifs has beon devatod,

OLOVERDEN o:iSEr_aﬂmbI_pY, OAMBREDG, MASSACHUSILLS,
The .gmat,tgleépope. belonging to: Shelby College was
temporarily: loaned. to.. Professor. Josoph Winlook, and
wag removed to Cambridge, Massachusetts, where tom-
porary accammodations were provided. for it, and this
establishment iy known by the namo of Oloverden Ob-
servatory, - This consists of o, ciraular wooden. building,
with 8 revolving dome, fifteen foe in dismeter, and &
“small adjoining room for other instruments, The domao
s very light, consisting of & wooden frame coyorod with
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Larpaulin,
sistance,

and  xevolves on wooden balls with so little ro-
that it js easily pushed round with the hand
withowt wheels or levers. JIn the adjoining apartment
8 o fourfeet  transit and several clvonometers, - The
atundard chron ometer was made by Kessels. _

Numorous olbservations on comets, and some of the
nowly discovered ‘plancts, have been. made with- this
telessope by DD, B. A.- Gould and  Professor - Joseph
Winlock, some of which have been published in
“Gould’s Astronomical Journal?  The great telescope
hay reconily been returned to Shelby College.

" DUDLEAY OBSERVATORY, AT ALBANY.

Aboul threo yéars since, it was proposed 10 establish
ah Albany e univemsity, comprehending & geries of prac-
tieal, professiorial, and scientific schools, Ag a part of
this cnterprise, - it- was resolved to establish an as-
tronomical - observator , the charge of which Professor
0. M. Mitchell' had alrendy signified his willingness to
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accept. General Steven Van Rensselaer kindly offered
a donation of several acres of land near the northern
limit of the 'ecity, affording an excellent site for the
contemplated building. Mrs. Blandina Dudley, a lady
distinguished for her wealth and liberal spirit, gave
toward the building the sum of $13,000. Contributions
were received from several gentlemen of the city, in-
creasing this sum to $25,000. The building was com-
menced in the spring of 1858, upon a plan designed by
Professor Mitchell, and the late Sears C. Walker, and
was erected under the supervision of Professor Perkins.

The ground-plan of the building is in the form of a,
cross, 84 feet in front by 72 feet in depth. The -central
room is 28 feet square; the east and west wings, which
are designed for the use of the meridian instruments, are
each 28 feet square, and provided with the usual open-

_ings in the meridian. The north wing is 40 feet square,
divided into a library room, two computing rooms, and
other small rooms for the magnetic apparatus for re-
cording the observations. The equatorial room, which
is in the second story, is of a circular form, 28 feet in
diameter, the tower revolving upon iron balls.

The main pier for the support of the equatorial was
commenced six feet below the bottom of the cellar,
with its base, 15 feet square, resting on a bed of con-
crete and rubble 16 inches in thickness. The size of
the pier was gradually reduced to 10 feet square at the
level of the cellar, and thus continued upward without
further variation. The whole is built in the most sub-
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stantial manner of large stone, well bedded. The piers
in the transit rooms are six feet by eight, and each room
is furnished with clock piers of similar .construction.
The walls are of brick; but the basement, portico, cox-
nices, ete., are of dressed freestone. The library and
computing.rooms are warmed by heated air from a base-
ment furnace. These rooms and the staircase are all
accessible from the vestibule. A bust of the late
Charles Dudley, executed by E. D. Palmer, an artist of
Albany, is to be placed near the principal entrance.

The Dudley observatory was incorporated in 1858,
and its management is vested in a board of trustees.
In the summer of 1855, Mrs. Dudley offered to furnish
the requisite means for procuring a heliometer of the
largest dimensions. The construction of this instru-
ment has been entrusted to Mr. Charles A. Spencer,
who ‘proposés to make a telescope with an object-glass
of 10 inches aperture. The price of this instrument is
to be $14,500. A gentleman of Albany contributed
$5000 for a meridian circle, and this instrument has
been ordered from Pistor and Martins, of Berlin. .An-
other gentleman of Albany contributed $1000 for an
astronomical clock. The transit instrument will be
farnished by the U. S. Coast Survey, and will cost
-$1,500. It is expected that the observatory will soon
commence active operations under thedirection of Dr.
B. A. Gould. '
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HAMILTON COLLEGE OBSERVATORY.

. In 1852 and 1858, Professor Charles Avqry raised
$15,000 by subscription, mostly in small sums, for the
purpose of procuring a large telescope of American
manuficture. It was then determined to .crect on the
grouﬁds of Hamilton College a building suitable for an
astronomical observatory, and to furnish it with first-class

HAMILTON QOLLEGE OBBERVATORY.

instruments. In the spring of 1854, Mr. A. J. Lathrop,
(of Utica, presented plans of a building, which were
approved, and the building was erected the same year.
The observatory consists of a central building, with
wings on the east and west sides, The main building
is 27 feet square, and two stories high, surmounted by a
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tower, 20 feet in diameter, which revolves on eight cast-
iron balls upon an iron track. The wings are each
18 feet square. The east wing is designed for a com-
puting room; the west wing is designed for a transit
room, and it commands a fine meridian. The transit
pier is built of limestone: It descends six feet below the

HAMILTON COLLEGE TELESCOPE.

surface of the ground, and is eight feet by five at the
top. * In the center of the main building is the large
pier, built also of limestone. It descends six feet below
the surface of the ground, is ten feet square at the base,
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and seven feet square at the top, and is entirely detached
from the building. On the pier rests a granite block,
fourteen feet high, to which the great refractor is to be
attached. The observatory building cost $5000.

A refracting telescope was ordered from Messrs.
Spencer and Eaton, of 'Canastota, New York, and
has recently been completed. The object-glass has a
diameter of 184 inches, with a focal length of 16 feet.
The hour circle, divided on silver, has a diameter of
15 inches, and reads by two verniers to two seconds of
time. The declination cifcle has a diameter of 26
inches, and reads to four seconds of are. The filar
micrometer has eye-pieces made of double achromatics,
instead of the usual Ramsden foi-m, £iving magnifying
powers from 100 to 1000. The negative eye-pieces give
v magnifying powers from 80 to 1500 times. The usual

sidereal motion is given by clock-work. T

The focal length of this telescope is about four feet
less than is usual in the Munich instraments of the same
aperture. The telescope is thus rendered less unwieldy,
and in the opinion of Mr. Spencer, its optical performance
is not impaired. The flint and crown dises’ for this
instrument were procured through the agents, Messrs.
Cook, Beckel and Co., New York, from Joseph Bader, of
Kohlgrub, and have been found to be remarkably exempt
from strize. The object-glass has been subjected to par~
tial trial with very satisfactory results. The price of this
telescope was $10,000. The transit instrument and clock
have not yet been ordered.
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From the preceding sketch it must be apparent that
within a few years, rapid progress has been made
toward supplying our country with the means "of
malking astronomical observations. ‘We now have in-
struments which permit us to engage in astronomical
researches upon a footing of eq_uélity with the oldest
“establishments of Europe, while the number of observers
and the taste for astronomical studies has kept pace Wlth
~ the increase of our instruments. The importance of
astronomical observations is beginning to be generally
appreciated ; but for the benefit of those whose attention
‘has not been particularly turned to this subject, a few
suggestions are added. ‘

An astronomical observatory may be made useful in
almost any locality, but it may be rendered especially
valuable in the neighborhood of a large commercial em-
porium. The following may be enumerated among these
advantages:

L. It furnishes an accurate determination of time, which
is a matter of importance to almost every citizen, but.
more especially to certain classes of the,k community.
Every vessel which puts to sea, carries with it one or
more chronometers, and the chronometer is almost ex-
clusively relied upon to furnish the longitude of the
vessel from day to day. An error of a few seconds in
the chronometer causes a correspomding error in the lon-
gitude deduced, and such errors have been the oceasion
of the loss of numerous vessels. It is, therefore, a matter
of vital importance that the error and rate of alk chro-
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nometers which are carried to sea should be determined
with the. utmost pfecision. In every commercial city
there are private establishments where this duty is reg-
ularly attended to. A public observatory does not
necessarily interfere with these private establishments,
but affords the means of rendering them more accurate
and efficient.  How this may be accomplished will
presently be shown. :

An exact knowledge of time is also of vital importance
to the conductors of all railroad trains. A. small error in
a conductor's watch has repeatedly been the occasion of
the collision of railroad trains, and the consequent de-
struction of human life. Many of the railroad companies
in thiy country incur annually considerable expense to
provide all the conductors with correct time.

An accurate knowledge of time is important to all
business men, but especiailly to banking and other houses
where business is entirely suspended at a fixed hour of
the day. A small mistake in the time might occasion
not only serious disappointment, but also pecuniary loss.

An astronomical observatory is furnished with clocks
of the best construction, and with transit instruments for
determining daily the error of these clocks. The observ-
atory, therefore; can furnish time with all the precision
which can be desired ; but to render this knowledge con~
Yenienﬂy gccessible tosthe public, requires some peculiar
arrangements.  The following is the arrangement for this
purpose which existed for many years at Greenwich ob-
servatary : On one of the turrets of the observatory is
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erected a mast, upon which slides a ball, five feet in
diameter, consisting of a frame of wood covered with
leather. A little before one o’clock every day the ball is
slid up to the top of the mast, where it is held by in-
geniously contrived machinery. Precisely at one o’clock
an assistant, who is specially charged with this duty,
presses a spring, and the ball instantly descends. By this
means all persons in sight of the ball are enabled daily to
test the accuracy of their clocks. At the Washington

observatory a ball of smaller size than that at Greenwich

is elevated every day on a flag-staff, and is lowered at the

precise instant of twelve o’clock.

Within the last two years the arrangements at Green-
wich for furnishing the public with an accurate knowl-
edge of the time have been very much improved. A
normal ‘clock is furnished with a small apparatus, by
means of which, whenever its error is determined by
observatlons, its indications can be rendered perfectly
correct. This clock keeps in motion a sympathetic gal-
vanic clock at the entrance-gate of the observatory, and
also a clock at the terminus of the South- eastern Railway.
It sends galvanic signals every day along all the principal
railways diverging from London; it érops the Greenwich
ball and the ball on the offices of the Electric Telegraph
Company in the Strand. The Lords Commissioners of
the Admiralty haye also erected % time*signal-ball at

. Deal, for the use of the shipping in the Downs, which is
dropped every day by a galvanic current from the Royal

observatory.
13
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- Similar arrangements might be adopted in every large
commercial city. If, for example, there was a public ob-
_servatory in the neighborhood of New York, a clock at
the observatory might be made every day, by means of
an electric current, to drop a time-ball on the Merchants’
Exchange or the City Hall, another on Brooklyn Heights,
another on Staten Island, and another at Sandy Hook;
as well as at any other point where public convenience
might ‘require. It might also maintain in motion a
sympathetic galvanic clock at the City. Hall, at the
Custom-house, at the Exchange, and at’every railway
station in the city—a clock which should never differ by
an_appreciable .quantity from perfectly accurate time.
Such a system would contribute not a little to the security
of commerce and the punctuality of business.*

II. A second advantage to be derived from an astro-
nomical observatory is that, by extending our knowledge
of the heavenly bodies, it directly contributes to the se-
curity of commerce. The prosperity of commerce depends
entirely upon the safety with which the ocean can be
navigated, and this depends upon the accuracy with
which & ship's place, can be determined from day to day.
Had it not been for the labors-. of modern astronomers in
their observatones, vessels would st111 as in ancient
times, creep timidly along the coast, afraid to venture out
of sight of land; or i they were compelled to venture

* Since the preceding was writlen, the offioers of the Dudley observ-
atory af Albany have offered to furnish time for the city of New Yorlk,
substantially in the manner above suggested.
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into the open ocean, they would be exposed to imminent
danger in approaching land, not knowing how far distant
the port might be. The loss of time resulting from pur-
suing this timid course, and the numerous disasters which
could not be avoided, would more than double the ex-
pense of maintaining our foreign commerce. Astrono-
mers, by their accurate determinations of the places of
the sun, the moon, and the stars, have given prosperity
to commerce and boundless wealth to our commercial
cities. But there is still much for astronomers to do -
The places of the heavenly bodies even at present are not
knovwn with all the precision which is desired. Great
errors in determining a ship’s place are now of rare
occurrence ; but small errors frequently lead to disastrous
consequences, -and it is therefore important to reduce the
errors to the least possible amount. ‘
ITI. An astronomical observatory, well equipped, be-
comes a center of influence which is felt on all the educa~-
tional establishments of the country, even those of the
humblest grade. It is impossible to maintain common
schools in a state of efficiency without institutions of a
higher grade, corresponding to our academies, which
shall furnish teachers for the elementary schools, and also
afford encouragement to ambitious scholars, who wish to
extend their studies beyond the elementary branches.
The academies can not be mainfained in a flourishing
condition without institutions of a higher grade, _corre~
- sponding to our colleges, where teachers are educated for
the academies, and where ambitious students from the
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academies may extend still further the range of their
studies. College professors, in their turn, are in danger
of settling down into mere retailers of other men’s ideas, .
without aspiring to add any thing to the stock of human
knowledge, unless they are surrounded by institutions
whose leading object is the increase of knowledge. An
astronomical observatory, therefore, is a center of genial
influence, which directly or indirectly imparts life and
‘efficiency to all the subordinate institutions of education.
It is also a place where men of business may acquire new
ideas of the wonders of the material universe; where men,
whose days are spent in toiling for the acquisition of
wealth, may learn that there are mines of intellectual
riches more inexhaustible than the mines of California.
Men who from morning to night are engaged in the
duties of an arduous profession, or in the labors of the -
counting-house or exchange, often feel the need of recrea-
tion when the hours of business are over. What mode
of recreation is more rational-—what is better fitted to in-
spire the mind with noble sentiments—than to direct the
thoughts o the wonders of the material universe, to the
vastness (of the. vmble creation, as exhibited to the
eye of an a.stronomer w1th the assistance of the tele-
scope? e

»



<« SECTI 0 N II
ASTRONOMIOAT, EXPEDITION TO CHILI DURING THE YEARS
: 18491852,

In the year 1847, Dr. C. L. Gerling, a distinguished
mathematician of the Marburgh University, suggested
the importance of a new determination of the sun’s
‘parallax by observations upon Venus at and near her
stationary periods. ~ The determination of the dimensions
of the solar' system rests ehtirely upon the assumed
‘ value of the sun’s parallax. The value now generally
received, viz., 8'.57, rests upon the observations of the
transit of Venus in 1769. Transits of Venus over the
Hsuns disc afford the best method of determining this
pa.rallax* but these phenomena are of very rare oc-
currence, there bemg not a single transit visible in any
part of the world from 1769 to 1874. ~ Now, although
the observations of the transit of 1769 are believed to
‘have afforded a very accurate value of the sun’s parallax,
yet it is much to be regretted that the results obtained
by combining the observations at different stations two
and two, differ among themselves by an entire second.
It is therefore very desirable that this result should be
verified by independent methods, Such methods are



294 HISTORY OF ASTRONOMY.

found in simultaneous observations of either- Venus or
Mars from two remote points of the globe. If an aS_s—
tronomer in a high northern latitude pbserves the posi-
tion of one of these bodies when upon his melfidian, and
another astronomer in a high southern latitude docs
the same, a comparison of these two observations will
give the parallax of the planet, from which we can
compute its distance from the earth. The most favor-
able time for observing Mars is when it is nearest the
earth ; that is, at its opposition; and the most favorable
time for observing Venus is when it is stationary, or
near its inferior conjunction. The two places of ob-
servation must be in opposite hemispheres, as remote as
possible from each other, and it is desirable that they
should both be under the same meridian..

Lieutenant Gilliss, of the United States Navy, pro-
posed an expedition to Chili, for the purpose of making
observations upon Dr. Gerling’s plan in connection with
the National observatory at Washington. The Ameri<
can Philosophical Society, and the American Academy
of Arts and Sciences commended this plan to the favor-
able action of Congress; and in August, 1848, Congress
authorized the fitting out of the expedition, under the
* direction of the Secretary of the Navy. Lieutenant
Gilliss, to whom the plan of the expediﬁion was mainly
due, was appointed to take charge. of the expedition ;
and passed midshipman (now lieut.enant) Archibald
MacRes, and. Henry C. Hunter, were appointed as agsist-
ants. - Suitable wooden buildings, to serve as an ob-
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servatory in Chili, were prepared in Washington, and
shipped to Valparaiso in the summer of 1849.

The principal astronomical instruments furnished for
the expedition were two telescopes, equatorially mounted,
a meridian cirele, a clock,‘and’l three chronometers.

The larger telescope was an eight and a half feet
refractor, having an object-glass by Fitz, of New York,
that afforded a clear aperture of six inches and a half.
Tt was fitted with clock-work by Wm. Young, of Phila-
delphia, and by him provided with a micrometer adapted
both for differential measurements, and for measurements
of position and distance. '

The other telescope was a five feet a.chromanc, by
Fraunhofer. It was also equatorially mounted, and fitted
with a micrometer by Young, of Philadelphia.

The meridian circle was by Pistor and Martins, of
Berlin, The object-glass of the telescope had a clear
aperture of four and one-third inches, with a focal length
of six feet. The circles were thirty-six inches in
dmmeter, both divided to 2, and read by two mi-
" crometer microscopes, each to a half second.

The 'series of astronomical observations, especmlly
contemplated, consisted of dlﬂ'erentlal measurements
during portions of the years 1849, 1850, 1851, and
1852, upon Venus and Mars, with stars conveniently
situated in the neighborhood of their paths. The ob-
gervations of Venus chiefly depended upon, were ob-
servations mear the inferior conjunctions of 1850 and
1852. The principal observations of Mars wert near
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the times of opposition of that planet in 1849 and 1852.
- To facilitate the observations, and to secure concert of
*action, so that observers in every part of the world

might use the same stars of comparison, Liecutenant

Gilliss prepared an ephemeris of these planets and suit-

able stars of comparison during the critical periods.

The expedition set sail in 1849, and arrived safely at
Valparaiso. The 6bservatory was located at Santiago,
the capital of Chili, where observations were commenced
in Décember, 1849. - During that season the weather
was exceedingly favorable for observations. "Of the fifty-
two pre-appointed nights remaining of the first series

- of observations on  Mars, there were only four when no
observations could be made; and within theso forty-eight
‘nights, 1400 observations of the plinet were accum-

ulated. During the second series on Mars, comprising 93
days, between December 16, 1851, and March 15, 1852,
about 2000 differential measures were made on seventy-
eight nights, and meridian observations on eighty nights.
Between October 19, 1850, and February 10, 1851, dif-
ferential measures of the planet Venus and compaxring
stars, were made on fifty-one nights; and there were

seventy-three mendmn ~observations, at which time its

diameter also was measﬂred Owing to its -very fre-
quent tremulous motion in the evening twilight, the
differential measures, when approach;mg its eastern
stationary terms, were often found difficult, and rarely

afforded much sat]sfactlon - But. in the morning twi- *

hgh‘n the atmosphere was tranquil, and generally so clear
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that measures could be continued long after day-light,
if the comparing star was as bright as the seventh ‘Tnag-
nitude. During the second period of Venus in 1852, it
was possible to make differential measures only on nine
evenings prior to the conjunction, and on eighteen
mornings subsequent to it. There was not a single
occasion when the measures were wholly satisfactory.

As the preceding observations occupied only a part
of the time spent in Chili, Lieutenant Gilliss devoted a
portion of the intermediate intervals to constructing a
catalogue of stars between the south pole and 65° of
south declination. Beginning within 5° of the south
pole, a systematic sweep of the heavens was commenced
in zones or belts 24’ wide. Working steadily toward
the zenith on successive nights, until ‘com*:pe]led to re-
turn below again to connect in right ascension, the place
of every celestial body that passed across the field of the
telescope, to stars of the tenth magnitude, was carefully
noted down. . The space immediately surrounding the
south pole was swept in one belt of 5° by moving the
circle. Above the polar belt, forty-eight other belts were
observed, making in all 24° 12’ of declination, within
which were obtained 88,600 observations of some 23,000
stars; more than 20,000 of them never previously
tabulated. . .

While astronomical observations received the principal
a.‘r:tention, magnetism and meteorology were not neglected.
The meteorological instruments were observed tri-hourly

during nearly three years, and one day of each month
13%
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was devoted to hourly observations. The magnetical
observations occupied nearly four hours of.two and
sometimes three persons on three days of each month,
when all the elements necessary for determining the
direction -and the total force of the earth’s magnetism -
were carefully observed.

A minute record was preserved of all the earthquakes
experienced during the continuance of Lieutenant Gilliss
in Chili. The number of shocks recorded was 125 in
84 months, being an average of about one each week.
A seismometer- was erected, but it was not sufficiently
. sensitive, and generally made no record of the agitations
of the earth’s crust.

: Gongress liberally ordered the pubhcatmn of the re-
sults of this expedition, directing that the whole work
should be ‘well printed on good paper of quarto size, and
~ well bound. The results will be comprised in seven
volumes, of which the first two have already been pub-
lished. Vol. I. contains a full account of Chili, - its
geography, climate, earthquakes, government gocial
condition, mineral and agncultural Tesources, commerce,
ete, with a narrative of the general progress of the
éxpedition. Vol. IL. contains' Lieutenant MacRea's nar-
rative of his magnetical expedition across the Andes and
pampas of Buenos Ayres, with an account of the
minerals and mineral waters of Chili, their Indian anti-
quities, and a description of various mammals, birds,
Teptiles, ﬁshes, crustacea, and plants collected by the ex-
pedltlon, Vol. IIL will contain the differential obseryas
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tions made for the parallaxes of Mars and Venus at
Santiago, Washington, Cambridge (Mass.), and Cape of
Good Hope, together with a discussion of the question
of parallax by Dr. Gould. Vol IV. will contain the
meridian circle observations of planets, time and azimuth
stars, stars of Lacaille never re-observed by others, and
a portion of the zone observations. Vol. V. will con-
tain the remainder of the zone observations. Vol. VL
will embrace the magnetical and meteorological ob-
servations; and Vol. VIL. will contain a catalogue of
the fixed stars observed by the expedition, embracing
" determinations of position of more than 20,000 stars
never before tabulated.



"SECTION III.
ASTRONOMICAL RESULTS OF PUBLIC SURVEYS,

VERY extensive surveys have been undertaken, at the .
expense of the general government, and some by State
governments, which have indirectly contributed very much
to the science of astronomy. - Of these, the survey of the
coast of the United States is the most important.

~ The survey of the coast was proposed by Mr. Jeffer-
son, and was authorized by Congress in 1807. = Mr.
Gallatin, then Secretary of the Treasury, sketched the
plan of a magnificent geodetic work in which the prin-
cipal headlands of the coast should be fixed by astro-.
nomical observations. Jn consequence of the unsettled
state of the country, no active steps were taken toward
carrying this plan into execution until 1811, when Mr.
Hassler was placed in charge of this work, and was sent
to Europe to procure the requisite instruments. He did
not return with the. instruments until the fall of 1815.
In 1816 he commenced: the survey; and in 1818, Con-
gress not being satisfied with the progress of the work, it
was stopped. . '
- In 1882, the work was revived by an Act of Congress,.
and placed under the direction of Mr. Hassler, in whose
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hands it made steady progress until his death in 1844.
Professor A. D. Bache was then appointed to take charge

of the survey, and has continued it to the present time.

The astronomical part of this survey consists in de-

" termining the latitude and longitude of the stations, and

the direction of the sides of the triangles With reference to

a meridian. :

Professor Bache has undertaken to determme the dif-

ference of longitude between Greenwich and the most

important points upon our coast, with the greatest pos-

sible precision. For this purpose he has availed himself

of all the astronomical observations previously on record,

and has instituted new observations, including those of

‘occultations and eclipses, moon culminations, and the ex-

change of chronometers. Numerous observations have
been made in Cambridge and its vicinity, in the neighbor-
“hood of New York, Philadelphia, Washington, and
other places. The difference of longitude between these
several places has been determined by means of the elec-
tric telegraph, so that ‘observations at any of these pla.ces‘ ‘
are equally available for determining the longitude of
" each of them from Greenwich.

Advantage has been taken of the frequent passage of
steamers . between Boston and Liverpool, to make ‘a
thorough comparison of the times of those ports by
means of chronometers. For this purpose, as soon as a
steamer arrives in Boston, its chronometers are taken to
Cambridge observatory for comparison, where they re-
main until the steamer is ready to return. Upon arriving
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in Liverpool, the chronometers are taken to the Liverpool
~ observatory, and .their errors determined. This method
of comparison has been systematically pursued since
1844 During the year 1846, forty-two such compari-
sons were made. In 1848 the longitude of the Cam-
bridge observatory from Greenwich was determined by
Mr. Bond, from the transpo